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Maree Mining Ltd. of Blairmore, Alberta, constructed the road 

and excavated the test pits. 

Aresco (B.C.) Ltd. of Alberta were retained to conduct 

archaeological studies of the area - this included the Upper 

I Flathead Valley and the old Morrissey townsite at Morrissey. 

FIELD WORK 

An access road was driven on Licences # 4560, 4561, 4562 

and 4564. 

The road followed the proposed Howell Creek diversion 

from approximately 17,864,OOO N, 584,000 E to 17,857,OOO N 595,000 E 

Test pits were dug as shown on drawing # X2392-5. Various samples 

were taken from these pits by Klohn Leonoff Consultants Ltd. to 

assist in the determination of the permeability and hydrology of 

the area. 

Test pits were also excavated and soil samples taken 

from typical areas within the proposed settling pond requirements 

as shown in drawing # E-2423-3. 

Field permeability tests were also conducted to estimate 

the possible amount of water that could be lost to ground water. 

Bush trails were cut to test pits outlined by Golder 

Associates of Vancouver. These test pits are shown on Figure 3 

enclosed herewith. The pits were excavated and samples taken by 

a Golder representative; these samples were analyzed to assist in 

determining the stability of the areas. 



Aresco Ltd. had two archaeologists in the field the full 

six week period. They examined the area which would be disturbed 

by the development of the coal property and regions north and south 

of the proposed development areas. 

RECLAMATION 

All the test pits were reclaimed and put back to the 

I 
original contours. 

The bush through the access road was cut and cleaned up. 

All areas were reseeded, harrowed and fertilised by Allan Lamb 

Interior Reforestation Ltd. of British Columbia. 

Project Engineer 

I 
.? I’ 
ii i.,,L~. 

; ‘$: W. Marsh 
Professional Eng 

?B/wc 

February 22, 1980 
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1. INTRODUCTION 

As part of the continuing design work for their proposed open pit 

coal mine in southeastern British Columbia, Sage Creek Coal Ltd. 

retained Klohn Leonoff Consultants Ltd. to carry out limited site 

investigation and preliminary design for the site drainage and 

sett I ement pond sys tern. This work supplemented prior K lohn Leonof f 

studies of Howell Creek Diversion and a 1978 hydrology data collec- 

t ion program. 

The work conducted by Klohn Leonoff included a hydrologic assess- 

ment, suspended sediment data collection and analysis, layout of a 

drainage system and settlement ponds, test pitting and limited field 

permeability testing. Details of the work programs were outlined in 

Klohn Leonoff letters to Sage Creek dated June 2, 1978 and April 6, 

1979. The suspended sediment data were collected in May and June 

1978 and the test pitting was conducted in late June 1979. This 

report includes results of both programs. 

r 
I 
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2. 

2.1 

SEDIMENT CHARACTERISTICS 

Sources of Sediment 

Construction and operation of an open pit coal mine, plant 

facilities, and product transportation corridor creates an extreme 

potential for generating high sediment loads in natural drainage 

courses. A recent study(l) of existing coal mining operations in 

the East Kootenay area listed the following as the major sediment 

producers (not in order of importance): 

I. 

2. 

3. 

4. 

5. 

6. 

Slides in mine overburden dumps which introduce 
material into streams both during the initial 
slide and during subsequent erosion of the sl ide 
material. Direct erosion of dumps also is a 
major source of sediment. 

Erosion and bank sloughing of diversion or in- 
terceptor ditches constructed to carry uncontam- 
inated surface runoff around the mine site. 

Surface erosion of large land areas logged prior 
to mining. 

Haul and access roads which intercept and con- 
centrate runoff in larger, more erosive streams. 
In addition, lack of road surfacing al lows 
production of large quantities of suspended 
solids as vehicle traffic churns the road 
surfaces into mud during wet weather. 

Inadequately sized settlement ponds which al low 
outflows carrying high proportions of solids. 

Overtopping and failure of drainage ditches and 
settlement ponds which were not sized to handle 
major f load peaks. 

(1) References listed at the end of the report. 
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I 

Minimizing the risk of unacceptable discharges of solids into natural 

streams then depends on two basic factors: 

I 

1. A tidy mining operation with control of erosion 
will limit the production of large quantities of 
suspended sol ids. 

1 

I 
I 
3 

i 

2. Adequate design of the drainage system to avoid 
failures. 

2.2 Available Sediment Data 

During the 1978 site investigation ~program, a number of suspended 

sediment samples were obtained to provide data on the characteris- 

tics of solids that are expected to be carried by the site drainage 

as the mine is developed. These samples,were analyzed for sus- 

pended sediment concentrations and turbidity. Table 2-l summarizes 

these data. 

It must be reccgnized that these data are spot measurements only and 

therefore cannot be considered as necessarily indicative of long 

term trends. However, the data are useful as they show the wide 

range of sediment concentrations possible. 

I 
II 

Sediment concentrations that can be produced by disturbance of 

unsurfaced access roads are demonstrated fran samples 25-3 and 25-4 

taken from road runoff after passage of a truck. Concentrations 

measured were roughly 8500 mg/l and 50 000 mg/l respectively. 

I 

I 

Similarly, the effect of road disturbance on a small tributary is 

shown by samples 31-l and 31-2 where the sediment concentration 

above the road runoff entry point was less than I mg/ I whereas below 

the inflow point the concentration increased to 114 mg/l. 

Grain size distributions of samples 25-3 and -4 are shown in Drawing 

A-2423-l. In both cases, essentially all the suspended material was 

in the silt size range with the median diameter of sample 25-3 being 

0.003 mm and sample 25-4 being 0.01 mn. 
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TABLE 2-l 

SUSPENDED SED I MEFIT DATA 

I 
1 

Sample Date Suspended Turbidity Location 8 
Solids (mq/l) (J.T.U.) Remarks 

25-l May 25/7B 38 270 

25-2 thy 25178 

25-3 May 25/78 

a9 

a490 

33 

> 1000 

25-4 

31-1 

31-2 

31-3 

May 25/7a 

May 31170 

50 130 > 1000 

< 1 0.5 

May 31178 114 67 

May 31/7a 2 0.9 

From roadside ditch 
at crossing point 
of tributary G-2(‘) 

Cabin Creek above 
North Bridge 

Runoff from road 
near tributary F-14 
culvert after 
vehicle disturbance 

Runoff from dis- 
turbed road at camp 

Tributary F-14 up- 
stream of road 
cross i ng 

Tributary F-14 down- 
stream of road 
crossing 

Howel I Creek at 
Bridge 

(1) Tributary data included in IKlohn Leonoff report “Sage Creek 
Coal, Site Hydrology, 1978 Frqram” dated August 1978. 
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TABLE 2-2 

SETTLING TIMES - SAMPLE 25-4 

Time Suspended 
Solids (mg/l) 

start 50 130 

1 hour 820 

I day 28 

2 days 15 

5 days 12 

Note: Sample tested by B.C. Research' 

Turbidity 
(J.T.U.) 

> 1000 

350 

58 

28 

25 
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Reduction of sediment concentrations with settling time for sample 

25-4 are listed in Table 2-2. These data indicate that in the 

laboratory, the material settles rapidly, with the concentration 

dropping from the initial 50 000 mg/l to 28 mg/l in 24 hours. 

Accord ing to Stokes Law, the D50 p article size of 0.01 mm from this 

sample has a settling velocity of about 0.06 mm/s, or 5 m/day. 

Because of the concentration, actual settl ing velocities wi I I be 

slightly lower, however, by proper design of a settling pond, it 

appears that this material could be successfully settled to reduce 

concentration in a decant outflow system to less than the allowable 

limits of 50 mg/l. 

A sample of coal taken from an exploration core was ground by pestle 

and mortar and the fine dust subjected to grain size analysis. The 

typical median particle diameter for the portion passing a No. 200 

sieve was 0.01 mm which has an average settling velocity of about 

1 .6’ m/day. Thus settl ing of the finer coal fractions wi I I be very 

slow and, circulation currents within the settling ponds may be 

sufficient to inhibit ccmplete settling. 

2.3 Estimated Sediment Yields 

The overall sediment yield frcm the mine site will depend upon the 

sad iment control measures implemented . A study(*) conducted in an 

open pit mining area in Kentucky where apparently little or no 

effort was made to control sedimentation indicated an average annual 

sediment yi el d of about 9 450 tonnes/km2/year. Unmi ned areas in the 

same local ity yielded about 8.8 tonnes/km2/yenr. The principal 

sediment sources apparently were waste dumps and haul/access roads. 

I 
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Sane forestry studiesf3) have indicated that roads may yield 

1 900 tonnes/km2/year while areas disturbed by cutting and skidding 

yielded 14 tonnes/km2/year. Other studies in the eastern Foothills 

of Alberta have shown that where some care is taken in logging and 

road construction, sediment yields may drop to 2.6 tonnes/km2/year. 

Based on the results of these previous studies, for the present 

feasibility level design, sediment yields fro-n various portions of 

the site have been estimated as follows: 

Initial stripping of overburden 5 300 tonnes/km2/year 
for new mine areas 

Active mining areas, dumps, 
roads 

3 500 tonnes/km2/year 

Inactive mine areas, dumps, 
roads 

Forested areas, with limited 
access roads 

9 tonnes/km2/year 
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3. 

3.1 

DES I GN FLOODS 

Previous Work 

Previous hydrological studies carried out by Northwest Hydraulic 
Co"sulta"ts(4) and Klohn Leonoff Consultants(S) have provided base 
information on floods in the project area. This previous work has 

been used herein to establish design discharges for the diversion 

ditches and settlement ponds. 

3.2 Snowmelt 

Snowmelt unit discharges for the area were originally estimated by 

Northwest Hydraulics w,ith the values confirmed in the 1978 Klohn 

Leonoff hydrology report. These estimates were for f loads having 

recurrence intervals up to 100 years. Current British Columbia 

design practice is to consider the 200 year recurrence flood, and 

consequently the previous flood estimates have been extended to 

this larger return period. Results are listed in Table 3-l. 

Extreme conditions yielding a probable maximum flood resulting from 

snowmelt ccmbined with rainfal I have previously(4) given a unit 

discharge of 10.3 m3/s/km2. 
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I, 
c, a 

I 
I 

Return Period 
(years) 

Mean Annual 0.20 

5 0.24 

IO 0.30 

20 0.36 

50 0.46 

100 0.55 

200 0.65 

TABLE 3-l 

SNDWMELT UNIT DISCHARGE ESTIPIATES 

Mean Daily 
Flood Flow 
(m3/s/km2) 

instantaneous 
Flood Peak 
(m3/s/km2) 

Major Small 
Creeks Tributaries 

0.22 0.24 

0.26 0.30 

0.33 0.37 

0.39 0.45 

0.50 0.57 

0.60 0.68 

0.71 0.81 
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3.3 Rainfal I 

Rainfall intensities were estimated in the Northwest Hydraulics 

study for recurrence intervals up to 50 years based on limited 

intensity duration data from the Cranbrook Airport. These data 

have also been extended herein to the 200 year recurrence interval 

to allow canparison with the snowmelt runoff estimates. It must be 

anphasized that the rainfall estimates are very approximate because 

of the extreme lack of data. 

The adopted rainfall intensity estimates are listed in Table 3-2. 

Runoff from rainfall on the very small basins at the Sage Creek 

site have been estimated using the Rational method. This procedure 

is very simple but as the available data is limite:l, more complex 

analyses are not warranted. 
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Y f 
I 
I. 
3 Rainfall 

Duration 

TABLE 3-2 

ESTIMATED RAINFALL INTENSITIES 

2 

Intensity (mm/h) 

Return Period (years) 

5 10 50 100 200 

I 5 minutes 41.0 53.0 69.0 94.0 104.0 114.0 

I 

10 minutes 30.0 38.0 48.0 64.0 68.0 76.0 

15 minutes 23.0 30.0 36.0 46.0 51.0 56.0 

30 minutes 13.0 18.0 20.0 28.0 30.0 33.0 

"i 1 hour 7.6 9.7 11.0 15.0 16.0 20.0 
d 

2 hours 5.0 6.3 7.4 8.9 9.6 10.0 

c 12 6 hours hours 2.5 1.5 3.0 2.0 3.6 2.3 4.6 2.8 4.8 3.0 3.3 5.3 

1 
I 
I 
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4. DRAINAGE DITCH DESIGN 

4.1 Clean Water Diversions 

Diversion ditches have been laid out so that a maximum amount of 

runoff fran undisturbed areas is directed away from the disturbed 

mine site. These diversions wi I I thereby reduce the flows in the 

contaminated water drainage ditches, thereby I imiting erosive 

velocities, and reducing the water volume that must be handled in 

the settling ponds. 

The diversion ditches will be routed directly to Howell and Cabin 

Creeks and will be designed to avoid self erosion during operation. 

This will require careful routing to incorporate as many natural 

drainages as possible, vegetation of the mild slope portions of the 

ditches, selective lining of moderate slope portions, and rock check 

dams and drop structures on very steep reaches. 

The clean water diversions are located above the open pits on $!orth 

and South Hill, and above the waste dump areas. As the pits and 

dump areas wi I I expand with each year of operation, the diversion 

ditch system would also be regularly expanded, and moved uphill. 

Using this concept, the undeveloped areas that do not drain into 

clean !rater ditches can be kept small, the amount of contaminated 

water to be handled in settling ponds minimized, and possible future 

layout changes to development of pits and dumps easily accommodated 

by changes to the ditch system. 

If flows in a clean water ditch cxccedod the ditch design capncity, 

the excess water would overtop the ditch and flow either into the 

open pits, or under the waste dumps. In the former case, the water 

would then be pumped out to the settling ponds, while in the latter 

case, there would be temporary retention as the water flowed 
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through the waste rock voids ultimately reaching the contaminated 

water ditches. The short tens life of the ditches in any one given 

location before moving (say perhaps 5 years), and the minor conse- 

quences of overtopping al lows the diversion ditches to be designed 

for a relatively short recurrence interval flood event. Therefore, 

these ditches have been designed for a 50 year recurrence rainfall 

storm which produces a larger peak discharge than the snowmelt 

flood. 

Ditch cross-sections have been designed with 3H: 1V side slopes to be 

excavated by bu I I dozer. Excavated materials would be placed as a 

berm on the downhil I side of the ditch, recontoured and revege- 

tated. Where possible, the longitudinal ditch slopes have been 

limited to 0.0015, to keep maximum velocities below about 1 m/s and 

allow provision of erosion protection by vegetation. In these 

areas, 0.3 m of freeboard above design water level is provided. 

Where slopes must be steeper due to topography, freeboard would be 

increased to 0.6 m and as noted earlier, rock riprap lining or drop 

structures provided. The freeboard provides protection against wave 

splash over and, for snowmelt f loads, the freeboard provides space 

for a portion of the ditch to be blocked by ice or snow. 

Drawing E-2423-3 shows the layout of clean water ditches for the 

ultimate mine development and Table 4-1 their design capacity and 

dimensions. The ditch system for the mine development at inter- 

med iatc stages is not shown; it would be similar in concept to the 

ultimate development layout. 

4.2 Contaminated Water Ditches 

Ditches to pick up surface water that may have been contaminated by 

material from the open pits, plant, waste dumps, roads or other 

activities is an important feature of the Sage Creek project. 



Ditch 

101 

102 

103 

104 

TABLE 4-l 

CLEAN WATER DIVERSION DITCHES 
(Ultimate Mine Development) 

Location 

Above North Hill pit 
and northern waste 
dump. Drains to 
Howell diversion 
channel. 

Above North Hill pit 
and western waste 
dump. Drains to 
Cabin Creek. 

Above South Hill 
western waste dump. 
Drains to Cabin Creek. 

Above South Hill 
pit and southern 
waste dump. Drains 
to Flathead River. 

Drainage Design Discharge Average Ditch Depth (m) 
Area Flat 
(km2) 

50 yr rain 
(m3/s) 

Steep 
Sections Sections 

1 .a 3.3 1.2 1.4 

0.65 

0.85 

2.6 

1.2 

1.6 

4.7 

0.9 

1 .o 

1.35 

1.0 

1.1 

1.6 
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Drawing E-2423-3 shows the proposed contaminated water ditch system 

for the ultimate mine development which has been laid out to pro- 

tect each portion of the project area. As wet I as the major ditches 

shown, smaller feeder ditches will be required along the toe of 

waste dumps, road cuts, etc. 

Similar to the clean water diversion ditches, some modification of 

the contaminated water ditches probably will be required as mine 

development proceeds. For example, in the initial development, 

North Hill only will be mined and some of the ditching around South 

Hil I would not be needed. Construction of the ditches would then be 

staged. However, in most cases, the routing of these ditches will 

not be changed during the I I fe of the mine. 

Some of the contaminated water ditches are in critical locations, 

and overtopping or other failure must be avoided. For example, the 

ditches that carry contaminated water parallel to Cabin Creek to the 

settlement ponds must be designed with a low probabi I ity of 

overtopping since failure of these ditches would allow contaminated 

water to flow directly into Cabin Creek. 

These critical ditches are designed for the 200 year recurrence 

f I ood event. It is also assumed that any clean water ditches above 

these ditches overtop, allowing the entire watershed to drain to the 

contaminated water ditch. 

Ditches which could overtop, or otherwise fail, but do not allow 

discharge into a natural stream, are designed for a 50 year recur- 

rence event, 

Table 4-2 shows the adopted design discharges and dimensions for the 

contaminated water ditches. 
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Design criteria for the contaminated water ditches is similar to 

criteria for the clean water ditches. Side slopes are provided at 

3H:lV and longitudinal slopes are I imited to 0.0015 wherever 

possible to limit velocities and allow the side slopes to be 

vegetated. Freeboard of 0.6 m has been provided on all contamin- 

ated water ditches. Some ditches do not drain appreciable areas; 

these have been designed with a nominal I m depth. 



Ditch 

1 

2 

3 

4 

5 

6 

7 

a 

3 

10 

Location 

Toe of North ilill 
northern waste dump 

Between E!orth Hill 
pit and northern 
waste dump 

Between North Hill 
pit and western 
waste dump 

Below North Hill 
western waste dump 
and Cabin Creek 

From Pond 5 to 
Pond 6 below 
North Hill pit 

Around plant site 

Below South Hill 
pit and waste dumps 

Below South Hill 
southern waste dump 

Setween South tiill 
pit and waste dump 

Between South Hill 
pit and waste dump 

TABLE 4-2 

CONTAMINATED WATER DRAINAGE DITCHES 

Drainage Area 
(km2) 

Design Discharge (m3/s) 
50 yr rain 200 yr rain 

2.8 

biominal 

Ebminal 

1.55(l) 4.2 

3.45(l) 

Nominal 

6.4(2) 

3.2(3) 

Nominal 

Nominal 

1.2 

--- 

--- 

--- 

--- 

--- 

--- 

6.9 

--- 

17.6 

6.0 

--- 

Average Ditch Depth (m) 
Steep 

Sections 

1.0 

1 .o 

1 .o 

1.3 

1.5 

1.0 

I .6 

.4 

.O 1 

1.0 

(1) Design flow assumes contribution from failed Diversion Ditch 102. 
(2) Design flow assumes contribution frcm failed Diversion Ditch 103 and one-half of 104. 
(3) Design flow assumes contribution from one-half of failed Diversion Ditch 104. 

Flat 
Sections 

2 
b. 

1.2 

1.0 

1.0 

1.8 I 

z 

2.2 
I 

1.0 

3.0 

2.1 
F 

72 
1.0 i 

2 
K 

1.0 -3 
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SETTLEMENT POND DES IGN 

Design Philosophy 

Settl ement ponds are designed to trap the contaminated surface water 

resulting from snowmelt or rainstorm discharge flowing over the 

developed mine area, and al low suspended sediment to settle. Gen- 

eral ly, snowmelt will produce floods that are of long duration but 

normally not having extremely high peak discharges. this is especi- 

ally true when forest cover provides shade to slow snowmelting and 

assist infiltration of water as the snow melts. Snowme It water 

volumes may be high and the runoff can last for several weeks. Thus 

for efficient settlement pond operation, the ponds should be large 

enough so that flow through time is slow to allow settlement of the 

suspended sol ids. Design assumes a constant snowmelt inflow and 

corresponding clear water decant outflow over a period of several 

weeks, that is, no temporary storage in the pond is assumed to be 

provided to retain the snowmelt flood while settlement takes place. 

The ponds have been designed on the basis that as a minimum, they 

should be large enough to provide settlement time for a 50 year 

recurrence snowmelt flood. 

Rainstorm floods are generally of shorter duration, having high peak 

flows and therefore often contain very high suspended sediment 

concentrations. These floods often are the events which overload 

settlement ponds and al low large releases of suspended sediment 

downstream into natural streams. Settlement ponds sizing for 

rainstorm floods has been based on providing temporary storage of 

part of the flood by setting normal maximum water levels below the 

spillway invert by use of a decant outlet set below the spillway 

level. Thus some f load storage wi I I be avai I able to store part of 

the rainstorm flood beforeflow over the spillway would occur. 

Similar to the snowmelt floods, ponds have been sized so that the 
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minimum storage capacity available Is capable of storing the 50 year 

rainfal I flood. Generally this storage can be provided by setting 

the decant outlet 1 m below the spillway level. 

Based on available data on usual suspended solids, it is anticipated 

that natural settlement, without use of flocculation agents will be 

adequate. However, if large volumes of very fine coal particles are 

present, some chemical treatment in the ponds may be required. 

To ensure project safety, each pond would be provided with a free 

overflow spillway capable of passing the 200 year recurrence flood 

inflow assuming that the reservoir Is ful I to the spillway crest 

level prior to start of the f load. During passage of such a major 

flood, settlement of solids in the ponds will continue, but due to 

the large design discharges, efficiency of the pond to trap solids 

wi I I be decreased. 

As noted above, after settlement of solids has taken place, water 

would be released back to natural drainages via decant facilities. 

In addition to the overflow decant release, water will be lost by 

seepage through the dams and by seepage into groundwater. 

Settlement pond dams would be constructed of local sand and gravels 

with internal filters to control seepage. The dams will not be 

designed as water retention but rather to al low I imited seepage, 

well controlled to avoid danger of piping or uncontrolled water 

loss. Thus some pond water wi I I be lost to the downstream by secn- 

age and the pond water levels may remain below the decant release 

faci I ity level. In addition, water will be lost directly to 

groundwater from the pond. 
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1979 field program, soil samples were taken from 

thin the proposed ponds, and field permeability 

to estimate the possible amount of water that could 

be lost to groundwater. Resu Its of this program are discussed 

below. 

During the June 

typical areas wi 

tests conducted 

Appendix I contains the logs of the test pits and Drawing A-2423-2 

typical grain size curves from a number of subsoil samples that were 

obtained. The following section contains a brief description of the 

subsurface conditions within each settlement pond and at the site of 

each settlement pond dam. 

Physical Layout and Subsurface Conditions 

Drawing E-2423-3 shows the location of the proposed settlement ponds 

and the location of the test pits dug in June 1979. Key dimensions 

of the ponds are shown in Table 5-1 and of the dams in Table 5-2. 

Pond b40. 1 

Settlement Pond No. 1 is located south of the plant site on a flu- 

vial terrace. This pond is a principal settlement pond as it will 

receive contaminated water from the,interceptor ditches around South 

Hil I and overflow from Pond No. 2. The bottom of the pond is f I at, 

and presently a smal I stream drains to the south to the Flathead. 

The left (east) dam abutment will be in a reworked moraine lying 

between the terrace and the Flathead Val ley, while the right (west) 

abutment will be located on till along the base of South liill. 

Test pit S-7 was located within the pond area, S-8 on the lefl 

abutment, S-9 and S-IO on the dam centreline. 
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The terrace which wi I I form the pond bottcn has a surface layer of 

about 0.G m of fine silt overlying a gravel til I. The gravel layer 

is quite pervious and carries water. This material would certainly 

al low seepage from the pond into groundwater except that the fine 

silt provides a low permeability barrier. 

At the dam axis, test pit S-10 showed the silt over gravel til I 

whereas S-9, near the moraine of the left abutment did not show the 

silt layer. This silt probably has resulted frcm flooding of the 

creek in the area and occurs only on the lower levels. Thus water 

loss through the abutments is a definite possibility. 

The decant outflow from Pond t+o. I will flow south in the present 

creek channel ultimately reaching the Flathead River. Emergency 

spill frwn the pond, which would occur only in the event of a large 

rainstorm flood, would be directed over natural ground to the north 

into Cabin Creek. As this spillway is not expected to operate 

except during extreme rainfall , only major obstructions would be 

removed from the spillway location. Trees or other vegetation would 

not be removed, thus even in the event of spi I I way operation, a 

great deal of natural filtering of suspended sedimerlt would occur. 

5.2.2 Pond No. 2 

Pond No. 2 is a smal I pond which wi I I receive contaminated water 

from drainage around the plant site. It is anticipated that this 

water wil I contain only silt and coal soIid~ and not petroleum or 

chemical wastes. Fueling depots, equipment maintenance areas, etc. 

would have local drainage to trap any of these types of spi I Is. 

The pond would be located upstream from Pond No. I in the same ter- 

race. In this location the flat valley bottom is much narrower than 

at Dam f,b. 1. Decant outflow from Pond Qo. 2 would flow south in 

the abandoned stream channel, ultimately reaching Pond No. I. 

a 
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Test pit S-6 at the dam centreline showed gravel till overlain by 

organics. The silt layer found on the bottom of the Pond No. I was 

not Dresent. 

In the event of an extreme f load , emergency discharge from Pond 

No. 2 would be to Cabin Creek, similar to Pond No. 1. The likeli- 

hood of such an event is quite remote. 

5.2.3 Pond Nos. 3 and 4 

These two ponds are designed to hold gnergency spil Is of coal tail- 

ings from the plant. After such a spill, the tailings would be 

re-processed In the plant. As there is no surface drainage into 

these ponds, and as they do not discharge into natural water course 

or other ponds, they are not considered further herein. 

5.2.4 Pond No. 5 

Pond No. 5 is located on the north side of Cabin Creek and inter- 

cepts contaminated drainage frm the North Hill westerly waste dump. 

The pond is relatively smal I, but provides a convenient locat ion for 

some settling rather than carry.ing all the contaminated flow down- 

stream to the large Pond No. 6. Outflow fran Pond No. 5 is carried 

to Pond No. 6. Similarly, in the event of a large flood, spill 

would also be carried to Pond No. 6 where a large settlement capac- 

ity is available. There would be no outflow from Pond No. 5 

directly to Cabin Creek. 

Test pits S-4 and S-5 showed dense gravel til I overlain by organics 

and less dense weathered brown t i I I. Some seepaqe through the 

gravel til Is is expected. Other work on similar gravel til Is along 

the Howell Creek diversion showed a permeability of about 3 x 

10e2 cm/s which is considered indicative of relatively permeable 

material. 
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5.2.5 Pond No. 6 

This pond, along with Pond No. 1, is a principal settlement pond. 

It will trap all contaminated runoff from the North Hill pit and 

waste dumps on North Hill, including the outfl’ow from Pond No. 5. 

The pond is located in the abandoned floodplain of Howell Creek, 

after the Howel’l Creek diversion is operational. 

Til I is located on both abutments at the dam site and along the 

flanks of the pond. Test pit S-l was located in the upper reaches 

of the pond, within the wide, flat Howell Creek floodplain at the 

base of the hil I forming the left abutment. Surf icial material 5 

were silt, underlain by dense gravel till. The si~lt layer probably 

resulted from historic flooding of Howell Creek. Currently, near 

the creek, there is evidence of silt deposits resulting from the 

1979 freshet. The right abutment is also dense gravel til I overlain 

by weathered brown till. Test pit S-2, located beside Howell Creek 

on the proposed dam axis showed 0.5 m of fine sand and silt over- 

lying gravel. The gravel varied in size from pea gravel to 8 mm 

with the material deposited in segregated pockets showing the 

effects of the creek deposition. A field permeability test was 

conducted in the gravel which yielded an estimated permeability of 

7.0 x lo-‘cm/s which is indicative of clean sand and gravel. 

This gravel would allow a great deal of settlement pond water to 

discharge to groundwater, except that a great deal of the gravel 

deposit is covered with a layer of fine silt which has a low per- 

meabil ity. Normal decant outflow would be released into the old 

Howell Channel where it would flow to Cabin,Creek. 
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Because of its location in the abandoned Howell Creek channel, a 

spi I lway must be excavated for Pond No. 6. It is anticipated that 

this spillway would take the form of an excavated channel through 

the right abutment. The spillway would have a minimum width of 5 m 

and would be cut on a slope of 0.002 to limit velocities and inhibit 

ems ion. Test pit S-3 was dug in the proposed spi I lway area. 

5.3 Desiqn Discharges 

As noted earlier, the primary concern for settling pond efficiency 

Is that adequate capacity be provided to pass snowmelt floods and 

retain rainfal I floods. Table 5-3 shows the estimated mean daily 

snowmelt flood peak flows and rainstorm volumes for a 6 hour storm 

for each settl ing pond based on the flood and rainfal I estimates 

I isted earl ier, and the estimated drainage areas. 

For safety of the structures, each pond has been provided with a 

free crest spillway that is capable of passing the 200 year flood. 

Because of the large surface areas of the ponds, there will be a 

great deal of attenuation of flood peaks by natural flood water 

storage in the ponds. Thus, the required spil lway capacities are 

smaller than the inflow flood peak. Table 5-3 shows the 200 ~year 

recurrence interva,l floods used for spillway sizing. 

5.4 Settling Pond Capacities 

As a preliminary assessment of pond efficiency in settling out sus- 

pended sol ids, each settlement pond has been reviewed to determine 

the time required to pass the peak snowmel t f I ood through the pond, 

assuming an average pond width and averzje depth, and the rainstorm 

f load volume to be stored. Design capacities were taken fran 

Table 5-2 and physical pond characteristics from the general layout 

of Drawing E-2423-3. Results of the theoretical travel time and 

volume calculations are shown in Table 5-4. 
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Estimates of settlement efficiences can be made by conparison of the 

snowmelt flood travel time to the time required for the median 

particle size of the suspended solids to fall a distance equal to 

the average depth of the pond. These times are also listed in 

Table 5-4. It must be emphasized that the fall time is based on 

laboratory analysis and does not include pond effects such as high 

velocity water currents, thermal currents, wind generated waves, or 

density currents. Al I these factors wi I I decrease the vertical 

distance actually travelled by suspended particles. 

Similarly, estimates of the efficiency of storage of rainstorm 

floods can be made by comparison of the minimum flood volume to the 

f lcod storage avai I able between the decant outlet level and the 

spillway level. These are shown on Table 5-5. 
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TABLE 5-l 

SETTLEMENT POND CHARACTERISTICS 

Pond Length Max. Width Max. Depth Full Supply Level 
(m) Cm) (m) (ft) Cm) 

1 1130 670 7.6 4215 1285 

2 460 210 4.6 4275 1303 

5 275 180 6.1 4395 1340 

6 910 300 12.2 4300 1311 

TABLE 5-2 

SETTLEMENT DA11 DIMENSIONS 

Dam Length Hoighi Top Elevation 
(ml Cm) (ft) (m) 

1 440 13 4225 1208 

2 170 8 4281 1305 

5 490 11 4405 1343 

6 395 16 4310 1314 
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TABLE 5-3 

DESIGN DISCHARGE CAPACITIES 

Pond 

I 

2 

5 

6 

Drainage 50 Yr Snowmelt 
Area (km*) Flood Peak (m3/s) 

7.5 3.5 

0.36 0.17 

1.6 0.71 

7.1 3.,3 

50 Yr Rainfall 
Flood Volume (103m3) 

Spillway Desi 
Flood 9 

n 
Peak*(m /s) 

207 23.6 

9.9 0.5 

44 4.2 

196 11.1 

* Assumptions: 

(1) Clean water interceptor ditches fail and runoff from 
entire site is diverted via settlement ponds. 

(2) No attenuation of flood peak in pond. 
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TABLE 5-4 

SNOWMELT FLOOD RETENTION 

Pond 

50 Yr Flood 
Travel Time 

(hour) 

Time for Mean 
Particle to Settle 

(hour) 

Ratio Travel 
Time: Settle 

Time 

1 164 17 9.6 

2 290 11 26 

5 40 21 1.9 

6 a2 28 2.9 

Pond 

Assumptions: 

(1) Flood retention times based on uniform flow through entire 
settlement pond. 

(2) Settling time based on D50 = 0.01 mm for silt particle. 
Coal particles not considered. 

TABLE 5-5 

RAINSTORM VOLUME RETENTION 

50 Yr Flood 
Volume (m3) 

Pond Volume 
1 m depth (m3) 

Ratio Storage: 
Flood Volume 

207 500 2.4 

9.9 64 6.5 

44 33 0.8 

196 204 1.04 
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6. CONCLUS I ONS AND RECOMMENDAT IONS 

The work to date indicates that the settlement ponds as presently 

29 - September 13, 1079 

envisioned are capable of settl ing the majority of the suspended 

sediment picked up by water flow from around the mine site. Actua I 

settlement efficiencies are dependent upon the grain size of the 

actual material and the true efficiency of the settlement ponds. 

Ponds No. 1 and No. 6 are large, and provide a great deal of flexi- 

bility in the final methods of operation, thus it is expected that 

most suspended solids can be removed fran the discharge waters. 

Based on limited field investigation work, it appears that some 

seepage to groundwater will occur. If this is the case, settIc-Tent 

efficiency will improve dramatically. However, the addition of fine 

s i I t settled onto the pond bottom wi I I reduce permeabi I ity and ul ti- 

mate I y reduce seepage. In the long term, it is safer to assume that 

no seepage loss occurs and al I water must be released through the 

decant facilities. 

As part of the final design, some further foundation work wi I I be 

required to completely design the settlement pond dams and spillways 

and based on final mine plans, drainage feature layouts may require 

slight modification. 

KLOHM LEONOFF CONSULTANTS LTD. 

E.A. PORTFDRS, P.Eng. 
Head, Hydraul its Division 

EAP/ceo 
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TEST HOLE LOG 
ATE D”lLLED 

“ILL TYPE 

LEVATION G”O”ND 

O.OHD. LOCKnON 

DESCRIPTION OF MATERIAL 

50" 

ORGAN I CS 

S I LT 

- brown 
- clayey 
- sample taken 

GRAVEL TILL 
- grey 
- very dense 

Pit located in Pond No. 6. 
Trees have stabilized terrace. 

JOB No. 2423 
- - 

KLOHN LEONOFF CONSULTANTS LTD. 
Cl”,L . GEOTECHNlCAL . HYDRAVLIC 

PLATE I 



:RTlCnL SXLE 

SAMPLE DATA 

ilGHT HAMMER 

r 

- 
0. 
- 

TEST HOLE LOG 

DESCRIPTION OF MATERIAL 

56” 

- with fine sand 
- damp 

GRAVEL 

- silty 
- pea gravel to 2-3” size 
- pockets of segregated sizes 
- samp le taken 

Test pit located 10 ft from 
Howell Creek in Pond No. 6. 
Field permeability test gave 

k = 7.0 x 10 
-1 

cm/s 

1 JOB No 

-- 

k! 2423 

i i 

- 

._ 

-- 

>a KLOHN LEONOFF CONSULTANTS LTD. / 
*a Cl” IL . GEOT EC” NlCA L . ““0 RA” LIC 

I 
LOCATION 

HOLE No. TP-‘2 

PLATE 



SAMPLE DATA T 

D. z - 

- 

4 

TEST HOLE LOG 
ATE 0”lLLED -- 
RILL TYPE 
LE”ATlON GROVND 
O.ORD. LOCATION 

DESCRIPTION OF MATERIAL 

ORGAN ICS 
1" 

0" 

30” 

CLAY TILL 

- silty 
- brown 
- occasional boulders 

GRAVEL T I LL 

- grey 
- silty 
- very dense 
- sample taken 

Pit in proposed spillway area 
for Pond No. 6 

~-- KLOHN LEONOFF CONSULTANTS LTD. 
s2 G- CI” IL . CEOT ECHNICAL . ” YDRA” LIC 

I 
I 

--,- 

JOB No. VA 2423 

‘bf30~ECT Sage Creek CL<31 
I 

HOLE No. TP-S3 

DATE ?I .h!,i,, ,o PLATE 



TEST HOLE LOG 

$ 
: Y) 

- 

,TE DRILLED 

ILL TYPE 

EVATION GROUND 

~u3RD. LOCATION 

DESCRIPTION OF MATERIAL 

on 

DA 

EL 

co 

2’ 

1, 

3 

SAMPLE DATA 

EmiT HAMMER 

423 

4” 

0” 

ORGANICS 

CLAY TILL 

- brown 
- some gravel 

GRAVEL TILL 

- grey 
- silty 
- very dense 
- 2-3” gravel 
- sample taken 

- - 

5” 
- 

Pit located on axis of Dam 5. 
Heavy dead falls and low brush 

- 
1 JOB No. 

I----.--.. PROJECT Sage Creek Coal 
2% KLOHN LEONOFF CONSULTANTS LTD. ~ 
-a* ClVlL . CEOTECHNICA I. . HYDRA” LIC LOCATION I 1 

HOLE No. TF-S4 



TEST HOLE LOG 
iRI,CALSCALE 

SAMPLE DATA 

ElGHT HAhlMER 

- 

ORGAN ICS 

CLAY TILL 

- brown 
- siltv 

GRAVEL T I LL 

- pieces of coaly shale 
- very dense 
- samp I e ta ken 

Pit along side of road near 
Pond 5 

- - 
1 JOB No. 

PROJECT S,lOC Creek CC?/ 

KLOHN LEONOFF CONSULTANTS LTD. LOCATION c I ” 1 I. . G E 0 T E c H N I c A L . H Y 0 R A ” I. I c .-~~ 
HOLE No. TO-S5 

DATE 21 Jaw 7s PL,ITE 



TEST HOLE LOG . 

RTICAL SCALE 

SAMPLE DATA 

ZlGHT HAhlMER 
-__, 

“t 

i”I 

WI 
OE 
3 

1: 

2 

3 ~- 

I 
- 

.- 

,~ORD. LOCATlON 

DESCRIPTION OF MATERIAL 

- 

CLAY TILL 

- brown 
- organics 
- roots in soil 

0” 
CLAY TILL 

- QreY 
- some gravel 
- very dense 
- samn le taken 

16” 6” - 

Pit near stream at site of 
Pond 2. Gravel till exposed 
in creek banks. 

i 

- 

I I 
I- 

JOB No. VA 2423 
PROJECT Sage Creek Coal 

LOCATION ~~-__- ~. 
HOLE No. TP-SG 

DATE ?li ,I,,(,,, 70 PLATE 

- i 

KLOHN LEONOFF CONSULTANTS LTD. 
C,“,L . GEOTECHNICAL . HYDRAULIC 



TEST HOLE LOG 

SAMPLE DATA __~-..- 
XHT HAMMER 

10. DESCRIPTION OF MATERIAL 

1, ORGAN I CS 

gLAJ 

- black 
- damp 
- organics 
- silty 

0” - sample taken 

GRAVEL TILL 

- black/brown 
- water bearing 

36” 

Pit located in Pond I near 
small stream. When pit opened 
gravel layer some water entered 
then rose rapidly to 18” below 
surface. 

- 

- 

,- 

f T- JOB No. “’ 

PROJECT Saqe Crech C-1 
_-.....-~__ 
LOCATION 

- 

<+$f%$ KLOHN LEONOFF CONSULTANTS LTD. 
-&g c, v IL. GEOTECHNICAL . HYDRn”L,c 

HOLE No. TP-S7 

DATF 1” !,:p/> 7x3 PI ATE 



TEST HOLE LOG 
RTlCAL SCALE 
__.___~ 

SAMPLE DATA 

5 
- DESCRIPTION OF MATERIAL 

ORGAN I CS 

CLAY TI LL 

- red/brown 
- si I-ty 
- roots 
- 2-3” stones 

GRAVEL TILL 

- grey/brown 
- occasional 6” boulders 
- 2-3” gravel 
- very dense 
- sample taken 

I 
I 2” 

6” 

1: 

L 

3 

E 
7 Pit in ridae between Pond 1 

and Flathead River 

JOB No. ” 2423 

PROJECT Saqo Creek Cczl 
~__~~. 
LOCATION 

HOLE No. TP-S8 

KLOHN LEONOFF CONSULTANTS LTD. 
C,“,L . GEOTECHNlCAL . “YDR*uLIC 



TEST HOLE LOG 
ATE DRILLED 
RILLTYPE 
LEVATION GROVND 
0.ORD. LOCATION 

DESCRIPTION OF MATERIAL 

iRT,CAL SCALE 
---- 

SAMPLE DATA 

36” 

ORGANICS 

GRAVEL TILL 

- brown 
- silty 
- damp 
- 2-3” gavel 
- samp I e ta ken 

,6” 

? 

m 

JOB No. V A 2423 

PROJECT Sage Creek i‘,al , 

~I 
LOCATION 

I 
HOLE No. TP-S9 
nATF 1” .I,?ne 70 I 

PI .lTF 

KLOHN LEONOFF CONSULTANTS LTD. 
Cl”,L . GEOTEC,,NlCAL . HYDRAULIC 



SAMPLE DATA 

TEST HOLE LOG 
ATE D”lLLED 

RILLTYPE 

LEVATION GROUND 

0.ORD. LOCATION 

DESCRIPTION OF MATERIAL 

ORGAN ICS 

CLAY 

- black 
- silty 
- organics 

GRAVEL TILL 

- black 
- silty 
- water bearing 

Test pit about 100 ft from 
small creek. Water rose 
quickly from gravel layer. 

JOB No. 

PROJECT Saqc Creek (,c~! 
KLOHN LEONOFF CONSULTANTS LTD. --.-~.- LOCATION c IV , L . G E 0, E c H N , c n L . ” Y 0 R A ” L , c .~~~~~---~-~~~~~~-- 

HOLE No. TP-510 

-&fiTF -, I..,.. :.I..' PI ‘\TF 
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GRAVEL SAND 
COARSE 1 FINE @tRs~ MEDIUM FINE I 

SILT OR CLAY 

U.S. STANDARD SIEVE SIZE 
3’ 2”1v2” i’3A’ 310” *4 #IO #20 #40#60#100 #200 

100 

0 
100 lo 1.0 0. I 0.01 0.001 0.0001 

GRAIN SIZE- MICLIMLTRES 

REMARKS: 25-3 - RUN OFF FROM ROAD AT TRIBUTARY F-13. 

25-4 - RLIPI OFF FROM ROAD NEAR CAMP. 

SAMPLES COLLECTED JUNE 6 , 1978 



GRAVEL SAND 

COARSE 1 FINE Icac\@ MEDIUM I FINE 
SILT OR CLAY 

I 

U.S. STANOARD SIEVE SIZE 

GRAIN SIZE- MILLIMLTRES 

REMARKS: Test Dit locations show on Drawin~F.~2423-3 

.- 

__.~. -..-- 
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KLOHN LEONOFF CONSULTANTS LTD. 
Civil Geotechnical Hydraulic 

Our Fi le: VA 2392 

Sage Creek Coal Limited 
X202 - 580 Granville Street 
Vancouver, B.C. 
V6C 1918 

Mr. D. Little 

Hoxel I Creek Diversion 

Dear Sir: 

Enclosed are copies of our report, “Howe1 I Creek, Diversion 

Alternatives”. The report briefly revieiqs the two earl ier 

alternatives for diversion of Howe1 I Creek around the Sage 

November 23, 1972 

Creek mine site and describe; a new proposal which, we believe, 

anss;,ers the principal concerns expressed about the previous 

designs. 

Yours very truly, 

KLOHN LEOMFF CONSULTANTS LTD. 

C.P:. POWFORS, P. Eng. 

EhP/ceo 

10180 Shellbridge way, Richmond B.C. Canada V6X 2W7 Telephone: (6041 273.0311 Telex: 04-355520 
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Our Fila: VA 2392 Kovcmber, 1970 

I NTRW;:T I ON - 

Develo?rent of the proposed Sage Creel: Coal Ltd open pit mine in 

the Flathead val ley of southeastern 3ritish Columbia vii I I require 

diversion of Howell Creek away fro!1 the open pit and waste dump areas. 

Howe1 I Creek rises on the western -?:ge of the Flathead basin, flows 

south and east, entering the main Flafiead Valley about 8 km above 

its confluence with the Flathead. Cabin Creek joins Howe1 I about 2 km 

upstream of the F I athead conf I uenc-3. A rzap of the general area is 

shotin in Draui ng A-2392-1. 

The prooosed Hone1 I diversion wouI5 i nterce?-P the origina I creek nea:r 

the point where HoweI I enters the Flzihead Val Icy, and extends easY:<zrd 

toyJar< the Flathead north of the r,iza sIte areas. The now channe I :‘.a” Id 

be co:;? I etely removed from the mi ris deve lopnent area. 

A total of 21,000 feet of existins ::z:.:eII channel (measured along il:3 

creek I;,ialwag) would be eliminate< b,i the diversion. In addi;ion , 

8,009 reef of channel below the Cabin-iioxel I conf luonce would have 

flolws appreciably reduced by remx,zl of the Ho+qcI I flow con;ributioz. 

Diversion of Howe1 I Creel; was briefly discussed in the July 1976 

Envircxxntal Impact Assessment, Sfaz~a 1 Report. A-t that time, the 

projezi designers anticipated -that f?,e diversion woulci follow a fairly 

straic5.t route through Beryl and I’arl Lakes to the Flathead. It wa.; 

recosn i zed tha,-I’ whereas the mine i:o~ Id have a fin i-te econoni c I i fe, 

in the order of 20 years, the Howe I I di vsrsi on wo1~ I d bf: a p3rT1anon t 

feature. Therefore, to avoid conii~zxs maintenance, the diversion 

shoul,: be constructed with the char2;iaristics of a natural channel. 

Klohn Lsonaff Cansullsnts Ltd. 
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::orthwest Hydraulic Consultants studied the creek routing a~5 in 

July 1976, issued a report which outlined the design require-ents 

for the permanent diversion and recommended a route to the south 

of 3eryl and Marl Lakes. This report formed part of the AdLendum 

to ?rel iminary Environmental Impact Assessment, dated Septe.*;er 1, 1976. 

;i summary of the Northwest Hydraul its proposed route is contained in 

Appendix I of this repor’i. 

Several concerns were raised by Provincial regulatory bodies regarding 

she provisions for fish spauning and rearing in the Hortiwesf Hydraulics 

,proposed diversion. In January 1978, the Provincial Ministr;, of Mines 

and ?etroleun Resources sugge sted a diversi on route north o’ Sery I and 

!.:3 r I Lakes. This proposal consisted of an excavated wide floodplain 

ccytaining a meandering main flow channel to provide the Sara channel 

slope and length as the existing Howe1 I channel. A descripfion of this 

proposal is included in Appendix II. 

In ::arch 1973, Sage Creek Coal Ltd retained Klohn Leonoff Ccsultants 

.&id to revie3 the previous Rowe1 I diversion proposa 1s and to develop 

an alternate route which would overcome the objections to ‘ii--? previously 

s,q;.esiecl routes. A description of this proposed route is included 

herein. 



VA 2392 -3- ‘.ovember, 1978 

$1 
2. STUDY SCOPE 

I 
Terms of reference for this study were as follows: 

I 
,3 

1. Review the tiorihvest Hyqraul its proposed dssi 23 
in light of the objections raised by the 
Provincial reg,Jlatory agencies. 

2. Review the F.li nes Department proposed diversi c-t 
route and prepare an estimate of construction 
cost. 

3. Lay out a route which would overcome objectic-s 
to earlier d;sisas, prepare a repor-t on alter-s- 
tives, and fir,alize a route and design acce?fzIle 
to the Control Ier of Water Rights and to tha 
Envi ronmenta I Land Use Commit-tee. 

In addition to th e k&et I diversion assessment, Klc?.- LeonoFf xare 

retained by Sage Creak to gather site hydrologic darz. Dari “3~ the 

trips-to the site for hydrologic data COI lection, i-k+ o?porf;qity 

was also taken -to COI !xt additional informati~on on -^~a pro;x.ed 

diversion ro#Jte. The additional work included: 

1. I nspcct ion of alternate routes by helicopter. 

2. Collection of sui-ficial soil samples along t?+ route. 

3. Visits to oihar coal properties in south easfsrn 
British Columbia to inspect stream diversions and 
methods of ha-d1 i ng si tc water. 

Klohn Leonoff Conrultants Ltd. 
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5. PROPOSED DI ‘.‘ES< II):! ROUTE 

I 3.1 Backqround 

Review of the ‘I2rthwest Hydraul its diversio- alternaTive (see Appendix 

1 
4 

I 

I 

I ) and the s:;;ssted route of the Mines Derz:rtr?ent (see Appendix I I ) 

indicated that the principal drawbacks to tf.sse schemes were: 

1. The Northwest Hydraul its proposal di; not adequately 
address fhe overall need for fish hat’-iat to replace 
that Icst in the original Howell Cres?: channel. 

2. The Mi;es Department proposal did no’ :o.Tpletely 
account +or the natural ground topc;rz.;hy and hence 
had seL.araI layout constraints and a ‘,igi estimated 
cons:rbction cost. 

3 

d The Northwest Fy?ral;lics design made use of 7,s existing topography to 

E’ 

minimize consfr>c-fion cost whi le sti I I prov::ing fla? enough stream 

slopes to alIc;i upstream fish migration. t:r:.a,ier, final slopas were 

still appreci?-ly steeper than in the exist’-; char.!??1 and fishery habi tat 

was no-t pro,:i?a: to replace lost habita-t. 

I 

I 

I 

The present prqosal has been developed fro-, t/.~: i:ortb;:est tlydraul its 

route by ir;pro,/ing fisheries habitaL This -2s resulted in a longer 

route, f tat??- average slope, creation of ~2-3~ an3 varied habitat, 

and enhance:*.eni of spawning areas. In this r-:-gard, several design 

concepts have jeen adopted from the Mines C$;zrtnen? proposal. 

Napping of ihe route area is available with 5 foot con-tour intervals 

at a scale of 1 inch equals 200 .fect. This wa?pi ng shows .the hurnmocky 

terrain and t-5 ;irln5or of sma I I. gul I ies and :i;ressicns that could be 

us4 fo for:; pzrt of the diversion channel. jtereo aerial pho,tozJrsphs 

were used to s~~plonent the mapping to lay CL? a route that used the 

natural topfsrasiy to best advantage in avo: zing deep cuts which aro 

difficult 7’3 deveiop in:o good fish habitat as :iaI I as being expensive 

to construct. 



I 

Surficla! ss3lo;ical mapping of the area indicates the terrain as 

having 2 ;lszio-fluvial origin. Inspection of the route conf i rned 

that sz-:zs and gravels exist at o. r near the surface which ~rould form 

a go?-: yes;s for daveloping fishery habitat in the stream bed and 

banks. Tz;o surficial material sarIpIe s were taken from the natural 

depressixs along the proposed route. A grain size gradation curve 

for 02~2 sa”ple is sho;:n in Figure A-2392-2. The extent and gradation 

of ali;,/isl subsurface materials along the entire route must be 

deter:.;ns3 prior to final design. 

1 
I 

I 
Indira-::::s ara that the groundwa;er level is close to the ground 

surfa:: aixz the diversion route. If this is correct, seepage from 

-the c>zi-41 day not be a serious concern. Again, detail si;e data ara 

requirs! To ostabl ish groundlwater !e’dals before final design. 

I Cngin.z%-1-2 d3siGn Features of the diversion are as follows: 

I 
1. Tr.5 length of the no:‘, channal from the diversion point 

z? :-.e existing Howe1 I char,nol to the Flathead River is 

I 

?- =y fee:* -.-,a., This compares ‘with 21,000 feet of existing 

+:3<;e! I channel that wi I I be lost because of l~he diversion. 

I 
I 

.? . ;,.~5ras.i slope of the diversion channel is O.g:i, 

i;estical to th.a existing ;1veri1~~3 t!oi,IoI I slope, 

3 . 7’~ rain channel has been sized to contain 10~ to 

:‘u(:zrote f lox without overbank discharge. At hi ghar- 

eisrharg;s, flora would spi 11~ out 0: the main channel 

8 

Klohn Leonaff Conrulbnts Ltd. 
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onto the adjacent IL,;< areas, similar to behaviour o’ 

the existing Howell c%nneI. In several areas, deeI+- 

cut is required .baca+se of toao$raphic constraints. 

in these areas bank ::ersai I I vi II not regularly 

occur. 

The adopted non-ov;:Lenk spi I I discharge selected 

was 500 cfs, compare;; to the estimated mean annual 

flood peak of 900 cis. Photos 1 and 2 show the 

existing Howell &an-51 on May 31, 1978 at a dis- 

charge of 330 cfs (;-aliminary Ifater Survey of 

Canada estimate). 

‘L . The main channel di-,;?sions would be: 

bed .?!i z-h 35 feet, 

charms f-33 I ‘h 2 to 3 feet 

side 3’2;~ 21: 1v 

/. The main channel wo-‘i tie routed through IOU areas i- 

the topography to ,i~:xe deep cut reaches. The lay:-- 

sho%n on Drawi rigs’ -3 and -4 has been developed usin; 

.the existing 5 foot c3nTour interval mapping supple- 

mented by study of siveo air photos. 

e. llatural ridges and co?sfructed dykes would contain 5 ‘:,ois 

within’s general I\/ <*finad route for discharges u;r T: t-9 

1000 year recurrence flood. D;ikes would be construe-?; 

wth 4H:lV side sls;s~ and would be vegetated with S-ass 

and trees so that i i inf requeni overtopping did ox--, 

there would be I ittls ;ossibi liiy of breaching the c. -5s 

and subsequent dive. --iv; of the channel to, a new x--s. 
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Vh 23’32 -7- !,:,;e+er, 1978 

7. The rmximn slope of the proposed route is ‘,5:i, cor!?ared 

to 2.35 in the existing HourelI channel. Th.5 axissing steap 

section of 1-‘mel I is located near the Cabin: :mf Iuence just 

tgstream from the Kater Survey gauging s-i-at;:?. This 

section of crack flows in a well defined sirie channel with 

higher banks. There was no overbank flow i r this reach 

at the time of the site visit on May 31, 19:? (5%~ Photos 

3 and 4). 

Fishery Habitat Enhancenont 

The proposed layout lends itself to detail design rctiifications which 

woold enhance fishery spa:,ming and rearing habitat. In general, the 

feattires to be developed are described belo,:!. Tab:+ i indicates the 

design features +or aach particular reach of the rc-2. 

1. In reaches where topogrs?hy is relatively 5’5:’ and ?i:e 

rcqtiired exc?,iation is mall a xide shal lo.1 : + L: n :T e I :‘i 3 u I d 

be cut. iiiit,in ‘this channel, braidted /WI KY.: zhanrels 

wou Id be excz,iated. Floods would overto:, irz lo;.: f I:.‘<, 

channels reg,?larly and flq:,~ owr tlx widi? c’2:..xI as 

in a natural floodplain. If the m-live sa,l:s an2 gravels 

are of proper size and gradation (lack of s: A, si:r?s), 

the wide channel would be loosened using a :.iIioze; 

and rippter so That flows wouI(i quickly re-s--i ihe 

sands and gravels to provide spawning habit-. At 

this time it i 5 not Iwown i f the native sap:5 an;! 

grave I s ar” azcapfable for spwni ng hdbi -t~l:-. Ccn- 

scqucntly within this report, it has been a:: .~a3 that 

native materi2ls would be excavated from t!-,.z !c,I~ f!w 

channel banks and rcploced with graded sand 2-d fjrav~l 

Klahn t.aonoff Conwltrnts Ltd. 
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to :-:. i :a spwning habitat. The ,.;ide channel would 

tt!s- 7-7 be loosened and the silt available for stream 

fra-:;--f would be limited. The zin would be to develop 

a c:.:~-ai similar to Howell as se?- in Photos 1 and 2. 

2. Davr z,-snt of secondary channels -3s been a natural 

occ--ri~ze in the Howe1 I f loodplai?, see Photo 5. 

Thsz? t:~znels provide good fish rearing habitat in 

ths:r jzls atid lower velocity se?ions. In some 

rea~:.+s of the diversion route, tc:>zraphy al lows 

sp:‘-y:-z :hl _ flow into two or mo~3 channels. Secon- 

dar: ~-Czz:als wou1.d be constructe- xhere possible, 

pco 5 c+~.sloped in these channels, and restrictions 

pro;: :c: to I imit velocities. A ~:+a1 of about 3,200 

fes: 2’ secondary channel can bs c%,ieloped along l-he 

rc:-5. 

3. Des:;-.;-; the main channel for a relatively small flood 

pea;. ,>: : I resuli- in frequent overx??ing and spi I I onto 

adJz ‘-.Y-z areas. This spi I I wi I I promote development 

oi EZ :z-33-1f low terrain into floo:zlain-like areas even 

th3.;:. -;-2 soi Is wi I I not be wafe--sorted sands and gravels 

(U-S 3’ ihe existing Howell floor:lain consists of fine 

si I-, ES+ ‘hoto 6). To promote flz.zdplain development, 

so-‘< se’aziive clearing of tress 2;: under-brush would 

be ::-2. Flow in the diversion cbsnnel wi I I result in 

so-5 ?3T-. ,ral bank erosion and rest,-ting of ban’k sands 

an5 ;-z;sls into bars, and dew lo;-en: of deeper pools. 

in strl’: years the process wi I I b+ core rapid than no:‘! 

Oct.-s ia +he~ Howl I channel, but ?“ie nnw channel wi I I 

,qiiisl:l. s.fabi lize and act as a nat;rsl stream. 
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; . 2 least 11 ponds would b% developed along the route b%+ 

:;akiq use of existing pz:C;s and depressions. These 

xi I I orovidc settling aro3s for -the finer materials 

e~of’i3 frorl the channel C-ring ini-tial operation and 

xi I I provide natural resting and feeding areas for 

fis’i. A typical area for dswlopnent of a pond is 

skin in Photo 7. The surficial material sa:~ple of 

Drsxing -2 was taken from: this area. 

2. Along ~0~78 portions of the route, deei> excavation cannot 

b.2 2”2,id&. The rlaxinun zs?th of cut wi I I bo about 23 

fnst, and in order to Ike;-? constr-uct ion costs to re::scnab I.2 

I inits, in these areas on;y a single well deFined cl:a:~ncI 

xi I I 5~ provided. The m~:.:inui;i slope through any givsn 

i-c;833 is 1.65 which if dc-:%ioped as a sirqle ci~anncl, 

;,:<; j I 1 r-asult in high velczitios, serious bank and he3 

SE5 IX, as weI I as a reC:riction .I~0 fish passage. 

In ii~ase single channel a-35, main channel slopes wwld 

5e limited to 0.5:: and rc24~sections of rilpids con- 

s+-x+e? to dissipate th? excess head. The 0.5:: slolo 

‘,.(E:j ~‘~,cJ;~~~, to I iriit velocities md erosion of the bzi;ks 

2nd 5-3d in the single cha?nel reaches. The flat slo;,~- 

stx? s lo?e sections woui < dcrvalop natural aims of 

ol+sma:ing slow vclocitiss and riffles. 



5. Large boulders wxld be placed in the stream ba: ,. : -:.’ - 

th a single chaxai ?orfions. The boulders vi II Z.-E:- 

ths flus local!:., i;it;hin the main channel pro1Fjor.r; -‘z- 

-chanr,eC gravel ta.:5 end adjacent deep channels .:.-i ;: 6; ; I 

carry lo~v flows at adequate depths for fish s~ir.:“.s’. 

Log jms in the sxisting Howell channel serve :?-z:. -T.S 

5373 purpose, 5ei “h3t3 0: 

7. C!mnneI banks in f-5 daep cut areas would be ra-.s;%-??‘: 

with grasses and r,ith fast growing xvii llws and t--i- r--5: 

to provide shade ?-lC I ir!it water ton?eraturc ri5+ z--‘?; 

ibe 5U~~~lRr. The ;raxni Howell floodplain coni%:-: I:.:: 

wi I lms and okha- ir3e;, sect Photos 1 to 5 an2 3. 
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The entrace to the channel from the Flathead Yz restricted by a 

large log jam, See Photo 11, and if this jam x:-e shi fted or i f a 

large flood occ,;r,red, a significant portion 0’ 7-e ilatheod flow could 

be diverted to t;?s back channe I, thereby dcst-c:irg its usefulness as 

part of the HwaII diversion. Consideration ‘x:-Id have to be given to 

providing a mora su%tanti.al bloc!tage at the Fizt?ead en-trance to 

I imit the possibi lity of channel switching. T-is 1’3~ take the form 

of a low rockfilled dyke with flat side slopes i3 ailw overtopping 

during extrerw +Ioods but limit the possibi 1it.i of +ashout. 

Cost Estima~te 

A quantity and csst estimate has been dsvelo3.z: i’sr this a!ternativo 

using the avai la312 topography. As ths contx- ini-rval on the mapping 

is 5 feet, and i-:2 minimu:? channel excavaticn .S 2 lo 3 fez?, if is 

not possible to <.evelop accurate quanti iy esi:-.-:a:. c)uanl-i tics have 

been taken iron t!!e cut depths as defined by ;-?::in; -4, modified 

subjectively by si~dy of the aerial photogra;-5. 

The cost es-timat.s is as follo\~s: 

Channel cut 

Dy kc f i I I 

Rip rap 

Diwrsion da?r; 

Spawn i ng grave I 

330, co3 5 _’ . f ,: 825,000 

5~,003 ..r: 100,000 

30,cxI .- P? _.. _.I 300,000 

35,003 r_? 2.J) 7o,c30 

2,500 :2.i.? 25,033 

--- 

Tota I est i :n::ted c03.t 51,320,033 
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Cow;? I :‘. 5= ALTERNATIVES 

AppcnTzss I and II contain summaries of the Northwest Hydraul its 

.and f.!i:e 322artcant proposed routes respectively. The key features 

of th?se ?rz?osals, and the present propo;al are summarized in Table 

2. 

The pr;-s?r,il:i prdposed channel is l,on_cer than the portion of Howell 

,lost 3’:’ 53 diversion, and has provision for development of fishery 

habi~tas ion spawing and rearing. S?awi rug grave Is of, correct 

gradat;:: :‘#3~ld be initially placed in the channel so that the 

channel n’;~ld be producti& from cop:+x?cer;ent of diversion. 

On the 55s;~ oi the comparison of Table 2, i-t is recommended that the 

prese-t:i{ ?Fz;)osed channel be adop:e? for diversion of Howe1 I Creek.. 

When s :3z!sicn to proceed with mine development is made, a detail 

topog+3;:i :z ! survey shou I( j be done of t>a route corridor. Using ii?> 

detai!+-: ;.r’:r;‘y, the fina I route weal: be developed making best use 

of the -ir:-s-topography 0 f the region. 

A. ’ 11. fIOI;ILAIID 

II. A. PORTFORS, P. 5;‘;. 
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Sipglc channel 
1G if cut rnax 

Pond 

Main channel plus 
secondary channo I s 

Low f lo:.! cha:!nel -with 
ovcrbani: f loodi “3 

Pond 

i?i flls.; 

C I SHC!?Y E:iMXXMENT DEiA I LS 

S?avlning areas in resorted sands and gravels, 
boillders in bed. 

$2awning areas in resorted sands and gravels, 
optimal addition of spawning craveis. 

E>uIders;rock rapids alternating with low 
velocity sectior,s. 

karing habitat 

Zearing habitat in secondary channels. 

Tearing 3abitat 



1.0 Main channel plus 
possible secondary 
channels. 

0 

1.0 

0 

Ponds & marsh 

Single channel 
12 ft cut maximtim 

Pond 

Rearing in secondary channels. 

Rearing habitat. 

Transit 

Rearing hsbi tat 

0.5 Low flow channel with Spawning habitat 
over-bank f Iooding 

1.0 Single channel with 
nui-I-iple riffles 

Transit 2 i-caring 

0.2 Ponds A riffles (4) Rearing 2 spawning habitat 

0.9 Single channel with Rearing in secondary channel 

pass i blc secondary cllannc I 

0 Large pond Rearing 

1.4 Single channel wiih 
boulders aiternaticg 
s I O’W , fast secl-iohs 

Transit 



192+30 0.2 
2i3CO 

2151-00 1 .o 
2sr,+oCl 

2sc+oo 0.5 
253+c!l 

T:\i:LC 1 Can't 

!4ultiple ponds and 
riffles 

Spawning & rearing habitat 

'Hide shal lm braided Transit, possible spawning 
channel with excavated 
floodplains 

Low flow c!:anncI in 
Fiathead floodplain 

Spawning habitat 



Channe I 
length (feet) 

Average slope 

Steepest slope 

blain channel 
-width (feet) 
-depth (feet) 

Floodplain 
-width (f.i) 

TABLE 2 
IiO\JELL 01 VERSION ACTERNAT I VES 

NORTliWES~r 
HYORAU L I CS 

MINISTRY 
OF MINES 

KLOHN LEONOFF 

Seconr!ary or 
back channels (ftf 

Ni I 

Ponds Ni I 

05; a:.7radation/ 
degrjlation 

Fish spawning 
habitat 

Fish rearing 
habitat 

Fish passage 
provision 

Chance I 
charac.ter 

Extreme f load 
capabilities 

16,400 

1.3 $ 

2.25 b 

35 
5 

Ni I 200 to 300 

Stab I e 

Stable 

Pool- 

Poor 

Moderate 

Simple, 
single channel. 
Pools and riffles 
in steep areas 

Good 

18,500 
to 23,500 

0.9 B 

0.9 $ 

30 to 40 
3 to 5 

Ni I 3,200 

Ni I 

Unstable 

11 min. 

S-table in deep cu-t sections, 
Bank m&cri a I re-sol-ting in 
shallow areas. 

Unstable S-table 

Good 
(may need to 
add some grave Is) 

Good 
(may need -to add 
some gravels) 

Moderate Good 

Very Good Good 

Single 
meandering channel 
in floodplain. 
Cons-tan~t slope. 

Poor 

Varied, 
mul-tiple channels. 
varied slope, pools and 
rrifflos, larger ponds. 

Good 

25,800 

0.9 $ 

1.6 $ 

35 
2 to 3 

100 -i- 
noturo I areas 
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APPEND I X I 

Ilorthwest tlydraul its Consul-tants Proposed Route 

1. DES I Gil SUWIARY 

The fiorthwest tiydraul its July 1976 report 
( I )~ 

was a preliminary 

engineering study of the proposed diversion. Basic diversion design 

criteria wore: 

1. Provision of a stable channel. Such a channel would have 

I it-tie long term -tendency to genera I ly aggrade, degrade, 

widen, becoma narrwcr or to develop major changes in 

the meander pattern. Thus the channel should be essentially 

m2 i ntsnance free. Iiowever, loca I ized changes to the channel 

geometry would bz expected simi lar to changes tha-t occur in 

natural channels. 

2. Provision of a channel which would al low fish to migrate 

up the diverted creek and which contained fish habit& 

for spawning and rearing. It was considered feasible -to 

dovelop spawning and rearing habitat in various local-ions 

within the divsrsion channel, and possibly also in artificial 

channels nearby; consequently the criteria of ensuring fish 

passage upstream was consi dcred most critica I. 

3. Development of a diversion wi-til a realistic cap-la1 cost. 

(1) i,lor.thwcst llydl-aul its Consultants L~td “Sage Creek Coil, /lowI I 
Diversion”, July, 1976. 
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Detai Is ‘of the proposed diversion are as fol 10,~s: 

1. Hydrologic studios yielded -the fol lowing estima-ted mean 

dai ly f load discharges for Howei I Creek: 

Mean annua I f load 900 cfs 

5 recurrence year 1100 cfs 

10 year recurrence ~1350 cfs 

50 recurrence year 2100 cfs 

109 year recurrence 2500 cfs 

Design floods adopted were 1200 cfs as the r-cgiw or 

channel formative discharge (the f load which do:sr-mi I)ECI 

the charac-ter of the channel ), and 2500 cfs ai +he peak 

f load to be passed. 

2. A single channel was provided with the following diwlljions: 

bed wi d-i-h 35 feet 

channe I depth 5 feet 

side slopes 2!i: 1'1 

3. The regime or stable channel slops was calcula:ed as 0.55. 

The general existing Howell slope is 0.U; but as the 

existing channel has log jams, nuwrous back channc Ii; 

and con-icli ns tor~tuour, meanders, i-t is expect-d ~-I-hc1.f ~l~ivz 

stable: slope of the single, gently mcan&:r-ing diwrr:ion 

channe I vou I d b:3 about one ha I f that of +ix ruiur:~ I ch~lnm I . 

4 . Tol~;tI Icngth of new channel was 16,400 fen: cm?ar?d 

to 21,0(10 fee-Vof original Homl I channel dhovc the Cabin 

conf iuonce and 3,000 feet of channel affxtcJ bo,t,;:;ron 

iho Cabi n-tiowe I I cowl I uenci, and the F I athc;,il. 
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5. Average slope of the diversion channel was 1.3% 

with the steepest sections being 2.255. 

6. To provide for fish passage up the steep portions, 

alternate lengths of 0.5% and 4% slope would be 

provided. The mi Id slope portions would provide 

resting areas after the steep, high velocity roaches. 

The 4s sec.fions would be a maximum of 25 feet long 

to al low Cutthroa-t trout to swim upstream at a maximum 

discharge of 1000 cfs. 

On average, flows are expected to exceed lOD0 cfs once 

every 4 years for a total of 3; days. During those 

periods, passage of fish would be restricted. 

7. Spawning and rearing habitat were no-t specifically provided 

in the design. However, a reach about 3,600 feet long south 

of Beryl and Marl Lakes was identified as having po~kential 

for detai I routing of the channel througli depressions and 

ponds -to develop habitat. An abandoned Flathead back 

channel with a length of about 10,000 feet was also identified 

as having potential for development of fish habitat. 

ml GIG COMMENTS 

Concerns o.f -the Provincial regulatory agencies appear to centre around 

the loss from fishery use of 21,000 feet of original Howell channel 

b&won ‘the diversion point and the Cabin conf Iuence. I n thi s reach, 

IHow:? I I meanders in a floodplain about 700 feei- wide and has numerous 

r.a:iJ and gravel bars, back channels, split channels, low gravel banks, 

good -h-w cover, al-ternating pools and riffles, etc, all of which make 

the roach good fish spawning and rearing habitat. 



The proposed diversion channel would SC a rclativoly straighf single 

canal, in deep cut in some areas, have little or no floodplain, a lack 

of pools and riffles, few sand and gravel bars, a steeper av-3rage 

slope and therefore hig!kr velocities; fea-l-ures which ge;iera I ly appo+r 

to provide poor fish habitat. 

3. COST EST I FIP,TC -__ 

The estimated construction cost of the Northvest Hydraul its alternative 

was $760,000 in July iO76. Updating -the estimated costs to cov?arabIo 

1978 levels results in the following total cost estimate: 

I -tern ~xnii ty Unit Cos-I Amouni 

(yd’) (S/yd3) (S) 

Cana I Cu-: 22’3,000 

Dykc fill 90,000 
(inch. diversion dam) 

Rip rap 25,000 

$ 2.50 

2.00 

10.00 

550,030 

180,000 

250,000 

Tota I est ima~ted cost s9~30,000 
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APPENDIX II 

Ministry of Mines and 
Petroleum Resources ,Proposed Route 

DES I GN SUMMARY -- 

The Janwry 1978 proposal from the Ministry of Mines and Petroleum 

Resources(‘) was to route the channel from the previous adopted diversion 

point on Howl I, eastward to the Flathezsd north of Geryl and Marl 

Lakes . Main elements 0: the suggestion ‘vero: 

1. Provision of e 200 -to 300 foot %wid;? excava,-i-ed floodplain 

wi+h a 1:’ slope -toward thk main flow chonns?l.. The uphi I I 

cut slo2c would be 2:l and the dalwnhi II dyke fill slope 

3: 1. 

2. Within l-he excavated floodplain, the main chznncl weld 

be cut with a meandering pattern. Chsrxtcristics WJI d 

be: 

width 

depth 

slope” 

meander 
amp I i tudo 

30 to 40 feat 

3 to 5 foe-t 

0.9:: 

200 to 300 feet 

* This is -the p:-sposed floodplain slope, -l~i;c! main chs:lnal 
would mssndcr vii-thin -the floodplain and ‘I~hoi-ofore have 
a flat-tor slope. 

(2) Le-tter D.M. Galbrai th Winis~try of Mines a;ld P&r-o1 eun Resources) 
to D. Li-tttlo, (Sage C~reck Coal Lid) January 19, 1976. 
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3. Options were presented for terminating the channel 

directly into the Flathead, into Marl Lake or in-to 

the Flathead back channel. Diversion channel lengths 

would be: 

Termination 

,Flathead 

Marl Lake 

FI athead back 
channe I 

Channe I Lcnq-th 

18,500 fce~t 

23,500 feet 

23,500 feet 

With lhc Marl Lake alternative, the drainage out of -tha Lake .to the 

Flathead would add channel that could be improved as habitat. In 

addition the Flathead back channel could be developed as habitat. 

DES I GII COFNENTS - 

This aliornativo has the advantage of providing a wide floodplain area 

and a channel with low banks within the floodplain. However, the excavated 

floodplain would not con-tain na-l-urat, sorted sands and gravels found in 

natural floodplains, but would cqnsist of the insitu deposits. Spawning 

sands and gravels would either have to be added or al lolwed to develop 

over time by natural sorting processes. Simi tarly, pools and riffles 

would develop slowly. 

In a number of areas, the main channel impinges upon the floodplain 

dykes on the downhi I I side. As channel bank erosion is expected, 

extensive rip rap protection of the dykcs wi I I be required. 

The route crosses -the natura I drainage from the mountain ridge on the 

nor-ih into Beryl and Marl Lakes. Drainage pal--terns in this arca are 
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posrly defined and the diversion channel may be subject either to 

lari;c? surface water lateral inflw or groiindwater leakage into the 

Iak'35. This asp%?& would have to be inves-tigatod in detai I. 

C'XT EST I t.iATE 

A quantity or cost estimate for this a I:ernative was no-t nade~ by 

t:incs Department. As part o,f the over-al I asscssmsnt of diversion 

alternatives, tilo!ln Leonoff reviewed the layout and made a preliminary 

estimate of quantities. t3ecause the arsa traversed by the route is 

rollins and i nc I ined to thci south, earthptor-k qi!an.tii-its are very 

largs arid the a:'terrwtive is expensive. The cost estimate, based on 

a nwinai 250 oft wide flood plain, is as follcws: 

I ton Quantity Unit Co<;t Awunt 

Cyd? (S/yd? (5) 

Flood;llain cut 

Xa i n Channe I cut 

Dyke Fi I I 

Rip rap 

Diversion dam 

Spawn i ng grave I 

900,000 

240,000 

125,000 

40,000 

35,000 

2,530 

s 2.50 2,250,GO~~ 

2.50 600,000 

2.00 250, c;30 

lO.GO 400,030 

2.03 70,030 

10.00 25,000 

Tot‘? I es-t imated cost 53,595,OOG 
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Photo I 
May 31, 1978 

Howe1 I Creek showing 
overbank flow. Discharge 
330 cfs. 

Photo 2 
t&y 31, 1978 

Howe I I Creek 
overbank flow 

showing 
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‘I, 1978 

I - Cabin confluence. 
Survey gauging station 

#weI I is at extreme top 
do. 

Photo 4 
May 31, 1978 

Howe1 I Creek looking down- 
stream from a location 
just above the WSC station. 
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Photo 9 
May 31, 1970 

Flathead flood pl ain In 
vicinity of back channe I . 

channe I 
I bars, 
nnels, etc. 
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ABSTRACT 

Studies have been carried out to assess the stability of proposed 

mine waste rock dumps that will be developed on steeply sloping foundations 

within areas adjacent to the proposed North Hill and South Hill open pit 

coal mines at the Sage Creek Coal Ltd. property in the Flathead Valley of 

Southeastern British Columbia. The results of the waste dump stability 

assessment are presented, together with the results of field and laboratory 

investigation carried out as part of this study. 
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1.0 INTRODUCTION 

This report presents an assessment of the stability of proposed 

mine waste dumps that will be developed in conjunction with open pit mining 

operations at the Sage Creek Coal Property in the Flathead Valley, South- 

eastern British Columbia. Authorization for this assessment of the stabil- 

ity of the proposed waste dumps, and for preparation of this report were 

given by Sage Creek Coal Ltd. 

2.0 SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 

Four waste rock dumps will be developed on sloping foundations 

within areas adjacent to the proposed open pit coal mines at North Hill and 

South Hill. The topographic profiles within the foundation areas of the 

proposed dumps are generally concave in form. Foundation slopes beneath 

the upper regions of the dump are generally in the range of 26 to 28 deg- 

rees, although at some localized areas within the upper region of the South 

Hill northwest dump are as steep as 37 degrees. Beneath the toe region of 

the proposed dumps, the topography ranges from essentially flat to as steep 

as 18 degrees. 

The majority of the dump foundation areas are mantled by glacial 

till. At some locations within the upper regions of the dumps, the glacial 

till is absent, and the upper surface of bedrock is virtually coincident 

with the ground surface. At locations where the glacial till is absent, 

the upper surface of bedrock is mantled by a veneer of colluvium consisting 

of silty sand with angular rock fragments. 

The proposed dumps will be developed in a series of benches spaced 

at vertical intervals of approximatley 100 ft. During the initial stages 

of the mining operations, the waste rock will be utilized in development of 

L Golder Associates 
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benches above the steep topographic slopes within the upper regions of the 

dumps. While these initial benches are expected to remain stable, they 

will not have a high degree of stability with respect to en masse downslope 

movement as a result of shearing along their bases. Factors of safety for 

these initial benches will be of the order of 1.2. Successive development 

of benches over the flatter topographic slopes at lower elevation will pro- 

vide lateral support for benches constructed on the relatively steep topo- 

graphy at higher elevations, thereby improving stability with respect to 

base sliding. Thus, the overall stability of the waste dumps will increase 

as dump development progresses onto the flatter topographic slopes toward 

the toe regions of the dump. Each of the completed waste dumps will all 

have an adequate margin of safety with respect to base sliding. 

Occasional localised failures can be expected to occur from time 

to time throughout development of the dumps. If dumping operations were to 

proceed without heed to impending instability, such failures could repre- 

sent a hazard to men and equipment engaged in dumping operations. Experi- 

ence with the performance of waste rock dumps shows conclusively that these 

localised failures do not occur without warning. They are always proceeded 

by a period of at least a few days during which the rate of displacement at 

the crest of the waste pile increases progressively. In the interest of 

operating safety, rates of movement at the operating crests of the dumps 

should be monitored to warn of impending localized failures. The observa- 

tional data will indicate those areas where dumping operations should be 

temporarily suspended, as well as areas where dumping operations may be 

resumed following a period of temporary suspension. 

Golder Associates 
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3.0 DESCRIPTION OF PROJECT 

The Sage Creek Coal Ltd. Property is located in Southeastern Bri- 

tish Columbia at latitude 49" 06", longtitude 214' 33" W, approximately. 

The geographical location of the site is indicated on Figure 1. 

The Sage Creek coal reserves occur within two promininant hills on 

the west side of the Flathead River valley. These two hills are referred 

to in this report as North Hill and South Hill, the designations used by 

Sage Creek Coal Company Ltd. North Hill is bounded on its northeast side by 

Howell Creek, and on the south by Cabin Creek which joins Howell Creek app- 

roximately 1 mile upstream of the point where Howell Creek discharges into 

the Flathead River. South Hill is located immediately to the south of Cab- 

in Creek. The elevation of the valley floor is approximately 4400 ft. The 

top of North Hill is approximately 990 ft. above valley floor, and the top 

of South Hill is approximately 750 ft. above valley floor. 

Large volumes of waste rock will be generated in the course of the 

proposed open pit coal mining operations at North Hill and South Hill. This 

waste rock will be consigned to waste dumps which will be developed adja- 

cent to the perimeter of the proposed open pits. According the present min- 

ing proposal, four separate waste dumps will be developed, two at North 

Hill and two at South Hill. For purposes of discussion in this report, the 

proposed waste dumps at North Hill have been designated North Hill North 

Dump, and North Hill West Dump. The dumps associated with the South Hill 

pit have been designated South Hill North-west dump and South Hill South- 

east dump. The location of these dumps relative to the proposed open pits 

are indicated on Figure 2. The existing topography within the foundation 

area of the proposed waste dumps, as well as within the perimeter of the 

proposed open pits is shown on Figure 3. 

Golder Associates 
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4.0 CBARACTERISTICS OF WASTE DUMPS CONSTRUCTED BY END DUMPING 

The proposed open pit mining operations will be carried out using 

truck and shovel. Waste rock will be loaded into trucks at the pit, and 

the trucks will haul the waste rock to the waste dumps where the material 

will be disposed of by end dumping at the crest of the waste pile. Each of 

the waste dumps will be developed in a series of level benches. In general, 

the surface of these benches will be at 100 ft. intervals in elevation. 

Owing to the relatively steep topographic slopes within some segments of 

the foundation area of the dumps, the difference in vertical elevation bet- 

ween the crest and the toe of the developing benches will at times be as 

high as 400 ft. 

Disposal of waste rock by end dumping at the crest of the waste 

pile implies that the face of the waste pile during development will be 

maintained at the angle of repose for the material. Experience with waste 

dumps comprising similar materials in the East Kootenay area of South- 

eastern British Columbia shows that the angle of repose for the end dumped 

waste rock is approximately 37 degrees (1.33 horizontal to 1 vertical). 

When a waste dump is developed by end dumping at the crest of the 

dump, the face of the dump advances by the process of gradual accretion of 

material that rolls and slides down the face of the waste pile. As the end 

dumped rock rolls and slides down the face of the waste pile, significant 

segregation of particle sizes occura. As a result, the largest and most 

durable fraction of the rock fragments roll to,and come to rest at the toe 

of the advancing face of the dump. As the dump is developed progressively, 

and the face advances, this segregated coarse material at the toe becomes 

covered, to form a coarse, pervious, and well filtered zone within the base 

of the dump. This coarse zone at the base of the dump promotes internal 

Golder Associates 
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downward drainage within the body of the waste rock and precludes the deve- 

lopment of high pore water pressures at the base of the dump. 

Collector ditches are proposed around the uphill limits of the 

waste dump to intercept surface run-off water, and to conduct this surface 

run-off water around the ultimate perimeter of the proposed dumps. Thus, 

the surface run-off interceptor ditches will preclude entry to the founda- 

tion area of the dumps, of surface run-off from outside areas. As a result, 

each individual waste dump will receive only that precipitation which falls 

within its perimeter. This fact, together with the coarse segregated rock 

zone which will form the coarse drainage layer at them base of the dump 

precludes development of pore water pressures within the base of the dump, 

which pore water pressures could adversely affect stability. 

A waste rock spoil pile developed by end dumping at the crest can 

be subject to the following types of failure:- 

1) Sliver failure near the crest. 

2) Slumping of the face of the waste pile as a result of yield- 
ing at the toe. 

3) Failure on the face of the waste pile as a result of rapid 
loss of support at the toe. 

4) En masse downslope movement of the waste pile as a result of 
sliding on its base. 

These types of potential failures are discussed briefly in Appendix A. 

TYPO 1, and to a lesser extent Type 2 failures can occur irrespec- 

tive of the slope of the foundation on which the dump is constructed. TYPO 

3 and Type 4 failures are governed primarily by the topographic slopes 

within the foundation area of the dump, and by the shear strength charact- 

eristics of the surficial materials at shallow depth below ground surface. 
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Types 1, 2, and 3 failures can occur during dump development. If 

dump development were to proceed without heed to the rates of movement, the 

occurrence of these types of failures could represent a potential hazard to 

men and equipment engaged in dumping operations at the crest of the waste 

pile. In the interest of operating safety, displacements at the crest of 

the waste pile should be monitored, particularly during periods when the 

dump is being developed over the steeper segments of the topography. A 

simple method of monitoring displacements at the crest of the dump is dis- 

cussed in Section 9. 

5.0 NORTH HILL NORTH DUMP 

5.1 General Description 

The location of the proposed North Hill north dump is indicated on 

Figure 2, and the topography within the foundation area of the dump is 

shown on Figure 3, and plans showing the layout of the North Hill dumps are 

shown on Figures 4 and 5. The North Hill north dump will occupy an area of 

approximately 780 acres. As shown on Figure 3, the northeastern limit of 

this dump extends beyond the present location of Howell Creek. A diversion 

channel will be constructed to divert Howell Creek around the northeastern 

limit of this dump. 

The topographic slope within the foundation area of the North Hill 

north dump varies from a maximum of approximately 26 degrees near the 

southwestern limit of the dump, to virtually flat within the northern por- 

tion of the dump which will be located on the Howell Creek floodplain and 

in the glacial till plain between Howell Creek and the Flathead River. In 

general, topographic slopes decrease from the upper limit of the dump with 

decreasing elevation toward the Howell Creek floodplain. 
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The maximum difference in elevation between the crest and the toe 

of the completed dump will be approximately 770 ft. The average overall 

slope on the face of the completed dump will be between 8 and 9 degrees. 

Typical sections through the North Hill north dump are shown on Figure 8. 

As indicated on the figure, the dump will be developed in two stages. Dur- 

ing stage 1, a series of benches will be constructed on the sloping hill- 

side within the southern region of the dump. The maximum height of slope 

(i.e. the difference between crest and toe elevation) for individual 

benches is approximately 400 ft. 

5.2 Foundation Conditions 

Beneath the upper region of the North Hill north dump, the upper 

surface of bedrock is approximately coincident with ground surface, al- 

though at isolated locations hard glacial till soils mantle the upper sur- 

face of rock. The glacial till consists of a matrix of very dense clay, 

silt, and sand size particles with scattered stone generally to 1 inch 

size, but with occasional cobbles and boulders. At locations where the 

glacial till is absent, the upper surface of rock is mantled by a thin ven- 

eer of colluvial soil composed predominantly of silty sand with scattered 

angular rock fragments throughout. 

The glacial till soils underlie virtually the whole of the founda- 

tion area of the North Hill north dump. Beneath the flat ground below elev- 

ation 4450 approximately, the glacial till is mantled by clayey silt flood- 

plain deposits, and on either side of Howell Creek by floodplain gravels. 

Although the glacial till mantles the lower region of the natural slope, 
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the till deposit is relatively thin as evidenced by the fact that exten- 

sions of faults as mapped within the North Hill pit area can be traced on 

the air photographs across the foundation area of the dump. That is, ex- 

pressions of the faults in the underlying bedrock are evident on the ground 

surface within areas mantled by glacial till. 

5.3 Stability 

The cross-sections through the North Hill north dump as shown on 

Figure 8 have been drawn along the "fall lines" of the topographic slope, 

and therefore show the steepest segment of the foundation on which the dump 

will be constructed. As shown on Figure 8, the average overall slope on 

the surface of the completed dump is approximately 6 horizontal to 1 verti- 

cal. The completed dump will be unquestionably safe with respect to slid- 

ing on its base. 

we have examined the stability of the stage 1 dump during its se- 

quential development. The method of stability analyses employed, and an 

explanation of the results of the anayses as presented on the cross-section 

A-A Figure 8, is included in Appendix B. The results of the stability ana- 

lyses show conclusively that with successive bench construction onto the 

flatter topographic slopes, the angle of internal friction required for a 

given factor of safety decreases. Alternatively, the factor of safety of 

the dump with respect to sliding on its base increases significantly as the 

toe region of the dump is advanced onto progressively flatter ground. 

The results of laboratory shear strength tests on representative 

samples of the glacial till soils are included in Appendix D. The test 
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results indicate that the effective angle of internal friction of these 

materials is in the range 30 to 35 degrees. These tests were conducted on 

reconstituted specimens, as opposed to test specimens prepared from undis- 

turbed intact samples of glacial till soil. The undisturbed in situ gla- 

cial till will have somewhat higher shear strenght characteristics than 

those indicated by the laboratory test results conducted on the disturbed 

and reconstituted test specimens. We expect that the in situ surficial 

soils will have a friction angle of 35 degrees or slightly higher. The 

upper surface of the glacial till soils are weathered, and form a zone 1 to 

2 ft. thick of silty sand over the surface of the till. The angle of in- 

ternal friction within this weathered zone can be expected to be approxima- 

tely 35 degrees. 

The results of the stability analyses for section AA, as summrized 

on Figure 8, indicate that for a factor of safety of 1, the required fric- 

tion angle at the base of the dump ranges from 19.5 degrees for the stage 1 

bench at elevation 4950, to 15 degrees for the 4950, 4900, and 4800 benches 

together. For a factor of safety of 1.3, the corresponding required angles 

of internal friction are 24.5 and 19.5 degrees. Based on the results of 

the stability analyses, together with the probable in situ shear strength 

parameters for the in situ soils as noted above, we conclude that during 

initial stages of dump development, while benches are being constructed 

over the steeper segments of the topography, these segments will remain 

stable, and will not be subject to en masse downslope sliding as a result 

of shearing along the base. As successive benches are developed at progres- 

sively lower elevations, the dump will become progressively more stable. 
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The completed dump will have a very large factor of safety with respect to 

downslope sliding on its base. That is, Type 4 failures (reference Appen- 

dix A) of the completed dump will not occur. 

6.0 NORTH HILL - WEST DUMP 

6.1 General Description 

As indicated on Figure 2, the North Hill west dump will be located 

to the west of the proposed North Hill Pit, on the steeply sloping ground 

above the left hand side of Cabin Creek. The proposed dump will occupy an 

area of approximately 330 acres. 

The topographic slopes within the foundation area of the proposed 

North Hill west dump range from a maximuru of approximately 28 degrees ben- 

eath the elevation 5200 bench, to approximately 5-l/2 degrees beneath the 

toe region of the dump. The ground surface profile is concave upward. Base 

slopes beneath the dump become progressively flatter with decreasing eleva- 

tion. 

The proposed dump will be developed in a series of benches. During 

stage 1, four benches will be developed on the upper region of the slope 

and five benches on the lower slopes. During stage 2, additional waste rock 

will be placed within the lower region of the dump (see Figures 4 and 5, 

and Figure 9). 

6.2 Foundation Conditions 

Within the upper region of the dump, the upper surface of bedrock 

is virtually coincident with ground surface. Within this region, the upper 
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surface of rock is mantled by a thin veneer of colluvium consisting of 

silty sand and angular rock fragments. Within the lower region of the dump 

bedrock is masked by hard glacial till soils. A prominant exposure on the 

left hand side of Cabin Creek indicates that the thickness of glacial till 

beneath the toe region of the dump in at least some locations may be great- 

er than 100 ft. 

Bedrock within the foundation area of the North Hill west dump 

consists of rock of the Fernie Group. The dip of the sedimentary unit ben- 

eath the upper region of the dump ranges between 30 and 35 degrees, with 

the dip direction toward the southeast. The strike of the sedimentary rock 

units is approximately perpendicular to the topographic slope, hence the 

bedding dip of the sedimentary rock units is not an adverse factor relative 

to the stability of the upper region of the dump. The sedimentary rock 

units are intersected by cross-joints that dip at angles ranging between 65 

and 80 degrees. The dip direction of these cross-joints is subparallel to 

the topographic slope. 

6.3 Stability 

The stability of the dump during intermediate stages of develop- 

ment was investigated using the Janbu method of stability analyses. The 

results of these analyses are summarized in graphical form on Figure 9 

which shows the effective angle of internal friction required at the base 

of the dump for factors of safety of 1.0 and 1.3 for successive stages of 

development (see Appendix B). 
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The mobilized friction angles determined by the stability analy- 

ses, and plotted on Figure 9 show that the stability of the dump increases 

as the lower regions of the dump are developed onto progressively flatter 

topographic slopes. Hence the stability of the dump with respect to base 

sliding improves progressively as the dump is developed onto flatter 

ground. 

As noted in the previous section, the in situ glacial till soils 

are expected to exhibit effective angles of internal friction of approxi- 

mately 35 degrees. The friction angle for the silty sand colluvium that 

mantles the upper surface of the bedrock within the upper region of the 

dump is of the same order, i.e. approximatley 35 degrees. The stability 

analyses indicate that the completed North Hill west dump will have an 

adequate factor of safety. Although the stability of the upper regions of 

the eastern portion of the dump will be low during initial stages of deve- 

lopment, we do not anticipate that the initial benches will be subject to 

en masse downslope movement as a result of shearing along the base of the 

dump. 

7.0 SOUTH HILL - NORTHWEST DUMP 

7.1 General Description 

As shown on Figure 2, the South Hill northwest dump will be lo- 

cated west northwest of the proposed South Hill open pit. This dump will 

be fully developed in the course of the stage 1 mining operations at South 

Hill, and as presently proposed, the dump will occupy an area of approxima- 

tely 390 acres. 

The dump will be developed in a series of benches. The uppermost 

bench will be at elevation 5300, and the lowest bench will be at elevation 

. I  
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4700. The average overall slope of the surface of the completed dump will 

be approximately 16 degrees. 

of the four waste rock dumps proposed at the Sage Creek property, 

the steepest topographic slope occur beneath the South Hill southwest dump. 

Three fall-line sections through this dump are shown on Figure 10. Beneath 

parts of the uphill limit of the proposed dump, topographic slopes are as 

steep as 37 degrees. The topographic slopes beneath some segments of the 

toe region of the dump vary between 12 and 18 degrees. 

7.2 Foundation Conditions 

Within the upper region of the South Hill northwest dump, the 

upper surface of bedrock is approximately coincident with ground surface. 

The soil mantle in this region consists of silty sand colluvium with angu- 

lar rock fragments. Within the mid slope region of the dump foundation, 

the becrock is mantled by glacial till soils consisting of a heterogeneous 

assortment of clay, sand, and silt size particles with scattered gravel and 

occasional cobbles and rounded boulders. The thickness of the glacial till 

mantle within the mid slope region of the dump foundation area has not been 

determined since the test pits in this region (test pits 4 and 5, Appendix 

C) did not extend through the glacial till. The till cover is judged to be 

relatively thin since joint patterns in the underlying bedrock are evident 

on the aerial 

side has been 

photographs within the mid region of the dump. 

the location of test pit No. 5, spring activity on the hill- 

responsible for development of a localized area of soft sur- 

ficial organic soils. 

Jurassic rocks of the Fernie group underlie the foundation area of 

the proposed dump. Geologic mapping within the area of the proposed South 

Golder Associates 
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Hill Pit, as well as rock joint patterns discernable on the aerial photo- 

graphs indicate that the stratigraphic dip of the sedimentary units is to- 

ward the east. Thus, the strike of the sedimentary beds is approximately 

perpendicular to the topographic slope within the foundation area of the 

dump. 

7.3 Stability 

Three fall-line sections showing the natural topographic slope, 

and the configuration on the surface of the proposed dump are shown on Fig- 

ure 10. At section EE, the slope of the natural ground surface beneath the 

elevation 5300 bench, and beneath part of the elevation 5200 bench is appr- 

oximately 37 degrees. At least part of this steep topographic slope is 

formed by the resistant sandstone strata that underlie the No. 5 coal seam. 

If construction of the level 5300 and level 5200 benches is undertaken be- 

fore the level 5100 bench is in place, failure of the 5300 and 5200 benches 

may occur as a result of dowrslope sliding of this segment of the bench on 

its base (the Type 4 failure discussed in Appendix A). If such a failure 

were to occur, the slide debris would come to rest in the draw at the base 

of this steep segment of the slope. We do not expect that the slide debris 

would travel downslope as far as the proposed ultimate lower limit of the 

dump. The remainder of the topographic slope at section DD is sufficiently 

flat that the segment of the dump below, and including the elevation 5000 

bench can be expected to remain stable. 

Section DD on Figure 10 shows a fall-line profile at a location 

where the sandstone stratum beneath the No. 5 seam coal forms a ridge that 

juts into, and forms an indentation in the upper limit of the foundation 

area of the dump. As shown on section DD, the ground surface profile is 

L. 
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concave upward. The topographic slope beneath the upper region of the dump 

is approximately 28 degrees, and the slope becomes progressively flatter 

with decreasing elevation. Beneath the toe of this segment of the dump the 

topographic slope is approximately 13 degrees. 

Stability analyses were carried out for section DD, Figure 10, 

using the method of analyses described in Appendix B. The results of the 

stability anlayses for this section are shown in graphical form on the fig- 

ure. If development of the dump commences within the upper region and suc- 

cessively lower benches are constructed in sequence, the stability analyses 

show that the factor of safety with respect to base sliding (Type 4 failure 

as per Appendix A) increases progressively with time. The completed dump 

will have an adequate factor of safety, and there is no possibility that 

the completed dump will undergo en masse downslope movement as a result of 

sliding on its base. 

As noted previously, spring activity in the vicinity of test pit 5 

has resulted in development of soft organic soils within a localized area. 

When the toe region of the dump advances into this area, Type 2 failures as 

described in Appendix A may be expected to occur. In the event of such an 

occurrence, we expect that the failure would be localized, and would take 

the form of slumping on the face of the waste pile. We do not expect that 

the slide debris would travel any appreciable distance downslope. The 

slide debris would remain within the design limits of the completed dump. 

Within the area immediately to the southeast of line YZ as marked 

on Figure 3, the resistant sandstone unit that underlies the No. 5 coal 

seam forms topographic slopes as steep as 37 degrees. If a segment of the 

waste dump is advanced onto these steep slopes before lower benches are in 

place, occasional Type 3 failures (as described in Appendix A) may occur. 

Golder Associates 
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Slide debris form a Type 3 failure can attain high velocity, and may come 

to rest at a surprisingly large distance from the position occupied by the 

toe of the waste pile prior to the failure. The run-out distance of a Type 

3 slide cannot be calculated. However, empirical data for Type 3 slides 

from the face of waste piles composed of rocks similar to those that will 

be consigned to this waste dump indicate a relationship between the Fahrbo- 

shung or run-out angle, and the height of the waste dump. The crest-to-toe 

height of an individual bench at the proposed South Hill northwest dump 

would not exceed approximately 400 ft. The empirical data shown on Figure 

A-3(f) indicate that for a 400 ft. high segment of the waste dump the co- 

tangent of the Fahrboshung would probably not exceed 2.5, which corresponds 

to an angle of approximately 22 degrees. Applying this angle, the reach of 

the slide debris from a Type 3 failure would lie within the ultimate peri- 

meter of the dump. Although .some Type 3 failures may occur at the South 

Hill northwest dump, the slide debris from such failure does not propose a 

threat to Cabin Creek. 

It has been suggested by others that the lines marked XY and ZY 

on Figure 3 represent the approximate lateral limits of an old slide, the 

failure surface of which is located within the Fernie rocks. No subsurface 

investigations in the form of drilling have been carried out to investigate 

the possible presence and depth below surface of the potential failure 

zone. Our investigations have been limited to visual examination of the 

area, and study of both vertical and oblique aerial photographs. Based on 

this study, we are of the opinion that the area is not an old slide. The 

steep topographic slopes on the right hand side of the drainage course 

along line YZ as marked on Figure 3, are formed by the resistant sandstone 

beds that underlie the No. 5 coal seam. 
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Upstream of the Cabin Creek bridge which connects the road systems 

of North Hill and South Hill, a segment of the Cabin Creek channel is rela- 

tively straight. This straight segment of the stream channel appears to be 

coincident with a fault. What appears on the aerial photographs to be a 

surface expression of the upstream extension of this fault crosses the toe 

region of the proposed dump. If any significant mass movement of the rocks 

within the area bounded by the lines XY and ZY (Figure 3) had occurred in 

the past, the alignment of the fault would have been displaced, or alterna- 

tively would have been obliterated across the toe region of the postulated 

slide. mass movement has certainly not occurred recently as evidenced by 

the fact that the channel of Cabin Creek at this particular location is 

flowing on the right hand side of the floodplain, adjacent to the toe of 

the slope. Although the topography is suggestive of mass movements, we are 

of the opinion that no slide has in fact taken place in this area. 

8.0 

8.1 

SOUTH HILL - SOUTHEAST DUMP 

General Description 

The proposed South Hill southeast dump is located southeast of the 

proposed South Hill Pit as shown on Figure 2. This dump will occupy an 

area of approximately 1100 acres. The dump will be developed in a series 

of benches. The uppermost bench will be at elevation 5300, and the lowest 

bench will be at elevation 4400. The maximum difference in elevation bet- 

ween the uppermost bench and the toe of the dump will be approximately 1000 

ft. However, the average overall slope on the surface of the completed 

dump will be less than 8 degrees. 

Over most of the foundation area of the dump, the topographic 

slope is less than 14 degrees. Within a small segment beneath the upper 
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region of the dump the existing topographic slope is as steep as 26 deg- 

rees. Beneath the toe region of the dump the natural topography slopes at 

approximately 3 degrees. 

8.2 Foundation Conditions 

Most of the foundation area of the proposed South Hill southeast 

dump is mantled by glacial till soils. Glacial till is exposed at several 

locations along an existing roadway that traverses the lower region of the 

dump, and glacial till was encountered in test pits located within the 

upper region of the dump. The locations of test pits,excavated within the 

foundation area of this dump are shown on Figure 3, and the logs of these 

test pits are included in Appendix C. 

The glacial till is underlain by the Tertiary Kishenehn clays. 

Test pit 7A, which was excavated at a location within 50 ft. of test pit 7, 

encountered the Rishenehn clays. At this location the glacial till was 

absent. 

While glacial till is believed to mantle most of the foundation 

area of the proposed dump, the till is believed to be relatively thin. This 

conclusion is based on the fact that surface expressions of the southward 

extensions of faults as mapped within the area of the proposed South Kill 

Pit can be traced across the foundation area of the dump. The fault system 

within the underlying rocks form a northwest-southeast linear pattern on 

the aerial photographs. The fault system within the underlying rock at some 

locations has sufficiently strong topographic expression to control the 

natural drainage pattern within the foundation area of the dump. 

Within the toe region of the dump, local minor depressions appear 

to be coincident with the fault system in the underlying rock. Since the 

L 
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topographic slope is relatively flat, these localized minor depressions are 

poorly drained and are infilled with peat and soft organic soils. 

8.3 Stability 

Two typical cross-sections through the dump are shown on Figure 

11. The sections are along the fall-line of the slope and represent the 

steepest sections of the foundation profile within the dump. With the ex- 

ception of the upper part of the profile on section GG, the slope of the 

ground surface is so gentle that stability analyses did not appear warrant- 

ed. The completed dump will be very stable, and there will be no possibil- 

ity that the dump will undergoe en masse movement as a result of shearing 

along its base. 

As the dump is developed progressively, and the toe region advan- 

ces onto localized areas that are occupied by poorly drained soft organic 

soils, occasional Type 2 failures (see Appendix A) can be expected to 

occur. These failures will result in displacement of soft soils at the toe 

of the dump, and in slumping on the face below the crest of the active 

bench. 

9.0 MONITORING OF CREST MOVEMENTS 

Occasional failures can be expected to occur from time to time at 

the operating crests of the benches during their development. If develop- 

ment of the dumps were to proceed without heed to impending instability, 

such failures could represent a hazard to men and equipment engaged in 

dumping operations. 

Experience shows that failures at the operating crests of waste 

dumps do not occur without warning. The failures are always preceded by a 

i ;a 
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period of at least a few days during which crest displacements develop at 

progressively increasing rates. Thus, if the movements at the crest of the 

pile are monitored continuously, interpretation of the recorded rates of 

movement will give ample warning of an impending failure. The recording 

and interpretation of movement data on a daily basis should be considered 

as an integral part of dump development. It will not be sufficient to make 

casual observations of surface cracking adjacent to the crest of the pile 

since, if dumping operations are confined to a limited area, evidence of 

crack development and/or subsidence may be obscured or erased by truck tra- 

ffic and by bulldozing operations, in which case accelerating crest move- 

ments might not be detected. 

Records of the rates of crest movements should be maintained from 

the outset of dump development to provide advance warning of impending in- 

stability on the face of the waste pile. The device suggested for monitor- 

ing of crest movements is illustrated schematically on Figure 12. The de- 

vice consists of a pin driven into the face of the slope at a point below 

the crest of the waste pile. A light flexible wire attached to the pin is 

run through pulleys attached to light portable stands. The stand farthest 

from the crest is located on stable ground, and a weight is suspended from 

the end of the wire. As displacements occur on the face of the pile, the 

end of the wire attached to the pin is pulled downslope, raising the sus- 

pended weight. A record of the rate of movement is obtained by taking per- 

iodic measurements of the vertical distance between the suspended weight 

and a reference point on the base of the stand. 

The measuring device is crude. However, experience has shown that 

in many instances, rates of movement in excess of 3 ft. per day, and total 

crest movements in excess of 30 ft. have occurred which did not lead to 
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mass sliding. Considering the large magnitude, and rates of movements that 

normally precede failure on the face of a waste rock dump, the crude moni- 

toring devices provide data of sufficient accuracy. 

The operating principal of the monitoring devices is simple. They 

are inexpensive, can be installed quickly, and they can easily be moved to 

a new location when required. The movement readings can be taken by one 

person (a survey crew is not required) and the movement progression can 

easily be watched by the dump foreman during periods when relatively rapid 

crest movements are occurring at a particular location, and close monitor- 

ing of the rate of movement is advisable. 

Waste disposal operations should be temporarily suspended at loca- 

tions where the measured rate of displacement at the crest of the waste 

pile is greater than 1.5 ft. per day. Following a period of temporary sus- 

pension, spoiling operations can be resumed when the recorded rate of dis- 

placement is equal to or less than 1.5 ft. per day, provided also that the 

recorded rates of displacement are decreasing progressively with time. 

Careful observation and interpretation of crest movement data will 

permit appropriate selection of 1oc;tions where dumping operations can pro- 

ceed without danger, where operations should be temporarily suspended, and 

where dumping may be resumed after a period of temporary suspension because 

of excessive movements at the crest. 

9.1 Zone of Crack Formation 

The light portable stand farthest from the crest of the dump (Fig- 

ure 12) should be positioned on stable ground. The materials deposited on 

the face of the waste pile will be loose and, subject to compression under 

the weight of subsequent layers of waste rock added to the face of the 

i 
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pile. As a result, vertical settlement of the surface of the waste pile 

will take place within the region adjacent to its crest. The face of the 

waste pile will be maintained at its angle of repose (approximately 37 deg- 

rees) during development, which implies that the factor of safety for pot- 

ential failure surfaces located at shallow depth below the face of the dump 

are at all times only marginally greater than unity. Under these stress 

conditions, the waste materials undergo shearing strains which are manifes- 

ted in the form of vertical and, horizontal displacements, and cracking on 

the operating surface of the dump within the region adjacent to the crest 

of the slope. 

Theoretical considerations indicate, and field observations con- 

firm, that the width of the zone adjacent to the crest within which crack- 

ing and displacement occur is a function of the vertical height of the 

slope. Figure 13 shows a summary of empirical observations obtained at 

operating mines in the East Kootenay region of B.C. These data indicate 

that the width of the zone of cracking at the crest of a waste dump is 

roughly proportional to the height of the waste pile. For a bench having a 

crest to toe height of approximately 400 ft. (approximately the maximum 

height of proposed individual benches) and a slope angle of 37 degrees, 

Figure 13 indicates that the zone of cracking could extend a maximum dis- 

tance of approximately 80 ft. back from the crest. 

10.0 TOPSOIL 

There is a paucity of topsoil within the foundation area of the 

proposed waste dumps. The natural organic litter on the forest floor app- 

ears to have been destroyed by the forest fire that swept the area in the 
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1930's. As a result, the organic topsoil is virtually absent, and soil 

suitable for reclamation work and/or landscaping is scarce. 

The flat area located between Howell Creek and the toe of North 

Hill appears to be one location where soil suitable for landscaping pur- 

poses could be obtained if such is required. Based on the materials as 

exposed in test pits 1 and 2, it appears that the upper 2 ft. (approximate- 

ly) of the soil mantle within this area would be suitable for landscaping 

and/or reclamation work. It would be necessary to strip these soils well 

ahead of the advance of the toe of the dump into this area. We wish to 

point out however, that stripping and removal of soils ~from this area is 

not required for dump stability. Stripping of the upper 2 ft. of soil from 

this area would not adversely affect dump stability. 

Alternative sources of organic soil are located within the south- 

w 
eastern region of the South Hill southeast dump. While the materials have 

not been investigated, we expect that organic soils could be recovered from 

the localized poorly drained depressions in this area. We expect that the 

- 

soils contained in these poorly drained depressions are soft, and that they 

are probably incapable of supporting pneumatic tire mounted equipment. Ex- 

cavation of these soils probably be a dragline operation. Since these mat- 

erials could be expected to be soft and saturated, stockpiling of these 

soils for later "se would be difficult. 

Yours very truly 

GOLDER ASSOCIATES 

Per: David B. Campbell, P. Eng. 

w DBC:rme 

782-1145 
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APPENDIX A 

TYPES OF WASTE DUMP FAILURES 

TYPE I - Sliver Failure at Operating Crest of Waste Pile 

When a dump comprising waste rock is developed by end dumping at 

the crest, segregation of particle sizes occurs as the material rolls and 

slides down the face of the waste pile. As a result, there is a paucity of 

fine particles within the lower region of the waste pile, and a greater- 

than-average percentage of fines within the material near the crest. The 

presence of fines near the crest of the waste pile contributes a small 

amount of cohesion which enables the face of the pile immediately below the 

crest to stand at an angle slightly steeper than the angle of repose for 

the waste rock. This is illustrated on Figure A-l(a). On this figure, ac 

represents a potential surface of sliding for the elongated triangle abc. 

Figure A-l(b) shows an elemental segment of the potential failure 

mass abc, together with the forces that act on its base. The forces acting 

on the sides of elemental column are approximately equal in magnitude and 

opposite in direction, and my therefore neglected without introducing 

serious error. 

The general shape of the stress-strain curve for the material 

along the potential failure surface ac is illustrated on Figure A-l(c). 

The applied shearing force along potential failure surface ac due 

to the weight of triangle abc is 7 Wsina . The maximum force available to 

resist sliding is ;i (c' + Wcos* tan@'). 

As the face of the waste pile advances to the position a'b' (Fig- 

ure C-l(a)) z"W increases. As ZW increases, the applied shearing force on 
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potential failure surface ac increases in the manner illustrated by curve 

1, Figure A-l(d). The maximum available shear resistance increases as ill- 

ustrated by curve 2. As shown on the figure, curves 1 and 2 converge as 

2W increases, and when i‘W reaches the value WC, curves 1 and 2 are 

coincident. At this point, the applied shear force on ac is equal to the 

maximum available shearing resistance, i.e. the factor of safety equals 

1.0, and failure of the sliver is immenent. 

When failure occurs, the material moves down the face of the waste 

pile at a quasi-uniform rate and comes to rest at the toe. 

Since the stress-strain curve for the material along potential 

failure surface ac has the general shape illustrated .on Figure C-l(c), as 

the factor of safety approaches 1.0, the triangle abc undergoes consider- 

able deformation and downslope displacement. This displacement is manifest 

by cracking on the surface of the dump at c, and by horizontal and vertical 

displacement of the surface bc. As the factor of safety approaches 1.0, 

the rate of displacement increases. Type 1 failures, i.e. the sliver fail- 

ures at the crest of the waste pile are independent of the slope of the 

foundation. 

Although small failures may occur on the face of the waste pile 

from time-to-time, the slide debris resulting from such failures can be 

expected to come to rest approximately at the position of the toe of the 

waste pile prior to the occurrence. 

TYPE 2 FAILURE - Slumping of Face of Waste 
Pile due to Lateral Yielding of the Toe 

In Figure A-2(a) the toe of the waste pile has advanced onto a 

localized area of soft soil. This soft soil has lower shear strength 

;  ”  
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characteristics than the soils within the general foundation area of the 

waste pile. The stress-strain curve for the soft soil has the general 

shape illustrated on Figure A-Z(b). 

Stresses imposed by the toe region of the waste pile result in 

displacement of the soft soil toward the left, and yielding of the toe. 

Yielding of the toe is accompanied by slumping on the face. 

This type of failure does not occur without warning, it is 

preceded by a period during which the rate of displacement at the crest of 

the waste pile increases progressively. 

TYPE 3 FAILURE - The Sturzstrom-Type Slide 

Figure A-3(a) illustrates a segment of waste dump that is being 

developed on a steeply sloping foundation. The toe region of the waste 

pile has advanced onto a localized steeper-than-aerate segment of the 

slope. The shear strength parameters for the in situ foundation materials 

located at shallow depth below ground surface are lower than those for the 

waste rock. Figure A-3(b) shows an elemental segment of the toe region of 

the waste dump, together with the forces acting on the base of the element. 

Forces acting on the vertical sides of the element are approximately equal 

in magnitude and opposite in direction and therefore may be neglected 

without introducing serious error. 

The stress-strain curve for the in situ material located at 

shallow depth below the base of the dump is illustrated on Figure A-~(C). 

As illustrated, after the material undergoes moderate deformation, the 

shearing resistance reaches a peak value. As strain continues, the 

shearing resistance of the material drops to a residual value which is 
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considerably lower than the peak strength. The peak and residual Mohr rup- 

ture envelopes for the in situ foundation material are as illustrated on 

Figure A-3(d). The Mohr rupture envelope representing peak strength has a 

cohesion intercept, and a relatively high angle of internal friction. The 

Mohr rupture envelope representing residual strength has a considerably 

lower angle of internal friction, and no cohesion. 

As the face of the waste pile as illustrated on Figure A-3(a) ad- 

vances, W increases, and both applied shear and maximum available shearing 

resistance increase in the manner illustrated by curves 1 and 2 on Figure 

A-3(e). At the value W, on this figure, curves 1 and 2 are coincident, 

i.e. the factor of safety is 1.0. As shearing takes place, the shearing 

resistance along that segment of the failure surface located within in situ 

material at shallow depth below the base of the dump reaches a peak value 

as illustrated on Figure A-~(C). As the shearing displacements increase, 

the shearing resistance within this segment of the failure surface is sud- 

denly reduced to the residual strength, i.e. the shearing resistance sud- 

denly drops from curve 2 to curve 3 (Figure A-3(e)), but the applied shear 

remains at the value indicated by curve 1. The difference in these two 

forces, shown as F, on Figure A-3(e) is an unbalanced force that re- 

sults in acceleration of the segment of the toe region of the dump marked 1 

on A-3(a). This segment undergoes rapid movement in the downslope direc- 

tion, removes lateral support for the segment marked 2 which also fails, 

accelerates, and attains high velocity. 

The dynamic distance to motion of the rapidly moving slide debris 

is a small fraction of its static resistance. This low dynamic friction is 

believed to be the result of kinetic particle-to-particle transfer of ener- 

gy within the rapidly moving mass. Because of the low dynamic friction 

slides of the type illustrated on Figure A-3 can attain high velocity, and 
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the distal portion of the slide debris may come to rest at a surprisingly 

large distance from the position that the toe of the waste pile occupied 

prior to the occurrence of the slide. This is referred to as sturzstrom- 

type failure. 

The vertical angle subtended by the line of site between the crest 

of the waste pile prior to the sturzstrom-type slide, and the distal 

portion (or farthest point of travel) of the slide debris is known as the 

Fahrboschung. Empirical observations indicate that the Fahrboschung varies 

inversely with the difference in elevation of the toe and the crest prior 

to failure. The empirical data for sturzstrom-type failure on the face of 

waste rock dumps are shown on Figure A-3(f). The lowest fahrboschung so 

far observed is approximately 11 degrees. 

TYPE 4 FAILURE - Overall Stability 

Figure C-4(a) illustrates a section through a completed waste 

dump. The stability of the dump with respect to en masse sliding on its 

base is considered. Figure C-4(b) illustrates an elemental vertical 

segment through the dump, together with the forces acting on the base of 

the vertical element. The forces acting on the vertical boundaries of the 

element are equal in magnitude and opposite in direction, and can therefore 

neglected without introducing serious error. 

Golder Associates 
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The applied shearing force on the base of the element due to its 

weight is W sinci , where c!. is the inclination of the base of the element. 

The mobilized shearing resistance on the base of the element is:- 

c/F + W cos a ta&'/F 

where:- F - the factor of safety. 

The overall factor of safety is:- 

?? c'/F + W COSCX tan @'IF 
F = 

Z W sina 

Golder Associates 
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APPENDIX B 

Methods of Stability Analyses 

In considering the stability of the proposed waste dumps, it was 

assumed that mining operations would commence at or near the top of the 

North and South Hills. Access between open pits and waste dumps are com- 

monly developed in the manner which minimizes uphill and downhill haul. 

Waste rock generated during the initial stages of mining operations was 

assumed to be disposed of within the benches located within the upper re- 

gion of the dump. As mining in the pit proceeds to progressively lower 

levels, the waste rock would be consigned to benches located at correspond- 

ing lower levels in the dump. 

In assessment of the dump stability it was assumed that benches on 

the steep upper slopes would be developed prior to placement of material 

within the benches on the lower flatter slopes. The materials consigned to 

the lower benches on the flatter slopes will provide lateral support to the 

toe region of the benches constructed on the steep upper slope, thereby 

improving the stability of the dump with respect to en masse sliding on its 

base. As a result, factor of safety of dump with respect to base sliding 

improves with progressive development of the dump. 

The Janbu* method was used to analyze the stability of the dump 

with respect to en masse sliding on its base during initial stages of deve- 

lopment. Assuming zero cohesion within the soil that mantles the ground 

surface within the foundation area of the dump and a phreatic surface coin- 

cicent with ground surface, the angle of internal friction required for a 

* "Application of Composite Slip Surface For Stability Analyses", Proceed- 
ings European Conference on Stability of Earth Slopes, Volume 3, Page 43, 
1955. Golder Associates 
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factor of safety of 1.0, and a factor of 1.3 were calculated. The angle of 

internal friction required for a factor of safety of 1.0 is the mobilized 

friction angle, 0,. 

tan 0m = tan @'IF 

where:- 0’ = the true angle of internal friction for the sur- 
ficial soils that mantle the foundation area of 
the dump. 

F = the factor of safety with respect to downslope 
sliding of the dump on its base. 

The factor of safety is approximately equal to tan @'/tan 0,. 

The cases analyzed are summarized in the table on Figure Bl. 

The results of the stability analyses are presented in graphical 

form on the appropriate cross-sections (Figures 8 to 11, inclusive) in the 

form of required angle of internal friction versus the position of the 

crest of the dump, as illustrated on Figure B-l. 

Golder Associates 
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Cases Analyzed Segment of the Dump Segments of the Dump 
Assumed to be in Place yet to be Constructed 

Case 1 a b, c, & d . . . 

Case 2 a&b c & d .,. 

Case 3 a, b, & c d . . . 

Case 4 a., b, c, & d e . . . 
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Test Pit No. 1 

Depth 
(ft.) 

0.0 - 0.7 

0.7 - 2.0 

2.0 - 4.0 

Test Pit No. 2 

0.0 - 2.8 

2.8 - 3.3 

APPENDIX C 

TEST PIT LOGS 

North Hill - North Dump 

Description of Material 

Silty clay with organic matter. 

Silty clay, stratified light brown and dark 
bands approximately 2 inches thick. 

Glacial till, dense silty clay with scattered 
angular to subangular stone fragments to 2 inch 
size. 

Silt, slightly sandy and clayey, stratified 
light brown and dark bands 1 inch to 2 inches 
thick. 

Clay, hard, dark brown, unconfined compression 
strength approximately 4 tons per sq. ft. 

Golder Associates 
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Depth 
(ft.) 

Test Pit No. 3 

0.0 - 1.2 

1.2 - 5.9 

Test Pit No. 10 

0.0 - 0.25 

0.25- 4.9 

4.9 -14.0 

TEST PIT LOGS 

North Hill - West Dump 

Description of Material 

Silty sand, with organic matter, scattered stone 
fragments. 

Glacial till, silt-sand-gravel mixture with 
scattered cobbles and small boulders. 

Topsoil. 

Sand, silty with angular to subangular gravel. 

Glacial till, silty, sandy, clay matrix, hard, 
with scattered angular gravel and cobbles. 

Golder Associates 
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TEST PIT LOGS 

South Hill - Northwest Dump 

Test Pit No. 4 

Depth 
(ft.) 

0.0 - 0.6 

0.6 - 3.5 

Description of Material 

Sand, fine, silty with organic matter. 

Glacial till, silty fine sand with scattered 
angular to subangular stone to 3 inches size. 

Test Pit No. 5 

0.0 - 0.3 

0.3 - 3.7 

Topsoil. 

Sand, silty clayey grading into hard till-like 
soil consisting of a hard silty clay matrix with 
scattered stone. 

Golder Associates 
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TEST PIT LOGS 

South Hill - Southeast Dump 

Test Pit No. 6 

Depth 
(ft.) 

Description of Material 

0.0 - 2.5 Silt, organic, stratified light and dark bands 
approximately 2 inches thick. 

2.5 - 4.0 Silt, sandy, dense, with,scattered angular 
gravel. Water seeping into bottom of test pit. 

Test Pit No. 7 

0.0 - 4.0 Glacial till, very dense silty sand matrix with 
gravel to 2 inch size. Occasional boulders to 1 
ft. size. 

Test Pit No. 7A 

0.0 - 0.2 

0.2 - 3.0 

Topsoil, dark grey silty char. 

Silty clay, light brown to tan, jointed, very 
hard. Grading into jointed Kishenehn clay 
(shale). 

Test Pit No. 8 

0.0 - 4.0 Glacial till, hard silty sandy clay matrix with 
scattered stone generally less than 6 inches 
size. Occasional rounded boulders to 3 ft. 
diameter. 

Test Pit No. 9 

0.0 - 3.6 Glacial till, bard silty clay matrix with stone 
fragments to 1 inch size and scattered larger 
stone. 

Golder Associates 
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EXECUTIVE SUMMARY 

I 
s 
I 
I 

In June 1979, the Historical Resource Management Division 

of ARESCO (B.C.) Ltd. conducted a heritage resource inventory and impact 

assessment of the proposed Sage Creek Coal development in the Upper Flathead 

Valley of southeastern British Columbia. The following report details 

the objectives, procedures, results and recommendations of the study. These 

are briefly sumnarized below. 

Objectives 

. To gather data about previous research and known sites 
in the study area. 

. To evaluate from source material and on the basis of 
field inspection, the heritage resource potential of 
all development areas. 

. To locate and evaluate all heritage resource sites to be 
impacted by the development and to recommend mitigative 
measures where appropriate. 

Research Methodology 

l Areas deemed to hold the ..highest potential for heritage 
resource sites (river/stream terraces) were given 100% 
intensive on-ground coverage whiie low and negative 
priority areas consisting of wet lands and steep slopes 
were gi van from 25% to 0% coverage. 

Results 

. A total of seven historic period sites was located during 
the course of the field program. The sites incl uded 
two oil well sites (DgPp- H-Z and 3), the townsite 
of Morrissey (DgPr- H-l), the Morrissey Mines Coking 
ovens (DgPr- H-2), the towns i te of Carbonado (DgPr- H-3)) 
the Morrissey Cemetery (DgPr- H-4)) the townsite of Morrissey 
Junction and Morrissey Station (DgPs- H-l). 

l No prehistoric sites were located. 

Impact Assessment 

l Only one site, DgPp- H-3, falls within the specified impact 
zones. All sites are presently suffering impact from 
vandalism as well as natural forces. Some attempt should 
be made by the proper authorities to curb this degradation. 



Recommendations 

. As no impact to six of the sites will occur through mining 
operations no further work is recommended. 

. At DgPp- H-3, and to a lesser extent at DgPs- H-l where 
the site is in close proximity to a development boundary 
avoidance is recommended. 

ii 
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I. 

HERITAGE RESOURCE INVENTORY AND IMPACT ASSESSMENT 

OF THE 

PROPOSED 

SAGE CREEK COAL DEVELOPMENT 

INTRODUCTION 

At the request of Sage Creek Coal Ltd., ARESCO (B.C.) Ltd. 

conducted a heritage resource impact evaluation of a proposed coal 

development in the East Kootenay region of southeastern British Columbia. 

The proposed development calls for an open pit mine operation and related 

plant site, dump areas, settling ponds and Access roads to be constructed 

near the nvauths of Cabin and Howell creeks in the Upper Flathead Valley. 

An additional load-out facility is proposed in the Morrissey area 

of the Elk River Valley approximately 13 km south of the town of Fernie. 



In accordance with the Stage I I requirements of the Guidelines 

for Coal Development, issued by the Environment and Land Use Committee 

(1976) of the Government of British Columbia, the purposes of this study 

were as follows: 

. To inventory heritage resources within the proposed 
development areas; 

. To assess all heritage resources recorded in light 
of potential adverse impact from proposed mining 
activities; and 

. To recommend impact mitigation measures should they 
be requi red. 

Field work was carried out from June 4 to June 14, 1979 and 

was authorized under Permit No. 1979-18, issued by the Heritage Conservation 

Branch of British Columbia. 

2. PROJECT DESCRIPTION AND LOCATION 

The proposed mine development is located in the Upper Flathead 

Valley area of southeastern British Columbia (Figure 1, page 3). More 

specifically, the development will involve an open pit mine on the northeast 

slope of Dailey Hili, west of the Flathead river along the south bank of 

Cabin Creek. This area is referred to by the developers as the ‘South Hill’. 

A second open pit operation is proposed for the eastern end of a ridge running 

north of Cabin Creek and south of Howell Creek, again on the west side of 

the Flathead Valley. This area is referred to as the ‘North Hill ‘. 

Both the North and South Hill developments will encompass surface 

areas of approximately 1.7 km2 each and will be accompanied by relatively 

large overburden dump areas on the North and South Flanks, covering a 

surface area of close to 10.28 km2. Associated with the mining operations 

will be a 0.3 km2 plant site located near the confluence of Howell and 

Cabin Creeks, 6 settling pond localities along Howell and Cabin Creeks and 

a major diversion channel t-e-directing Howell Creek into the Flathead River 

some 366 m north of its present confluence. Figure 3, page 11 shows 

a schematic plan of the proposed mining development. 

-2- 
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Aside from the primary mine and plant sites, a coal load-out 

facility has been proposed to cover an approximate 0.12 km2 area in the 

vicinity of Morrissey on the east bank of the Elk River approximately 13 

km south of the town of Fernie. Figure 2, page 7 shows the Morrissey 

load-out area. 

Both of the study areas fall within Holland’s (1964) Border 

Ranges division of the Rocky Mountain Area which comprises the eastern 

system of the Canadian Cordillera. The dominant features of the Border 

Ranges are the Galton and MacDonald Mountains (or White Fish Range) on 

the west and the Clarke Mountains on the east, centrally divided by the 

Flathead fault which is presently characterized by the relatively broad 

Flathead Va 1 ley. 

The primary bedrock features of the Galton and MacDonald 

ranges are Proterozoic argilliceous sedimentary rocks, silty rocks and 

limestones with argillite, siltstone, sandstone, I imestone and quartzite 

characterizing the Clarke range to the east (Holland 1964:85). 

Topographic relief is very pronounced with the Flathead Valley 

lying at an elevation of ca. 1372.5 m (4500 ft) above sea level, bordered 

on the east by the Clarke Range with peaks reaching elevations of 2623 m 

(8600 ft) and the MacDonald and Galton ranges on the west with peaks 

averaging 2287.5 (7500 ft). The Flatheat Valley, however, exhibits relatively 

!ow, even rel ief. The valley is approximately 10 km wide in the vicinity 

0, Cabin and Howell Creeks. 

The study areas ~fall within Lyon’s (1952:9) Sub Alpine Forest 

Zone and Cowan & Guigets (1965) Sub Alpine Forest Biotic Area. The heavy 

forest cover is comprised of western larch L&X OC~,~&IUU~.&, aspen 

Popu,&.4 OumuLoid~, mounta in alder A&U &~~ti&ti, s i tka al der ALnUb 

6iMuata, northern black cottonwood Popu.& tihoc&‘~pa, water birch B~QLL!LI 

occideruWi,s, white spruce P&%X gtiuca np. g&ucn, Engelmann Spruce P,&zu 

gLaucek snp eflg&anti, lodgepole pine P&U catihta .&.~%jioti and western 

pine P&U mOti0LU. A great variety of shrubs are present in this area 

and even more numberous varieties of flowers are native to the region. The 

reader is referred to Lyons (l952:9-lo) for a comprehensive listing of flora 

in the area. A large variety of mammals were observed within this region, 

the mOst important to man being: Yellowstone nwose A&U aJ?cU 0-i; 
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Rocky Mountain elk Ctiuti cunadeti& n&ani; whitetail deer Odoco-LLieeun 
vihginianti ochhowub; black bear Uh,5&5 am&cUnuh; grizzly bear ll551.U 

anah ha&bilA; American beaver Cab&~ canadenbA lenwdantun; and 

porcupine EheRkizOn doJ~Aa*um vl.igh&5c@Lb. 

3. HISTORICAL OVERVIEW 

3.1 \ ETHNOGRAPHY 

The upper Flathead Valley and Elk River areas of southeastern 

British Columbia fall within the territory known ethnographically to have 

been occupied by Kootenai-speaking peoples known as the Yaket-Ahno-Klatak- 

Makanay or Tobacco Plains Kootenai(Tolmie & Dawson 1883, Chamberlain 1892, 

Turney-High 1941). A number of fairly detailed ethnographic accounts of 

the Kootenai in general are available in the following sources: Tolmie 

and Dawson (1883), Chamberlain (1892, 1905), Teit (1930), Turney-High (1941)) 

and Johnson (1969). 

The Tobacco Plains Kootenai are a sub-tribe of the Upper 

Kootenai and as the name suggests, were geographically centered in the 

Tobacco Plains region of the Kootenay Valley on both sides of the inter- 

national border near Roosville, B.C. No ethnographic accounts specifically 

indicate aboriginal occupation of the upper Flathead Valley proper, however, 

early accounts such as Chamberlain (1892) as well as the latter work of 

Turney-High (1941) do observe that the Kootenai made regular expeditions 

three times a year to the eastern foothills of the Rocky Mountains to hunt 

bison. Foster (1978:14) on the other hand, cites a local story of a small- 

pox epidemic among the Mountain Stoney Indians apparently living in the 

vicinity of the Kishinena Valley on the eastern flank of the Flathead. 

The origin and history of the Kootenai remains in doubt. 

Most accounts however, suggest that the Kootenai Indians originated on 

the Plains (Chamberlain (1892:575) and were relatively late arrivals in the 

Rocky Mountain region. The Tunaxa (Turney-High 1941 :l8) or Tona’xa (Tei t 

1930:625) were a Plains group often cited as the parent stock of the 

Kootena i . 

-5- 



Of particular interest to this study is the thrice-yearly 

hunting forays to the eastern flanks of the Rocki:es. Brumley’s work in 

the Waterton Lakes area suggests that the Kootenai used the South Kootenay 

Pass and possibly the Akamina Pass during these trips (Brumley 1971 :3). 

This is also referred to by Reeves (1972:28) as the “Buffalo Trail”. 

This then suggests a major travel route in close proximity to the Cabin-Howell 

Creek mining area under consideration here. (See Figure 2, page 7) 

3.2 EURO-CANADIAN HI STORY 

The earl Lest record of Eruo-Canadian presence in the east 

Kootenays is David Thompson’s journeys down the Columbia between 1807-1812 

(Hopwood 1971). Although the influences of the Hudson’s Bay Company were 

undoubtedly fei t throughout southeastern British Columbia subsequent to 

Thompson’s activities, he did not actually visit the vicinity of the study 

area. The first European to enter the Flathead area was probably Lieutenant 

Blakiston who was exploring the “British Cootenay Passes” in 1858 under 

the direction of Captain Palliser (Palliser 1859). The first Boundary 

Commission set up a camp in the Flathead Valley in 1861 (Dawson 1886:49) 

and George Dawson later visited the area as part of the Second International 

Boundary Commission Survey of 1872-74 (Dawson 1886). 

Although the Flathead Valley was out of the mainstream of 

activity during the late 1800’5, the Kootenay and Elk River Valleys were 

experiencing increasing white occupation. In 1864, placer mining operations 

were begun on the Wildhorse River which marked the beginning of the short- 

1 ived “Wi Id Horse Gold Rush”. In 1865, the Dewdney Trail was completed. 

The influx of people to the East Kootenays during the 1860’s resulted in 

increased expansion in the fields of mine prospecting, fur trade and lumber. 

In 1873, Michael Phillips and John Collins visited the upper 

Elk River region prospecting for gold, at which time they discovered the 

Crowsnest Pass (Fernie & District 1977:17). ln;‘1874, Phillips returned 

to the Eik Valley with three others, including Jim Morrissey. The party 

camped on the creek now bearing Morrissey’s name. It was during this 

trip that coal was discovered on Morrissey Creek (Fernie and District 

1977:lY). Between 1876 and 1879, a trail was completed from Galbraithe’s 

Ferry (now Fort Steele) to Crowsnest Pass. Begun by Phillips, the trail 

was finished by Peter Fernie. 

- 6 - 
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The town of Fernie was establihsed in 1879. However, it re- 

mained a simple collection of shacks until the late 1890’s and was eventually 

incorporated as a city in 1904 (Fernie & District 1977:69). In 1885 the 

Canadian Pacific Railway was completed. 

The Crow’s Nest Coal and Mineral Company incorporated in 1889 

and was granted leases on 2,409 acres of coal land on Martin Creek. In 

1890 they received 7,800 acres along Morrissey and Martin Ridges. However, 

in 1893, all lands were deeded to the British Columbia Coal, Petroleum and 

Mineral Company. The Crow’s Nest Pass Coal Company Ltd. came into being in 

1897 and later received all the deeded lands under the control of the 

British Columbia Coal, Petroleum and Mineral Company of which the Morrissey 

Creek area was a part. 

Mining operations were begun along Morrissey Creek in 1901 

and abandoned in 1905 due to unsafe mining conditions and a deterioration 

in qua1 ity of the coal seams. The mines were later re-opened in 1908 but 

finally abandoned for good in 1909 (Grieve 1979:8-v). 

During the period of mining operations at Morrissey Creek, 

a small company town was established near the mine site which later 

became known as Carbonado. The mines were serviced by the Morriseey, 

Fernie and Michel Railway. Three of the original cars from this line 

are on display in Heritage Park in Calgary, Alberta. 

A townsite was laid out on Morrissey Creek approximately 1.6 km 

cownstream from the mine site, and a total of 240 coke ovens were constructed 

between the Morrissey Townsite and Carbonado during the mining years of 

1901-1905. The Morrissey area has seen little development since the closing 

of the mines in 1905. Logging has been carried on in the area by Crows-- 

nest industries Ltd., and some small ranching is carried out. 

Returning to the Flathead area, no major activity has been 

recorded for the area until oil was discovered in a valley west of Waterton 

Lake in 1889-90 (Rodney 1969:168). In 1900, Kootenai Brown and Archie 

McVittie laid out oil claims in the Sage and Kishinena Creek areas (Rodney 

1969: 180). 

Oil drilling was sporadically carried out in the Flathead 

Valley until the late 1930’s although some well sites were maintained 

until the early 1950’s (Foster 1979:Appendix D). According to local 

informants (Halley, Wright, Dvorak, pers. comm.) no major drilling 
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activities have been carried out in the Flathead, other than seismic 

explorations, since the 1950’5. Coal exploration related to the present 

study have been carried out in the Howell/Cabin Creek areas only over the 

past eight years (P.Bedford:pers. comm.). 

4. PREVIOUS HERITAGE RESOURCE STUDIES 

Very few organized heritage studies have been undertaken in 

the Flathead Valley and Morrissey area. A brief 1 ibrary study was conducted 

in 1976 as part of a preliminary environmental impact study for the Sage 

Creek Coal project (Unecon 1976). In many respects the present study can 

be viewed as a continuance or follow-up of the project. The Fernie and 

District Historical Society (1977) has published a book on early settlement 

in the Elk River Valley and Crowsnest Pass. Otherwise, the only other 

work conducted within the study area was a heritage resource inventory of 

the Akamina-Kishinena Valley system in 1978 (Foster 1978). 

A number of archaeological investigations have been carried 

out in related areas adjacent to the study region. The Kootenay Valley 

3s initially surveyed in 1954 by Dr. C.E. Borden (1954), and later survey 

and excavation programs were carried out by Wayne Choquette (1971; 1972a, b; 

1973a. b; 1974a, b; 1976, Bussey 1977). Archaeological excavations were 

~:arried out by Blake and Chapman in 1975 on the Wildhorse River (Blake 1976), 
to the north of the study area. A number of survey and excavation projects 

have been undertaken in the Crowsnest Pass area (Reeves 1972a, b;~ 1974a, b; 

Reeves and Choquette 1977). The Narrows site in Water~ton Lakes National 

Park was excavated in 1968-69 (Brumley 1971); and to the south, an 

archaeological survey of the Libby Dam pondage was carried out in 1950 

under the auspices of the Smithsonian Institution (Taylor 1973). 

In summary, the prehistory of the study area is not well known. 

5. PROCEDURES 

5.1 PREFl ELD STUDI ES 

A brief library search was conducted prior to fieldwork to 

familiarize the researchers with the study area. A search was made of the 

site files in the office of the Provincial Archaeologist for information 
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on any previously recorded sites in the area. None had been recorded. 

Air photos and proposed deveiopment plans were used as a basis 

for establishing a working field research design. Within the overall devei- 

opment area, specific ‘high priority’ localities expected to have the 

greatest potential for the occurrence of archaeological sites were plotted. 

These areas included terraces aiong present river courses as we11 as ‘fossil 

land forms’ (old river terraces). A 1:2400 scaie topographic map showing 

7.5 ft contours of the area was used to further evaluate the general potential 

of specific deveiopment areas considered to be of ‘low priority’ from the 

air photo analysis. Within the latter areas, a further breakdown into 

‘low priority’ and ‘negative priority’ (areas considered to be of no value 

to the study) was undertaken. The ‘negative priority’ areas were basically 

restricted to steep side slopes (those having a slope of 27% or greater). 

It was expected that ‘h,igh priority’ areas would receive 

100% intensive on-ground coverage, whereas low priority areas would 

receive 25% random coverage and negative priority areas would not be 

cosfered unless obvious breaks in slope affording potential cultural use- 

~.;ness were observed in the field. 

5.2 FIELD RECONNAISSANCE 

Upon arrival in the field, minor alterations to the previously 

ected survey approach were deemed necessary. The pondage areas were 

covered in a non-random fashion, since natural drainage features were 

being employed for the proposed pondages. Terraces (top and bottom) of 

these were intensively examined. The proposed plant access road was not 

surveyed and thus was not flagged or centre cut. We learned that the 

proposed road may not be constructed and if it were, it may not follow the 

route indicated in our plans. The proposed road was therefore not examined. 

After our arrival in the field, it was learned that the proposed 

diversion of Howell Creek was also not surveyed. In addition, the proposed 

diversion course was altered from the original plans. Associated with 

the diversion channel, a parallel access road was to be constructed to 

facilitate soil sampling. This road was not anticipated from our prefield 

studies and thus had to be inspected as it was under construction. We 

were also informed that the proposed plant site may also be moved to the 

north side of Cabin Creek. (See Figure 3, page 11, for map of Development 

Areas and Areas of Archaeological Survey). 

: ,  ‘.,’ 
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Upon re-assessment in the field, the survey coverage was 

altered to the following: the high ridge-tops of both mining areas (North 

and South Hills) were examined as high altitude sites are known in the 

general East Kootenay area (Choquette 1974a); the majority of the ‘Dump 

area’ were considered too steep (average slopes of 27%') to require’ 

coverage, with the exception of the south ridge of ‘South Hill’. On this 

south ridge, 350 x 350 m quadrats were established using a development 

plan base map provided by Sage Creek Coal Ltd. Twenty-five percent (8 

quadrats) of the area with less than a 27% slope were randomly chosen, 

and then located by pace and compass. These areas were then intensively 

examined. The proposed plant sites and all pondages were also located by 

compass and pacing, and were examined with particular attention paid to 

high, we1 l-drained areas. The major terrace system along the north bank 

of Howell Creek from its confluence with Cabin Creek to the Flathead River 

was walked. The terrace system along the northeast bank of Howel,l Creek 

through the dump area on the north side of North Hill was also archaeologically 

surveyed. 

During the construction of the road paralleling the Howell 

Creek diversion, foot survey was done in front of the bulldozer with the 

agreement that should sites be encountered, the road would be diverted. 

The road was later re-examined after completion of construction as total 

surface clearance allowed for a cross-check on the original inspection. 

In the Morrissey area, the entire load-out area was to be 

walked. However, it was found that the majority of the area was inundated 

by beaver ponding. Therefore, only the terrace systems along the north edge 

and higher, we1 l-drained areas were observed. 

During foot traverses, all natural exposures, (i.e. game 

trails, uprootals, terrace edges, roadways, drill hole clearings, etc.) were 

inspected. Ground cover was often heavy, so occasional shovel tests and 

surface clearing were done. 

6. SITE SPECIFIC RESULTS AND RECOMMENDATIONS 

During the course of the field inspection historic period 

sites were recorded (DgPp- H-Z, H-3, DgPr- H-l, H-2, H-3, and H-4, DgPs- 

H-l), only one of which (DgPp- H-3) fell within an area of impact. No 
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prehistoric sites were encountered. (Figure 4, Page 14). Each site is des- 

cribed below. See Appendix A, site forms. 

6.1 DgPp- H-Z 

6.1.1 Location 

This site is located about 400 m north of Burnham Creek and 

approximately 3 km west of the Flathead River along the Burnham Creek road. 

The 1:50,000 U.T.M. map co-ordinates are llUPEj’99356.5. 

6.1.2 Description 

DgPp- H-2 is an historic o 

and was operated by the B.C. Oil and Coa 

8il well s ite dating back to 1913 

1 Company , according to a 

B.C. Forest Service sign posted at the site. According to the B.C. Ministry 

of Mines and Petroleum Resources 1973 map of well locations in the Flat- 

head Valley (Foster and Brolley 1979:63-64), this site was in fact established 

in 1939 as ‘Border No. 1’ by Border Oils Incorporated. It was later 

landoned on July 25, 1949. 

A wooden derrick and pump-house complex are still standing 

above the well head (Plate I, page 25). Also present and scattered about 

the site area are various pieces of rigging including drill shafts and 

fly-wheels. Two small cabins are located 125 m west of the well head (Plate 2, 

page 25). We were told by a local resident (Ralph Wright: pet-s. comm.) 

that the cabins are recent, and were constructed by hunters from lumber 

taken from the derrick-pump house. Upon inspection, the cabins showed ! 

evidence of occupation (i.e. newspapers dated to 1978, cut firewoob,~ etc.) 

which verified the recency of use. However, behind the cabins is an old 

root cellar with a collapsed roof, which suggests a greater age and more 

general use for the cabin site than simply a hunting camp. The cellar is 

presently being used as a dump. 

It is possible that the cabins were originally constructed 

at the time of drilling operations and have been subsequently w-built 

by hunters. 

- 13 - 
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6.1.3 Recommendations 

This site is well beyond the area of concern and therefore 

will not require further mitigative work by Sage Creek Coal Ltd. The 

site is,howeveG a significant historical link with the early pioneer days 

of oil exploration in the Flathead Valley. There is a danger that an 

increase in the human use of the Flathead Valley which is likely to occur 

should the mining development become a reality, may indirectly result in 

adverse impact to this site. Such impact would nest likely take the form 

of vandalism and decay through 'relic-hunting'. 

We therefore recommend that the Heritage Conservation Branch 

be advised to monitor this site should the mining development continue. 

Since the B.C. Forest Service has already posted the site it would appear 

that a jointly sponsored monitoring program might be possible between the 

Heritage Conservation Branch and the Forest Service. 

6.2 DgPp- H-3 

2.2.1 Location 

This site is situated on the east slope of Dalley Hill approxi- 

xtely 1.5 km south of Cabin Creek and 3.3 km west of the Flathead River 

at an elevation of about 1,487 m above sea level. The site is located 

on the north bank of a tributary stream of the Flathead River, which drains 

the west slope of Dailey Hill. The 1:50,000 U.T.M. map co-ordinates are 

llUPE7825390.5. 

6.2.2 Description 

DgPp- H-3 is also an historic oil well site, consisting of 

a well head, quantities of rigging (i.e., casings, drill shafts, etc.) 

and a boiler for a steam operated drilling engine. No derrick stands at 

this site nor is there any indication of who drilled the well or when it 

was drilled. Local informants (T. Halley, F. Dvorak, R. Wright:pers. comm.) 

suggest that it would not post date the 1930's, as it appears that most 

active oil drilling ceased in the Flathead Valley during that decade. 

‘4 
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This site has been distrubed over the past few years as a result 

of coal testing explorations on the “South Hill” by Sage Creek Coal Ltd. 

A ‘drill site’ clearing is present less than 100 m northeast of the site, 

and the boiler has been moved into that clearing. A steam water pump, drill ing 

engine and dri 11 drive have been removed from the site and are presently 

situated at the Sage Creek Coal Ltd. explorations camp site near the confluence 

of Cabin and Howell Creeks. 

6.2.3 Recommenda t ions 

DgPp- H-3 falls within the proposed impact zone on the 

South Hill. It is however, not within the proposed mining area, but rather 

that area designated for overburden dumping and therefore should be possible 

to zavoid. However, in con+ideration of the dramatic alterations the 

mining activity will have on the surrounding countryside and the limited 

significance of the site, we do not feel that avoidance is necessary. 

The artifacts associated with this site however, are still in 

fairly recognizable form (Plate 3, page 26), and should be collected and 

offered to the local museum at Fernie as a display of early oil exploration 

in Flathead Valley. An historical search should be made to gain information 

concerning the company or companies involved in the drilling operations with 

a written history to accompany the artifacts on display. This could probably 

be done by the local museum staff. 

6.3 

6.3.1 

DgPr- H- 

Locat ion 

This si 

.l 

t e is located 18.5 km southeast of Fernie on the 

west bank of Morrissey Creek 1.6 km upstream from its mouth. Lodgepol e Road 

borders the site on the north. The 1:50,000 UTM map coordinates are 

llUPE462701. 

6.3.2 Description 

DgPr- H-l represents the historic townsite of Morrissey built 

at the turn of the century in response to the opening of.the Morrissey Mines 

in 1901. According to the Fernie and District Historical Society (1977:61) 
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the tom was laid out with water and power systems, 5 avenues, 2 streets, 

hotels, stores, a post office and printing office. 

Nothing exists at the site today (Plate 4, page 26) . According 

to Mr. Frank Dvorak (pers. comm.) a one time resident of Morrissey, the 

area was levelled by Crowsnest Industries in preparation for a sawmill. 

The mi 1 I was 

townsite are 

in Fernie. 

never built. 

Early maps, original legal surveys and town plans of Morrissey 

presently on file with the lands division of Crowsnest Industries 

6.3.3 Recommendat ions 

DgPr- H-I falls outside the area of potential impact as it 

has been proposed by Sage Creek Coal Ltd. and therefore requires no further 

mitigative work on their behalf. 

6.4 

6.4.1 

DgPr- H-Z 

Location 

This site is located on the north bank of Morris5:ey Creek 

approximately 2.8 km upstream from its mouth, and I .2 km upstream from the 

Morrissey, townsi te (DgPr- H-l). The 1 :50,000 UTM coordinates are llUPE476705.5. 

6.4.2 Description 

DgP r- H-2 consists of the remains of 240 coking ovens associated 

with the Morrissey Mines operations of the Crow's Nest Pass Coal Company 

from 1901 to 1905. The ovens were constructed with bricks imported from 

France according to one local informant (Dvorak pers. comm.). Each oven 

is dome-shaped (similar to a bee-hive) and measures 3 meters in diameter 

at the base and stands an equivalent 3 meters at the centre of the dome where 

a small round (ca. 20 cm) air vent is located (Plate 5, page 27). The 

ovens were constructed in pairs paralleling the creek, and a railway 

(Morrissey, Fernie and Michel Railway) ran between the ovens and the creek 

bed. 
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A road has been pushed through the northern end of the ovens, 

and every oven has been vandalized. According to local informants (Dvorak 

and Wright pers. comm.) the oven bricks are continually taken by collectors. 

The entire brickwork is missing from some of the ovens. 

6.4.3 Recommendations 

DgPr- H-Z also falls outside the proposed impact area.and 

thus does not require further work by Sage Creek Coal Company. This site 

is significant however, as it is one of the last links with the early mining 

activities along Morrissey Creek. Therefore the Heritage Conservation 

Branch should be advised to look into the possibility of monitoring this 

site to prevent further destruction. The Fernie and District Historical 

Society may be a useful and willing participant in such a program if approached. 

The site is presently on land under the control of Crowsnest 

Industries who may also be useful in helping to establish a conservation 

program for this site. 

6.5 DgPr-, H-3 

6.5.1 Locat ion 

This site is located on the north bank of Morrissey Creek 

3.55 km upstream from its mouth and 1.95 km upstream from the Morrissey 

Townsite (DgPr- H-l). The 1:50,000 UTM coordinates are llUPE481708. 

6.5.2 Description 

DgPr- H-3 is the historic townsite of Carbonado originally 

knonw as “Morrissey Mines” (Crabb and Crisafio 1978:8). As this site fell 

outside of the primary survey area, no intensive mapping was done. 

According to the Fernie and District Historical Society (1977:65), the town 

was owned by the Crow’s Nest Pass Coal Company and at one time possessed 

10 single and 35 double dwellings complete with light and water, as well 

as a hotel, church and store (Plate 6, page 27). 
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The town was built in response to the Morrissey mining 

operations of 1901 to 1905. After a brief one year attempt in 1908 to 

re-open the mines (Grieve 1979:9), they were completely closed down. 

After closing of the mines, the town was dismantled and mast of the 

buildings were nnved to Coal Creek (Crabb and Crisafio 1978:8). 

An original legal survey and town plan is presently in the 

files of the lands division of Crowsnest Industries in Fernie. 

6.5.3 Recommendations 

DgPr- H-3 falls outside the area of proposed impact and thus 

requires no further mitigative work by Sage Creek Coal Ltd. 

6.6 DgPr- H-4 

6..6.1 Location 

This site is located on the southwest slope of Morrissey Ridge 

approximately 800 m northwest of Morrissey Creek and 3.1 km southeast of 

the Morrissey Bridge Over the Elk River. The 1:50,000 UTM coordinates 

are llUPE460705.5. 

6.6.2 Description 

DgPr- H-4 is an historic burial site representing the cemetery 

associated with the townsite of Morrissey (DgPr- H-l). The cemetery is 

situated~on a hill 40 meters above a new logging road. Five graves were 

noted but the cemetery is completely overgrown and difficult to observe. 

There is therefore a possibility of more graves being present. Since 

this site fell outside the specific area of interest, time did not permit 

intensive mapping. Of the five graves observed, two belonged to the 

Dvorak family, one dating to 1929 (Plate 7, page 28). All but the twO 

Dvorak graves were encompassed by wooden pickets and marked with wooden 

crosses (Plate 8, page 28). The writing on the wooden crosses has been 

obliterated. The Dvorak graves were fenced with chain-link fencing and 

marked with granite stones. 
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No record of this cemetery was noted in any of the documentation 

compiled concerning Morrissey. The site was reported to us by Mr. Frank 

Dvorak of Fernie. 

6.6.3 Recomnenda t ions 

DgPr H-4 falis outside the proposed impact area and thus 

requires no further work by Sage Creek Coal Ltd. Logg i ng operations 

are being carried out in the vicinity of DgPr H-4, by Crowsnest 

Industries, and could endanger this site. Mr. Bill Wilson of Crowsnest 

Industries has informd us that the company is aware of the site and will 

attempt to avoid any direct impact. The site has been flagged. 

6.7 DgPs- H-l 

6.7.1 Location 

This site is located on both banks of the Elk River at the 

Morrissey Bridge crossing 13 km south of Fernie. The 1:50,000 UTM 

coordinates are 1 lIJPE439572.6. 

6.7.2 Description 

DgPs- H-l represents the original location of the townsite of 

Morrissey Junction (on the west side of the river) and Morrissey Station 

(on the east side of the river). Today nothing remains of these two 

related sites. 

According to Frank Dvorak (pers. comm.) Morrissey Junction 

once consisted of a hotel, school house, store and a few houses. The 

B.C. Forest Service has developed a picnic site upon the old townsite. 

Morrissey Station was situated on the east side of the Elk 

River and consisted of a train station and section house (Dvorak pers. 

comm.) at the junction of the C.P.R. and Morrissey, Fernie and Michel 

Railways. A short section of the old Morrissey, Fernie and Michel 

Railwav bed stili exists to the southeast of the site. 
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6.7.3 Recommendations 

DgPs- H-l falls outside the proposed impact area and there- 

fore requires no further work by Sage Creek Coal Ltd. Attention should 

be given to the remnants of the Morrissey, Fernie, Michel Railway bed, 

however, as it is less than 200 meters from the proposed Morrissey 

load-out area. Care should be taken to ensure no damage to that portion 

of the site is incurred during development of the ioad-out facilities. 

7. SUMMARY OF RECOMMENDATIONS AND DISCUSSION 

Recommendations for the sites previously discussed as they 

relate to the Sage Creek Coal Ltd. proposal are summarized as follows: 

. DgPp H-2 

This site is outside the development area. No further 
work by Sage Creek Coal Ltd. 

. DgPp H-3 

This site falls within the proposed impact area of the 
“South Hi 11” , and can be avoided. Artifacts related to 
this site should be collected and preserved. The 
historical background of this site should be recorded. 

. DgPr. H-l 

This site falls outside the development area. No further 
work is required by Sage Creek Coal Ltd. 

l DgPr H-2 

This site falls outside the development area. No further 
work is required by Sage Creek Coal Ltd. 

l DgPr H-3 

This site falls outside the development area. No further 
work is required by Sage Creek Coal Ltd. 

. DgPr H-4 

This site falls outside the development area. No further 
work is required for Sage Creek Coal Ltd. 

. DgPs H-l 

This site borders the proposed Morrissey load-out area 
but falls ouside it. Care must be taken to avoid damage 
to the last remnants (raiiway bed) of thi$ site. 
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7.1 STUDY AREA INTERPRETATION 

The lack of prehistoric sites in the study area appears to 

be quite surprising in light of the ethnographic descriptions of the 

Kootenai life style. Animal life in the Flathead Valley today is 

certainly plentiful and varied enough to support small hunting and 

gathering groups, and there is no indication that this has not been the 

case for several centuries. Since it is known that the Kootenai at 

least crossed through the upper Flathead if not occupied. it, iti should be 

expected that som evidence of their passing would be left. Why then 

was nothing observed? 

Firstly, it may be a function of the study program. The 

study area hardly represents a significant portion of the valley proper. 

Ground cover was extremely dense and sampling techniques, although 

weighted heavily tcwards areas expected to have been of the highest 

potential for yielding archaeological sites (given prior knowledge of 

East Kootenay archaeology), failed to yield prehistoric sites. High 

potential areas, such as terraces, stream confluences, etc. were few in 

the study area. The majority of proposed developments were located on 

relatively steep side slopes, or within the bogs and swamps of existing 

drainage basins (Plates 9,to 12, pages 29 and 30). 

It is mOre likely however, that the results of the survey 

reflect the true nature of the archaeological potential of the Howell 

and Cabin Creek areas. A review of the overall physiography of the 

Upper Flathead drainage may help to understand the low archaeological 

potential of the study area. As Brumley (1971:3) points out for the 

Waterton Lakes area “the physiography. of the region determines the 

location of aboriginal trails”. 

Although there are a number of passes from the Flathead to 

the eastern foothills of the Rockies (i.e. North Kootenay, Middle 

Kootenay, South Kottenay, Sage, Akamina, etc.), there are very few 

allowing easy access from the Kootenay Valley into the Flathead. The 

primary barrier is the Galton Range between the Elk and Kootenay Rivers 

and the Wigwam River. Here the only major routes available are to the 

north up the Wigwam River from the Elk River into the Lodgepole Creek 

and Harvey Creek Valleys through to the Upper Flathead (north of the 
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study area). The only other area is to the south near the border, up 

Phillips Creek and down Rabbit Creek into the headwaters of the Wigwam 

River and thence eastward down Couldrey Creek into the Flathead south of 

the study area. 

Once into the Wigwam Valley, a fairly easy pass appears to 

exist through Bighorn Creek and Cabin Creek, entering the middle of the 

study area; however, once a’ person is into the Wigwam from either the 

north or south end, the use of the Bighorn would appear quite circuitous 

given the nearness of the Lodgepole Creek (north) and Couldrey Creek 

(south) passes. The Wigwam River itself is very treacherous along the 

central stretches and thus not conducive to easy traversing. 

It is interesting to note that according to the Fernie and 

District Historical Society (1977:10), the Crow’s Nest Pass was not used 

by the Kootenay and moreover was likely avoided. They quote Lt. Thomas 

Blakiston whaexplored the “British Kootenay Passes” in 1858 as saying 

that although the Indians knew of the Crow’s Nest they considered it a 

“bad road”. Reeves (1974:Z) also makes note of Blakiston’s comment. 

The Society goes on to point out that: 

The primary Kootenay trai I, however (north of 
the American territory), was through the North 
Kootenay Pass - which was also accessable from 
three different places in the Elk Valley: the 
main trail up the Wigwam and Lodgepole Rivers 
from,a point near Elko, into the Flathead and 
thence across North Kootenay Pass, appears to 
have been used almost exclusively... (1977:lO). 

It is suggested that the Phillips Creek-Rabbit Creek route 

would have been more appropriate for the bulk of the Tobacco Plains 

people due to its nearness and accessiblity. According to several local 

informants (T. Halley. pew. comm.; R. Wright, pew. comm.) the 

Phillips Creek-Rabbit Creek pass was often used by early pioneers, evidence 

of which can still be observed by way of an ojd wagon road. Reeves 

(1972:28) description of the “Buffalo Trail” would suggest that the 

Flathead Valiey was crossed to the south of the study area for those 

entering from that direction: 
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South Kootenay Pass was used by the Kootenay 
as a major travel route to the Plains. Access 
to the area could be gained by travelling via 
the Grave Creek trail (also called Tobacco 
Creek) up the south fork of the Flathead River 
to where it joins Kishinena Creek, some four 
miles below the border. From there a trail 
led up Kishinena Creek, past Mount Yarell and 
Akamina Meadows, up Kishinena to its headwaters 
and then over South Kootenay Pass and into Lone 
Brook in present day Alberta. This pass, 
known to the Kootenay Indians as the “Buffalo 
Trail”, was used in historic times by. . . 
Kootenays and other intermontane groups such 
as Flathead, Nez Perce, Coeur D’Alene, Kalispell 
and Spokane to travel eastward to hunt buffalo 
on the Plains (Foster 1978:ll). 

7.2 DISCUSSION 

It must be noted that the survey coverage was development 

specific and did not encompass a significant sample of the Upper 

Flathead Valley. However, the paucity of prehistoric sites in the 

study area is cons.istent with the results of the heritage resource 

survey conducted in the Akamena-Kishinena area in 1978 (Foster 1979). 

The Howell Creek - Cabin Creek area of the Upper Flathead Valley is 

therefore considered to be, in general, a low potential area with respect 

to heri tage resources. 

It is our impression that the plans for the actual locations 

of the Howedl Creek diversion channel, plant access road as well as 

the pondange and plant sites are not finalized and may change. This 

report only recommends clearance for plans as they have been presented 

to ARESCO Ltd. at ihe time of the 1979 field program. It is our opinion 

however, that minor alterations within the general Cabin Creek - Howell 

Creek area will have 1 ittle or no impact upon heritage resources. 
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PLATE 1 DgPp H-2. Close-up shot of the wooden derrick and 
pump house complex associated with this well site. 
The site was operated by the Border Oils Incorporated 
begun in 1939 and abandoned in 1949. 

PLATE 2 DgPp H-2. Cabins located 125 m west of the well 
site. These structures probably postdate the well 
site and may not be in direct association. 
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PLATE 3 DgPp H-3. View of steam drill, drill drive and 
waterpump. These artifacts cou1.d be collected 
for interpretive purposes. 

PLATE 4 DgPr H-l. The Morrissey townsi te was located 
beyond the fence1 ine but has been destroyed 
by land levelling. 
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PLATE 5 DgPr H-Z. Coking ovens associated with the 
Morrissey Mines operations. 

PLATE 6 DgPr H-3. 01 d company house remains at 
Carbonado. This site, established by the 
Crow’s Nest Pass Company, dates to about 1901. 
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PLATE 7 DgPr H-4. A tombstone found in the 
smal I Morrissey cemetery. 

PLATE 8 DgPr H-4. One of the three Morrissey 
graves marked by a wooden c&s and wooden 
picket fence. 
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PLATE 9 

PLATE 10 

This photograph shows the “North Hi 11” 
Cabin Creek flows in the valley at the 
base of this hill. Note the steepness 
of this landform. 

A general overview of the study area taken 
from atop the “South Hill”. Wote the heavy 
forest cover. 
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PLATE 9 

PLATE IO 



PLATE 11 Area of the proposed plant site. Note the 
undifferentiated terrain and wet ground. 

PLATE 12 View of Pondage No. 2 with the Cabin Creek 
Valley in th’e background. Note the boggy 
terrain and absence of terrace,‘development. 
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26. Kemuk5 The steam engine, drill drive and water pump have been removed 

from this site and are now situated at the Sage Creek Coal Exploration camp 

site ,on.~Cabin Creek near the cyz~nfiuen,ce with Howell Creek. 

The boiler was moved into a clearing ca. 25 m northwest of the site. 



‘A , ‘. .-.-* 
-~ 7t 

SITE NO.anPn 

Unnamed Tributary of Flathead River 



I 

BRITISH COLUMRI1 ARCHXOLOGICAL SITE INVENTORY FORM 

5. Take the Morrisse, Road exit east from #3 Highway (ca. 13 km south Access~~...~ ~~~~~.~~~~~~ ..~~~... 

of the Elk River bridge at ~‘“.~~?.!.~f~..~~ .._....._......_...__......_....___..___...__......_... . . . ..__....._..__......... . .._ ~~. Follow the Morrissey road to its junction 

with Lodgepole Road ca. 4.: ~@, The site is situated on a flat area south of 

Lodgepole bad between the junction and tlorrissey Creek. 
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1 I- Remarks The original,.,townsi,te of Morrissey was situated at this locality. 

The town~~was~ established in ~j90~1 ,,in association with mining operations along 
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townsite of Morrissey (DgPr h-l) or Lodgepole bad. 
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26. Rcmxk\ Crows Ne:t...lndustries has the original legal Plan map of 

Carbonado dated 1905 on file. 
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SAGE CREEK COAL LIMITED 
FLATHEAD VALLEY, B.C. 

GEOTECHNICAL AND HYDROLOGICAL WORK ON 
THE DIVERSION OF HOWELL CREEK 

SUMMARY 

A programme of work was conducted by Rio Algom Limited 

from the beginning of June to the middle of August 1979. 

The work consisted of driving a six mile access road 

along the proposed Howell Creek diversion to determine hydrological 

data, suspended sediment data and analysis, test pits and field 

permeability. 

Test pits were examined in areas for site drainage, 

settling ponds and waste dump areas. 

A heritage resource inventory and impact assessment study 

of the development in the upper Flathead Valley of Southeast 

British Columbia was also conducted. 

INTRODUCTION 

As part of the continuing design work for Rio Algom's 

proposed open pit coal mine in Southeastern British Columbia, 

Sage Creek Coal Ltd. retained Klohn Leonoff Consultants and Golder 

Associates to carry out site investigation and design work for 

site drainage, settlement ponds system, Howell Creek diversion and 

waste dump stability. 

McMeekin Construction Ltd. of Rocky Mountain House, 

Alberta, supplied the camp and catering facilities and Trina 
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