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SUMMARY

This report is an evaluation of the information available to the
end of 1974 on the water quality of the Elk River basin. It is one of
a series of 12 similar reports which assess air and water quality in the
Kootenay region. These reports constitute Phase I of the Kootenay air and

water quality study.

The major sources of water pollution in the Elk River basin are
mining exploration, coal mining and related operations such as coal wash-
ing and coking. A large amount of water sampling has been conducted in
the region. However, the sampling programs were not always co-ordinated
with exploration activity, effluent analyses, river flow regime and bio-
logical sampling. As a result we have found it difficult in some cases
to distinguish between the effects of natural runoff and man-made dis-
turbances. It is also not always possible to relate effluent quality with

receiving water quality and biological effects.

Water quality parameters that most often exceeded recognized
standards were suspended solids and turbidity. Increases in these para-
meters were usually associated with coal mining operations and were most
pronounced during the spring runoff period. There was no evidence of acid
mine drainage or of the discharge of toxic materials in significant amounts.
These results were confirmed by a limited amount of aquatic biology data.
The data indicated the presence of a relatively undisturbed population of
invertebrates and a good fishery. However no aquatic biology data were

available after 1972.

Exploration and mining will increase in the future, possibly
creating greater silt loads to the rivers and deterioration in water
quality. We have recommended that comprehensive water quality studies be
undertaken in areas where mining is scheduled to take place. We have also
recommended a one-year monitoring program in the region. This program will
collect baseline data in areas now undisturbed and will also relate more
accurately mining activity and water quality. In particular, we require
more information on sediments and aquatic biology to predict future trends
and to recommend corrective measures if necessary. The results of the
monitoring program will be presented in a Phase II report for the region,

and will include a chapter on water availability problems.
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1. DESCRIPTION OF THE REGION

1.1 Introduction

The Elk River Basin is located in the southeast corner of the
province adjacent to Alberta as shown in Figure 2-1. The region is ex-
tremely mountainous, lying entirely within the Front and Border Ranges
of the Rocky Mountains. The region has an area of 1772 square miles and
is drained by the Elk River and its major tributaries, the Wigwam and
Fording Rivers and Michel Creek. The Elk River valley runs the entire
length of the region, varying in width from 1 to 4 miles with elevations

of 5500 feet near the headwaters and 2400 feet at the mouth.

The major economic activities in the region are coal mining and

forestry.

1.2 Climate

The mountainous nature of the terrain causes the climate to vary
considerably within the region. The warmest and driest part of the region
is in the lower Elk Valley near Elko, with the climate generally becoming
cooler and wetter in the central and upper portions of the Elk Valley. The

mean annual precipitation is 500 mm. at Elko (elevation 3080), 920 mm. at

(1 (2)
) .
Mean annual snowfall varies from 140 cm. at Elko(l), to 360 cm. at Fernie(l),

2

Fernie (elevation (3305 , and may reach 1500 mm. at high elevations

and to over 500 cm. at higher elevations Mean temperatures in July
and January are respectively: 18°C and -7°C at Elko; 17°C and -8°C at
- Fernie; and 13°C and -15°C near Sparwood(s). The average frost-free period
varies from 100 days at Elko, to 80 days at Fernie, and to 60 days near

Sparwood(4].

Twenty percent of the region is occupied by the Wigwam River basin
which lies between the Galton and Macdonald Ranges in the southern part of

the region. The Galton Range on the west, is a north-westerly trending line
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of peaks about 7,000 feet high and composed mainly of argillaceous rocks.
The Macdonald Range on the east, consists of north-westerly trending,
parallel ridges of argillite, siltstone, sandstone and limestone reaching

elevations up to 7500 feet(s).

The northern eighty percent of the region lies within the Front
Ranges which are northerly trending, parallel ridges of thick limestone,
7000 to 9500 feet high. Between the Front Ranges lies the Fernie Basin
through which the Elk River valley runs. The Fernie Basin is 65 miles long,
extending from Morrissey to the upper Fording River, and has a maximum
width of 15 miles near the southern end. It is underlain by the easily
eroded sandy and shaly rocks of the Fernie formation and by the coal-
bearing Kootenay formation which gives rise to the coal deposits of the

(5)(6)

region

1.4 Soils and Vegetation

Lands of the Elk River Basin, like most of the Kootenay Region,
were subjected to intense glaciation which modified the bedrock and top-
ography and left deposits of glacial materials at elevations up to about
7,000 feet. Most of the glacial till which was deposited on the steep
hillsides has been eroded, leaving bedrock exposed, or has been covered with
material eroded from the mountain sides. Englemann spruce and alpine fir are
most common at high elevations on these slopes. Site productivity is low
due to the short, cool growing season and shallow, rocky soils. Douglas
fir and lodgepole pine are found on the more gentle slopes at lower elevation
where the climate is warmer and drier and the soils are deeper and more pro-

ductive.

Soils derived from glacial till and glacial river and lake deposits
occur in the valley bottoms, supporting grassland, ponderosa pine, lodge-
pole pine and Douglas fir. These lands, below 5000 feet, generally have the

highest capability for forest production in the region.

1.5 Hydrology

1.5.1 Streamflow



The region is drained by the Elk River and its major tributaries, the
Wigwam, the Fording, and Michel Creek. The Elk has its headwaters in the
Front Ranges at the northern end of the basin and flows south and southwest
for about 110 miles to its confluence with the Kooteﬁay River in the Rocky
Mountain Trench. The Fording River drains the northeast part of the basin,
Michel Creek drains the central eastern portion and the Wigwam River drains

the southern portion.

The seasonal flow patterns of the Elk and its tributaries are
characterized by spring flood peaks in May and June due to snowmelt, fol-
lowed by a steady decline in discharge during the summer and fall. The

minimum flows occur during the winter months of December through March.

The discharges of the Elk and its major tributaries are summarized
in Table 2-1. At Elko the Elk river has a mean annual discharge of 2100
cubic feet per second (CFS) with a daily maximum of 22,600 CFS and a daily

minimum of 66 CFS.
1.5.2 Lakes

There are no major lakes in the region.
1.5.3 (Croundwater

Little is known about the groundwater resources of the region(7).
Groundwater has not been a major source of water supply in the region,
probably due in part to the adequacy of surface water supplies. Data
compiled by the Groundwater Section of the Water Investigations Branch,
indicate that there are 13 actively producing wells in the region, 12 at
Elko and one at Morrissey. (It is estimated that 50 to 75% of all wells dril-
led are on record with the Groundwater Section). These wells supply minor
amounts of water for domestic purposes(g), and are located in the alluvial

deposits of the Elk River valley.
1.5.4 Dams and Diversions
The only major dam in the region is the Elko dam on the Elk River,

3.



' mile downstream from the village of Elko. The dam and power plant

are now owned by B.C. Hydro and are relatively small installations by today's
standards. The original development of the Elko site was in 1906 by the

East Kootenay Power Company Ltd. Further expansions which were com-

pleted i? %924 and 1950 have brought the development to its present day

9

capacity

There are no diversions of the major rivers and creeks in the Elk
River Basin. However, Elco Mining Ltd. (formerly Emkay-Scurry) plans to
divert the Elk River between Cadorna and Weary Creeks in order to mine the

coal beneath the river bed.

1.6 Water Uses

The licenced water usage in the Elk River Basin is distributed as

follows(lo):
Domestic 24.2 CFS’
Industrial 19 8 CFS
Irrigation 2.6 CFS (1300 acres under irrigation)
Power production 900 CFS (Elko dam)

*The City of Fernie has a water licence for 22.4 CFS, but actual

water usage is estimated to be about 1 CFS.

A summary of the water licences issued in the region is contained
in  Table 2.2 (10)_ The water licences are listed in alphabetical
order. Also listed are the quantity, purpose, ownership, and location cf
the water licences. Sources providing minor quantities of water are listed

in alphabetical order at the end of Table 2-2.

The water licence specifies the maximum rate of diversion of water
and thus does not give a completely accurate picture of present water use.
The quantity of water actually used may be less than the licence allows
or the water may not be used at all. There also may be some unlicenced
users of water, but these would generally be small users and would not

appreciably effect the total water usage.



1.7 Settlements and Industrial Centres

The terrain of the region is very mountainous and thus settlement
has tended to take place along the relatively flat valley of the Elk River.
The major settlements in the Elk Valley are Fernie (4422)(14), Sparwood
(2090) 1) E1kgora (605) 1| Elko (196) M), and Hosmer (165)(1%).

small settlements, Michel (21)(15), and Natal (158)(15)

Two

are located in the
lower reaches of Michel Creek. Population figures are for the 1971 census.
Present population is somewhat higher, especially in Elkford (1975 estimate

of 2500). The balance of the population of the region is scattered throughout

the Elk Valley on farms and in small rural settlements.

The major transportation routes through the region are Highway 3
and the Canadian Pacific Railway which enter the region from Alberta via the
Crowsnest Pass, and parallel Michel Creek and the Elk River until they leave

the region near Elko.

The major sources of municipal effluent and solid waste in the Elk
River Basin are the City of Fernie, the District of Sparwood, and the Village
of Elkford.

The major sources of industrial effluent and solid waste in the
region are the coal mining and processing operations of Kaiser Resources Ltd.
in the Sparwood-Michel area, and Fording Coal Ltd. in the upper Fording

River valley.

1.8 Land Use

1.8.1 Agriculture

Agricultural activity in the Elk River Basin is limited. Agriculture
is generally confined to the areas of the Elk Valley between Sparwood and
the confluence of the Elk and Fording Rivers, and between Morrissey and
Olson. Fertilizer application on irrigated cropland, and livestock are the
primary agricultural sources of nutrients entering the Elk River. Ranching
is the chief agricultural enterprise and other livestock and cash crops make

lesser contributions. The agricultural potential of the region is limited
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by the small area of arable land and the short frost-free period.
1.8.2 Forestry

Logging activities in Region 2 are limited to river valleys. There
are a few operations in the south along the Wigwam River and its tributaries
(which supply logs to sawmills at Elko), and a few operations in the far

north, particularly along the Fording River and upper Line Creek.
1.8.3 Mining

The major mining developments within the region are the operations
of Kaiser Resources Ltd. in the Michel area and of Fording Coal Ltd. in the

Fording River valley.

Kaiser Resources Ltd. has the major coal reserves in the Fernie
Basin, and operates several open pit mines at Harmer Ridge and two underground
mines at Michel. Associated with these mines are a coal preparation plant
(Elkview) and a coal by-products plant (coke and tar) at Michel. A prep-
aration plant at Michel was phased out in 1973. Production from the mines

(6)

in 1972 was 6.3 million tons of raw coal

The Fording Coal Ltd. operation consists of three open pit mines
(Greenhills, Clode, and Repeat 4 Pits) and a coal preparation plant which
is located in the upper Fording River Valley. Fording Coal Ltd. began
(6)

production in 1971 and produced 2.7 million tons of raw coal in 1972

Other coal mines in the region include: the open pit operations of
Byron Creek Collieries Ltd. on Coal Mountain just south of Corbin, and the
open pit of Coleman Collieries Ltd. of Alberta, on the west side of Tent
Mountain, three miles northwest of Corbin. Coal mining developments are
proposed along Line Creek (Crows Nest Industries Ltd.), on Coal Mountain south
of Corbin (Crows Nest Industries Ltd.), on Weary Ridge along the east side of
the upper Elk River (Elco-Mining Ltd., formerly Emkay Scurry), and in the

16
Hosmer Creek-Wheeler Creek area, east of Hosmer (Kaiser Resources Ltd)( ).

Exploration for phosphate has been conducted in the Corbin area(6).
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1.8.4 Recreation

The Canada Land Inventory(17’18’19)

shows that Region 4 can sustain
a moderately high level of recreation. The Fording, Wigwam and particularly
" the Elk Rivers provide broad scenic corridors into and through the Rocky
Mountains. The type of recreation available includes streamside camping,
sport fishing, hiking, hunting and wildlife and landscape viewing. The
intervening uplands sustain a limited range of dispersed activities such as

climbing, hiking and viewing of scenery.

Opportunities for water-based recreation are limited by difficult
stream access in many cases, and by the lack of sizeable lakes and developed
shoreline. However, there are scattered areas with a potential for inten-
sive recreational use (C.L.I. classes 1-3). Streamside parklands include
Elko, Morrissey and Elk Valley Provincial Parks in the lower Elk Valley,
and Crowsnest Provincial Park above Alexander Creek. In 1974, the 13900
acre Elk Lakes Provincial Park was established at the headwaters of the Elk

River, 65 miles north of Fernie.

The major streams and many of their tributaries support extensive,
successful summer fisheries(zo’ZI) for Yellowstone cutthroat trout, Dolly
Varden, mountain whitefish and lesser numbers of eastern brook trout. The
streams also serve as important spawning and rearing areas for these
species(ZI). Big game is present throughout the region. The resource is
widely used and supports several guiding operations(zz). A survey of Elk
Valley, north of Sparwood, was made by the Fish and Wildlife Branch(23).
It showed that during July and August 1972, an estimated 10,000 people

spent 24,000 visitor days in the region.
1.8.5 Wildlife

The Elk River Basin encompasses some of the most potentially pro-
ductive big game range in British Columbia. Big game species found in the

basin include elk, moose, mule deer, white-tailed deer, bighorn sheep,

mountain goat, black bear, grizzly and cougar.
The main factors limiting wild ungulate abundance and distribution
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in the East Kootenay are the quantity and quality of low-elevation winter-

ing areas(24). (17’24).

There are three general winter range classifications
The first classification of prime wintering areas includes the south and

west slopes of Mt. Broadwood near the Elk-Wigwam River confluence, immediately
west of Grave Lake, and the south-facing slopes of certain Fording River
tributaries, notably Kilmarnock and Chauncey Creeks. These areas are used

by elk, mule deer, and bighorn sheep.

A second classification of wintering areas, used primarily by elk
and mule deer, includes portions of burned-over slopes along the west side
of Sparwood Ridge, the north side of upper Coal Creek, the west side of
Loop Ridge, the south and southwest side of Natal Ridge, and the terraces
south of Lodgepole Creek and the Wigwam River.

The third winter range classification, used mainly by moose and
elk, includes riparian habitat along portions of the upper Elk and Fording
Rivers, upper Michel and Leach Creeks, Lodgepole and Bighorn Creeks and
upper Wigwam River, and lower elevations at the confluence of the Wigwam
and Elk Rivers. This latter area, the Wigwam-Elko-Mt. Broadwood range,
is considered the most important big game winter range in the study area(24).
Elk, moose and mule deer summer within the lower tree line zone. Bighorn
sheep and mountain goats summer along the upper limit of the tree line

zone. Year-round use is made by elk, deer and moose of a natural mineral

lick at the Fording Sulphur Springs, north of Grave Lake.

Waterfowl production is severely limited by the topography through-
out the study areas, the only exception being a small area extending south-
east behind Elko Dam(25’26).



2. INDUSTRIAL EFFLUENTS AND SOLID WASTES

Coal mining is the major industrial activity of the Elk River
Basin. Mines are currently operated by Kaiser Resources Limited, Ford-
ing Coal Limited, and Byron Creek Collieries Limited. Crows Nest Indus-
tries, Elco Mining Company (formerly Emkay Canada National Resources
Limited) and Kaiser Resources Limited have proposals for new coal mining

developments.

Fach mining operation involves exploration and coal removal, and
some include a coal cleaning process. In this chapter, the active mining
areas are described to give an understanding of the effluents generated
from all phases of the operation. The proposed coal developments are

outlined where information is available.

Other industrial wastes from the region are minimal. They in-

clude five refuse disposal sites which are discussed separately.

2.1 Fording Coal Limited

2.1.1 Description of the Exploration and Mining Activities

Fording Coal Limited has a S50 square mile coal licence area
which straddles the Fording River (Figure 2-2). Within this area, (Fig-
ure 2-3) the Company is doing exploratory work and is operating two
Strip mines. One of the mines, Clode Pit, is on the east side of the
Fording River; the second, Greenhills Pit, lies to the west of the
Fording River. Operation of the pits involves the removal and dumping
of approximately 50 million tons of overburden per year (27), which
disturbs about 100 acres of land surface. In 1973, coal production was

2.3 millions tons of coal, represinting 70% of the design capacity(zs).

The runoff from the Clode Pit flows into the Clode Creek settling
basin which discharges into the Fording River. This discharge is not

under application or permit from the Pollution Control Branch. The



settling basin was authorized by the Water Rights Branch. The drainage
from northeast of the Clode Pit accumulates in a marshy area adjacent

to the Fording River north of the settling pond.

There are runoff channels from the north, central, and south
parts of the Greenhills Pit. In the north, runoff from the pit and the
surface flows into two settling ponds from which there is little or no
discharge to the Fording River. The cent£a1 and south runoffs from the
pit flow directly into the Fording River. A third ditch carries the sur-
face runoff from the exploration areas above the pit to the Fording
River. These discharges are under application with the Pollution Control
Branch (AE-2659 and AE-3059, Table 2-3).

\

Fording Coal Limited has two reclamation Permits (numbers 3 and
102) under the Mines Regulation Act and the Coal Mine Regulation Act.
Permit No. 3 requires reclamation of the two strip mines and Permit No.
102 requires reclamation of the exploration areas on upper Clode Creek,
the southern sections of Eagle and Henretta Mountains, and Turnbull
Mountain (Points F, G, H, and I; Figure 2—2)(29). Both reclamation pro-
grams are an attempt to minimize the effects of soil erosion on the

water quality of the Fording River basin.
2.1.2 Description of the Plant Processes and the Refuse Disposal Sites

(a) The Coal Processing Plant and Maintenance Area

The coal processing plant and the maintenance area are the two

sources of effluent and solid waste from the plant operations.

The coal processing plant is on the east side of the Fording
River between Henretta and Kilmarnock Creeks (Figure 2-3). A simplified

flow diagram of the process is given in Figure 2-4.
The raw coal from the mines is trucked to the procéssing plant
where it is crushed and screened into three size fractions. Rejects

are dumped on the refuse pile.
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The large size coal is cleaned by heavy media separation. The
medium, magnetite, is recycled. The clean coal overflows from the heavy
medium open baths and the waste material in the underflow is trucked to

the refuse pile. More details are shown in Figure 2-4.

The middle size coal is treated in heavy medium cyclones. As
before, the medium is recycled. The overflow from the cyclones, or clean
coal, is screened, centrifuged, and dried. The underflow contains the

waste material which is trucked to the refuse pile.

The small size coal is thickened and treated in flotation cells.
The overflow, or clean coal, from flotation is filtered and dried. The
underflow from the cells contains waste material and is pumped to the

tailing pond.

The tailing pond is situated on the west side of the Fording .
River, opposite the processing plant (Figure 2-3). At one time the pond
received runoff from the Greenhills strip mine in addition to plant
effluent, and more water was collected than the plant was able to re-
claim. Therefore water levels increased, and on two occasions, June,
1972, and June, 1973, the water level in the'pond threatened to cause

dam failure. The Pollution Control Branch granted the company special
permission to discharge a total of 61.7 million gallons to the Fording

River.

The tailing pond now receives primarily the wastes from the
flotation cells. Fording Coal Limited has a Pollution Control Permit
(PE-424) to discharge 8.64 million gallons per day (GPD) of typical coal
processing plant tailings to the pond. Further details are given in
Table 2-3. Decant water from the pond is recycled back to the plant.
There is no overflow from the pond to the river. However some effluent

may exfiltrate from the pond and reach the river via groundwater flow.

The maintenance area at Fording Coal Limited is situated on the

east side of the Fording River, close to the processing plant. The
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discharge flows with surface drainage from the plant area via a ditch to
two settling ponds (Figure 2-3). There is no apparent discharge from
the larger pond as the water exfiltrates or evaporates. There is, how-
ever, a noticeable discharge from the smaller settling pond, at least
during part of the year. Fording Cecal Ltd. has applied for Pollution
Control Permits (AE-2659 and AE-2660) for the discharges. Application

details are given in Table 2-3.
(b} Refuse Disposal Sites

Until 1974, coal refuse from the processing plant was deposited
in a refuse disposal site on the east side of the Fording River, approxi-
mately % mile north of the plant (Pollution Control Permit No. PR-1476.
Figure 2-2). Pertinent information regarding the site is given in
Table 2-4. The present disposal site (Pollution Control Permit No.
PR-3959) 1s on the west side of the Fording River, northwest of the
talling pond.

The refuse, which is % to 5 inches in diameter, is trucked to
the refuse site where it is spread and compacted by bulldozers. The
refuse consists of coal particles, shale, sandstone, carbonaceous ma-
terial, glacial till, and a minor amount of magnetite. The sulphur
content of the coal is approximately 0.3%(30). The refuse is relatively

inert.

The Pollution Control Permit No. PR-3959 authorizes disposal of
2260 cu. yd./day (2400 tons/day) of refuse. The refuse site has an
area of nine acres, a capacity of 0.9 million tons, and an estimated

life of two years (until 1976).

Surface runoff and groundwater seepage from the new refuse site
drain into the tailing pond. Runoff and groundwater from the old refuse
site are collected by seepage drains and drainage ditches and discharged
to the Clode Creek settling basin which overflows to the Fording River.

The Clode Creek settling basin also receives runoff from the Clode Pit.



(c) Domestic Sewage Disposal

Domestic sewage from the plant and offices is treated by means
of an oxidation ditch, a clarifier and a chlorinator before being dis-
charged to a settling basin which is separated from the Fording River
by a railway embankment (Figure 2-3). Effluent exfiltrates and evapor-
ates from the basin. Originally the sewage effluent was discharged
directly to the Fording River under Pollution Control Permit No. PE-309,
which allowed a discharge of 25,000 GPD. The actual discharge rate is
about 7,000 GPD. Further details are given in Table 2-3.

2.1.3 Effluent Sampling Datd: Discussion and Recommendations
(a) Exploration and Mining

Exploration and mining causes land erosion which in turn can in-
crease the sediment load and turbidity in rivers and creeks. Factors
which increase erosion include channelling of the runoff water, steep
slopes, unprotected ground, and dumping of unconsolidated material in
or along water courses. The effects of erosion and possible acid drain-
age on the water quality of the major streams are documented in chapter

4.

B.C. Research(sl) tested soil samples in the Fording Coal Limited
coal licence area before the start of mining. The results showed that
a potential acid drainage problem exists in the Clode Pit overburden and
in an area not proposed for mining. In general, however, the sulphur
content of the coal (0.3%) suggests that acid drainage should not be a
problem. Visual indications of acid drainage are usually apparent and

no such indications have yet been observed.

The only data available on the runoff from mining activities is
the permit application data for the runoff from the Greenhills Pit
(Table 2-3). The flow from this strip mine totals 3.2 million GPD from
May to October and is reduced to 0.4 million GPD for the rest of the year.
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The flow consists of mine drainage and runoff, and the weighted average
suspended solids content is 120 mg/l. The suspended solids loading to
the river from May to October would average nearly 2 tons/day. During
the remainder of the year, the loadings of suspended solids would aver-
age approximately % ton/day, assuming a concentration of 280 mg/l. As
these loadings may be of concern, we recommend that a site inspection of
the area be carried out to verify these flow and concentration values.

A first hand inspection of runoff quantity would be useful in determin-

ing whether more detailed monitoring is warranted.
(b) Tailing Pond

The supernatant from the tailing pond was sampled by the Pollu-
tion Control Branch during 1973 and 1974. Fording Coal Limited analysed
the pond influent. The results, given in Table 2-5, show that the in-
fluent to the pond consists mainly of suspended solids (10,600 mg/1)
with relatively little dissolved solids (300 mg/l). The heavy metal
content of the pond supernatant is low, hence heavy metals are not ex-
pected to have any effect on the river. Increases in parameters such
as suspended solids and nutrients along this section of the Fording
River (documented in Chapter 4) are believed to be due to surface drain-
age rather than to exfiltration from the ponds. In any future monitor-
ing of the pond liquid it would be useful to check the phosphorus and
nitrate nitrogen content. Further analysis for heavy metals is not

warranted.

(¢) Drier Plant and Maintenance Area Discharge (settling ponds)

According to Permit Applications AE-2659 and AE-2660, the efflu-
ent flow from these sources totals 360,000 GPD (Table 2-3).

In 1973, Fording Coal Limited sampled the drainage from the
drier plant and the maintenance complex, before and after treatment in
the settling ponds (Figure 2-3). The results, summarized in Table 2-6,

show that suspended solids in the discharges were reduced by the settling
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ponds to median values of 89 to 40 mg/1 although some high values, in
the order of 2000 mg/l, were recorded. We understand that a significant
amount of the total flow exfiltrates to the ground and does not overflow
to the river. Assuming the total flow overflows to the river, that the
mean low flow in the river is 9,200,000 GPD, and that the effluent aver-
ages 100 mg/1 suspended solids, the increase in suspended solids in the
river would be of the order of 4 mg/1. Such a possible increase warrants
further investigation. We recommend that a site inspection be carried
out to determine more accurately the volume overflowing and the period
of maximum overflow. Further effluent sampling may be needed, in which
case we should consider adding oil and grease and nutrients to the list

of parameters.

(d) Refuse Disposal Sites

The Pollution Control Branch and Fording Coal Limited sampled
the stations associated with the old refuse disposal site (PR-1476).
The results of analyses on the supernatant from the settling basin be-
low the refuse site and at the stations on the Fording River upstream
(station no. 110) and downstream (station no. 40) from the coal prepara-

tion plant are given in Table 2-7.

A comparison of the results for the supernatant from the Clode
Creek settling basin and for the Fording River upstream indicates that
the supernatant has higher concentrations of total solids, suspended
solids, turbidity, total alkalinity and sulphate. The concentrations
of dissolved metals are similar at the two stations. The quantity of
supernatant discharged to the Fording River has not been measured. A
comparison of the analytical results for Fording River upstream (station
110) and downstream (station 40) from the settling basin indicates that
the water quality at the two stations is virtually identical except for
increases in total solids, suspended solids, specific conductivity and
turbidity. The increases in solids and turbidity are due to high values
recorded at station 40 during May 1972 and May 1974. Unfortunately,

station 110 and the settling basin discharge were not sampled at these
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times and it is thus not known whether the high values are entirely

attributable to the settling basin discharge.

We consider the impact of the discharge from the settling basin
to be negligible, except for the relatively high increase in solids and
turbidity noted during periods of spring runoff. Further monitoring of
the discharge is recommended in order to evaluate its impact on the Ford-
ing River during this time. As the monitoring program recommended in
Chapter 4 for Clode Creek (which enters the Fording River via the settling
basin) covers the parameters of concern, an additional monitoring pro-
gram is not specified. However, the volume of supernatant discharged
to the Fording River should be measured. Measurements of both concen-
trations and volume would enable the calculation of the quantity of

contaminants being discharged.
(e) Domestic Sewage Disposal

The Pollution Control Branch has sampled the effluent discharged
from the oxidation ditch and clarifier which are used to treat domestic

sewage. The results are given in Table 2-8.

The effluent sampling data indicate that plant operation has
been erratic. Suspended solids concentrations have often exceeded the
permit limit of 65 mg/1 with high concentrations of 1059 and 593 mg/1
being recorded. BOD5 concentrations however, have generally been low,
and have met the permit limit of an average of 50 mg/l. Chlorine re-
sidual has been measured on three occasions and there has been either
no residual chlorine (0.0 mg/1) or too much (1.2 and 3.0 mg/l). Fecal
coliform numbers have generally met the permit limit of 10,000/100 ml.
This discharge is not expected to have any adverse effects on the water
quality of the Fording River since it is relatively small (7,000 GPD)
and since it must percolate through the soil to reach the river. Accord-

ingly, a specific monitoring program is not recommended.
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2.2 Byron Creek Collieries Limited

2.2.1 Description of Exploration and Mining Area

In 1974 Byron Creek Collieries began development of a coal mine
on Coal Mountain near Corbin (Figure 2-5) originally mined
between 1908 and 1935(32). Current plans are to bring production up to

(29)

plans to complete the mining of the North Ridge Pit by 1979, and then to

1.5 million tons of power-plant coal per year The Company also
use the pit as a dump for the overburden from other areas. Some explor-

ation in the immediate vicinity of the pits is also projected.
2.2.2 Description of the Plant Process

As the coal at Byron Creek Collieries Limited is processed dry

there is no water effluent from the plant(zg).

The surface drainage 1is
collected at one location and discharged to Michel Creek. The Company
has applied for a Pollution Control Permit (AE-3957) to discharge
50,000 GPD. Details of the Application are summarized in Table 2-9.
Proposed treatment is clarification in a settling pond. The overflow
from the pond will have a BOD. of 3 mg/1 and a suspended solids content

of 450 mg/1.
2.2.3 Effluent Sampling Data

There are no data available for the runoff from the Byron Creek
Collieries Limited mining area. The impact of the mining operation on

the water quality of Michel Creek is discussed in Chapter 4.

2.3 Kaiser Resources Limited

2.3.1 Description of Exploration and Mining Areas

Kaiser Resources Limited owns lands containing the major coal

reserves of the Fernie Basin. These properties are located between
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latitudes 49°30' and 50°08' N and longitudes 114°41' and 114°55" W(BS).
Mining was started in the Crowsnest Pass area in 1898(34). In February,
1968, the company now known as Kaiser Resources Limited purchased a
large portion of the Crows Nest Industries' holdings, including the
operating mines. The purchase agreement allowed Kaiser Resources Limited
five years to explore the holdings. After this time the Company was to
designate the 60% portion of the land it wished to control. The other
40% of the land was to be returned to Crows Nest Industries. Kaiser
Resources Limited therefore carried out extensive and intensive explor-
ation in the period 1969 to 1973. Two hundred and eighteen miles of
roads were built, 375 miles were bulldozed in seam tracing and cross-
cutting,1.2 acres of land were disturbed by test pits and stripping, and

. ’4\
60 to 70 adits were excavated( N

Kaiser Resources Limited is currently working the Balmer North
underground mine, a hydraulic mine, and three strip mines named Harmer
1 and 2, Adit 29, and Camp 8 (Figure 2-6). The hydraulic mine uses
water recycle and has no effluent discharge. Drainage and runoff from
the area of the underground mine appear to flow to the coke plant settl-
ing lagoons (Figure 2-6). The mine drainage from the strip mines is
sent to a settling pond in the open pit. Overflow from this pond is
across the ground into Harmer Creek which then flows through a series
of two émaller ponds and a larger settling pond. The last pond was
created to remove solids accumulated from erosion of unvegetated land
and from the open pit operation. Some of the drainage and runoff from
Harmer Ridge also flows into a settling pond on Erickson Creek (Figure
2-6).

Other strip mines such as Erickson, Baldy Pits, C Strip, 7A and
B Pits, "3" Strip, Balmer 10-4, Balmer 10-7, and McGillivary are not

currently being worked. Some of them may become operational after
1976(35J.

The impact on water quality from land erosion in exploration

areas was estimated to be greater than the impact from actual mining
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(36]. The Reclamation Section of the B.C.

or coal processing operations
Department of Mines and Petroleum Resources, responsible for the en-
forcement of the Mines Regulation Act and the Coal Mines Regulation

(37)

Act, has issued reclamation guidelines for exploration Companies
must obtain a reclamation permit for mines and exploration areas.

Kaiser Resources Limited holds two such Permits (Numbers 2 and 80). The
Company has a program of resloping, terracing, seeding and planting re-
claimed areas so that the areas are able to withstand the erosive action
of water. Their schedule (Table 2-10) indicates that all unused areas
will be seeded and planted by the end of 1975(35]. If the Company's
reclamation program is successful and if new exploration follows the

guidelines, then effects on water quality due to land disturbances from

exploration and mining should be minimized.

2.3.2 Description of the Coal Treatment Process and the Solid Waste

Disposal Site

Kaiser Resources Limited washes coal at the Elkview coal prep-
aration plant and manufactures coke at the Michel coke plant. The pro-
cesses involved and the sources and disposal sites of the wastes are

described below.
(a) Elkview Coal Preparation Plant

The coal preparation plant is located on the east side of the
Elk River, just north of Sparwood (Figure 2-6). A simplified flow dia-

gram is given in Figure 2-7.

Coal is obtained from the strip mines Harmer 1 and 2, Adit 29,
and Camp 8 and trucked to a crusher plant. After crushing to less than
four inches, the coal is conveyed to storage silos and then to the
preparation plant where it is crushed, screened, and separated from the
waste rock. The operations are similar to those described for Fording
Coal Limited and include heavy media separation, heavy media cyclones,

and flotation. The clean coal is dried in a fluidized bed drier before
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being shipped by rail to the Roberts Bank Superport.

The wastes from the flotation cells go to the tailing ponds
where the settleable solids are removed. The supefnatant water is re-
cycled. The Company has received Pollution Control Permit PE-4ZS(38)
for the discharge of 900,000 GPD to 176 acres of tailing ponds. The
permit states that effluent to the ponds must be equal to or better than
typical coal preparation plant tailing and that the decant water is to
be reused. There is to be no overflow of effluent from the ponds. More

details of the permit are given in Table 2-11.

The solid wastes from screening and separation are trucked to

the refuse disposal site which is described below.

Domestic sewage from the plant is treated by means of a septic

tank and tile field.

The waste water which could reach the river is from minor efflu-
ent sources such as seepage from the tailing ponds, leachate and runoff
from the refuse disposal areas, land drainage around the plant and

plant spills.

The Company has a Department of Mines and Petroleum Resources
Reclamation Permit for the plant area. Areas disturbed by construction

and old tailing ponds have been revegetated(zg).

(b) Present Refuse Disposal Sites

The coarse coal refuse from the Elkview coal preparation plant
is deposited in a refuse disposal site about two miles north of Sparwood,
on the east side of the Elk River. The site is shown on Figure 2-5 as
point 512, which also refers to the Pollution Control Branch Permit file.
The coarse coal refuse ranges in size from four inches to 28 mesh, and
is hauled by truck from the coal preparation plant to the site, where it

"1s spread and compacted by scrapers. The coarse coal refuse consists
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of rock, shale, sand, bony coal, coal fines, magnetite (Fe304), clay,

(39) (40) |

calcite and traces of iron The sulphur content is about 0.2%

The refuse is relatively inert.

The Pollution Control Permit PR-512 authorizes the disposal of
5500 cu. yd./day (6000 tons/day) of coal refuse in two sites referred

(38)

to as the "old" and the '"new' sites The old site has an area of

44 acres, and the new site has an area of 29 acres(41). The combined
capacity of the two sites is estimated to be about 3 million cu. yds.(sg).
The old site is located on a fairly steep hillside about 1000 feet from
the Elk River. The new site is on a relatively flat bench adjacent to

the Elk River and extends to within 100 feet of the river. The new site
is estimated to be about eight feet above the high water level of the

Elk River and a partial earthen dyke has been constructed between the ref-
use pile and the river. A summary of pertinent information regarding

these sites is contained in Table 2-4.

Groundwater seepage and surface runoff from the refuse sites
are collected by vertical pressure relief wells, horizontal trench
drains, and surface drainage ditches and are discharged to two low-lying

areas adjacent to the Elk River(sg).

These low lying areas act as
settling basins to clarify the runoff. The marshy area to the south of
the new refuse site also receives surface runoff from the yard area
around the coal preparation plant, as well as spills from the coal

preparation plant(42’ 43).

Aerial photographs of the refuse sites show areas
blackened by coal fines that mark the places where surface runoff from

the refuse sites and the plant yard enters the two low lying areas.

The water standing in the marshy area to the south is black with coal

fines near the refuse site and plant yard and progressively lighter

(42)

moving towards the Elk River

We believe that the new refuse site is now full and thét the
old site will be full by the spring of 1982. After 1982, Kaiser Re-
sources Limited plans to truck or convey (by conveyor) the coarse coal

refuse to the west side of the Elk River. Here the material will
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initially be used for dyke construction of Lagoon E and later it will be
deposited in the general area. Once the refuse sites are full, they

(1)

will be revegetated as part of Kaiser's reclamation plan for the area
(c) 01d Refuse Disposal Sites

The Michel coal preparation plant was phased out in 1973. There
were three refuse disposal sites associated with the Michel preparation
plant. These sites are no longer in use and are not covered by pollu-

tion control applications or permits.

Two of the sites, referred to as the Michel refuse dumps, are
located near the Michel plant and have a combined area of 22 acres.
One site (point R1, Figure 2-5) which has an area of about two acres 1is
located one mile south of the Michel plant, and about 350 feet west of
Michel Creek. The other site (point R2, Figure 2-5) has an area of 20
acres and is located along the east bank of Michel Creek near the
Michel plant[4l). Aerial photographs taken in September, 1971, show
that the large refuse site was still in use at the time, and that coal
refuse was being eroded and washed into Michel Creek along a 2000 foot

front(44).

The Teclamation plan (1969-1975) prepared by Kaiser Resources
Limited in March, 1973,indicated that 17 acres of the 22 acres of ref-
use sites had been seeded and planted. Erosion control netting had been
purchased to stabilize the steep creek side area of the large refuse

site during revegetation(4l).

The third refuse site, (point R3, Figure 2-5) referred to as the
Michel-South refuse dump, is located two miles south of the Michel plant,
and about 175 feet south of Michel Creek. The site has an area of 10
acres, of which nine have been seeded and planted as part of Kaiser's

(41)

reclamation program

No specific monitoring program is recommended for these three
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sites bhut the sites should be visited to determine if erosion has been

effectively controlled.
(d) Michel Coke Plant

The coke plant is situated on the north bank of Michel Creek, in
Michel (Figure 2-6). Ninety-nine acres are occupied by buildings, roads,
and disposal areas. A simplified flow diagram of the process is given

in Figure 2-8.

Coke is produced by heating coal, in the absence of air, in
batch ovens. Coke oven gas is produced as a by-product together with
tar and an aqueous condensate. The gas is separated from the tar and
the aqueous phase in coolers and scrubbers and is used to heat the coke
ovens. The tar is recovered in settling tanks and marketed. The aqueous
condensate is recycled to cool and scrub the coke oven gas, and excess
condensate is mixed with coke quench water. Coke is discharged from
the ovens at the end of a batch and quenched with water sprays. Coke
fines, called breeze, are separated from the quench water, and dried
and stored for marketing. The quenched coke is stockpiled for marketing.
The quench water is continuously reused to quench coke but is discharged

once a week to prevent buildup of contaminants.

The plant has been in operation for many years and the major
equipment is obsolete. Due to the age of the plant, control of the pro-
cess is fairly crude, resulting in air and water emissions which would
not occur in a modern plant. The major effluents are yard drainage and
the weekly discharge from the breeze settling basin. The yard drainage
is composed of settling pond overflows, spills, runoff, etc. The efflu-
ents are channelled through three settling ponds in series and then piped
to two settling ponds near Michel Creek. Overflow from the last two
ponds discharges through two coarse coke filters to Michel Creek. The
Company has applied for a pollution control permit for the discharges.

Details of the Application (AE-1329) are given in Table 2-11.
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(e) Michel Creek Hydraulic Mine

The hydraulic mine uses water under high pressure to remove coal
from underground tunnels bored into the mountainside. High pressure
water jets disintegrate the coal from the seam and the coal and water
slurry flow by gravity to a dewatering plant located near Michel Creek.
The coal is separated from the water in a thickener and sent to the Elk-
view preparation plant for washing. The water is pumped back to the
mine for reuse. There is usually no discharge of effluent to the creek
from the operation. There are emergency holding ponds adjacent to the
clarifier which are apparently used when the operation is being shut

down.

There is one site (point R4, Figure 2-5) at the hydraulic mine
which was used for the disposal of coal refuse from the dewatering plant.
Tt is no longer used and is not covered by pollution control application

or permit.

The site has an area of six acres and is located along the east

(41)

side of Michel Creek, adjacent to the dewatering plant Aerial
phétographs taken in July, 1972 show that 25% of the site was in use
at that time. Seventy-five percent of the site had been partially re-
vegetated, and no erosion of the coal refuse was occurring except in a

small unvegetated area adjacent to the dewatering plant(44).

The Kaiser
Resources Limited reclamation plan (1969-1975) prepared in March, 1973,

. . 1
reported that the entire site had been revegetated(4 ),

Although no specific monitoring program is recommended for the
site, it should be visited to determine if erosion is now being effec-

tively controlled.
(f) Harmer Ridge Maintenance Area
A truck maintenance and washing operation is located near the

strip mines (Figure 2-6) and the discharge is under application for a
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Pollution Control Permit (AE-2062). Details of the Application are given
in Table 2-11. In this operation o0il and grease are discharged to a
sump pit from which the oil is skimmed and trucked away. The washing
operation also produces a waste water which contains oil and surfactants.
The sump wastewater is treated by a peat moss filter which absorbs the
0oil. The flow of treated effluent is combined with the land drainage
from the truck washing operation and from the mines. This drainage goes
to a settling basin in the pit and then to the three settling basins on

Harmer Creek which were previously described in section 2.3.1.

The maintenance shop washroom wastes are treated in an oxidation
ditch, settled, chlorinated, and discharged to Baldy Creek which flows
into Michel Creek. The discharge is under application for a Pollution
Control Permit (No. AE-1195, Table 2-11).

2.3.3 Effluent Sampling Data: Discussion and Recommendations
(a) Exploration and Mining

There are few data available on the runoff water quality from
exploration areas. Kaiser Resources Limited retained B.C. Research in
1973 to prepare a report on the effects of exploration on the environ-

menttss).

The report set up a sensitivity scale for exploration areas,
classifying them according to soil type, vegetation, and altitude. The
erodibility of soils was a major factor considered. The erosion result-
ing from exploration and mining increases sediment loads and turbidity
in creeks and rivers. Factors which increase erosion include channel-
ling of the runoff water, steep slopes, unprotected ground, and dumping
of unconsolidated material in or along water courses. The water qual-
ity will vary with the degree and extent of disturbance, the amount and

duration of rainfall, and the catchment area.
The Reclamation Service, Mines Branch, has tested the pH of

soils in the Sparwood area. All of the pH values were in the range of

6.5 to 7.8, except for the organic topsoil which was 5.1 to 6.5. (till
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overburden 7.1 - 7.8; organic topsoil 5.6 - 6.5; oxidized coal 6.5 - 6.8;
tailing pond (dry) 6.6 - 6.9). The coal mined, mainly medium-volatile
bituminous with excellent coking qualities, has a low sulphur content
(0.25% to 0.7%) relative to eastern U.S.A. coals (4% to 7% sulphur).

The low sulphur content and the basic pH of the soils suggest that acid-
mine drainage problems, experienced in the eastern U.S.A. coal mines,
will not be a problem in the Sparwood area. This suggestion is support-
ed by the results of one sample taken from the Balmer North Mine drain-
age in February, 1972. The pH of 8.3 indicated a non-acid drainage.
Other analyses of the sample (performed by the B.C. Water Resources En-
vironmental Laboratory) showed low values: sulphate 5.0 mg/l; total
phosphate 0.045 mg/l; dissolved copper 0.003 mg/l; suspended solids

56 mg/l; chemical oxygen demand 16 mg/l; and total sulphur 1.6 mg/1.
Considering these values, we estimate that the drainage does not have a
significant effect on Michel Creek. Therefore, no specific sampling

program is recommended.

Drainage from the surface mines which flows to a large settling
pond and overflows into Harmer Creek, may be affecting water quality in
Harmer Creek, according to available biological data (see section 5.2).
If further biological monitoring is carried out we recommend that water
quality be measured at the settling pond outlet. Samples should be col-
lected preferably on a monthly basis at first. Since it is not known
which parameters are causing a problem, the first samples would be an-
alysed for a wide range of variables including total solids, suspended
solids, nitrate, orthophosphate, total organic carbon, ammonia, cyanide,
phenol, copper, lead and zinc. Field analyses such as pH, dissolved
oxygen and turbidity should also be performed. Once a few samples have
been collected under different flow conditions it should be possible to
reduce the number of analyses per sample to only the most impoftant

parameters.
(b) Elkview Preparation Plant

Data are available for the six groundwater monitoring wells below
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the tailing ponds (Lagoons C and D) and for the groundwater and surface

runof f from the refuse disposal sites.

The Pollution Control Branch monitors the groﬁndwater wells.
The results from 1973-1974 are summarized in Table 2-12. For compara-
tive purposes, the monitoring results for the supernatant from the la-
goons and for an upstream and downstream station on the Elk River are
included. Kaiser Resources Limited data for the lagoon supernatant and

two stations on the Elk River are also presented (Table 2-12).

The data from the groundwater wells below the tailing ponds
(EP-7, EP-8, EP-9, EP-16, EP-17, and EP-18), indicate that alkalinity,
specific conductance, dissolved iron, dissolved manganese, and dissolved
zinc were much higher below the ponds than upstream at the Elk River
stations, EP-1 and 27. However, only the values for iron and manganese

(46)

exceeded the level A Mining Objectives and the Canadian Drinking Water
Standards. The high values for dissolved iron and manganese in the
groundwater may be due to the reduction of insoluble ferric and manganese
compounds to soluble ferrous and manganous forms under anaerobic condi-

tions in or beneath the tailing ponds.

The rate of groundwater flow into the Elk River from the tailing
ponds area is not known, but is considered to be small compared to the
flow in the Elk River. A comparison of the data for the Elk River sta-
tions upstream from Kaiser Resources (EP-1 and 27) with that for the
station downstream from Kaiser Resources (EP-2) indicates that the water
quality is essentially identical with the exception of small increases
in specific conductivity and total alkalinity from upstream to down-
stream. It is thus concluded that the seepage from the tailing ponds
is not having a detrimental effect on the water quality of the Elk River.
A special monitoring program is not considered to be necessary for the

tailing ponds.

The groundwater and surface runoff from the refuse disposal sites

are monitored by the Pollution Control Branch and by Kaiser Resources
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Limited. The results available for 1973-1974 are summarized in Table

(45) are annual means for 1973

2-13. The Kaiser Resources Limited data
(mean of 4 samples), whereas, the Pollution Control Branch data

represent one sample. Stations on the Elk River; upstream and down-
stream of Kaiser Resources Limited (EP-1 and EP-2), are included in

Table 2-13 for comparative purposes.

The results from the one groundwater station (EP-15) and the
three surface water stations (EP-11, EP-12, EP-14) associated with the
refuse sites were similar to those from the upstream Elk River station
(EP-1), except as indicated below. The groundwater and surface runof f
samples were generally higher in total solids and turbidity, and slight-
ly higher in total iron and total aluminum. The groundwater station
.EP-IS, showed higher concentrations of sulphate and zinc, (3% and 10
times higher respectively) while one surface water station (EP-14) had
greater levels of manganese and copper (eight and 10 times respectively).
Only copper (0.37 mg/1l at EP-14) was in sufficient concentration to be
potentially harmful to aquatic organisms(47). However, the high alka-
linity (155 mg/1) suggests that this would not be a problem. The higher
copper values may be due to spills or drainage from the plant area, as
the copper levels at stations associated solely with the refuse sites
were low. The most recent Pollution Control Branch sample from station

EP-15 indicated a very low concentration of zinc in the groundwater.

The quantity of groundwater and surface runoff reaching the Elk
River from the refuse sites and plant area is not known, but is consid-
ered to be very small compared to the flow in the Elk River. A compari-
son of Kaiser Resources Limited data for the Elk River upstream (EP-1)
and downstream (EP-2) from the Kaiser operations indicates that the

water quality is virtually identical at the two stations.

It is concluded that the refuse disposal sites have very little
impact on the water quality of the Elk River. Consequently, we recommend
that no special monitoring of the refuse site be undertaken during the

study. The Company and the Pollution Control Branch should continue
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routine monitoring at the sampling stations associated with the refuse

sites in order to detect any future water quality deterioration.
(¢) Michel Coke Plant

Data on effluent discharged from the Michel coke plant are
summarized in Table 2-14. Effluents from the coal drier basin and the
holding ponds were sampled by the Pollution Control Branch. The major
contaminant in the pond liquid was phenol which was present in concen-
trations of three to 735 mg/l} Other effluents discharged at the coke
plant are sanitary wastes, compressor water, and boiler blowdown. Data
on the effluent characteristics submitted by the Company in an appli-

cation for a pollution control permit are also summarized in Table 2-14.

Most of the process effluent from the coke plant is treated in
a series of ponds prior to discharge through a coke filter to Michel
Creek. The effluent flow has been estimated to be 30,000 GPD although
" no actual measurements have been made. Effluent monitoring data, though
scant, indicate that phenol and ammonia could cause an environmental
problem in Michel Creek. The Company and the Pollution Control Branch
are currently preparing a program to upgrade the discharges from the

plant.

Measurements of phenol in the effluent ranged from three mg/l
to 56 mg/1l, (Table 2-14). One sample of the pond liquid showed a phenol
concentration of 735 mg/l. Water Quality Criteria(48) suggests a lethal
concentration of 7.5 mg/l of phenol for 50% survival of trout over 48
hours. The effluent may therefore not meet -the Pollution Control Branch
level A Mining Objective of 50% survival of test fish in 100% effluent

(46)

over 96 hours More data on phenol concentration in the effluent and

in the receiving waters are required to establish existing phenol levels.
The ammonia-nitrogen value of 65.5 mg/l (Table 2-14) also ex-

ceeds levels A, B and C of the Mining Objectives. The minimum flow of

Michel Creek was 37 CFS (or 20 million GPD) and the effluent flow was
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approximately 30,000 GPD. The 65.5 mg/l of ammonia nitrogen in the
effluent would therefore result in an increase of approximately 0.1 mg/1

(48)

in Michel Creek. Water Quality Criteria, notes that to avoid toxic
effects, un-ionized ammonia nitrogen should not exceéd 0.02 mg/1. It

is not known whether the ammonia is in the un-ionized form, although it
is not expected to be so, given the temperature and pH of Michel Creek(bo),
More data on ammonia nitrogen in the effluent are required to confirm the

one value given.

Coke plant effluent can have a high chemical oxygen demand (COD),
and may contain cyanide and thiocyanates(49).
pond water gave a COD of 7200 mg/l, a BOD5 of 2100 mg/1l and a cyanide
level of 0.05 mg/l. The COD and BOD5 values are high and should be

A single analysis of the

verified. The cyanide level is acceptable but the value should be
checked. Thiocyanates should also be measured if a suitable method can

be developed by the Environmental Laboratory.

Other effluents from the coke plant do not appear to be a prob-
lem. The effluent from the coal drier scrubber contains suspended
solids which settle out in the exfiltration basin. Sanitary wastes
will be receiving secondary treatment and the addition of 100 GPD of )
boiler blowdown to the treatment facilities should not impair effluent
quality. The only effect of compressor cooling water is on receiving
water temperature. At a flow of 320,000 GPD and a temperature of 80°F
the cooling water would raise the temperature of Michel Creck by 1%F
at most, assuming a minimum creek flow of 26,000,000 GPD. Such an

effect is considered negligible.

We recommend that a monitoring program be carried out on the
process effluent discharged from the ponds. In the first instance the
effluent should, if possible, be sampled twice a month during total
recycle of quench water and when quench water is being bled from the
circuit. A 24 hour composite is preferred. Parameters to be measured

should include:
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Phenol

Ammonia nitrogen
Cyanide

BOD5

CcoD

Total organic carbon

Suspended Solids

Field measurements of pH and temperature should also be carried out, and

the effluent flow should be measured.

Samples of the receiving water immediately above and below the
dilution zone should be collected each time the effluent is sampled.
The samples should be analysed for:

Phenol

Ammonia nitrogen

Cyanide

Field measurements of pH, temperature and dissolved oxygen are

also required.

Frequency of sampling during the year will depend on evaluation

of monitoring results.
(d) Michel Creek Hydraulic Mine

Problems have been experienced in the past with discharges from
the coal thickener. These have now been corrected by pumping water
back to the mine. There are no significant discharges from the mine or

the coal thickener.
(e) Harmer Ridge Maintenance Area

The domestic effluent was sampled by the Pollution Control Branch
six times between 1972 and 1974. The results (Table 2-15) show fairly

large variations in BOD. and suspended solids. Half the samples met the

5
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Pollution Control Permit limits (as given in Table 2-11). Results sug-

gest that the plant operation is erratic.

The discharge is to Baldy Creek, about 3 miles upstream from its
confluence with Michel Creek. Based on flow records for adjacent and
similar streams, the Company estimates that the effluent is diluted by
a factor of 40:1 in the upper reaches of the Creek and by a factor of
241:1 in the lower reaches. If this is the case, it is unlikely that
the discharge will affect water quality. We recommend that the treat-
ment works be inspected to ascertain requirements for maintaining effici-
ent operation at all times. An on site inspection is required to con-

firm stream flows and our present estimate of water quality.

2.4 Proposed Mining Developments

Four new coal mining developments are proposed for the Elk River
Basin. These are: on Coal Mountain south of Corbin (Crows Nest Indus-
tries); in the Hosmer Creek and Wheeler Creek area east of Hosmer (Kaiser
Resources Limited); along Line Creek (Crows Nest Industries); and on
Weary Ridge along the east side of the upper Elk River (Elco Mining
Company, formerly Emkay Canada National Resources). Some detalls are

available for the latter two.

The proposed Line Creek mine would be on a ridge about seven
miles from the confluence with the Fording River(SO). Approximately
one million tons of coal would be removed each year. The operation would
involve open pit mining of the ridge, disposal of the overburden into a
valley and diversion of the creek in the valley (a tributary of Line
Creek) around the refuse pile. Once the pit is dug, some of the over-
burden may be returned and the pit would be converted into a lake. The
drainage water would be removed via a ditch along Line Creek, but sep-
arated from the Creek by the hauling road. Settling basins would be
built where required at the mine site and along the drainage ditch.
The proposed site for the preparation plant is at the confluence of

Line Creek and the Fording River. B.C. Research has been fétained by
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Crows Nest Industries to do a detailed background study in the region.

Elco Mining Company has not started mining its extensive de-
posits in the Upper Elk Valley (Figure 2-2), although‘relatively exten-
sive exploratory work has commenced. Consultants for the Company state
that relocation of a part of the Elk River would be required for the

(51). The coal under the river is of medium

operation of a viable mine
to high volatility and must be mixed with the coal of lower volatility

from higher elevations to obtain a good quality coking coal.

The Elk River diversion would be on the west side of the river,

between Cadorna and Weary Creeks. The proposed mine pit would be approxi-

mately five miles long, % to 3/4 miles wide, and about 600 feet deep.
The Company plans to backfill the pit with waste rock and soil whenever
possible. The erosion from the strip mines, construction sites and new

river channel would probably have the greatest effect on water quality

2.5 Other Sources of Industrial Wastes

Pollution Control Branch files show that there are five rela-
tively small industrial refuse disposal sites in the region. The sites
are shown on Figure 2-5 as points 3703, 3821, 1961, 2422 and on Figure
2-2 as point 3835. The numbers also refer to Pollution Control Branch
Permit or Application files. Four of these sites are in operation and
one has been closed. A summary of the pertinent information regarding

each of these sites is contained in Table 2-4.

An evaluation of potential adverse effects indicates that the
sites are unlikely to contribute to the deterioration of groundwater or
surface water quality. Accordingly, no special monitoring of these

sites is recommended.
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2.6 Summary of Recommendations

Our recommendations for effluent sampling in Region 2 have been
detalled in the preceding discussion. The recommendations involve both
work required in addition to routine sampling, and changes to present sampling
- programs, The recommendations are summarized below for easy reference.
2.6.1 Fording Coal Limited

(a) Grenhills Mine Dewatering

Site inspection to confirm flows and possible suspended solids

loading.
(b) Coal Plant Tailing Pond

In future routine monitoring, include nitrogen and phosphorus

and exclude heavy metals.
(c) Drier Plant and Maintenance Complex

Site inspection to estimate volume overflowing and period of

maximum overflow.

In future routine monitoring, include oil and grease and phosphor-

us and nitrogen.
2.6.2 Kaiser Resources Limited
(a) Surface Mine Drainage into Harmer Creek

Monitor monthly, or at the same time as recommended biological

monitoring. Initial parameters:
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Total solids J Total Organic Carbon

Suspended solids Cyanide
N03~N Phenol
NH3~N Cu, Pb, ZIn.

PO, Dissolved

Following evaluation of initial results, the number of parameters will

be significantly reduced.
(b) Michel Coke Plant (AE-1329)

Initially monitor twice a month, during quench water recycle

and quench water bleed from circuit.

Effluent parameters:

Suspended solids Phenol

Chemical oxygen demand Cyanide (total)
Total organic carbon pH

BOD5 Temperature
NHS—N Flow

Receiving water parameters (above and below dilution zone)

NH3<N Cyanide (total
Total organic carbon pH

Suspended solids Temperature
Phenol Dissolved oxygen

(¢) Maintenance Camp Domestic Waste (PE-1195)

Inspect treatment plant to evaluate operating efficiency. Site

inspection of receiving waters.
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MUNICIPAL AND NON POINT SOURCES OF EFFLUENT AND SOLID WASTES

w

w

3.1 Fernie
3.1.1 Description of the Sewage Treatment Facilities

The city of Fernie is an important commercial centre for the
coal fields of the Elk and Fording Valleys. The 1971 census reported a

population of 4422 and a municipal area of 1980 acrestss).

Until 1973, the municipal sewage disposal facilities consisted
of two septic tanks and a one-acre oxidation lagoon which discharged in-
to the Elk River. The lagoon discharge was under Pollution Control Per-
mit PE-72 which is summarized in Table 2-9. 1In 1973, a new treatment
plant was built. The new facilities include extended aeration, settling,
and chlorination and are designed to treat storm water and sanitary
sewage for a population of 6500. The discharge is to the Elk River and
is under Pollution Control Permit PE-390 (formerly PE-306). Permit de-
tails are given in Table 2-9 and plant design details in Table 2- 16.

3.1.2 Effluent Sampling Data: Discussions and Recommendations

The Pollution Control Branch sampled the effluent from the Fernie
scwage treatment plant six times in 1974, The results, given in Table
2-17, indicate that the levels of suspended solids (mean 14 mg/l) and
BOD5 (23 mg/1) were within the permit levels shown in Table 2-9. Accord-
ing to the permit, the mean effiuent discharge is 0.93 CFS giving a
loading of suspended solids of approximately 70 lb/day. A comparison of
effluent flow with the 1973 minimum daily discharge of the Elk River at
Fernie of 310 CFS(ll) suggests that the treated municipal discharge will
have no effect on the water quality of the Elk River.

In January 1974, heavy rains and an unséasonable thaw occurred
in Fernie. As a result, flows of more than 3 million GPD (5.6 CFS) passed
through the plant and an unknown quantity of effluent bypassed the plant.
Also, the city's sewers backed up flooding basements and streets, and

creating a possible health hazard(gg). In June 1974, excessive flows to
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the treatment plant reoccurred, and untreated sewage was discharged to
a field near the plant. We recommend that the system be modi-

fied to prevent the backup of sewage, and we understand that the city

has agreed to such measures. If the treatment plant must be bypassed

during floods, the flow quantity and quality shoqld be monitored in

order to evaluate effects on the river water quality.

w
0o

Sparwood

3.2.1 Description of the Sewage Treatment Facilities

Sparwood, situated near the confluence of Michel Creek and the

Elk River, had a population of 2990 in 197114,

Municipal effluent from the District of Sparwood is treated by
an oxidation ditch with a capacity of 0.5 million gallons and a reten-
tion time of 23 hours. A 20 foot diameter clarifier with a 2.5 hour
retention time is used for final sludge settling. Before discharge to
the Flk River, the effluent is chlorinated to a chlorine residual of
0.2 mg/1. Sludge can be returned to the ditch or to storage and drying

beds. The discharge to the Elk River is under Pollution Control Permit
PE-253% which is summarized in Table 2-9.

3.2.2 Effluent Sampling Data: Discussion and Recommendations

The Pollution Control Branch sampled the Sparwood sewage treat-
ment plant eight times from 1972 to 1974. The results, summarized in
Table 2-18,show that the effluent meets the Pollution Control Permit

limits given in Table 2-9. The mean loadings of BOD. and suspended

solids are 33 1b/day and 39 1b/day respectively. Assthe minimum daily
discharge of the Elk River in 1973 was 161 CFS(ll), these loadings will
have no effect on the water quality of the Elk River. The chlorine re-
sidual in the effluent is often below the usual acceptable limit of
0.1 mg/l. We recommend that steps be taken to ensure/that effective

chlorination of the effluent is taking place.
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3.3 Elkford
3.3.1 Description of Sewage Treatment Facilities

Elkford is situated on the Elk River, upstream from the conflu-
ence with the Fording River. The 1971 census gives a population of

605(14). There was an estimated population of 2500 in December, 1974.

Elkford has a five cell lagoon system which has a total area of
9.9 acres. As of October 15, 1973, the lagoons were not aerated but
there are plans to install diffused aeration. Chlorination facilities
were not installed becauselthere has been no effluent overflow to date.
Effluent now exfiltrates to the ground from the third cell. The system
is under Pollution Control Permit PE-454 which is summarized in Table
2-9,

3,3.2 Effluent Sampling Date: Discussion and Recommendations

The Pollution Control Branch sampled the Elkford sewage treat-
ment plant twice during 1974. The results, given in Table 2-19,indi-
cate a good quality effluent. One of the samples showed a high suspend-
ed solids content, but  this value may be in error since BOD5 and
total organic carbon were low in the sample. The pH of the effluent is
considered high for domestic effluent. Since the effluent percolates
through the ground before entering the river, we do not expect the efflu-

ent to have any effect on the water quality of the Elk River.

3.4 Municipal Sources of Solid Wastes

The Pollution Control Branch files showed that there are seven
municipal refuse disposal sites under permit or application‘ within the
region. Six of these sites are in operation and one has been closed.

A summary of pertinent information regarding each of these sites is con-
tained in Table 2-20. The location of the sites is shown as points 504,
505, 1480, and 1876 in Figure 2-2, and points 520, 1486, and 1671 in

Figure 2-5. The numbers also refer to the Pollution Control permit or

application files.
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An evaluation of the potential at each site for adverse effects
on groundwater or surface water (Table 2-20) indicated that it is un-
likely that any of the municipal sites will contribute to the deteriora-

tion of groundwater or surface water quality.
Accordingly, no special monitoring of these sites is recommended.

3.5 The Influence of Agriculture

In the Elk River Basin, there is a limited amount of agricultural

activity. The agricultural operations are located in the following

arcas (55) :

Between Sparwood and the Fording River confluence

Between Fernie and Olson

- At Morrisey

The sources which were considered to contribute nutrients to the
receiving waters were fertilized irrigated cropland and animal confine-
ment operations.

3.5.1 Fertilizer Contributions

Nutrient contribution from cropland was estimated only for the
irrigated acreages. Fertilizer applied on non-irrigated acreage was
assumed to contribute a negligible amount in comparison to that from
irrigated cropland. The irrigated acreages and locations were determined
from issued water licences. Fertilizer application rates of 50 1bs
nitrogen per acre per year and 10 1lbs phosphorus per acre per year were

assumed in calculating the potential source loadings.

The method used to estimate the fraction of applied nutrient
ultimately reaching the receiving water was based on results from the

Okanagan Basin Study(Sé).

In this study lysimeter tests were used to
derive the fraction of nutrients reaching the groundwater. These frac-
tions were 0.168 of the nitrogen applied as fertilizer and 0.021 of the

phosphorus applied as fertilizer.
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We then assumed that 80% of the nitrogen and phosphorus reaching
the groundwater would enter the receiving water. Therefore each irri-
gated acre was assumed to contribute the following amount of nutrient

per year to the receiving waters:

i

6.7 1b/year
0.17 1b/year

Nitrogen: 50 x 0.168 x 0.8
Phosphorus: 10 x 0.021 x 0.8

i

Table 2-21 gives nutrient loadings to the recelving waters from
irrigated fertilized lands, based on the above assumptions. The area
of irrigated fertilized land in the E1lk valley was estimated from the

) 57)
1971 agricultural census( 7).

The total nitrogen and phosphorus load-
ings to the Elk River from cropland was thus estimated to be 8600 1b/

year and 220 1b/year respectively.
3.5.2 Livestock Contributions

Nutrient contributions from livestock operations are mainly due
to poor management practices. Beef cattle are often wintered near
streams because of the natural shelter and water supply provided. A
significant amount of animal wastes can thus accunulate near the streams.
When the spring thaw occurs, the runoff can flush this waste into the

Stream.

The method used to derive nutrient loadings to the river from
livestock confinement operations was again based on results from the

Okanagan Basin Study(56).

The total potential loading from each animal
per year was assumed to be 137 1lb/year of nitrogen and 9.1 1lb/year of
phosphorus. The fraction of the total potential loading which leaked
into the river was assumed o be 0.07 for nitrogen and 0.022 for phos-
phorus. An estimate of the number of farms and livestock was obtained
from the 1971 agricultural census(57). Results are presented in Table
2-21 and show that total loadings to the Elk River from livestock sources

were 11,000 1b/year of nitrogen and 230 1b/year of phosphorus.
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3.5.%3 Discussion of Results

The total nutrient contribution from agricultural activity to
the Elk River was estimated to be 19,000 1b/year of nitrogen and 440 1b/
year of phosphorus. These loadings are considered to be insignificant
on an annual basis. However, if all the wintering areas were located
on sloped land along the watercourses, a short term problem might occur
during spring runoff. A visual assessment is required to evaluate the
animal waste management practices in the Elk River Basin. If the major-
ity of the cow-calf operations are well managed, no problem would result
from fertilized cropland during spring runoff. Fertilizer is usually
applied on the land prior to spring runoff, therefore a fast thaw could
carry a significant amount of the fertilizer into the stream over a short

period of time.

3.6 The Influence of Forestry

As a result of widespread wildfires in the last 50 years, about
50 to 60% of the lands in this region are occupieda by immature forests,
mainly of lodgepole pine. These stands are increasing in importance as
a source of pulpwood. Old growth forests of mature and over-mature
Engelmann spruce and alpine fir occupy perhaps 10 to 15% of the area,

usually on steep slopes and over 4500 feet clevation.

Logging practices (especially road construction and log skidding)
are likely to cause soil erosion and stream sedimentation. These prob-
lems are likely to be most severe in the steeply sloping areas of the
mature spruce-fir forests. Regeneration problems are also likely to be
encountered on steep exposed slopes, which could prolong the period of

logging impact on water quality.

Existing and proposed logging operations in Region 2 are relative-
ly limited in extent. The areas involved are shown in Figures 2-2 and
2-5. The major center of activity is in the south of the Basin, along

the Wigwam River and its tributaries (Lodgepole, Bighorn, and Rabbit
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Creeks). Other smaller areas of active logging are found in the upper
reaches of Fording and Line Creeks, further north in the Region. The
unstable and highly erodible surficial materials in the Line Creek val-
ley, derived from underlying shales and sandstones, require special con-

sideration and management if erosion is to be controlled.

3.7 The Influence of Dams

The only major dam in the region is the Elko dam on the Elk
River, 1/2 mile downstream from the village of Elko. The dam and its
associated power plant are now owned by B.C. Hydro, but the original de-
velopment of the Elko site was undertaken by the East Kootenay Power
Co. Ltd. in 1906, Further expansions of the operation, completed in

1924 and 1950, brought the operation to its present state of development.

The Elko dam development is relatively small by today's stand-
ards. The dam is a concrete gravity type, 32 feet high and 216 feet
long. The power house has an installed capacity of 9.6 MW. The reser-
voir behind the dam is small, with a storage capacity of only 610 acre-
feet, and consequently the Elko plant may be classed as a run-of-the-

river plant.

The reservoir is contained mostly within the channel of the Elk
River with only 25 acres being flooded by the creation of the reservoir.
The fluctuations in the reservoir water level due to the operation of
the power plant are small, with the reserveir normally operated between
elevations 3020.5 and 3014 feet. The backwater effects from the reser-
voir are estimated to extend no more than two to three miles upstream

from the dam.

No studies have been conducted on the impact of the Elko dam on
the Elk River. However, we believe that the Elko dam probably has rela-
tively little effect on the Elk River. Since it is a run-of-the-river
plant, it has little effect on the natural flow pattern in the Elk River,

and thus the effects on aquatic life and water quality due to altered

-42-



flow patterns are minimized. Also, the reservoir is confined to a rela-
tively short reach of the natural river channel, so that the ill-effects
associated with reservoirs which inundate large areas of valley bottom
are neglible. The last addition to the dam was 25 years ago and in that
time the Elk River will have established new equilibrium conditions in

the vicinity of the dam.
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4. WATER SAMPLING DATA

4,1 Introduction

The waters of the Elk River basin have been sampled by Provincial

and Federal agencies and by consultants retained by Industry.

Since 1970 the Pollution Control Branch has collected approximately
750 samples involving a total of 15,000 analyses. The results of these
analyses are discussed in this chapter; together with data from other sources.
To facilitate the presentation and discussion of data we have divided the

Region as follows:

-The Elk River from its headwaters to the confluence with the
Fording River.

-The Fording River.
-The Elk River from Fording River to Michel Creek.
-Michel Creek.

-The Elk River from Michel Creek to Lake Koocanusa.

4.2 The Elk River From its Headwaters to its Confluence With the Fording River

4.2.1 Presentation of Data

The Elk River originates in glacier-fed Upper and Lower Elk Lakes.
It meanders across a bush-covered valley floor about one mile wide for
about ten miles to below Cadorna Creek. In the next five miles, to Aldridge
Creek, the river gradient is steeper and the riverbed relatively straight.
From Aldridge Creek to Round Prairie the valley is wider, the river meanders
and is occasionally interrupted by log jams or boggy stretches. From Round
Prairie to the confluence with the Fording River the stream velocity is

higher and streamside veretation is mainly trees with lighter underbrush.
The only effluent source in this area is the Elkford sewage treat-

ment plant which exfiltrates through the ground. However, the proposed

Elco Mining Ltd. operations, including the diversion of the Elk River from
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Cadorna to Weary Creeks, lies in this section of the Elk River.

Figure 2-9 shows the locations of the water sampling sites. The
Pollution Control Branch sites are described in more detail below, beginning

with the upstream site:

Site 41: On the Elk River, upstream from Cadorna Creek.

Site 43: On the Elk River, at the bridge at Round Prairie,
approximately five miles north of Elkford.

Site 39: On the Elk River, approximately ) mile south of the
Boivin Creek confluence (downstream of the Elkford
sewage treatment plant).

The data collected by the Pollution Control Branch, from 1972 to
1974, are summarized in Table 2-22. More details on some parameters are
given in Table 2-23. The turbidity data for site 43, upstream of Elkford,

and site 39, downstream from Elkford, are plotted in Figure 2-10. Data

(20) (51)

were also obtained from the B.C. Fish and Wildlife.Branch , B.C. Research™

(74) |

and the Federal Government They are not included due to space limita-

tions, but are in many cases, discussed.
4.2.2 Discussion and Recommendations

The discussion is subdivided into some general comments, the Elco
Mining Ltd. exploration area, and the data from the vicinity of the town of
Elkford.

(a) General

The headwaters of the Elk River and Cadorna Creek are made up of
glacial meltwaters. Surface runoff is added as these waters flow down the
Elk valley. Samples were analyzed from site 41, B.C. Research site WS 1
and Fish and Wildlife Branch site FW 1 above Cadorna Creek and at B.C.
Research site WS 13 on Cadorna Creek (Figure 2-9). Results showed lower
values for pH, specific conductance and total carbon than for sites down-

stream or for any other tributaries sampled on the Elk River.

Downstream of these sites surface runoff is added by Aldridge,
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Bleasdell, Weary, Forsyth/Quarrie, Bingay, Boivin, Weigert, Brule, and

a number of unnamed Creeks. The soils of the drainage areas of these
tributaries (and of the direct drainage areas to the Elk River) are de-
rived from glaciated limestone materials. Surface runoff water has higher
pH, specific conductance, dissolved solids, hardness, alkalinity and total
carbon than glacier and snow melt water in the Upper Elk River and Cadorna

Creek.
(b) Elco Mining Exploration Area

The Elco Mining Ltd. exploration area is situated between Cadorna
and Weary Creeks (Figure 2-9). Some water quality data from a site upstream
(41) and downstream (43) of the exploration area are presented in Table 2-23.
During low flow, there was a slight increase in the alkalinity, and dissolved
and total solids from the upstream to downstream station. No data were
available from the upstream site during high flow. However, at the down-
stream site, the suspended solids and turbidity were higher at high flow
than at low flow (124 mg/1 and 20 JTU in May compared to 4 mg/1 and 0.7 JTU
in August). The high values during spring runoff and the small increases
across the exploration area could be attributed to the effects of tributaries

as well as to possible soil disturbances caused by exploration.

Results of samples from the B.C. Research sites just downstream of
the exploration area, showed that alkalinity, hardness, pH, specific con-
ductance and dissolved solids were lower in August than in July or September.

(58)

Kunkle and Meiman noted a similar phenomenon for a mountain watershed.
The spring runoff may scour or clean the watershed resulting in little con-

tact between water and the soil which contributes ions to the water.

In July the runoff contained more dissolved solids than in August
when the streamflow was only slightly less. In September the water was
flowing at a lower rate and had made significant soil contact. As a result
there were higher values for parameters such as alkalinity, hardness, pH,
specific conductance and dissolved solids. These results demonstrate the

sensitivity of water quality to flow and to stream disturbances.

The alkalinity at upper Elk River sites was in the range of 70-90 mg/1,
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indicating limited buffering capacity for acid mine drainage, should it
occur. No studies of the potential acid production of soils in the Elco
Mining region are available but some preliminary work was carried out by

B.C. Research for Fording Coal(SI).

Results showed that there was no
naturally occurring acid drainage, although some areas could produce acid
mine drainage if conditions became favourable for bacterial action. No
sampling has been undertaken to determine whether acid drainage occurs in
the now active mining area.

(48)

The. E.P.A, Water Quality criteria suggests that a change in
alkalinity by an unnatural disturbance should be less than 25% of the
natural level to protect aquatic life. This criterion demonstrates the
importance of alkalinity as a parameter in assessing water guality. Alka-
linity should therefore be monitored in areas, such as mining areas, when

it may be affected.

If the Elco Mining Ltd. operation is to proceed, we recommend
that the location of potential acid mine drainage areas be determined.
Monitoring and appropriate corrective action can then be taken tc check

potential problems.

If mining development proceeds, we also récommend that the water
quality upstream and downstream from the future mining sites be characterized.
Analyses should include:

pH

total solids

dissolved solids

suspended solids

specific conductance

temperature

turbidity

total alkalinity

organic carbon

hardness

sulphate

acidity

total iron
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River sediments should be analyzed for particle size distribution

and total organic carbon, and heavy metal content on occasion.

The preferred sampling frequency for both water and sediment samples is:
Mid-January

Mid-April

First week in June

First week in July

First week in August

Mid-October

The water and sediment sampling we have proposed should be carried
out at least one year before site preparation. The program will be started
in Phase II of this study if time and resources permit. We recommend that
government agencies concerned with future mining development should ensure

that a sampling program is undertaken in time.
(c) The Elk River in the Vicinity of Elkford

The village of Elkford is the fownsite for the Fording Coal operation,
and uses a lagoon system for the disposal of municipal sewage. There has
been no positive discharge of effluent from the system due to exfiltration

of effluent to the adjacent stream bed.

A comparison of water quality upstream (site 43) and downstream
(site 39) from Elkford showed that pH, dissolved solids, specific conductance,
chloride and organic carbon were slightly higher downstream. Data available

(74)

from Environment Canada on Weigert and Brule Creeks, which flow into
the Elk River upstream of the Fording River, are comparable to values for

other tributaries in the Elco Mining area further north.

In general, water quality in this segment of the Elk River is suit-

able for raw water supplies for serving the water licences issued (Table 2-2).
Turbidity downstream from Elkford (site 39) in the spring of 1972

was significantly higher than upstream from Elkford (site 43) as shown in

Figure 2-10. Site disturbances in the area of Elkford townsite
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might have caused the addition of silt-laden runoff and hence the higher
turbidity. These disturbances could have taken place during the construc-

tion of the Elkford townsite(6).

We recommend that the Pollution Control Branch continue its routine
monitoring. The monitoring should include sampling for the following para-

meters:

pH

Total solids
Suspended solids
Specific conductance
Temperature
Turbidity

Organic carbon
Chloride

Organic nitrogen
Total phosphorus

Fecal coliform

If possible, the upstream site 43 should be moved closer to Elkford,

4.3 Fording River and its Tributaries

4.3.1 Presentation of Data

The headwaters of the Fording River and its tributaries are in the
high valleys of the High Rock Range (altitude 7,000 to 7,500 feet). A
small proportion of the total flow is derived from the east slopes of the
Greenhills Range, separating the Elk and the Fording rivers. For the first
eight miles, to Henretta Creek, the river drops steeply by 1500 feet. For
the next 20 miles the gradient is more moderate, the river dropping only
800 feet, and taking a more meandering course. The river drops 400 feet

in about 3 miles then 400 feet in about 10 miles to join the Elk River.

The Fording Coal plant is located between Henretta Creek and Kil-

marnock Creek just as the river begins the 20 mile section of moderate
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gradient (Figure 2-9).

Line Creek joins the Fording River about 12 miles from the mouth
of the Fording River. The pits of Crows Nest Industries Ltd., not presently

in operation, are about six miles up Line Creek (Figure 2-9).

The location of sampling sites is shown on Figure 2-9. The Pol-
lution Control Branch sites are described in more detail below, starting

with the upstream site.

Site 110: On the Fording River, south of the confluence with
Henretta Creek.

Site 40: On the Fording River at the Fording Coal plant site.
Site 93: On the Fording River due east of Elkford.

Site 28: On the Fording River just before its confluence with
the Elk River.

Site 44: On Line Creek downstream from Crows Nest Industries Ltd.

Summaries of the data obtained at these sites are presented in
Tables 2-24 and 2-22. More details on some parameters are given in Table
2-25. Data collected by B.C. Research and the Fish and Wildlife Branch
on the Fording River upstream from Clode Creek and on Aldridge Creek, an
adjacent watershed, are compared with the Pollution Control Branch data
(Table 2-26). A plot of organic carbon concentrations at Pollution Control

Branch sites sampled in 1973 is presented in Figure 2-11.
4.3,2 Discussion and Recommendations
(a) Fording River

The water quality of the Fording River above the Fording Coal
operations was similar to Aldridge Creek, a tributary of the Elk River.
The data showed the usual seasonal changes due to high and low runoff

periods (Table 2-26).

In 1970, before the Fording Coal operations, B.C. Research sampled
tributaries of the Fording River in the vicinity of the present coal plant(31).

The results, from Clode, Eagle, and Kilmarnock Creeks indicated that the
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water quality met the British Columbia drinking water standards(sg).

Data collected following startup of Fording Coal Ltd. operations
are discussed below, by parameter. The data are in Tables 2-24, 2-22, and
2-25.

Specific Conductance and Alkalinity

From 1972 to early 1974 these parameters showed little change other
than an increase downstream due to the addition of runoff water (Table 2-24).

Annual minimums occurred during spring runoff.
Suspended Solids

Concentrations were relatively high during spring runoff in 1972
and 1974 (80 to 240 mg/1) but remained low in 1973 due to below average
runoff flow in that year (less than 8 mg/1). Values tabulated in Table
2-25 also show a significant increase past the Fording Coal plant site,

of from 4 to over 100 mg/1.

A nonstandard analysis was carried out by Environment Canada at

site 8NK21, near site 40(75).

The test used was called "suspended residues'
and consisted of 30 day settling of the sample, decantation, filtration and
drying. The data showed that the 1972 maximum '"suspended residue’ occurred
in early June rather than mid-May which is the time Pollution Control Branch
samples were taken with results as shown in Table 2-25. It is therefore
probable that higher concentrations of suspended solids occurred in spring
1972 than we have indicated. The result demonstrates the importance of
sampling at the correct time to obtain the maximum concentrations which last

for relatively short periods.

High levels of suspended solids can affect aquatic 1life. The pos-
sible effects are documented in Chapter 5 on biological data. Such effects
include possible mortality of fish due to decreased intra-gravel oxygen
and abrasive action on gills, and a decrease in invertebrate populations due

to sedimentation.



Turbidity

This parameter follows the same trend as suspended solids with the
most rapid increase over background values occurring near the Fording
Coal plant site (Table 2-24 and 25). Turbidity can affect aquatic life
by reducing light penetration and hence periphyton growth and fish visi-

bility. These effects are discussed in more detail in Chapter 5.
Nitrogen and Phosphorus

Total nitrogen and total phosphorus concentrations were at a
maximum during the spring runoff of 1973 and 1974. The highest values
occurred at the Fording Coal plant site (Table 2-25). The values were
particularly high in May 1974, being 0.47 mg/1 total N and 0.187 mg/1
total P. These values are equivalent to the discharge of secondary treated
sewage from 2,000 persons. The concentrations should not have a significant
effect on aquatic life,but are a measurable source of nutrient entering

Lake Koocanusa.
Organic Carbon

Organic carbon concentrations were higher downstream than upstream
of the Fording Coal plant, reaching a maximum at the plant site (Figure 2-11).
The concentrations were not high enough to be of significance but do
indicate that addition to the river of organic material, such as coal fines,

petroleum products or domestic sewage, is taking place.

Review of the data indicates that the Fording Coal operation has
a significant effect on the Fording River; especially during the spring
runoff period. These effects are associated mainly with suspended solids,
turbidity and nutrients. To confirm these conclusions and to quantify
the sources of pollution more accurately, we recommend a season of sampl-

ing at the following locations:

Site 110: The Fording River downstream from Henretta Creek,
upstream of Fording Coal Ltd.

Site 40: The Fording River downstream from Clode Creek.
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New sites:  On the Fording River downstream from the Fording Coal
plant site, but upstream from Kilmarnock Creek.

On the Fording River downstream from Kilmarnock Creek.

Henretta Creek, Clode Creek, Kilmarnock Creek and the Fording
River between these Creeks, should also be sampled if resources permit.

The samples should be analysed for the following:

pH

total solids
dissolved solids
suspended solids
specific conductance
turbidity

total alkalinity
organic carbon

total nitrogen

total phosphorus

In June or August the samples should also be tested for the presence
of dissolved arsenic, copper, lead, manganese, nickel and zinc and total

iron.
The preferred sampling times are as follows:

Mid-January

Mid-April

Mid-May

The first week of June
The first week of July
The first week of August
Mid-October.

In addition to the operation of the Fording Coal plant, extensive
exploration has been carried out in the area. In 1973 exploration took
place on Turnbull Mountain, (between Clode Creek and Henretta Creek) and

on Eagle Mountain (between Clode Creek and Kilmarnock Creek). Drilling
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programs were also conducted on Henretta Mountain. Due to the possible
effects of exploration on water quality we recommend that future explor-
ation in the area incorporate a water quality monitoring program to measure
the before and after effects. Information from such a program can be

used to plan exploration in a way that will minimize effects on water

quality.
{b) Line Creek

Water quality data were collected at site 44, on Line Creek
(Figure 2-9), until December 1972, Results listed in Table 2-22 were
similar to those of the upper Fording River (Table 2-24), except for

turbidity which was higher on Line Creek.

In 1972 Crows Nest Industries removed 19,000 tons of coal from a
test pit along Line Creek. The pit was then reclaimed as was a previously
worked pit. Settling ponds were built to prevent mine runoff water from
entering Line Creek. In 1973, drill holes were made and seeding of the

. . 2
two test pits was carried ou‘c(3 ).

The proposed mining developments along Line Creek were described
briefly in Chapter 2. The Company will retain Consultants to carry out an
environmental impact study before site development. The study should
provide further information on present water quality and describe the

environmental effects of the proposed development.

To complete our present study, we recommend sampling Line Creek
and, 1f possible, the discharges entering and leaving the existing settling
ponds. Samples should be analyzed for the same parameters recommended for

the Fording River in Section 4.3.2-a.

4.4 The Elk River From the Fording River to Michel Creek

4.4.1 Presentation of Data

This section of the river is approximately 11 miles long, of mod-

erate gradient and with rapidly flowing water. Streamside vegetation



consists of trees with light underbrush. The river valley is about three
miles wide narrowing to one mile at Sparwood. The open pit mines and the
Elkview Preparation Plant of Kaiser Resources Ltd. are on the east side
of the valley. The tailing ponds are situated adjacent to the river

(Figure 2-12).

Figures 2-9 and 2-12 show the location of sampling sites. The
Pollution Control Branch sites are described in more detail below:
Site 27: On the Elk River mid-way between the Fording River and

Grave Creek.

Site 111: On the Elk River upstream from the confluence of Michel

Creek.

Site 26: On Grave Creek near its confluence with the Elk River.
Site 117: On Otto Creek, 50 ft. from its confluence with the Elk

River.

Summaries of the data collected at the Pollution Control Branch

sites are given in Table 2-27.
4.4.2 Discussion and Recommendations
The data collected are discussed by parameter.
Specific Conductance and Alkalinity
The Elk River, upstream from Michel Creek (sites 27 and 111)
showed low values during the spring runoff period (Table 2-27). Grave

Creek (site 26), which drains the Harmer Ridge mining sites, showed con-

sistently high values but this was not detectable in the downstream Elk
River site 111 (Table 2-27).
Suspended Solids
In 1972, measurements were made only in Grave Creek. The results

showed a heavy silt loading from the Harmer Ridge mines to the creek. A

value of 1796 mg/l1 was recorded on May 15, 1972.
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fn 1973 and 1974 annual peaks occurred during spring runoff at all
sites. In 1973 the suspended solids in Grave Creek remained low but in
1974 the concentration was higher in early May than at any other site.
Concentrations were consistently higher downstream from the coal prepara-
tion plant than upstream from the plant. However, concentrations were
generally less than the maximum permitted'for drinking water standards(sg).
Although the suspended solids load is not considered a problem as such,
the changes in particle size and organic content of the stream sediment
may be important. These changes may in turn have significant effects on
aquatic life, as referred to in Section 4.3.2-a. We recommend that
sediment samples be taken at all the water sampling sites for analysis

of particle size distribution and organic carbon content.
Turbidity

The turbidity was high in the spring of 1972 on Grave Creek
(165 JTU) and upstream from Grave Creek and the Elkviéw Preparation Plant
(119 JTU). No spring data are available for the downstream site 111.
During 1973 and 1974, turbidity remained low at all sites. Since stream-
flow in 1972 was higher than usual the turbidities may be partly due to

natural erosion. High runoff also affects erosion from soil disturbances.
Other Parameters

Other parameters measured at the sites (Table 2-27) showed seasonal

variations but the values remained low.

The tributaries of the Elk River between the Fording River and
Michel Creek do not appear to alter the water quality of the Elk River.
There is no station on the Elk River just above the confluence with the
Fording and thus it is not known whether the high turbidity results at

station 27 were influenced by the Fording River.

We recommend that sampling be continued for another year to con-
firm our conclusions and to relate water quality with sediment analyses.
The sites should be located upstream (a new site) and downstream (site 111)
from the Elkview Preparation Plant. Grave Creek and upstream site 27 should

also be sampled Parameters and sampling frequency should follow those
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previously suggested in Section 4.3.2-a.

4.5 Michel Creek

4.5.1 Presentation of Data

"Michel Creek, a tributary of the Elk River, is about 24 miles
long and drains an area of 250 square miles (Figure 2-12). The area
has been one of the centres of exploration of Kaiser Resources Ltd. which
operates a coking plant and hyvdraulic mine near the creek (Chapter 2).
Kaiser Resources Ltd. also operates several mines on Harmer Ridge, which
is partly drained by Erickson Creek,a tributary of Michel Creek (Figure
2-12). Other tributaries of importance are Baldy Creek, which receives
the discharge from a secondary sewage treatment plant, and Open Cut
Creek, which drains the open pit mine of Byron Creek Collieries. Michel
Creek also receives runoff from Coleman Collieries Ltd., an open pit mine

located in Alberta at the Provincial boundary.

The locations of the Pollution Control Branch sampling sites are
shown in Figure 2-12. The sites for which data are available are as

follows:

Site 98: On Michel Creek, downstream from the confluence with
Erickson Creek.

Site 46: On Michel Creek, upstream from the coking plant.

Site 25: On Michel Creek, downstream from Baldy Creek and the
coking plant.

Site 97: On Erickson Creek near the confluence with Michel Creek.

Site 112: On Baldy Creek, near the confluence with Michel Creek.

The data obtained from these sites are summarized in Tables 2-28

and 2-29.
4.5.2 Discussion and Recommendations

The data collected are discussed by parameter.
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Suspended Solids and Turbidity

Peak concentrations of suspended solids were obtained at all
stations during spring runoff. For example, in Spring 1972 a concentra-
tion of 432 mg/l1 was recorded upstream from Michel (site 46), and 556 mg/l
downstream from Natal (site 25). As mentioned in Section 4.3.2-a, such
high suspended solids can effect aquatic life. Turbidity at Site 25 was
also high reaching 120 JTU in 1972 and 68 JTU in 1974. We believe such
high values can only occur as a result of soil disturbances due to industrial
activity in the drainage area. High turbidity can also be detrimental
to aquatic life as mentioned in Section 4.3.2-a. High values were also

recorded in the tributaries of Erickson Creek and Baldy Creek.
0il and Crease

A high concentration of 16.2 mg/l was measured at site 25, down-
stream from Natal, on April 11, 1972. This was possibly caused by an

0il spill into Michel Creek or on to the ground during the previous winter.
Phenols

Concentrations downstream from the coking plant (site 25) were
0.100 mg/1 in February 1974, 0.038 mg/1 in March 1974 and 0.021 mg/1 in
April 1974. Upstream from the plant (site 46) concentrations were 0.002
mg/1 or less. These values suggest that the source of phenols is the coke
plant discharge and confirm the results of effluent analysis discussed in

Chapter 2.

Public water supplies should, preferably, contain less than

0.001 mg/1 phenol to avoid taste and odour problems(48).

The recommended
(59) '

maximum for drinking water is less than 0.002 mg/1 Phenols may
affect the taste of fish at levels that do not appear to affect fish

physiology adversely(48).

According to these standards the concentration
of phenol in Michel Creek could limit the use of the water and affect fish

taste.
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Ammonia

As discussed in Chapter 2, ammonia is one of the contaminants from
the coke plant. The average concentration in Michel Cresk varied from
0.017 mg/1 upstream (site 46) to 0.054 mg/1 downstream (site 25). On
February 12 and March 26, 1974 the ammonia concentrations were 0.20 mg/1
and 0.11 mg/1 at the downstream site. At a pH of 8.5 and a temperature
of lOOC, the un-ionised ammonia co?tent of the water would be approximately
(60

5% of the ammonia concentration Aquatic life is sensitive to un-

ionised ammonia which should not exceed a concentration of 0.02 mg/l to

(48)

provide adequate protection The un-ionised ammonia concentration in
Michel Creek, although at times significant, has not exceeded the recom-

mended maximum value.

More data are required on turbidity and suspended solids on upper
Michel Creek to determine the effects of the mining operations in these
areas. We recommend that sampling for one year be carried out at the

following stations on Michel Creek:

Site 184: On Michel Creek,>upstream from Open Cut Creek.

New Site: On Open Cut Creek
On Michel Creek, downstream from Open Cut Creek.

Site 185: On Michel Creek, upstream from the discharge from
Coleman Collieries.

Site 186: On Michel Creek, downstream from the discharge from
Coleman Collieries.

New Site: The discharge from Coleman Collieries.

Site 46:  On Michel Creek, upstream from the coke plant.

Site 25: On Michel Creek, downstream from the coke plant.
The samples should be analyzed for the following parameters:

Suspended solids
‘Dissolved solids
Specific conductance
Turbidity
Total phosphorus
pH
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Total nitrogen
Total organic carbon

Total alkalinity

Samples should be checked at least once for heavy metal content.
At sites 46 and 25 samples should also be analysed for phenol, ammonia

and cyanide.

In addition to the water samples we recommend that sediment
samples be taken at sites 184, 185, 186, in Open Cut Creek, in Michel
Creek downstream from Open Cut Creek, and from the Coleman Collieries
discharge. The samples should be analysed for particle size distribution
and organic carbon content. The data will be useful in evaluating the

impact of sediments on aquatic life.

Preferred sampling times are:

Mid-January
Mid-April

First week of June
First week of July
First week of August
Mid-October

4.6 The Elk River From Michel Creek to Lake Koocanusa

4.6.1 Presentation of Data

From the confluence with Michel Creek, north of Sparwood, the Elk
River flows south 58 miles to Lake Koocanusa. The activity in this section
of the river basin is mainly agriculture and forestry. The river receives
discharges of treated sewage at Fernie and Sparwood. The Coal Creek tribu-
tary drains an area of old logging and mining activity. The Wigwam River

drains an active logging area.

The location of Pollution Control Branch sampling sites is shown on

Figure 2-12. The sites are described as follows:
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Site 103: On the Elk River at Sparwood, 100 feet upstream from the
sewage treatment plant outfall.

Site 102: On the Elk River approximately five miles downstream
from Sparwood.

Site 24: On the Elk River at Hosmer.

Site 113: On the Elk River two miles downstream from Fernie.

Site 16: On the Elk River between Elko and the confluence with
the Kootenay River.

Sites 115 and 116: On Coal Creek upstream and downstream from the
Fernie garbage dump.

Site 114: On a tributary to Coal Creek near the Fernie garbage

dump.

The data from these sites are summarized in Tables 2-30, 2-31.

4.6.2 Discussion and Recommendations

As in other sections of the Elk River, the most proncunced changes
in water quality occurred during spring runoff. Parameters related to
soil-water contact, such as hardness, alkalinity, dissolved solids and
specific conductance, decreased in the spring. Parameters related to
soil movement such as suspended solids, turbidity, phosphorus and iron,

increased in the spring.

Generally, the water-quality of this stretch of the Elk River and
its tributaries was good. Parameters indicating water quality deteriora-

tion at certain points are discussed below:
Suspended Solids and Turbidity

Suspended solids and turbidity were high at Hosmer (site 24) in
the spring of 1972 (600 mg/1 and 84 JTU respectively). Organic nitrogen,
dissolved iron and total phosphorus alsc tended to be higher at Hosmer
than at other sites in this lower stretch of the Elk River. Reasons for
the higher values at this point are not known and will require further

investigation.
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Phenols

Phenol concentrations in the Elk River at Sparwood have increased
at certain times from a background level of less than 0.002 mg/l to 0.02
mg/1l, when the corresponding concentration in Michel Creek was 0.100 mg/1l.
The coking plant on Michel Creek is believed to be the scurce of phenols,
as discussed in Section 4.5.2. The data suggest that the coking plant is
at times having a significant effect on the Elk River at Sparwood, which

could limit the use of the water and affect aquatic life.
Ammonia

High concentrations of ammonia in Michel Creek also affected the
Elk River at Sparwood. In February 1974 recorded ammonia concentrations
were 0.200 mg/1 in Michel Creek anu 0.100 mg/1 in the Elk River at Spar-
wood. These concentrations, although significant, should not affect aquatic

life or water use, as discussed in Section 4.5.2.
Fecal Coliform

At site 103, 13 samples were taken between November 1973 and June
1974. The median coliform count was 17 MPN/100 ml indicating pollution
presumably from domestic waste. Since the Elk River upstream from site 103
showed low fecal coliform counts, and site 103 is upstream from the Spar-
wood treated sewage discharge, we assume the coliforms originated from
Michel Creek. There were no data directly from Michel Creek to confirm the

source of coliform.

Fecal coliform data at site 102, downstream from the Sparwood
sewage treatment plant, showed higher values than the upstream site in
1973. Values ranged from 2 to 920 with an average of 300 from 5 samples
during the year. In 1974 values were less than 10 MPN/100 ml indicating

perhaps that more effective chlorination of the effluent was taking place.

To confirm our findings, and to complement the monitoring program
proposed for other stretches of the Elk River, we recommend that one year's

sampling be carried out at the following sites:
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Sites 103, 102, 24, 116, 16 and at a new site on the Elk River

upstream from Fernie.
The samples should be analysed for the following:

Alkalinity

Organic carbon

Fecal coliform

Total nitrogen

pH

Total phosphorus
Suspended solids
Dissolved solids
Specific conductance

Turbidity
In addition, samples at sites 102 and 103 around the Sparwood
sewage treatment plant, should be analysed for COD, BOD and residual

chlorine.

4.7 Summary of Recommendations

The location of recommended sampling sites for Phase II of the
study is shown in Figures 2-13 and 2-14. A summary of parameters to
be measured at these sites is given in Table 2-32. Not all parameters
will necessarily be measured each time the site is sampled. For example,
if heavy metal concentrations are not significant at certain sites after
one or two results, analyses for heavy metals will be discontinued. Certain
parameters may be added depending on results and visual appraisal of the
sites. Similarly, certain sites may be dropped or added as results of the
field study are evaluated. Preferred sampling frequency for both water and

sediment samples is:
Mid-January

Mid-April

First week in June
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First week in July
First week in August

Mid-October

In any area which is to be explored or mined, a monitoring program
should be carried out to characterise water quality before intensive

development takes place. Results from such a program will be useful in

planning development in a way that will minimize effects on water quality.
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S. AQUATIC BIOLOGY

5.1 Presentation of the Data

The anticipated increase in mining activities and the proposed
diversion of the Elk River between Cadorna and Bleasdell Creeks (Chapter 2)
have resulted in several biological studies of the region. There are
therefore some benthic invertebrate, fisheries and periphyton data avail-

able for the Elk River system.

Benthic invertebrates have been sampled as part of five studies
carried out by Crozier(61), Hooton(zo), Bull gE_glF62), B.C. Research(63),
and the Pollution Control Branch in a post impoundment study of the Libby

Dam(64). A1l of the samples for which data are presented were collected in

Chris Bull rock baskets(65).

Other samplers were used but these were
either for comparative purposes or preliminary work and the results are

not included.

The five studies included 15 sampling stations which extended from
the upper Elk River (area of the proposed diversion) to just upstream of the
confluence with the Kootenay River. Several stations were also located on
tributaries close to Fording Coal Ltd. and Kaiser Resources Ltd. (Figures
2-15 and 2-16). Unfortunately, these stations do not correspond to water
quality stations. Representatives of the invertebrate orders Ephemeroptera
(mayflies), Plecoptera (stoneflies), Trichoptera (caddisflies) and Diptera
(true flies) were found in all of the studies but not at each station (Table
2-33).

Fisheries data were obtained from creel censuses carried out by the
Fish and Wildlife Branch in the winter of 1966(66), and the summer of 1971(20).
In 1966 only the area south of Morrissey was surveyed, but in 1971 the census
included the areas from Aldridge Creek to Tobermory Creek (upper Elk) and
from Fernie to Michel Creek (lower Elk). Mountain white fish (Prosopium
williamsoni) predominated in the winter catches with an angler catch effort

of 1.5 fish/hour/angler. In the summer it was primarily a cutthroat trout
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(Salmo clarki) fishery with some Dolly Varden (Salvelinus malma), brook trout

(Salvelinus fontinalis) and mountain whitefish being caught. The estimated

catch effort for July was 2.26 and 0.85 fish/hour/angler and for August 1.29
and 0.64 fish/hour/angler for the upper and lower Elk respectively. The
stomach contents of over 100 fish in 1971 and 1972 were examined(zo’éz).
Representatives of the orders Ephemeroptera, Plecoptera, some Coleoptera

(water beetles) and Hymenoptera (aquatic wasps) and a few Diptera were found.

Visual stream habitat inventories for ten tributaries of the Elk and

(20)

Quarris, Aldridge,Bleasdell, Cadorna, Tobermory, Line and Todhunter Creeks.

Fording Rivers were also carried out These were Boivin, Bingay, Forsyth,
Except for Boivin and Aldridge Creeks, abundant spawning and rearing areas
were recorded.
. . (64) .
As part of the Libby post impoundment study , the Pollution Con-
‘trol Branch collected periphyton on glass slides attached to Chris Bull
samplers at station 16 (Figure 2-16). The relative amounts of the species

present are summarized in Table 2-34.

5.2 Discussion of the Data

Benthic invertebrates have become a popular group to monitor in
aquatic studies because they are relatively sessile and different taxonomic
groups are sensitive to water and substrate quality change in varying degrees.
Also they depend to a large extent on periphyton and algae for food and

they are a major fish food.

Quantitative comparisons amongst the five invertebrate studies
(Table 2-33) are not possible due to differences in the mesh sizes of the
nets used (only two of the sizes are known, Table 2-33), the sorting methods
and the sample dates. The sample dates are important because emergence, and
thus the relative numbers of mature and immature stages, varies amongst
different groups at different times. This fact was apparent, particularly
at station 16, where there was a significant increase in the numbers of

plecopterons and chironomids between May and November (Table 2-33).
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Quantitative comparisons within the studies are also of limited
value because only one or two samples were collected at many of the stations.
Benthic invertebrates are not evenly distributed in the substrate and at
least three samples should be taken to overcome the Variability. However,
significant quantitative differences were apparent at station D (in Harmer
Creek) and station 2 (on the Elk River near Aldridge Creek) relative to the

other stations of the respective studies.

Station 2 on the north part of the Elk River had fewer individuals
than the other sites of the same study but the authors attributed this
result to the natural substrate-type present. It was primarily bedrock

which is not good invertebrate habitat.

At station D on Harmer Creek there was a decreased number of
Ephemeroptera, Plecoptera, and Trichoptera and a large increase in the
number of chironomids relative to the other stations of the same study (Table
2-33). Ephemeroptera, Plecoptera and Trichoptera are generally associated
with clean-water areas, whereas chironomids are tolerant or semi-tolerant
to organic pollutants or sedimentation. The Family Chiromidae are however
a diverse group and different genera are found in a wide range of habitats.
The large number of chironomids at station D corresponding to the decreased
number of individuals in the other groups suggest the presence of high
nutrient levels, low oxygen levels or increased sedimentation. Unfortunately
there are no water or substrate chemistry data available to substantiate
these suggestions. Station D was located approximately 300 feet from the
large settling pond of Kaiser Resources Ltd. (section 2.2). It is therefore
possible that drainage from the ponds contained nutrients, sediment or some
other characteristic which contributed to the observed invertebrate popula-
tion. Further work is required to ascertain whether the one sample station

.was a true indication of the invertebrate population in this area.

Qualitative comments concerning the orders of invertebrates found in
the five studies can be made. The four orders of invertebrates‘represent

(20) (

from twelve to fourteen 63) families. They are found in sufficient
numbers at the sample stations (with the exception of D) to suggest that
the mining activities on the Elk River were not adversely effecting the

invertebrate populations. The Fording River data suggest a moderately pro-
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(63)

ductive invertebrate community , however, little can be said about the
individual stations due to the limited number of samples. Coal mining
had only been initiated one year before the study and as the mining has been

continuing further work is required in the Fording Riveér area.

Invertebrate biomass gives some indication of the productivity of
an area and of potential fish food. It was not determined in any of the
studies. However, the same orders of invertebrates were found in the stomachs
(20’62), and the 1966 and 1971

creel censuses showed an angling catch effort of 0.64 to 2.26 fish/hour/

of over 100 fish as were found in the substrate

angler. These facts suggest that a successful resident fishery exists in
the Elk River. Since these fish depend largely on the invertebrate popula-
tions for food we can deduce that, at least until 1971, the invertebrate

biomass was sufficient to support the successful fishery.

The periphyton samples were taken only at station 16 (Figure 2-16)
and thus no comparisons are possible. Two of the species found in most of

the samples (Diatoma vulgare and Achnanthes minutissima) are known to be

relatively tolerant to organic pollution but also occur in low to moderately
productive undisturbed areas. This result and the relative abundance of
species present appear to indicate that the periphyton community has not
been drastically disturbed in the given area of the Elk River. These con-

clusions agree with the results of the invertebrate and fisheries data

5.3 General Biological Effects of Suspended Solids and Turbidity

High levels of suspended solids can have a detrimental effect on
aquatic life. Harmful concentrations and exposure times are, however,

dependeﬁt on species and life-stage.

Peters(67) found 5, 39, 90 and 100 percent mortality of rainbow
trout eggs in a stream with corresponding levels of suspended solids of
16 (8-67), 128 (59-363), 197 (69-486) and 318 (55-884) mg/l. He attributed
the mortality to sedimentation and decreased intra-gravel oxygen. Alderdice

(68

and Wickett ) noted that such mortalities were also due to the build up of

metabolites (eg., C02) as a result of sedimentation and decreased flow

_68-



through the settled matter. These effects are enhanced by small particle

size of the suspended material.

Cutthroat trout are one of the major summer sports fishes in the
Elk River Region and are also spring spawners. The increased levels of
suspended solids below the mining operations during spring suggest that

the cutthroat trout populations may be affected.

The suspended solids may also affect the fry and adult fishes.
(69)

Herbert and Merkins found that suspensions of kaolin and diatomaceous
earth were harmful to rainbow trout at levels of 270 ppm. (Death occurred

in as little as 10 days).

In some cases the gills of the respiratory epithelium were thicken-
ed and the lamella fused, possibly due to the abrasive action of the sus-
pended materials. Gills damaged in this way would be less viable and more
susceptible to disease. Carbon is a larger and coarser material than kaolin(70)
and thus if coal dust is present in the river, the abrasive action may be

more severe.

The influence of suspended solids on invertebrate populations is

reviewed by Cordone and Kelley(71).

In general the harm is a result of
settling of the suspended material and ruining of invertebrate habitats.
Ephemeroptera, Plecoptera, and Trichoptera depend largely on rock surfaces
and would be most severely effected. However, Hoak(72) found that inert
déposits of 2 cm resulted in 50% mortality of more tolerant tubifex worms.
Knowledge of the amount of sedimentation due to the high suspended solids

levels is important.

The suspended solids decrease light penetration (increase turbidity)
and thus decrease photosynthesis. This can effect periphyton growth and
thus reduce the available fish and invertebtate food. The decreased light

may also reduce visibility for fish and their ability to find food.

Duchrow and Everhart(70) found that the settleable solids and

colour contributed greatest to turbidity. If coal dust is present and
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continues to be present in the mining areas, turbidity may increase. Some
observations should be made to determine whether the turbidity is reducing

periphyton growth.

5.4 Recommendations

The data available suggest that, at least until 1971, the Elk River
supported a successful fishery, that the benthic invertebrates consituted a
large part of the fish diet, and that the industries in the Elk River Valley
were not having a detrimental effect on the invertebrate populations except
possibly at station D (near Kaiser Resources Ltd. large settling pond).
However, the last creel census was done in 1971 and the last major inverte-
brate sampling was undertaken in 1972. The data from the Fording River
were insufficient to allow any definite conclusions to be made about the
individual stations. Also the data were collected only one year after Ford-
ing Coal Ltd. commenced mining. No biological data are available from the
vicinity of the municipal sewage treatment discharges. With these points

in mind the following recommendations are made.

(a) The present condition of the aquatic populations in the Fording River
should be assessed by a detailed study. The study should include
benthic invertebrate and/or periphyton sampling, sediment particle-
size distribution determinations and water chemistry analyses. Sample
stations should be chosen to include areas upstream of Fording Coal
Ltd. and downstream to the confluence with the Elk River. The inverte-
brates and/or periphyton and the sediment samples should be collected
from the same areas and at least once during the summer. The water
chemistry samples should be collected at the same time and place as
well as the times and stations indicated in chapter 4. Relevant
water chemistry parameters are suggested in chapter 4. The possibility

of carrying out a creel census should be considered.
(b) A detailed aquatic study should be carried out on Michel Creek, Harmer

Creek, and the Elk River in the vicinity of Kaiser Resources Ltd. The

study should be similar to that described above for the Fording River.
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{c) Some background data should be obtained from the vicinity of the

proposed Elco Mining Ltd. operations.

(d) Pending initial water chemistry results, the possibility of collect-
ing some benthic invertebrate and/or periphyton samples from the

vicinity of the municipal waste discharges should be considered.

(e) A detailed stream habitat survey of the upper Elk River with emphasis
- on the coal licence area between Cadorna and Bleasdell Creeks, should
be undertaken as a second priority. This survey should include mapping
of fish spawning and rearing areas and documentation of the use of

riparian habitat by wildlife.
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FIGURE 2-4
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FIGURE 2-6
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FIGURE 2-8
KAISER RESOURCES LTD.
SIMPLIFIED FLOW DIAGRAM OF THE MICHEL COKE PLANT
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FIGURE 2-9
ELK RIVER BASIN
{NORTH SECTION)
LOCATION OF WATER SAMPLING SITES
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FIGURE 2-12

ELK RIVER BASIN

(SOUTH SECTION)
LOCATION OF WATER SAMPLING SITES
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FIGURE 2—13
ELK RIVER BASIN
(NORTH SECTION)
RECOMMENDED WATER SAMPLING SITES
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FIGURE 2-14

ELK RIVER BASIN

(SOUTH SECTION)
RECOMMENDED WATER SAMPLING SITES
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FIGURE 2-—15
ELK RIVER BASIN
{NORTH SECTION)
LOCATION OF AQUATIC BIOLOGY SAMPLING SITES
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FIGURE 2~ 18

ELK RIVER BASIN

(SOUTH SECTION)
LOCATION OF AQUATIC BIOLOGY SAMPLING SITES
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TABLE 2-5

FORDING

COAL LTD.

RESULTS FROM MONITORING THE TAILING POND

Source Pollution Control Branch Analysis |jFording Coal Ltd.
Of Supernatant March 1973 to Nov.l1974|Measurement of
Pond Effluent
Parameters High Low Average |No. of
Value Value Value Analyses
Alkalinity(total) mg/1 186 105 124 10
Aluminum (diss.) mg/1 <0.5 <0.01 <0.10 11
Copper (diss.) mg/1 0.003 | <0.001 |<0.0014 11
Flow GPD 8,640,000
Iron (diss.) mg/1 <0.1 <0.04 <0.08 11
Lead (diss.) mg/1 <0.006 | <0.001 |<0.0015 11
Manganese (diss.) mg/1 0.1 0.02 0.06 11
Mercury (diss.) ug/1 0.07 <0.05 <0.053 11
0il § Grease mg/1 2.2 <1.0 <1.3 11
pH 8.3 7.2 7.9 7
Solids, suspended mg/1 208 14 SS 11 10,600
Solids, total mg/1 1262 288 441 11 10,900
Sulphate mg/1 489 68 134 11
Turbidity JTU 54 35 21 10
Zinc (diss.) mg/1 <0.007 0.005 |[<0.005 11
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TABLE 2-8

FORDING COAL LIMITED SEWAGE TREATMENT PLANT EFFLUENT

POLLUTION CONTROL BRANCH MONITORING RESULTS
(APRIL 1972 - MAY 1974)

Parameter Maximum Minimum Average No. of
Analyses
BOD,  mg/1 103 15 47 9
Carbon, organic mg/l 99 20 50 9
Chlorine, residual mg/1 3.0 0.0 1.4 5
Coliforms, fecal MPN 17,000 170 7,714 5
Nitrogen: ammonia mg/1 7.1 1.0 3.4 5
nitrate mg/1 0.34 0.09 0.17 5
nitrite mg/1 1.1 0.026 0.30 5
Oxygen, dissolved mg/1 8.7 1.4 4.0 7
pH 9.2 7.9 8.4 16
Solids, suspended mg/1 1059 28 224 10
Solids, volatile
suspended mg/1 228 20 76 5
Solids, total mg/1 1530 458 742 8
Specific conductance
umho/cm 1270 602 936 2
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TABLE 2-10

ANTICIPATED SCHEDULE OF KAISER RESOURCES RECLAMATION ACTIVITIES 1973—75(35)
Nature & Date of Reclamation Operations
Site Preparation Revegetation
Disturbed Area Resloping § Ripping & Supplementary
Terracing Harrowing Seeding Planting Seeding & Planting

Erickson Pit 1973 1974-75 1973-75 h 1973-75
Baldy Pits 1973 1973 1973 1974-75
C Strip 1974 1974 1975 1975
7A & B Pits 1973-74
3 Strip 1975
Balmer 10-7 1974 1974 1975 1975
McGillivray 1973 1973 1974
Harmer Knob 1973 1974 1974-75
Assembly Pad | 1973 1973 1974
Harmer 1 & 2 1974-75 1975 1975 1975
Adit 29 #1 1974 1974 1975 1975

#2 1975 1975

#3 1975 1975

#4 1975 1975

-107-




-108-

do017 "dwel
1/8wWpy9 “yTe
1/8u0zz Yos

1/3Wp05z2°S L 00£-59 " dwey
1/3Wp00z°S"S 1/3u 500 stousyd s Hd
I UMOPMOTQ 1/8wz sjue3ldeJans| 1/Swgg mHocm:m
Ia110q 8°6-9'L HA 1/3w0s “HN s3uryre;
osta-dwog 1/8WST STTO 1/3uy *0°qa o juetd
do0Z:I03em | T/8wpsges "S° L 1/3w Sy qog %T "S"L| 1/3w 0008°S"1 1/3u91 “qog| uoriexedsad] £31TENY
Tossaxdwod | 1/3wW000ss "S°S 1/3wp9 "s°s 1/3uw006 "S°S| 1/3w 00¥.°S°S 1/3upz "S°S| 180D TedTdAY jueniizg
Aouorowe ut
ad9 90TX8°S e1'y
adn 001°02¢ ado 000°yI1 ads 000°zz ads 000°L ads 000 oty adm 000°9| ado 000°006 MOT4 3ueniiyg
3utT002
xossaxdwod SI9qqnaods 91SBM 213 Jueid]
UMOPMOTQq I93BM SIOMOYS Jutysem juetd -sswop dued uoriexed odA], e3sepy
JIoarTOoq I94Lxp TBOD PUB WOOIYSEM yonial 9302 9OUBUSJUTRU -sxd TeOD pue uorjexadp
CL6T CL6T SL61 $L6T 0461 ZL61 ZL61 uot3edr1ddy X0
‘8T A1np ‘91 A1np ‘01 1Tady ‘v Lep ‘vz "3deg 2 CE| ‘PT AIng jTuIsd Jo o3eq
Te3eN FO .
TOYDTR TOYSTR TOYITI °3pTYy JouIey TOUITIW | "d°N SOTIuU ¢ poomredg UOT3IBI0T]
uotidraosaq
-oN
1v8z-av 0v8z-4v LIvz-ay 790Z-9v 62ST-9V S6T1-4d SZy-dd MoT3ed

F11ddy 10 3tmaeg

LINYEd 04 SNOILVIITddV ANV SLIWJHdd TOYLNOD NOILNTTOd WOMd NANVI VIvd

SHOYVHOSIA INHNTAAT “dLT SHOYNOSHY YISIVA

IT-¢ 474Vl



sanjerodusy ~dwor
AyTurTEyI® TV

uo3A X0 POATOSST ‘0'd
SPIToS [B301 STl
spi1os popuadsns 'S'S
Aep xod suolTed ado

1pesn oXe SUOTIBIASIQQE SUTMOTIOf ¢

spenssT oq TTTM 3twrad
B UOTyYMm I0F 950yl ATraessodou jou ore suoriedridde 1oy umoys suoTiTPUO) T

-109-

gy s101107 £q suorieorydde pue g sI91197 Aq pextFed oxe SITWIdd T 1s930N
punoi3 punox3|
01 o8edass 031 o3edoas
PEER) 1deoxe 1deoxel
TOYOII 93IBYDISTP OU | Y92I) TOUYITKW Noox) JowIBH Yool TOYDIW yoox) Apieg| ©3xeydsIp ou a8xeyos1q
I1BFIN0
uoo3e] JuTYST
spuod -1od ‘uotjeu WIBTI9I
9124%0X | UOTIJBUTIOTYD Surr31les o104A2d9x| -TIOTYD ‘IoTF Io)EeM
xazem ‘puod ‘yoatp ‘dexy 1TO I93em| -TIe(d ‘yd3Tp ‘puod
suou sSutrrtel UOTIBPIXO ssouw jead | sjyuel Surproy UOTIBPIXO sgurites’ juswWileDI],
uot3dTId59(
-ON
Tv8z-3v 0v8Z-9V L1yZ-3V z90c-av 62¢1-9V S611-dd GZv-9d4 |[UOoT3ED

-11ddy Fo 3jTurad

LIWJEGd ¥M0d SNOILVDITddV ANV SLIW¥Ad TOYINOD NOILNTIOd WOdd NAAVLI VIVA

psnutiuo) IT1-g¢ d1dVlL

SAOYVHOSIA INHNTAAH "ALT SHOUNOSHY ¥ISIVA




TABLE 2-

12

MONITORING RESULTS FOR KAISER RESOURCES LTD.

TAILING PONDS

(PE-425)

Source of Data

PCB (1973-74)

PCB (1973-74)

PCB (1973-74)

PCB Station No.

119

120

121

Sampling Location

EP-7, Groundwater
Below Lagoon C

EP-8, Groundwater
Below Lagoon C

EP-9, Groundwater
Below Lagoon C

No. of Samples 5% 4% 5%
Parameters Max. Min. Mean Max. Min. Mean Max. Min. Mean
Acidity mg/1 17 6 10 16 7 10 24.5 16.6 20
Alkalinity, total 340 183 256 259 199 223 360 290 327
mg/1
Aluminum, diss. N 0 D A T A
mg/1
Arsenic, diss.mg/1] <0.005]|<0.005|<0.005{<0.005|<0.005|<0.005|<0.005|<0.005!<0.005
Copper, diss. mg/1| 0.004 |<0.001{0.0016|0.011 [<0.001|0.0045[0.01 <0.001(0.004
Iron, diss. mg/1 <0.1 <0.04 [0.052 |0.1 <0.04 {0.07 4.6 <0.04 {0.18
Lead, diss. mg/1 0.004 }<0.001]0.0016(0.003 {<0.001{0.0015[/0.002 [<0.001{0.0012
Manganese, diss. 0.8 0.01 0.212 1.0 0.21 0.645 11.64 0.15 0.87
mg/1
Mercury, diss. 0.09 <0.05 |0.058 |0.09 <0.05 |0.06 0.18 <0.05 }0.08
ng/1
pH 7.9 7.4 7.7 8.05 7.4 7.7 8.3 7.5 7.7
Specific cond. 472 472 472 504 504 504 658 658 658
umho/cm
Turbidity JTU N 0 D A T A
Zinc, diss. mg/1 0.03 <0.0051{0.01 0.05 <0.005}0.0165|0.05 <0.00510.016

*  Minimum number of

samples analyzed for

each parameter

except specific conductance for which only one sample

was analyzed.
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TABLE 2-

12 Continued

MONITORING RESULTS FOR KAISER RESCURCES LTD.

TAILING PONDS

(PE-425)

Source of Data

Kaiser Resources

Kaiser Resources

Kaiser Resources

(1973) (1973) (1973)
PCB Station No. - -- -
Sampling Location [EP-4, Lagoon EP-1, Elk R. Up- EP-2, Elk R. Downstream
Supernatant stream from Kaiser from Kaiser Resources
Resources
No. of Samples 7* 7% 7%
Parameters Max. Min. Mean Max. Min. Mean Max. Min. Mean
Acidity mg/1 N 0 D A T A
Alkalinity, total 160 130 146 155 105 141 160 145 151
mg/1
Aluminum, total 3.3 <0.02 |0.8 1.2 <0.1 0.4 1.4 0.04 0.4
diss. mg/1 0.2 <0.01 }<0.1 0.2 0.02 0.1 0.2 0.02 0.1
Arsenic, diss. mg/1|<0.02 | <0.02 |<0.02 } 0.04 <0.02 ]0.02 0.04 0.02 0.02
Copper, total mg/1 {0.96 0.02 0.19 1.01 0.01 0.17 0.73 0.02 0.13
diss. mg/1l {0.73 0.01 0.14 0.93 <0.01 0.16 0.63 0.02 0.11
Iron, total mg/l 2 0.04 0.58 1.7 0.01 0.53 1.9 0.01 0.48
diss. mg/1 0.6 0.04 0.14 0.25 <0.01 [0.08 0.25 <0.01 10.07
Lead, total mg/1l 1.1 0.02 0.18 0.2 0.01 0.06 0.25 0.02 0.07
diss. mg/1 0.20 <0.01 |0.05 0.18 <0.01 |0.04 0.23 <0.01 |0.06
Manganese, total 0.04 0.02 0.03 0.06 <0.01 |<0.021} 0.06 0.01 <0.02
mg/1
diss. mg/1 0.02 0.01 <0.02 | <0.01} <0.01 |<0.01} 0.01 0.01 0.01
Mercury, diss. ug/1(<1.0 }<1.0 {<1.0 {<1.0 |<1.0 f<1.0 |<1.0 | <1.0 |<1.0
pH 8.1 7.9 8.0 8.1 7.9 8.0 8.1 7.9 8.0
Specific cond. N 0 D A T A
umho/cm
Turbidity JTU 724 33 201 31 1 7.4 31 1 8
Zinc, total mg/1 0.07 <0.01 10.02 0.04 <0.01 |0.02 0.06 <0.01 |0.02
diss. mg/1 0.01 <0.01 }0.01 0.02 <0.01 ]10.01 0.05 <0.01 |0.02

* Minimum number of samples analyzed for each parameter

except manganese (total and dissolved) for which only
5 samples were analyzed.
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TABLE 2-12 Continued
MONITORING RESULTS FOR KAISER RESOURCES LTD.

TAILING PONDS (PE-425)

Source of Data PCB (1973-74) PCB (1969-1974)

PCB Station No. 111 27

Sampling EP-2, Elk R. Down- [Elk R., 7 miles upstream

Location stream from Kaiser from Kaiser Resources
Resources

No. of Samples 16 18

Parameters Max. Min. Mean {Max. Min. Mean

Acidity, mg/1 N 0 D A T A

Alkalinity, total 160 135 149 159 122 140

Aluminum, diss. NO DATA <0.5 <0.01 |0.068
mg/1

Arsenic, diss. mg/1|<0.005]<0.005|<0.005|<0.005} <0.005]<0.005
Copper, diss. mg/1 |0.003 |<0.001]0.0012|0.006 | <0.001|0.0016
Tron, diss. mg/l  |<0.10 {<0.04 [0.063 |<0.10 |<0.04 |0.063
Lead, diss. mg/l  ]0.003 {<0.001}0.0013{<0.003| <0.001|0.0012

Manganese, diss. <0.02 {<0.01 |0.012 }<0.02 [<0.01 }0.012
mg/1

Mercury, diss. ug/1{<0.85 |<0.05 10.094 |0.120 | <0.05 [0.061
pH 8.65 7.5 8.2 10.3 7.4 8.2

Specific cond.
ymho/cm 400 258 345 400 210 325

Turbidity JTU 12 0.52 |2.6 119 <0.1 9.9
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TABLE 2-12 Continued

MONITORING RESULTS FOR KAISER RESOURCES LTD.

TAILING PONDS

(PE-425)

Source of Data

PCB (1973-74)

PCB (1973-74)

PCB (1973-74)

PCB Station No.

158

159

160

Sampling EP-16, Groundwater [EP-17, Groundwater |EP-18, Groundwater
Location Below Lagoon D Below Lagoon D Below Lagoon D
No. of Samples 5% 5* 4*
Parameters Max. Min. Mean |Max. Min. Mean [|Max. Min. Mean
Acidity mg/1 17.5 |11 15 10.5 6.5 8.8 40.5 17.6  [25.2
Alkalinity, total 262 235 246 200 185 191 349 233 304
mg/1
Aluminum mg/1 N 0 D A T A
Arsenic, diss. mg/1]<0.005|<0.005{<0.005<0.005| <0.005{<0.005]<0.005}<0.005}{<0.005
Copper, diss. mg/1l [0.004 |<0.001{0.002 {0.002 {<0.001{0.0012(0.004 }<0.001}{0.002
Iron, diss. mg/1 1.8 0.26 1.1 <0.10 | <0.04 {0.064 2.5 0.04 0.96
Lead, diss. mg/1 0.001 |<0.001|0.001 {0.003 | <0.001}0.0014{0.001 {<0.001{0.001
Manganese, diss. 0.49 0.2 0.29 0.09 <0.01 |0.03 0.48 0.17 0.30
mg/1
Mercury, diss. 0.16 |<0.05 [0.076 |<0.05 |<0.05 {0.05 |<0.05 |<0.05 |0.05
ug/1
pH 7.95 7.4 7.6 8.1 7.2 7.7 7.8 7.2 7.4
Specific cond. 600 600 600 462 462 462 700 700 700
umho/cm
Turbidity JTU N 0 D A T A
Zinc, diss. mg/1 <0.005{<0.005{0.005 |0.012 | <0.005{0.007 |<0.005{<0.005]0.005

* Minimum number of samples analyzed for each parameter

except specific conductivity, for which only one sample

was analyzed.
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TABLE 2-13

MONITORING RESULTS FOR KAISER RESOQURCES LTD.

REFUSE DISPOSAL SITES (PR-512) 1973-74

Source of Data PCB Kaiser Kaiser Kaiser Kaiser Kaiser Kaiser
(1974) Resources|Resources|Resources|Resources|Resources{Resources
(1973) (1973) (1973) (1973) (1973) (1973)
PCB Station No. 0200144 0910271 0910272 0910273 0910274 -- -
Sampling EP-15, EP-11, EP-12, EP-14, EP-15, EP-1, Elk{EP-2, Elk
Ground- | Surface |Surface [Surface |Ground- |R., Up- |R., Down-
Location water, water, water, water, water, stream stream
01d Ref- | 01d Ref- |New Ref- |Swamp 01d Ref- |From From
use Site | use Site |use Site |South of |use Site |Kaiser Kaiser
New Ref- Resources|Resources
use Area Ltd. Ltd.
No. of Samples 1 4 4 4 4 4 4
Parameters Mean Mean Mean Mean Mean Mean Mean
Acidity mg/1 1.0 nil nil nil nil nil nil
Alkalinity, tot.mg/1{103 155 165 155 160 140 150
Aluminum,tot. mg/1 <0.010 1.4 0.4 0.56 0.7 0.4 0.4
diss.mg/1 <0.010 <0.1 a1 0.1 0.1 0.1 0.1
Arsenic, total mg/l1 {<0.005 <0.02 <0.02 <0.02 <0.02 <0.02 0.04
diss. mg/1 {<0.005 - - - - - -
Chromium, total mg/1}<0.005 0.1 <0.1 <0.1 <0.1 - -
diss. mg/1 {<0.005 <0.1 <0.1 <0.02 <0.01 - -
Copper, total mg/l 0.002 0.04 0.02 0.38 0.05 0.05 0.06
diss. mg/1 0.002 0.10 0.02 0.37 0.03 0.05 0.05
Iron, total mg/1 0.8 2.9 0.4 1.2 1.28 0.7 0.6
diss. mg/1 <0.10 0.13 0.04 0.31 0.21 0.2 0.2
Lead, total mg/1 0.001 0.05 0.02 0.04 0.04 0.04 0.07
diss. mg/1 <0.001 0.04 0.02 0.03 0.04 0.02 0.03
Manganese, tot.mg/1 {<0.02 <0.03 0.01 0.18 0.02 <0.02 <0.02
diss.mg/1 {<0.02 <0.01 <0.01 0.10 0.02 <0.01 <0.01
Mercury, total pg/l 0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
diss. ng/l <0.05 - - - - - -
Nickel, total mg/1 - <0.06 <0.02 G.02 0.02 - -
diss. mg/l [<0.01 <0.02 <0.02 <0.02 0.02 - -
pH 8.1 8.0 8.2 7.9 8.0 8.0 8.0
Solids, susp. mg/1 112 22 26 25 14 24 23
Solids, total mg/1 286 415 336 314 539 289 289
Spec. cond. pumho/cm {262 - - - - - -
Sulphate mg/1 38.3 22 26 26 70 19 20
Turbidity JTU 64 4 27 38 2 7 8
Zinc, total mg/1 0 0.03 <0.01 0.06 0.20 0.02 0.02
diss. mg/l <0.005 <0.01 <0.01 G3.03 0.19 0.01 0.02
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TABLE 2-

14

KAISER RESOURCES LTD. MICHEL COKE PLANT EFFLUENT MONITORING RESULTS

Coal Dryer Final Settling Ponds Effluent
Scrubber East Pond }{East Pond West Pond
Data Source P.C.B. P.C.B. P.C.B. P.C.B.
Sampling Sampling Sampling Sampling
Date Oct. 11/73 [Nov. 28/74 |Apr. 24/74 Apr. 24/74
Treatment Exfiltration|Settling, Settling, . Settling,
Basin Coke Filter{Coke Filter Coke Filter
Discharge Point Ground Michel Michel Michel
Creek Creek Creek
Flow (GPD)
Alkalinity mg/1 328 281
Arsenic mg/1 <0.005 <0.005 <0.005
BODg mg/1
Carbon, organic mg/1 10,951
Chromium,
hexavalent mg/1
COD mg/1
Colour, APHA units 100
Copper, dissolved mg/1{0.002 0.007
Cyanide mg/1 <0.01 <0.01
Iron, dissolved mg/1 0.05 <0.1
Lead, dissolved mg/l1 [<0.001 <0.001
Magnesium mg/1 21.8 22.3
Manganese, dissolved 0.01 0.02
mg/1 .
Mercury ug/1 0.07
Nickel, dissolved mg/1
Nitrogen:ammonia mg/1 [0.02 65.5
nitrate mg/1 {0.29
nitrite mg/1 {0.204
0il and Grease mg/1 10.9
pH 7.9 8.1 8.1
Phenol mg/1 56 3.0
Phosphate mg/1
Spec. Cond. pmho/cm 400 915 454 468
Solids, suspended 22,300 121 48 82
mg/1
Solids, total mg/1 22,600 502 326 356
Sulphate mg/1 40.5 112 66.8 63.4
Sulphur, total mg/1
Surfactants mg/1
Temperature °C 20
Zinc, dissolved mg/1 |<0.005 0.005
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TABLE 2-14 Continued

KAISER RESOURCES LTD. MICHEL COKE PLANT EFFLUENT MONITORING RESULTS

Settling Pond Sanitary Wastes Compressor |{Boiler
Liquid Showers Toilets Water Blowdown
Data Source P.C.B. Permit Permit Permit Permit
Sampling Application| Application| Application{Application
Date Feb. 7/72 Apr. 10/73 | Apr. 3/72 July 18/73 {July 18/73
Treatment Settling nil Septic Tank nil nil
Discharge Point Michel Michel Michel Michel Michel
Creek Creek Creek Creek Creek
Flow (GPD) 11,800 10,000 320,000 100
Alkalinity mg/1 360
Arsenic mg/1
BOD5 mg/1 2,107
Carbon, organic mg/1
Chromium,
hexavalent mg/1 <0.005
CoD 7,200
Colour, APHA units
Copper, dissolved mg/1{0.003
Cyanide mg/1 <0.01
Iron, dissolved mg/1
Lead, dissolved mg/1 <0.003
Magnesium mg/1
Manganesec, dissolved
mg/1
Mercury ug/1
Nickel, dissolved mg/1[<0.01
Nitrogen:ammonia mg/1 |180 1.1
nitrate mg/1
nitrite mg/1
0il and Grease mg/1l 20
pH 9.3 10.3-12.1
Phenol mg/1 735
Phosphate mg/1 0.07
Spec. Cond. pmho/cm
Solids, suspended 16,000 3,300 50 592
mg/1
Solids, total mg/l 18,684 3,700 300 1170
Sulphate mg/1 161 25 110
Sulphur, total mg/1 20
Surfactants mg/1 0.04
Temperature ©C 10-26 65-100
Zinc, dissolved mg/1 <0.005
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TABLE 2-15

KATSER RESOURCES LTD. DOMESTIC WASTE DISCHARGE FROM THE

MAINTENANCE CAMP NEAR NATAL (PERMIT NO. PE-1195)

POLLUTION CONTROL BRANCH MONITORING RESULTS

Sampling BODg Solids, Total Solids, Suspended
Date mg/1 mg/1 mg/1

April 5, 1972 12 469

Jan. 11, 1973 57 490 83

July 16, 1973 <10 622 9

Feb. 12, 1974 66 462 117

April 30, 1974 16 430 45

Aug. 20, 1974 <10 428 22
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TABLE 2-16

SOME DESIGN FACTORS FOR THE SEWAGE TREATMENT PLANT

OF THE CITY OF FERNIE(SS’ >4)

Design Data

Factors

Population projection 1980 : 5300
1990 : 6500
2000 : 7500

Design population 6500

Area to be serviced City of Fernie, West Fernie, Annex extension,
Bench Land Subdivision, S.W. of Elkview Sub-
division, N.to N.W. of City.

Infiltration rate Two to three times dry weather flow.

Flow Design: 100 gallons per person per day.
Peak: 2.5 of dry weather flow.

Loading 0.17 1b. of BOD5 per person per day.

Plant details -Aerated lagoon of 520,000 gallon capacity, with
an aeration section and a settling zone, and an
overflow rate of 330 gallons/ft2/day.

-Oxygen supply at 1.3 1b. 0,/1b. BODg applied.

-Sludge holding lagoon of 6300 gallons for sludge
storage up to 10 years.

-Chlorine contact chamber with effluent retention
of 60 minutes at design flow.
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TABLE 2-

17

CITY OF FERNIE SEWAGE TREATMENT PLANT EFFLUENT

POLLUTION CONTROL BRANCH MONITORING RESULTS (1974)

Parameters Maximum | Minimum | Average |No. of
Value Value Value [|Analyses
BOD mg/1 44 12 23 6
Carbon, organic mg/1 32 19 23 4
Chlorine, residual mg/1 0.45 0 0.33 4
Coliform, fecal MPN/100 ml 160,000 (1,400 42,200 4
Nitrate, dissolved mg/1 0.49 0.49 0.49 1
Oxygen, dissolved mg/1l 9.8 5.6 8.1 5
pH 7.6 7.4 7.5 6
Solids, suspended mg/1 26 5 14 5
Solids, total mg/1 328 248 284 6
Spec. Cond. tho/cm 483 439 460 5
Temperature ©°C 25 4 10.5 5
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TABLE 2-18

DISTRICT OF SPARWOOD SEWAGE TREATMENT PLANT EFFLUENT

POLLUTION CONTROL BRANCH MONITORING RESULTS

FROM 1972 TO 1974

Parameters Maximum | Minimum | Average | No. of
Value Value Value | Values
BOD5 mg/1 102 <10 29 8
Carbon, organic mg/l1 84 6 26 8
Chlorine, residual mg/1 <0.1 0 0 5
Oxygen, dissolved mg/1 8.0 2.4 3.9 6
pH 7.8 7.3 7.6 8
Solids, suspended mg/1 80 4 33 8
Solids, total mg/1 502 418 459 7
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TABLE 2-19

VILLAGE OF ELKFORD SEWAGE TREATMENT PLANT EFFLUENT

POLLUTION CONTROL BRANCH MONITORING RESULTS

Date of
Sample April 25, June 18,
1974 1974

Parameter
BOD, mg/1 29 13
Carbon, organic mg/1 57 54
Coliform, fecal MPN/100 ml 1100 <2000
pH 9.3 10.2
Solids, suspended mg/1 19 119
Solids, total mg/1 352 372
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TABLE 2-21

NUTRIENT CONTRIBUTION TO THE ELK RIVER FROM LIVESTOCK AND

FERTILIZED IRRIGATED CROPLAND

Sparwood ,
Raymond | Fernie- | Fording R. Totals
Creek Olson Confluence
Farms reporting cropland 1 14 S 24
Cropland area - acres 100 1022 895 2017
Irrigated cropland area- 28 470 785 1283
acres

Nitrogen contribution to the
River from irrigated crop-
land-calculated 1b.N2/year 195 3170 5200 8565
Phosphorus contribution to
the River from irrigated
cropland-calculated 1b.P/yr. 5 79 130 215
Number of head of cattle 160 540 460 1160
Nitrogen contribution to the
River from cattle: calculat-
ed 1b. Nz/year 1500 5100 4400 11000
Phosphorus contributions to
the River from cattle:
calculated 1b. P/year 32 105 90 230
Total nutrient contributions
to the River from irrigated
cropland and cattle

Nitrogen lb/year 1695 8270 9600 19565

Phosphorus 1b/year 37 184 220 4490
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TABLE 2-25

THE CONCENTRATIONS OF CERTAIN PARAMETERS IN THE

FORDING RIVER DURING SPRING FRESHET

Site
Site Site Site Site
Parameter 110 40 93 28
Spring 1973 0.07 0.16 0.08
Nitrogen, total
mg/1
Spring 1974 0.05 0.47 0.15
Spring 1973 0.005 0.023 0.020
Phosphorus, total
mg/1
Spring 1974 0.007 0.187 0.119
Spring 1972 | not 118 206 240
Suspended detectable
Solids Spring 1973 2 8 8 not
mg/1 detectable
Spring 1974 4 148 80 not
detectable
Spring 1972 | not 96 55 57
detectable
Turbidity Spring 1973 0.3 4.5 2.4 not
J.T.U. detectable
Spring 1974 0.4 57 21 not
detectable
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TABLE 2-26

WATER QUALITY DATA FOR THE UPPER FORDING RIVER

Site IF 4 110 110 WS-8 on
Aldridge
Creek
Sampling Agency B.C. Fish & P.C.B. P.C.B. B.C.
Research | Wildlife Research
Sampling Date Oct. 1969 July-Aug. | Sept.'73 | May'74
1970
Alkalinity mg/1 121 123 129
Carbon-Inorganic mg/1 10.5
Organic mg/1 16.0 4.0 2.0 <1
Total mg/1 ‘ 26.5 30
Conductivity-umho/cm 169 300 285 318
Hardness mg/1 140 155
pH 7.2 7.6 8.2 8.1 8.1
(average)
Solids, dissolved mg/1 161 229 162 166 182
(average)
Turbidity J.T.U. 1.0 0.2 0.4 0.2
Reference 31 20 73 73 51
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TABLE 2-32
SUMMARY OF RECOMMENDED RECEIVING WATER SAMPLING FOR PHASE II
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TABLE 2-34

PERIPHYTON COUNTS FROM POLLUTION CONTROL BRANCH SITE 16 ON THE ELK RIVER

August 23 - October 23, 1972

Achnanthes minutissima Kutz
Cocconeis pediculus Ehrb.
Diatoma vulgare Bory

March 28 - May 3, 1973

Achnanthes minutissima Kutz
Coccaneis pediculus Ehrb.
Diatoma vulgare Bory

September 19 - October 29, 1973

Cocconeis pediculus (Ehrb.)
Achnanthes minutissima Kutz
Ulothrix sp.

Diatoma vulgare Bory

Gomphonema olivaceum (Lyngb) Kutz

September 19 - October 29, 1973

Cocconeis pediculus Ehrb.
Gomphonema olivaceum (Lyngb.) Kutz
Diatoma vulgare Bory

Cymbella ventricosa

October 31 - November 28, 1973

Diatoma vulgare Bory
Gomphonema Sp.
Stigeoclonium tenue

total = 1185 cells/mm2
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2
total = 1695 cells/mm”
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total = 345 cells/mm2

18.2
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16.2
14.6

9.7
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total = 111 ce].ls/mm2

53.0
20.0
11.3

5.2
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total = 42.2 cells/mm2
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