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EXECUTIVE SUMMARY 

INTRODUCTION 

This report presents preliminary designs and geotechnical, 
hydrogeological and hydrological recommendations in support of a 
Stage II Permit Application for the Telkwa Coal Project. 

The scope of work included the following: 

. 
reView of geological, hydrological and hydrogeological data 
geotechnical investigations 
groundwater investigations including packer permeability testing 
and installation of piezometers 
pit slope stability 
waste dump design 
design of tailings pond 
design of drainage ditches and settling ponds 
design of groundwater control measures 
presentation of designs and recommendations 

Results of the data review and field investigations show that the 

project site comprises variable thicknesses of glacial till and 

gravel, overlying a sequence of sandstones, siltstones, mudstones and 

coal. The bedrock materials range from strong to very weak rocks. 
The mudstones are low to mediun plastic. 

The bedrock dips at 150-200 to the east and is structurally dominated 

by a number of north-south trending reverse faults and normal faults 

which trend north-south and east-west. 

The bedrock is generally of low permeability and contains no 

stratigraphically definable aquifers. The groundwater table is at or 
close to ground surface over rmch of the eastern part of the project 
site. Open or breccia filled fault zones are expected to be the only 

significant conductors of groundwater. 

(i) 
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RECOMMENDED PRELIMINARY DESIGN 

Pit Slopes 

Pit slopes have only been considered for #3 Pit. The highwall is 

located on the east side of the pit and will trend north-south. 

Conditions for highwall stability are favourable as the major 

structural discontinuities, the north-south trending faults and the 

bedding planes both dip east. Highwall slopes up to 100 m high may 

be cut at an overall 60° angle. Locally, secondary faults may 

require flatter high wall angles over short sections. 

Horizontal drains will be required to reduce groundwater pressures 
where the highwall is more than 50 m high. 

The footwall will be parallel to the bedding planes and will dip at 

20° to the east. To prevent instability, footwall strata should not 

be undercut. Pressure relief wells will be required in the footwall 
to reduce the risk of floor heave. 

Overburden slopes in glacial till may be cut at 2H:lV. 

Waste Dumps 

Waste dumps will be constructed in out-of-pit and in-pit locations. 
Out-of-pit dumps may be constructed by end dunping in lifts. Lift 
thicknesses and berm widths should be adjusted to maintain an overall 
2H:lV slope. Foundations should be stripped of topsoil and overwet 
materials. Uphill construction is recommended to minimize overburden 
stripping. Deleterious and sulphur rich materials may be placed in 
isolated cells within dumps to minimize the potential for acid 
drainage. These materials should be compacted in 1 m lifts. 

In-pit dunps in #3 Pit should be constructed with north-south 
trending slopes dipping into the footwall at 1.6H:lV and east-west 
trending slopes at 2.25H:lV. All wet and loose material should be 

removed from the foundation area before construction. 

(ii) 
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Pit Dewatering 

Groundwater inflows into the pits will be small with average flows of 

approximately 50 m3/hour being expected. Short duration 
exceptional flows when fault zones are intersected may effectively 
double the inflow rate. Infiltration should be collected by means of 

ditches and sumps. Pumping capacity requirements will be dictated by 
inflows from direct precipitation. Average pumping requirements will 
range from 90 m3/hr in year 1 to a maximum of 120 m3/hr in years 
19 and 20. Emergency pumping capacity will be required to handle 
major precipitation events. Water will require pumping to drainage 
ditches and passing through settlement ponds prior to discharge. 

Surface Water Management 
Head water diversions are recotmmended to divert all uncontaminated 

surface runoff from the up hill side of the mine area. The 

diversions are designed in accordance with the Ministry of 
Environment Regulations. 

Interceptor ditches will minimize the contamination of surface water 
in the mine area and prevent release of untreated water to natural 
water courses. All contaminated water will be held in settkment 
ponds with sufficient detention time for suspended matter to be 
removed. Discharge points will be monitored to ensure that clarified 
water meets water quality standards. 

Tailings Pond 

Fine tailings from the wash plant will be stored in a tailings pond. 

Clarified water will be recycled to the plant for use as process 
water. 

The dam will be constructed by the downstream method of mine waste 
rock and faced with glacial till and will have an ultimate height of 
18 m. 

A 6 m high starter dam will be constructed of glacial till. 

I 
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Tailings will be discharged from the uphill end of the pond and 

clarified water will be reclaimed by a barge rrounted pump. 

Seepage through the pond floor will be minimized by the use of 
filters, and wells will be installed to monitor seepage from the 
pond. 

RECOMMENDATIONS FOR FURTHER INVESTIGATION 
The designs presented in this report are appropriate to the present 
stage of the project. Further work will be required during the 
detailed design phase of the project and some additional data 

collection will be required to confirm assumptions made during the 
Stage II preliminary design. 

Hydrology 
The level of data available is adequate for detailed design with the 
exception of monitoring data for Hubert Creek. A large proportion of 
the project site lies within the Hubert Creek catchment. It is 
reconrmsnded that concurrent precipitation and continuous stream flow 
monitoring be carried out for a minimun period of 1 year. The data 
will be used to determine the surface run off potential of the site 
and may result in mre economic designs for the drainage system and 
settling ponds. 

All existing stream gauging and climate monitoring should be 

continued. 

Waste Dumps 
The preliminary design for the proposed out-of-pit waste duaqxs are 
based on assumed foundation conditions. During the detailed design 
phase Of the project site investigations should be carried out at the 
two out-of-pit waste dump sites to determine foundation conditions. 
The preliminary waste dump designs will be confirmed or modified as 
appropriate and the amount of overburden stripping determined. 

(iv) 



Tailings Pond 

Investigations should be carried out during the detailed design phase 

of the project to determine foundation conditions in order to confirm 
the preliminary tailings dam design. 

In addition, design of a filter system will be required to control 
seepage from the pond and to prevent migration of fines into the 

gravel aquifer. 

Groundwater 
The groundwater monitoring currently in progress should be 

continued. Water quality sampling and testing programs should also 

be continued. Field pH measurements should be made on all w$er 
samples collected. 

Plantsite and Rail Spur Foundations 

Site investigations will be required at the detailed design stage to 
determine foundations conditions for the plant site and rail spur. 

Make Up Water Intake 
Site investigations will be required at the detailed design stage to 

determine design parameters for an infiltration gallery or well type 

make up water intake. 

Haul Road Crossing for Goathorn Creek 

Site investigations and hydraulic design will be required at the 

detailed design stage for a haul road crossing for Goathorn Creek. 

(VI 
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1.0 
1.1 

INTRODUCTION 

The Project 

Crows Nest Resources Ltd. (CNRL) proposes to develop a coal mining 
operation near Telkwa, British Columbia. Plans call for the 

development of several open pit mines located both sides of Goathorn 
Creek, a tributary of the Telkwa River. 

Based on current reserves the project will have a life of over 20 
years at a production rate of 800,000 to 830,000 clean tonnes of coal 

per annum. 

Six open pit mines will be developed. Pits No. 1, 2, 4, 5 and 6 will 
be small, typically 600 m x 600 m. The bulk of the reserves will be 
worked by #3 Pit, approximately 2800 m x 750 m located east of 

Goathorn Creek. Pit 83 will be worked throughout the life of the 

project and will be supplemented by production fran the other pits 

worked in rotation. 

During the early years of the project, rock waste will be placed in 

an out-of-pit dump. In later years the majority of the waste will be 

disposed of in in-pit dumps. 

Run of mine coal will be processed in an on-site wash plant and the 

clean coal product will be transported by rail to Ridley Island. 

Details of the location of the open pits, waste dumps, plant site, 

and sedimentation ponds are shown on Drawing D-0104. 

1.2 The Assignment 

Klohn Leonoff Ltd. were retained by CM?L to provide geotechnical, 

hydrological and hydrogeological consulting services with respect to 

the following aspects of the project: 
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Groundwater and Pit Dewatering 

Site Drainage 
Surface Water Hydrology 
Sediment Pond Design 
Tailings Pond Design 
Process Water Supply 

Waste Dump Design 
Pit Slope Stability 

I 
I 

This report discusses investigations carried out and presents designs 
in support of CbiRL’s application to Environment and Land Use 

Committee of B.C. for Stage II of the project-assessment process. 
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There is a marked reduction in precipitation at lower elevations; the 

winter precipitation inferred from snow course surveys at 1480 m 

elevation on the east slope of Hudson Bay Mountain (located 14 km 

north of the minesite), is nearly 200% greater than precipitation 

precipitation measured at Smithers Airport which is located at the 

foot of the same mountain. The Telkwa and Bulkley Valleys, including 

the project site, are not subject to the high precipitation typical 
of maritime climates. 

The climate at the minesite is considered to be similar to that at 
several nearby meteorologic stations in the Bulkley River Valley with 
long term- records, as the temperature and .precipitation records of 

these stations do not appear to differ significantly from the 

stations in the Telkwa River Valley, with only short term records. 

2.2.2 Meteorologic Stations 
There are numerous meteorologic recording stations in the Bulkley and 

Telkwa River Valleys near the project site, as shown on Drawing 
D-0105. Relevant details of these stations including period of 

record, elevation, aspect, recording agency and distance from the 

minesite, are given in Table 2-1. 

Only the Telkwa River and the CNRL stations are located within the 

limits of the project site and its drainage area. However, their 
data alone are insufficient for establishing long term trends and 
extreme event projections, because the period of record is too 
short. 

The CNRL station was installed in November, 1983 and is being 

operated in support of the Stage II mine development' permit 
application. The precipitation data recorded at this station will be 

very useful during final design in conjunction with concurrent local 
stream flow data, for establishing rainfall-runoff relationships. 
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2.2.3 Precipitation 
Precipitation Data 
Precipitation data is available at all of the stations listed in 
Table 2-l. The short term stations iocated in the Telkwa River 

Valley were used to check for any obvious trends relative to the 

precipitation measured at several long term meteorologic stations in 

the Bulkley River Valley. Several other short term meteorologic 
stations located in the Bulkley Valley were included to assess the 
effects of elevation and slope on precipitation. Other long term 
stations in the Bulkley River Valley were used to assess variations 
in precipitation within the Bulkley Valley. 

The Smithers Airport precipitation data was selected to represent the 

plantsite area and the lower minesite area because it is a principal 
meteorologic station incorporating a Knifer snow gauge to determine 
reliable winter precipitation records. Unlike the other long term 
stations, it is located on the west side of the Bulkley Valley and 

has a similar aspect and elevation to the minesite. 

; I 
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Annual Precipitation 

The mean annual precipitation at the northern part of the project 

site is estimated to be 510 mm based on a 42 year record at Smithers 

Airport. This compares with other nearby long term meteorologic 
stations in the Bulkley River Valley as noted below: 

Station 

Smithers Airport 
Smithers 4E 
Smithers CDA 

Telkwa 

Telkwa Maclure Lake 

Houston COA 

Quick 

Record Mean Annual Precipitation 

(years) hn) 

42 509 

7 435 

30 405 

46 431 

11 437 

7 478 

18 472 

This comparison shows little variation of mean annual precipitation 
in the vicinity of the project site. 

As indicated in Table 2-1, there are several other short term 
stations in the Telkwa River Valley including the Telkwa River 

station located at the minesite. “Normalized” mean annual 

precipitation rates have been estimated for these stations by the Air 
Studies Branch (AXI) of the B.C. Ministry of the Environment, based 

on regression relationships with precipitation measured at Smithers 
Airport. The mean annual precipitation rate of 510 mn estimated 

above is somewhat higher than these normalized rates. 

Precipitation records at Smithers Airport are higher than the 

concurrent precipitation recorded at the new on-site CNRL 

meteorologic station in 1984. However, the differences are not 
considered significant as the data collected at most of these 

stations is seasonal and the period of record is too short to provide 
reliable estimates of lcng term annual precipitation. 
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The Smithers precipitation data are representative of the northern 

half of the project site. Precipitation is probably somewhat greater 
at higher elevations in the southern half of the project site. The 

effect Of elevation on summer precipitation is apparent on the east 

side of the Bulkley Valley where seasonal precipitation was measured 
at three ‘Elulkley’ stations at elevations 515 m, 595 m and 659 m. 

The seasonal precipitation at the highest station was 7% higher than 

the lowest station during the 1967 to 1969 period of record. That is 

equivalent to about 5% increase per 100 m of elevation. 

The precipitation gradient is greater on the west siae of the Bulkley 

River Valley at higher elevations due to spillover of Maritime air 
masses. A gradient of 10% increase in annual precipitation per 100 m 

rise in elevation is estimated for the project area. 

Monthly Precipitation 
The estimated monthly mean total precipitation and mean total 

rainfall at the plarLsite and lower minesite are based on the record 

at Smithers Airport (1942 - 1983) and are presented below: 

Total Total Total Total 

Month Rainfall Precipitation Month Rainfall Precipitation 
h-d (mm) bun) hd 

Jan 8.7 56.5 July 47.6 47.6 
Feb 5.0 30.0 ul 40.1 40.1 
March 5.9 23.6 Sept 48.5 48.7 
April 14.2 20.2 act 53.5 59.8 

May 31.5 32.3 Nov 22.8 54.5 
June 41.5 41.5 OeC 8.8 54.4 
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The estimated variation of monthly precipitation and monthly rainfall 

is illustrated on Drawing A-0106. The pattern of low precipitation 
in early spring and high precipitation in fall and early winter, is 
also exhibited at all of the other local year-round meteorologic 
stations. As illustrated on Drawing A-0106, April is the driest 
month and October, November, December and January are the wettest 
months. 

Rainfall Intensity 
Extremes of high intensity rainfall were estimated for the project 
site based on the Smithers Airport data as follows: 

Duration Mean Annual 10 Year Peak 200 Year 
(mm) hn) hd 

5 min 2.8 5.6 11 
10 min 4.3 9.0 17 
15 min 5.0 9.9 18 
30 min 6.8 12 22 

1 hour 9.1 16 2 hours iz 21 3': 
6 hours 29 48 

12 hours 22 35 50 
24 hours 27 43 71 

The Modified Gwnbel method was used to carpute the return periods 
using the 24 hr. rainfall data. The resulting frequency curve is 

shown on Drawing A-0107. 

The shorter duration rainfall intensities were determined from the 

Intensity-Duration-Frequency (IDF) curves given on Drawing A-0108. 
The curves are based on ICF curves provided by the Enviroment Canada 

Atmospheric EnviroMlent Service &ES), adjusted to account for 24 

hour precipitation. 

The design 24 hour peak annual rainfall rates given above are similar 
to the rates calculated for other meteorologic stations in the region 

as noted below. 
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Station 

Smithers 

Airport 

Sinithers COA 

Buick 

Telkwa 

Telkwa-Maclure 

-lO- March 1905 

10 200 
Record Elev. Mean Annual Year Peak Year Peak --- 
(Years) Cm) (mm) hn) h-n) 

42 524 27 43 71 
30 515 28 43 71 
20 533 26 43 72 
46 682 25 40 69 
10 640 29 47 77 

No adjustment is made for change in elevation &cause short duration 
thunderstorm rainfall intensity is relatively independant of 

orographic effects. High intensity rainfall is most likely to occur 
in Sumner from June to October. 

Snow 

The estimated monthly snowfall is based on the Smithers Airport data 
and is shown on Drawing A-0106. The Smithers Airport records are 
considered representative of the northern half of the project site. 
Snowfall is expected to be somewhat greater on the southern half of 

the project site which extends to 860 m elevation, and the upstream 
cat&sent area which extends to 1220 m elevation. 

The mean annual snowfall at Smithers airport is 180 awn (equivalents 
water depth) which accounts for 35% of the mean annual total 

precipitation. 

There are no snow course survey stations at the project site. ~Near 
by data is available from Smithers Airport (Elev. 500 m) and Hudson 

Bay Mountain (Elev. 1480 m). The Smithers Airport data are probably 
representative of the northern part of the project site but are of 

too short a duration to be of value. The Hudson Bay Mountain Station 

is at too high an elevation to be representatiove of the project 
site. Snow course data have not been used for design purposes. 
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2.2.4 Temperature 

Monthly Temperatures 

The temperatures at the project site are highly dependant on 

elevation. The Smithers Airport data recorded at 525 m elevation are 
considered to be applicable to the northern part of the project. site ‘. 
where elevations range from 540 m to 560 m. The short term Telkwa 

River data recorded at 725 m elevation is applicable to the 

mid-elevation project site area. 

Relevant monthly temperature statistics for these reference 
meteorologic stations are given in Table 2-2. As indicated on the 

table, temperatures at Telkwa River are about 2W lower, on average, 

than temperatures at Smithers Airport. 

2.2.5 Evaporation 
Data 
In the absence of representative pan evaporation data at nearby 

meterorological stations, lake evaporation has been estimated using a 
Thornthwaite Climatic Water Balance Analysis based on Smithers 

Airport temperature data. The estimated annual total .lake 

evaporation is 550 rmn which is considered representative of the 

northern part of the project site. The annual distribution is as 
follows. 

Period 
Nov-Apr 

May 
June 
July 

Aug 
Sept 
OCt 
TOTAL 

Lake Evaporation (mn) 
52 
77 

107 
123 
104 

62 
28 - 

553 



TABLE 2-2 

MONTHLY TEMPEP.ATUm STATISTICS 

SM1THEP.S AIRPORT AND TELKWA RIVER METEOROLOGIC STATIONS - 

OC 
Jan. Feb. Mar. Apr. May JUt% "July Aug. Sep. act. NOV. Dec. Year 

0.6 
-1.7 

DAILY MAXIMUM 

Smithers Airport 
Telkwa River 

-6.8 
-9.7 

-0.4 3.9 9.9 
-3.0 1.5 8.0 

15.4 18.9 
13.8 17,5 

\ 

21.3 
20.1 

20.6 15.7 9.0 
19.3 14.1 6.8 

-3.9 3.7 
-6.8 6.6 

DAILY MINIMUM 

Smithers Airport -15.1 -10.1 -6.4 -1.7 2.5 6.0 8.1 7.6 4.0 0.5 -5.5 -11.2 -1.8 
Telkwa River -16.6 -11.7 -8.2 -3.6 0.3 3.7 5.8 5.3 1.8 -1.5 -7.3 -12.9 -3.7 

DAILY MEAN 

Smithers Airport -10.9 -5.3 -1.3 4.2 9.0 12.5 
Telkwa River -13.1 -7.4 -3.3 2.2 7.1 10.6: 

14.1 
12.3 

33.9 
-2.2 

9.8 4.7 -2.3 -7.6 3.5 
8.0 2.6 -4.5 -9.8 1.4 

EXTREMES OF RECORD 
AT SMITHERS AIRPORT 

M.3XimlUll 15.6 11.7 15.6 24.3 31.1 33.9,~ 
Minimum -43.9 -35.6 -33.3 -18.3 -1.2 -2.2 

14.7 
13.0 

34.4 
-1.1 

30.6 22.2 15.6 11.5 34.4 
-6.7 -15.6 4 -31.7 -36.7 -43.9 

SOURCE: Atmospheric Environment Service Smithers Airport 1942-1983 
Air Studies Branch Telkwa River 1967-1977, normalized to Smithers Airpcrt 
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2.2.6 Wind 

Smithers Airport is the only meteorologic station in the vicinity 

which records wind speeds. A detailecl statistical breakdown of data 

from this station is presented in the Stage I submission for the 

project. 

Wind speeds and wind direction at the project site may be somewhat 

different from those recorded at Smithers Airport because of 

differences in local topography and aspect. However, wind speeds at 

the project site and the Airport are expected to be similar as they 

are caused by the same weather systems. 

A statistical analysis of peak annual wind speeds was carried out ‘for 

purposes of estimating wave height and wave runup at the proposed 

tailings pond and settling ponds. Maximum annual 1 hour wind speeds 

were used to estimate the following wind speeds by Modified Gumbel 

frequency distribution. 

Recurrence Interval Peak Annual 1 Hr. Wind Speed 

(years) (km/hr) 

mean 50 

10 61 

50 72 

100 76 

200 80 

2.3 

2.3. 

Surface Water Hydrology 

1 General 
Section 2.3 addresses the surface hydrology of the project site, the 

impact of the mine on the existing fluvial system and the derivation 
of hydrologic parameters for design of the mine and plant 

facilities. 
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Details of the regional hydrologic setting, watershed morphometry, 

low flow conditions, flood hazard assessments and flood flow 

characteristics of nearby rivers and creeks are presented in 

“Hydrology Component - Stage 1 Studies" dated September 1983, 

prepared by M. Miles and Associates Ltd. for Crows Nest Resources 
Ltd. Project site specific parameters presented below were derived 

by Klohn Leonoff Ltd. 

2.3.2 Local and Regional Drainage 

Local and regional watersheds are shown on Drawing D-0109. As shown, 

the plantsite and part of the minesite presently drains into~ Hubert 

Creek which is a small tributary of the Bulkley River. Part of the 

minesite drains directly into the Telkwa River several kilometres- 
upstream of its confluence with the Bulkley River. The remainder 
drains into the lower reaches of Goathorn Creek, near its confluence 

with the Telkwa River. 

Runoff from the project site flows to the Bulkley River via Hubert 

Creek and Telkwa River. The drainage area of the Bulkley River 

upstream of its confluence with the Telkwa River is about 7500 km2 

comprising mountainous terrain of the eastern Coast Mountains. 

The Telkwa River drains 1200 km2 of mountainous terrain in the 

Bulkley Range of the eastern Coast Mountains. The drainage area 
includes the north slopes of the Telkwa Range, the south slopes of 

the Hudson Bay Range and the east slopes of the Howson Range. The 

headwater areas are relatively steep with numerous glaciers occuring 
above elevations 1800 m. 

The Goathorn Creek drainage area covers 132 km2 comprising the 

northeast slopes of the Telkwa Range. Like the Telkwa River Basin, 

elevations range from ,515 m to over 2300 m, with several north facing 

glaciers occuring at the steep headwater areas. Tributary creeks 
include Tenas Creek (63 km2), Four Creek (18 km2) and Cabinet 

Creek (55 km2). 
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The Hubert Creek drainaye basin is located east of the Goathorn Creek 

drainage basin and drains 44 km2 of the lower northeast slopes of 

the Telkwa Range. Elevations range from 515 m to 1400 m. Unlike the 

Telkwa River and Goathorn Creek basins, the drainage area comprises 

relatively gentle slopes. 

2.3.3 Streamflow Data 

The Water Survey of Canada (WSC), lists 32 active and inactive stream 

gauging stations within a 40 km radius of the project site. Table 

2-3 provides a list of these stations indicating the WSC station 

number, period of record, catchment area , proximity to the site and 

the latitude and longitude. The locations of stations with more than 

5 years of records are shown on Drawing B-0110. 

CRRL have installed a number of water quality monitoring stations 

near the site and are periodically measuring stream discharge at four 
of these stations, including Tenas Creek, Four Creek, Cabinet Creek 
and Hubert Creek. However the periodic discharge data. are not 

suitable for hydrologic analysis because continuous streamflow 

monitoring is required to measure the highly variable discharge on 

creeks of such small size. 
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Stations located on the rivers or creeks affected by the project 
include the followihg: 

Creek/River 

Goathorn Creek 
Telkwa River 
Bulkley River 

Sta. No. Record Catchment Area 

(yrs. 1 (km2) 

OBEE 008 22 132 

OBEE 020 7 360 

OREE 004 51 12,300 

The station on Goathorn Creek is located within the project area. 

Flow data is therefore directly applicable to the reach of river 
through the project site. 

The station on the Telkwa River is located just below Tsai Creek and 

measures discharge from 30 percent of the entire Telkwa River Basin. 
The Telkwa River data could therefore not be applied directly to the 

lower reach at the mouth of Goathorn Creek as its catchment is 

located much further west of the project site and is mainly at high 

elevation. About 50% of the catchment exceeds 1500 m elevation. 

The station on the Bulkley River is located at Quick about 10 km 

upstream of the mouth of Hubert Creek and about 14 km upstream of the 

mouth of Telkwa River. 

2.3.4 Annual Runoff 

Mean Annual Runoff 

Mean annual runoff per unit area varies significantly in the region. 
Higher runoff occurs at higher elevation, in drainage basins located 

at the western side of the region and in drainage basins with soil 
conditions which inhibit infiltration. Low runoff occurs in drainage 

basins at lower elevations, to the east of the region with permeable 

soils. 

Eleven local gauged drainage basins with long periods of record have 

been compared as follows: 
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Bulkley River 
Q Quick 

Simpson Creek 
Kathlyn Creek 
Nanika River 

Morice River 
Telkwa River 
Goathorn Creek 
Canyon Creek 
Richfield Creek 

Pincut Creek 

-18- 

Elevation Location 
High-!+dium-Low East-Central-West 

of minesite 

H 
H 
H 
H 
H 
H 
ti 
M 

L 
L 

C 584 
C 609 

C 277 
W 1182 

W 1238 
C 1203 
C 425 
C 264 

E‘ 241 
E 200 

March 1985 

Mean Annual Runoff 
hm) 

The project site is located in the lower part of Goathorn Creek at 

generally low elevation (610 - 915 m). At low elevations the runoff 
iS expected to be considerably less than that gauged for the whole of 

the Goathorn Creek and is expected to be similar to the rundff gauged 
at the other low and medium elevation catchments, Canyon Creek, 
Richfield Creek and Pincut Creek. The overall gradient of the 
project site is approximately 1:16 which is similar to Richfield and 
Canyon Creeks but considerably flatter than the overall gradient for 
Goathorn Creek. The southern half of the project site is covered by 
till and is estimated to have a mean annual runoff of 250 nnn, similar 
to Richfield and Canyon Creeks. The northern half of the project 
site is overlain by highly pervious gravel and sands and is estimated 
to have a mean annual runoff of 150 nun. 

Annual Runoff Variations 
Runoff yield on the Goathorn Creek basin has ranged from 326 INTI to 
595 mm over a period of 22 years of record. 
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Extreme wet year total annual runoff has been estimated for the 

plantsite and minesite based on a statistical analysis of the 

Goathorn Creek annual runoff data, assuming that runoff variation at 

the minesite and plantsite would be proportional to that of the 

gauged Goathorn Creek Basin. The results of this analysis follow: 

Condition 

Mean 

10 Year Wet 
50 Year Wet 

100 Year Wet 

200 Year Wet 

Annual Runoff (mm) 

Goathorn Ck. Plantsite Area Upper Minesite Area 

425 150 250 

525 190 310 

620 220 365 

660 230 . 385 

700 250 410 

Seasonal Variation in Runoff 

The seasonal variations in runoff on the Bulkley River near Quick, 
Telkwa River below Tsai Creek, and Goathorn Creek are shown on 

Drawing G-0111. Peak monthly discharge occurs in May on, Goathorn 
Creek; May and June on the Eulkley River; and in June and July on the 

gauged upper Telkwa River basin. 

The mean annual seasonal variation in runoff from the project site 

has been estimated based on monthly runoff measured on Richfield 

Creek and the results are shown on Drawing G-0111. The headwater 

area of Richfield Creek is at lower elevation than the headwater 
areas of Goathorn Creek but somewhat higher than the minesite 
catctmnent. Maximum monthly discharge is expected to occur in May. 

The mean monthly discharge in May is about 50% of the mean annual 

discharge. 

2.3.5 Flood Discharge 
Flood runoff on the Bulkley River near Telkwa is controlled by 

snowmelt. Maximum daily, and peak instantaneous discharges are 

caused by snowmelt or by snowmelt combined with rain. 
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The Goathorn Creek drainage basin is smaller and steeper than that off 

the Bulkley River and is more prone to peak floods caused by 

rainstorms. However, like the Bulkley River the more extreme floods 

occur during smwmelt. 

The upper Telkwa River basin is at relatively high elevation and has 

steep slopes. This area is subject to heavy precipitation, 

consequently the flood peaks on the upper Telkwa River basin are 

dominated by rainfall runoff, producing much greater extreme flood 
peaks than snowmelt. Though the lower Telkwa River is not gauged, it 

is expected that the annual flood peaks wculd be caused by either 

rainstorms or snowmelt because the total Telkwa River Basin, like 

Goathorn Creek, is composed of both high elevation headwaters and 

lower elevation areas with flatter slopes. 

Annual Maximum Daily Discharge 
A frequency analysis of annual maximum daily discharges was carried 

out for 10 selected basins with eight or more years of Stream flow 

data. The Modified Gumbel Distribution which includes an upward 
adjustment for small sample size, was utilized for this analysis. 

Frequency analyses of flood data on selected gauged creeks and rivers 
were carried out for both rainfall floods and snowmelt floods. The 

results in terms of discharge per unit area are given on Table 2-4. 
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TABLE 2-4 

FREQUENCY OF SNOWMELT AND RAINSTORM FLOODS 

River Drainage Annual Maximum Daily Discharge (m3/s) 

Basin* Area Snowmelt Flood Rainstorm Flood 

Goathorn Cr. 132 13.9 25.1 44.9 

Telkwa R. 360 71.0 105.0 165.0 

Richfield Cr. 173 14.4 24.2 41.1 

Simpson Cr. 13.2 1.9 2.8 4.4 

Buck Cr. 580 49.9 75.4 121.0 

Canyon Cr. 256 19.5 30.2 48.6 

Kathlyn Cr. 24.6 0.9 1.4 2.3 

Nanika R. 741 115.0 156.0 230.0 

Bulkley R. 7360 581.0 802.0 1180.0 

Pinkut Cr. 862 39.7 68.1 118.0 

km' Mean 10 Year 200 Year Mean 10 Year 200 Year 

9.2 16.0 28.5 

67.1 158.0 308.0 

3.4 8.2 16.4 

1.2 2.1 3.8 

6.2 12.0 22.0 

5.3 9.0 15.3 

0.7 1.1 1.9 
112.0 215.0 392.0 

l Upstream of stream gauging station. 
See Drawing 6-0110 and Table 2-3. 

The snowmelt discharges of Table 2-4 were divided into three groups; 
high elevation basins with steep topography located west of the site, 

lower elevation basins with gentle slopes located east of the high 

Coast Mountain Range and those basins whose catchment included both 

high and low elevations areas. The mean, 10 year and 200 year annual 

maximum daily discharges per unit area are shown on Drawings A-0112. 

Drawing A-0015 shows the estimated 200 year annual maximum daily 
rainfall flood discharge variation with basin area. The best fit 

lines representing the high and low elevation basins are much steeper 

than those for the mean, 10 year and 100 year return periods 
reflecting the effect of local high intensity rainfall on small 

areas. As indicated on Drawing A-0115 the daily rainfall flood 
discharge potential on the lower elevation basins is much less than 

that of the high elevation basins. The daily snowmelt flood 
discharge potential falls between these limits. 
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The project catchments are like the other lower elevation basins with 

respect to elevation, topography and location however, the project 

catchments have a small elevation range resulting in a greater annual 

maximum daily snowmelt discharge per unit area. The annual maximum 

daily snowmelt flood discharges for the project site, as shown on 

Drawing A-0112, A-0113 and A-0114 are therefore assumed to be 50% 

greater than that of the other low elevation basins to account for 
the smaller elevation range. 

The resulting design annual maximum daily discharges for several 
catchment sizes at the project site, are indicated below: 

Catchment Area Annual Maximum Daily Discharge (m3/s) 

(km21 Mean 10 Year 200 Year 
1 0.17 0.26 0.41 

2 0.33 0.50 0.79 

5 0.78 1.20 1.90 

10 1.50 2.30 3.62 

Annual Maximum Peak Instantaneous Discharge 

Peak instantaneous discharges are required for design of diversions, 
inteceptor ditches and flow control structures because these flows 

may be significantly higher than mean daily discharges. 

On large river basins such as the Bulkley River which are dominated 

by snowmelt floods, peak flood discharges are nearly equal to the 

respective daily river discharges. 

Smaller basins such as Goathorn Creek and Telkwa River respond more 
quickly to rainstorms and variations in the rate of snowmelt. As a 
result, peak instantaneous discharges are significantly greater than 
mean daily discharges. 
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Rainfall flooU peaks on small watersheds are highly dependant on 

shape of catchment, channel gradients, topography, vegetation cover 

rainfall intensity and rainfall time distribution. Rainfall flood 

peaks cannot therefore be reliably estimated by regional analysis of 

other larger drainage basins. Peak instantaneous discharges were 

estimated by the U.S. Soil Conservation Service (SE.) curve number 
method. A curve number of 70 was selected based on a calibration of 
the rainfall/runoff model using other nearby gauged drainage basins. 
The results of this analysis for the 10 and 200 year recurrence 

rainstorms are given on Drawing A-0116. 

Peak instantaneous snowmelt flood peaks for the project site 
catchments were estimated by factoring upward the projected maximum 

daily snowmelt discharges given on Drawings A-0112, A-0113 and 
A-0114. The results are given on Drawing A-0117. The factors were 

determined by analysis of the annual maximum daily and annual peak 
instantaneous snowmelt discharge of several local gauged watersheds. 
The ratio of extreme peak instantaneous snowmelt flood discharge to 
extreme maximum daily discharge, for equal recurrence intervals, was 

plotted in terms of basin area. A best fit line was drawn to 
extrapolate the ratio to the smaller project catchment areas. 

The peak instanteaneous discharges computed for Goathorn Creek are of 
interest for design of a mine haul road crossing on Goathorn Creek. 
Extreme peak instantaneous discharges were estimated by the Gumbel 

frequency distribution using annual peak instantaneous snowmelt 
discharges. The results of this analysis follow. 

Recurrence Interval 

Mean Annual 

10 Year 
50 Year 

100 Year 
200 Year 

Peak Instantaneous Discharge 
lm3/s) 
19 

33 
48 

53 
60 
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2.3.6 Flood Hazard Assessment 

A flood hazard assessment by flood plain mapping was carried out by 

Environmental and Planning Associates, for the Stage I Application. 

Except for one river crossing on Goathorn Creek and a water intake on 

the Telkwa River, mine facilities will not be located on any Of the 
areas classified as having even rare flood occurrances. Flood 

protection of the river crossing and the water intake are discussed 

in Sections 5.3.3 and 5.2.5 which deal with the design of these 

facilities. 

2.3.7 Low Flow Conditions 

A regional analysis of low flow on the major rivers and creeks near 

the project site was carried out in 1983 by the Hydrology Section, 
Water Management EIranch, British Columbia Ministry of Environment. 
Table 2-5 presents the results of that study applied to the three 
main rivers and creeks near the project site. Minimum measured daily 
discharge data are also included in Table 2-5. 

2.3.8 Ice Conditions 
WSC stream gauging records show that ice forms on Goathorn Creek in 
October or early November and breaks up in April or early May. Ice 

forms on the Telkwa River at the gauging station below Tsai Creek in 
late November or December and generaly breaks up in February or 
March. WSC personnel report that river ice forms to a maximum 
thickness of about 0.8 m. 

Maximum ice thicknesses on small lakes such as the proposed tailings 
pond and settling ponds are expected to range from 0.8 m to 1.2 m, 
depending on the snow cover. 



TABLE 2-5 

FREQtiENCY ANALYSIS OF MINIMUM 
7-DAY AVERAGE DISCHARGE 

River/Creek W.S.C. Drainage Period Length Minimum Minimum 7-day Average 
Station 

NO. 
of of Observered Daily _Discharge (m3/s) - 

Discharge (m3/s) 
for Specific Return Periods - 

Record Record 
(years) * 2 10 20 30 50 

- years years years yE?ars years - 

Bulkley River Bulkley River 08EE004 08EE004 7,360 7,360 1931-83 1931-83 38 38 
at Quick at Quick 

: : 

P P Telkwa River Telkwa River OfJEE020 OfJEE020 368 368 1976-83 1976-83 6 6 
.i .i Below Tsai Creek Below Tsai creek 

Goathorn Creek 08EE008 132 1960-83 21 
near Telkwa 

1 
10.5 

2 

1 
0.68 

2 

1 
0.066 

2 

86.0 64.9 60.2 57.9 55.4 

22.8 13.7 11.9 11.1 10.1 

10.3 6.32 - - - 

1.62 0.874 - - - 

0.867 0.531 0.457 0.421 L1.382 

0.145 0.073 0.057 0.050 0.041 

Note: * Analysis based on the period: 1 :, August to September, 
2. November to April. 
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2.3.9 Existing Hydrologic Balance 

The existing average annual hydrologic balance conditions at the 

proposed plantsite (Elev. 550 m) and at the proposed upper minesite 

(Elev. 850 m) have been estimated based on the design climatic and 

hydrologic parameters presented previously in this report. The 

results are given below: 

Elevation Precipitation Evapotrans- Groundwater Runoff 

m mn piration (mm) Inflow mm mm 

550 510 355 5. 150 

850 660 403 7. 250 

The estimated evapotranspiration of 355 mm to 403 mm compares with 
the potential evapotranspiration of about 560 mm. 
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3.u GEOLOGICAL AND GEOTECHNICAL INVESTIGATIONS 

3.1 Geology of Project Site 

3.1.1 Bedrock Stratigraphy 

The Telkwa coal leases comprise a triangular shaped area 
approximately 5 x 9 km in the valley of Goathorn Creek near its 

confluence with the Telkwa River. 

The lease area occupies an outlier of the Skeena Group of lower 
Cretaceous age and comprises a typical coal bearing sequence of 

siltstone, mudstone, sandstone, shale and coal. Sporadic volcanic 

activity occurred throughout the period of deposition of the Skeena 

Group-and thin bands of volcanic tuffs are found within the sediments. 

The sedimentary coal bearing sequence is underlain by an 

undifferentiated group of volcanic rocks known as the Hazelton 

group. This group comprises andesite, trachyte and basalt with 
associated tuffs and breccias. The volcanic rocks outcrop to the 

south east and south west of the lease area. The northern margin of 

the lease area is marked by late Cretaceous age intrusive igneous 

rocks. 

3.1.2 Structural Geology 
Faulting 

The project area is situated on the Skeena Arch which trends 
northeast - southwest and separates the Jurassic age sedimentary 
rocks of the Bowser basin in the north and the Nechako basin to the 

south. Published reports indicated that major valleys such as the 

Bulkley River valley lie along fault zones. 

The project area is dominated by a series of sub-parallel north-south 
trending reverse faults which dip to the east. The structure is 
further complicated by a number of normal faults some of which trend 

north-south and some east-west. 
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Beclding and Joint Patterns 

Average bed dip and dip direction has been measured down the drill 

holes and these data are summarized below: 

Discontinunity Set 

Bedding Planes 

Joint Set A 

Joint Set B 

Joint Set C 

Dip Angle 
200 + 100 

340 

500 + 50 - 
500 + 50 

Dip Direction 
D65O + 25” 

258O + 20° 

085O z lD” 

1350 + 50 

The average dip angle for the project site is 20° with variability of 

+10° between drillholes. Inspection of the CN(L logs shows that 
there is little variation in dip down individual drillholes due to 

drag folding, although isolated occurences of drag folding have been 
found. 

3.1.3 Surficial Deposits 

Bedrock at the project site is overlain by variable thicknesses of 

glacial till and outwash gravels. 

The till occurs in the southern part of the project site on the 

higher elevation ground and varies from 0 - 10 m in thickness. In 

the valleys of the major creeks, till deposits up to 20 m have been 

observed. The till comprises a silt with some clay, a little sand 

and a trace of gravel. The material is low to medium plastic and 

dense. The till is interbedded with sand and gravel deposits. 

The northern part of the project site, near the proposed tailings 
pond and wash plant sites, is underlain by outwash sand and gravel 

deposits up to 20 m thick. 

3.2 Field and Laboratory Investigations 
3.2.1 General 

More than 200 test holes have been drilled by CNRL for the purposes 

of evaluating coal reserves. Approximately 190 of the test holes 

were fully cored, the remainder being drilled with a tricone bit and 
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cored through the coal zones. All test holes were geophysically 

logged with a variety of tools including Gamma Ray, Long Spaced 

Density, Caliper Multi-Channel Sonic, Neutron-Neutron and Dipmeter. 

All test holes were lithologically logged by CNRL geologists. Some 

geotechnical data were collected by CNRL geologists and are stored in 

computer file form. 

During the 1982 and 1983 field seasons, selected test holes were used 

for detailed geotechnical and hydrogeological investigations. The 

test holes used and the data collected are sumnarized in Table 3-l. 

The locations of the test holes are shown on Drawing D-0118. 

As part of the 1983 investigation program, two large test pits were 
excavated in order to collect bulk samples of coal from several 
seams. One of the test pits was inspected by a Klohn Leonoff 

geological engineer. The locations of the test pits are shown on 

Drawing D-0018. 

3.2.2 Investigation of Overburden Materials 

Samples of glacial overburden materials were collected from test 
holes 255, 256, 257, 259 and 261. Locations of the test holes are 

shown on Drawing D-0018. Test hole logs are presented in Appendix 

I. 

Test holes were drilled through the overburden using a tricone bit; 

samples were taken at 3.0 m intervals using an open tube drive 

sampler with a drop hammer. The overburden proved to be dense and 

considerable difficulty was experienced in obtaining samples. The 

disturbed samples obtained by this method were sealed to preserve the 

moisture content and transported to the laboratory. 

3.2.3 Investigation of Bedrock Materials 
Test holes 335 and 336 were drilled during the 1983 field season 

under the supervision of Klohn Leonoff engineers. The test holes 

were drilled using a rotary coring rig equipped with wire line tools 

and water circulation. 
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TABLE 3-1 

SUMMARY OF GEOTECHNICAL AND HYDROGEOLOGICAL TEST HOLES 

Year 
1982 

Test Holes 

255 

256 
257 
259 
261 
258 

265 

Data Collected 

Overburden materials sampled, packer tests in 
coal seams, piezcnneter installed. 
As above. 
As above. 
Overburden material sampled. 
Overburden material sampled. 
Packer permeability tests in coal piezometer 
installed. 
As above. 

1983 335 

336 

Bedrock core logged and sampled. Packer 
permeability tests on continuous basis and 
piezometers installed. 
Bedrock core logged and sampled. Packer 
permeability tests carried out. 

312 
313 
318 
323 
325 
342 
343 
344 
345 
347 

Piezometer installed (by CNHL). 
As above. 
As above. 
As above. 
As above. 
As above. 
As above. 
As above. 
As above. 
As above. 

1984 406 As above. 
410 As above. 
412 As above. 

The test holes were advanced through the unconsolidated overburden 
material using a tricone bit. Steel casing was set to the top of the 

bedrock. The test holes were drilled in bedrock using an HP double 
tube barrel with a diamond bit. 

Continuous core was obtained from test holes 335 and 336 was logged 

on site by Klohn Leonoff geological engineers. Point load index 

tests were carried out on selected core samples and representative 
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samples of core were shipped to the laboratory for testing. The test 

hole locations are shown on Drawing D-0118 and the logs and Point 

Load Index test results are presented in Appendix I. 

Several additional test holes were geotechnically logged by CNRL 

staff and these data are available on computer file. Additional core 
samples were taken from other test holes drilled during the 1982, 

1983 and 1984 investigations for laboratory testing purposes. 

Investigation of Bedrock Permeability 
Bedrock permeability was investigated during the 1982 and 1983 
investigations. 

In 1982 falling head permeability tests were carried out in standpipe 

piezometers installed in selected coal horizons in test holes 255, 
256, 257, 258 and 265. Details of piezometer completions are 
presented in Appendix II. Each piezometer was developed and falling 

head tests were carried out to determine the permeability of the 

response zone. The results of the permeability tests are’surrmarized 

in Table 3-2. 

In addition, seven through the bit packer permeability tests were 

carried out in test holes 255 and 258 in order to determine 
permeability in selected coal horizons. During the 1983 

investigation, additional packer permeability testing was carried 
out. Continuous profiles of packer tests were carried out in test 
holes 335 and 336 to provide information on the mass permeability of 
coal and interburden bedrock materials. Results of the packer tests 
are summarized in Table 3-2. Details of the test procedures and 
detailed test results are presented in Appendix II. 

Test Pit Program 
A test pit was excavated by CNRL during the 1983 exploration program 

to collect bulk samples of coal from the major seams and to 

investigate the rippability of the bedrock. 
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The test pit was approximately 600 m long, 30 m wide and up to 30 m 

in depth located as shown on Drawing O-0118. The test pit was 

excavated from east to west i.e. up dip, and was formed at lower 
elevations as two pits; the east pit recovering coal from #7 seam and 

above, the west pit recovering from #6 seam and below. 

Slopes in glacial overburden were cut at 2H:lV and were observed to 

be stable although the unprotected till was eroding badly from 

rainfall. 

Bedrock slopes were cut at 30° to 75O to the horizontal, and' ranged 
from 10 m to 30 m high. Slopes at the. eastern end of the test pit 
were cut in highly weathered mudstone and were standing at 30°. At 

this location the apparent dip of the bedding was 18O into the pit. 

Slopes were steeper at the western end of the test pit and were 

standing at 55O to 60°. The bedrock at the western end of the pit 
was lower in the sequence and generally moderately weathered. 

Bedding dip and dip direction were measured at eight locations on the 
north and south walls of the test pits and are as follows: 

Discontinuity Set Dip Angle Dip Direction 

Bedding Planes 
Joint Set A 

Joint Set B 

140 + 100 500 + 200 - 
62O + 20° 2120 + 200 

840 + 50 1220 + 200 - 
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TABLE 3-2 

PERMEABILITY TEST RESULTS 

Coefficient of 
PermeabilitY 

(k) m/set . Drill Hole Test Section Test Type Material 

255 
255 
255 
255 
256 
257 
250 
258 
258 
258 
258 
335 

91.7 - 93.9 
107.9 - 110.3 
114.9 - 121.0 
138.4 - 139.9 
157.9 - 159.4 

28.8 - 31.1 
44.5 - 46.3 
45.7 - 48.0 
50.6 - 52.9 
64.3 - 69.2 

114.9 - 121.0 
10.7 - 14.3 

17.0 - 20.4 
21.9 - 23.0 
27.6 - 32.6 
32.1 - 38.7 
38.2 - 44.8 
41.3 - 44.8 
48.9 - 50.9 
50.9 - 57.1 
57.1 - 62.1 
67.2 - 72.2 
73.2 - 81.4 
85.5 - 91.4 
92.5 - 96.6 
96.2 - 102.7 

102.3 - 108.8 
108.4 - 114.9 
114.5 - 121.0 

9.1 - 14.0 
17.0 - 20.4 
20.1 - 26.5 
26.1 - 32.6 
32.2 - 38.7 
38.2 - 44.8 
44.4 - 50.9 
50.4 - 57.0 
56.5 - 63.0 
63.6 - 69.8 

Packer 
Packer 
Packer 

Piezometer 
Piezometer 
Piezometer 
Piezometer 

Packer 
Packer 
Packer 
Packer 
Packer 

Coal 
Coal 
Coal 
Coal 

Siltstone 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 

Coal/Mudstone/ 
Sandstone 
Coal/Mudstone 

Siltstone 
Mudstone/Siltstone 
Mudstonehiltstone 

Mudstone 
Mudstone/Coal 
MudstoneKoal 

Mudstone 
MudstoneKoal 
Siltstone 

Siltstone/Mudstone 
Coal 

Muds&e 
Mudstone/Coal 
Siltstone 
Siltstone 
Sandstone 
Mudstone 
Mudstone 
Siltstone 
Mudstone 
Siltstone 
Siltstone 
Siltstone 
Siltstone 

Siltstonebbdstone 
Coal/Mudstone/ 

Sandstone 
Siltstone 

Siltstone/Mudstone 
Sandstone 

335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 

Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 
Packer 

336 71.9 - 75.3 Packer 
336 77.9 - 87.4 Packer 
336 90.0 - 99.6 Packer 

5 x 10-7 
6 x lO-7 
2 x 10-8 
3 x 10-8 
7 x 10-g 
3 x 10-8 
5 x 10-9 
6 x 10-8 
7 x 10-g 
2 x 10-8 
2 x 10-8 
4 x 10-7 

8 x 10-8 
2 x 10-7 
6 x 10-9 
5 x 10-7 

; ," ;;I:: 

1 x 10-10 
1 x lo-10 
1 x 10-7 
1 x 10-10 
; ; gr; 
1 x 10-10 

; i $5: 

; ; ;;I;; 
1 x 10-10 

; ; g 

; ; ;;I:: 
1 x 10-10 
; ; g-i 
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3.2.6 Laboratory Testing Program 

Laboratory tests were carried out to determine the engineering 
properties of key materials at the minesite. The following tests 

were oerformed on overburden materials: 

Water Content 
Atterberg Limits 

Grain Size Analysis 

Oetailed descriptions, water contents and Atterberg limit results are 
provided on the test hole logs in Appendix I. Results of the grain 

size analyses are presented in Appendix III. 

The following tests were carried out on bedrock material: 

Atterberg Limits 
Direct Shear Tests 

Slake Durability 
Sulphate Soundness 

Unconfined Compression Tests 

Results of the Atterberg limits and unconfined compression tests are 
presented on the test hole logs in Appendix I, with other test 
results presented in Appendix III. 

3.3 Engineering Geology and Lithology of the Bedrock Sequence 

The rocks of the Telkwa Basin comprise sediments typical of coal 

bearing formations. Five major rock types have been identified and 

their percentage occurence in the test holes drilled is as follows: 

Sandstone 27% 
Siltstone 34% 

Mudstone 25% 

Coal 11% 
Igneous 1% 

Miscellaneous 2% 
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3.3.1 Sandstones 

The following sandstone lithologies have been identified: 

SS 1 The sandstones designated SS 1 are very fine grained green to 

grey in colour, massively bedded and range from moderately weak 

to moderately strong. The rock is generally calcite cemented 

with local secondary glauconite cementing. Locally, the 

sandstones are friable and contain minor quantities of pyrite. 
This is the most carmonly occuring sandstone on the property. 

SS 2 Sandstones designated SS 2 are fine to medium grained, light 
grey to brown, thickly bedded and moderately strong. 

SS 3 Sandstones designated SS 3 are pebbly sandstones, light grey to 
brown in color. 

3.3.2 Siltstones 
The siltstones are typically grey, thinly laminated to thinly bedded, 

ranging in strength from very weak to moderately strong ‘rocks. The 

siltstones are commonly interbedded with mudstone or sandstone 

horizons and the bedding is often undulating; small calacreous 
nodules and calcite veins are comnon. 

3.3.3 Mudstones 

The mudstones are dark grey and massive. They are variable in 

composition and are locally carbonaceous, silty, sandy and 

tuffaceous. The mudstones vary from fresh to completely weathered. 
Strengths range from very weak to moderately weak. 

3.3.4 Coal 
The coal is high volatile Bituminous A ranks and comprises dull, 
bright and brilliant bands and high ash content bands. The coal is . 
generally hard with cubic and conchoidal fractures. Pyrite is 
frequently visible in the core. Detailed composition varies widely 

from seam to seam. The coal is classified as moderately weak rock. 
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GROUNDWATER 

Introduction 

This part of the report characterizes the hydrogeology and 

groundwater conditions of the proposed Telkwa Coal Project Site and 

presents estimates of groundwater inflows to the open pits. 

The regional geology of the Telkwa-Smithers area has been mapped by 

the Geological Survey of Canada (Armstrong, 1944; Tipper, 1976; 

Tipper and Richards, 1976 and Tipper, et al, 1979). The regional 
hydrogeology and groundwater resources have not been investigated. 
However, groundwater resources in the vicinity of Telkwa Village have 
been investigated for water supply purposes and the results of these 
investigations are available in unpublished reports by Livingston 
Associates and Campbell. 

Records of waterwells drilled in the Telkwa and Smithers area are 
held by the Groundwater Section, Water Management Branch of the B.C. 

Ministry of Environment. Review of the records indicates that none 

of these wells are located in the vicinity of the mine site, and 

therefore are of little practical application to this development. 

4.3 Field Investigations 

Details of the field investigations are presented in Section 3.2.4. 

4.4 Water Quality 

4.4.1 Rural Water Supplies 

Twenty three rural households within 3 km of the mine area obtain 
their domestic water supplies from groundwater, either by means of 

dug wells (2 to 6 m depth) or by drilled wells generally less than 50 

m in depth. The locations of the wells and details of the water 
supplies are presented on Drawing D-0119. 
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The dug wells are commonly constructed with a 900 mm diameter 

galvanized corrugated steel pipe as a casing. The drilled wells are 
cased with steel pipe generally 150 mm in diameter, and may have a 

well screen or slotted length of pipe as an intake. All wells appear 

to be producing water from surficial deposits rather than bedrock. 

Some wells on the flood plain of Goathorn Creek Valley are installed 

in channel sand and gravel deposits having limited groundwater 
yielding potential (L. Hart and L. Parks for example). Such wells 

provide marginal water supplies for domestic water purposes. A group 

of residents located on a sand and gravel plain to the northeast of 

the mine site obtain water supplies fran the surficial sand and 
gravel deposits which comprise a productive aquifer. 

During the period September 11 to 15, 1984, samples of water supplies 

were collected for chemical analysis from several domestic wells in 
the vicinity of the mine site. Samples were collected and preserved 
in accordance with procedures recommended by Can Test Ltd. and as 
described with the test data in Appendix II. It is noted that field 
determinations of acid pH (less than 7) ,are inconsistent with with 

measured levels of bicarbonate alkalinity (HC03). The shift of 

sample pH to the higher lab values is indicative of post-collection 

sawle chemistry changes which may have given rise to an increase in 

bicarbonate alkalinity at the expense of carbonic acid content. 
Drawing A-0120 illustrates the common ionic composition of the 

groundwater supplies. The water supplies are of a calcium magnesium 

bicarbonate type with only minor amounts of sulfate and chloride 
salts. The predominance of Ca, Mg and NO3 affects the water 

quality by imparting hardness which ranges between 48 and 416 ppm. 

Hardness is not a significant factor in terms of water consumption by 
humans, however 13 of the 24 domestic well water supplies tested have 

hardness in excess of the accepted limit of 120 ppm (Environment 
Canada Water Quality Source Book, 1979). Iron content ranges up to 

9 ppm and in 11 of the 24 well waters exceeds the 0.3 ppm maximum 

acceptable limit recommended by Health and Welfare Canada (1978) and 

Enviroment Canada (1979). Several samples also indicate excessive 
manganese content and high turbidity. 
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Other than the foregoing, concentrations of most dissolved metals and 

notably all the heavy metals are within acceptable limits for human 

consumption. 

4.4.2 Mine Site Groundwater 
Groundwater samples were obtained from piezometers installed in coal 

seams in test holes 255, 257 and 258. 

Laboratory analyses have produced some anomalous results as follows: 

pH values are high, ranging from 8.0 to 11.2. The two analyses 
from test hole 258 give values of 10.2 and 11.2 which are 
considered to be due to grout contamination. 

pH values are measured in the laboratory and these values may be 

up to 1 unit higher than the corresponding field measurement. 

The variation in pH values between field and lab measured values 
is due to exsolution of CO2 during transportation. 

Charge Balance 

There are charge balance errors of over 5% on 5 of the 6 

analyses carried out; this may be due to inaccuracies in the 

analyses or due to the presence of an additional cation present 

in the water but not identified in the analyses. 

A groundwater sample was obtained during September 1984 from a major 

seepage in the area of the bulk sample test pit. The pH of this 

sample was determined in the field and found to be 7.0, which is 

slightly higher than the samples obtained from domestic wells, but 

lower than the samples from the piezometers. 

The groundwater from bedrock sources is a sodium bicarbonate type 

with minor sulphate and chloride and secondary calcium, magnesium and 

potassium. The water is very hard with total dissolved solids 
ranging from 312 - 1700 ppm. 
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4.5 Hydrogeology 

4.5.1 Groundwater Occurrence 
Surficial Deposits 

The best developed aquifers in the project site area are the glacial 
and post glacial sand and gravel deposits. Shallow, unconfined 

aquifers are developed in the sand and gravel deposits found in the 

Bulkley, Telkwa River and Goathorn Creek Valleys. 

Deeper confined aquifers are developed in horizons of outwash gravels 

deposited directly on the bedrock surface or between successive till 
layers. 

Wells in both confined and unconfined aquifers in Smithers and Telkwa 
produce up to 75 l/sx (4.5 m3/min). 

In the vicinity of the proposed plant site and tailings dam to the 

north and east of the pit locations, a large deposit of sand and 

gravel of probable glaciofluvial origin underlies a broad plain 
extending over some approximately 8 km'. This deposit forms an 

aquifer from which residents obtain domestic water supplies from 

wells to depths of 20 m. 

Bedrock Deposits 
The permeability test results indicate that the coal beds and 

interburden have relatively low permeabilities. Results of the 1982 

tests carried out on coal zones indicate that the coefficient of 

permeability (K) values of the coal range between 5 x 10m7 and 5 x 

10m9 m/s. The 1983 test data from other bedrock strata indicate 
low permeabilities. Of the 13 tests performed in test hole 336, all 
but one was less than 10-l’ m/s, or too low to measure with the 

available field instrumentation. The remaining test interval 
indicated a K of 5 x 10m8 m/s. In test hole 335, 7 of the 21 

permeability values ranged from 10m7 m/s to 6 x 10m9 m/s and the 

permeability of 11 intervals was too low to measure. Permeable 
intervals do not appear to correlate with any particular lithologic 
or stratigraphic units but tend to be concentrated at shallower 
depths, and in the case of test hole 335, less than 40 m. 
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Permeability test results are summarized in Table 3-2. The packer 
test results from test holes 335 and 336 are presented on the logs in 
Appendix I. 

Groundwater transmission in bedrock is largely dependent on the 

presence and nature of fractures. The coal beds, shales, siltstones 
and weathered volcanic rocks of the mine site area are generally fine 

grained, relatively weak bedrock materials characterized by 

discontinuous fractures which tend to be closed, and thus have a low 

permeability. 

Fault zones, particularly normal faults, can be well fractured and 

brecciated and may serve as significant conductors of groundwater. 
Some of the fault zones in the mine site area are expected to fall 

into this category. However, fault zones may also be characterized 
by the presence of finely ground low permeability gouge materials 
which may seal fractures and hinder groundwater movement. Thus, the 

effect of fault zones is difficult to predict without specific 

investigations aimed at assessing their hydrogeologic nature. 

4.5.2 Regional Groundwater Flow 
In the Telkwa area the water table configuration is expected to 

reflect the topographic surface. Topographic highs define areas of 
high head ana are natural groundwater recharge areas. Topographic 
lows, chiefly creek and river valleys, represent areas of low head 

and are natural groundwater discharge areas. Accordingly, 
groundwater flow originates in the uplands and extends downward and 
laterally away from the uplands toward the valleys. Between regional 
recharge and regional discharge areas, the course of flow paths is 
influenced locally by the topography and permeability of the 

geological materials. These conditions create local flow systems 

which are of significance to drainage and slope stability. 
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The sixteen piezometers installed within the mine site area have been 

monitored by CNRL. staff on a regular basis. Water levels measured in 

the piezometers are summarized in Drawing B-0118 and show that 

groundwater pressures are relatively high with upward gradients and 

discharge areas occuring on some of the slope areas. Examples are as 
follows: 

a) 

b) 

c) 

d) 

d 

Test Hole 335 - Piezometric surface is at ground level and 

surface seepage is visible in two small valleys to the west Of 

the test hole. 

.Test Hole 250 - Surface seepage adjacent to test hole 250 is 

indicative of upward groundwater flow. 

Test Holes 321, 313, 323, 342 - Water levels are high in these 

piezometers and test hole 323 is flowing. These test holes are 
located in the area of the 1983 test pit. A large seepage area 
has developed at the western end of the test pit area. Seepage 

is originating largely from the Y6 seam. 

Test Holes 318, 343, 344 - These test holes are located in a 

sloping area in the northern part of the east mine area. The 

water level in test hole 315 is relatively low indicating good 

subsurface drainage. The higher water levels measured in test 

holes 343 and 344 are thought to be due to the presence of a 

small lake 100 metres to the south of the test holes. 

Test Holes 345 and 347 - These test holes, located on the West 

side of Goathorn Creek, have relatively low water levels and 

thus indicate good subsurface drainage in that area. 

The general regional directions of groundwater flow in the project 

site area are shown on Drawing B-0122. The project areas located 

east of Goathorn Creek are situated on the divide between the 

catchment of Goathorn Creek and the Telkwa River (Catchment A2 and 

B respectively). it is probable that the surface divide and 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PA 1692.0H -42- March 1985 

groundwater divide coincide with the result that groundwater recharge 
in the eastern mine area moves partly in a westerly direction towards 
Goathorn Creek and partly in a north easterly direction towards the 
Telkwa River. The mining areas west of Goathorn Creek lie entirely 
within the catchment of the Goathorn Creek and its tributary, Four 
Creek. 

4.5.3 Groundwater Recharge 
The packer tests and falling head test results indicate that the 

bedrock formation is of generally low permeability and therefore it 
is probable that the amount of infiltration is equal to a small 
percentage of precipitation. Infiltration has been estimated as 3% 
of annual infiltration made using estimated groundwater flux and a 

value for hydraulic conductivity derived from the packer tests. 
Details of the calculations supporting this estimate are presented in 
Appendix III. 

4.5.4 Structural Modification of Groundwater Flow 
Structural discontinuities such as faults, bedding planes and joints 
have considerable effect on groundwater flow. 

Sedimentary formations are hydraulically anisotropic with hydraulic 
conductivity along bedding planes being greater than conductivity 
across the bedding planes. In weak rocks such as those occurring in 
the mine site area joints are generally poorly developed and tend to 

be discontinuous. In such formations anisotropy is greater than in 
competant formations. 

In the eastern mining area where pits 81, 2 and 3 will be developed, 

bedding dips at 7O to 20° E. Groundwater flow in the western area of 

#3 pit is across the bedding planes and will be impeded by the 

relatively tight nature of the joints. Flow in the eastern part of 

#3 pit and in pits #l and 62 will be down dip towards the east. 
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The regional groundwater flow is modified by faults which offset beds 

and thus affect the continuity of the permeability of the formation. 

The mine site east of Goathorn Creek is affected by a complex system 

of northwest/southeast trending normal and reverse faults which 

divide the area into a number of discrete blocks. Several faults 

have been intersected by drillholes and have been inspected by CNRL 

geologists. A major fault affecting #6 seam was seen in outcrop 
during the excavation of the test mine in 1983. It has not been 

possible to predict the local effects of faulting on groundwater 
distribution. Normal faults in sandstone and coal tend to produce a 
permeable coarse fault breccia; in some cases however, normal faults 

are tight and clean. Reverse faults vary from tight to infilled. 
Where infill material is present it takes the form of a clay gouge. 
In the more competent materials such as the sandstones, movement 

associated with reverse faults appears to have taken place along 
joint and bedding planes. 

4.6 Groundwater Inflow Estimates 

4.6.1 General 
Groundwater inflow estimates have been calculated for the P3 Pit. 
This is the best defined pit in geological terms and it will 
contribute the major part of the coal to be mined throughout the mine 

life. The opening cut for the #3 Pit will be located at the northern 
end of the pit and the pit will be developed toward the south. 

The inflow estimates are based on hydrogeological parameters selected 
on the basis of the permeability tests and a review of other 

geological data. It should be noted that the particular aquifers are 
not definable on a stratigraphic basis, and the fault zones, which 
are probably the most significant groundwater conductors, ah0 are 
not explicitly definable. The selected hydrogeological parameters 
are as follows: 

specific yield - 3% 

storage coefficient - 0.0001 
fault zone coefficient of permeability - 1 x 10 -4 m/s 
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The glacial drift and the near surface bedrock to a total depth of 30 

to 50 metres together are probably the most permeable hydrogeological 
unit. Below this depth the bedrock appears to become less permeable 
with fewer fractures. The coal beds, judging from the few 

permeability tests performed, do not serve as aquifers and the 

mudstone and siltstone interburden, although fractured, have even 

less permeability than the coal. Thus, the entire sequence is 

considered to have a low permeability and contains no definable 
aquifers. 

As pit excavation proceeds, generally small amounts of groundwater 
can. be expected to discharge from the pit walls into the pit. 
Occasionally, well fractured zones, including fault zones, will beg 

intersected and will have the potential of yielding flows of Water 

considerably larger than average pit wall drainage flows. However, 
because of limited storage within fractured zones and limited 
recharge potential, groundwater flow rates from fracture zones will 
diminish rapidly. 

The groundwater inflows estimated in the following sections are based 

on the following sources of groundwater: 

Drainage from the excavated rock mass over the life of the pit. 
Drainage from the footwall as a result of depressuring by 
drainage holes required to ensure footwall stability. 
Discharge of groundwater from the pit highwall and endwalls. 

Infiltration to the groundwater system within the area of 
influence of the pit. 
Extraordinary inflows from fault zones. 

4.6.2 .Drainage of Excavated Rock Mass 
Assuming an average stripping ratio of 7:l and an annual raw coal 
production of 1.1 million tons per year, 7.8 million cubic metres of 
rock will be excavated annually. Assuming a specific yield of 3 

percent (i.e. the amount of gravity drainage from the material), it 
is estimated that 234,000 m3 of groundwater will be released 
annually from the excavated material into the pit. 
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4.6.3 Footwall Drainage 

As pit excavation proceeds, the unloading of the underlying strata 

will induce upward movement of groundwater through the footwall into 

the pit. however, because of the low permeability of the footwall 

materials, additional vertical drainage by means of boreholes will be 

required in order to relieve footwall pore pressures and to maintain 

floor stability. Excluding fault zones, drainage of the footwall 
Will contribute a relatively small amount of groundwater to the pit. 

The footwall inflows are dependant on the thickness of material 
excavated from above the footwall, the difference in groundwater 
pressures between the water table and the footwall, the volune of 

rock beneath the footwall subject to depressuring, and the 

groundwater storage coefficient. For estimating purposes the storage 

coefficient is assumed to be 0.0001, a value which typifies confined 

groundwater conditions and the water table is assumed to be at ground 

surface. 

The following are estimates for footwall inflows over the life of the 

mine: 

Footwall Footwall 
Depth Interval Inflow Area Inflow 

(m) (m3/m2*) Cm21 Cm31 

0 - 25 0.01 350,000 3,500 
25 - 50 0.09 350,000 31,500 
50 - 75 0.25 350,000 87,500 
75 - 100 0.48 350,000 168,000 

Inflow Total 290,500 

* m3 of water/m2 of footwall 
(Total footwall area is estimated to be 1.4 million m2 
and is assumed to be apportioned equally amongst the four 
depth intervals.) 
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The total inflow of 290,500 m3 over the 20 year life of Pit 3 is 

equivalent to an average of 14,500 m3 annually. 

4.6.4 Highwall and Endwall Drainage 

AS excavation proceeds, groundwater from the highwall and endwalls 

will move toward and discharge into the pit. Groundwater discharge 

is likely to be more significant in the upper 50 metres where the 

permeability appears to be largest. Overall, however, in view of the 

prevailing low rock permeability, pit wall dewatering will occur at a 
slow rate and will be limited in lateral extent. This inflow 

estimate assumes that horizontal drain holes will be provided to 

ensure slope stability required, particularly in the lower slope 

areas below a depth of 50 metres, and that the drains will dewater 

the rock mass behind the pit wall above a 20 degree slope drawn from 
the toe of the pit wall. 

On this basis, assuming an average high wall height of 100 m and a 

specific yield of 3 percent, the drainage water, per metre length of 

high wall, can be estimated by a simple volume calculation as 

follows: 

inflow = 100 x 100 x 0.5 x 0.03 
tan 20° 

= 412 m3/metre length of highwall. 

Given a highwall length of 2,800 m, the inflow will amount to 1.154 

million m3 over 20 years or 57,700 m3 annually. 

Endwall drainage will add a significant component to this inflow 
during the first 5 years as the northwall is established and 

drained. Allowing for an average endwall height of 75 m and a 

northwall length of 1200 m over a 5 year period, inflows would amount 

to 236 m3/metre length of wall or 56,600 m3 per year. 
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The southwall will also drain ahead of excavation to some extent but 

given the slow rate of drainage and the state of continual 

advancement of the face, the amount of inflow is likely to be 

relatively small. This inflow component is assumed to be accounted 

for as drainage from excavated rock. However, as the advancing pit 

approaches the southern limit of the pit, an additional inflow from 
drainage of the southern endwall spread over the last two years of 

pit operation will occur. At 236 m3/m length of wall and for a 400 

metre wall length, the inflow will amount to 47200 m3 annually. 

4.6.5 Groundwater Infiltration 

Pit .inflows will be affected by surface infiltration close to the 
pit. The area of influence of the pit will increase gradually each 
year as the pit size increases and as adjacent groundwater pressures 
gradually decline over time due to drainage to the pit. An 

assessment of water level drawdown in the vicinity of the pit 
indicates that dewatering effects after 1 year of drainage will not 

be significant beyond 100 m from the pit boundary. In local areas 
tiere fracturing is well developed and provides higher permeability, 
the zone of influence may extend beyond this distance within a year. 
For the purpose of estimating the inflow contribution from 
infiltration it has been assumed that the ultimate zone of influence 
will extend to a distance of 500 m from the pit boundary with several 
exceptions. In the southeastern area of the pit, the ultimate radius 
of influence is taken as the surface catchment boundary defined 

ground rising to elevation 990 m. To the north of the pit the 

boundary of influence is assumed to be midway between pits 2 and 3. 

The zone of influence to the west of the pit is negligible in view of 

the proximity of the valley slope of Goathorn Creek. On this basis, 
the ultimate recharge area outside the pit boundary is estimated to 
be 2.8 million m2. The ultimate pit area is estimated to be 2.1 

million m2. 
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For estimating purposes it is asswned that over the 20 year operating 

perioa the pit area is developed linearly and pit recharge area will 
expand linearly. 

Thus the recharge area for year 1 is taken~ as 5 percent of .4.9 

million m2, for year 2 10 percent of 4.9 million m2 less the pit 

area developed during year 1 (5 percent of 2.1 million m2) and so 

on through to year 20. The resulting annual pit inflow from recharge 

ranges from 3,750 m3 in year 1 to 44,500 m3 in year 20. 

4.6.6 Exceptional Inflows From Fault Zones 
Exceptional groundwater inflows will .occur when the pit intersects 
major fault zones. However, because there are no major aquifers in 

the minesite area there is limited potential for recharge to fault 

zones and therefore discharge from faults will diminish over time. 
Assuming a fault zone permeability of 10e4 m/s, an average zone 

width of 10 m and an effective fault zone drainage area of 1000 m 

long by 500 m wide, such a fault can be expected to discharge in the 

range of 100 to 1000 m3/day. Given the limited storage capacity 

within the fault zone and limited recharge potential, it is likely 
that exceptional flows from fault zones will diminish over a period 
of a few months. Although 2 or 3 fault zones may be intersected by 

Pit 3, it can be assumed that no more than one zone will be 
contributing exceptional inflows to the pit at any one time. 

4.6.7 Total Groundwater Inflows - Pit 3 
Total annual groundwater inflows in the first 5 years are expected to 

be high due to excavation of the relatively long north wall. 
Following drainage of the north wall, the annual inflows should drop 

in year 6, but then gradually increase as the area of influence of 

the pit expands, resulting in an increased annual recharge 
component. 
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Thus the annual groundwater inflows over the life of Pit #3 are 

expected to vary over a relatively small range, from 421,000 m3 to 
498,000 m3 (175 to 210 igpm). 

Table 4-1 sunrnarizes estimated groundwater inflows to Pit 3. 

TABLE 4-1 

SUMMARY OF ESTIMATED GROUNDWATER INFLOWS, PIT 3 

Excavated 
North & Inflows 
South from 

Year Rock Footwall Highwall Endwalls Infiltration Faults Totals 

1 
2 
3 
4 
5 
6 
7 
8 

1: 

:; 

:z 
15 
16 

:zl 
19 
20 

(Ill5 1 
234,000 
234,000 
234,000 
234,000 
234,000 
234,000 
234,000 
234,000 
234,000 
234,000 
234,000 
234,000 
234,000 
234,000 
234,000 
234,CQO 
234,000 
234,000 
234,OW 
234,000 

Cm’) 
14,500 
14,500 
14,500 
14,500 
14,500 
14,500 
14,500 
14,5w 
14,500 
14,500 
14,500 
14,500 
14,500 
14,500 
14,500 
14,500 
14,500 
14,500 
14,500 
14,500 

Cm51 
57,700 57,700 3,750 100,000 467,650 
57,700 57,700 5,900 100,000 469,800 
57,700 57,700 8,000 100,000 471,900 
57,700 57,700 10,200 100,000 474,100 
57,700 57,700 12,300 100,000 476,200 
57,700 14,500 100,000 420,700 
57,700 16,600 100,000 422,800 
57,700 18,700 100,OOU 424,900 
57,700 20,900 100,000 427,100 
57,700 23,000 100,000 429,200 
57,700 25,200 100,000 431,400 
57,700 27,300 100,000 433,500 
57,700 29,500 100,000 435,700 
57,700 31,600 100,000 437,800 
57,700 33,700 100,000 439,900 
57,700 35,900 100,000 442,100 
57,700 38,000 100,000 444,200 
57,700 40,200 100,000 446,400 
57,700 47,200 42,300 100,000 495,700 
57,700 47,200 44,400 100,000 497,800 

Cm') . Cm51 Cm51 (m3) 

4.6.8 Pits 1 and 2 Inflows 
Detailed estimates of groundwater inflows to each pit development 

have not been carried out. Although certain hydrogeologic parameters 
and pit dimensions vary to a degree amongst the several pit areas, 

the hydraulic conductivity, groundwater storage and natural recharge 
characteristics of Pits 1, 2 and 3 are very similar. These are the 

major governing controls on groundwater inflows. Thus, for mine 

planning purposes it can reasonably be assumed that annual 

groundwater inflows to Pits 1 and 2 will fall within the limits 

estimated for the first 5 year development of Pit 3. 
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4.6.9 Pits 4, 5 and 6 Inflows 

Inflows to Pits 4, 5 and 6 have not been estimated. For Pits 4 and 5 

mining will advance westward and the pits will develop essentially as 
benches into the valley slope of Four Creek. In view of the 

relatively small size of the pits and their location on the Valley 

slope the groundwater inflows will be relatively small, and 

significantly less than estimates for Pit 3. Pit water can best be 

discharged by ditching with water being directed to a settling pond 

to control sediment content. 

The groundwater conditions and scale of operations in Pit 6 will be 

comparable to the north end of Pit 3. L Detailed groundwater estimates 
have not been made for this pit. However, assuming a 5 year mining 
operation for Pit 6, the groundwater inflows are expected to be 

similar in magnitude to those for the first 5 years of operation in 

Pit 3. 

4.7 Direct Precipitation to Pit 3 

The amount of precipitation falling directly into 'the pit is 
dependant on the excavated area of the pit. No waste will be placed 

in t3 pit during years 1 to 5. The waste from years 6 to 10 will be 
dumped in the area mined in the first 5 years of operation. Fran 
year 6 onwards it is assumed that the area of pit open will remain 

the same as the area open at year 5. 

Ouring the construction of the in-pit waste dumps some precipitation 
will infltrate the waste and the remainder will run off into the open 

pit area. For the purposes of estimating it is assumed that the pit 
area, comprising the area being mined and the area being actively 
backfilled, increases in size during the first 8 years of operation 
and thereafter, remains constant as shown in Table,4-2. 

Annual inflow, 24 hour maximum and 48 hour maximwn inflows are 
presented in Table 4-2. Inflows are based on annual precipitation of 

510 mm and an evaporation rate of 30%. 
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TABLE 4-2 

Maximum Maximum 
Annual Inflow 24 Hour 48 Hour 

1 100,000 35.700 1.890 
2 
3 

0 800,000 285,600 
9-20 800,DOO 285,600 

2oo;ooo 71; 400 3; 780 
300,000 107,100 5,670 
400,000 142,000 7,560 
500,000 178,500 9,450 
600,000 214,200 11,340 
700,000 249,900 13,230 

15,120 
15,120 

2,240 
4,480 
6,720 
8,960 

11,200 
13,440 
15,680 
17,920 
17;920 

4.8 Effect of In-pit Waste Dumps on Pit Inflows 

As waste rock is placed in the pit behind the mining operation, 
groundwater inflows which previously reported directly to the open 

pit will be intercepted by the waste rock. In addition, 
precipitation will infiltrate the surface of the waste rock and begin 

to establish saturated groundwater conditions. 

The hydraulic characteristics of the waste material are not known, 

but in general because of segregation during dumping operations, 
coarse materials are likely to be concentrated near the base of the 

dump lifts and finer materials in the upper part. Thus, alternating 
layers of coarse and fine materials will create variations in 
permeability with the coarser more permeable layers behaving as 
horizontal drains. As the waste dump increases in height, and the 
rock progressively degenerates in quality due to weathering, 
consolidation and permeability reduction will occur. 

Within the operating life of the mine, the waste dumps will serve as 
water storage reservoirs. As discussed in 4.6.2 approximately 7.8 
million m2 of waste will be produced per year. Assuming that 10 
percent of the waste volume is available for moisture storage 
approximately 780,000 m3 of water storage space would be created 
annually by the waste dumps. If the waste is placed over an area of 
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100,000 m2 each year, and progressively over the nominal 2.1 

million m2 of Pit 3 in 20 years, then a rough estimate of the 

storage volume and anticipated volume of accumulated recharge can be 

made as indicated in the following: 

Year 

Cumulative Cumulative Total 
Waste Dump Accumulated Waste Storage 

Area Recharge Material Volume 

Cm21 Cm31 (m3) cm31 

1 100,000 10,200 7,800,000 780,000 

2 200,000 20,400 15,600,ODO 1,560,OOO 

3 300,000 30,600 . 23,400,OOO 2,340,OOO 

4 400,000 40,800 31,200,OOO 3,120,ODO 

5 500,000 51,000 39,000,000 3,900,Ouo 

Accumulated recharge is the amount of water which infiltrates the 

waste pile from direct precipitation. For loose dumped rock fill 
material the infiltration is estimated to be 20% of precipitation 

(510 mm pa). As illustrated above, the volume of recharge is small 

compared to the available storage volume. Rainfall falling directly 
onto in-pit waste dumps is therefore likely to be retained in the 

waste material as groundwater and will not make' a significant 
contribution to pit inflows. 

Waste materials will also retard and/or intercept pit wall inflows, 

thus progressively reducing the amount of water reporting to pit 
sumps from the backfilled areas. 

4.9 Ptunping Capacity - Pit 3 

It is recommended that punping capacity be installed to handle 
regular inflows, exceptional fault inflows and average 
precipitation. Reserve pumping capacity should be available at the 

minesite to handle major rainfall events. The size of reserve 

punping capacity is an operational decision, but all contaminated 

water pumped out of the pit must be clarified. For the purposes of 
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sizing sedimentation ponds it has been assumed that reserve pumping 

capacity will be sized to handle the maximum 48 hr precipitation 

event. 

Pumping capacity requirements are presented in Table 4-3 and are 
sunmarized below: 

Recommended Installed Pumping Capacity: 120 m3/hr (440 igpm). 

Recommended Reserve Pumping Capacity: 50 m3/hr (180 igpm) in 

year 1, to 400 m3/hr 

(1470 igpm) in year 8-20. 

TAGLE 4-3 

PUMPING CAPACITY REQUIREMNTS - PIT 3 

Recommended 
Average Total Recommended 
Precioi- Installed Available Re- 

Year 

1 
2 
3 
4 
5 
6 
7 
8 

1'0 
11 
12 
13 
14 

E 
17 
18 
19 
20 

Regular Fault tation Pumping serve Pumping 
Inflows Inflows Inflows Capacity Capacity 

(m3/hr) (m3/hr) (m3/hr) (m3/hr) (m3/hr) 

42 
42 
43 
43 
43 
37 
37 
37 
37 
38 
38 
38 
38 
39 
39 
39 
39 
40 
45 
45 

42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 

32 

4 
8 

12 

32 

16 
20 

32 

E 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 

103 

08 
92 

107 

97 
101 
105 

111 
111 

114 

112 
112 

119 

112 
112 

119 

113 
113 
113 
113 

47 

1:; 

280 

187 
233 

327 
373 
373 
373 
373 
373 
373 
373 
373 
373 
373 
373 
373 
373 
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5.U 

5.1 

SUiFACE WATER CONTROL 

Hydrologic Water Balance 

Disruption of Natural Drainage 

The mine drainage plan will necessarily alter local drainage patterns 
but will not significantly affect the overall basin drainage System. 
The net changes to the existing local drainage areas are shown on 

Drawing D-0123 and are relatively small as shown on Table 5-l. 

Changes to flow conditions of the local creeks will therefore be 

negligible. 

TABLE 5-1 

CHANGE IN DRAINAGE BASIN DUE TO PRD;ECT DEVELOPMENT 

Drainage Existing Revised Net Change in 
Basin Drainage Area 

(km2) 

Dra;;;;; Area Drab;;; Area 

Tenas Ck. 63 43.2 co.2 

Goathorn Ck. 132 138.1 +6.1 

Hubert Ck. 44 43 -1.0 

Telkwa R. 1200 1201 +l.O 

Surface Water Runoff 

Clearing operations, open pit excavation, construction of waste dumps 

and mine reclamation can be expected to affect the quantity of 

surface water runoff from the site due to changes in evapotrans- 

piration and infiltration. Land clearing will increase the runoff 

from the site because evapotranspiration will decrease. Disturbance 

of surf icial soils will increase the runoff yield because 

infiltration will decrease. Open pit excavation will increase the 

water yield because both evapotranspiration and infiltration will 

decrease. 

The development of waste dumps will affect the water yield. 
Initially, infiltration will be high in loosely placed spoil 

materials relative to existing conditions in which the infiltration 

is restricted by dense till subsoil and high local water tables. 
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After grading and topsoiling, the infiltration rate will decrease 

depending on the degree of compaction. Evapotranspiration from the 
waste dumps will be less than at present until vegetation is fully 

developed after reclamation. 

Although a significant change in the local hydrologic water balance 

can be expected through the life of the mine, the ultimate disturbed 

area will be only 9.4 km*. Areas of local drainage basin 

disturbance are as follows: 

Drainage Basin 

Goathorn Ck. 

Hubert Ck. 

Ultimate Disturbed Area 

as Percentage of Total 
Drainage Basin 

4.2% 
8.6% 

5.2 Design of Surface Water Handling Facilities 

5.2.1 Headwater Diversions 
Headwater diversions are provided to minimize the .quantity of 

contaminated surface runoff by diverting all uncontaminated surface 
runoff from the drainage area upslope of the mine areas. Drawing 

D-0124 shows the locations of the headwater diversions and indicates 
catchment areas, flow capacities and flow velocities. Typical 

sections and design details are provided on Drawing D-0125. 

A single diversion will be required for the mine area west of 

Coathorn Creek and two diversions will be required for the mine area 
east of Goathorn Creek. 

A total of 1.5 km* of catchment will be diverted on the west side 

of Goathorn Creek. Surface runoff is returned to Goathorn Creek via 
Tenas Creek. This diversion would cause only a 2% increase in the 

Tenas Creek catchment. 
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A total of 6.2 km2 of catchment is diverted on the east side of 

Goathorn Creek. About 1.1 km2 is diverted around the north end of 

the main pit and 5.1 km2 is diverted southward into a tributary of 

Hubert Creek. 

The headwater diversions are designed in accordance with Ministry of 
bvirorunent regulations. The following criteria have been included: 

a) The diversions are located at least 50 m from the edge of mine 
facilities. 

b) The diversions will handle the 200 year flood with a minimum of 

0.4 m freeboard. 
cl The diversions are designed to be non-erodible during the peak 

instantaneous flow of a 10 year flood. Channel armouring is 

provided where the maximum velocity during the 10 year flood 

exceeds 1.5 m/s. 

5.2.2 Interceptor Ditches 
The primary function of the interceptor ditches is ‘to intercept 

potentially contaminated runoff from the mine area and to convey it 

to settling ponds. 

Runoff from 1.1 km2 will be intercepted and routed to Settling 

Ponds 113 and #4 east of Goathorn Creek. On the west side of Goathorn 
Creek, runoff from 6.2 km2 in the pit area will be intercepted by 

one interceptor ditch system leading to Settling Pond #2. The waste 

dump area will be drained mainly by existing waterways to Settling 

Pond Pl. Another interceptor ditch system located north of the mine 

area will intercept runoff from 2.4 km2 from the plantsite, haul- 

road and local catchments and will discharge into Settling Pond 85. 

The locations of the proposed interceptor ditches is shown on Drawing 
O-0124. Catchment areas, design capacities and flow velocities are 
also indicated on the drawing. Typical sections and design details 

are shown on Drawing o-0125. 
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Like the heaowater diversions, the interceptor ditches are designed 

to handle the 200 year flood with a minimum of 0.4 m freeboard. No 

armouring is required for these channels because the flow is directed 
through settliny ponds before release. 

Interceptor ditches cannot be provided for pits 114 and 85 because 

they are located alongsiae the relatively steep valley walls. 

Instead, special pit excavation measures will be implemented to 

provide in-pit water handling as discussed further in Section 5.2.4. 

5.2.3 Roadside Ditches 

Roadside ditches are provided for the.haul road in the Goathorn Creek 

Valley. Ditches lined with coarse gravel will be provided on both 

Sides of the haul road to channelize the rUnoff without causing 

erosion. Design details are provided on Drawing D-0125. 

These measures are not require0 elsewhere alongside haulroads in the 

mine area because all roadside drainage will be ultimately collected 

by interceptor ditches and conveyed to settling ponds. 

5.2.4 Settling Ponds 

General 
Settling ponds will be provided to trap suspended sediment and 

channel bed load before release of clarified surface runoff into the 

streams. Runoff from the mine, waste dumps, plantsite and haul roads 

will be collected by the interceptor ditches and conveyed to five 

ponds located as shown on Drawing o-0124. 

Clarification of the contaminated water will be by unaided settling. 

Should this prove insufficient, flocculents will be added at the pond 

intakes to enhance clarification. 

Interceptor Uitches are not provioed for Pits #4 and 115 located on 

the west Side of Goathorn Creek because the pitwall is too Close to 

the valley wall. Construction techniques employed during clearing, 
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stripping anu pit excavation at these two pits will ensure that all 

surface runoff flows into the pit. Operations will begin by opening 

a trench on the downslope (east) side of each pit. Small oitches 

will be built on the north and south sides of the pits to ensure that 

all runoff from the disturbed area is directed into the pit. During 
operations, surface runoff collected in these pits will be punped t0 

Settling Pond /14. After these pits have been mined out, Settling 

Ponds will be built inside the pits and surface water will be 

released into Goathorn Creek by a spillway channel. 

Settling Ponds 1/l to #4 are single cell ponds. Settling Pond 85 

incorporates two cells, one for relatively coarse sediment and one 

for fine sediment. A small dugout will be provided ahead of the main 

pond to trap the coarse sediment originating in the plantsite. This 

will enable easy removal of the significant quantities of coarse 

sediment expected from the plantsite. Settling ponds will be 

constructed ahead of any clearing, stripping or pit excavation. 

The plan layout, elevation/volume curve and elevation/area curve of 

each settling pond is shown on Drawings D-0126 and E-0127. 

Sizing and Design 

The settliny ponds are designed in accordance with the B.C. Ministry 
of Environment guidelines as outlined in the publication "Guidelines 

for the Design and Operation of Settling Ponds used for Sediment 

Control in Mining Operations" dated 1980. 

Two representative, near surface samples of glacial till, were 
analyzed for grain size distribution, erodibility and clarification 

rate. The grain size distributions shown in Appendix II indicate a 

substantial fraction of fine silt and clay. However, it is 

anticipated that sediment transport Will include relatively little 

wash load as the preoominant bed load would be composed of fine sand 

and agglomerated clay/silt particles. 
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The regulations require that the concentration of total suspended 

solids in the settling pond discharye does not exceed 50 mg per litre 
providing that the area background concentration is not exceeded. 

This criterion applies to flows up to the 10 year, 24 hour flood. 

The settling ponds are sized to remove the 0.006 mm diameter sediment 

size and provide detention times of 16 to 44 hours during the 10 year 

flood. The drainage area, inflow rate, required pond area and 

detention times for each pond are indicated on Table 5-2. 

TABLE 5.2 

SIZE OF SETTLING PONDS 

Catchment 
Pond No. Area 

(km') 

1 4.6 

2 6.9 

3 0.7 

4 0.5 

5 2.5 

Mean Daily* 
10 Year Flow 

(m3/sl 

1.12 

1.66 

0.18 

0.13 

0.63 

Required Detention 
Pond Area Time 

bm2) (hours) 

0.056 44 

0.084 16 
0.009 31 

0.007 17 

0.032 20 

l Mean daily flows are used because of the relatively long 
detention time of the ponds. 

The required size of settling ponds were determined by the 

following formula: 

A=P 
vsc 

Where A = Required pond area 

P = Average 10 year flood discharge during the pond 

retention time. 
Vsc = Settling velocity of the smallest sediment size to 

be removed 
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The settling velocity of the critical sediment size is determined by 

Stokes' Law. The critical size of sediment to be removed can be 

determined from the grain size distribution of the suspended sediment 

and from the suspendea sediment concentration entering the settling 

pond. 

In the absence of reliable predictions of sediment concentration and 

grain size distribution of suspended sediment, a simplified approach 

was employed as recommended in the Guidelines for Design at Settling 

Ponds. A settling velocity of 2 X 10s5m/s was selected to provide 

removal of the suspended sediment to 0.006 mn diameter. Thus all 

suspended sediment except clay particles and very fine silt will be 
removed from solution by settling. The quantity of fine silts and 

clays not removed by settling is expected to be relatively small. 

Erosion and Sediment Yield 

The rate of soil erosion was estimated by the Universal Soil Loss 

Equation to be 3300 m3/km2 per year based on 40% of the catchment 

area being disturbed by mining activities. 

The quantity of sediment delivered to the various settling ponds will 

be smaller than the erosion rate due to sediment storage enroute. 
The annual quantity of sediment delivered to each settling pond is 

determined as follows 

S = 3300 m3/km2 x Area (km21 x Delivery Ratio 

The Delivery Ratios are expected to range from 20% to 33% for the 

various size catchments. 

The quantities of sediment delivered annually to each settling pond 

are given in Table 5.3. 
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Table 5.3 

SEDIMENT YIELD AND SEDIMENT STORAGE CAPACITIES 

Settling Pond 

1 
Catctxnent Area (km*) 4.6 

Delivery Ratio 0.21 

Sediment Yield 
h3/yr) 3,200 

Sediment Storage 
Capacity cm31 130,000 

Flood Control and Freeboard 

2 3 4 5 --- 

6.9 0.7 0.5 2.5 

0.20 0.33 0.33 0.25 

4600 770 550 2100 

24,000 9,500 1,300 12,000 

The ponds are designed to pass the 200 year flood with 0.7 m to 1.0 m 

freeboard. The 0.7 m freeboard will contain the wave runup of the 

significant wave height (0.4 m) generated by a 100 year, 1 hour wind 

of speed 76 km/ht. 

Open channel spillway outlets are provided on Setting Ponds %l, #2, h 

#5 capable of passing debris and ice. 

Culvert outlets are provided on Settling Ponds #3 & #4 to provide 

erosion free passage down the steep valley walls of Goathorn Creek. 

Debris control structures will be provided at the inlets to minimize 

risk of blockage. An earth cut emergency spillway is provided at 

each of these ponds to assure failsafe operation. A 1.0 m freeboard 
is provided to assure adequate freeboard in the event that culvert 

blockage requires flow over the emergency spillway. 

Snowmelt inflow hydrographs were canputed for the 200 year flood and 

are given on Drawing A-0128. These flood hydrographs were routed 

through the ponds to determine maximum outflow and maximum pond 

level. The results are given in Table 5-4. 
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TABLE 5-4 

200 YEAR FLOOD ROUTING THROUGH SETTLING PONDS 

200 Year Flood Settling Pond 

1 2 3 4 5 ---- 

Maximwn Outflow (m3/s) 3.2 4.0 0.45 0.35 1.8 

Maximum Flood level above 
Spillway Invert (ml 0.36 0.5 0.61 0.53 0.31 

Maximum Water Elevation (ml 554.4 601.5 701.6 733.0 552.3 

Details of the spillway channel and culvert outlets are presented on 
Drawings OLO124 and H-0127. 

Design of Oykes 

Five dykes ranging from approximately 2.0 m to 4.0 m in height will 

be required to impound water for the settling ponds. Each dyke will 

be constructed with a 2:l upstream face and 2.5:1 downstream face 

with a crest width of 4 m. The dykes will be constructed of Zone A 

material as defined below. Oykes over 3 m high will incorporate a 
0.5 m thick drain of Zone C material at the downstream toe. Details 

of the dyke design are shown on Drawing O-0126. 

Zone A material shall be well graded glacial till with a minimum 

of 20% passing the 0.075 mm seive. The material shall contain 

no rock fragments larger than 150 nun. 

zone C material shall be designed to act as a filter between the 

Zone A material and the foundation material. 

Zone A material should be placed in lifts not greater than 0.25 m in 

thickness and be compacted to 98% of maximum density as determined by 

test ASTM O-698 at ~2% of optimum moisture content. 
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Each dyke will be provided with a spillway set approximately 1.0 m 

below the dyke crest. Dykes #3 and #4 will incorporate culverts 
within the embankment. Careful construction procedures and the use 

of selected material will be required in order to minimize the risk 
Of piping around the culverts. These matters will be addressed at 

the detailed design stage of the project. 

Settling Pond Operation 
Each settling pond will be operated in accordance with B.C. Ministry 

of the Environment regulations as follows: 

1) 

2) 

3) 

4) 

5) 

6) 

Baffles will be located at the inlet of the pond to spread the 

inflow and reduce its velocity. 

Accumulated sediment will be cleaned out when 50% of the pond 

volume is lost to sediment storage or when the surface area is 
reduced by 20% on account of delta deposits. Sediment will be 

disposed of by burial. Clean-out will be carried out during dry 
periods when runoff is minimal. 

Flocculants will be added at the pond inlet if unaided 

settlement is insufficient to meet the allowable discharge 

suspended sediment concentration of either 50 mg per litre 
during a 10 year, 24 hour flood or the area background suspended 
sediment concentration. 

Dewatering, if required, will be provided by punping. 

The spillway channel outlets will be cleared of snow and ice 

before snowmelt each spring. 

The ponds, dams, spillway outlets, culvert outlets and inlet 
baffles will be inspected for deterioration 3 times per year, 

once during the freshet. 
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7) Discharge water quality will normally be monitored monthly. 

During the freshet, water quality will be monitored weekly. 

Additional monitoring will be carried out during rainstorm 
floods. 

5.2.5 Goathorn Creek Crossing 
Curing the later stages of mining operations, a crossing will be 

required across Goathorn Creek to provide haul road access to pits 

t/4, #5 and N6. 

The crossing will be designed to pass the 200 year peak instantaneous 

flow of 60 m2/s and will comprise three 2700 nm structural plate 

corrugated metal pipe culverts. A spillover section on the haul road 
alongside the crossing will provide emergency protection against 

culvert blockage or an unusual flood. Culvert inlets and outlets 
will have concrete headwalls to prevent erosion and uplift. 

The crossing will be constructed of select rock waste and will be 

provided with rip rap protection. 

5.3 Surface Water Supply 

5.3.1 Plant Water Balance 
The plant water balance as estimated by CNRL is given below: 

INFLOWS 

Moisture in Raw Coal 10 m3/hr 
Total Plant Water Demand (Reclaim & Make Up) 43 

Total 53 

OUTFLOWS 

Moisture in Coarse Refuse 

Moisture in Clean Coal 
Water in Tailings Slurry 

Total 

8 

a 

37 
53 
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5.3.2 Make Up Water Supply 

The make up supply system will provide full plant make up water 

during plant start up and during periods when water cannot be 

reclaimed from the tailings pond. During periods of normal 
operation, make up water will supplement reclaim water. Full make up 

will require 43 m3/hr but peak demand during start up may be as 

high as 100 m3/hr. 

Make up water may be extracted from the Telkwa River downstream of 

its confluence with Goathorn Creek. Withdrawal of make up water is 
expected to have minimal effect on flows in the Telkwa River. The 

nearest stream gauge on the Telkwa River is located 25 km upstream of 

Goathorn Creek as shown on Drawing 8-0110. ,The minimun flow recorded 

at the station is 0.65 m3/sec (2448 m3/hr). Flow near the 

plantsite is expected to be considerably greater due to the increased 
catchent size. The peak make up water demand is expected to be Only 

1% of the 10 year extreme minimum daily flow. 

5.3.3 Make Up Water Intake 

Two alternative intake schemes have been considered: 

(a) An infiltration gallery located beneath the river bed. 

(b) A series of shallow wells located alongside the river. 

Shallow well intakes are recommended as they are less susceptible to 
flood damage and less likely to be blocked by the high suspended 

sediment load of the Telkwa River. 

It is expected that 2-4 wells 20 m deep will be required but this 

will be confirmed at the detailed design stage. 
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6.0 

6.1 

WASTE DUMPS 

Introduction 

This section of the report presents recommendations for the disposal 

of rock waste materials in both in-pit and out-of-pit locations. 

The stripping and stockpiling of topsoil and unconsolidated 

overburden materials is discussed in the Project Environmental and 

Reclamation Report. 

6.2 Waste Dump Areas and Mining Schedule 

Mining will start at the north end of #3 Pit and the waste will be 

placed in an out-of-pit dump. Pits %1 and 82 will be worked 
successively to supplement production from 113 Pit. Waste from #l and 

#2 Pit will also be placed in the out-of-pit dump. In approximately 

year 6 reserves in Pits 1/l and #2 will be exhausted and at that time 

waste from Pit #3 will be directed to Pits #1 and W2. As Pits #l and 

#2 become backfilled the continuing stream of waste will be directed 

to the out-of-pit dump until sufficient working space is available in 

#3 Pit to permit in-pit waste disposal. 

Pits #4, #5, and 1~6 will be worked in succession during the latter 

stages of the project. Waste from #4 Pit will be placed in an 

out-of-pit dump. Waste from %5 Pit will be used to backfill #4 Pit 

and 85 Pit will be backfilled with waste from 116 Pit. 

Two out-of-pit waste dumps will be required for the project. 
Proposed locations for the dumps are shown on Drawing o-0104. The 

East dump will be used for the disposal of waste from Pits 1/l, 82 and 

C3 and will have a capacity of 57 million m3. The West dump will 

be used for disposal of waste from Pits #4, 85 and 86 and will have a 

capacity of 5.5 million m3. 

On the basis of the current project plans, the two out-of-pit dumps 

will have sufficient capacity to contain all waste rock not placed in 

in-pit dumps. 
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6.3 Dump Site Conditions 

6.3.1 East Durrp 

The east dump covers an area of about 1.6 km2 of ground which 

slopes gently, at about 5", to the north. South of the site the 

ground steepens as it rises in elevation. A number of sinuous 

morainal ridges exist on the site. 

The waste dump area is covered with a thin layer of topsoil directly 

overlying a till consisting of silt, sand, gravel and cobbles. The 

upper 1 m of the till is weathered; below the weathered zone the till 

is dense. The depth of till at the site is about 15 m, however, 

large variations in the till thickness may be expected. The till is 

underlain by sedimentary bedrock. 

The area is moderately well drained by a number of small ephemeral 

streams. Occasional depressions exist where drainage is poor and the 

ground remains saturated most of the year. The lower part of the 

waste dump site is cleared and used for growing hay. The upper, 

south part is forested with poplar and coniferous trees. 

Geological and groundwater conditions will be confirmed by site 

investigation during the detailed design stage of the project. 

6.3.2 West Dump 

The west dwnp covers an area of about 0.4 km2 of flat lying ground 

which slopes at about 2O to the north. 

It is expected that the subsoil strata will be similar to the east 

dump site. The 1:5000 topographic map does not indicate the presence 

of any drainage courses across the proposed area and drainage is 

expected to be similar to the East Dump site. 

Foundation conditions will be investigated at the detailed design 

stage of the project. 
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6.4 Material Characteristics 

6.4.1 Foundation Materials Out-of-Pit Dumps 

Topsoil and organic material will be stripped from the foundation 

area of the dumps prior to dump construction. 

Foundation materials for both sites consist of a dense silt, sand and 

gravel till. On the basis of visual examination, the strength Of 

this material is estimated to be 0' = 30° (effective angle of 

internal friction). The till is low to non plastic and as such 

little or no pore pressure is expected to build up due to dump 

construction. Stability has been analysed assuming an ru range of 

0 to 0.2 for pore pressure response. (ru is the pore pressure 
divided by overburden pressure.) 

6.4.2 In-Pit Foundation Conditions 

The footwall of the #3 Pit will consist of the rock stratum 

underlying the #Z seam. This rock varies considerably over the pit 

area ranging from a sandstone to a mudstone. Stress relief due to 

unloading of the footwall is expected to cause break up of the 
footwall, especially where groundwater is present. 

In order to provide a consistent and safe design for the in-pit waste 

dumps a conservative effective angle of internal friction of 0' = 

17O has been selected for footwall material based on laboratory tests 
on the mudstone material. 

6.4.3 Waste Materials 
Waste rock will consist of a heterogeneous mixture of sandstone, 

siltstone and mudstone. The type of material being wasted will 

depend on mine scheduling. Waste materials will consist of three 
general types as follows: 

a) Moderately strong to moderately weak fine grained sandstone of 

average uniaxial compressive strength 40 MPa and a maximum 

uniaxial compressive strength of 100 i--Pa. 
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b) Very weak to moderately strong siltstone and siltstone 

interbedded with mudstone. Uniaxial compressive strengths range 
from 12 MPa to 100 MPa with an average of 35 MPa. 

cl Very weak to moderately weak mudstone. Uniaxial compressive 
strengths range from 12 MPa to 40 MPa. 

Relative proportions of these materials for the mine life are given 
below: 

a) Sandstone 31% 

b) Siltstone and Siltstone-Mudstone interbedded 40% 
cl Mudstone 29% 

The geotechnical properties of the waste materials are a function Of 

the relative proportions of the material types in the dump, the dump 

height, and degree of breakdown of materials. Table 6-1 summarizes 
the geotechnical properties of the materials. The laboratory test 
results are presented in Appendix III. 
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TABLE 6-1 

SUMMARY OF GEOTECHNICAL PROPERTIES OF WASTE MATERIALS 

Parameter 

Unconfined 
Compressive (MPa) 
Strength1 

Slake Durability % 

Sulphate 
Soundness % Lost 

Friction Angle 
0'0 2 

Dry Density Fill 

Breakage Factor3 
% at2 MPa 

Unit Weight Mg/m3 

Material Average 
Mudstone Siltstone Sandstone Design Value 

12-40 35 40 

81-89 98-99 98-99 

N/A N/A 78-100 

29-33 31-33 31-33 

35 

32 

1800 kg/m3 

30-40 20-30 20-30 

2.53 2.57 2.53 

30 

1. Based on point load index tests indicated on test hole logs 
Appendix I, 
Appendix II. 

and unconfined uniaxial compressive strength tests, 

2. Based on method of Barton & Kjaernsli (1981) using d5O = 
200 mm, U.S.C. given above, rough rock, porosity n = 40%, n= 
0.5 - 2 MPa, and 0 = 29O. 

3. Breakage factor estimated on basis of comparative studies with 
work by Marsal (1967). 

Friction Angle 

A friction angle of 0' = 32O has been selected for waste dump 

design based on the uniaxial compression tests. Using the method of 

Barton and K jaernsli, shear strengths for the waste are expected to 

range from 29O to 33O depending on the confining stress. 

Slake Durability 

The slake durability tests indicate that on wetting and drying the 

mudstone will breakdown to fine to medium gravel sized particles. 
The siltstone and sandstone exhibited minimal tendancy to degrade in 

this manner. The test results are presented in Appendix III. 
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Sulphate Soundness 

Magnesium Sulphate Soundness tests were carried out on selected 

sandstone specimens. The test results indicated that these rocks are 

sensitive to chemical weathering with 78% - 100% loss during the 
test. 

Crushing Strength 
Six uniaxial unconfined compression tests were completed as shown in 

Appendix III. Point load tests were conducted on selected core 

samples. The results are presented on the test hole logs in Appendix 

I. The average and design values are based on these test results and 

on visual examination of the rock cores. 

Rock fill which is subject to stress due to the height of fill above 

will break down due to crushing of particles. The amount of particle 

breakdown due to confining load has been quantified (Marsal 1967) by 

a breakage parameter 8; where 6 is the percent of particles by weight 

which will undergo some crushing. The interbedded rocks forming the 

waste have an average unconfined compressive strength of 35 MPa. At 

confining loads of 1.5 MPa (75 m fill height) the B value is 30% to 

40% for the shale and 20% to 30% for sandstone and siltstone. This 

parameter is important in assessing the longterm permeability of the 

dumps and the requirement for rock drains in the dumps as discussed 

in Sections 6.5 and 6.6. 

Design of Out-of-Pit Dumps 

General 

The out-of-pit waste dumps are designed as free draining loose rock 

fills. Dumps up to 100 m in height may be constructed with overall 
2:l slopes. Waste material should be placed in horizontal lifts, by 

end dumping. Lift thickness may be adjusted to suit operational 

conditions but may be up to 30 m. End dumped waste will stand at the 

angle of repose which is expected to be 32O (1.6:1). Safety berms 

should be constructed between lifts to mainatin the overall 2:l 
slope. 
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Foundation preparation will be required to control the development of 

progressive failures in the waste dumps. All topsoil and overwet or 

weak soils should be removed from the toe area. Actual stripping 

requirments will be determined following the site investigation. 

Deleterious and sulphur rich plant waste may be placed in the dumps. 

These materials should be placed in isolated cells within the dumps 

in 1.0 m lifts and compacted. 

Details of the waste dump design are presented on Drawing D-0129. 

6.5.2 Stability Analyses 

Stability analyses have been carried out to determine the factor of 

safety against deep seated instability and surface instability. 

The site is located in a Zone 2 seismic area as shown on the Seismic 

Zoning Map of Canada. Estimated peak ground acceleration for an 

earthquake with a 100 year return period is 0.06 g. 

Stability analyses have been carried out both with and without 

allowance for seismic conditions. 

The following minimum factors of safety against deep seated waste 

dump failure have been adopted: 

Static Case (non earthquake) 

Seismic loading case 

FoS = 1.3 

FoS = 1.1 

The analysis of deep seated failure were carried out using Janbu's 

method of slices. Infinite slope analysis was used for smaller 

instabilities. The design parameters for waste material and 

foundation materials are presented in Section 6.4. Design parameters 

and stability analysis results are summarized on Table 6-2. 
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The results of the analyses show that the out-of-pit waste dumps have 

an adequate overall factor of safety against deep seated and shallow 

instability under seismic and non-seismic conditions. There will be 

potential for minor surficial instability on bench slopes under 

seismic conditions. 

TABLE 6-2 

SUMMARY OF GEOTECHNICAL PARAMETERS AND FACTORS OF 
SAFETY FIX POTENTIAL FAILURE MODES EAST AND WEST DUMPS 

Failure Mode 

Deep Seated 
Translational 
for 2:l H:V Slope 

Deep Seated 
Translational 
for 2:l H:V Slope 

0’0 !z’ o 
Fill Foundation 

32 30 

32 30 

32 30 

Surface Slide 
2:l H:V Slope 

32 

Bench Instability 32 

ru 
0.2 

0.0 
0.2 

0.0 

0.0 

Factor of Factor of 
Safety Non Safety 

Seismic Seismic 
Case Case 

1.8 1.7 

1.8 1.7 

1.5 1.45 

1.25 

1.00 

1.21 

0.97 

6.6 Design of In-Pit Dumps 

6.6.1 General 
Waste dumps will be constructed in all six open pits. Waste from pit 

%l will be placed in pit #2. Pit 112 will be used for the disposal of 

some of the waste from b3 pit. Likewise only very minor amounts of 

waste will be placed in pits W4, #5 and #6 as they are being mined. 

Waste dumps will be constructed in 83 Pit from year 6 onwards, 

starting at the northern end of the pit and progressing southward. 
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The pit lI3 footwall dips east at approximately 20°. In order to 

maintain stability on the west facing face of the #3 pit, dump 

construction should be started at the highwall toe and progress up 

dip in a westerly direction. 

The in-pit dumps are designed as free draining loose rock fill dumps 

and should be constructed as follows: 

North south trending face. Where the footwall dip is 13O or 
greater to the east, north south trending faces should be 1.6:1, 

H:V (angle of repose). 

East west trending dump faces should be constructed with overall 
2.25:1, H:V slopes. This should be achieved by placing waste in 

10 m lifts. Bench angles may be at 1.6:1. Safety berms should 

be incorporated to acheive the overall 2.25:1 slope. 

Loose and overwet material should be removed from the footwall prior 
to dump construction and ditches and sumps should be used to drain 

water away from the toe of the waste dump. 

6.6.2 Stability Analysis 

Stability analyses have been carried out to determine the factor of 

safety against deep seated and surface instability. The acceptable 

factors of safety are as discussed in Section 6.5.2. 

It is unlikely that any major pore pressure will develop in either 
the foundation or the fill material due to construction of the in-pit 

waste dump, consequently, the effect of only a small pore pressure 

response of ru = 0.2 was examined. 

Results of the stability analysis are presented in Table 6-3. 
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TADLE 6-3 

SUMMARY OF GEOTECHNICAL PARAMETERS AND FACTORS OF SAFETY 
FOR POTENTIAL FAILURE MODES, IN-PIT DUMPS 

Failure Slope 0'0 
Mode H:V Fill - - 

Deep Seated 2.25:1 32 
Translational 

0’0 
Found- 
ation 

17 

Factor 
of 

Safety 
Dip of Non 
Bedrock ru Seismic 
Into Dump Case - 

Factor 
of 

Safety 
Seismic 

Case 

0 0.0 1.3 1.26 

Deep Seated 2.25:1 32 
Translational 

17 

17 

0 0.2 1.2 1.16 

Oeep Seated 1.6:1 32 
Translational 

13 0.0 1.3 1.26 

Surface 
Slide 

1.6:1 32 1.0 0.97 

Surface 2.25:1 32 1.4 1.36 

Results of the analyses indicate that the design for in-pit dumps iS 

adequate. Factors of safety for deep seated and surface instability 

under seismic and non-seismic conditions are acceptable for the 

overall waste dump. However, there is potential for minor surface 
instability on individual benches on the trenching faces and on the 

north south trending faces during construction. 

Long Term Settlement 

The long term settlement of mine waste depends on a variety of 

factors such as long term phreatic conditions, breakdown of rock 

particles and, as such, is difficult to predict accurately. However, 
experience with similar materials indicates that settlements will be 

in the order of 2% of fill height and will be substantially complete 

after about 10 years. For in pit waste which will be loose dumped, 

the rise in water table after completion of mining may cause some 

further settlement, estimated to be 3 to 5 percent. The rate of 

settlement will depend on the rate of rise of the groundwater table. 
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7.0 

7.1 

FINE TAILINGS DISPOSAL 

Introduction 

This section of the report presents the conceptual design of a 

tailings dam to impound fine refuse. The anticipated output of fine 

tailings from the process plant is 120,000 tonnes of solids per 
year. The tailings pond is designed to store tailings for an 
operating period of 20 years. A preliminary design is provided 

together with an outline of operating and construction procedures. 
At this preliminary design stage, no site investigation or materials 

testing have been undertaken. 

7.2 Description of Fine Tailings Materials 

Fine refuse will emerge from the coal preparation plant as a 
thickener underflow in the form of a tailings slurry with a pulp 

density of 36% solids by weight. The fine refuse is expected to have 

a top grain size of 1 mm with about 72% by weight, passing 0.15 mm 

(r/l00 sieve size) and 58% by weight, passing 0.044 mm. The gradation 

was provided by CNRL and is shown in Appendix IV, Plate 1. 

The clay minerals fraction of the fine tailings is expected to be 95% 

kaolinite and illite; with 5% smectites. The relatively high 

percentage of particles less than 0.044 mm necessitates the use of 

flocculants to settle the finer sizes. 

The properties of the tailings have been assessed by comparison with 

published data (Samaresinghe et al, 1980). The Telkwa tailings will 
contain a high percentage of fine particles and the gradation is at 
the finest limit of normal grain size distributions for fine Coal 

tailings. Based on the published data, specific gravity for fine 

coal refuse varies from 1.4 to 2.4, and it is anticipated that the 

average specific gravity of the tailings will be about 2.0. 

The dry density of coal tailings settling without flocculation 

normally varies from about 0.64 T/m3 (40 lb/cu ft) to 1.2 T/m3 

(75 lb/cu ft), although densities as low as 0.3 T/m3 (19 lb/cu ft) 

have been used for design elsewhere. The effect of flocculant on the 
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settled density of the tailings can be determined in bench tests, 

however scaling up of test results to full scale production is 

difficult and tailings density in the pond will not be known 

accurately until the pond is in operation. For design purposes the 

dry density of the tailings was assumed to be 0.64 T/m3 (40 lb/cu 

ft). 

The volume of tailings to be stored is inversely proportional to 
their density, thus the assumed density relates directly to the size 

of impoundment required. The design assumption of 0.64 T/m3 is a 

relatively low density which provides for conservatism in impoundment 

sizing. With tailings dam construction the .dam is raised each year 
thereby permitting adjustments to be made should the density vary 
from the design value. 

The permeability of the settled tailings is expected to be between 

1 x 10-6 and 1 x 10s7 m/set. 

The design values for dry density, void ratio and permeability are 
listed below in Table 7-l. 

Table 7-l 

SUMMARY OF DESIGN PARAMETERS FOR FINE TAILINGS 

Parameter 
Dry Density 

Specific Gravity 

Permeability 

Design Value 

0.64 T/m3 

2.0 

1 x lo-4 m/set 

7.3 Site Conditions 

The proposed tailings pond site is located about 2 km north east of 

the mine area adjacent to the plant site as shown on Drawing D-0101. 

The ultimate pond will cover an area of some .56 km2 of lightly 

forested ground which slopes gently at about lo to 2O down to the 

east. As currently located, the toe of the finished dam abuts the 

proposed railway spur. It is understood that this railway line may 
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be relocated and a minimum clearance of 100 m from the toe of the 

finished dam is reconunended. The site was chosen because of the 

proximity to the process plant and the availability of a sufficiently 

large area to store all the tailings in one location. The site is 

lower in elevation than the plant thereby minimizing the head for 

tailings slurry pumping. 

7.4 Subsurface Conditions 

Based on visual inspection of the site and on information given by 

Pedology Consultants in their lPB4 report, foundation conditions at 

the site are expected to comprise topsoil overlying a well graded, 
dense sand-and gravel deposit. 

An investigation of foundation conditions will be necessary at the 
detailed design stage. 

Domestic well records indicate that groundwater in the area is at 

about 12.5 m depth within the gravel layer. 

7.5 Tailings Pond Design 

7.5.1 General 

The tailings will be discharged into the tailings pond via a 

pipeline; the tailings will settle in the pond and the remaining 
clarified water will be recirculated to the process plant by pumping 

from a barge mounted pump. 

A starter dam constructed of locally available borrow will be 

required to store tailings in the first year of production. The dam 

will be raised each year to meet storage requirements using mine 

waste. The height of embankment required depends on the volume Of 

tailings produced plus additional hydraulic considerations such as 

flood storage and wave runup. 

The volume of settled tailings produced each year is estimated at 
187,500 m3 based on the assumed density of 0.64 T/m3. Hydraulic 

design criteria are outlined in the following section. 



I 
~ I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PA 1692.0H -79- March 1985 

7.5.2 Hydraulic Design of Tailings Pond 

Water Balance 

The proposed tailings pond will operate as a closed circuit during 

normal hydrologic conditions. As shown on Table 7-2, there is a net 

water deficit for both average hydrologic conditions and the 10 year 

wet year. Provision is made for spill in the event of an inflow 

flood in excess of the 10 year return period. 

The water balance analysis is based on the following operating 

conditions, material characteristics and hydrologic parameters. 

a) Reclaim Operation: 
Excess water in the tailings pond will be reclaimed to the plant 

from April to December inclusive. It is assumed that 

recirculation will not be possible during January, February and 

March because of significant ice thickness. 

b) Hydrologic Conditions: 

Annual precipitation: 

Mean 510 mm 

10 Year Wet 650 mm 

Annual Lake Evaporation: 

Mean 550 rMl 

Annual Catchment Runoff: 

Mean 150 mn 

10 Year Wet 190 mm 

c) Pond and Catchment Area: 
Pond Area Net Catchment Area* 

km2 km2 

Starter Dam Stage 0.30 0.05 

Ultimate Stage 0.50 0.12 

* Pond catchment areas downstream of diversion ditched 
and excluding pond area. 

d) Water Content of Settled Tailings is 105% (dry weight basis) or 
48% solids. 
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e) Plant Water Balance: 

Total Water to Tailings Pond in Tailings Slurry 37 m3/hr 

Makeup Water Required for Plant (may be supplied 

by reclaim from tailings pond or river intake) 43 m3/hr 

TABLE 7-2 

ANNUAL WATER BALANCE OF TAILINGS POND 

INFLOW 

Precipitation 

Runoff 

Excess Slurry Water* 

TOTAL 

OUTFLOW 

Evaporation 

Reclaim Required to 

Balance Water Flows 

Release 

TOTAL 

Average Hydrologic 
Conditions 

Starter 
Dam 

1000 m3 

Ultimate 
Dam 

1000 m3 

Starter 
Dam 

1000 m3 

Ultimate 
Dam 

1000 m3 

153 255 195 

a 18 10 

86 86 86 
247 359 291 

325 
23 

86 - 
434 

165 275 165 275 

80 
0 

84 
0 - 

359 

126 
0 

291 

159 
0 - 

434 

10 Year Wet 

Notes: 

1. Excess Slurry Water = total slurry water - water stored in voids 
of settled tailings 

= (37 m3/hr - 22 m3/hr) 5700 hrs/yr 
= 86,000 m3/yr. 

2. Maximum Reclaim is the rate at which water can be accepted by 
the plant; based on a maximum flow rate of 43 m3/hr for 9 
months of the year. 

Maximum Reclaim = 9/12 x 43m3/hr x 5700 hrs/yr 
= 184,000 m3/yr. 
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Freeboard and Flood Control 

Criteria 

The freeboard and flood control design comply with the criteria for 
design of tailings impoundment as defined by the B.C. Ministry of the 
Environment "Guidelines for Design, Construction, Operation and 

Abandonment of Tailings Impoundments" 1983. 

Freeboard 

In accordance with the guidelines, a freeboard of 1.0 m is provided 

above the 200 year flood level to contain wind setup and wave rise 

produced during a 1 hour extreme wind of 100 years recurrence 
interval. 

Emergency Spillway 
An emergency spillway is provided to release excess water in the 

event that an inflow greater than a 10 year snowmelt flood occurs. 
The water will be discharged into a ditch leading to an existing 

water course below the plant site settling pond as shown on Drawing 

D-0124. The 5 m wide open spillway channel is designed to handle the 

200 year spring flood at a flow depth of 0.1 m. With 1.0 m of 

freeboard the spillway invert is required to be 1.1 m below the dam 

crest. The spillway will be located at the north abutment of the 

tailings dam and will be relocated upslope as the dam is raised. 

Flood Storage 
The tailings pond water level will be controlled by reclaim of water 
to the plant as the annual water required by the plant will normally 
exceed the excess water which will accumulate at the tailings pond. 

The pond will be regulated to provide enough flood storage below the 

invert of the emergency spillway so that a 10 year flood will not 

cause spillage. Drawdown of the pond to provide a 0.4 m flood 

storage depth is required before snowmelt comnences to store the 10 
year total precipitation from November to April. Only 0.1 m flood 

storage is required after snowmelt to store the 10 year rainstorm. 
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Excess Water During Winter 

Reclaim of free water to the plant is expected to be restricted to 

about 9 months per year because ice buildup will restrict 
clarification in winter. Ice thickneses up to 1.2 m are 
anticipated. The average depth of freewater would increase by about 

0.2 m during the three winter months when tailings slurry discharge 

would continue without reclaim. 

Normal Free Water Depth 

The recommended minimum depth of normal free water is 
provide for clarification of slurry water. 

Maximum Regulated Pond Level 

1.0 m to 

The maximum regulated pond levels based on the above criteria, are 
shown on Drawing A-0102. As indicated on the drawing, the maximum 

regulated pond level before snowmelt should not exceed 1.7 m below 

dam crest and 0.6 m below the spillway invert. The maximum regulated 

pond level after snowmelt should not exceed 1.2 m below dam crest and 

0.1 m below the spillway invert. 

Diversion Ditch 

A diversion ditch is required to minimize catchment runoff entering 
the pond. An initial diversion location is shown on Drawing D-0101. 
This diversion should be relocated uohill as the dam is raised. 

The diversion should be cleaned of snow accumulation each spring to 

ensure that all runoff is diverted. 

7.6 Tailings Dam Design 

7.6.1 General 
The recommended tailings dam will be constructed by the downstream 
method with the centreline progressing outward from the pond as the 
dam is raised. The starter dam will form a integral part of the main 

embankment. Tailings should be spigotted near the western (uphill) 

end of the pond and clarified water reclaimed from the eastern end of 
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the pond, which is the area of maximum embankment height. Water 

would be in contact with the embankment above the settled fine 

tailings deposit. Dam slopes are 2:l H:V upstream slope and a 2.5:1 

H:V downstream slope with a 4 m wide crest as shown on Drawing No. 

O-1962-101. A 4 m thick impervious facing will be placed on the 

upstream slope; as potential wave heights are small no additional 

erosion protection is considered necessary on the dam face. In a 

storm, waves will erode the tiil facing to a limited depth before a 

self armouring surface forms. 
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The proposed dam is designed for an operating life of 20 years with a 

final crest elevation of about 558 m and a .maximum height of about 

18 m. The final crest width is set at 4 m, although intermediate 

crest widths may be greater for construction convenience. The final 

length of the dam will be about 2.4 km. The storage/elevation curve 

and the dam volume/elevation curve for the proposed tailings pond are 

shown on Drawing D-0103. 

Foundation Preparation 

All wet and organic soils should be stripped from beneath the 

foundation area. The exposed sand and gravel foundation should be 

proof rolled with at least four passes of an 8 T vibratory roller 
prior to fill placement. 

Starter Dam 

A starter dam constructed of borrow material is required to form an 

initial tailings pond. The starter dam will form an integral part of 

the ultimate tailings dam. The height of the starter dam is 

dependent mainly on providing storage for precipitation and 

clarification of water. 

The starter dam should be constructed to an elevation of 546 m; a 

maximum height of 6 m. The starter dam will require fill of about 

100,000 m3 and will provide storage for 187,000 m3 of tailings. 

I 
I 
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The starter dam and pond are shown in plan on Drawing D-0101 along 

with a typical dam cross section. Material types and compaction 

requirements are discussed in Section 7.6.4. 

7.6.4 Main Tailings Dam 

The main tailings dam is expected to have a maximum height of about 

18 m and is shown in plan, and with a typical section on Drawing 

D-0101. The dam is designed with three different zones. Assumptions 

have been made about the availability and suitability of the various 

material types and these must be confirmed by investigation prior to 

final design. 

a) Zone A is low permeability fill used to form the starter dam and 

a 4 m wide facing on the upstream face of the dam. The purpose 

of Zone A is to prevent excessive seepage through the dam. Zone 

A should consist of well graded glacial till with a minimum of 

20% passing the 0.075 mm sieve, placed in maximum lifts of 300 

mm and compacted to a minimum of 98% of maximum Standard Proctor 
Density at optimum moisture content +2%. - 

b) Zone B is the general fill which may consist of waste rock from 
the mine, provided that a suitable gradation of material can be 

produced. The waste rock should be well graded with a maximum 

size of 150 M and consist predominantly of siltstone and 

sandstone. Compaction specifications should be determined after 

a field trial to ensure an adequate density, without excessive 

particle breakdown and loss in permeability. It is anticipated 

that the material will be spread in lifts about 250 mm thick and 

compacted with 4 passes of a smooth drum vibratory roller with 

minimum static weight of 8 T. 

The local sand and gravel materials may be used as an 

alternative to mine waste. This material has significant 

advantages in terms of engineering properties and may not prove 
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significantly more expensive than the mine waste especially if 

rehandling of waste is necessary to produce a suitable 

construction gradation. 

cl Zone C is a filter material. The gradation requirements for the 

filter will be defined when the grain size of the foundation and 

construction materials are known. It may be necessary to place 

the filter between the shell and the Zone A fill as well as 

above the foundation. 

The dam is designed as a semi-pervious structure. Seepage will occur 

through the dam foundation especially in the early period of 

operation. The final design must address the potential for water 
loss, piping or excessive erosion of the foundation due to seepage 

water. Piezometric levels in the dam and foundation should be 

measured during operations to confirm that the embankment is yell 

drained. 

It is likely that material quality, particularly the waste rock 

quality, will vary significantly during the 20 year construction 

period. A program of instrumentation and to help identify problems 
in construction monitoring is discussed in Section 7.8. Staged 

construction of the tailings dam will permit observation and 

development of construction procedures to suit variations in material 
quality. 

Seepage 

The base of the proposed tailings pond consists of pervious, well 

graded sands and gravels. Seepage from the pond is expected to be 

high, particularly during the early period of pond operation. The 

permeability of the foundation and construction materials should be 

measured as part of the foundation investigation in order to 
calculate seepage rates through the dam and foundation to ensure the 
integrity of the structure. The calculations may indicate a need for 
design modifications to control seepage. 
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7.6.6 Stability 

The stability of the dam will depend on the results of seepage 

analyses and on the strengths of the construction and foundation 

materials. Assuming a typical foundation and dam fill strength of 

0' = 35O and a phreatic line in the dam equivalent to ru = 0.1 
the safety factor against deep seated circular failure will excede 

1.8. 

7.6.7 Tailings Pond Operation 

Tailings should be discharged at the uphill end of the pond. A beach 

of tailings will form near the discharge point and slope down towards 
a pool of water impounded by the dam. The location of the discharge 

point within the reservoir should be moved during pond operations 

such that tailings are evenly distributed throughout the pond. 

During winter the discharge point should be centrally located where a 

pond of water can form. By maintaining a water pond, removal of 

water by reclaim may continue into the winter period and reduce 
storage loss due to freezing. 

7.7 Pumps and Piping 

A slurry pump is required in the plant to pump the tailings to the 

tailings pond, and a reclaim water pump is required to pump clarified 
water back to the plant. Approximately 2 km of pipe is required for 
each of the tailings and reclaim lines. 

Static head from the plant to the tailings pond is negative at the 

starter dam level and of the order of 5 metres ultimately. To 

maintain the tailings in suspension in the slurry line requires a 
velocity in excess of 1.0 m/set, or a maximum pipe ID of 120 mm. Use 

of a H.D.P.E. pipe such as Sclairpipe is common in tailings 

operations because of the ease of handling of the pipe. For example, 

a 110 mm series 100 Sclairpipe will carry the design flow at an 

average velocity of 1.8 m/set and a head loss equivalent to 56 m. A 

centrifugal slurry pump with an electrical motor drive at a steady 

output of approximately 20 kW will be required. 
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The tailings line should be laid on the ground surface between 

parallel earth dykes to contain the slurry in the event of a pipe 

break. Dyke details are shown on Drawing D-0125. 

In order to return clarified reclaim water to the plant a small pump 

is required. The reclaim pwnp should be installed on a floating 

barge in the pond. A pumping capacity of 43 m3/hr should be 

provided to allow the complete makeup water supply for the plant to 

be provided from the pond in the event of a shutdown in the river 

water supply. A pump with a 7.5 kW motor will provide the flow 

required through a 125 mm nominal diameter pipe. The reclaim water 

pipeline should be buried to prevent freezing~ and to make winter-time 

reclaim possible. 

7.8 Instrumentation and Monitoring 

In order to ensure the safety and efficient operation of the tailings 

system the following instrumentation and monitoring of the tailings 

pond and dams is recommended. 

a) The elevation of the tailings pond water surface should be 

recorded regularly. 

b) Standpipe piezometers should be installed in the tailings dam 

and its foundation along 3 or 4 sections. The piezometers may 

consist of 75 mm dia PVC pipe, with a capped slotted section in 

the lower 2 m, with solid PVC pipe extending upward through the 

fill surface. The piezometers should be protected by tripods or 

other suitable barriers to avoid damage from construction 

equipment. The water levels in the piezometers should be 

measured and recorded monthly. 

c) Measurements should be taken periodically to determine average 

in-situ density, specific gravity and water content of the 

deposited fine tailings. These measurements will provide 

confirmation of design assumptions or allow adjustment of future 

storage requirements. 
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d) 

e) 

f) 

9) 

h) 

i) 

j) 

Suitable measurements should be taken annually to estimate the 

tonnage or volume of tailings produced. These may include 

regular measurements of slurry flow rate and pulp density and/or 

annual profiling of the settled tailings surface. 

Annual survey cross-sections of the tailings dam should be 

carried out to provide a check on construction scheduling. 

Placement and compaction procedures for dam construction should 

be observed frequently. 

Standard Proctor compaction tests and. in situ field density 

tests should be performed on a regular basis to monitor fill 

density. A minimum of one field density test should be 

performed for every 1500 m3 of fill placed. Representative 
gradation analyses of the dam construction materials should be 

obtained regularly. One test per week should be sufficient 

unless significant material changes occur. 

Groundwater observation wells should be installed downstream of 

the tailings dam and monitored monthly to measure the static 

water levels and to obtain samples for water quality 

determinations. 

Regular observations of the toe of the dam should be carried out 

to detect any visible seepage. 

A record of all dam construction activities should be made on a 
shift-by-shift basis. 

Continued liaison with a qualified geotechnical consultant 

should be maintained throughout the operating life of the 

tailings pond. Full time inspection of the construction of the 

starter dam by the designer is recommended. Subsequently, at 

least once annual inspection of the tailings dam by the designer 
should be made. 
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8.0 

8.1 

PIT SLOPE STABILITY 

Introduction 

The geological and geotechnical data collected to date is sufficient 

for determination of overall slope stability, however, there is 

insufficient geological control at the present time to identify 

structures of the scale which will control local slope and bench 

stability. 

High wall, end wall and footwall stability have been considered for 

the 1~3 Pit. Slope stability for slopes 1 and 2 has not been 

considered but geological conditions are similar to those in Pit #3 

and therefore pit slopes are expected to be similar. Insufficient 

data is available for Pits 4, 5 and 6 to allow an evaluation of pit 

slope stability to be made at the present time. 

Geological interpretations made by C.N.R.L. have been used to develop 

a slope cross section which represents the probable large scale 

failure mode. Stability analyses have been carried out using the 

Janbu routine for non-circular failure surfaces. 

8.2 Slope Design Parameters 

The engineering parameters selected for use in the stability analyses 

are based on results of laboratory tests. 

Mudstone 

Mudstones occur throughout the bedrock sequence but are concentrated 
stratigraphically beneath each coal seam and as partings and 

interburden within multiple seams. The mudstone becomes very weak 
when wetted and softened. Occasional discontinuous slickensided 

surfaces have been observed. 

Shear strength parameters for the mudstone footwall material have 

been selected on the basis of direct shear tests on remoulded 
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mudstone material. The following parameters were selected for use in 

the stability analysis. 

Shear Strength along bedding planes 
and through softened or partially 
slickensided mudstone. 

0' = 170 
C = 0 kPa 

Average saturated unit weight 2100 kg/m3 

Bedrock Overburden Materials 

The pit slopes will comprise a sequence of interbedded mudstones, 

sandstones, siltstones and coal. Failure through the sequence is 

expected to be discontinuity controlled, the overall failure plane 

being stepped along joint surfaces and bedding planes. The following 

cross bedding shear strength parameters have been selected for the 

bedrock overburden sequence: 

Bedrock Materials 0' = 25" 
C = 300 kPa 

Average Saturated Unit Weight 2100 kg/m3 

Localized faulting has reduced the shear strength of the overburden 

sequence. The following shear strength parameters have been selected 

for the bedrock overburden sequence when faulted: 

Faulted bedrock 0' = 25O 
C=OkPa 

Average Saturated Unit weight 2100 kg/m3 

High Wall Stability 
The #3 Pit high wall will trend north south and will be located on 

the eastern side of the pit. The main continuous structural 

discontinuities such as bedding planes and primary faults dip east 

into the high wall and are generally beneficial to slope stability. 
Although not identified, it is probable that a west dipping series of 
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antithetic secondary faults are associated with the primary faulting 

system. The secondary faults will have a detrimental effect on slope 

stability but are probably discontinuous. 

Slope stability is assumed to be controlled by the cross-bedding 
strength of the overburden bedrock sequence. The potential failure 
surface is a curved, stepped surface comprising intersecting 
secondary fault and joint planes. Failure along such a failure plane 

will be accompanied by crushing and rotation of rock blocks along the 

failure plane. With high wall slopes 100 m high the stresses at the 
toe of the slope will be relatively small and only the weakest of the 

mudstones are expected to crush. The apparent cohesion of C = 300 

kPa accounts for the anticipated roughness along the failure 
surface. 

Slope failure will be accompanied by some sliding along softened 

footwall material. The footwall comprises either mudstone or 
siltstone, however, for the purpose of the analysis a mudstone 

footwall has been assumed. 

Stability analyses have been carried out for a range of slope heights 

and overall slope angles. Details of the analyses are presented on 

Drawing B-0130. 

8.4 Recommended High Wall Angles 

High wall slopes up to 100 m in height may be excavated at an overall 
angle of 60°. In areas seriously affected by secondary faulting, 
long term slope stability will be controlled by the dip angle of the 

faults. The secondary fault area is not expected to be continuous 
and therefore the safe highwall angle in faulted areas is not 

expected to be less than 40°. 

In areas of #3 Pit which will not be backfilled, long term high wall 
stability into the abandonment phase of the project will be a 

concern. To provide longterm stability, horizontal drainage wells 
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are required to ensure that the groundwater table is maintained below 

a line drawn at ZOO from the toe of the highwall slope. 
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Drainage wells should not be required where high wall slopes are to 
be buttressed by backfilling. 

During the operating phase of the project, safety berms should be 

incorporated into the high wall to control local bench instability 

and to provide access to the slope for inspection and monitoring. 

8.5 End Wall Stability 
The north- and south endwalls of the #3. Pit will be oriented 
perpendicular to the strike of the bedrock. With this orientation, 
the effective dip of the bedding planes is O” relative to the end 

wall slopes and therefore there is no potential for planar or wedge 
failures of the slopes due to sliding along bedding planes. 

In view of the intent to construct in-pit waste dunps against the 

north and south endwalls of #3 Pit there is no requirement for 
longterm slope stability. On the basis of the analyses shown on 

Drawing B-0130 the end walls may be excavated at an overall 60° 
angle. The requirements for safety berms are as presented for the 

high wall. 

8.6 Footwall Stability 

The bed dip angle and dip direction in conjunction with the low shear 
strength of the footwall material preclude the excavation of a stable 

low wall slope. It will therefore be necessary to extend the 

footwall until it daylights at the western margin of Pit #3. 

The footwall strata dip angle ranges from 130 to ZOO creating 
potential for block sliding along the bedding planes if the footwall 

is undercut, or if groundwater pressures below the footwall are not 
releived . 
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In order to prevent instability careful mining procedures are 
required to ensure no undercutting of footwall strata occurs. The 

installation of vertical drainage wells is required to prevent heave 

of the footwall. 

8.7 Monitoring 
Regular inspection of the pit walls should be undertaken during 
mining operations to identify potentially unstable areas in order 
that minor instabilities may be anticipated. During the first 5 
years of operation, groundwater levels should be monitored to confirm 
that drainage of groundwater into the pit is occuring. 
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APPENDIX I 

TEST HOLE LOGS 
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TEST HOLE LOG 

UNDIFFERENTIATED 
OVERBURDEN 

- slightly weathered 
- medium bedded 
- closely fissured 
- fissures at varying angles 

- minor siltstone bands 
- medium plastic 
- minor ironstone and calcite 

seams at 8.0 m 
- liquid Limits = 45 

Plastic Index = 23 

es at 30’ and 70° 
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TEST HQLE LOG 

- ironstone horizons with’calcite veins 

thinly interbedded, 
bedding planes at 70° - 75’, occasional 
carbon traces and coal stringers, 
Liquid Limit = 45 
Plastic Index = 22 
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TEST HObE LOG 

- thinly bedded 

- minor thin mudstone horizons 
- minor thin sandstone horizons near 

- O.lm thick, ironstone band at 23.42 m 
- bedding planes at 65O to 75’. 

MUOSl~ONE/S I LTSTONE 

- thinly interbedded 
- minor sandstone bands 
- bedding planes at 65’ - 75’ 
- some fissures calcite filled 
- minor ironstone horizon at 27.80 m 
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LOCATION TELKWA, B.C. 

HOLE No. TW 830-335 
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T&T HOLE LOG 

MUDSTDfjE/S I LTSTONE 

- thinly interbedded 
- frequest thin sandstone bands below 

calcified ironstone band 

rises volcanic rock 

- thinly bedded to laminated 

- bedding planes at 65’ - 75O 
- occasional thin siltstone bands 
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a.L” G”OUD 810.6 m 
co-o”0 *C.TIO* N 6053278; E 621502 i 
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E 
ti a 

I.C - 

5.c - 

6.c - 

8.~ - 

9.c - 

0.f 

5 

14 

- 

15 

DESCRIPTION OF MATERIAL 

MUDSTONE 
- as above 

COAL - (seam 7) 

2 shale parting 

I4 

- 

t9 

t5 

35 

- 

33 

t8 

\; fresh ~ 

SANDSTONE/S I LTSTONE 
- moderately strong 
- thinly interbedded 
- frequent mudstone stringers 
- several calcified ironstone bands 
- fresh 
- slightly fissured 

I. I 
16 

17 

(ironstone band) 

COAL - (seam 6) 
MUDSTONE 
- very weak 
- fresh 
- thinly bedded 

t-l - carbonaceous 
-,- thin coal stringers 

slickensides on bedding planes 

‘I 
COAL - (seam 6) 

lJO’3N.a PA 1692 
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TEST HOLE LOG 

- frequent thin sandstone and siltstone 

- minor calcite ironstone horizons 

COAL - (seam 6) 
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TEST woLE LOG 

COAL - (seam 6) 

- thinly bedded 
- locally carbonaceous 

_ensided fractures at l 

COAL - (seam 6) 

thinly bedded, fissured, carbdn 
fossils and coal stringers common 
Liquid Limit = 46 
Plastic index = 25 

COAL - (seam 6) 

- thinly bedded 

SANDSTONE/SILTSTONE 

- occasional mudstone bands 
- calcite filled fractures 
- minor ironstone bands 
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TEST HOLE LOG 

SANDSTONfYSILTSTONE 
- interbedded 
- as above 

- fine grained 

- minor mudstone, siltstone and ironston 

MUDSTONE/SILTSTONE 
- thinly interbedded 

SANDSTDNEiSlLTSTONE 
- medium to thinly interbedded 

- calcite filled fissures 
- minor ironstone bands 
- gouge and rubble filled shear zone at 

78.0 - 78.2 m 
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TEST HOLE LOG 

IO 

78 

16 

i 
il 
5. L 

28 

,. ““, 
DESCRlPTlON OF MATERIAL 

SANDSTONE/SILTSTONE 
- medium to thinly interbedded 
- moderately strong 
- fresh 
- calcite filled fissure 
- minor sandstone band 

IO0 

29 

MUDSTONE - silty, thinly bedded, very 
weak, fissured, medium to high plastic 

COAL - (seam 5) 
MUDSTONE/SI LTSTONE 60 30 
- very weak 
- thinly interbedded 
- fissured 
- Liquid Limit = 51 

7 Plastic Index = 30 

!I 

- 

12 

COAL - (seam 5) 
I3 

MUDSTONE 

interbedded with siltstone 

COAL - (seam 5) 15 

1 Joe Na PA 1692.0H --- ~-_- 
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TEST HOLE LOG 

- carbonaceous 

- closely fissured 
- thinly bedded 
- minor coal stringers 

- minor ironstone horizons with caclite 

- carbonaceous 

- thinly bedded 

COAL - (seam 4) 
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TEST HOLE’ LOG 

COAL - (seam 4) 

MUOSTONE - carbonaceous verv weak 

SILTSTONE/SANDSTONE 
- thinly inter-bedded 

- minor calcified ironstone band 
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TEST HOLE LOG 

SILTSTONE/SANOSTONE 
- as above 

- fine grained 
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TEST HOLE LOG 

- as above 

I- Invalid point load test obtained. 
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TEST HOLE LOG 

CLC” C0LL.l L 

z CLLY C”OUO 727.7 m 
m k 
& 5 

Co-oao- I.w*~o* N 6054614; E 621382 

DESCRIPTIDN OF MATERIAL 
1 

.O 

UNDIFFERENTIATED OVERBURDEN 

- sane iron staining 
- core completely broken up 

------ 

- slightly weathered 
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TEST HOLE LOG 

below 12.0 m 

- minor calcite veins 
- thin siltstone horizons below 11.0 m 
- localized calcified ironstone Bands 
- random fracture angles 0’ 
- fracture surfaces rough 

-ironstone with calcite veins 

- ironstone with calcite veins 

- ironstone with calcite veins 
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TEST HOLE LOG 

- minor calcite veins 
- thin siltstone horizons 
- localized calcified ironstone bands 
- random fracture angles 0’ - go0 
- fracture surfaces rough 

- ironstone with calcite veins 

- ironstone with calcite veins 
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3, 

3 

3, 

3 

31 

3’ 

11 

2 

I 

TEST HOLE LOG 

- minor calcite veins 
- random fracture angles 0’ - 90’ 
- fracture surface rough 
- Liquid Limit = 49 
- Plastic Index = 28 

- closely fissured 
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TEST HOLE LOG 

- very weak 

- closely fissured 
- completely shattered core 

SANDSTONE - fine to medium grained, 
silty, moderately strong, fresh, grey, 
massive, local calcite veins 

- moderately weathered 
- completely shattered core 

- local slickensides 
- local calcite veins 

- probable fault zone comprising sheared 
and slickensided surfaces 
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TEST HOLE LOG 

- moderately weathered 
- completely shattered core 

- local slickensides 
- local calcite veins 

MUDSTONE - very weak, fresh, thinly 
bedded, fissured, slickensides on 
bedding planes, grey 

- interbedded with thin mudstone 

- distortion and slickensides on bed- 

- minor coal seams (seam 9) 
- minor ironstone with calcite veins 
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TEST HOLE LOG 

COAL AND SHALY 

- carbonaceous 

- fine grained 

- moderately weathered 
- interbedded with siltstone 

COAL - (Seam 4) 
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TEST HOLE LOG 

ironstone band 

- locally sandy 

- thinly bedded 
- slightly fissured 
- some mudstone and sandstone 
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TEST HOLE LOG 

- as above 

- thinly bedded 
- slightly fissured 

- occasional siltstone bands 
- Liquid Limit = 47 
- Plastic Index = 25 

- fine grained 

- thinly bedded 
- local shaly horizons 
- local ironstone bands 
- carbonaceous partings 
- becoming more fine grained with depth 
- gouge filled fractures 
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TEST HOLE LOG 

- moderately weak 

- thinly bedded 

SANDSTONE - medium grained, moderately 
fresh, massive 

- fine to medium grained 

- thinly bedded 
- slightly fissured 
- some shaly stringers 
- local gouge filled shear zones 
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SANDSTONE - as above 
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GROUNDWATER 



I 
I 
I 
I 
I 
I 

~ I 
I 
I 
I 
I 
I 
I 
I 
I 

~ I 
~ I 
~ I 
j I 

Drillhole 
Ground 

Elevations Tip Elevation 

255 802.30 662.90 
256 890.30 731.20 
257 728.60 697.50 
258 744.10 698.10 
265 737.30 673.70 
312 764.90 Blocked 

313 750.60 695.60 
318 684.60 560.60 
323 769.70 626.70 
325 803.10 737.10 
335 810.60 758.20 
339 720.60 638.60 
342 757.50 682.20 
343 698.50 571.30 
344 694.30 596.30 
345 763.50 674.70 
347 760.10 714.70 
406 673.60 588.60 
410 662.50 580.50 
417 739.80 653.30 

RECORDED GROUNDWATER LEVELS 

Groundwater 
Elevation July 1984 

802.60 
883.05 
727.08 
742.88 
710.55 

740.54 
644.97 
768.18 
777.19 
810.60 
720.60 
755.98 
695.50 
694.30 
712.74 
727.17 
665.07 
657.93 
739.50 
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DOMESTIC WATER 

QUALITY ANALYSES 



; I SArll’LE II 

CLlENT Siu-lPLE 1.11 

TFIZPERATURE OC 

I 

SAWLE DATE 

onduccivity (micromhos/cml 

Color IPt-co scalcllcol 

f 

orbidicy INTUI 

!ardncsr. (mg/Ll CacOj 

ISSOLVEO ANIONS (q/L1 

lkalinity: Bicarbonate KG3 
Alkalinity: Carbonate CO3 

4 
lkalinity: liydroxide OH 
hloridos CL 

I, Sulfates so4 
,tcates 

8: 

N 

ltriccrs N 
rota1 Dissolved Phosphates P 

rtho-Phosphates 
ilica 

o1SS0LVE0 METALS (q/L) 

luminun 
ntimony 

’ hZ5l2”lC 

I 
arium 

cryllium 
Dismuth 

<Chromium 
obalt 

-lo PrJer 
..' I con 

P 

SiO2 

68.0 103. 137. 293. 
Nil Hi1 Nil Nil 
Nil Vi1 Nil Nil 
1.3 L 0.5 L 0.5 2.2 
2.3 1.3 12.5 37.1 
1.15 L 0.01 L 0.01 L 0.01 

0.003 L 0.002 t 0.002 L 0.002 

0.015 0.024 0.001 L 0.001 
0.013 0.021 L 0.001 L 0.001 
4.62 5.92 4.20 5.41 

Al 0.054 0.12 0.018 0.029 
Sb 0.003 0.002 L 0.001 L 0.001 
ns L 0.001 0.001 L 0.001 L 0.001 
Ba 0.031 0.061 0.10 0.10 
Be L 0.003 L 0.003 L 0.003 L 0.003 
f3i L 0.5 L 0.5 L 0.5 L 0.5 
I3 0.043 0.027 0.019 0.036 
Cd L 0.001 L 0.001 L 0.001 L 0.001 
Cd 14.9 18.4 33.1 63.4 
CK L 0.001 L 0.001 L 0.001 L 0.001 
CO L 0.001 L 0.005 L 0.005 L 0.005 
CU 0.001 L 0.001 L 0.001 L 0.001 
Fe 0.16 m 0.057 ,0.79- 
Pb L 0.001 L 0.001 L 0.001 L 0.001 

n9 2.60 3.10 8.12 19.4 
W" 0.032 1.56 0.005 0.29 
MO L 0.005 I. 0.005 1, 0.005 L 0.005 
Ni I. 0.005 1. 0.005 L 0.005 I. 0.001 
1’04 1. 0.4 L 0.4 L 0.4 1. 0.4 
K 0.42 I .a5 0.32 1.30 
SC 1. 0.001 1. 0 00 I I. 0. I101 1, a.001 

09/12/04 09/12/84 

6.90 
11G. 
L 5. 

0 
40. 

7.00 
149. 

5. 

P 

9.5 9.0 
106. 148. 

5321-3 5321-4 
3. nortcnson 4 L. Lanqh.lU~J 

09/13/04 

6.05 
227. 
L 5. 

4.0 
117. 

4.0 
204. 

09/11/04 

7.05 
404. 

15. 

1.0 
447. 



I 
CAN TEST LTO 

I I~ESULTS OF TESTING: (CON'TI 

I 

!X"PLE I 
CLIEWT SAWI'LC I.,) 

I 
OISSOLVEII HETALS lmq/LI (CON'TI 
Silicon SiO2 
SllVCK 

/Sodium 

I Strontium 
TlIl 
Titanium 

I vanadium 
zinc 

A9 
N r3 

Sr 

Sfl 

Ti 
V 

zn 

I TOTAL METALS (mq/Ll 
Aluminum 
nntimonjr 

, ArSenlC 

I oarI”nl 
Dcryllium 
Olsmuth 
bOt-0" 

c Cadmium 
Calcium 

” ,ron 

J Lead 
Magnesium 

, Elanganese 

I nercury 
Molybdenum 

/Nickel 
'Phosphorus 

f 
selenium 
Silicon 
Silver 

Is 
Sodium 

trontium 
Tin 

E 

itanium 
anadium 

1 Zinc 

'OLLUTANT TESTS (q/L, 
otal Phosphate 

. Ammon~d Nitrogen 

E 
'oral Phcnolics as Phenol 

Al 
Sb 
A5 

na 
Be 
Qi 
* 
Cd 
CC3 
CC 
CO 
CU 
Fe 
Pb 
M9 
M” 

w 
“0 

Ni 
PO4 
Se 
SiO? 
.49 
Na 

SK 

Sn 

Ti 
V 

zn 

P 
N 

5321-I 
L. llart 

7.79 
L 0.005 

1.66 
0.065 

L 0.030 
L 0.006 
L 0.010 

4.77 

0.79 
0.003 

L 0.001 
0.039 

L 0.003 
L 0.5 

0.046 
L 0.001 

15.3 
L 0.001 
L 0.005 

L 0.001 
2.38 

w 

L 0.00005 
L 0.005 
L 0.005 
L 0.4 
L 0.001 

10.7 
L 0.005 

1.72 
0.067 

L 0.030 
0.024 

L 0.010 
m 

L 0.02 
0.037 

I. 0.001 

raqc : 4 

5321-Z 
cosnh1r, 

10.3 
L 0.005 

1.07 
0.084 

L 0.030 
L 0.006 
L 0.010 

9.57 

0.26 
0.002 
0.002 
0.065’ 

L 0.003 
L 0.5 

0.044 
L 0.001 

18.7 
L 0.001 
L 0.005 

a 
L 0.001 

3.12 
@ 

L 0.00005 
L 0.005 
L 0.005 
L 0.4 
L 0.001 

11.1 
L 0.005 

1.88 
0.085 

L 0.030 
0.007 

L 0.010 
c@-rJ 

L 0.02 
0.073 

L 0.001 

s.1.13 

5321-3 
MOrtCnSOn 

7.59 
L 0.005 

3.97 
0.12 

L 0.030 
L 0.006 
L 0.010 

0.032 

0.11 
L 0.001 
L 0.001 

0.10 
L 0.003 
L 0.5 

0.055 
L 0.001 

33.7 
L 0.001 
L 0.005 

0.015 

L%? 
8.12 
0.013 

L 0.00005 
L 0.005 
L 0.005 
L 0.4 
L 0.001 

7.71 
L 0.005 

4.01 
0.12 

L 0.030 
L 0.006 
L 0.010 

0.061 

L 0.02 
0.027 

L 0.001 

0.31 

5321-4 
L. Langha” 

11.9 
L 0.005 

10.1 
0.34 

L 0.030 
L 0.006 
L 0.010 

0.015 

0.058 
L 0.001 
L 0.001 

0.10 
I L 0.003 

L 0.5 
0.14 

L 0.001 
63.9 

L 0.001 
L 0.005 

0.018 
@zJ 

L 0.001 
19.5 
am 

L 0.00005 
0.005 

L 0.005 
L 0.4 
L 0.001 

12.0 
L 0.005 

18.1 
0.34 

L 0.030 
L 0.006 
L 0.010 

0.047 

L 0.02 
0.034 

L 0.001 

.1.24' 
12.0 



I SAHl’LE x 

CLIENT SAHPLE I.D. 

TEMPERATURE “C 

I 

ShfwLE DATE 

I 
PIIYSICAL TESTS 

P” 
Conductivity (micromhos/cml 
Color [Pt-co Scalel(C"l 

I Turbidity (NTUI 

urdness (mq/Ll cac03 

I SOLIDS lmg/Ll 

Total Suspended 

Total Oissolved 

I DXSSOLVEO ANIONS lmg/L) 
Alkalinity: l3icarbonare UC0 3 
Alkalinity: Carbonate coi 

I Alkalinity: Hydroxide OH 
Chlorides Cl 
sulfates so4 

I Nicraces N 

Nicrites N 

Total Dissolved Phosphates P 

I 
ortho-Phosphates 
Silica 

DISSOLVED HETRLS (rag/L) 

I Aluminum 
Antimony 

Arsenic 

I Barium 
Oeryllium 
Bismuth 

I 
Boron 
Cadmium 
Calcium 
chromium 

I Cobalt 

copper 

I ran 

I Lead 

naqncsium 
n.3nqanese 

P 

SiO2 

Al 

Sb 
A5 

la.3 

DC 
8i 
a 
Cd 
C.3 
Cr 
CO 
CU 
Fe 
Pb 

w 
“Cl 

MO 
N1 

PO4 

I( 
SC 

5321-5 
5. uraqq 

09/12/U4 

. 5321-G 
6. Mctzlcr 

7.0 
09/13/04 

5121-7 5321-U 
Test PitSecpJgc 0. Silvclr*l 
10.5 0.0 
09/14/04 09/13/w 

7.20 
261. 
L 5. 

,3.2 
(J+? 

7.35 8.55 
452. 724. 
L 5. L 5. 

0.05 

463. 
15. 

1.6 
@ 

L 0.5 
252. 

0.0 

415. 
L 0.5 
414. 

162. 270. 460. 271. 
Nil Nil 18.4 Nil 
Nil Nil Nil Nil 

14.1 20.5 0.55 1.86 
5.90 4.9 33.9 32.7 
1.55 3.63 L 0.01 L 0.01 

L 0.002 L 0.002 0.018 L 0.002 
L 0.001 0.006 0.035 0.013 
L 0.001 0.002 0.028 0.012 

5.28 7.08 5.68 7.10 

0.061 
L 0.001 
L 0.001 

0.11 
L 0.003 
L 0.5 

0.030 
L 0.001 

37.4 
L 0.001 

L 0.005 

0.008 

L 0.030 

L 0.001 

9.90 

L 0.003 

L 0.005 

L 0.005 
L 0.4 

1.79 
1. 0.001 

0.021 
L 0.001 
L 0.001 

0.22 
L 0.003 
L 0.5 

0.023 
L 0.001 

73.5 
L 0.001 
L 0.005 

0.10 
L 0.030 
L 0.001 

12.6 
L 0.003 

1. 0.005 
L 0.005 

L 0.4 
1.30 

1. o.ou1 

0.11 
L 0.001 

0.001 

0.21 

L 0.003 

L 0.5 

0.15 
L 0.001 

34.6 
L 0.001 
L 0.005 
L 0.001 
L 0.030 
L 0.001 

16.9 
0.15 

L 0.005 
L 0.005 

L 0.4 

4.95 
I, 0.001 

0.021 
L 0.001 
L 0.001 

0.092 
L 0.003 
L 0.5 

0.030 
L 0.001 

64.7 
L 0.001 
L 0.005 

0.006 
<563, 

L 0.001 
13.9 

0.34 
L 0.005 
L 0.005 
L 0.4 

0.98 
1. 0.001 

lilt No: 5321t 
,',,qc NO: 5 



I 
CnNrESTLlD. 

I ,tES,ILTS OF TESTING.: ICON'TI 

I 

SA"l'LE x 
CLIENT SAMPLE I.U. 

DISSOLVET) METALS lmq/LI (CON’TI 

I. 
silicon SiO2 
s11vcr 
Sodium 

Titanium 

A-3 
NJ 
SC- 
Sfl 
Ti 
v 
zn 

I 
TOTAL METALS (mq/Ll 
Aluminum 
Antimony 
Arsenic 

I G.llTL”Wl 
Beryllium 
Bismuth 
GOrOn 

I- -admlurr: 
Calcium 

I ran 

t 

ead 
ragnesium Manqanesc 
r Cl-C”ry 

tolybdenum 
Nickel 

% 

hosphorus 
elcnium 
ilicon 

silver 

I odium 
trontium 

Tin 

I icanium 
anadium 

Zinc 

Al 
Sb 
AS 
BJ 
G-2 
Gi 
G 
Cd 
Ca 
CL- 
CO 
CU 
Fe 
Pb 
n9 
X" 
If3 
no 
Ni 
PO4 
se 
SiO2 
A9 
N.3 
SC 
Sn 
Ti 
v 
zn 

5321-S 
11r.,gcJ 

a.07 
L 0.005 

10.1 
0.22 

L 0.030 
L 0.006 
L 0.010 

0.26 

0.12 
L 0.001 
L 0.001 

0.11 
L 0.003 
L 0.5 

0.047 
L 0.001 

31.4 
L 0.001 
L 0.005 

0.010 
0.038 

L 0.001 
10.2 

0.004 

L 0.00005 
L 0.005 
L 0.005 
L 0.4 
L 0.001 

a.92 
L 0.005 

10.3 
0.22 

L 0.030 
L 0.006 
L 0.010 

0.2G 

L 0.02 
L 0.01 
I. 0.001 

1, 0 .05 

5321-G 
Mctzier 

12.0 
L 0.005 

a.28 
0.20 

L 0.030 
L 0.006 
L 0.010 

0.013 

0.099 
L 0.001 
L 0.001 

0.23 
L 0.003 
L 0.5 

0.045 
L 0.001 

75.1 
L 0.001 
L 0.005 

0.11 
L 0.030 
L 0.001 

12.6 
L 0.003 
L 0.00005 
L 0.005 
L 0.005 
L 0.4 
L 0.001 

a.92 
L 0.005 

10.3 
0.22 

L 0.030 
L 0.006 
L 0.010 

0.016 

L 0.02 
L 0.01 
I. 0.001 

L 0.0~1 
11.1 

5321-7 
Test Pit 
SCepJgC 

0.99 
L 0.005 
111. 

0.88 
L 0.030 
L 0.006 
L 0.010 
L 0.010 

1.11 
L 0.0012 

0.002 
0.22 

L 0.003 
L 0.5 

0.20 
L 0.001 

34.6 
L 0.001 
L 0.005 

0.003 

L%z 
17. 

d 0.19 
L 0.00005 
L 0.005 
L 0.005 
L 0.4 

0.001 
13.3 

L 0.005 
116. 

0.89 
L 0.030 

0.049 
L 0.010 
L 0.010 

0.090 
0.40 

L 0.001 

,_----,_ 
U? 

5321-E 
Silveira 

12.4 
L 0.005 

12.4 
0.34 

L 0.030 
L 0.006 
L 0.010 

0.35 

0.098 
L 0.001 
L 0.001 

0.093 
L 0.003 
L 0.5 

0.046 
L 0.001 

65.5 
L 0.001 
L 0.005 

0.006 

L%?l 
14.0 

L%zOS 
L 0.005 
L 0.005 
L 0.4 
L 0.001 

12.4 
L 0.005 

12.5 
0.35 

L 0.030 
L 0.006 
L 0.010 

0.40 

L 0.02 
0.050 

L 0.001 

CL:,0 
H.7 



I 
CAN TEST LTD, 

I 
RESVLTS Of TESTING: 

I 
SAMPLE I 
CLIENT SAHPLE I.D. 
TWPERATURE "c 

I 
SAMPLE DATI: 

I 

rRYS1ChL TESTS 

P” 
Conductivity (miccomhos/cml 

I 
Color ]Pt-co Scalel(C”l 
Turbidity (NTUI 
llardncss (mq/Ll CKOI 

I 
SOLIDS (mq/LI 
Total Suspcndcd 
Total Dissolved 

I 
DISSOLVED ANIONS (q/L1 
Alkalinity: Dicarbonare NC03 

I 
Alkalinity: Carbonate 
Alkalinity: Hydroxide 
Chlorides 
su1tatcs 

I 
Nitrates 
Nitrites 
~"tal Dissolved Phosphates 

3 

orrho-Phosphates 
Silica 

I 
DISSOLVED METALS (W/L1 
Aluminum 
Antimony 
Arsenic 

I 
Barium 
Qeryllium 
Bismuth 

& 

oron 
admium 

calcium 
Chromium 

E 
obalt 
"PPer 

, ran 
Lead E aqncsium 
nanqancsc 

co3 
011 
Cl 
so4 
N 
N 
P 
P 
SiO2 

318. 73.1 189. 179. 
Nil Nil Nil Nil 
Nil Nil Nil Nil 

5.4 L 0.5 21.5 7.8 
3.1 3.8 3.9 3.2 

L 0.01 0.015 1.66 0.82 
L 0.002 L 0.002 L 0.002 L 0.002 
L 0.001 L 0.001 0.003 0.002 
L 0.001 L 0.001 L 0.001 L 0.001 

7.20 5.38 6.12 6.72 

A 1 0.10 0.020 0.012 0.026 
Sb L 0.001 L 0.001 L 0.001 L 0.001 
AS 0.001 L 0.001 L 0.001 L 0.001 
l3a 0.31 0.032 0.063 0.053 
De L 0.003 L 0.003 L 0.003 L 0.003 
Bi L 0.5 L 0.5 L 0.5 L 0.5 
I3 0.026 0.025 0.042 0.025 
Cd L 0.001 L 0.001 L 0.001 L 0.001 
C‘3 75.9 17.0 55.7 47.9 
Cl- L 0.001 L 0.001 L 0.001 L 0.001 
CO L 0.005 L 0.005 L 0.005 L 0.005 
CU 0.11 0.076 L 0.001 L 0.001 
Fe L 0.030 L 0.030 L 0.030 L 0.030 
Pb L 0.001 L 0.001 L 0.001 L 0.001 
n9 11.3 3.28 7.21 6.41 
M" 0.59 L 0.003 0.005 L 0.003 
MO 1. 0.005 L 0.005 L 0.005 L 0.005 
Ni L 0.005 L 0.005 L 0.005 L 0.005 
1'04 L 0.4 L 0.4 I. 0.4 L 0.4 
K 1.18 0 ..I 3 0.74 0.59 
SC 1, 0.001 I. 0.001 I, 0.001 L 0.001 

5321-9 5121-10 5321-11 5321-12 
9.Rh"des IO.Visser 11.0ut0v 12.H""veI 
10.5 10.5 9.0 8.5 
09/14/84 09/14/84 09/14/04 09/14/04 

7.95 
444. 

(zj5 

7.15 
119. 
L 5. 

1.0 
56 

7.95 
331. 
L 5. 

1.2 
a 

1.5 L 0.5 0.0 2.5 
437. 108. 297. 261. 



.I 
CAN TEST LTD. 

1 ESULTS OF TESTING: ICON'TI 

-AMPLE L E ‘LIENT SAMPLE 1.0. 

fSSOL"E0 METALS lmq/LI (CON'TI 
ilicon SiO2 
ilvcr 

Sodium 

1 
croncium 
in 

Titanium 

I 

anadium 
inc 

Aq 
N.3 
SC 
S” 
Ti 
" 
7." 

Bismuth 

E 
CO" 
dmium. 

Calcium 

nanqanesc 

6 

l-C"ry 
1ybdenum 

Nickel 
xephorus 

# 
lcnium 

llicon 
1ver 

i 
dium 
rontium 

Tin 

1 

canium 
nadium 

Zinc 

mmonia Nitrogen 

1 
cal Phenolics as Phenol 

Al 
Sb 
AS 
Da 
oe 
Bi 
!3 
Cd 
Cd 
CC 
CO 
CU 
Fe 
Pb 
w 
N" 
W 
no 
Ni 
PO4 
SC 
siO2 
w 
NS 
St- 
S" 
Ti 
v 
Z" 

5321-9 
Rhodes 

14.0 
L 0.005 

6.01 
0.29 

L 0.030 
L 0.006 
L 0.010 

1.17 

0.15 
L 0.001 

0.001 
0.31 

L 0.003 
L 0.5 

0.058 
L 0.001 

77.3 
L 0.001 
L 0.005 

0.13 
0.22 

L 0.001 
11.4 

L%O5 
L 0.005 
L 0.005 
L 0.4 
L 0.001 

14.7 
L 0.005 

6.06 
0.30 

L 0.030 
L 0.006 
L 0.010 

1.23 

L 0.02 
0.038 

L 0.001 

(1 I6 

5321-10 
visscr 

7.91 
L 0.005 

2.08 
0.070 

L 0.030 
L 0.006 
L 0.010 

0.31 

0.12 
L 0.001 
L 0.001 

0.033 
L 0.003 
L 0.5 

0.041 
L 0.001 

17.4 
L 0.001 
L 0.005 

0.081 
0.037 

L 0.001 
3.37 
0.004 

L 0.00005 
L 0.005 
L 0.005 
L 0.4 
L 0.001 

8.13 
L 0.005 

2.18 
0.073 

L 0.030 
0.007 

L 0.010 
0.32 

L 0.02 
0.012 

L 0.001 

L 0.05 

5321-11 
outov 

11.8 
L 0.005 

3.08 
0.16 

L 0.030 
L 0.006 
L 0.010 

0.028 

0.080 
L 0.001 
L 0.001 

0.064 
L 0.003 
L 0.5 

0.053 
L 0.001 

56.3 
L 0.001 
L 0.005 

0.006 
0.097 

L 0.001 
7.23 
0.009 

L 0.00005 
L 0.005 
L 0.005 
L 0.4 

0.002 
11.8 

L 0.005 
3.12 
0.16 

L 0.030 
L 0.006 
L 0.010 

0.028 

L 0.02 
L 0.01 
L 0.001 

0.077 

5121-12 
Hoove c 

11.4 
L 0.005 

3.06 
0.14 

L 0.030 
L 0.006 
L 0.010 

0.054 

0.12 
L 0.001 
L 0.001 

0.054 
L 0.003 
L 0.5 

0.064 
L 0.001 

48.7 
L 0.001 
L 0.005 

0.006 
0.081 

L 0.001 
6.49 

L 0.003 
L 0.00005 
L 0.005 
L 0.005 
L 0.4 

0.002 
11.5 

L 0.005 
3.06 
0.14 

L 0.030 
L 0.006 
L 0.010 

0.059 

L 0.02 
L 0.01 
L 0.001 

u.379 



I 
CAN TEST LTD 

I IlESULTS OF TESTING: (CON’TI 

k SAMPLE II 

CLIENT SAMPLE 1.0. 

I 
DISSOLVED METALS (mq/L) ICON'TI 
Silicon SiO2 
Silver 
Sodium 

I 
strontium 
Tin 
Titanium 

I vanadium 
Zinc 

Aq 
Na 

SC 

S” 

Ti 
V' 
Z" 

TOTAL METALS lmq/Ll 

I Aluminum 
*"tl"O"y 

bismuth 
Dot-Cl" 

E admium 
Calcium 

E 

hcomlum 
obalt 

-Copper 

Manganese 

E 

ercury 

olybdenum 
Nickel 

hosphocus 
elenium 
ilicon 
ilver 
odium 
trontium 

Tin 

t 

itanium 
anadium 

Zinc 

Al 
Sb 
IIs 
Da 
oe 
0i 
B 
Cd 
Cd 
CC 
CO 
CU 
Fe 
Pb 
n9 
M" 
Ii9 
no 
Ni 
PO4 
SC 
Si02 
4 
Na 
SC 
S" 
Ti 
V 

2" 

LLUTRNT TESTS (“q/L) 
otal Phosphate 

Ammo”,a Nltmqc” 

ocal Phcnolics as Phenol 

File NO: 532LF 
P‘lqC: 10 

5321-13 4321-14 
van oer llorst Laird 

7.23 
L 0.005 

1.68 
0.057 

L 0.030 
L 0.006 
L 0.010 

0.12 

0.12 
L 0.001 
L 0.001 

0.028 
L 0.003 
L 0.5 

0.050 
L 0.001 

13.7 
L 0.001 
L 0.005 

0.072 

L$% 
2.31 

a 
L 0.00005 
L 0.005 
L 0.005 
L 0.4 

0.002 
7.32 

L 0.005 
1.70 
0.057 

L 0.030 
L 0.006 
L 0.010 

0.13 

0.037 
L 0.01 
L 0.001 

10.4 
L 0.005 

2.86 
0.12 

L 0.030 
L 0.006 
L 0.010 

0.016 

0.12 
L 0.001 
L 0.001 

0.040 
L 0.003 
L 0.5 

0.077 
L 0.001 

45.0 
L 0.001 
L 0.005 

0.002 
L 0.030 
L 0.001 

5.30 
L 0.003 
L 0.00005 
L 0.005 
L 0.005 
L 0.4 

0.002 
10.9 

L 0.005 
3.00 
0.12 

L 0.030 
L 0.006 
L 0.010 

0.026 

L 0.02 
L 0.01 
L 0.001 

L 0.05 

5321-15 
Paine 

11.3 
L 0.005 

4.30 
0.15 

L 0.030 
L 0.006 
L 0.010 

0.037 

0.078 
L 0.001 
L 0.001 

0.059 
L 0.003 
L 0.5 

0.063 
L 0.001 

53.9 
L 0.001 
L 0.005 

0.005 
0.12 

L 0.001 
7.02 
0.009 

L 0.00005 

L 0.005 

L 0.005 

L 0.4 

0.001 
11.4 

L 0.005 
4.32 
0.15 

L 0.030 
L 0.006 
L 0.010 

0.037 

L 0.02 
0.015 

L 0.001 

0.12 

gp’ 
9” 

5321-16 
Beamer 

3.22 
L 0.005 

6.56 
0.11 

L 0.030 
L 0.006 
L 0.010 

0.018 

0.089 
0.002 

L 0.001 
0.067 

L 0.003 
L 0.5 

0.040 
L 0.001 

39.0 
L 0.001 
L 0.00s 

0.002 

LE 
9.43 

B 
L 0.0000; 
L 0.005 
L 0.00s 

0.45 
0.002 
3.66 

L 0.005 
6.57 
0.11 

L 0.030 
L 0.006 

L 0.010 
0.033 

L 0.02 
0.071 

L 0.001 

&j> 



I RESULTS OF TESTING: 

I SAMPLE Y 
CLIENT SAMPLE I.D. 
TEMPERATURE Oc 

I SAMPLE DATE 

PHYSICAL TESTS 

PII 
Conductivity (micromhos/cml 
Color [IT-co sca1c1 (COI 

I 
Turbidity INTUI 
Il.?rdncss (mq/LI caco3 

I SOLIDS (q/L1 
Total Suspended 
Total Dissolved 

I 
OISSOLVED ANIONS lmq/LI 
Alkalinity: Bicarbonate IICOj 
Alkalinity: Carbonate CO3 

I 
Alkalinity: Hydroxide OH 
Chlorides Cl 
sulfates so4 

1 

Nitrates N 
Nitrites N 
Total Dissolved Phosphates P 

1 
ortho-Phosphates 
Silica 

DXSSOLVED~METALS (mq/Ll 

I 

Aluminum 
Antimony 
Arsenic 

I 

Barium 
Beryllium 
Bismuth Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
l&-O” 

I 
Lead 
naqnesium 
Manganese 
nolybdenum 

1 
Nickel 
Phosphorus 
Potassium 
Sclcnium 

II 

P 
SiO2 

228.' 
Nil 
Nil 

0.90 
3.7 
0.59 

L 0.002 
0.006 
0.003 
5.78 

348. 215. 233. 
Nil Nil Nil 
Nil Nil Nil 

7.9 0.55 1.0. 
4.8 3.3 11.0 
2.39 0.33 0.072 

L 0.002 0.086 L 0.002 
0.001 0.025 0.022 
0.001 0.018 0.010 
7.80 7.02 7.20 

Al 0.018 0.020 0.014 0.018 
Sb L 0.001 L 0.001 L 0.001 L 0.001 
AS L 0.001 L 0.001 L 0.001 L 0.001 
0.3 0.063 0.31 0.061 0.038 
Be L 0.003 L 0.003 L 0.003 L 0.003 
Bi L 0.5 L 0.5 L 0.5 
a 0.012 

!A 0.5 
0.013 0.017 0.015 

Cd L 0.001 L 0.001 L 0.001 L 0.001 
CC3 54.5 95.0 54.,a 43.0 
CC L 0.001 L 0.001 L 0.001 L 0.001 
CO L 0.005 L 0.005 L 0.005 L 0.005 
CU 0.003 L 0.001 L 0.001 0.039 
Fe L 0.030 0.056 L 0.030 0.13 
Pb L 0.001 L 0.001 L 0.001 L 0.001 
n9 7.93' 12.5 7.51 16.7 
nn L 0.003 0.009 L 0.003 1.07 
HO L 0.005 L 0.005 L 0.005 L 0.005 
Ni L 0.005 L 0.005 L 0.005 L 0.005 
PO4 L 0.4 L 0.4 L 0.4 L 0.4 
K 1.34 0.97 1.41 3.06 
SC L 0.001 L 0.001 I. 0.001 L 0.001 

File NO: 5321F 
Paqc No: 1, 

5321-17 
17. Cebuliak 

09/13/84 

5321-18 
18. Campbell 
7.5 
09/16/X34 

7.85 
319. 
L 5. 

0.60 

&w 

7.65 
519. 
L 5. 

0.32 
&Z 

L 0.5 
302. 

2.0 
488. 

5321-19 5321-20 
19. Penner 20. Parks 

09/14/84 09/13/84 

7.85 
313. 
L 5. 

&;7 

7.25 
346. 
L 5. 

0 

5 
178 

1.0 
290. 

3.0 
341. 

I 



I 
CAN TEST LTD. 

I RESULTS OF TESTING: (CON’TI 

I 

SAMPLE X 

CLLENT SAMPLE 1.0. 

1 
DISSOLVED METALS (q/L) (CON’TI 

Silicon SiO2 
Silver 
Sodium 
strontium 
Tin 
Titanium 

I 

vanadium 

Zinc 

A9 
Na 

SC 
S" 
Ti 
i 

2" 

I 
TOTAL METALS (mq/Ll 

Aluminum 
Antimony 

.I 
Arsenic 
Barium 
Beryllium 
Bismuth 

I 

BOCO" 
Cadmium 
calcium 
Chromium 

I 
Cobalt 
copper 1 ran 

a Lead 

aqnesium 
rlanqanese 

2: 
ercury 
olybdenum 

Nickel 

% 

hosphorus 

elenium 
ilicon 
ilver 
odium 
trontium 

Tin 

Ammonia Nitrogen 
otal Phenolics as Phenol 

Al 
Sb 

AS 
Da 
Be 
0i 
0 
Cd 
C.3 
CT 
CO 
CU 
Fe 
Pb 

n9 
H" 
W 
no 
Ni 

PO4 

SC2 

SiO2 
A9 
Na 

SC 
S" 
Ti 
V 

2" 

5321-17 
Cebuliak 

11.3 
L 0.005 

4.82 
0.15 

L 0.030 
L 0.006 
L 0.010 

0.033 

0.060 
L 0.001 
L 0.001 

0.064 
L 0.003 
L 0.5 

0.042 
L 0.001 

54.8 
L 0.001 
L 0.005 

0.015 
0.041 

L 0.001 
7.99 

L 0.003 
L 0.00005 
L 0.005 
L 0.005 
L 0.4 

0.002 
11.4 

L 0.005 
4.91 
0.15 

L 0.030 
L 0.006 
L 0.010 

0.034 

L 0.02 
L 0.01 
L 0.001 

L 0.05 

.5321-18 
Campbell 

12.3 
L 0.005 

4.40 
0.22 

L 0.030 

L 0.006 

L 0.010 
0.015 

0.072 
L 0.001 
L 0.001. 

0.31 
L 0.003 
L 0.5 

0.058 
L 0.001 

95.6 
L 0.001 
L 0.005 

0.007 
0.12 

L 0.001 

12.5 

0.010 

L 0.00005 

L 0.005 

L 0.005 

L 0.4 
0.002 

12.6 
L 0.005 

4.41 

0.22 
L 0.030 
L 0.006 
L 0.010 

0.036 

L 0.02 
0.055 

L 0.001 

0.11 

5321-19 
PC”“.Zl- 

10.8 
L 0.00s 

4.16 

0.14 

L 0.030 
L 0.006 

L 0.010 

0.13 

0.054 
L 0.001 
L 0.001 

0.061 
L 0.003 
L 0.5 

0.032 
L 0.001 

55.5 
L 0.001 
L 0.00s 

0.006 
0.032 

L 0.001 
7.71 

L 0.003 
L 0.0000s 
L 0.00s 
L 0.005 
L 0.4 

0.001 
10.9 

L 0.00s 
4.27 
0.15 

L 0.030 
L 0.006 
L 0.010 

0.1s 

0.031 
L 0.01 
L 0.001 

L 0.05 

5321-20 
Parks 

12.8 
L 0.00s 

10.9 
0.23 

L 0.030 
L 0.006 
L 0.010 

0.79 

0.064 
L 0.001 
L 0.001 

0.042 
L 0.003 ' 
L 0.5 

0.027 
L 0.001 

43.7 
L 0.001 
L 0.00s 

0.071 

‘L%? 
16.8 

1.12 
L 0.00005 
L 0.005 
L 0.005 
L 0.4 

0.002 
12.9 

L 0.00s 
10.9 
0.23 

L 0.030 
L 0.006 
L 0.010 

0.89 

0.029 

0.013 
L 0.001 



RESULTS OF TESTING: 

SAHPLE I 5321-21 
CLIFBT SAHPLE I.D. 21. Helps 
TEM’ERATURE OC 6.5 

SAMPLE DATE 09/13/84 

PIIYSICAL TESTS 

PI’ 
Conductivity (miccomhos/cmI 

Color (Pt-co Scalcl~Col 

Turbidity (NTUI 
ttardness (mq/Ll caco3 

7.45 
205. 
L 5. 

0.54 
100. 

SOLIDS (mq/LI 

Total Suspended 
Total Dissolved 

2.5 6.5 3.5 
@Q 

L 0.5 
188. 190. @ 

DISSOLVED ANIONS (mg/LI 

Alkalinity: Bicarbonate HCO3 

Alkalinity: Carbonate co3 

Alkaliniry: Hydroxide OH 

Chlorides Cl 
Sulfates so4 
Nitrates N 
Nitrites N 

vocal Dissolved Phosphates P 

126. 133. 
Nil Nil 
Nil Nil 

2.1 L 0.5 
5.0 2.9 
0.44 0.040 

L 0.002 L 0.002 
0.002 0.021 
0.002 0.021 
6.60 5.92 

ortho-Phosphates 

silica 

DISSOLVED METALS (m9/L1 
Aluminum 1 AntiiWny 
Arsenic 

I 

earium 
Beryllium 
eismuth 

,I 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 

copper 

I roll 

: 1 

Lead 

naqnesium 
H.3"gS3fleSe 

1 

nolybdenum 

Nickel 
Phosphorus 
POtJSSl"CO 

1 

sclcnium 

P 
Si02 

Al 0.070 
Sb L 0.001 

AS L 0.001 

6.3 0.031 

Be L 0.003 

Ei L 0.5 

6 d.040 
Cd L 0.001 
Cd 25.5 
Cr L 0.001 
CO L 0.005 
CU 0.019 
Fe L 0.030 
Pb L 0.001 
w 8.57 
H" 0.011 
no L 0.005 
Ni L 0.005 
PO4 L 0.4 
K 2.43 
SC L 0.001 

Crovs NcSt RCSO”CCCS 

File NO: 5321F 
Paqc NO: 13 

5321-22 
21 D.Itelp’s Barn 

09/13/84 

7.00 
200. 

50. 
GL 
103. 

0.11 
L 0.001 
L 0.001 

0.032 
L 0.003 

L 0.5 

0.018 
L. 0.001 

24.2 
L 0.001 
L 0.005 

0.006 
m 

L 0.001 
10.0 

L 0.005 
L 0.4 

1.24 
I, 0.001 

5321-23 5321-24 
22. Kerr 23. OClloOq 

9.5 0.5 
09/15/84 09/12/04 

7.45 
723. 

& 

7.25 
625. 
L 5. 

.4 c3 290. 

9 

Nil 
8.6 

10.0 
0.69 

L 0.002 
0.010 
0.003 
6.00 

346. 
Nil 
Nil 

48.6 
6.8 
1.34 

L 0.002 
0.001 

L 0.001 
8.67 

0.017 
L 0.001 
L 0.001 

0.21 
L 0.003 
L 0.5 

0.018 
L 0.001 
113. 
L 0.005 
L 0.005 
L 0.001 

0.033 
L 0.001 

31.7 
0.011 

L 0.005 
L 0.005 
L 0.4 

0.79 
I, 0.001 

0.009 

L 0.001 
L 0.001 

0.18 
L 0.003 
L 0.5 

0.017 
L 0.001 

04.5 
L 0.001 
L 0.005 

0.054 
L 0.030 
L 0.001 

12.7 

L% 
L 0.005 

L 0.4 
1.00 

L 0.001 

1 



I 
CAN TESI LTD. 

1 RESULTS OF TESTING: ICON'TI 

I SJWPLE I 
CLIENT SAMPLE 1.0 

1 
DISSOLVE0 METALS lmg/Ll ICON'TI 
Silicon SiO2 
Silver w 
Sodium NJ 

I 
Strontium SC 

Tin Sfl 

Titanium Ti 
vanadium 

1 
v 

Z.l"C zn 

I 
TOTAL METALS (mg/Ll 
Aluminum 
A"tllllOlly 
Arsenic 

.I 
barium 
Beryllium 
8ismuth 

I 

BOCO" 
Cadmium 
Calcium 

I 

Chromium 
Cobalt 
Copper 

1 
IrO” 
Lead 
Magnesium 
nanganese 

I 
HEYt-C”lTY 
Molybdenum 
Nickel 

I 

Phosphorus 
Selenium 
Silicon 
Silver 

Is 
Sodium 

trontium 
Tin 

E 

itanium 
anadium 

Zinc 

Al 
Sb 
A5 
E3a 
oe 
Bi 
6 
Cd 
Cd 
CK 
CO 
CU 
F.2 
Pb 
M-3 
M" 
W 
no 
Ni 
PO4 
Se 
SiO2 
Ag 
Na 
SC 
Sfl 
Ti 
" 
Z" 

OLLUTANT TESTS (mg/Ll 
otal Phosphate 

Ammonia Nitrogen 
otal Phenolics as Phenol 

5321-21 
Helps 

11.0 
L 0.005 

5.61 
0.12 

L 0.030 
L 0.006 
L 0.010 

0.021 

0.11 
L 0.001 
L 0.001 

0.031 
L 0.003 
L 0.5 

0.062 
L 0.001 

25.5 
L 0.001 
L 0.005 

0.024 
0.078 

L 0.001 
8.57 
0.013 

L 0.00005 
L 0.005 
L 0.005 
L 0.4 

0.003 
11.1 

L 0.005 
5.62 
0.12 

L 0.030 
L 0.006 

0.010 
0.029 

L 0.02 
0.030 

L 0.001 

0.054 

File NO: 5321F 
raqc: 14 

5?21-22 
Helps Bar" 

5321-23 
Kerr 

9.26 
L 0.005 

5.91 
0.16 

L 0.030 
L 0.006 
L 0.010 

0.13 

14.3 
L 0.005 

15.0 
0.50 

L 0.030 
L 0.006 
L 0.010 

0.059 

0.20 
L 0.001 
L 0.001 

0.033 
L 0.003 I 
L 0.5 

0.080 
L 0.001 

24.2 
L 0.001 
L 0.005 

0 42 

6 3.79 
L 0.001 

,$&3, 

L 0.005 
L 0.005 
L 0.4 

0.001 
9.47 

L 0.005 
5.95 
0.16 

L 0.030 
L 0.006 
L 0.010 

0.14 

0.20 
L 0.001 
L 0.001 

0.21 
L 0.003 
L 0.5 

0.032 
L 0.001 
115. 
L 0.001 
L 0.005 

.+g 

32.5 
0.016 

L 0.00005 
L 0.005 
L 0.005 
L 0.4 
L 0.001 

14.4 
L 0.005 

15.2 
0.51 

L 0.030 
L 0.006 
L 0.010 

0.099 

0.027 L 0.02 
0.040 0.018 

L 0.001 L 0.001 

5321-24 
oe 1iooq 

14.2 
L 0.005 

28.5 
0.58 

L 0.030 
L 0.006 
L 0.010 

0.32 

0.12 
L 0.001 
L 0.001 

0.19 
L 0.003 
L 0.5 

0.23 
L 0.001 

87.8 
L 0.001 
L 0.005 

0.060 
m 

L 0.001 
19.7 

0.36 
L 0.00005 
L 0.005 
L 0.005 
L 0.4 

0.001 
14.4 

L 0.005 
29.9 

0.62 
L 0.030 
L 0.006 
L 0.010 

0.32 

L 0.02 
0.030 

L 0.001 

-\ 
0.37' c. _. 



1 
1 
I 

: I 
I 
I 
I 

,I 
I 
I 

_ 1 
I 

RESULTS OF TESTING: 

SAMPLE I 
CLIENT SAMPLE I.D. 
TEHPERATURE ‘=Y 

SAMPLE DATE 

PIIYSICAL TESTS 

P” 
Conductivity fmicromhos/cml 
color I Pt-CO Scale] (CO) 
Turbidity (NTUI 
Hardness (nq/LJ caco3 

SOLIDS (mq/LI 
Total Suspended 
Total Dissolved 

DISSOLVED ANIONS (y/L) 
Alkalinity: Bicarbonate NC03 
Alkalinity: Carbonate co3 
Alkalinity: Hydroxide OH 
Chlori+s Cl 
Sulfares SD4 
NitraCes N 
Nitcires N 
Total Dissolved Phosphates P 
ortho-Phosphates P 
Silica SiOZ 

DISSOLVED fiETALS (mq/Ll 
Aluminum 
Antimony 
Arsenic 
Barium 

I Beryllium 
Bismuth 
Boron 

I 
Cadmium 
Calcium 
Chromium 

I 
Cobalt 

Copper 
iron 
Lead 

II 
naqnesium 
nanganese 
Molybdenum 

I 

Nickel 
Phosphorur. 
Potassium 

86.6 
Nil 
Nil 

L 0.5 
29.5 

0.050 
L 0.002 

0.008 
0.002 
3.51 

Al 0.065 
Sb L 0.001 
AS L 0.001 
Eta 0.041 
B-2 L 0.003 
Bi L 0.5 
B 0.014 
Cd L 0.001 
Ca 26.0 
Cr L 0.001 
CO L 0.005 
CU L 0.001 
Fe 0.052 
Pb L 0.001 
fig a.15 
t-In 0.004 
“Cl L 0.005 
Ni L 0.005 
PO4 I. 0.4 
K 0.55 
SC L 0.001 

File NO: 5321F 
Page NO: 15 

5?2i-25 
24. Bulklcy Ballcy Collievies 
6.1 _ ---.. 

09/12/84 

7.20 
205. 
L 5. 

0.46 

L 0.5 
161. 



I RESULTS OF TESTING: ICON’Tt 

I SAMPLE X 
CLIENT SAflPLE I.D. 

I DISSOLVED METALS (mq/Ll (CON’TI 
silicon SiO2 
Silver 

I 
sodium 
strontium 
Tin 
Titanium 
vanadium 
Zinc 

A9 
Na 
Sf 
Sll 
Ti 
V 
zn 

I TOTAL HETALS (m9/Ll 
Aluminum 
Antimony 

I 
AcSenlC 
barium 
Beryllium 
Bismuth 
boron 

t admium 
Calcium 

E 

hromlum 
obalt 

CoPper 
ran 
ead 
aqnesium 

Manganese 

1 
e.CC”Cy 
olybdenum 

Nickel 

16 

hosphorus 
elenium 

Silicon 

3 ilver 
odium 
trontium 

Tin 

I 
itanium 
anadium 

Zinc 

LLUTANT TESTS (mq/LI 
Total Phosphate 

mmonia Nitrogen & cdl Phenolics as Phenol 

OTHERS lm9/L) 

lZyqen 

Al 
Sb 
AS 
ISa I 
Be 
hi 
B 
Cd 
Cd 
Cr 
CO 
C" 
Fe 
Pb 
n9 
H" 
H9 
HO 
Ni 
PO4 
Se 
SiO2 

A¶ 
tia 
SC 
S” 
Ti 
V 
Z" 

P 
N 

FC 
02 

5321-25 
Bulklcy Valley Collievies 

5.51 
L 0.005 

3.81 
0.12 

L 0.030 
L 0.006 
L 0.010 

0.038 

0.092 
L 0.001 

‘L 0.001 
0.042 

L 0.003 
L 0.5 

0.064 
L 0.001 

26.9 
L 0.001 
L 0.005 

0.002 
0..076 

L 0.001 
8.58 
0.004 

L 0.00005 
L 0.005 
L 0.005 
L 0.4 
L 0.001 

5.75 
L 0.005 

3.90 
0.12 

L 0.030 
L 0.006 
L 0.010 

0.047 

L 0.02 
0.019 

L 0.001 

0.067 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

: I 
I 
I 

: I 
I 
I 
I 
I 

PIEZOMETER WATER SAMPLES 

QUALITY ANALYSES 



.‘. Ci,N TEST LTD. 

I RESULTS OF TESTING: -. 

!iAKPLB 4 

I 

CLIENT SLWLB I.D. 

I PaYSIChL TESTS 
PH 
Conductivi<y(micrcmhos/cm) 

E 
urbidity(JTU) 
ardness(mg/L) 

r LIDS @3/L) 
otal Suspended 

Total Dissolved 

I IsSOLvEO ANIONS (n&L) 
Alkalinity: Bicarbonate 

.kalinity: Carbonate 

:r, 
lkalinity: Hydroxide 

lorides 
Sulfates 

k 
trates 

'trites 
Total Phosphates 

: f 
tho Phosphates 
lica 

senic ik rium 
yllium 

;muth 

:Si er 
:s um 

4 1st ntium 
!Tin 

Caco3 

8.00 
401. 

4.5 
85.0 

8.55 11.20 
666. 1150. 

11. 5.0 
56.0 6.0 

16.5 135. 10. 
312. 668. 550. 

HCO3 95.2 440. Nil 
Co3 Nil 10.6~ ' 92.4 

08 Nil Nil 53.0 
Cl 57.7 3.42 36.2 

so4 55.2 30.0 55.0 
N 0.032 0.032 0.10 
N 0.005 0.003 0.009 

PO4 0.022 0.011 0.008 
P 0.004 0.008 0.003 

5102 11.0 12.0 14.4 

Al 
Sb 
AS 

Ba 
Be 
Bi 

B 
Cd 
Ca 
Cr 
CO 
CU 
Fe 
Pb 
w 
M" 
MO 
Ni 

PO4 
R 

Se 
Si02 

A9 
Na 

Sr 

S” 

Ti 
v 

zn 

0.028 
< 0.15 

0.001 
0.035 

c 0.003 
< 0.5 

0.027 
c 0.001 

25.2 
c 0.005 
< 0.005 

0.016 
0.12 
0.024 
5.16 
0.049 

< 0.040 
c 0.005 
< 0.4 

2.41 
< 0.001 

7.09 
< 0.001 

63.6 
0.11 

-c 0.030 
i 0.006 

0.23 
< 0.15 

0.002 
0.081 

< 0.003 
c 0.5 

0.000 
-c 0.001 

15.3 
< 0.005 
< 0.005 

0.016 
0.045 
0.004 
3.65 
0.22 
0.076 

< 0.005 
< 0.4 

3.06 
< 0.001 

7.13 
< 0.001 
174. 

0.14 
< 0.030 : 

0.017 
c 0.010 

o.nr.7 

0.29 
c 0.15 

0.001 
0.051 

< 0.003 
c 0.5 

0.068 
c 0.001 

2.28 
< 0.005 
< 0.005 

0.042 
0.032 
0.030 
0.021 

< 0.003 
< 0.040 
c 0.005 
c 0.4 

8.72 
< 0.001 

0.42 
c 0.001 
167. 

0.29 
-c 0.030 

O.OOB 
c 0.010 

n "L1 

Crows Nest Reso”rces 

File No: 0970F 
Paqe NO: 11 

13 14 15 
255 257 258 



crovs Nest RCso”rCe5 

File No: 097OF 
page No: 12 

._ 
‘1 “. cnrr TEST LTO 

1 HESULTS OF TESTING: -- 

SAMPLBt 

I 

CLIENP SAMPLE I.D. 

I lQTALtiE-'l!AIS(q/L) 
Aluminum 
Antimony ’ 

I 

Arsenic 
Barium 

Beryllium 

1 

Bismuth 
Boron 
Cadmium 

I 

Calcium 
Chromium 
Cobalt 

1 

CoPper 
IRXl 
Lead 
Magnesium 
Manganese 

L ercury 
Molybdenum 

F 

ickel 
hosphorus 

Selenium 

ti 

ilicon 
ilver 
odium 

strontium 

E in 
itanium 

Vanadium 
inc 

a, - ~~k2.m 
otal Phosphate 

onia Nitrogen 
otal Phenolics as Phenol 

rrous Iron (W/L) 
Temperat”re C 

Al 0.30 10.8 0.68 
Sb < 0.15 c 0.15 < 0.15 
AS 0.001 0.004 0.003 
Ba 0.038 0.13 0.059 
Be < 0.003 < 0.003 c 0.003 
Bi < 0.5 < 0.5 < 0.5 

B 0.033 0.080 0.068 
Cd < 0.001 0.005 c 0.001 
Ca 25.2 15.3 3.i7 
CC < 0.005 < 0.005 c 0.005 
CO < 0.005 < 0.005 c 0.005 
CU 0.092 0.17. 0.46 
Fe 0.55 3.42. 0.32 
Pb 0.033 0.040 0.096 
w 5.24 4.27 0.099 
Mtl 0.053 0.26 o.ooll 
JQ 0.00010 <.00005 0.00015 
no < 0.040 0.076 < 0.040 
Ni 0.005 0.015 c 0.005 

PO4 < 0.4 c 0.4 < 0.4 
Se c 0.001 < 0.001 c 0.001 

Si02 9.82 39.0 11.3 
Ag < 0.001 < 0.001 -c 0.001 
Na 63.6 174. 167. 
SC 0.11 0.15 0.30 
Sll < 0.030 c 0.030 < 0.030 
Ti 0.038 0.43 0.048 

V c 0.010 < 0.010 c 0.010 
Ztl 0.14 0.24 0.24 

PO4 
N 

Fe 

0.16 0.10 0.051 
1.79 0.22 2.03 

c 0.001 c 0.001 < 0.001 

c 0.10 

7.2 
< 0.10 < 0.10 

/L = milligrams per liter 
< = Less than = Not Detected 

13 14 15 
255 257 258 



I RESULTS OF 'TESTING: 

SAHPLB I 

I 
CLIeKr SAKPLB I.D. 
DATE SAMPLE 

I PnYSICAL TESTS 
OH 

1 
Conductivity(micromhos/cm) 
Tucbidity(JTU) 
Hardness(mg/L) 

I 
Solid (w/L) 
Total Suspended 

-Total Dissolved 

1 DISSOLVED ANIONS(nq/L) 
Alkalinity: Bicarbonate 

I 

Alkalinity: Carbonate 
Alkalinity: Hydroxide 
Chlorides 
Sulfates 

I 
Nitrates 
Nitrites 
Total Phosphates 

I 

Ortho Phosphates 
Silica 

I 

DISSOLVED -bgm 
Aluminum 
Antimony 
Arsenic 

1 

Barium 
Beryllium 
Bismuth 

I 

Boron 
Cadmium 
Calcium 

I 

Chromium 
Cobalt 
copper 
Iron 

I 
Lead 
Magnesium 
Manganese 

1" 

olybdenum 
Nickel 
Phosphorus 
Potassium 

B 
elenium 
ilicon 

Silvec 

B 
odium 
trontium 

Tin 

CaCD3 

0.00 8.65 10.20 
960. 1780. 1830. 

5.2 35. 66. 
100. 46.5 11.5 

25.5 54.5 
606. 1700. 

HC03 
co3 

OH 
Cl 

so4 
N 
N 
P 

SiOg 

157. 

Nil 
205. 

55.0 
0.011 

< 0.002 
0.069 

c 0.001 
14.4 

1040. 
. 159. 

Nil 
2.20 

40.0 
< 0.010 
< 0.002 

0.11 
c 0.001 

13.1 

Al 0.022 0.11 
Sb 0.001 c 0.001 
As 0.001 0.002 
Ba 0.038 0.096 
Be < 0.003 < 0.003 
Bi c 0.50 < 0.50 

B 0.031 0.18 
Cd 0.066 < 0.001 
Ca 31.2 13.8 
CC < 0.001 0.007 
co < 0.005 < 0.005 
CU 0.041 0.007 
Fe 0.19 0.040 
Pb 0.029 c 0.001 
w 5.26 2.90 
ml 0.054 0.17 
MO 0.022 0.015 
Ni c 0.005 < 0.005 

PO4 c 0.4 < 0.4 
K 3.94 5.35 

Se c 0.001 c 0.001 
Si02 6.92 9.41 

Ag c 0.005 < 0.005 
Na 141. 428. 
SC 0.12 0.20 
Sll c 0.030 < 0.030 
Ti < O.OOG < 0.006 

V < 0.010 ‘c 0.010 
7.n 0 IdAN LEOWOFF Il. 056 

13 14 15 
4255 1257 t258 
09/10/03 09/16/03 09/1s/e3 

98.5 
1040. 

137. 
370. 

Nil 
81.0 
84.0 

0.016 
0.012 
0.17 

c 0.001 

0.31 
< 0.001 

0.003 
0.093 

< 0.003 / 
< 0.50 

0.19 
< 0.001 3.93 / 

c 0.001 / 

< 0.005 I 
o.psa I 
0.084 

< 0.001 
0.36 
0.005 
0.037 

< 0.005 
c 0.4 

11.5 
< 0.001 

12.3 
< 0.005 
338. 

0.34 
< 0.030 

0.006 
c 0.010 

0.024 

Crows NC5t. ItL.I;o”rccs 
File NO: 9940E 
P.=lrjC! NO: 11 
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CAN TEST LTD 

RESULTS OF TESTING: 

SAHPLB I 

cLIE?rr SAKPLE I.D. 
DATE SAHPLE 

rouI. ~~bg/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Bismuth 
BOXMl 
Cadmium 

I Calcium 
Chromium 
cob-rat 

I CoPper 
Iron 
Lead 

I 
Magnesium 
Manganese 
HCCCUKy 

HOlybdlXlU0 

I Nickel 
Phosphorus 
Selenium 

I 
Silicon 
Silver 
Sodium 

I 
strontium 
Tin 
Titanium 
Vanadium 

( I Zinc 

WldKrrANTTESTS(~L) 
Total Phosphate 
Ammonia Nitrogen 
Total Phenolics as Phenol 

mg/t = milligrams per liter 
p = Less than = Not detected 

( I 
~ I 

Al 0.33 5.71 12.7 
Sb 0.001 < 0.001 < 0.001 
AS 0.001 0.003 0.004 
Bd 0.038 0.13 0.15 
Be c 0.003 < 0.003 < 0.003 
Bi < 0.5 c 0.5 c 0.5 

B 0.039 0.19 0.19 
Cd 0.078 c 0.001 c 0.001 
Cd 31.4 14.1 4.86 
CC 0.003 0.007 0.013 
CO c 0.005 c 0.005 < 0.005 
CU 0.26 0.17 0.20 
Fe 0.52 2.23 3.10 
Pb 0.032 0.010 0.008 
Mg 5.28 3.35 1.86 
nn o.osfl 0.22 0.042 
Hg 0.00038 0.00013 0.00018 
no 0.027 0.017 0.037 
Ni < 0.005 < 0.005 c 0.005 

PO4 < 0.4 < 0.4 < 0.4 
Se c 0.001 c 0.001 c 0.001 

SiO2 7.69 31.9 55.8 

Ag < 0.005 < 0.005 < 0.005 
NC3 147. 431. 344. 
SC 0.12 0.20 0.38 
St-l c 0.030 < 0.030 c 0.030 
Ti 0.028 0.25 0.50 

V < 0.010 -c 0.010 0.023 
zn 0.62 0.20 0.13 

P 
N 

Fe 

c 0.020 
1.82 
3.04 

0.31 

0.20 
0.66 
0.003 

0.091 I 
0.093 
0.003 I 

1.30 1.93 

13 14 1s 
125s 1257 1258 
09/10/83 09/16/83 os/re/e3 

crows Nest Resourccr. 
File No: 994QE 

Paqc No: 12 
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ESTIMATE OF ANNUAL GROUNDWATER RECHARGE 
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APPENDIX III 

LABORATORY TEST RESUL’TS 



















































T.H. -. 

267 

267 

271 

271 

272 

Depth 

57.3- 
66.2 

81.L 
83.1 

20.4 

59.8 

45.7- 
51.2 

Surmary of Slake Durability Tests -- 

Material 
Slake Durability 
Test 1 Test 2 

Mudstone with coal 89.1% 77.6% 

Mudstone with coal 81.0% 63.7% 

Interbedded sandstone & silistone 97.6% 95.1% 

Siltstone 99.5% 99.3% 

Interbedded siltstone & sandstone 98.1% 94.9% 
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SUMMARY OF WLPHATE SOU~JNESS TESTS 

T.H. oepth 

260 81.4 
271 35.1 
272 40.2 
272 82.5 

Material 

Sandstone 

Sandstone 

Sandstone 

Sandstone 

Sulphate Soundness 
_ Correct % Loss 

100 
83 
78 

'. 92 









I 
I 

~ I 
~ I 
I 

: I 
; I 
j I 
; I 
/ I 
I I 
; I 
j I 

I 
I 

1 I 
I 
I 
I 

APPENDIX IV 

GRAIN SIZE CURVES FOR FINE TAILINGS 










































































