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SUMMARY

This report is an evaluation of the water quality in the
Slocan River Basin, up to the beginning of 1976. It is one of a
series of 12 reports which describe air and water quality in the

Kootenay region and constitute Phase I of the Kootenay Study.

Logging and mining were the major industries, but logging has
had only a localized effect on water quality to date. Extensive
mining was conducted in the region in the past. The only
operation still diécharging effluent was the mine and concentrator of
Kam Kotia Mines Ltd. on Carpenter Creek, which flows into Slocan Lake.
Drainage from abandoned mines and effluent from the Kam Kotia operation
have contaminated Carpenter Creek and tributary streams with zinc and
cadmium. The concentration.of these heavy metals, although within
drinking water standards, may have affected aquatic life. Information on
the possible contamination of fish is being gathered and will be presented

in a Phase Il report for the region.

Slocan Lake had a low productivity and the water quality was
good. Its zinc content was higher than usually found in the Kootenays,
due to drainage from Carpenter Creek, but was at a level safe for

aquatic life.

The short stretch of the Kootenay River in Region 6 contained
five dams built for hydroelectric power. The water quality of the
river was good although the phosphorus and fluoride content was
influenced by a fertilizer plant at Kimberley, located over two hundred
miles upstream. Supersaturation of the water with nitrogen was caused
by water spilling over the dams. The supersaturation was below the
range critical to fish although some unsatisfactory levels were recorded.
The recently completed Kootenay Canal, which bypasses the first four

dams, will reduce nitrogen supersaturation.
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1. DESCRIPTION OF THE REGION

1.1 Introduction

The Slocan River Basin has an area of 1,350 square miles. The
region lies entirely within the Selkirk Mountains and is drained by
Slocan Lake, the Slocan River, and the Kootenay River. Mountain ranges,
which rise steeply to heights of 5,000 feet above the valley floors,
dominate the region. A general map of the Slocan River Basin is shown
in Figure 6-1. More detailed maps are given in Figure 6-5 which shows
the north section of Region 6, and Figure 6-6 which shows the south

section.
1.2 Climate

The climate of the region is largely determined by its topography.
The warmest and driest portions of the region lie in narrow bands along
the valleys of Slocan Lake, Slocan River, and the Kootenay River. The
climate becomes progressively cooler and moister up the mountain ranges

bordering these valleys.

The valleys of Slocan Lake, Slocan River, and Kootenay River
receive an annual average of 760 mm of precipitation. The Slocan and
Valhalla Ranges, bordering these valleys on the east, west and north,
receive 1,000 mm per year. Snowfall averages 200 cm per year in the
valleys, while the surrounding mountains receive about 250 cm in the west,

250-380 cm in the east, and up to 500 cm in the north(l).

July temperatures average about 18°C over the entire region. The
mean January temperature is -7°C with the exception of the Kootenay River
valley where it is -4°C. The average frost-free period is 120 days along
the Slocan Lake, Slocan River and Kootenay River valleys, and then decreases
to 100 days in the Valhalla Ranges on the west,(a?d to between 80 and 100
1

days in the Slocan Ranges on the east and north

1-



1.5 Geology

The entire Slocan River Basin lies within the Selkirk Mountains.
The Slocan River and Slocan Lake occupy a deep, north-south valley,
70 miles long, which is dominated by steep mountain ranges that often
rise to 8,000 feet(z). The Valhalla Ranges are to the west of the basin,
and the Slocan Ranges are to the east and north. The southern part of
the basin is occupied by the narrow, deep valley of the Kootenay River

which is flanked on the south by the Bonnington Range.

The Slocan and Bonnington Ranges are largely composed of the
coarse-grained granitic rocks of the Nelson batholith which lies east of
Slocan Lake and Slocan River, extending from Silverton to Trail(SJ. North
of Silverton, the Slocan Ranges are composed mainly of argillaceous rocks
(phylites, shales, and schists), fine-grained slates, quartzite, and

(4)

limestone On the west, the Valhallas are composed predominantly of

(2)(3)

gneiss and schist

Slocan Lake and Slocan River lie at elevations between 1,700 and
1,800 feet in a U-shaped glaciated valley that is 1 to 2 miles wide. The
region was glaciated to about 7,000 feet and the Slocan valley contains

(2)

numerous glacial deposits

1.4 Soils and Vegetation

Valley bottom soils in the Slocan Basin have developed on recent
alluvial fan and floodplain deposits and on lacustrine, outwash, and kame
deposits of glacial origin. Douglas fir predominates in the forested areas
below 2,500 feet. Soils on the mountain slopes have been derived from
glacial till and colluvium and are interrupted by bedrock outcrops, talus
cones, and avalanche chutes. The main tree species between 2,500 and 5,000
feet elevation are western hemlock, white pine, western red cedar, western
larch, and Douglas fir. A zone of Engelmann spruce and subalpine fir is
found between elevations of 5,000 to 7,000 feet, with pockets of alpine

vegetation occurring at higher elevations.
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1.5 Hydrology

1.5.1 Streamflow

The major water bodies within the region are Slocan Lake, Slocan
River and Kootenay River (Figure 6-1). Slocan Lake and Slocan River lie
in a north-south valley in the centre of the region and receive runofff
from numerous small tributaries. The Slocan River follows a meandering,
30 mile course southward from Slocan Lake through the glacial and alluvial
deposits of the Slocan Valley to its confluence with the Kootenay River
at Shoreacres. The Slocan River is not regulated and the freshet causes

)

frequent flooding and loss of farmland due to erosion

The Kootenay River enters the region at Corra Linn Dam and flows
southwest for 14 miles to its confluence with the Columbia River. This
reach of river is steep, dropping 360 feet in 14 miles. In its natural
state, the reach contained waterfalls and rapids which have now been

eliminated by the construction of 5 dams for hydro-electric power generation.

The mean annual flow leaving the region at the mouth of the Kootenay
River is 31,350 CFS. The Slocan River contributes about 10 percent
(3050 CFS) of this flow, while the remaining 90 percent (28,300 CFS) comes
(5)

from the Kootenay River as it enters the region at the Corra Linn Dam

The seasonal flow pattern of the Slocan River at the outlet of
Slocan Lake (Slocan City) and at the mouth (Cresent Valley) is shown in
Figure 6-2. About two thirds of the annual flow in the Slocan River occurs

during May, June, and July.

The flow pattern in the Lower Kootenay River has been considerably
altered by the combined operation of the Corra Linn, Libby and Duncan Dams,
which control a volume of water equivalent to 36 percent of the mean annual
flow in the Kootenay River at Corra Linn. Figure 6-3 compares the mean
monthly flows of the Kbotenay River at Corra Linn, with and without Libby

and Duncan regulation,



1.5.2 Lakes

The only major lake within the region is Slocan Lake. The lake
lies at an elevation of about 1,755 feet in a long, narrow valley between
mountains that rise steeply to heights of 7,000 to 8,000 feet on each
side. The lake is 24 miles long and averages 1-1% miles in width. The
maximum width is 1 3/4 miles. The maximum depth of the lake is 978 feet(6).
Lake levels are uncontrolled and have varied from 1,754 feet during winter
to 1,764 feet during the spring freshet. Slocan Lake has a tributary
drainage area of 640 square miles. Its largest tributary is Wilson Creck
which drains 235 square miles in the northern end of the Slocan Basin(7).
The numerous small streams which are tributary to Slocan Lake vary from
those receiving meltwater from mountain glaciers to those draining upland
lakes. The outlet of Slocan Lake is at Slocan where the Slocan River

drains the lake southward to the Kootenay River.

1.5.3 Groundwater

The use of groundwater in the region has been limited, probably
because surface water supplies have been adequate. In the future, increasing
population and development may strain existing surface water supplies.
Groundwater will then be the source of new water supplies in many areas of

the Slocan Basin.

The alluvial and glaciofluvial deposits along the valley bottoms
are areas in which groundwater flows of 50 to 500 imperial gallons per
minute are generally available(g). The records of the Groundwater Section
of the Water Investigations Branch indicate that there are 15 wells in the
region located as follows: Cresent Valley - 5; Tarrys - 4; Shoreacres - 33
Thrums - 2; and Slocan Park - 1. (50 - 75 percent of groundwater wells are
on record with the Groundwater Division). These wells are located in the
surficial deposits bordering the Slocan and Kcotenay Rivers. The well at

Slocan Park is a 500 IGPM well developed to provide water for irrigation(g).
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The Village of New Denver investigated the possibility of using
the groundwater in the deltaic deposits beneath the village to augment

(10)

their surface water supplies
1.5.4 Dams

There are 5 dams and 7 powerplants on the short reach of the
Kootenay River between the Corra Linn Dam and the confluence with the
Columbia River. This reach drops 360 feet in 14 miles, and has been
developed for hydro-electric power generation. Corra Linn is the first
dam in the series, followed by Upper Bonnington, Lower Bonnington,

South Slocan, and Brilliant. The Kootenay Canal, completed in 1976, has
its intake at Corra Linn Dam, and supplies water to a powerplant located

(1)

just downstream from South Slocan Dam The dams and their influence

on water quality are discussed in Chapter 3, section 3.4.

1.6 Water Use

1.6.1 Water Licenses

(‘12}:

Licensed water usage is allocated approximately as follows

Acre-feet per year

Domestic 2525

Irrigation 4350 (3500 acres irrigated)
Industrial 936

Mining 500

Fish Culture 3620

Power Generation 69.5 million

A summary of the major water licences in the region is given in
Table 6-1. Only those sources licensed for 10,000 GPD (13 acre-feet) o=

more are included.

The major domestic users are the Villages of Nakusp (Nakusp is

located in Region 8, but obtains its water supply from Region 6), New Denver,

-5-



Silverton, and Slocan, and the settlements of South Slocan and Krestova.
They account for 82 percent of the domestic usage. The remaining 18 percent
is distributed among numerous small users scattered throughout the region.
The licensed irrigation is also distributed among many small users

scattered throughout the arable lands of the region. There are a few

larger irrigated holdings (400 acres, 295 acres, 180 acres, and 100 acres),
but the majority of the holdings are less than 10 acres. About two thirds

of the irrigation water is used on the farmland along the Slocan River.

The entire industrial water use was licensed to the contractors
who built the Kootenay Canal Project. The quantity for mining is low since
several licenses were issued jointly for mining, domestic and power purposes
and these have not been included in the total. In any case, most of the
mines in the Slocan Basin have been closed, and thus do not use the water
licensed to them. The quantity allocated for fish culture is used by one

private fish culture operation near Slocan.

Virtually all of the water licensed for power generation in the
region is used by the 7 power plants located on the Kootenay River,

(Corra Linn, Upper Bonnington, City of Nelson, Lower Bonnington, South Slocan,

Kootenay Canal, and Brilliant).

1.6.2 Water Availability

Good quality water from small creeks, brooks and springs has been
adequate to meet water supply needs. However, as population and development
increase, some of these water sources are becoming fully utilized, so that

more expensive or lower quality sources must be used.

There are three areas in the region where the readily available
water supplies are becoming fully utilized. These are: The New Denver-
Rosebery area on the east side of Slocan Lake, the Slocan River valley
between Slocan and Krestova (particularily the west side of the Slocan River
in the Perrys, Appledale, Vallican, and Slocan Park areas); and the west

side of the Kootenay River valley in the Shoreacres, Glade, Tarrys and
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Thrums areas. The water sources that are limited in these areas are
shown in Table 6-2. A more detailed analysis of the water availability

problems in the region will be presented in our Phase II report.

As outlined in Section 1.5.3, groundwater is generally available
in large quantities (50 to 500 IGPM) alonglthe valleys of the Slocan and
Kootenay Rivers and has been used in several areas. Watercoursés such
as Slocan Lake, Slocan River, and Kootenay River could supply large
quantities of water. However, they may require both treatment and
pumping prior to use, and thus have provided only minor quantities of water

to date. '

1.7 Settlements and Industrial Centres

The largest incorporated settlements in the Slocan River Basin are
the Villages of New Denver, Slocan, and Silverton which had populations of
647,347 and 251 respectively, in 1976(13). The larger unincorporated
settlements and their 1971 populations are Winlaw (383), Thrums (365),
Slocan Park (360), and Shoreacres (345)(13’14’15). The 1971 populations
of other settlements in the region are listed in Table 6-3. We estimate

that the total population of the region in 1971 was about 6,000 persons.
There are no major industrial centres in the region.
1.8 Land Use
1.8.1 Agriculture
The Slocan River Basin supports very little agricultural activity.
The 1971 agricultural census indicated that there were about 40 farms
located along the Slocan and Kootenay River valleys. Most of the farms

were less than 100 acres in size, and the total cropland was only about

350 acres for the entire region.



The cultivated land is used primarily for hay production. Beef
cattle is the predominant livestock enterprise(léj. Less than one farmer
in ten is self-supporting from agriculture. The practice of part-time
or subsistence farming is due to the scattered distribution of the better
farming soils, the attraction of off-farm work, and the subdivision of

land for non-farm use in more heavily populated aroas(l7).

1.8.2 Forestry

Much of the northern and castern portions of the Slocan River Basin

are committed to logging operations as shown in Figure 6—1(18).

The major
drainages which may be influenced by logging are Bremner, Fitzstubbs,
Wilson, Silverton, Springer, and Lemon Creeks. In the past, logging has
also taken place in the Koch and Hoder Creek drainages in the southwest

(2)

of the region Portions of these drainages will probably be logged

again in the near future.
1.8.3 Mining

Mining activity has been relatively light in recent years. Only
one property, Silmonac (Minniehaha), operated by Kam Kotia Mines Ltd. at
Sandon, produced more than 1,000 tons of ore per year during 1972 to 1974.
The Kam Kotia operation is discussed in detail in Chapter 2, section 2.2.
From 1972 to 1974, eleven other properties produced small quantities of ore
ranging from 2 to 834 tons per year. Ore from these small producers was

(19)

shipped to the smelter at Trail Table 6-4 contains a summary of the

mineral production in the Slocan Basin for the period 1972-1974.

Exploration in the Slocan Basin has been light. From 1972 to 1974,
five to nine properties were explored each year, centering on the

Carpenter Enterprise, Silverton and Springer Creek basins on the east side

(19)

of Slocan Lake The B.C. Ministry of Mines has rated this area class 2C

for mineral potential, indicating that there is a moderate possibility that

small, economically viable deposits may be found(zo).

-8-



In the past, the Slocan Basin was the scene of considerable
mining activity. Some effects of this mining on water quality are

discussed in Chapter 3, section 3.3.
1.8.4 Recreation

There is a diversity of lakes, streams and alpine areasvoffering
opportunities for outdoor recreation. Areas with high recreational value

are summarized below.
(a) Slocan Lake and Slocan River

Slocan Lake is scenically attractive. Although much of the shore-
line is too stcep for intensive recreation, there are several beaches and
low lying areas near tributary inlets, particularly along the west side.
Slocan Lake sport fishing success is regarded to be moderate to low(21).

The Canada Land Inventory (C.L.I.) rates shore-based recreation
around Slocan Lake as good (Class 2) at the north end and near Rosebery(21’22).
Most of the shoreline has a moderate rating (Class 3,west side) or poor
rating (Class 4 or 5,east side) for recreational capability. Rosebery
Provincial Park (80 acres), three miles north of New Denver, provides

picnicking and camping facilities(l/).

The pastoral Slocan River Valley has received C.L.I. ratings of
Class 4 and 5. Attractions include angling, camping, and scenery. The
Little Slocan Lakes are rated Class 3 (angiing and wetland wildlife
viewing are major attractions) and have been named as a possible future
campground location(z). The Little Slocan River Valley (Class 4 and 5)

provides opportunities for angling, camping, and canoeing.

(b) Kootenay River

There are moderately good recreational opportunities in the
Region 6 portion of the Kootenay River Valley(21). An overall C.L.I.
Class 4 to 5 rating has been given to most of the shoreline between

Corra Linn and the Kootenay-Columbia River confluence. Smaller Class 3

-9-



recreational units , emphasizing viewpoints, angling, camping, and boating
opportunities, include the Kootenay River at Brilliant, Shoreacres and
South Slocan. Brilliant Terrace Provincial Park (288 acres) near Castlegar

(17)

provides additional organized camping facilities

River-oriented recreation is controlled to some extent by upstream
regulation, in particular by the Corra Linn dam. However, the Kootenay
Canal Project dams and control structures are in themselves tourist

attractions.

The lower Slocan River and the Kootenay River in Region 6 support

(21’23). Rainbow trout, Dolly Varden char,

a moderately good sport fishery
kokanee, cutthroat trout, whitefish, and eastern brook trout are widely
distributed in these rivers and many of their tributaries as shown in
Figure 6-4. Rainbow trout have been stocked in Slocan Pool (the Kootenay
River below Slocan Dam) since 1967, with a positive effect on fishing

success (23) .

(c) Upland Areas

Kokanee Glacier Park (64,000 acres), which borders on Regions 6
and 5, is the only existing upland recreational development, apart from

(2)

trails to Beatrice and Cahill Lakes west of Slocan Lake Other upland
areas in Region 6 with high potential recreational value include:
The Valhalla Range, Lemon and Koch Creek drainages, Summit and Wilson Lakes,

and the abandoned mine and townsites of Sandon and Cody(2’17).

Several alternatives for managing the Valhalla area have been

2 . . .
d( ’24). These include retention under the Forest Service resource

put forwar
folio management, establishment of a 122,000 acre nature conservancy, or
establishment of a 68,000 acre Class A Provincial Park to be named the
Valhalla Wilderness Park. The Valhallas contain many scenic and unique
lake settings, alpine meadows, and rugged peaks. Canada Land Inventory
ratings of Class 4 to 5 recreation capability have been given to most of

the lakes and valleys in the area, which are at 4,000 to 5,000 ft.

-10-



(21)

Evans Lake (Class 2-3), the east end of Beatrice Lake (Class 3) and New

elevation Higher individual ratings were given to the east end of
Denver Glacier (Class 3, winter sports). Wee Sandy, Cahill, the west end of

Beatrice and Evans Lakes, Thor and Gwillim Lakes received Class 4 ratings.

Many creeks such as Beatrice, Gwillim and Nemo Creeks, which are
tributary to Slocan Lake or Slocan River, act as access corridors to the
upland as well as providing opportunities for camping and angling. These
creeks have been given Class 4-5 C.L.I. ratings for recreation. Gladsheinm
and Gimli Peaks at the head of Mulvey Creek, and The Devil's Conch
north of Gwillim Creek, are important for rock climbing. New Denver

Glacier is the only significant ski area in Region 6.

Ecological Reserve 32 was established on March 7, 1972 (order in
council No. 903). It preserves 458 acres of yellow cedar habitat at the

western end of Evans Lake in the Valhalla Range.
1.8.5 Wildlife

Snow depth above 3,500 feet elevation, is the most important

limiting factor to wildlife distribution in Region 6(25’Z6).

Significant
wintering areas (C.L.T. classes 2-3) are restricted to south and west facing

slopes below this elevation.

Mixed 2W and 3W potential winter range classes for ungulates
(primarily deer) are situated along the north side of Kootenay River upstream

from Slocan River(26).

Class 3W ungulate range is more generally distributed,
along the south side of Kootenay River above Slocan River, along both sides
of Kootenay River below Slocan River, up both sides of Slocan River Valley,
partway up the east side of Little Slocan Valley, and along the east side of

Slocan Lake(25’26].

Upland ungulate capability is rated at Class 5 and 6 in
the Valhalla Range, and Kokanee Glacier areas, and predominantly Class 4

elsewhere.
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Current wildlife distributions(2’17’24)

include mule and whitetail
deer wintering at lower elevations along Slocan River Valley and east side
of Slocan Lake. Mountain goats utilize south-facing cliffs in the Valhallas
(e.g., Nemo Creek headwaters) for winter range. Dwindling numbers of
mountain caribou winter near Summit Lake and inhabit the area between

27)

Wilson Lake and Kuskanax Creek north of Slocan Lake(

(26)

They also may
occur in the upper Silverton Creek drainage Black deer are common
and widely distributed, and grizzly bear are also fairly numerous but
restricted to the remoter valleys.

Waterfowl are limited by lack of wetlands(27). A small area of C.L.I.
Class 4 waterfowl habitat is situated at the north end of Slocan Lake at
Bonanza Creek. Class 5 areas include Slocan and Little Slocan Lakes, and
Class 6 areas include Slocan River, Beatrice and Evans Lakes, and various
smaller lakes and ponds. Marshes along the Slocan and Little Slocan Rivers

provide resting areas during periods of waterfowl migration(z).
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2. INDUSTRIAL AND MUNICIPAL SOURCES OF EFFLUENT AND SOLID WASTE

2.1 Introduction

Mining, forestry, and construction of hydroelectric facilities
are the major industrial activities in the region. The only significant
source of industrial effluent is a small lead-zinc concentrator, operated
by Kam Kotia Mines Ltd. Other sources of industrial effluent include a
gravel washing plant and two ready-mix concrete plants used in the
construction of the Kootenay Canal Project. Semlon Resources Ltd. has
reactivated the old Ottawa Silver Mines silver-lead-zinc ore concentrator
near the Village of Slocan employing total effluent recycle. Pollution
Control Permits for the discharge of effluents are described in Table 6-5.
The locations of discharges are denoted in Figures 6-5 and 6-6 by their

Pollution Control Permit numbers.

The only source of industrial solid waste in the region is from

a sawmill at Thrums.

The population of the region is small (section 1.7) and thus there

are no major sources of municipal effluent or solid waste.

2.2 Kam Kotia Mines Ltd.

2.2.1 Description

Kam Kotia Mines Ltd. has operated a 150 ton/day lead-zinc ore
concentrator at the confluence of Carpenter and Tributary Creeks since
September 1970. The operation is located about 6 miles east-southeast of
New Denver and is denoted in Figure 6-5 by its Pollution Control Permit
number, PE-1203. The concentrator was formerly owned and operated by
Carnegie Mines Ltd. Mining operations in the immediate area have been

active since the 1890's.
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A simplified flow diagram of the concentrator is given in
Figure 6-7. Ore is hauled by truck from the Silmonac (Minniehaha) mine to the
concentrator where it is crushed to minus 3/8 inch in primary and
secondary crushers. The crushed ore is further reduced in size by two
ball mills and the zinc and lead concentrates are separated in flotation
cells. The lead and zinc concentrates are dewatered on a filter and
shipped to the smelter at Trail. Underflow from the zinc flotation cells
and filtrate from the concentrate filters are pumped to the tailing pond.
Washdown water and spills are collected in sumps and returned to the
process circuit. Peak production occurred in 1971 when 39,754 tons of ore were
processed. Ore reserves have declined since 1971, so that in 1974 only

8,927 tons of ore were processed(lg).

The tailing pond is located on top of old tailing deposited adjacent
to Carpenter Creek by Carnegie Mines Ltd. Supernatant from the tailing
pond is discharged directly to Carpenter Creek. However, most of the
wastewater seeps to Carpenter Creek through the bottom of the pond. In
the past, the raw tailing from the mining operations located in this area

were discharged directly to Carpenter Creek and its tributaries.

Pollution Control Permit number PE-1203 was issued to Kam Kotia
Mines Ltd. on November 16, 1972, authorizing the discharge of 90,000 IGPD
(0.17 CFS) of tailing pond supernatant to Carpenter Creek. The effluent
quality characteristics specified by the permit are summarized in
Table 6-5.

2.2.2 Presentation of Effluent Sampling Data

The supernatant from the Kam Kotia tailing pond has been sampled
31 times between April 1971 and May 1976 (11 times by the Pollution Control
Branch and 20 times by the Company). Results are given in Tables 6-6
and 6-7. The quantity of supernatant discharged from the tailing pond has
not been measured because there was rarely more than a trickle from the

decant structure.
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Between November 1972 and December 1975, the tailing inflow to
the pond exceeded 90,000 IGPD on only 2 days (maximum of 97,000 IGPD).
Monthly averages ranged from 30,000 to 70,000 IGPD. To prevent ice
build-up during winter months, 85,000 to 229,000 IGPD of clean water
from Tributary Creek was added to the tailing ponds. The minimum flow in
Carpenter Creek occurs during the winter and is estimated to be about

5 CFS at the tailing pond(s} (minimum daily flow in 8 years of record).

2.2.3 Discussion of Effluent Data

Permit PE-1203 was issued before the Mining Objectives(ZS) were
established, and the effluent characteristics on the permit are more
stringent than Level A objectives, particularily for zinc. We have used
the Mining Objectives in assessing the quality of the effluent since the
minimum dilution of effluent in Carpenter Creek was about 30:1 and the
objectives are directly applicable if the minimum dilution is 20:1 or

greater.

The effluent data collected by the Company (Table 6-6) and the
Pollution Control Branch (Table 6-7) were the same for most parameters.
The Company's values were higher for dissolved zinc and most total metal
analyses, but were lower for suspended solids. These discrepancies were
probably caused by the difference in the number of samples analyzed, and

by the distorting effect of a few high values.

In Table 6-8, we have listed the percentages of all effluent
analyses which exceeded Levels'A, B, and C of the Mining Objectives(zs).
Dissolved copper, total cyanide, and suspended solids frequently exceeded
Levels A and B. Only dissolved copper exceeded Level C. Dissolved
manganese and sulphate exceeded Level A frequently, but sulphate was not

(29)

high enough to be environmentally significant , and there were too

few manganese analyses to determine if the values were representative.

Dissolved lead, pH, and dissolved zinc exceeded Levels A or B occasionally.

The frequent occurrence of high copper and cyanide levels was
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thought to be due to overdoses of copper sulphate and cyanide in the
flotation process from manually controlled feeders., These contaminants
appeared to be stabilized by the tailing since they did not affect the

downstream water quality of Carpenter Creek (Chapter 4, section 4.2).

The effect of the supernatant discharge on Carpenter Creek was
believed to be small. Concentrations of certain parameters in the
supernatant have been high, but the overflow was small due to high
exfiltration rates through the bottdm of the pond. The quantity of
contaminants that this seepage contributed to Carpenter Creek is difficult

to measure directly.

The water quality data for Carpenter Creek (Chapter 4, section 4.2)
showed that the main effect of the Kam Kotia operation was to increase
dissolved zinc and cadmium in the creek. These increases were not due to
the supernatant from the tailing pond, because the concentrations in
the supernatant were equal to or lower than those in Carpenter Creek
upstream from Kam Kotia. The average dissolved zinc concentration
increased from 0.3 mg/l upstream from Kam Kotia to 0.5 mg/1 downstream.
The average dissolved cadmium concentration increased from 0.002 mg/1 to
0.004 mg/1. Thus, Kam Kotia contributed 40 to 50 percent of the zinc and cadmium
in Carpenter Creek. The data also indicate that there were important

sources of zinc and cadmium upstream from the mine.

The seepage from the tailing pond was believed to be the main source
of cadmium and zinc from the mine. Samples taken in Carpenter Creek
immediately downstream from the tailing pond showed the highest concentrations,

indicating that the tailing pond was definitely a source of these metals.

Galbraith(so) has described a process by which metals are leached
from mine tailing and we believe that this process is in operation in the
Kam Kotia tailing pond. The major step in this process is the action of
sulphur-oxidizing and sulphide-oxidizing bacteria which form sulphuric acid

from sulphides. The acid produces metal sulphates which are soluble in the
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groundwater and eventually seep to the creek.

It may be feasible to seal the tailing pond and to employ total
effluent recycle. This would reduce the leaching of zinc and cadmium to
Carpenter Creek and eliminate the discharge of supernatant. Sealing of
the tailing pond without total recyéle would reduce the leaching of zinc
and cadmium but would create a direct discharge of effluent which may

contain high copper and cyanide concentrations.

The costs and benefits of upgrading the treatment works are being
weighed, especially in view of the marginal nature of the Kam Kotia
operation. The recycle scheme could, at best, reduce the average dissolved
zinc and cadmium concentrations in the creek from 0.5 to 0.3 mg/l and
0.004 to 0.002 mg/l, respectively. Thus, unless the other sources of zinc
and cadmium can be controlled, the recycle scheme may not significantly

improve Carpenter Creek for aquatic life.
2.2.4 Recommendations

We recommend that the Company adhere to its present effluent
treatment system until Phase II of the Kootenay Study is complete. This
study will attempt to identify the other zinc and cadmium sources in the
Carpenter Creek basin, assess the feasibility of controlling these sources,
and assess the effect of the zinc and cadmium levels on the aquatic life

of Carpenter Creek.

In the interim, we recommend that monitoring of the tailing pond
supernatant be discontinued. The supernatant flow is too small to warrant
further monitoring under present operating conditions. The Company should
modify the mill reagent feeders to prevent overdosing of cyanide and copper
sulphate. The practice of diluting tailing with water from Tributary Creek
to prevent ice build-up in the tailing pond should be terminated if possible

to reduce leaching through the bottom of the pond.
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2.3 Industrial Sources of Solid Waste

There is only one Pollution Control Permit for industrial refuse
disposal in Region 6. The permit (No. PR-1794) is held by
Kalesnikoff Lumbering Co. Ltd. at Thrums and authorizes the discharge to
the ground of 6 cubic yards per day of wood-wastes. It is unlikely that
this discharge will adversely affect groundwater or surface water since
the quantity of refuse is relatively small, the nearest surface water is
3,000 feet away, the nearest well is 2 miles away, and the topography and
geology are such that the existence of an aquifer beneath the site is
improbable. A summary of the information regarding this site is contained
in Table 6-9, and its location is denoted in Figure 6-5 by its Pollution

Control Permit number 1794,

2.4 Municipal Sources of Effluent and Solid Waste

There are no municipal sewage collection and treatment systems in
the region. Domestic sewage is disposed of in individual septic tank and

tile field systems authorized by the British Columbia Ministry of Health.

There is only one solid waste disposal site in the region under
permit or application to the Pollution Control Branch. This site is
operated by the Village of Slocan and is authorized by permit number PR-2197
which allows the discharge to the ground of 2.5 cubic vards per day of
municipal refuse (including septic tank sludge). This site is unlikely
to affect groundwater or surface water adversely since the quantity of
refuse is small, the water table is 20 feet deep at the site, the nearest
surface water is 900 feet away, and there are no wells nearby. A summary
of information regarding this site is contained in Table 6-9, and its
location is denoted in Figure 6-5 by its Pollution Control permit
number, 2197.

There are other settlements in the region that dispose of their
solid wastes in small landfills without Pollution Control permits or
applications, but the quantities involved are small, and it is unlikely

that these landfills are affecting groundwater or surface water.
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3. MISCELLANEOUS INFLUENCES ON WATER QUALITY

3.1 Forestry

The Final Report of the Slocan Valley Community Forest Management

(2)

Project indicated that about 20 miles of new logging road are built
each year and that the high costs of road building make it economically
expedient to take as much timber out of one area as possible. As a result,
extremely large areas have been clearcut. Single openings as large as
1,600 acres have been created in some cases. Forests in the Fennell,
Shannon, and Lemon Creek drainages have all been logged in this manner.
Field studies (2,31) have found many examples of poor planning and main-

tenance of logging roads with subsequent erosion, slumping, and stream

siltation problems.

The Ministry of Forests and other resource agencies are improving
logging practices. Measures used include the introduction of the Folio
planning system, review of logging company plans and increased field

supervision.

3.2 Agriculture

Agricultural activity in the Slocan River Basin is very limited
(see Chapter 1, section 1.8.1). The cultivated land is primarily used
for the production of hay crops while the livestock in the area is

(16). Table 6-10 shows that the actual irrigated

predominantly beef cattle
acreage is substantially less than the acreage for which irrigation water
licences have been issued. This indicates that a large portion of the

irrigation water rights is not being used.
3.2.1 Estimation of Nutrient Loading from Agricultural Activities

We estimated the annual nutrient loadings to the Slocan River and
Kootenay River from fertilized, irrigated cropland and from livestock

operations (Table 6-10). All other agricultural nutrient sources were

considered to be insignificant.
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(a) Nutrients from Irrigated Cropland

All the irrigated land was assumed to be fertilized, although
the 1971 Agricultural Census indicated a lower fertilized acreage(16).
The irrigated acreages were obtained from the irrigation water licences

(12)

issued in the region , since they reflect the potential irrigated

acreage.

Nutrients contributed by fertilizer on non irrigated land were
assumed to be insignificant. Nutrients from irrigated land were assumed
to reach the receiving waters via groundwater transport. Nutrients
contributed by fertilized land via surface runoff can be significant during
a fast spring thaw. However, due to the small number and size of the
agricultural operations in this area, this contribution was assumed to be
minimal. Annual fertilizer application rates of 50 1b of nitrogen and 10 1b
of phosphorus per acre were used as estimates of the potential source loadings.
The method used to estimate the fraction of the source loading which reached
the receiving waters has been described in a previous report(sz). Each
irrigated acre was assumed to release 6.7 1b of nitrogen and 0.17 1b of

phosphorus per year. The calculated nitrogen and phosphorus loadings are

presented in Table 6-10.
(b) Nutrients from Livestock

Nutrient contributions from livestock were estimated using methods

(33)

developed in the Okanagan Basin Study We assumed that the following

nutrient loadings per animal reached the receiving waters:

Cattle: 9.8 1b of nitrogen/animal/year
0.242 1b of phosphorus/animal/year

Poultry: 0.154 1b of nitrogen/animal/year
0.008 1b of phosphorus/animal/year

The calculated nitrogen and phosphorus loadings from livestock are presented
in Table 6-10.
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In this region, the most common cattle enterprises were cow-calf
operations. Nutrient contributions could be high during spring thaw, via
surface runoff, especially where cattle had been wintered near streams.

The effect of surface runoff was expected to be minimal because of the small

number of farms and the small livestock population.

The annual agricultural nutrient loading was assumed to reach the
Slocan and Kootenay Rivers during the growing season (May to September) via
groundwater transport. The calculated nitrogen and phosphorus concentrations
in the Slocan and Kootenay Rivers, resulting from these loadings, are

presented in Table 6-11.
3.2.2 Discussion of Results

Table 6-11 shows that the agricultural activity in the region could
cause an average concentration of nitrogen of 0.006 mg/l or less, and of

phosphorus of 0.0002‘mg/l or less, in the Slocan River.

We conclude that agriculture in the region was a negligible source

of nutrient loading to the Slocan and Kootenay Rivers.
3.3 Mining

The Slocan Basin was the scene of extensive mining activity in the
past. Virtually all of the mining took place on the east side of Slocan

Lake, from Wilson Creek to Lemon Creek. There are about 190 old mining

(34). At least 15 of these old mines are known

(35)

properties in this area

or suspected to have abnormal mine drainage The locations of the

old mines are shown on inventory maps provided by the Ministry of Mines

and Petroleum Resources(34).

The Slocan Mining Camp was located within a 6 to 8 mile radius

of the mining town of Sandon, and included most of the Carpenter and

(36)

Silverton Creek drainage basins There are about 100 old mines in

ir4
these two basins, 13 of which have known or suspected abnormal drainage(34’os).

Ore was discovered near Sandon in 1891, and by 1898 Sandon had a population
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of 5,000(37).

After 1898, mining steadily declined and by 1940 most of
the mines were closed. The largest mine was the Lucky Jim at Zincton
on Seaton Creek which produced 1.2 million tons of ore between 1893 and
1959. Silver, lead, and zinc were the principal minerals produced in

the Slocan, with lesser amounts of gold, copper, and cadmium(20’36).

Tailing from the concentrators at the old mines in the Carpenter
Creek basin were discharged directly to the streams without treatment(sg).
Concentrators were located at the Lucky Jim mine at Zincton on Seaton Creek,
and at Alamo, Payne Siding, Sandon, and Cody on Carpenter Creek(37’38).
There were probably other concentrators in the basin that we do not know
about. Noticeable tailing deposits are located at Zincton and Sandon,
but we assume that most of the old tailing were washed into Slocan Lake

at the mouth of Carpenter Creek.

Drainage from the old mines has caused higher than normal zinc
and cadmium concentrations in Carpenter Creek, and above normal zinc
concentrations in Slocan Lake and Slocan River. Other tributaries on the
east side of the Slocan system which drain old mines may also have above
normal levels of these metals. The effect of mining on water quality is
discussed in detail in Chapter 4. There has been no reclamation of the
old mining disturbances and these disturbances may contribute to the
suspended sediment load in Carpenter Creek. Suspended solids however,
were not particularily high in Carpenter Creek since the maximum value

recorded was 168 mg/1.

3.4 Dams

3.4.1 Introduction

The reach of the Kootenay River contained in Region 6 is 14 miles
long, running from the Corra Linn Dam to the confluence with the Columbia
River. This reach is steep, dropping 360 feet in 14 miles, and has been
developed for hydro-electric power generation by a series of 5 dams and

7 powerplants,
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Corra Linn is the first dam in the series (Figure 6-6), providing
about 800,000 acre-feet of storage in Kootenay Lake for the use of its
own powerplant and for each of the downstream powerplants. Upper Bonnington
is the next dam downstream, followed by Lower Bonnington, South Slocan, and
Brilliant. The last 4 dams have only small headponds and thus, depend on
Corra Linn Dam to provide seasonal storage. Duncan and Libby Dams,
completed in 1967 and 1972 respectively, supply an additional 6.4 million
acre-feet of upstream storage. The Kootenay Canal Project, which became
operational during 1975 and 1976, consists of a canal, with its intake at
Corra Linn Dam, supplying water to a powerplant located just downstream

(11)

from South Slocan Dam

These dams and powerplants are closely related, with the operation
of one affecting the operation of each one downstream. Consequently, each
project will be discussed briefly, followed by a discussion of the overall
effect of these projects on the Kootenay River. Data describing the

projects are presented in Table 6-12.
3.4.2 Corra Linn Dam

The Corra Linn Dam is located 7 miles downstream from the City of
Nelson, and is owned by Cominco. It was built in 1931 and has controlled
the level of Kootenay Lake since 1939, except under high flow conditions.
A discussion of the history, operation and upstream effects on Kootenay
Lake and River were presented in our Phase I report on Region 5, Chapter 3,

section 3.6.2(39).

3.4.3 Upper Bonnington Dam

Upper Bonnington Dam is located one mile downstream from Corra Linn,
and is owned by Cominco. There are two powerplants at the dam: one owned
by Cominco (55 MW capacity), and one owned by the City of Nelson (8.67 MW
capacity)(ll). The original powerhouse was built in 1897 and was then
removed and rebuilt in 1907. The last extension to the powerhouse was
completed in 1940. The purpose of the project was to produce electricity

for Cominco's Trail operations and the City of Nelson.
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Upper Bonnington is a run-of-the-river plant with upstream storage
in Kootenay Lake provided by Corra Linn. The headpond behind the dam is
very small, extending upstream for one mile to the Corra Linn Dam, with a
maximum width of one quarter mile. Pondage water levels normally fluctuate
over a range of 7 feet, between elevations 1683 and 1690, with a maximum

design water level of 1697(40).

3.4.4 lower Bonnington Dam

Lower Bonnington Dam is located one half mile downstream from
Upper Bonnington, and is owned by West Kootenay Power and Light Co. Ltd.(41),
a subsidiary of Cominco. This was the location of the first hydro
installation on the Kootenay River, which was replaced in 1924 by the
present installation. The present installation was reconstructed in

196441 (1D

The powerplant has a capacity of 42 MW and was developed to

generate electricity for Cominco's Trail operations.

Because of the small size of the headpond, Lower Bonnington may be
classed as a run-of-the-river plant. The headpond behind the dam is very
small, extending upstream for one half mile to Upper Bonnington Dam, with
a maximum width of about 800 feet. Pondage water levels normally fluctuate
over a range of 14 feet between elevations 1610 and 1624, with a maximum

design water level of 1627(40).

3.4.5 South Slocan Dam

South Slocan Dam is located three quarters of a mile downstream
from Lower Bonnington, and is owned by Cominco. The dam and powerplant

(41)

were completed in 1928 to provide power for Cominco's Trail operations

(11)

The powerplant has a capacity of 47 MW South Slocan is a run-of-the-
river plant with upstream storage provided by the Corra Linn Dam. The
headpond is small, extending upstream for three quarters of a mile to

Lower Bonnington, with a maximum width of about 1000 feet. Pondage water
levels normally fluctuate over a range of 14 feet between elevations 1554 and

1540, while the maximum design water level is 1560(40).
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3.4.6 Brilliant Dam

Brilliant Dam is located 11 miles downstream from South Slocan
Dam, and i1s owned by Cominc~. The projeét was completed in 1944 to generate
electricity for Cominco's various operations, and consists of a 112 foot
high concrete dam with a spillway and a powerplant with 109 MW of installed

capacity(11’41).

Brilliant may be classed as a run-of-the-river plant. The headpond
behind Brilliant is larger than those of South Slocan, Upper Bonnington
and Lower Bonnington Dams, but is still too small to provide storage for
any more than a part of one day's operation. The headpond is about 10
miles long, has a maximum width of a half mile and a usable storage capacity

of 9875 acre—feet(41).

The creation of the headponds drowned out a 10
mile stretch of rapids in the Kootenay River. Pondage water levels normally
fluctuate over a 10 foot range between elevations 1468 and 1478, while

the maximum design water level is 1486(40’41).

3.4.7 Kootenay Canal Project

The Kootenay Canal was constructed by B.C. Hydro to use the flow
in the Kootenay River, now made more uniform by the operation of the
Libby and Duncan storages. The project consists of a 3 mile canal, with
its intake at the Corra Linn Dam, supplying water to a powerplant (capacity
of 500 MW) just downstream from South Slocan Dam. Water flowing in the
canal bypasses the powerplants at Corra Linn, Upper Bonnington, Lower
Bonnington, and South Slocan Dams. The hydraulic capacity of the
Kootenay Canal plant is 25,000 CFS. The operating plan for the Kootenay
Canal project is to send 5,000 CFS down the Kootenay River via Corra Linn
and to take the remainder (up to 25,000 CFS) through the canal. When the
discharge in the Kootenay River at Corra Linn exceeds 30,000 CFS, the excess

water will be routed through the Kootenay River via Corra Linn.

Construction of the Kootenay Canal project began in September 1971,

and the plant was fully operational in October 1976.
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3.4.8 Influence of Dams on the Kootenay River
(a) Flow Patterns

Prior to 1939, the dams on the Kootenay River were operated on
a run-of-the-river basis, and thus had no effect on the flows in the
Kootenay River. In 1939, the International Joint Commission allowed
West Kootenay Power and Light Company to store six feet of water
(0.8 million acre-feet) in Kootenay Lake behind the Corra Linn Dam.
This storage was equivalent to about 4 percent of the mean annual flow in
the Kootenay River at Corra Linn and had only a small effect on the flows.
Flows during December through March were increased by an average of
1000 to 4000 CFS, while flows during August and September were decreased

by a similar amount.

The operation of the Duncan (1967) and Libby (1972) storages
under the Columbia River Treaty had a far greater effect on flow in the
Kootenay River than did the Corra Linn storage. Duncan and Libby have a
combined storage of 6.4 million acre-feet or 32 percent of the mean annual
flow at Corra Linn. In Figure 6-8, the natural flows in the Kootenay River
at the mouth from 1913 to 1944(5) (includes 4.5 years of Corra Linn
regulation) are compared with the predicted flows with Corra Linn, Duncan,
and Libby regulation (based on 1929-1958 flows)(42). With Duncan and Libby,

spring flood peaks will be reduced and winter low flows will be incrcased.

Regulation will improve the capacity of the Kootenay River to
assimilate wastes by reducing the duration of low winter flows. With
regulation, the minimum monthly flow predicted is 8572 CFS, whereas
prior to regulation (1913-1938) monthly flows of less than 8572 CFS occurred
(5)

24 percent of the time, or an average of 3 months per year

The dams downstream from Corra Linn (Upper Bonnington, Lower
Bonnington, South Slocan, and Brilliant) do not have sufficient storage
capacity to alter the pattern of flows released by Corra Linn ( or the

Kootenay Canal Plant), except on an hourly or daily basis.
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(b) Dissolved Gases

Water must be discharged over the spillways of the five dams on
the Lower Kootenay River when the flow in the river exceeds the hydraulic
capacities of the powerhouses and any other low level outlets. Depending
on the height of the spillway and the depth of the pool downstream from
the dam, the discharge of water over a spillway may cause the water
downstream from the dam to become supersaturated with dissolved gases.

Excessive supersaturation of dissolved gases is detrimental to aquatic life.

The hydraulic capacity of the powerplants at the five dams on the

Lower Kootenay River ranges from 10,000 to 14,000 CFS at the four oldest
dams (Corra Linn, Upper Bonnington, Lower Bonnington, and South Slocan) to
18,000 CFS at Brilliant(41). Prior to regulation by Libby and Duncan Dams,
this meant that in a year of average flow, between 54 and 63 percent of the
annual flow had to be discharged over the spillways at the four oldest
dams, while about 51 percent had to be spilled at Brilliant. Combined
Libby and Duncan regulation (commencing in the spring of 1972) reduced

the quantity of water that was discharged over the spillways in an average
flow year to between 47 and 61 percent for the four oldest dams, and to

40 percent for Brilliant.

Dissolved gas measurements taken below the dams on the Lower
Kootenay River during the freshets of 1972 to 1975 showed that the dissolved
gas concentrations were sometimes at levels that could be detrimental to
aquatic life. A detailed discussion of dissolved gases in the Kootenay

River is presented in Chapter 4, section 4.4.

The completion of the Kootenay Canal Plant in 1976 further reduced
the quantity of water which was spilled at the four oldest dams on the
Kootenay, by adding 25,000 CFS to the hydraulic capacity of the system.
Thus, in a year of average flow, only 2.5 to 5 percent of the annual flow
will have to be discharged over the spillways of the four oldest dams.
This will reduce the supersaturation of dissolved gases below the dams.

The quantity of water which must be spilled at Brilliant Dam is not affected
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by the Kootenay Canal Plant. However, there is potential for adding
additional generating units at Brilliant, which would increase the
hydraulic capacity to 22,500 CFS (1 unit) or 27,000 CFS (2 units). In
an average flow year, this could reduce the amount of water spilled from
40 percent of the annual flow to 27 percent (1 unit) or 18 percent

(2 units).
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4. WATER SAMPLING DATA

4.1 Introduction

The waters of Region 6 comprise the Slocan River basin and the
mainstem of the Kootenay River between the Corra Linn Dam and its confluence
with the Columbia River. These waters have been sampled by the Pollution
Control Branch since 1971. During 1975, the Pollution Control Branch and
the Water Investigations Branch conducted a joint water sampling program
in the region. Approximately 300 samples involving a total of 6000
analyses were collected between 1971 and the end of 1975. 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:

-Carpenter Creek and it tributaries
-Slocan Lake and Slocan River
-The Kootenay River

4.2 Carpenter Creek and Tributaries

4.2.1 Presentation of Data

Carpenter Creek and its tributaries drain the western slopes of

the Slocan Ranges to Slocan Lake at New Denver. The Carpenter Creek basin
has a drainage area of 65 square miles(7) and there are icefields and glaciers
in its headwaters. Kane and Seaton Creeks are the major tributaries of
Carpenter Creek. Logging activity in the Carpenter Creek basin is light,
since only a relatively small area in the Kane Creek watershed is being

(18)
logged .

Portions of the Carpenter Creek basin, particularily Seaton Creek
and Carpenter Creek upstream from Kane and Seaton Creeks, were the scene
of extensive mining activity which began in the early 1890's. There are

about 80 old mining properties in the Carpenter Creek basin, but only one
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property, Silmonac (Minnichaha), operated by Kam Kotia Mines Ltd. is
still producing a significant amount of ore(19’20’34). The effluent
discharged from the Kam Kotia operation is discussed in Chapter 2,
section 2.2. The B.C. Ministry of Mines has reported that there are 9
old mines in the Carpenter Creek basin which may have abnormal mine

(35)

drainage These potential sources of abnormal mine drainage are

discussed in Chapter 3, section 3.3.

Figure 6-5 shows the locations of Pollution Control Branch
sampling sites. A more detailed description of the sampling sites is

given below:

Site Number Description

198 Carpenter Creek upstream from Sandon Creek

197 Sandon Creek at the mouth (Sandon)

71 Carpenter Creek 0.25 miles upstream from
Kam Kotia mill (Sandon)

150 Carpenter Creek 300 fecet upstrecam from
Kam Kotia mill (Sandon)

196 Tributary Creek at the mouth

70 Carpenter Creek downstream from Kam Kotia
mill, between Sandon and Kane Creek

72 Kane Creek at the mouth (upstream Seaton
Creek)

69 Carpenter Creek at the mouth (New Denver)

Pollution Control or Water Investigations Branch sites which were

sampled but not assigned site numbers are described below:

Carpenter Creek upstream from Cody Creek
Cody Creek at the mouth

Carpenter Creek immediately downstream from
Kam Kotia tailing pond

Carpenter Creek 0.2 miles downstream from
Kam Kotia tailing pond

The data collected at Provincial Government sites are summarized

in Tables 6-13, 6-14, 6-15, and 6-16.
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Water quality data collected by Kam Kotia Mines Ltd. upstream and

downstream from their mining operation are summarized in Table 6-17.
4,2.2 Discussion of Results

The discussion proceeds from upstream sites to downstream sites,
assessing the influence of tributaries and discharges as they occur along

Carpenter Creek.
(a) Carpenter Creek Upstream from Cody Creek

One sample was taken at this site (Table 6-13) and showed low
dissolved iron (<0.1 mg/l) and dissolved zinc (0.013 mg/1). However, the
zinc concentration was higher than that normally found (<0.0005 mg/1) in
the headwater streams of the Kootenay Region. This higher zinc concentration
may have been due to drainage from the seven old mines located upstream

from the site.
(b) Cody Creek at the Mouth

The dissolved zinc concentration in Cody Creek was below the
detectable limit of 0.005 mg/1 (Table 6-13). There was therefore no abnormal

drainage from the four old mining properties located in its drainage.
(c) Carpenter Creek Upstream from Sandon Creek (Site 198)

Table 6-13 shows that the water at this site is slightly hard(46)
(50 to 82 mg/1 hardness), and very low in nutrients and heavy metals with
the exception of zinc. The dissolved zinc concentrations at this site
ranged from 0.03 to 0.07 mg/1, compared to 0.013 mg/1 upstream from Cody
Creek. The sources of the additional zinc may have been the thirteen old
mining properties located between these two sites. The old Bluebird and

35
Reco mines are suspected of having abnormal mine drainage(’ ).

(d) Sandon Creek at the Mouth (Site 197)

Table 6-13 shows that the water quality at this site was the same
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as at site 198 with the exception of dissolved cadmium, dissolved and
total zinc and dissolved sulphate. The higher concentrations of these
parameters in Sandon Creek were probably caused by abnormal drainage
from the three old mines in the Sandon Creek drainage basin. The old
Silversmith mine located adjacent to Sandon Creek is suspected of having

abnormal effluent(gs).

Aerial photographs of Sandon Creck taken in
1972[43) show that there were several waste rock or tailing piles located
adjacent to Sandon Creek and its tributary, White Creek. At least one of

the piles was actively eroding into Sandon Creek.

The dissolved zinc concentrations in Sandon Creek ranged from
0.1 to 0.47 mg/1, with an average of 0.32 mg/1 (Table 6-13). These

concentrations were well within the acceptable limit of 5.0 mg/1 for
drinking water(44), but were at a level which could have caused sublethal

. . . .. (29,45)
effects in some components of the aquatic community .

The dissolved cadmium concentration (0.0027 mg/1) was higher than
that normally found in headwater streams of the Kootenays (0.0005 mg/1),

and exceeded a recommended safe level (0.0004 mg/1) for sensitive aquatic

(29)

The cadmium concentration was within the
(29,44)

organisms 1N soft waters.
acceptable limit of 0.01 mg/1 for drinking water It is probable
that higher concentrations of cadmium were present in Sandon Creek during
low flow periods, since the only sample analyzed for cadmium was taken during

July when flow and dilution were relatively high.

The dissolved sulphate (804) concentration at site 197
(29 mg/1 average) was double that at site 198 (12.5 mg/1), but this increase
was not environmentally significant(zg). The mechanism by which zinc,
cadmium, and sulphate are believed to be leached from the old mining deposits

is outlined in Chapter 2, section 2.2.3.
(e) Carpenter Creek Upstream from Kam Kotia Mill (Sites 71 and 150)

Tables 6-14 and 6-16 show that the water quality at sites 71 and

150 was essentially the same as at site 198, with the exception of dissolved
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zinc, dissolved cadmium and dissolved sulphate which were higher. The
increase in sulphate was not environmentally Significant(29), but indicated
that leaching of old mining deposits was taking place(so). The dissolved
cadmium concentrations (0.0004-0,0052 mg/l, average 0.0032 mg/1) exceeded

' (29)

the safe level of 0.0004 mg/1 for sensitive aquatic organisms but were
well within the acceptable limit of 0.01 mg/l for drinking water.

Similarly, the dissolved zinc concentrations {0.06-0.74 mg/1, average

0.28 mg/1) were well within the acceptable level for drinking water (5.0 mg/1),
but were at a level which could cause sublethal effects among some components

of the aquatic community(29’45).

On December 9, 1975, the concentrations of dissolved zinc were
measured at sites 198, 197, and 150 and the flow was estimated at sites 198
and 197. These measurements indicated that roughly 8 percent of the zinc
in Carpenter Creek at site 150 was coming from Sandon Creek (Site 197),
and that 23 percent was coming from Carpenter Creek above Sandon Creek
(Site 198). The source of the remaining 70 percent of the dissolved

zinc at site 150 was not known.

The zinc may have been leaching from tailing which were deposited
in Carpenter Creek and on its bank, between sites 198 and 150, by old

mining operations(zg). Aerial photographs of Carpenter Creek(43) indicate
that the old tailing may be located between the mouth of Sandon Creek and

site 71 on the south side of Carpenter Creek.

(f) Carpenter Creek Immediately Upstream and Downstream from

Kam Kotia Mines Ltd.

As part of their monitoring program for Pollution Control Permit
No. PE-1203, Kam Kotia Mines Ltd. collected 20 sets of samples in Carpenter
Creek immediately upstream and downstram from their mining operation

(Table 6-17).
Their data show a consistent increase in dissolved zinc from
upstream (0.05-0.63 mg/1, 0.33 mg/l average) to downstream (0.115-1.52 mg/1,

0.54 mg/1 average). The source of this zinc was probably seepage from the
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Kam Kotia tailing pond (Chapter 2, section 2.2). The concentrations of
dissolved zinc reported by Kam Kotia for their stations upstream and
downstream from the mill were quite similar to those reported by the
Pollution Control Branch at sites 71 and 150 (upstream) and site 70
(downstream). The Kam Kotia data indicated that, on average, the mining
operation contributed 40 to 50 percent of the dissolved zinc in Carpenter

Creek, downstream from Kam Kotia.

Total cyanide was not detectableupstream from the mill, but one
out of the twenty samples taken downstream from the mill showed an unusually
high value of 0.021 mg/1. This value was probably due to contamination of
the sample or incomplete mixing downstream from the tailing pond. On the
day the sample was taken (June 14, 1973) the total cyanide concentration in
the tailing pond supernatant was 0.38 mg/l. The supernatant flow was not
known, but inflow to the tailing pond was about 36,000 IGPD (0.067 CFS).
The flow in Carpenter Creek was probably at least 70 CFS(S), since the
creek was in freshet. The creek would have provided a 1000:1 dilution of
the total inflow to the tailing pond. Under these conditions, the maximum
concentration in the creek would have been 0.0004 mg/1. The Pollution Control
Branch sampled Carpenter Creek at site 70 on June 14, 1973 and found a total

cyanide concentration of <0.01 mg/1.

There have been occasional increases in dissolved copper and lead
between sites upstream and downstream from the mill. The highest values
measured were below or at the safe levels recommended for drinking water

and aquatic life(zg).

The highest dissolved copper and lead values reported
by Kam Kotia were consistently an order of magnitude greater than those
reported by the Pollution Control Branch, suggesting differences in

sampling and analytical methods.

(g) Tributary Creek (Site 196)

The data for Tributary Creek (Table 6-14) show very low values for
dissolved zinc (0.005 mg/1). Thus, the creek did not contribute significant

amounts of zinc to Carpenter Creek.

-34-



(h) Carpenter Creek Downstream from Kam Kotia Tailing Pond
(Site 70 and Others)

Dissolved zinc concentrations upstream from the tailing pond
(Sites 71 and 150, Table 6-14) ranged from 0.06 to 0.74 mg/l, with an
average of 0.28 mg/1, whereas concentrations downstream from the tailing
pond (Site 70, Tables 6-15 and 6-16) ranged from <0.005 to 0.78 mg/l, with
an average of 0.44 mg/1. Samples taken immediately downstream from the
tailing pond (Table 6-16) had dissolved zinc concentrations of up to
3.5 mg/1l. These high concentrations were attributed to incomplete mixing
of the tailing pond seepage with Carpenter Creek, and show that the tailing

pond contributed zinc to Carpenter Creek.

There may also be other sources of zinc located between the tailing
pond and Kane Creek. A series of samples taken on December 9, 1975,
showed that the dissolved zinc concentration was 0.29 mg/1 upstream from
the tailing pond (Site 150), 0.42 mg/1 0.2 miles downstream from the pond,
and 0.52 mg/1 just upstream from Kane Creek. Sources of zinc along this
reach of Carpenter Creek could include: abnormal drainage from about 20
old mining properties in this portion of the watershed, particularily
Payne and Victor (Violamac) which are suspected of having abnormal

(35)

drainage , and old zinc tailing which have been deposited in the stream
sediments of Carpenter Creek. The dissolved zinc concentrations in this
reach of Carpenter Creek were at a level which could have caused sublethal

. Lo, (29,
effects among some components of the aquatic communlty( 9 45), but were

(44)

well within the acceptable limit for drinking water

Dissolved cadmium concentrations at Site 70 ranged from <0.0005 to
0.007 mg/1, with an average of 0.0037 mg/1 (Table 6-15), whereas concen-
trations at Sites 71 and 150 ranged from 0.0004 to 0.0052 mg/l, with an
average of 0.0023 mg/1 (Table 6-14). The highest cadmium concentrations
(up to 0.017 mg/1) were found immediately downstream from the Kam Kotia
tailing pond (Table 6-16). The sources of cadmium between sites 71 and 150
and site 70 were believed to be the same as the sources of zinc. The
cadmium concentrations at site 70 have exceeded the safe levels for sensitive

and immature aquatic organisms (0.003 mg/1 in hard water and 0.0004 mg/1
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in soft water)(zg).

Other parameters which increased in concentration at Site 70,
downstream from the Kam Kotia tailing pond, include dissolved manganese
(<0.01-0.06 mg/1, 0.02 mg/1 average), total iron (0.1-0.9 mg/1,

0.45 mg/1 average), dissolved sulphate (35.4 mg/1 average), and suspended
solids (2-168 mg/1, 31 mg/1 average). These increased values were probably
due in part to the discharge and seepage from the tailing pond. The
increased values occurred infrequently and did not represent a significant

deterioration in the water quality of Carpenter Creek.
(i) Kane Creek at the Mouth (Site 72)

Table 6-15 shows that the water quality of Kane Creek was similar
to that of Carpenter Creek for most parameters, and better than Carpenter
and Sandon Creeks for dissolved zinc and cadmiun. Dissolved zinc concen-
trations in Kane Creek were usually at or below the detectable limit of
0.005 mg/1, except for one high value of 0.3 mg/1. Dissolved cadmium
concentrations ranged from <0.0001 to 0.0028 mg/1l, with an average of
<0.0007 mg/1.

There were only 4 old mining properties in the Kane Creek watershed,
and only one of these, McAllister, was suspected of having abnormal

drainage(ss). The low concentrations of zinc and cadmium in Kane Creek
indicate that drainage from the old mines was not having a significant

effect on water quality.
(j) Carpenter Creek at the Mouth (Site 69)

Tables 6-15 and 6-16 show that the water in Carpenter Creek at
Site 69 was of good quality for most parameters. Dissolved zinc concen-
tration was still moderately high (0.21 mg/1 average), but was 50 percent
lower than the concentration at site 70 (0.44 mg/1 average). This
reduction was due to dilution by the low zinc content waters of Kane Creek.
The zinc concentrations were well below the recommended objective (<1.0 mg/1)

and acceptable (5.0 mg/1) limits for drinking water in Canada(44), but were
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at or near the threshold at which sublethal effects could occur in some

aquatic organisms(29’45).

The dissolved cadmium concentrations (0.0007-0.0028 mg/1,
0.0017 mg/1 average) were well below the maximum permissible limit in

) (47)

drinking water (0.01 mg/1 , but at times exceeded the safe limit of

0.0004 mg/1 in soft water (<100 mg/l, total hardness) for sensitive and

(29)

immature aquatic organisms Cadmium concentrations at Site 69 were

also 50 percent lower than at Site 70, due to dilution by Kane Creek.

The data indicate that the water in Carpenter Creek at site 69
was suitable for domestic water supply, although treatment for the removal
of suspended solids (up to 94 mg/1) and turbidity (up to 6.7 J.T.U.) during
spring freshet would be necessary. The hardness of the water at Site 69
ranged between 58 and 130 mg/1 CaCOS, which means the water was of good

quality for drinking(44).

4,2.3 Recommendations

We recommend a water sampling program during Phase II of this study
to locate the main sources of zinc and cadmium in the Carpenter Creek basin.
We also recommend a survey of the aquatic populations of Carpenter Creck

to determine their condition.
The sites and parameters recommended for the water sampling program
are detailed in Table 6-18. Water samples should be taken on two occasions

during low flow conditions.

4.3 Slocan Lake and Slocan River

- 4,.3,1 Presentation of Data

Slocan Lake and Slocan River drain the Slocan basin to the Kootenay
River at Shoreacres. Slocan Lake has a drainage area of 640 square miles,
and its largest tributaries are Wilson Creek (235 miz) and Carpenter Creek
(65 miz). The Slocan River drains an additional 630 square miles between

the outlet of Slocan Lake at Slocan to the confluence with the Kootenay River,
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(7).

yielding a total drainage area of 1270 square miles

Figures 6-5 and 6-6 show the locations of Pollution Control Branch
sampling sites. A more detailed description of the sampling sites is given

below:

Site Number Description

68 Slocan Lake, 1.5 miles north of
Carpenter Creek, 1/4 of the width of the
lake from the east shore.

67 Slocan Lake, opposite Red Deer Valley
Coal Company mill (about 1 mile south
of Silverton), 1/4 of the width of the
lake from the east shore.

66 Slocan River at Slocan bridge, 0.25 miles
downstream from Slocan Lake.

10 Slocan River at the mouth, CPR bridge
at Shoreacres.

The data collected at these sites are summarized in Table 6-19
for the significant parameters and Table 6-20 for parameters which do not
affect water quality adversely. The data for the Slocan Lake sites
(67 and 68) were summarized for all sampling depths since the various
parameters varied little with depth, except for temperature and dissolved

oxygen.

Dissolved gas measurements have been collected in the Slocan River
near the mouth by the Pollution Control Branch and the Fish and Wildlife

Branch. These data are summarized in Table 6-24.
4.3%.2 Discussion

Table 6-19 shows that Slocan Lake (sites 67 and 68) and Slocan River
(sites 66 and 10) had similar water quality at all four sampling sites.
These waters were low in dissolved solids (50-70 mg/1), suspended solids
(2-20 mg/1) turbidity (0.1-2.5 J.T.U.), nutrients (total nitrogen:
0.15 mg/1 average, total phosphorus: 0.005 mg/l average), and fecal coliforms

(23/100 m1 maximum). Heavy metals, such as cadmium, chromium, copper,
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iron, lead, manganese, and mercury, were all very low.

The zinc concentrations (0.007 to 0.06 mg/l, average: 0.015 to
0.04 mg/1) were higher than those normally found in the waters of the
Kootenay Region (0.005 mg/l or less). Zinc levels were well within the

(44)

objective for drinking water (<1.0 mg/1) and within the level which could
cause sublethal effects among some components of the aquatic community
(0.03 to 0.18 mg/1) (29 45)

in Slocan Lake and Slocan River were probably due to zinc-rich mine drainage

The higher than normal zinc concentrations

which was entering Slocan Lake via Carpenter Creek (section 4.2) and

possibly via Silverton, Enterprise, and Springer Creeks (section 3.3).

The hardness of Slocan Lake and Slocan River water was less than

50 mg/1, so that for domestic use the water would be classified as soft(46).

The dissolved gas in the Slocan River at the mouth (Table 6-29)
ranged from 100 to 104 percent saturation, which is normal for natural
waters. There are no waterfalls or dams on the Slocan system and thus

elevated dissolved gas concentrations are not expected.

The data in Tables 6-19, 6-20, and 6-24 indicate that the waters
of Slocan Lake and Slocan River are safe for aquatic life and wildlife, and
should be suitable for all purposes, including domestic water supply (after

disinfection), irrigation, recreation, and industrial water.
4.3.3 Recommendations

We recommend that Silverton, Enterprise, and Springer Creeks be
sampled for zinc and cadmium, since old mines in the area are suspected
of having abnormal drainage. The Wilson Creek basin does not contain old
mines with abnormal drainage, but its zinc and cadmium levels should also
be checked since site 68 on Slocan Lake, north of Carpenter Creek, has

above normal zinc levels.

Further monitoring of Slocan Lake and Slocan River will not be

necessary during Phase I1 of the Kootenay Study.
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4.4 Kootenay River

4,4.1 Presentation of Data

Region 6 contains the short reach (14 miles) of the Kootenay River
between the Corra Linn Dam and the confluence with the Columbia River.
The Kootenay River at Corra Linn has a drainage area of 17,800 square
miles and a mean annual flow of 28,300 CFS. 1In Region 6, the Kootenay
drains an additional 1350 square miles (1270 miz from the Slocan River and
roughly 80 mi2 from small tributaries) which contribute a mean annual flow
of about 3050 CFS. Thus, only 10 percent of the flow in the Kootenay River

at the mouth originates in Region 6.

The Kootenay River has been sampled by the Pollution Control Branch
at Taghum (site 11), 4 miles above the Corra Linn Dam, and at the mouth
(site 178). The locations of these sites are shown in Figure 6-6 and a

more detailed description of the sites is given below:

Site number Description
11 Kootenay River at Taghum, highway No. 6
bridge.
178 Kootenay River at the mouth, 1/4 mile below

Brilliant bridge on south shore beside
Sunset Drive-In moviescreen.

The data collected at these sites are summarized in Table 6-21
for the significant parameters, and Table 6-22 for parameters which do not

affect water quality adversely.

The B.C. Ministry of Health has conducted sanitary surveys of the
Kootenay and Columbia Rivers. The sites on the Kootenay River included
Taghum Bridge and Brilliant Bridge which were essentially the same as
Pollution Control Branch sites 11 and 178, respectively. The most
probable number (MPN) of total coliform organisms was monitored at these
two sites. A summary of the data collected during 1971-72 and 1974-75

is presented in Table 6—23(47).
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4.4.2 Discussion

The water quality of the Kootenay River in Region 6 is largely

determined by influences that lie upstream from the Corra Linn Dam.

The water quality at Taghum and at the mouth was essentially the
same for the parameters listed in Tables 6-21, 6-22, and 6-23. Small:
differences in the range of values were due to variations in the number
of samples taken and in the period of record at the two sites. The
uniform water quality was due to the lack of waste discharges, the good
quality of the Slocan River, and the fact that inflow to the Kootenay

in the region was only 10 percent of the total flow.

The Kootenay River had very low levels of heavy metals and other
toxic substances. It was low in color, turbidity and suspended solids.
The low total organic carbon values (<3.0 mg/l) indicate that the water
was free from oxygen-demanding organic material. The fluoride levels
(0.2 mg/1, average) were higher than naturally occurring levels in the
Kootenays, because of the discharge of fluoride from Cominco's mining

(49). The fluoride levels were, however, safe for

(29,50)

operation at Kimberley

drinking water, livestock watering, and aquatic life

The nutrient levels in the Kootenay River were relatively low.
The total phosphorus level (0.02 mg/l, average) was lower than the

desirable objective of 0.10 mg/1 for flowing waters and of 0.025 mg/1
(51) '

for lakes and reservoirs Dissolved phosphorus (0.01 mg/l, average)

(52)

was at the critical level above which algal blooms may occur Nitrogen
concentrations were below levels which could contribute to the growth of
aquatic plants. As a general guideline, these levels are 0.3 mg/l nitrate

(53)

plus nitrite and 0.6 mg/l total Kjeldahl nitrogen The hardness of

Kootenay River water averaged 70 mg/l and thus the water may be classed as

(44)

of very good quality for domestic purposes

The total coliform data in Table 6-23 indicate that the sanitary
quality of the Kootenay River improved significantly between 1971-72 and

1974-75. This was due to the inception of primary sewage treatment at the
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(39) . .
. The total coliform data for 1974-75

City of Nelson in June 1973
and the data in Tables 6-21 and 6-22 indicate that the Kootenay River
water was suitable for drinking after disinfection and minimum

(54)

treatment The fecal coliform data in Table 6-21 support this

conclusion, although more samples should be taken to confirm the result.

Dissolved gas measurements (Table 6-24) are expressed as percent
saturation of total dissolved gases. The following guidelines were

used to evaluate the data:

Percent Saturation Approximate Potential Lffects on Fish
100-110 Satisfactory. Possible sublethal
effects.
110-120 Borderline. Increased probability of

sublethal effects. Some mortality
especially in shallow water

120-140 Unsatisfactory. Increased probability
of significant mortality, especially
in water shallower than 3 metres.

> 140 Critical. High probability of extensive
fish mortality.

Upstream from Corra Linn Dam, the 12 dissolved gas measurements
ranged from 100 to 111 percent saturation. These levels were satisfactory
and occurred naturally in the Kootenay River. Forty-threc measurements
were made downstream from the Corra Linn, Upper Bonnington, Lower Bonnington,
South Slocan, and Brilliant Dams. Five of these measurements were
satisfactory, 23 were borderline, and 15 were unsafisfactory. There were
no critical values, the highest measurement being 133 percent. Thus
dissolved gas levels which could cause sublethal effects or mortality in
fish have frequently occurred downstream from the dams. It is difficult,
however, to predict susceptibility of wild fish to gas bubble disease,
because they may change their water depth and level of activity to compensate

(29)

for the supersaturation Also, when fish move in and out of super-

saturated water, the effects of exposure are erased provided that no physical

)

damage has yet occurred(55 .
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Completion of the Kootenay Canal Plant in 1976 will have reduced
dissolved gas supersaturation below the Corra Linn, Upper Bonnington,
Lower Bonnington, and South Slocan Dams by greatly reducing the amount
of water which was discharged over the spillways. The Canal Plant does
not affect the amount of water which must be spilled at Brilliant Dam, '
but the possible installation of one or two more units at the Brilliant

powerplant could reduce the quantity of water spilled by one-half.
4.4.3 Recommendations

We recommend that during Phase I[ of this study, fecal coliform
densities should be measured monthly at sites 11 and 178 to document the
sanitary quality of the Kootenay River. If possible, fish should be
caught downstream from the Kootenay River dams (especially Brilliant) and
examined for symptoms of gas bubble disease. Measurements should be made

at the same time to document the dissolved gas conditions.
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5. AQUATIC BIOLOGY

In general, the present level of development of Region 6 has had
a small impact on aquatic biology. The impact has been mainly from

forestry and mining.

5.1 Effect of Forestry

Forest harvesting has reduced recreational and wildlife uses of
some parts of the Slocan Public Sustained Yield Unit (PSYU)(z). There 1s
concern that large clearcuts already present in some tributary drainages
(e.g., Shannon Creek Valley) will be extended to further mar the landscape
(24)

and possiby affect aquatic resources Several examples of poor
planning and maintenance of access roads and subsequent watercourse
siltation problems have been identified, as mentioned in Chapter 3, section
3.1. Specific problem arecas included Koch, Trozzo, Monument, Shannon,
Wilson, Dennis and Pedro Creeks. Since most creeks in the Slocan PSYU
contain sport fish (Chapter !, section 1.8.4), improperly managed forestry
activities could degrade fish habitat and reduce productivity. Indirectly,
unregulated access development could allow certain unexploited streams and
lakes to become rapidly "fished out'. Stream protection guidelines should
include variable leave strips, avoidance of unstable or biologically
sensitive areas, removal of logging debris, and design of access roads

for efficient drainage control.

5.2 Effect of Mining

5.2.1 Carpenter Creek

As discussed in Chapter 4, section 4.2,the Carpenter Creek drainage

was a source of heavy metals which could affect aquatic life.

Seepage from tailing deposited adjacent to the creek produced

relatively high zinc and cadmium concentrations in Carpenter Creek both
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above and below Kam Kotia Mines Ltd. The seepage also contributed to above
normal zinc concentrations in Slocan Lake. Average dissolved cadmium in Sandon
Creek (0.0027 mg/1) and Carpenter Creek at the mouth (0.0017 mg/1) excecded

(29). In

the acceptable limit of 0.0004 mg/1 for some species or lifestages
addition, the abandoned minesites probably contributed to periodically
high suspended sediment levels in Carpenter Creek, since there has been

no reclamation of these areas.

Kam Kotia Mines Ltd. was the only significant source of industrial
ctfluent in Region 6. As discussed in Chapter 4, section 4.2, the
Kam Kotia tailing pond contributed zinc and cadmium to Carpenter Creek at
concentrations which could affect aquatic life. Concentrations which could
be damaging are in the range of 0.03 to 0.18 mg/1 for zinc and 0.0004 to

C
0.03 mg/1 for cadmium(ZJ).

Dilution by Kane Creek reduced dissolved zinc

and cadmium levels in Carpenter Creek at the mouth although the concentrations
were still high enough to produce possible sublethal effects. The increased
heayy metal content in Carpenter Creek below Kam Kotia Mines was caused by
seepage from the tailing pond, which was constructed on a former tailing

pile, and from tailing deposited in other areas, rather than by supernatant

discharge.

There were no data on aquatic biology in the Carpenter Creek
drainage. The system is an important fish producing stream, supporting
populations of rainbow trout and Dolly Varden char. Some work is needed

to assess the effect of heavy metal contamination on fish and invertebrates.
5.2.2 Slocan Lake

The lake water was generally of high quality, as discussed in
Chapter 4, section 4.3. There were no quantitative data on biological
productivity of Slocan Lake, apart from reports of a low to moderate

fishery(zj.

The dissolved metal content was generally low and well within

acceptable criteria for aquatic life except for dissolved zinc which, at

an average lake concentration of 0.043 mg/l,was marginally higher than the
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national average of 0.04 mg/1. Safe limits for aquatic life are considered
to be 0.03-0.18 mg/1 dissolved zinc, depending on species and lifestage(zg).
The data on zinc suggest some local accumulation in the lake waters from past
and present mining operations since the zinc concentration in the Kootenay
region averages about 0.005mg/1. Although the average dissolved zinc
concentration ranged from 0.18 to 0.27 mg/l at the mouth of Carpenter

Creek, the concentrations in Slocan lLake immediately off Carpenter Creek,

ncar the opposite side of the Lake trom Carpenter Creck, and downlake near

Silverton, all averaged about 0.04 mg/1 dissolved zinc.

A few analyses have been made on the metal content of fish tissue

(56,57)

and lake sediments Data are presented in Table 6-25 which, for

. A . . . . 58
comparison, includes data on metals in fish from other lakes in B.C.( ).
These data suggest that the metal content of Slocan lLake fish was similar

to average regional levels. The levels were also well within lFederal guidc-

lines.

When the fish and sediments were sampled in 1971, Scemiahmoo
Enterprises and W.H. Mcleod (Red Deer Valley Coal Company) were depositing
tailing into Slocan Lake near Silverton. Sediment samples taken near
these points of discharge reflect the high metal content of the tailing
(Table 6-25). These operations have now ceased discharging. lowever,
sediment samples collected off Carpenter Creek (below Kam Kotia Mines)
exhibit much lower metal content levels, which were near or below those of
a background site off Nemo Creek. Since Kam Kotia Mines is the only
operating mine with drainage to Slocan Lake, and since tailing deposited
by the former Semiahmoo and Mcleod operations have not degraded overall
water quality, we can assume that the mine tailing is not having a serious
effect on Slocan Lake biology as a whole. Toxicity to bottom organisms
and deleterious changes in substratc will be caused by tailing. These
effects will be localized and the indirect impact on fish is likely to be

minor.

5.3 The Trophic State of Slocan lake

Slocan Lake was considered to be in the oligotrophic, or low
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productivity range. Nutrient concentrations were low (nitrate N: 0.07 mg/1,
orthophosphate P: <0.003 mg/1l, ammonia N: <0.01 mg/1), as were suspended
solids and turbidity. There appears to be little likclihood of cultural
cutrophication of the lake, projecting present land use patterns and rate

of watershed development into the foreseeable future.

Waste disposal and mining do not appear to have seriously degraded
lake water quality or its capability to sustain aquatic life. Minor cffects,
if any, have not been documented. The impact on Slocan Lake of forest
harvesting in tributary drainages has not been monitored. [Local siltation
of tributaries has been observed, butr the contribution of sediment ard
nutrients from this source to Slocan Lake is probably minor at present.

The expansion of forest operations into new drainages or the enlargement
of existing clearcuts could have a greater impact on lake productivity,
unless precautions to minimize runoff and prevent stream blockage and

siltation are taken.

Urban development in the Slocan Lake watershed is unlikely to
accelerate to the point of seriously affecting lake productivity in the
foreseeable future. Development of recreational facilities, and in
particular marina development, could create contamination from sewage
and fuel spills. Plans for an 80-boat marina were abandoned in 1973 due

(2)

to local opposition*”’, and there is local support for a ban on power

boat operation on Slocan Lake(sg)'

5.4 Effects of the Kootenay River Dams and the Kootenay Canal

The quality of Kootenay River water was well within recommended
criteria for aquatic life(29), with the possible exception of dissolved
phosphorus. At an average concentration of 0.01 mg/1 dissolved phosphorus

was at the threshold above which excessive algae growth could occur.

The section of the Kootenay River in Region 6, as well as the

West Arm of Kootenay Lake, supported a significant sport fishery for

(60,61)

rainbow trout, Dolly Varden char, and kokanee Two especially
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heavily fished areas are Slocan Pool below South Slocan dam, and
Kootenay River between Corra Linn and Upper Bonnington dams. Rainbow
trout have been stocked in these areas since 1967, with a positive

effect on fishing success.

By reducing dissolved gas supersaturation, the Kootenay Canal
Project should be of benefit to the important Kootenay River fishery.
Measurements of gas supersaturation, taken above Corra Linn dam and in
the Slocan River mouth from 1972 to 1975(Table 6-24), were within satisfactory
background limits (100-110 percent). Below Brilliant Dam, 38 out of 43
measurements were either borderline (110-120 percent) or unsatisfactory
(120-140 percent, highest actual value 133 percent). However, actual

effects on fish have not been documented for this area.

~48-



AUTHORS

J. Rocchini, M.A.Sc., P. Eng., Study Coordinator

. Arber, B. Sc., Biologist, Recreation and Wildlife, Aquatic Biology

Feddes, B. Sc., Agriculturist, Effects of Agriculture

. Pommen, M.Sc., P. Eng., Description of the Region, Effluents and Water
Quality

-49-



9.

10.

11.

12.

13.

14.

15.

REFERENCES

Canada Land Inventory, A.R.D.A., Agroclimatological Atlas of B.C.,
Map No. 2: Mean Jan. Temperature, Map No. 4: Mean July Temperature,
Map No. 13: Average Frost-Free Period, Map No. 17: Mean Annual
Precipitation, Map No. 18: Mean Annual Snowfall.

Slocan Valley Community lorest Management Project, Final Report,
1974.

Fyles, J.T., Selkirk and Monashee Mountains, Geology of the
Southern Canadian Cordillera, International Geological Congress,
24th Scssion, 1972.

Canada Land Inventory. Soil Capability for Agriculture, Slocan Map
Shect Areca, 82 F/NW, January, 1974.

Historical Streamflow Summary to 1973 B.C., Water Survey of Canada,
Inland Waters Directorate, Dept. of the Environment, Ottawa, 1974.

Bathymetric Map of Slocan lLake, Lake Inventory, Fish and Wildlife
Branch, Victoria.

Surface Water Data Reference Index, Canada 1974, Water Survey of
Canada, Inland Waters Directorate, Dept. of the Environment,
Ottawa, 1974.

Brown, I.C., Editor, Groundwater in Canada, Economic Geology Report
No. 24, Geological Survey of Canada, Dept. of Energy, Mines and
Resources, Ottawa, 1967.

Slocan Park Ceology, Folio 82 F/14, Groundwater Section, Water
Investigations Branch, Victoria, 1970.

New Denver Geology, Folio 82 F/14, K/3, Groundwater Section, Water
Investigations Branch, Victoria, Sept., 1974.

Power in B.C. Annual Review, B.C. Water Resources Service, Victoria,
July, 1974.

Water Registers, Nelson Water District, New Denver, Slocan City,
Little Slocan, Slocan Junction, and Castlegar Precincts, Water

Rights Branch, Victoria.

Preliminary Population Counts for B.C., B.C. Ministry of Economic
Development, Victoria, 1976 Census.

Statistics Relating to Regional and Municipal Governments in B.C.,
B.C. Dept. of Municipal Affairs, June, 1973.

Hawkins, W., B.C. Ministry of Economic Development, Victoria,
Personal Communication, Feb., 1975.

-50-



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Statistics Canada, Agriculture, B.C. Catalogue Vol. IV, Part 3,
Report 96-711, 1971 Census of Canada.

The Kootenay Bulletin Area, Bulletin Area No. 1, 2nd Edition
Revised, Land Management Branch, Victoria.

Map of Existing and Proposed Areas of Forest Harvesting Operations,
Nelson Forest District, B.C. Forest Service, 1974.

Geology, Exploration and Mining in B.C., 1970, 1971, 1972, 1973,
and 1974, B.C. Ministry of Mines and Petroleum Resources, Victoria.

Mineral Deposit-Land Use Map, 82 X Lardeau, B.C. Ministry of Mines
and Petroleum Resources, Victoria, September, 1975.

Canada Land Inventory, Land Capability for Recreation, Nelson 82 F,
1968,

Canada Land Inventory, Land Capability for Recreation, Lardeau 82 K,
1968.

Kootenay River Creel Census, Fish and Wildlife Branch, Ministry of
Recreation and Conservation, Victoria, 1970.

Hanry, M., Valhalla Synopsis Report, Central Planning Section, Parks
Branch Ministry of Recreation and Conservation, Feb. 11, 1976.

Canada Land Inventory, Land Capability for Wildlife-Ungulates,
Lardeau 82 K, 1968.

Canada Land Inventory, Land Capability for Wildlife-Ungulates,
Nelson 82 F, 1968.

Canada Land Inventory, Land Capability for Wildlife-Waterfowl,
Lardeau 82 K, Nelson 82 F, 1968.

Pollution Control Objectives for the Mining, Mine-Milling and Smelting
Industries of B.C., Water Resources Service, Victoria, December, 1973.

Water Quality Criteria 1972, A Report of the Committee on Water
Quality Criteria, Environmental Protection Agency, Washington, D.C.,
1972.

Galbraith, J.H., Williams, R.E., Siems, P.L., Migration and Leaching
of Metals from Old Mine Tailings Deposits, Groundwater, Vol. 10,
No. 3, p. 33-44, May-June, 1972.

Chamberlin, T.W., Jeffrey, W.W., Soil Movement and Water Quality
Deterioration Associated With Timber Harvesting in the West Kootenay
Area, B.C., Faculty of Forestry, University of B.C., 1968.

Kootenay Air and Water Quality Study Phase I, Water Quality in
Region 2, the Elk River Basin, Water Resources Service, Victoria,
February, 1976.

-51-



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Okanagan Basin Study Agreement, Technical Supplement No. IV, 1974.

Preliminary Mineral Inventory Maps, Sheets 82 F/NW (MI) Slocan,
82 K/SW (MI) Nakusp, B.C. Ministry of Mines and Petroleum Resources,
Victoria.

Memo from P.E. Olson, Senior Inspector, Ministry of Mines and
Petroleum Resources, WIB File No. 0322512-1-7, Victoria,
November 4, 1974.

Cairnes, C.E., Slocan Mining Camp, Structural Geology of Canadian
Ore Deposits, Geology Division, Canadian Institute of Mining and
Metallurgy, Mercury Press Ltd., Montreal, 1948.

Mining Museum, Sandon, B.C.

Pollution Control Branch File No. PE-1203, Kam Kotia Mines Ltd.,
Victoria, B.C.

Kootenay Air and Water Quality Study Phase I, Water Quality in
Region 5, the Kootenay Lake Basin, Water Resources Service, Victoria,
October, 1976.

Hydroelectric Plant Data Sheets, Power and Special Projects Division,
Water Rights Branch, Victoria.

Dam Inspection Information, Power and Special Projects Division, Water
Rights Branch, Victoria.

Summary of Step I Calculations of Assured Operating Plan and
Downstream Benefits for 1979-80, Columbia River Treaty Storage,

Study 80-41, Power and Special Projects Division, Water Rights Branch,
Victoria.

Aerial Photographs, Project No. OP/P14, Kam Kotia Mines Ltd., Sandon,
Map Sheets 82 F/13 E and W and 82 K/4W, Photographs 87-97,
Photographed July 27, 1972.

Canadian Drinking Water Standards and Objectives, 1968, Canada Dept.
of National Health and Welfare, Ottawa, October, 1969.

Gregory, L., The Effect of Effluent Components from Chlor-Alkali Plants
on Aquatic Organisms, a Literature Review, Fisheries Res. Bd. of

Canada, Technicdl Report No. 228, 1974.

Babbitt, A.E., Doland, J.J., Cleasby, J.L., Water Supply Engineering,
6th Ed., McGraw Hill Book Co., Toronto, Canada, 672 p., 1967.

Memorandum from Division Vital Statistics, Victoria, to Director,
West Kootenay Health Unit, Trail, B.C. Ministry of Health, June 13, 1975.

Clark, M.J.R., Summary of Dissolved Gas Measurements for B.C.,
1972-1975, Pollution Control Branch, Ministry of the Environment.

~52-



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Kootenay Air and Water Quality Study, Phase I, Water Quality in
Region 4, the Lower Kootenay River Basin, B.C. Dept. of Environment,
March, 1976.

Clarke, R. McV., A Summary of Toxicity Information for Major Effluent
Components from Inorganic Chemical Industries, Technical Report
Series No. CEN/T-74-9, Fisheries and Marine Services, Dept. of
Environment, 1974,

Surface Water Quality in Canada, An Overview (Uncorrected Proof),
Inland Waters Directorate, Water Quality Branch, Dept. of Environment,
Ottawa, 1976.

Sawyer, C.N., McCarty, P.L., Chemistvy for Sanitary Engineers,
2nd Ed., McGraw Hill Book Co., 518 p., 1967.

Hetherington, E.D., Dennis Creek, A Look at Water Quality Following
Logging in the Okanagan Basin, BC-X-147, Forestry Service, Victoria,
Aug., 1976.

Recommended Water Quality Standards, Division of Public Health
Engineering, Health Branch, Victoria, 1969.

Garton, R., Gas Supersaturation of Water, Causes and Effects, Paper
Presented at the Pacific Northwest Poll. Cont. Assoc. Conference,
Seattle, Washington, Oct. 27-29, 1976.

Mahannah, $., Memorandum from the Fish and Wildlife Branch, Victoria,
Poll. Cont. Br. File No. 15-342, October 27, 1971.

Poll. Cont. Br. File No. 15-342, Memorandum from Dept. of Mines and
Petroleum Resources, May 3, 1971.

Peterson, et al, Heavy Metal Content of Some Fresh Water Fishes in
B.C., Fisheries Technical Circular No. 2, Fish and Wildlife Branch,
Victoria, 1970.

Poll. Cont. Br. File No. AE-2167A, Letter from Murray P. et al.,
May 10, 1973.

Water Inv. Br. File No. 0290862-Gen., Memo from Buchanan, R.J.,
July 30, 1971.

Water Inv. Br. File No. 0290862-Gen., Letter from Hatter, J.,
Fish and Wildlife Br., Victoria, July 19, 1971.

53~



FIGURE 6-|
REGION 6, THE SLOCAN RIVER BASIN
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FIGURE 6-2

MEAN MONTHLY DISCHARGE IN THE SLOCAN RIVER
AT SLOCAN CITY AND CRESCENT VALLEY(S)

T

SLOCAN RIVER NEAR CRESCENT VALLEY
/ DRAINAGE AREA: 1270 SQUARE MILES
MAX. DAILY: 24,000 CFS

———d

[ — — ]

MIN. DAiLY: 300 CFS

SLOCAN RIVER AT SLOCAN CITY

DRAINAGE AREA: 640 SQUARE MILES
MAX. DAILY: 12,200 CFS

5 MIN. DAILY: 203 CFS

J

M

-55-




HLNOW
NAP AV ddv Al 834 Nvr 034 AON 120 d3S onv ane

r—

(S3TIN 3¥VYNOS 008°L! :VIHY 3IOVNIVHQ)

-
“ (8661-8261)

_ NOILYIN934 NVONNG ANV A891T HLIM

" J9HVHOSIA ATHLNOW 3IOVHIAV @3L0IQ3¥d ————
_J

[ e
I
|
I

(8661-8261) NOILVINO3H

~56-

(S40 0001) 39¥VHOSIA

LNOHLIM 39HVHOSIA ATHLNOW 3OVH3IAV

NNIT VHH0D LV SMOT4 YH3AIY AVNILOOM NO
NOILV1IN93Y NVONNG ANV A8817 40 133443
€-9 3¥N9id




FIGURE 6-4
APPROXIMATE FISH DISTRIBUTION IN THE SLOCAN VALLEY(Z)
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FIGURE 6-5
REGION 6, NORTH SECTION DISCHARGES AND SAMPLING SITES
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FIGURE 6-7

KAM KOTIA MINES LTD.
SIMPLIFIED FLOW DIAGRAM OF THE LEAD-ZINC CONCENTRATOR
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TABLE 6-2

AREAS IN REGION 6 WITH LIMITED WATER AVAILABILITY(lZ)

Location

Limited Sources of
Water Supply

Comments

Slocan River Valley

Slocan
Lemon Creek
Perrys

Appledale

Vallican

Slocan Park

Krestova

Kootenay River Valley

Shoreacres
Glade
Tarrys

Thrums

Slocan Lake

New Denver

New Denver-Rosebery

Carpenter Creek

Limekiln Creek
Anderson Creek
Brogan & Nelly Creeks

Jerome, Percy & Richards
Creeks

McFayden Creek

Wolverton Creek

McDermid Creek

Schiavon Creek
Durham Creek
Tarrys Creek

Ezra § Coutts Creeks

Aylard Creek, Lloyd,
Malloy & Esthwaite
Springs

Cropps Creek

McGuigan Creek

FR*

FR
FR
FR

FR

FR, 500 IGPM Well Developed
For Irrigation Purposes

Water Available for Domestic

Use Only

FR

FR 9 Wells Located in

FR This Area

FR

PS**, New Denver May Develop

Ground-Water Supplies

FR
FR

* FR - Fully Recorded
*%* PS - Possible Storage
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TABLE 6-3

POPULATIONS OF SETTLEMENTS IN REGION 6(2+13:14:15)

Settlement 1971 1976
New Denver 644 647
Winlaw 383
Thrums 365
Slocan Park 360
Slocan 346 347
Shoreacres 345
South Slocan 278
Silverton 246 251
Perrys 245
Tarrys 176
Appledale 155
Passmore 148
Hills 123
Vallican 117
Glade 85
Crescent Valley 57
Bonnington 54
Rosebery 37
Corra Linn 31
Krestova 27
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TABLE 6-5

SUMMARY OF POLLUTION CONTROL EFFLUENT PERMITS IN THE SLOCAN BASIN

Permit Number

PE-1203

PE-1800

PE-2286

Permittee

Date Issued
Location

Type of
Effluent

Quantity of
Effluent
Allowed
Quality of
Effluent
Allowed

Type of
Treatment

Discharged To

Comments

Kam Kotia Mines Ltd.
Burkam Mines Ltd.

November 16, 1972

Sandon

Lead-Zinc ore Con-
Centrator Tailing
Pond Supernatant

90,000 IGPD

TS <400 mg/1

SS <50 mg/1

pH: 8.0-9.0

Lead <0.03 mg;/1
Zinc <0.04 mg/1
Copper < 0.04 mg/1
Cyanide <0.04 mg/l

Tailing Pond, Decant
System, Outfall

Carpenter Creek

Cominco Ltd. (West
Kootenay Power & Light
Co. Ltd.)

May 8, 1973
South Slocan

Treated Domestic
Sewage

9,700 IGPD Maximum

BOD,. <45 mg/1

SS ¥ <60 mg/1
Chlorine Residual of
0.1-1.0 mg/1

Extended Aeration
Treatment Plant,

Clarifier, Chlorination
Facilities, Outfall

Kootenay River (2000
Feet Downstream From
South Slocan Dam)

Kootenay Powerplant
Contractors

June 27, 1973

South Slocan

Treated Domestic
Sewage

25,000 IGPD Maximum

BOD5 <45 mg/1
SS 7 <60 mg/1
Chlorine Redidual of

0.1-1.0 mg/1

Extended Aeration
Treatment Plant,
Chlorination Facilities,
OQutfall

Kootenay River (1000
Feet Downstream From
Lower Bonnington Dam)

Closed in 1976
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TABLE 6-5 (continued)

SUMMARY OF POLLUTION CONTROL EFFLUENT PERMITS IN THE SLOCAN BASIN

Permit Number PE-3363 PE-3213
Permittee Kootenay Powerplant Kootenay Powerplant
Contractors Contractors

Date Issued
Location

Type of .
Effluent
Allowed

Quantity of
Effluent
Allowed

Quality of
Effluent
Allowed

Type of
Treatment

Discharged To

Comments

January 28, 1975
Cresent Valley

Gravel Washing Plant

54,000 IGPD Maximum
(Recycled-No Dis-
charge)

Typical Gravel
Washing Effluent

Four Settling Ponds,
Supernatant Recycle
System

Recycled
Closed in 1976

January 10, 1975
South Slocan

Ready-Mix Concrete Plant

39,000 IGPD Maximum
(Recycled-No Discharge)

Typical Batch Plant and
Washout, Wet Scrubber, and
Aggregate Washing Effluent

Settling Pond, Supernatant
Recycle System

Recycled
Closed in Late 1975
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TABLE 6-5 (continued)

SUMMARY OF POLLUTION CONTROL EFFLUENT PERMITS IN THE SLOCAN BASIN

Permit Number

PE-3118

PE-4381

Permittee

Date Issued

Location

Type of
Effluent

Quantity of
Effluent
Allowed

Quality of
Effluent
Allowed

Type of
Treatment

Discharged To

Comments

Dillingham Corporation
Canada Ltd.

January 8, 1975

South Slocan

Ready-Mix Concrete
Plant

2,700 IGPD Maximum

Typical Concrete
Truck Washout
Effluent

Settling Ponds
(Exfiltration/Evapora~
tion Ponds)

Ground, Atmosphere
(Exfiltration/Evapora-
tion)

Closed in Late 1975

Selmon Resources Ltd.

November 2, 1976

1.5 Miles East of Village
of Slocan

Silver-Lead-Zinc Ore
Dressing Plant

50,000 IGPD Average
75,000 IGPD Maximum
(Recycled-No Discharge)

Typical Ore Dressing Plant
Tailings

Tailings Pond, Water Reclaim
System, Seepage Pond, Seepage
Return System

Recycled

Expected Life of Tailings

Pond is 120 Days of Production
After Which Time a Dry Disposal
Method Will Be Used
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TABLE 6-6

ANALYSIS OF TAILING POND SUPERNATANT FROM KAM KOTIA MINES LTD.,

OBTAINED BY THE COMPANY FROM NOVEMBER 1971 TO NOVEMBER 1975

Iype of Value Number
Parameter Maximum Minimum Average Of Values
Copper, Dissolved mg/1 3.24 <0.001 0.38 20
Copper, Total mg/1 6.28 0.006 0.88 20
Cyanide, Total mg/1 1.8 <0.004 0.21 20
Lead, Dissolved mg/1 0.15 <0.001 0.02 20
Lead, Total mg/1 11.55 0.006 1.43 20
pH 9.6 6.5 7.6 20
Solids, Suspended mg/1 755 0.4 105 20
Solids, Total mg/1 964 162 356 20
Sulphate, Dissolved mg/1 314 7.8 103 20
Zinc, Dissolved mg/1 1.13 0.002 0.21 20
Zinc, Total mg/1 5.4 0.02 1.03 20
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TABLE 6-7

ANALYSIS OF TAILING POND SUPERNATANT FROM KAM KOTIA MINES LTD.,

OBTAINED BY THE POLLUTION CONTROL BRANCH FROM APRIL 1971 TO MAY 1976

Type of Value Number
Parameter Maximum Minimum Average 0f Values
Alkalinity, Total mg/1 61 56 58 3
Arsenic, Dissolved mg/1 0.003 0.003 0.003 1
Cadmium, Dissolved mg/1 0.0006 0.0002 0.00035 4
Chromium, Dissolved mg/1 <0.001 <0.001 <0.001 4
Copper, Dissolved mg/1 1.02 0.04 0.33 11
Copper, Total mg/1 0.17 0.11 0.15 3
Cyanide, Total mg/1 0.71 <0.01 0.25 9
Iron, Dissolved mg/1 0.04 <0.01 0.01 5
Lead, Dissolved mg/1 0.018 <0.001 0.006 11
Lead, Total mg/1 0.2 0.027 0.11 3
Manganese, Dissolved mg/1 0.2 0.16 0.18 4
Mercury, Total ug/l <0.05 <0.05 <0.05 1
pH 9.6 7.5 8.3 16
Solids, Suspended mg/1 898 9 164 11
Solids, Total mg/1} 1120 228 368 11
Sulphate, Dissolved mg/1 106 67 93 3
Turbidity JTU 67 7 29 3
Zinc, Dissolved mg/1 0.16 <0.005 0.05 11
Zine, Total mg/1 0.64 0.07 0.27 3
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TABLE 6-8

PERCENTAGE OF ANALYSES FROM KAM KOTIA MINES LID. TAILING POND

EXCEEDING MINING OBJECTIVES

‘Percentage Exceeding

Number of Mining Objectives(28)
Parameter Analyses Level A Level B Level C
Arsenic, Dissolved 1 0 0 0
Cadmium, Dissolved 4 0 0 0
Chromium, Dissolved 4 0 0 0
Copper, Dissolved 31 61 32 10
Cyanide, Total 29 34 21 0
Iron, Dissolved 5 0 0 0
Lead, Dissolved 31 10 3 0
Manganese, Dissolved 4 100 0 0
Mercury, Total 1 0 0 0
pH 36 17 6 0
Solids, Suspended 31 42 19
Solids, Total 31 0 0 0
Sulphate, Dissolved 23 87 4 0
Zinc, Dissolved 31 3 0 0
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TABLE 6-9

DESCRIPTION OF REFUSE DISPOSAL SITES IN REGION 6

Permit No.

Description

PR-1794

PR-2197

Operator and
Location

Status of Refuse
Disposal Site and
Level of Operation

Quantity and Type
of Refuse

Kalesnikoff Lumbering

Co. Ltd., Thrums

Site in Operation
Level C

6 cu yd/day of Wood-
Wastes

Village of Slocan

Site in Operation
Level C

2.5 cu yd/day Municipal
(Including Septic Tank
Sludge)

Site Suitability Factors

Depth to Ground-
water

Underlying Soils
Surface Runoff or
Flooding

Distance to Surface
Water

Distance to Wells

MAP/PE* *

Unknown (Minor See-
page May Occur)

Gravelly Silt

None

3,000

10,000

28/24

20

Clay, Sandy Loan with
Rocks & Gravel

None

900 to Slocan River

(site is 45 ft. above
Slocan R.)

30/22

Potential for Adverse
Effects on Ground-
water or Surface-
water

Comments

Groundwater: Nil
Surfacewater: Nil

Site Located on
Areas Subject to
Landslides

Groundwater: Nil
Surfacewater: Nil

Contributing Population
of 350 People

* As defined in the Operational Guidelines for the Discharge of Refuse on

Land, Pollution Control Branch, October, 1971.

*% MAP/PE:
transpiration.
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NUTRIENT CONTRIBUTION TO THE SLOCAN AND KOOTENAY RIVERS

TABLE 6-10

LIVESTOCK AND FERTILIZED, IRRIGATED CROPLAND

FROM

Area Slocan Kootenay Totals
Statistic River River
Farms Reporting Croplanda 24 14 38
Cropland Area (Acres)@ 267 50 317
Hayland Area (Acres)@ a 234 42 276
Irrigated Land (Acres) 111 42 153
Irrigated Land (Acres) 2,700 800 3,500
Fertilized Area (Acres) 5 5 10
Nitrogen Contribution to the 18,090 5,360 23,450
River from Irrigated CroplandC
(1b N/Year, Calculated)
Phosphorus Contribution to the 460 140 600
River from Irrigated Croplandd
(1b P/Year, Calculated)
Number of Cattle (Older Than 1 383 37 420
Year) @
Number of Poultry (Older Than 5 2,300 200 2,500
Months)@
Nitrogen Contribution to the c 4,110 395 4,505
River from Cattle and Poultry
(1Ib N/Year, Calculated)
Phosphorus Contribution to the 110 121
River from Cattle and P%ultry
(Ib P/Year, Calculated)
Total Nutrient Contribution
to the River From Irrigated
Cropland and Cattle:
Nitrogen 1b/Year 22,200 5,760 27,960
Phosphorus 1b/Year 570 150 720
. (16)
a - Data from 1971 Agricultural Census (12)
b - Data from Irrigation Water Licences
¢ - Nitrogen Leadings - Cattle: 9.8 1b N/Animal/Year
Poultry: 0.154 1b N/Animal/Year
Cropland: 6.7 1b N/Acre/Year
d - Phosphorus Loadings - Cattle: 0.242 1b P/Animal/Year

Poultry: 0.008 1b P/Animal/Year
Cropland: 0.17 1b P/Acre/Year

-8%-




TABLE 6-11

ESTIMATED NUTRIENT LOADINGS AND CONCENTRATIONS IN THE KOOTENAY

AND SLOCAN RIVERS FROM AGRICULTURAL OPERATIONS

Mean Flow Loading Concentration

May Through August Lb/Year mg/1

CFs Nitrogen Phosphorus Nitrogen Phosphorus
Slocan River 5,600 222,000 570 0.006 0.0002
Kootenay River 54,400 5,760 150 0.0002 0.000004
Above Slocan R.
Kootenay River 60,000 27,960 720 0.0006 0.00002
Below Slocan R.
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RECOMMENDED WATER SAMPLING FOR THE CARPENTER CREEK BASIN DURING PHASE II

TABLE 6-18

Parameter Hardness, Zinc, Cadmium, Flow
Description and No. Total Dissolved Dissolved
Carpenter Cr. u/s Sandon Cr. (198) Y v % v
Sandon Cr. at the Mouth (197) Vv v Vv v
Sandon Cr. d/s White Cr. v v v
White Cr. u/s Silversmith Mine v v v
Sandon Cr. u/s Silversmith Mine v v v
D/S Richmond-Eureka Mine
Sandon Cr. u/s Richmond-Eureka § 4 4 v
Slocan King Mines
Drainage from Silversmith, Richmond- vy v Vv
Eureka & Slocan King Mines
Carpenter Cr. Just d/s Sandon Cr. 4 /
Carpenter Cr. Midway Between Sandon v/ v/
& Site 71
Carpenter Cr. at Sandon Bridge (71) v v v v
Carpenter Cr. u/s Tributary Cr. (150) v v
Carpenter Cr. d/s Tributary Cr. u/s v/ % v
Tailing Pond
Carpenter Cr. at Mid-Point of u/s v/ v
Tailing Pond
Carpenter Cr. at End of Tailing Pond v v/
Carpenter Cr. 0.2 Mi. d/s Tailing v v v/
Pond
Tailing Pond Effluent Discharge v/ v v
Carpenter Cr. d/s Miller Cr. V v v
Unnamed Cr. from Washington Mine v v v
Carpenter Cr. u/s Shea Cr. v v
D/S Cr. from Washington Mine
Shea Cr. at the Mouth v v v
Drainage from Victor (Violamac) Mine Y v Vv
Carpenter Cr. d/s Victor Mine v Vv Vv
Carpenter Cr. u/s Kane Cr. % v v v
Seaton Cr. at the Mouth v v v v
Kane Cr. at the Mouth v v v
Carpenter Cr.d/s Kane Cr. v Vv
Carpenter Cr. at the Mouth (69) v vV
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TABLE 6-20
SUMMARY OF PARAMETERS WHICH DO NOT AFFECT WATER QUALITY IN SLOCAN LAKE AND
SLOCAN RIVER, OBTAINED BY THE POLLUTION CONTROL BRANCH AT SITES 10, 66, 67 AND 68

Type of Value Range Average
Parameter
Calcium, Dissolved mg/1 9 - 17 14
Chloride, Dissolved mg/1 0.3 - 7 0.7
Conductance, Specific umho/cm 60 - 125 94
Magnesium, Dissolved mg/1 1.1 - 2.3 2.0
Potassium, Dissolved mg/1 0.3 - 0.9 0.6
Silica, Dissolved mg/1 5.2 - 8.7 6.5
Sodium, Dissolved mg/1 0.9 - 5.8 1.3
Sulphate, Dissolved mg/1 5 - 14.5 9
Tannin & Lignin, Total mg/1 <0.1 - 0.2 0.1
Temperature °c 0 - 21
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TABLE 6-22
SUMMARY OF PARAMETERS WHICH DO NOT AFFECT WATER QUALITY IN THE KOOTENAY RIVER,
OBTAINED BY THE POLLUTION CONTROL BRANCH AT SITES 11 AND 178

Type of Value Range Average
Parameter
Calcium, Dissolved mg/1 16 - 23 20
Chloride, Dissolved mg/1 0.6 - 3.2 1.0
Conductance, Specific umho/cn 90 - 195 140
Boron, Dissolved mg/1 <0,10 - 0.4 <0.10
Magnesium, Dissolved mg/1 3.0 - 5.4 4.3
Potassium, Dissolved mg/1 0.5 - 1.1 0.6
Silica, Dissolved mg/1 2.2 - 4.7 3.4
Sodium, Dissolved mg/1 1.3 - 3.0 1.6
Sulphate, Dissolved mg/1 8.5 - 14.5 11.5
Temperature °c 3 - 20
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