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1. INTRODUCTION

The following description of the study area is summarized from the

Cowichan-Koksilah Water Management Plan (Ministry of Environment, 1986).

The Cowichan-Koksilah study area (Figure 1) lies near the southeastern
end of Vancouver Island, and covers an area of approximately 1240 km2. The
Cowichan River originates at the ocutlet of Cowichan Lake, and flows south-
eastwards for approximately 47 km to the Cowichan Estuary. The Xoksilah
River originates south of the Cowichan Valley on the slopes of Waterloo
Mountain, and after about 44 km empties into the Cowichan Estuary. The
watershed areas for the Cowichan and Koksilah Rivers are approximatéy 940

and 300 km?, respectively.

The Cowichan River at the lake is regulated by a weir operated under a
provisional rule curve last revised in 1974. The river has been described
as consisting of three distinct gradienﬁ sections. The middle portion is
the steepest (1:200), the upper portion less steép 1:500, and the lower
section flattens below Holt Creek (a tributary about 15 km from the mouth).
The slope is particularly flat beyond the confluence of Somenos Creek which

is considered the upper limit of tidal influence.

Numerous tributaries to the.Cowichan system occur along the shores of
Cowichan Lake. Robertson River, and Sutton and Nixon Creeks are the large
drainages on the south side of Cowichan Lake, while Shaw, Cottomwood, and
Meade Creeks are the largest on the north side. In the lower Cowichan
Valley, a series of creeks drain the southern sloﬁes of Mt. Prevost to the
north, including Inwood, Menzies, Bings, and Averill. The latter three
creeks, along with Richards and Quamichan Creeks, empty into the Cowichan

River via Somenos Creek.



The gradient of the upper 38 km of the Koksilah River is moderate, with
the lower 6 km having a very slight gradient, particularly after the river
reaches the 1lower Cowichan Valley. Among the main tributaries to the
Koksilah River are Fellows Creek invthe west, and Kelvin and Glenora Creeks
which flow into the Koksilah River approximately 4 km before the confluence
of the Koksilah with the Cowichan River. Grant Lake, in the southeastern

Koksilah watershed, is the largest lake in the Koksilah drainage.

During the winter, prevailing westerly winds carry weather systems over
the west-facing slopes of Vancouver Island, where they drop their moisture.
The major portion of precipitaticn falls during the winter, with maximum
precipitation occurring usually in December. After passing the mountains,
the drier air mass descends, resulting in a drier climate on the east coast
of Vancouver Island, with more hours of sunshine. The influence of the
Olympic Mountains to the south also contributes to the rain shadow effect,
so that the coastal lowlands of the lower Cowichan and Koksilah drainages
experience a cocl Mediterranean <c¢limate typified by dry, mild, sunny
summers, and mild, moist winters. As soils in the lowlands are dry and warm
during the summer, a mid- to late- summer moisture deficit is experienced,

and soils in the area have been described as semi-arid.

Three biogeoclimatic zones are represented in the plan area. The
majority of the Cowichan Valley downstream from Cowichan Lake, and most of
the Koksilah drainage, are included in the Coastal Douglas Fir
Biogeoclimatic Zone (Krajina, 1969). Much of the characteristic vegetation
of this area has disappeared, due. t¢ human settliement and agricultural
development. The dystric brunisol soils of this zone may experience soil
water deficits as early as May in dry years. The areas around Cowichan Lake
are in the Coastal Western Hemlock Biogeoélimatic Zone, whereas those at
high elevations are in the Sub-alpine Mountain Hemlock Biogeoclimatic Zone.
These areas are dominated by hemlock, which is adapted +to highef
precipitation and mineral-poor =soils. The soils in this 2zone are

hume-ferric podzols.



The forest industry has provided the economic base in this area for
many decades (Ministry of Economic Development, 1978). Although this
industry is expected to contlinue to be a major employer, the available
timber supply in ihe area has declined and it appears unlikely that opera-
tions in the Cowichan Lake area will continue at the levels of the past 1-2

decades.

Agriculture has had a long nhistory in the Cowichan region. The
Fairbridge silt loams in the Duncan-Cowichan Bay area have been rated the
most desirable agricultural socils on Vancouver Island, being well-drained,
gently sloping and having few or no stones. The major component of present
day agriculture in the Cowichan-Koksilah area (Fofonoff, pers. comm.) 1is
dairying and the cultivation of crops related to the dairy industry

(pasture, hay, and other fodder crops).

The population of the area was nearly 30 000 in 1981 with the majority
residing in Duncan and the Regional District of North Cowichan to the north.
The Upper Cowichan Valley includes the Village of Lake Cowichan and several
communities around Cowichan Lake. The area population is forecast to exceed
33 000 by 1991 and to reach nearly 37 000 by 2001 requiring, among other
water-relatéd aspects, an increase in municipal water discharge‘for the

expected 23.6% population increase between 1981 and 2001.



2. HYDROLOGY

The hydrology of the Cowichan and Koksilah Rivers has been reported in
detail by the Ministry of Enviromment (1986). A summary of 1its findings is

reported below.

The mean and minimum monthly flows of the Cowichan River at the outlet
of Cowichan Lake, near Duncan, and the Koksilah River at Cowichan Staticn
(08HAOO3; Figure 1) are shown in Figures 2, 3, and 4, respectively. Maximum
stream flows occur during the winter months of December, January, and
February. Minimum flows occur during late summer, which 1s a concern
pecause of the fisheries resource, irrigation needs, and the reduced
potential of the river to provide sufficient dilution for sewage treatment
plant discharges. The 7~-day average low flow with a return period of 2
years (1-in-2-year, 7-day average low flow) is the minimum flow used to
determine dilution ratios on waterbodies with excepticnally valuable
resources and good existing water quality, where no degradation of water
quality is desired. The 1-in-2-year, and 1-in-10-year 7-day average 1low
flow for the Cowichan and Koksilah Rivers are outlined in Table 1. These
flows will be used to calculate dilution ratios for treated sewage génerated
from the Viliage of Lake Cowichan, and the combined discharge from the City

of Duncan and the Regional District of North Cowichan (Section by,



3. WATER USES

3.1 WATER LICENSES

The water licences for the Cowichan and Koksilah Rivers are summarized
in Table 2 and shown on Figure 1. The Village of Lake Cowichan obtains its
community water directly from Cowichan Lake, while the City of Duncan
obtains its drinking water from wells adjacent to the Cowichan River down-
stream from the highway bridge. The Cowichan River, between the outlet of
Cowichan Lake and the Village bf Lake Cowichan's sewage discharge, has 10
domestic water licences totalling 30 m®/day and 3 irrigation licences
permitting the withdrawal of 4.6 dam®/yr. Thnere is one domestic water
licence located 200 m below the Village of Lake Cowichan's discharge. The
water 200 m downstream may be contaminated by the STP discharge (see Séction
4. A detailed map showing the relative position of the cutfall and the
water intake is shown in Figure 5. There is one additional domestic water
licence near Riverbottom Road, whiéh is 16.5 km downstream from the Village
of Lake Cowichan sewage discharge. No other water licences occur on the
Cowichan mainstem until the conflhence of Inwood Creek. Between Inwood
Creek and the Cowichan Indian Reserve there are 3 domestic water licences, 3
waterworks licences held by the City of Duncan, and the withdrawal for the
B.C. Forest Products Crofton Pulp Mill. There are no water licences below

the Duncan/North Cowichan sewage dischabge.

Associated with the B.C. Forest Products licence is a storage licence
on Cowichan Lake for 62 000 dam®. Stored water is released according to a
rule curve which specifies a minimum release between June 1 and October 15

of 7.08 m?/s at the head of the Cowichan River.

There are 11 domestic licences on the Koksilah River, 9 of which are
located above Cowichan Station (08HACO3; Figure 1; Table 2). A total of 16
irrigation licences have been Issued totallihg 560 darﬁ3 of licenced
withdrawal. The number of irrigation licences above and below Cowichan

Station are similar, but the licences below Cowichan Station are larger,



accounting for 75% of the licenced withdrawal. Four industrial licences are
located below Cowichan Station. One is used for lawn watering, two are used
for gravel washing (4895 m3/day), and the remaining 136 m®/day is licenced

for private fish culture {(Table 2).

3.2 WATER-BASED RECREATION

Water-based recreation is important along the Cowichan-Koksilah Rivers
(Ministry of Environment, 1986)(Figure 6). There are five provinclal parks
(Class A and Class C) scattered along the Cowichan and Koksilah Rivers,
whitewater cance/kayak routes can be found in selected portions of the major
rivers, and hiking trails are situated adjacent to reaches of the Cowichan
River. 1In addition to the parks managed by the Provincial Parks Branch and
Forest Service, regional, municipal, and community parks are fcund through-
out the area. The area also includes some commercial (e.g., private camp-
grounds) and public service developments (e.g., Cowichan Footpath - Cowichan

Fish and Game Association) adjacent to rivers and streams.

Although no value estimates on recreational use or demand are available
for the Cowichan-Koksilah area, it is estimated that recreational use is
very high (Ministry of Enviromment, 1986). Some parts of the Cowichan River
are used fbr angling throughout thé yeaf for a variety of fish species.
Kayakers and whitewater canoeists use the Cowichan River to the greatesi
extent during high water periods from late winter until water levels drop in
the early summer. Since regulation of the Cowichan River flow began with
installation of the weir at Cowichan Lake in 1956, the length of season of
flow sufficient for kayaking/canoeing has been extended. Later in the
summer, parts of the Cowichan River are popular for éwimming and for

travelling downstream in inner tubes.

The importance of the Cowichan-Koksilah Rivers was further emphasized
by the Cowichan Estuary Task Force (1980) which described the lower end of
the rivers as having very high ability to attract recreational use. The
task force report alsc indicated that the rivers were of national signifi-

cance for recreational activities.



Currently, in light of a recently prepared recreation corridor policy
(Ministry of Lands, Parks and Housing, 1985), the Cowichan River has been
- categorized as a semi-primitive to roaded resource area. The purpose of
such a category is teo maintain the natural setting of the waterway environ-
ment for intermediate levels of recreational use. The meore important
objective of the Cowichan River Recreation Corridor is that the river should
‘be free-flowing; however, minor alterations may be permitted provided that

they do not detract from the natural qualities ¢f the river environment.

Water~based recreation activities that are directly or indirectly
related to stream flow requirements include: {1) instream recreation -
fishing, swimming, wading, boating (cances, kayaks), floating, and waterfowl
hunting/viewing; and (2) recreation adjacent to streams - camping, hiking,
viewing, nature study, and aesthetics. Maintaining participation in these

activities is dependent upon certain stream flow requirements.

Minimum water levels for water-based recreation have not been
identified for the Cowichan or Koksilah Rivers. In the absence of having
specified flows for water-based recreation, it is assumed that flow
requirements established for fisheries will alsoc be suitable for some
recreational purposes. It is recognized, however, that recreational areas

may not coincide with fisheries areas.

3.3 WATERFOWL

This section has been summarized from the Cowichan-Koksilah Water
Management Plan {(Ministry of Environment, 1986), The most important
waterfowl areas in the Cowichan-Koksilah basin are fbund adjacent to Somenos
and Quamichan Lakes and in the drainage corridor downstream from these lakes
to the Cowichan estuary. Somenos Lake, in particular, has prime migration,
over-wintering and nesting areas used by Canada geese, swans, diving and
dabbling ducks. Other important migration and wintering areas are found in
the lower Koksilah River, including Kelvin and Glenora Creeks, and Dougan

Lake. Cowichan and Mesachie Lakes have severe limitations to waterfowl



production due to various factors such as steep topography, reduced marsh

edge, poor soll and low aquatic production, and excessively deep water.

The most important time of year for waterfowl use is from September to
mid-April when the heavy winter rainfall floods low-lying farmland in the
vicinity of Somenos and Quamichan Lakes, providing extensive waterfowl
'habitat areas for migrating or over-wintering birds. To aid in the
maintenance of winter water levels, Ducks Unlimited (Canada) has undertaken
extensive enhancement of the waterfowl areas near Somenos and Quamichan
Lakes, and in particular, the area of the Nature Trust property near the
Forest Museum. Since the summer period is much less c¢ritical for waterfowl
use, reserving a minimum flow for waterfowl is not necessary. However, it
should be recognized that the preservation of ponding afeas and the
maintenance of sufficient standing water in these areas during the winter
months is very important to the waterfowl rescurces. Waterfowl are alsc not
known to be substantially impacted by variations in water quality other than

major oil slicks or cther such unusual events.
3.4 FISHERIES

The Cowichan River system, including the Koksilah River and tribu-
taries, is considered one of the most valuable and productive salmon and
trout streams on. Vancouver Island (Ministry of Environment, 1986). The
major fish species present in the Cowichan~-Kcksilah system are coho,
chinock, and chum salmen; steelhead, rainbow, and brown trout; resident and
anadromous cutthroat trcout; Dolly Varden char and kokanee. Until recently,
this system consistently provided the greatest number of angler-days and
largest total catch of any Vancouver Island stream. Coho and chihook
produced by this-system provide an annual commercial énd sportfish harvest
of approximately 280 000 fish with an annual value of approximately $5.3
million (see Table 3). Present value of the annual salmon catch (coho,
chinook, and chum) from the Cowichan-Kcksilah River system, using a discount
rate for social benefit/cost purposes within the range of 5% to 10%, is
estimated to be between $44 million and $87.8 million (Ministry of
Environment, 1986).



The steelhead fishery in this system provides over 8 500 angler-days
annually with an estimated value of $220 000. In addition, a unique brown
trout fishery exists during the summer monﬁhs on the Cowichan mainstem.
Freshwater sportfish values on the Cowichan-Koksilah system have Dbeen
estimated at over $650 000 (Reid, 1986). Cowichan Lake, supporting between
10 000 and 15 000 angler-days annually, is the most heavily fished large
iake on Vancouver Island and is the Region's most important recreational

fishing lake (Reid, pers. comm.).

Cowichan Lake provides a stabilizing influence on the Cowichan River by
moderating streamflows, silt loads, water temperature, and nutrients. The
Koksilah River, however, is subject to more extreme high and low flows, as
well as high levels of sedimentation during the winter. As a result,
fisheries resources in the Koksilah are more limited in. variety and in

numbers.

Relative to water management, the major issue concerning the fisheries
resource is the provision and maintenance of adequate streamflows during the
summer months for various fish life histories (migration, spawning, incuba-
ﬁion, and rearing). Excessively low streamflow limits the wetted perimeter
‘which reduces the habitable area. This eliminates important side channels,
causing fish to perish or strénding fish in isolated pools or shallow
channels. The fish then become subject to a variety of stresses, including
high water temperatures, reduced oxygen, increased predation and poaching,
ete. Low summer streamflows are directly related to declining fish produc-
tivity and survival. The Ministry of Environment (1986) ocutlined in detail
the minimum stream flows required for fisheries in the Cowichan and Koksilah
Rivers. More relavent to this report, is that inadequate streamflow‘can
also affeét water quality in the stream because inadequate waste dilution

occurs when streamflows fall below designated minimum levels.

Assessment of the effects of treated sewage discharges on water quality
are outlined in Sections 4 and 5, and water quality objectives designed to

protect the fisheries resource are described in Section 6.
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k., WASTE DISCHARGES

There are three direct effluent discharges into the Cowichan River
(Figure 1). The Village of Lake Cowichan (PE 247) and the City of
Duncan/Nerth Cowichan (PE 1497) discharge treated effluent from aerated
lagoons. The effluents are chlorinated and dechliorinated prior to
discharge. The other permitted discharge is effluent from the Ministry
of Envirohment fish hatchery (PE 6603) which is located 500 m upstream
from PE 1497. There is one permitted discharge into Cowichan Lake (the
BCFP sawmill at Youbou), and an abandoned base metal mine (Cowichan

‘Copper) within the Cowichan Lake watershed. These potential sources of
pocllution are not discussed in detail; however, water quality cobjectives
are set in Section 6 to protect the water uses of the Cowichan River

from these potential sources.

There are nc effluent permits for discharges to water courses in
the Koksilah watershed. However, there is nonpoint pollution from
agricultural runoff entering the Koksilah River via Dougan Lake and
Patrolas Creek, leachate from a municipal incinerator/landfill, and

gravel washing operations adjacent to the Koksilah River near Duncan.

4.1 DILUTION RATIOS AND INITIAL DILUTION ZONES

For discharges to streams, rivers, and estuaries, the dilution
provided by the receiving water governs the degree of treatment which
must be provided to the discharge; a lower dilution ratioc dictates that
a higher degree of treatment will be required. Dilution ratics are
based on the 7-day low flow anticipated during the discharge period in
an average year (1-in-2-year return), and the average and highest

estimated hourly effluent-discharge rate.

The dilution ranges which govern the quality of municipal sewage
effluent are (i) 220:1 but <200:1, (ii) 2200:1 but <2000:1, and
(iii) 22000:1 (Department of Lands, Forests, and Water Resources, 1975).

If the receiving stream is used for recreation or domestic .watef
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extraction, the sewage discharge will be prohibited within the 20:1 to
200:1 dilution range, unless there is no feasible alternate solution. No
discharge is normally allowed for dilution 1less than 20:1, and the
discharge should not cause any (or only negligible) increases in ambient
levels of nutrients, coliforms, floatables, and heavy metals in the
receiving enviromment (Department of Lands, Forests, and Water Resources,

1975.).

The 2200:1 dilution objective for the Cowichan and Koksilah rivers is
based on the Pollution Control Objectives for Municipal Type Waste
Discharges in British Columbia {0ldham, pers. comm.) The dilution
objective was set to limit BOD and suspended solids loadings to the
Cowichan River. Nitrogen and phosphorus 1loadings, which c¢an cause
periphytic algai growth in the Cowichan River, were not considered in the

setting of the dilution objective.

The initial dilution 2zone represents the zone of mixing immediately
downstream from the discharge. The extent of the initial dilution zone is
defined on a site-specific bésis, with due regard to water uses, aquatic
life including migratory fish, and other waste discharges. The initial
dilution zone is normally small (e.g., up to 100 m from the point of
effluent discharge, but not exceeding 25 to 50% of the width of the
waterbody), and is essential to‘ allow for the initial mixing between
effluents and the receiving water. If the initial dilution zone did not
exist, it would mean that effluedt quality would have to meet the Water

Quality Objectives, which would be costly and impractical.

Within initial dilution zones, water quality may exceed criteria for
various water uses and sub-lethal effects on aquatic life may occur, but
effluent quality and dilution in the initial dilution zone should be such
that acutely toxic conditions, objectionable sludge deposits and floating
materials, harmful bioconcentration in biota, and nuisance conditions do
not occur. Initial dilution zones should not impinge on water intakes,
bathing béaches, shellfish beds, fish spawning beds, or aquatic macrophyte

beds serving as a nurture area for important aquatic species.
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Outside of initial dilution zones, water gquality should be suitable
for all designated water uses, and should protect aquatic life from sub-

lethal effects, as a minimum.

The theoretical minimum dilution ratios for the permitted discharges
are summarized in Table 4. The 1-in-2-year, 7-day average low flow for
the Cowichan River (Table 1), and the average and maximum effluent
discharges recorded in the month of September are used to determine the
minimum dilution ratios. The maximum effluent discharge in September
combined with the 1-in-2-year, T7-day average low flow is considered to be
the worst case for calculating the present impact of the effluent on the
water quality of the Cowichan River. In the case o¢f the Duncan/North
Cowichan discharge, an additional caiculation is made using the maximum
permitted discharge and the 1-in-2 year, 7-day average low flow to predict

the future impacts of the effluent.

PE 247 is the only discharge which meets the dilution objective of
200:1; however, the dilution within the initial dilution zone is below
200:1., PE 1497 and PE 6607 have minimum dilutions below 200:1, while the
dilution within the initial dilution zone ranged between 86 and 16:1,

depending on the situation.

4.2 VILLAGE OF LAKE COWICHAN (PE 247)

The Village of Lake Cowichan has a permit (PE 2&7) to discharge a
daily maximum of 1728 m®/d of secondary treated (lagoon) effluent to the
Cowichan River about 3.5 km downstream from the weir at the outlet of
Cowichan Lake (Figure 1). The water quality of the effluent and the permit
requirements are summérized in Table 5. Of the 61 BOD and suspended
residue samples taken from 1974 to 1984, 4 BOD resdlts and 1 suspended
residue result are above the permit' requirement. Three of the 4 BOD
samples that exceeded the permit were recorded in'197ﬂ when the treatment
facility began operation. The most recent BOD saﬁples were collected in
1984, and the results were 15 and 13 mg/L, which were considerably below

the permit requirements.
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The residual chlorine content of the sewage has been analysed
monthly by the Village of Lake Cowichan. Analyses are conducted on the
effluent from the treatment pond prior to the discharge pond using a
Hach DR100 chlorine comparitor (Miller, pers. comm.). Monthly analysis
of the effluent shows approximately 63% of the results are above the
permit requirements. Because the analyses are completed before the
discharge pend, it is not possible to predict if the chlorine residual

in the discharge exceeded the permit.

Prior to 1981, the discharge flow was consistently below the permit
requirement of 1728 m3®/d (Table 5). After 1981, discharges from the
Sewage treatment facility averaged 110 m®/d above the permit requirement
during the river's low flow period. The increased flow from previous
years 1is due to an extension of the'water system in the Village of Lake
Cowichan, and the removal of water consumption restrictions (Miller,

pers. comm.).

Prior to 1981, the total phosphorus concentrations averaged
7.9 mg/L; howevef, concentrations after January 1981 decreased to 3 mg/L
(fange = 2.2 to 4.0 mg/L). The decrease in pﬁosphorus concentrations
was not due to changes in ﬁhe treatment facilities, but some additional
dilution would be expected due to increased water use following the

removal of water use restrictions in the summer.

The other effluent data from the Village of Lake Cowichan are
typical of sewage treatment facilities. Kjeldhal nitrogen and
nitrate+nitrite nitrogen results averaged 7.5 and 10.5 mg/L,
respectively. Fecal coliform results averaged 550 MPN/100 mL béfore and

after the inéreased discharges that occurred in 198i.

The minimum dilution of the Village of Lake Cowichan's discharge in

the Cowichan River is calculated using the 1-in-2 year, 7~day average
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low flow (6.87 m®/s; Table 1). Based on an effluent flow rate of
1840 m®/d (Table 6), a minimum dilution of 330:1 occurs during the
river's low flow period. The dilution ratio within the initial dilution
zone* is estimated to be 165:1 (Table 4)., The impact of the effluent on

the water quality of theVCowichan River is discussed in Section 5.

4.3 MINISTRY OF ENVIRONMENT FISH HATCHERY (PE 6603)

The permit PE 6603 was issued to the Ministry of Environment for
the discharge of groundwater used in its fish hatchery near Duncan, B.C.
This permit allows a maximum of 5077 m3® of effluent to be discharged
daily to the Cowichan River at a point 500 m upstream from the
Duncan-North Cowichan sewage treatment plant, and about 1 km below the

Island Highway at Duncan (Figure 1}.

Permit reguirements and water quality data collected in 1984 are
summarized in Table 7. Ammonia-nitrogen, suspended residue,'and BOD
results were consistently below the permit requirements. Total
phosphorus concentrations and discharge flow periodically exceeded the
permit requirements, and nitrate-nitrogen consistently exceeded the
permit. Based on a 1-in-2 year, 7-day average low of the Cowichan River
near Duncan (5.25 m®/s; Table 1), and the maximum summer discharge rate
for the hatchéry {0.075 ms/s{ ‘Table 8), the minimum summer dilution
ratio for the hatchery effluent in the Cowichan River is T0:1. The
mimimum dilution ratic within the initial dilution zone* is 35:1. The
impact cof the hatchery discharge on the water quality of the Cowichan

River is discussed in Section 5.

4.4 CITY OF DUNCAN/DISTRICT OF NORTH COWICHAN SEWAGE TREATMENT PLANT

The third permit on the Cowichan River, PE 1497, was issued to the
Duncan/North Cowichan Joint Utilities Board in 1978. A new diffuser
which combines the effluents from the City of Duncan and the Regional

District of North Cowichan has been operational since August 13, 1980.

¥ See Section 4.1 for definition
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Prior to the operation of the new diffuser, the City of Duncan dis-
charged into Fish Gut Alley, which subsequently flowed into the Cowichan
River via Somenos Creek. The Regional District of North Cowichan's dis-
charge to the Cowichan River had become plugged prior to 1981, and the

effluent was discharged to land adjacent to Somenos Creek.

The amended permit (PE 1497) allows the discharge of 13 600 m® of
effluent per day intc the Cowichan River near Iits confluence with
Somenos Creek (Figure 1). The present diffuser is located about 1.5 km
downstream from the Isladd Highway in the deep part of the main channel.

Permit specifications and water quality data are outlined in Table 9.

Suspended residue and BOD results exceeded the permitted levels 11
and 12 times, respectively, in a sample size of 48 from 1970 to 1984
(Tabie 9). The values exceeding the permit were all recorded priof to
1978. Since the upgrading of the treatment facilitites in 1978

(McLaren, pers. comm.), the discharge has been in compliance withiits

suspended residue and BOD permit requirements.

Chlorine residual was undetectable (0 mg/L) in 12 of 13 samples
collected between 1972 and 1978, and was 0.4 mg/L in one sample
collected in the fall of 1976. Samples of the discharge for chlorine

analysis have not been collécted from the new treatment facility.

The mean and maximum daily discharge from PE 1497 during September
(1982 to 1986) was 0.075 and 0.091 m3®/s (6480 and 7862 m®/d),
réspectively (Table 10).. The September discharge rates are chosen to
calculate the minimuﬁ dilution ratios because they coincide with the‘

minimum flow in the Cowichan River,

The dilution ratios calculated using the average and maximum
recorded discharge rates from PE 1497 (Table 10}, and the 1-in-2-year,
T-day average low flow in the Cowichan River, are summarized in Table 4.

The minimum dilution in the Cowichan River using the maximum recorded
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discharge from PE 1487 is 50:1. The dilutien within the initial
dilution zone in this case is only 25:1. The minimum dilution ratio for
an average discharge rate is approximately 30% higher because of the

difference between the average and maximum discharge rates.

The maximum September discharge (0.091 m®*/s) is 57% of the per-
mitted discharge (0.157 m®/s). The population growth estimates for the
Duncan area (Section 1) predict a 24% increase in municipal water use
{and presumably sewage.discharge) by 2 001. Using the population growth
estimates, the dilution ratios listed above will decrease by 24%, due to
increased sewage discharge. The minimum dilution ratios assuming
maximum effluent discharge allowed by the permit (0.157 m®/s) will be
33:1 with complete dilution in the river, and 16:1 immediately outside

the the initial dilution zone.

The general water quality of the discharge from PE 1497 is summar-
ized in Table 9. Tne nutrient levels are typical of sewage treatment
facilities with ammonia- and nitrite-nitrogen averaging 14.3 and
0.014 mg/L, and total phosphorus concentrations averaging 3.7 mg/L.
Fécal coliform bacteria results were higher prior to 1980, with an over4
all mean and median of 30 200 and 2 000 MPN/100 mlL, réspectively. Fecal
results have decreased to a mean and median of 50 and 7 MPN/100 mL after

1980 due to improvements in chlorination,
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5. WATER QUALITY

-5.1 GENERAL WATER QUALITY OF THE COWICHAN RIVER

The general water quality of the Cowichan River can be characterized
by data collected near the outlet of the Cowichan Lake (0120808 and
E206108), a site near Riverbottom Road (0120801) which is approximately
midwéy along the length of the river, and a site near the mouth of the
river {0120802). The site locations are shown in Figure 1 and the data are
presented in Tables 11 to 15. The influence of the Village of Lake
Cowichan sewage discharge on‘thé mid- and lower stations is expected to be
minimal because of the assimilation of effluent and the high dilution of

the effluent {(Section 4.2).

The general ionic composition of the Cowichan River did not change
along the length of the river. High rainfall within the watershed results
in runcoff with 1low concentrétions of weathered minerals. Alkalinity,
hardness, dissolved residues, specific conductance, and pH were typical of
soft water systems. The specific conductivity was marginally above the 50
uS/cm threshold below which water is considered to have low ibnic strength.
Water considered tc have a low ionic strength requires special consider¥
ation for the measurement of pH and alkalinity (McKean and Huggins, 1988).
The dominant cations in the Cowichan River were'calcium and magnesium,
while, the anions were bicarbonate, sulphate, and chloride. This ionic

composition is typical of rivers and lakes on Vancouver Island.

The colour (true) of the Cowichan River was very good with most
results near or at the 5 TCU detection level. The low colour results

indicate there was very few dissoclved organic compounds in the water.

The water clarity of the river was highly variable with suspended
residues and turbidity reaching 96 mg/L and 37 NTU, respectively. The high
suspended residue and turbidity results occurred in the mid and lower

reaches of the river during the winter, and were caused by the erosion of
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£ill deposits during high river flow. The exposed till deposits are
prominent along the length of the river and its tributaries. The impact of
urban and rural developments on the turbidity of the river is expected to
be minor because the majority of the watershed is forested with second
growth Douglas fir, and farming is not as extensive along the banks of the
river. During low flow periods suspended residue and turbidity readings
- were much lower (<1 mg/L and 0.3 NTU, respectively). The lower readings

gave the river a clear coverall appearance,

Nitrogen concentrations (ammonia, nitrate, Kjeldahl) did not increase
down the length of the river. Total phosphorus concentrations on the other
hand showed a two to three fold increase from the head waters to the mouth.
The average concentration downstream from the lake outlet (0120808) was
0.006 mg/L, which increased to 0.015 mg/L near the river's mouth.(0120802).
The highest phosphorus concentrations occurred during the winter monthé
during periods of high stream flow. Increased suspended residues accounted
for the higher average total phosphorus concentraticns. Summer total
phosphorus concentrations at the mid- and lower stationé ranged between

0.007 and 0.009 mg/L.

Celiform concentrations were very unusual for a river that drains a
relatively undeveloped watershed. Fecal coliform concentrations collected
prior to 1985 decreased from an average of 48 MPN/100 mL downstream from
the outlet of Cowichan Lake (0120808), to 33 MPN/100 mL near the river's
mouth (0120802). The average fécal coliform concentration near Riverbottom
Road (0120801) was M40.4 MPN/100 mL. Data collected since 1985 from
stations E206108 and 0120802 showed similar concentrations (12.9 and 21.2
cells/100 mL). ' i

Total coliform concentrations in the Cowichan River prior to 1985
averaged 139, 148, and 102 MPN/100 mL respectively at stations 0120808,
0120801, and 0120802. Total coliform concentrations analysed after 1985
were aiso high, averaging 242 and 198 cells/100 mL at stations 0120808 and
0120802. Median coliform concentfations aré also listed in Taﬁles 11 to

15, and showed similar trends.
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Metals data have been collected on the Cowichan River at the outlet of
the lake (0120808 and E206102), Riverbottom Road (0120801), and near the
river's mouth (0120802} from 1967 to 1986, Average total aluminum
concentrations increased from 0.055 mg/L (Table 12) near the outlet of
Cowichan Lake to 0.081 mg/L near the river's ‘mouth. Unfortunately,
individual data cannot be compared from the three sites bécause the samples
Qere not collected on the same dates. High aluminum results were recorded
during periods of high turbidity, indicating the high results were due to
the presence of alumino-silicate minerals suspended in the water. Such

minerals are not considered toxic to aquatic life,

Cadmium data (total) for the Cowichan River were sparse; however,
0.0007 mg/L was recorded near the mouth of the river (0120802) prior to
1983 (Table 14). All other total cadmium results from the Cowichan River
(all sites pooled, n=16) were below the 0.0005 mg/L detection level.

Total copper concentrations were above the 0.001 mg/L detection level
in approximately 50 percent of the samples collectéd at Riverbottom Road
(0120801) and near the river's mouth (0120802; Table 14). For samples
collected before 1983, the average concentrations at Riverbottom Road and
near the mouth were 0.003 and 0.002 mg/L, repectively. Maximum concentra-
tions at the same stations were 0.010 and 0.008 mg/L for the same time

period.

Copper results after 1985 were limited to sites E206108 and 0120802
(Tables 12 and 15). Approkimately 50 percent of these saﬁples were above
the 0.001 mg/L detection level, a result similar to the pre-1985 results.
Average total copper concentrations at stations E206108 and10120802 weré
0.0027 and 0.001 mg/L, repectively. A A

Singleton (1987) recommends a total copper concentration (30-day
average) of 0.002 mg/L, and a maximum concentration of 0.004 mg/L for fresh
water systems with soft water. The source of the copper in the Cowichan

River is not known; however, an abandoned copper mine (Cowichan Copper)
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is located near Mesachie Lake. Although there is no acid mine drainage
from the old mine site (Erickson, pers. comm.), the presence of the mine
-raises the possibility of acid mine drainage in the future. Water quality
objectives for ‘copper and a menitering program to 'determine the
concentrations of copper near the outlet of Cowichan Lake are outlined in

Sections 6 and 7.

Iron concentrations in the Cowichan River were usually above the
0.010 mg/L detection level. Total iron concentrations averaged 0.100 mg/L
near the outlet of Cowichan Lake, and increased to 0.261 and 0.190 mg/L,
respectively near Riverbottom Road and the river's mouth. Maximum total
iron concentrations exceeded 0,300 mg/L during periods of high turbidity.
Presumably the elevated iron. concentrations were the consequence of
particulate iron from the erosion of soil and till deposits within the
watershed. The presence of iron in reasonably high concentrations in the
Cowichan system is the result of the humo-ferric podzel soils in the upper
reaches of the watershed (Farley, 1979). Aluminum and iron are the main

accumulatiocn products in the podzol éoils.

The CCREM (1987) guidelines recommend the maximum acceptable
concentration of iron in drinking water to be 0.3 mg /L (dissolved) based
on aesthetic considerations. The main effects of excessive iron are

staining of laundry, taste, and colour.

Total lead concentrations were detectable at two of the three
stations. The one sample that was collected in the upper section of the
Cowichan River (E206108) was below the 0.001 mg/L detection level (Table
12). Approximately 50 percent of the lead_anélyses from the Cowichan River
near Riverbottom Road (0120802) and near the mouth (0120801) were above the
detection level (Tables'13 to 15). The average totél lead concentrations
at the sites were 0.003 and 0;002 mg/L, repectively. The highest total
lead concentration (0.03% mg/L) was recorded near the mouth (0120802)
during the 1975 Auguét low flow period (Table 14). Nagpal >(1987)
recommends thét total lead concentrations should not éxcéed 0.004 mg/L for
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soft waters. The presence of lead in the Cowichan River may originate from
the natural deposits or the abandoned mine above Cowichan Lake. Water
quality objectives designed to protect the aquatic life in the Cowichan
River and monitoring to test the objectives are outlined in Sections 6 and

7.

Zinc was freqently detected at Riverbottom Recad and near the river
mouth. Average concentrations ranged from 0.006 to 0.010 mg/L {Tables 13,
14, and 15) with 50 percent (or better) of the samples with results below
the 0.005 mg/L detection level. Water quality objectives designed to

protect the aquatic life in the Cowichan River are ocutlined in Section 6.

Mercury data have been collected at the mid- and lower sections of the
Cowichan River (Tables 13 and 14). Nine of the 13 samples analysed at
Riverbottom Road were below theVO.COOOS mg/l. detection level (Table 13).
The maximum concentration was 0.00013 mg/L on October 4, 1971. Because sb
many samples were below the detection level an average mércﬁry concentra-
tion is not easily calculated. The mercury concentrations near the mouth
of the river (0120802) were similar to the Riverbottom Road station (Tables
13 and 14). Eighteen of 21 samples were below the detection level, withv
the highest concentration of 0.0001 mg/L occurring on November 1, 1978.
The CCREM guidelines for the protection of aquatic life state that thé

concentration of total mercury should not exceed 0.0001 mg/L.

The BCFP sawmill at Youbou has used PCPs to prevent staining of cut
lumber, and began using copper - 8 - quinolinolate {(Cu-8) in 1987, Because
of the potential of this compound to enter Cowichan Lake {(in éurface runoff
caused by precipitation) and ultimately the Cowichan River, and the
important fisheries within the Cowichan System, water quality objectives

and monitoring for Cu-8 are outlined in Sections 6 and 7.
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5.2 UPPER COWICHAN RIVER

The Village of Lake Cowichan discharges treated sewage into the
Cowichan River approximately 2.5 km downstream from Cowichan Lake
(Figure 1). The volume, quality, and dilution of the effluent was summar-

ized in Section 4.
a) Theoretical Impact on Water Quality

The water quality data of the Cowichan River 1s summarized in Table
16, along with the effluent quality, and the theoretical impact of the
effluent under several dilution scenarios. The 110:1 dilution represents
the concentrations within the initial dilution zone, assuming the 1- in-2
year, T-day average river low flow and the maximum September discharge.
Using this as a worst case scenario, the general water quality (general
ions, turbidity, suspended solids, ete.) of the Cowichan River outside the

initial dilution zone would not change significantly.

Based on the 110:1 dilution scenario, the total phosphorus concentra-
tions in the river would increase approximately 10-fold prior to 1980, and
5-fold after 1980 (Table 16). Nitrate plus nitriﬁe—nitrogen concentrations
would be elevated 5-fold throughout the history of the discharge. Using
the Same dilution scenario after 1980, the maximum nitrate plus
nitrite-nitrogen, and total phosphorus concentrations are 0.100 and
0.028 mg/L, respectively. The theoretical impact of the effluent on the
nutrient concentrations 'in the Cowichan River using the average daily
discharge rates would be 33 percent lower than the maximum daily discharge

rates.,
b) Actual Water Quality Results

The general water quality (general ions, turbidity, suspended solids
etc.) of the Cowichan River above the Village of Lake Cowichan's discharge
(0120808), and stations 200 m downstream from the discharge (0120809 prior
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to 1985, and E206107 after 1985) are summarized in Table 17. Based on the
data in Table 17 the discharge has a negligible impact on the general water

quality of the river.

The nutrient data collected at the same sites are summarized in Table
18. Total phosphorus levels measured downstream from the discharge were
greater during the summer and fall months, particularly during low river
flow. Total phosphorus concentrations reached a maximum of 14 pg/L in
September 1986, compared to 5 ug/L upstream. Ammonia-nitrogen concentra-
tions showed a similar increase; however, nitrate-nitrogen results were not
elevated by the discharge, presumably because of biclogical uptake by the
periphyton community. Although there was a measurable impact of the dis-
charge on the ammonia-nitrogen and total phosphorus concentrations, the
increases were lower than the theoretical worst case scenario described

above {(Table 16).

Deniseger and Erickson (in prep.) collected nutrient samples at the
outlet of Cowichan Lake (E206108) and 300 m upstream from the sewage
discharge from the Village of Lake Cowichan (0120808), to observe the
impact of urban development on the water qualit& of the upper Cowichan
River. Monthly results, from February 1985 to September 1986, showed no

apparent hutrient loading at any time.

Five fecal and total coliform samples have been collected at the same
~locations during the summer of 1985 (3 samples) and 1986 (2 samples)
(Deniseger and Erickson, in prep.). On three sample daﬁes beth stations
were sampled and the data comparéble. Based on this very limited sample
size, there appeared to be some fecai and total coliform loading from an
unknown source (although minor) between the two stations. Sections 6 and
7 outline the fecal coliform water quality objectives and the assocciated

monitoring program for the upper Cowichan River.

Coliform data collected above and below the Village of Lake Cowichan's

discharge from 1976 to 1986 are summarized in Table 19. Thé fecal and
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total ccliform results upstream from the discharge exceeded the downstream
results in 64 and 40 percent of the samples, respectively. The average (z
standard deviation) fecal coliform results above the discharge were similar
to those at the downstream site (40.7450.6 (n=12); and u46x67 (n=13)
cells/100 mL, respectively). The geometric mean and the 90th percentiles
for fecal and total colifbrms at the same stations were also similar
 (geometric mean = 17 and 13 cells/100 mL; 90th percentile 110 and 110
cells/ 100 mL, respectively).

The undetectable change in fecal coliform concentrations downstream
from the discharge was caused by low coliform concentrations in the effluent
(average = 550 cells/ 100 mL), and sufficient dilution in the river (Table
by, One important observation is that the coliform results at both
locations were positive, and exceeded the drinking water objective for water
that receives only disinfecticn {Section 6). This is of particular concern
as there are several domestic water intakes hpstream and cne domestic intake

downstream from the discharge (Figure 5).

Heavy metals have been measured sporadically above and below the
Village of Lake Cowichan's discharge (Table 20). Metal loadings from the
effiuent cannot be estimated because the data abdve and below the discharge
are not comparable in most cases. However, metal concentrations occasion-
ally exceeded the water quality?criteria for one or more uses. Arsenic,
cobalt, nickel, lead, and zinc were observed on one occasion ﬁo be above
their criteria levels; however, there are insufficient analyses to determine

the validity of the results.

5.3 LOWER COWICHAN RIVER

There are two permitted discharges on the Cowichan River below the
Island Highway Bridge. The quality of the effluents are discussed in
Section 4, while their impact on the water quality of the Cowichan River is

summarized below.
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5.3.1 PE 6603: MINISTRY OF ENVIRONMENT FISH HATCHERY

The Ministry of Enviromnment Fish Hatchery extracts groundwater for its
trout hatchery and discharges the effluent into the Cowichan River
approximately one km downstream from the Island Highway Bridge. The volume,

quality, and dilution of the effluent is summarized in Sectionlu.3.

The water quality of the Cowichan River upstream from the discharge
(0120802; Figure 1) is summarized in Table 21, along with the effluent water
quality, and the theoretical increases in concentration of several

characteristics under several dilution scenarics.

The theoretical impact of the hatchery discharge on the water quality
of the Cowichan River during the 1-in-2 year, 7-day average low flow is
summarized in Table 21. Although thé dilutions are below the 200:1 dilution
objective recommended for the Cowichan River (Section 4.1), the impact of
the discharge on the river was negligible because of the low concentration
of solids and nutrients in the effluent (Table 21). Visual inspection of
the discharge during low flow in September 1986, sho&ed minimal algal growth
immediately downstream from the discharge.r The minor algal growth was only

observed for 15 m along the south bank of the Cowichan River,
5.3.2 PE 1497: CITY OF DUNCAN/MUNICIPALITY OF NORTH COWICHAN

The City of Duncan and the Municipality of North Cowichan operate a
secondary sewage treatment plant (Section 4.4) that discharges dechlorinated
effluent approximately 0.5 and 1.5 km downstream from the Ministry of

Environment Hatchery, and ﬁhe Islahd Highway *Bridge (Figure 1).
a) Theoretical Impact on Water Quality

The theoretical impact of the Duncan/North Cowichan sewage discharge on

the water quality of the Cowichan River during the 1-in-2 year, 7-day
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average low flow is summarized in Table 22. The dilution¥* of the effluent
in the Cowichan River would range between 68 to 50:1 depending on the volume
of effluent discharged. The theoretical dilutions'immediately outside the
initial dilution zone would be much lower, and range between 35 and 25:1.
All dilutions during the river's summer low flow would exceed the 200:1
objective for effluent dilution in the Cowichan River as recommended by the

Regional Waste Management Branch in Nanaimo {Section 4.1).

The PE 1497 discharge is expected to increase by 24% by 2 001 due to
increased population in the area (Section 4.k4). The dilutien ratios
described above would be proportionally lower by 2 001 assuming the

predictions are correct.

Most of the compounds associated with the effluent would be adequately
diluted outside the initial dilution zone. Suspended residue, pH, colour,
specific conductivity, and BOD would be adequately diluted by the Cowichan
River (Table 22). Residual chlorine would be elevated to 0.001 mg/L outside
the initial dilution zone during the maximum effluent discﬁarge (Table 22).
The CCREM (1987) guideline for total residual‘chlorine levels for aquatic
life is 0.002 mg/L. Although it appears the chlorine levels immediately
outside the initial dilution zone would be below the CCREM (1987) guide-
line, the 1levels would be sufficiently close to warrant objectives and

monitoring (Sections 6 and 7).

The dilution of coliforms in the Cowichan River would appear to be
adequate {(Table 22), because the bacterial concentrations in the effluent

are sufficiently low not to warrant greater dilution.

The greatest impact of the effluent on the Cowichan River would be the
loading of organic carbon, nitrogen, and phosphorus during periods of low

flow. Theoretical total phosphorus concentrations in the Cowichan River

¥These calculations based on actual discharge values (Table 10).
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downstream from the discharge, would range from 0.054 to 0.148 mg/L depend-
ing on the dilution ratio used. Nitrogen loading would be primarily limited
to ammonia-nitrogen. Theoreﬁical ammonia-nitrogen concentraticns would
range from 0.210 to‘0.572 mg/L. Organic carbon concentrations would range
from 0.7 to 2.0 mg/L,.while organic nitrogen levels are approximately 1/10

of the organic carbon levels.

Based on the theoretical dilution of the Duncan/North Cowichan
discharge in the Cowichan River, residual chlorine, ammonia-nitrogen and
total phosphorus are the characteristics of concern. Residual chlorine and
‘ammoni a- nitrogen are of concern because of their toxicity to fish, while
total phosphorus, in association with a source of nitrogen, stimulates
periphyton growth. The impact of excessive periphyton growth in the

Cowichan River is discussed in Section 5.6.
b} Actual Water Quality Results

The general water quality of the Cowichan River downstream from the
Duncan/North Cowichan sewage discharge (Table 23) showed minor alterations
in the general water quality. Suspended residue concentrations appeared to
increase from 1.7 to 2.9 mg/L. Caution must be used interpreting this as an
impact as the sampies from boﬁh stations were not collected on the same day.
Monitoring of the effects of the discharge on the general water quality of

the river is outlined in Section 7.

The nutrient concentrations above and below the PE 1497 discharge are
summarized in Table 24, Averages are calculated for éummer {(low river
flow), winter (high river flow), and a combined overall average (annual).
Nitrate-nitrogen concentrations were unaffected by the discharge. Nitrite
was omitted from Table 24 because all results were below the 5 ug/L
detection level, at both stations. Summer and winter ammonia-nitrogen
concentrations were 11 and 4 times higher, respectively, downstream from the
discharge. The maximum ammonia-nitrogen concentrations were between 100 and

120 ug/L énd were recorded during the low river flows. The ammonia—nitrogen
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cencentrations were well below the provincial criterion for the protection
of aquatic life of 2 mg/L that would apply at the given pH and temperature
of the river (Nordin, 1986),

Kjeldahl nitrogen (TKN) concentrations were typically higher in the
summer at both monitoring stations, presumably due to higher productivity in
the river (Table 24). Summer and winter TKN concentrations downstream from

the discharge, averaged twice the concentrations above the discharge.

Dissolved orthophosphorus ccncentrations were affected strongly by the
discharge with a 8 and 3 fold increase in summer and winter, respectively.
Downstream from the discharge, maximum orthophosphorus concentrations of 30
to 45 ug/L were observed during very low flows in late summer. The average
summer and winter corthophosphorus concentration downstreém from the
discharge were 25 and 10 ug/L, respectively. Total phosphorus showed a
similar seasoconal pattern with concentraticns usually twice the
orthophosphorus concentrations (Table 24). Phosphorus is not directly toxic
to aquatic life; however, in combination &ith sufficient light and nitrogen,

it can cause extensive periphyton growth (See Section 5.2.5).

Heavy metals have been collected above and below the PE 14397 discharge
periodically since 1973. 4 summary of the metal results is presented in
Table 25. 1In all cases the metal concentrations were low and not influenced
by the discharge. Aluminum concentrations were periodically high, but were

associated with high suspended residue concentrations.

The other metals that are observed above the detection level were also
associated with the suspended residues. Future monitoring will focus on
dissolved metals in the river to eliminate the influence of suspended

residues.

Fecal and total coliform results have been collected at sites 0120802
and 0120800 (1.5 km upstream and 1 km downstream from the discharge) from

1971 to 1984 (Table 26). Fecal and total coliform concentrations averaged
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(tstandard deviation) 3363 MPN/100 mL (n=29), and 102495 MPN/100 mL (n=24)
respectively above the disoharge'. The geometric méans for fecal and total
coliforms upstream from the discharge were 17 and 59 MPN/100 mL.
Concentrations downstream from the discharge (0120800) for the same period
were higher. Fecal and total coliform concéntrations averaged 182x215
MPN/100 mL (rn=33) and 9431774 MPN/100 mL (n=30). The geometric means for
‘these fecal and total coliform results were 86 and 535 MPN/100 mL. The
fecal coliform results indicate an impact of the discharge in the river;
however, the majority of the analyses were taken prior to 1980 before the

treatment facilities were upgraded.

Coliform results collected during low river flow since 1984 at sites
0120802 and E206106 (1 km upstream and downstream respectivély, from the
dischar’ge) are sﬁmmar*ized in Table 27. Fecal coliform results remained
unchanged downstream from the PE 1497 discharge. Both stations exceeded
the drinking water objective for total colif'or'm-s for water that receives
only disinfection (90th percentile of 10 MPN/100 mLs, CCREM, 1987). Partial
treatment (filtration or equivalent plus disinfection) wouid be 'necessar'y
for drinking water use. The results met the recreational objective (primary
contact recreation) of a géometr'ic mean of 200 MPN/100 mL (Warrington,
1988).

5.4 ENVIRONMENT CANADA WATER QUALITY DATA

Water quality analyses completed by Environment Canada agreed with B.C.
Ministry of Enviromment data discussed in this report. Alkalinity, pH,
specific condu'ctivity, suspended solids, turbidity, tember*ature, dissolyed
oxygen (river water), anionic surfactants showed little or no increase down-
stream from the Duncan/North Cowichan discharge. Dissolved phosphorus and

ammonia-nitrogen were elevated downstream from the discharge.

Derksen (1981) determined that intragravel dissolved oxygen concentra-
tions above and below the discharge were variable within duplicated samples,

between stations, and through the summer months. Upstream intragravel
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concentrations ranged from 7.2+0.4 mg/L on July 7, 1980 to 1.8%1.2 mg/L on
July 10, 1979. Intragravel concentrations 150 m below the discharge point
were lower 1 year before the discharge became operational (Derksen, 1986),

presumably because of lower stream flows.

5.5 BIOASSAY OF THE DUNCAN/NORTH COWICHAN EFFLUENT

Because of the low dilution ratios of the sewage effluent from the
Duncan/North Cowichan treatment facilities during low flow, concerns about
the toxicity of the effluent to salmonids was studied by Derksen (1981). A&
summary of the effluent quality wused in the flow-through bioéssay is
summarized in Table 28. Water temperatures ranged from 16 to 18.5°C during

the 96 hour test, and no mortalities of coho salmen fry {(Oncorhynchus

kisuteh) were recorded in 100% effluent or the control. Consequently, the
effluent was acutely non-toxic during the September 15 to 19, 1980 test

period.

Although the sewage effluent from the Duncan/Nerth Cowichan treatment
facility is considered acutely non-toxic, elevated concentrations of ammonia
-nitrogen may initiate a reaction in juvenile salmeonid to avoid rearing
habitat downstream of the discharge (Griffith, pers. comm.).
Ammonia-nitrogen concentrations downstream from the discharge can theo-
retically exceed 300 upg/L (Table 18) using the 1-in-2 year, T7-day average

low, and maximum September discharge rates.

In addition, the present discharge rate is 1/2 the permitted discharge,
and is expected to increase by 24% by 2 001 (Séction 4.4). The impact of
the increased discharge on the fisheries ﬁabitat duriﬁg iow flow has the
potential to become much greater. Secticns 6 and 7 outline the water
quality objectives for receiving .waters to protect aquatic 1life, and a
monitoring program to assess the water quality and fish habitat downstream

from the sewage discharge.
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5.6 PERIPHYTON

The impact of the sewage discharge from the Village of Lake Cowichan
on the upper Cowiéhan River was minimal in 1986, Inspection of the dis-
charge showed some enhanced periphytic growth within the initial dilution
zone (up to 100 m downstream from the discharge). The extent of the impact
within the ihitial dilution zone is not known;Ahowever, the impact 200 m
below the discharge (E206107) was minimal (Deniseger and Erickson, in
prep.}. The small impact of the discharge on the periphyton community was
becausé of the high degree of effluent dilution in the upper Cowichan

River.

The impact of the discharge from the Ministry of Envircmment Fish
Hatchery in September 1986 was also minimal (McKean, pers. obs.). Although
dilution of the effluent from the hatchery ié much lower>than the effluent
from the Village of Lake Cowichan, the nutrient concentrations in the

discharge are significantly lower (Table 7), minimizing any impact.

The greatest impact on the periphyton community occurred downstream
from the Duncan/North Cowichan sewage discharge. High effluent nutrient
concentrations combined with low effluent dilution ratios (Table 4) resulted

in extensive areas of excessive periphyton growth.

Deniseger and Erickson {in prep.) observed a 13.4 fold increase in
chlorophyll—g {(a measure of periphytonAStanding crop)>150 m downstream from
the discharge. Their study used artificial substrates énd, after 58 days of
incubation, the upstream and downstream chlorophyll—i concentrations
averaged 0.4 and 5.37 upg/cm?, respectively. Nordin (1985) established
periphytén ehlorophyil—g criteria for naturai substrates'of 10 ug/em? for
the protection of aquatic life, and 5 pyg/cm? for recreationai activities.
Because Deniseger and Erickson (in prep.) used artificial substrates, it is
unclear if additional incubation time would have allowed chlorophyll-g
levels to increase above the 10 ug/cm? criterion for aquatic life. However,
the artificial substrate daﬁa do indicate that the chlorophyll-gL levels

exceeded the recreation criterion of 5 ug/cm?2.
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The extent of the excessive periphyton growth during the summer months
is unclear. Between the discharge point and the confluence of Somenos Creek
(700 m downstream), Derksen (1986) estimated 2.25 hectares of riverbottom
was impacted with heavy periphytic ‘growth. However, the confluence of
Somenos Creek was the study boundary of Derksen's study and the impacts

further downstream were not assessed.

Appoximately 1 km downstream from the discharge, periphyton growth was
limited in the main channel by the rapid flow of the river; however,
embayments were clogged with the aquatic plant Lemna minor (duck weed) and

green filamentous algae (Deniseger and Erickson, in prep.}.

The periphyton community above the Duncan/North Cowichan sewage
discharge on September 9, 1980 consisted of a heavy diatom cover in associa-
tion with the cyanobacteria Dichothrix sp., and a few shortgreen tuffs of
Oedegonium spp. {Derksen, 1981). The periphyton community above the
discharge during the summer of 1985 was similar, consisting of an extensive
diatom cover with scattered filaments of the green algae Mougeotia sp.

(Derksen, 1986).

Below the discharge in 1985, the growth of periphyton was described as
"luxuriant", consisting of long filaments of Oedegonium sp. and the diatom

Fragliaria spp. (Deniseger and Erickson, in prep.).

The periphyton community downstream from the discharge was marginally
different in September 1980 (Derksen, 1981). Maximum periphyton growth
occurred about 150 m downstream from the diécharge and consisted of the

cyanobacteria Phormidium autumnale and the green algae Stigeoclonium

stagnatile. The periphylon .community was similar 300 m downstream from the

discharge with thick growths of P. autumnale and Oedegonium spp.
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5.7 KOKSILAH RIVER

There are no known direct effluent discharges to the Koksilah River;
however, there are nonpoint nutrient sources from farms adjacent to Dougan
Lake, and its outlet, Patrclas Creek, two gravel washing operations and a
municipal incinerator/landfill adjacent to the Koksilah River near Duncan,

‘B. C.

Water quality data have been c¢ollected monthly on the Koksilah River
near the Highway 1 since late 1985. The general water quality of the
Koksilah River (Table 29) was very similar to the Cowichan River

(Section 5.1).

The water is considered "soft" due to the low concentrations of calcium
and magnesium. Suspended residues concentrations in the river averaged
2.3 mg/L, with lower concentrations occurring during the summer low flows.
The suspended residues during the winter high flow periods were inorganic ih
nature {(personal observation), but their origin is not known. The effect of
the gravel washing operations adjacent to the Koksilah River upstream of

site 0123980, on the suspended residue concentrations is not known.

The nutrient concentrations in the Koksilah River at site 0123981 were
quite low. Total phosphorus conqentrations averaged 0.014 mg/L, but were
lower during the summer months. The nutrient concentrations in the river do

not cause excessive algal growﬁh at site 0123981 during low summer flows.

A few coliform bacteria samples have been taken at site 0123981 (Table
295. The results of the 8 samples showed significant concéntrations of
fecal and total coliform bacteria. The average fecal and total coliform
concentrations were 96 and 504 MPN/1OO mlL, while the median concentrations
were lower at 25 and 175 MPN/100 mL, respectively. There are no domestic
water licences below site'0123981. Monitoring to locate the source(s) of
the coliform contamination- relative to the domestic water intakes is
outlined in Section 7.1.2. Water quality objectives for the Koksilah River

for coliform bacteria are cutlined in Section 6.2.2.
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Metal concentrations have been analysed monthly at site 0123981 since
1986 (Table 29). Total aluminum and iron concentrations averaged 0.182 and
-0.250 mg/L, respectively. Higher concentrations of both metals occurred in
the winter, presumably due to the erosion of the alumino-ferric podzols
which are the dominant soils in the watershed. The source of the erosion is

not known.

Arsenic, cadmium, cobalt, nickel, and vanadium had concentrations below
their respective detection levels (Table 29). Out of 26 analyses, chromium

and molybdenum had one result recorded at the detection level of 0.01 mg/L.

The concentrations of total copper, lead, manganese, and zinc were more
significant. The average concentrations were 0.00%, 0.003, 0.022, and
0.007 mg/L,>respectively (Table 29). Approximateiy 70-80 percent of the
cépper, lead, and manganese results were above their respective detection
level. The number of detectable zinc results was lower (16 of 25, Table
29).

The source of the copper, lead, manganese, and zinec is not Known;
however, leaching of metals from the municipal incinerator/landfill has been
observed by the Waste Management Branch in Nanaimo (Deniseger, pers.
comm.). If the metals are associated with suspended inorganic residues;
then‘their toxicity to aquatic life will be minimal. Monitoring for these
elements to determine the dissolved fraction and poésible sources is out-
lined in Section 7.7. Water quality objectives for these metals are out-
lined in Section 6.9.



35

6. WATER QUALITY OBJECTIVES

6.1 DESIGNATED WATER USES

Water quality objectives ensure that the present and future water uses
of the Cowichan and Koksilah Rivers are protected. This report has shown

that both rivers are important for:

- domestic water supply

- industrial water supply

- irrigation water supply

- primary- and secondary-contact recreation

- fisheries

It is proposed that these be adopted as the designated water uses to be

protected in the rivers.

The water quality objectives outlined below are set to protect the most
sensitive use. If the objectives are met for the most sensitive use, then

all of the other uses of the rivers will be protected.

6.2 FECAL CONTAMINATION

6.2.1 COWICHAN RIVER

Microbicleogical objectives are set for the Cowichan River based on the
water use in a given reach. Above the Island Highway bridge the Cowichan
River is used as a source cof domestic water and primary contact recreation
{fishing and kayaking). The most sensitive use for this section of the
river is domestic water use. For any point in this reach, outside initial

dilution zones of effluents; the following bacteriological objectives shall

apply:
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the fecal coliform and Escherichia coli densities shall not exceed

10 cells/100 mL, and the Enterococei density shall not exceed 3
cells/100 mL in 90 percent of at least 5 weekly samples taken at any
point within a 30-day pericd. The objective is based on the Ministry
of Health guidelines for drinking water supplies (that require only
chlorination or equivalent) and on the Ministry of Environment water

quality criteria for microbiological indicators (Warrington, 1988).

Within the Cowichan Band Indian Reserve there are no domestic water
users; however, the Cowichan Band uses the river to catch fish. This use is
considered equivalent to secondary-contact recreation. The bacterioclogical

objectives for this reach of the Cowichan River (from the Island Highway

bridge to the mouth) outside initial dilution zones are:

the Enteroccocci and Escherichia coli densities shall not exceed
geometric means of 100 and 385 cells/100 mL, respectively, calculated
from at least five weekly samples taken during a 30-day periocd. The

objectives for this reach are based on the Ministry of Enviromment

water quality criteria for bacteriological indicators (Warrington,
1988).

6.2.2 KOKSILAH RIVER

The Koksilah River has several domestic water intakes. There 1is
potential bacterial contamination from septic tanks and nonpbint loading
from dairy farms adjacent to Dougan Lake and Patrolas Creek. Consequently,
microbiclogical objectives are based on the Ministry of Health guidelines
for water supplies that require only chlorination (or equivalent), and the
Ministry of Environment water quality c¢riteria for bacteriological

indicators (Warrington, 1988). The objectives for the Koksilah River are:

the fecal coliform and Escherichia coli densities shall not exceed 10

cells/100 mL, and the Enterccoceci density shall not exceed
3 cells/100 mL in 90 percent of at least five samples taken at any
point within a 30-day period.
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6.3 DISSOLVED OXYGEN

6.3.1 RIVERINE

Adequate dissolved oxygen concentrations are essential to minimize the
stress on the adult and juvenile salmon populations in the Cowichan and
Koksilah Rivers. The water quality objectives for dissclved oxygen should
apply to any point in the river systems; however, menitoring (as outlined in
Section 7.2) should be concentrated above and below the sewage discharges on

the Cowichan River.

The water quality objectives for dissolved oxygen are based on the

criteria outlined by Davis (1975). The objectives are:

1) A minimum of 11.2 mg/L from Octcocber to May for the protection of
"eyed" or hatched eggs,

2) A minimum of 8 mg/L during the remainder of the year for the

protection of alevins and juveniles.
6.3.2 INTRAGRAVEL DISSOLVED OXYGEN

The intragravel dissolved oxygen concentrations determined by Derksen
(1981) were highly variable above and below the Duncan/North Cowichan sewage
discharge. Concentrations above the discharge were less than the riverine

ooncentraﬁions, and below the criteria recommended by Davis (1975).

The need for an intragravel dissolved oxygen objective 1s not
necessarily important for the survival of salmonid eggs within gravel,
because the eggs are usually deposited in the fall and incubate during the
winter and spring. The impact of the sewage discharges would be lower
during this period because of the high river flow (presumably causing higher
intragravel water movement and dissolved oxygen concentrations), and lower

periphyton productivity. The most critical time period for intragravel
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dissolved oxygen concentrations is during the summer low flow periods, when
excessive algal growth can reduce intragravel flow and increase the
biological oxygen demand. The intragravel invertebrate population would be
most affected under these circumstances. The elimination of the intragravel
invertebrate population may reduce thé food supply of juvenile salmonids

downstream from the sewage discharges.

The dissolved oxygen requirements of intragravel invertebrates is
difficult to determine; consequently, no intragravel dissolved oxygen
objective is proposed. Instead, objectives for the chlorophyll-a that will

'provide protection for aquatic life are outlined in Section 6.7.

6.4 SUSPENDED RESIDUES

The suspended residue concentrations in the Cowichan and Koksilah
rivers is generally low (1.5 and 2.5 mg/L, respectively). Section 5.2.2
determined that the permiited sewage discharges into thé Cowichan River
would increase the suspended residue concentrations by 0.5 mg/L immediately

outside the initial dilution zone during low flow.

The impact of the gravel washing operations adjacent to the Koksilah
River near Duncan is not known, but the operations are a potential source of

suspended solids to the Koksilah River.

The suspended residue objective for the Cowichan and Koksilah rivers is
based on the criteria developed by Singleton (1985). The objective for the

two rivers is:

not mere than a 10 mg/L increase if upstream concentrations are less
than 100 mg/L, and not more than a 10% 1increase if upstream

concentrations are greater than 100 mg/L.
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6.5 TURBIDITY

Turbidity is an important characteristic of water for drinking-water
aesthetics, and for aquatic life because of its potential to limit light
penetration and primary productivity. The turbidity objective is based on
the criteria developed by Singleton'(1985), and is set to determine the
impacts of the sewage discharges, gravel washing operations, or any other

anthropegenic disturbances impacting the water quality of either river.

The turbidity objective for any point outside an initial dilution zone

is:

if background turbidity levels are £50 NTU, the maximum increase should
be £5 NTU; however, if background turbidity levels are >50 NTU, the

maximum increase should be £10% of background.

6.6 AMMONIA-NITROGEN

The un-ionized ammonia fractiocn is the most toxic form of nitrogen to
aquatic life. The amount of un-ionized ammonia i1s determined by the total
ammonia concentration, temperature, and pH. The theoretical concentration
of total ammonia outside the initial dilution zone (see Section 4.1 for
definition) of the Duncan/North Cowichan sewage discharge during the 1-in-2
year, 7-day average low flow can approach 0.600 mg/L. Although the pH and
temperature of the Cowichan River during iow flow varies from point to
point, and year to year, the theoretical total ammonia concentration is very
close to the average 30-day criterion for total ammonia as determined by
Nordin (1986).. Because the toxicity of ammonia increases with increasing pH
and températufe, the maximum and 30-day ammonia objective for the Cowichan
River outside the Duncan/North Cowichan initial dilution zone will vary, but
is determined using the criteria set by Nordin (1986). Tables 30 and 3t
summarize the maximum and 30-day total ammonia cfiteria as determined by
Nordin {1986). Monitoring for the ammonia objective is outlined in Section
7.4,
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6.7 CHLOROPHYLL-a

Excessive periphyton growth can occur several kilometres downstream
from a sewage treatment plant discharge because of the high concentrations
of nitrogen and phosphorus in the effluent. High concentrations of
periphyton can be aesthetically displeasing and ban impair fish reproduction
through the reduction of intragravel water flow, and dissolved OXygen
(Nordin, 1985). Chlorophyll—g measurements are frequently used to measure
periphyton biomass. Nordin (1985) set chlorophyll-a criteria of 50 mg/m?®

for aesthetics, and 100 mg/m?2 for the protection of aquatic life.

The Cowichan River downstream from the Village of Lake Cowichan is used
for angling and kyaking while, downstream from the Duncan/North Cowichan
sewage treatment discharge, the Cowichan Indian Band collects salmon for
its native food fishery. These activities constitute primary- and
secondary-~contact recreatién; consequently, the chlorophyll-g criterion of
50 mg/m® for aesthetics is used for the chlorophyll-a objective for the
Cowichan River downstream from either sewage discharge. Monitoring for the

chlorophyll-i objective is outlined in Section 7.5,

6.8 TOTAL RESIDUAL CHLORINE

Chlorine (Cl,) is used in sewage treatment facilities to reduce the
concentration of pathogens in the effluent through disinfection. Chlorine
reacts with many organic compounds to form a variety of oxidized compounds
(prinecipally monochloroamine). The sum of ¢the Cl, and the oxidized
chlorinated organics forms thé 'total residual chlorine' fraction which is
the toxic fraction for aquatic 1life. The oxidized ‘'total residual
chlorines' can be detoxified in the efflﬁent through the addition of reduced
sulphur compounds in the dechlorination step. Dechlorination is required at
the Village of Lake Cowichan and Duncan/North Cowichan sewage treatment
plants, because of the importance of the salmonid fishery within the

Cowichan River.
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A 'total residual chlorine objective is set on the Cowichan River for
the protection of aquatic life. The objective of 2 ug/L 'total residual
chlorine' outside the 1initial dilution =zone is based on the criteria

developed by Singleton (in prep.).

Section 7.6 outlines the monitoring requirement for 'total residual

chlorine' in the Cowichan River.

6.9 METALS

Detectable concentrations of total copper, total lead, and total zinc
have been measured consistently since 1986 in the Cowichan River and near
the mouth of the Koksilah River. Should the sources {(i.e., old mine site,
gravel washing operations, landfill, etc.) of the metals be anthropogenic in
nature, the following objectives will apply for the protecticn of aquatic

life:

30-day average maximum concentration
(a) dissolved copper 0.002 mg/L 0.004 mg/L
(b) dissolved lead 0.003 mg/L 0.008 mg/L
(¢) dissolved zinc 0.030 mg/L 0.180 mg/L

If background'metal concentrations exceed the above objectives, then
anthropogenic impacts can not elevate the ambient metal concentrations

outside the initial dilution zone by more than 20% of background.

The objectives are set for dissolved rather than total metals to
eliminate the effects of increased metal loading associated with increased
suspended residue concentrations down the length of the river. The
monitoring requirements for the metal objectives are outlined in Section
7.7,

6.10 COPPER-8-QUINOLINOLATE

In the past chlorophenols have been used as an anitistaining wood

preservative by the BCFP sawmill at Youbou. Presently, the mill uses a new
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product called copper-8-quinclinolate (Cu-8) which, according to Ward
{1987), has a toxicity to aquatic life similar to that of PCPs. Because of
the potential of Cu-8 to enter Cowichan Lake and ultimately the Cowichan
River, a water duality objective is required to protect the fisheries

resources of the Cowichan River.

The water quality objective for Cu-8 at the headwaters of the Cowichan
River is a maximum concentration of 0.0005 mg/L. The objective for Cu-8
must be regarded as provisional because.of the limited envirommental impact
and toxicity 1literature. Monitoring for the objective is outlined in

Section 7.8.
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7. WATER QUALITY MONITORING

7.1 FECAL CONTAMINATION

7.1.1 COWICHAN RIVER

The fecal coliform objective for drinking water supplies (Section
6.2.1) applies to any point between the outlet of Cowichan Lake to the
Duncan/North Cowichan sewage discharge. Background fecal <coliform
concentrations in the upper Cowichan River'appear to be positive (Sections
5.2 and 5.3), consequently a significant number of stations to document the

contamination are required.

Fecal <coliform (for membrane filtration analysis), E. coli, -and
Enterococci samples should be taken weekly over 30 days during the low river
(e.g., August) and high river flows (e.g., January). The samples should be
collected from the Cowichan River at the outlet of Cowichan Lake (site
E206108); the Cowichan River immediately upstream and downstream from the
Village of Lake Cowichan's sewage discharge (sites 0120808 and E206107); the
Cowichan River near Riverbottom Road (site 0120801); and the Cowichan River

"upstream from Highway 1 (site 0120802).

The fecal coliform E. coli, and Enterococci objectives for water
contact recreation apply to the Cowichan River downstream from the Duncan/
North Cowichan sewage discharge to the mouth of the Cowichan River.
Monitoring of the objectives requires 5 samples collected weekly in 30 days
from outside the initial dilution zone (site E206106) during low river flow

{e.g., August).
7.1.2 KOKSILAH RIVER

There are no direct discharges of fecal coliform bacteria into the
Koksilah River, although there may be some contamination introduced into the
Koksilah River from Patrolas Creek. Patrolas Creek, which drains the farm
land (primarily dairy farms) around Dougan Lake (Figure 1), may contain

fecal contamination from nonpoint sources.
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Three monitoring stations are reguired to determine the extent of the
fecal contamination and test the objective outlined in Section 6.2.1. Five
fecal coliform (membrane filtration), E. coli, and Enterococci samples are
required weekly over 30 days during low flow (e.g., August), and high flow
(e.g., January) on the Koksilah River near Burnt Bridge (E207425); the
Koksilah River above Cowichan Station (E206976); and the Koksilah River at
the highway (0123981).

7.2 DISSOLVED OXYGEN

Dissolved oxygen and temperature results should be collected above and
below the initial dilution zones of the sewage treatment facilities during
low river flow. Sampling frequency should be the same as for the fecal

coliform sampling outlined in Section 7.1.

7.3 SUSPENDED RESIDUES/TURBIDITY

The two sewage treatment discharges to the Cowichan River, and runoff
from the gravel washing operations adjacent to the Koksilah River have
potential impacts on the turbidity and suspended solid loading to the
rivers. Monitoring for the suspended residue and turbidity objectives
(Sections 6.4 and 6.5) is 5 samples collected weekly over 30 days during low

flow (e.g.,-August)‘and high flow (e.g., January) at the following

stations:
SITE

Cowichan River upstream from the Village of Lake Cowichan 0120808
Discharge

Cowichan River outside the initial dilution zone of the E206107
Village of Lake Cowichan discharge

Cowichan River at highway 0120802

Cowichan River outside the initial dilution zone of the E206106
Duncan/North Cowichan discharge

Koksilah River at Cowichan Station E206976

Koksilah River at Highway 1 _ 0123981
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7.4 AMMONIA-NITROGEN

Monitoring for total ammonia includes 5 samples ccllected weekly over
30 days dwring low river flow outside the initial dilution zone cof the
Village of Lake Cowichan, and the Duncan/North Cowichan sewage discharges
{sites E206107 and E206106, respectively). To calculate the criteria from
Tables 30 and 31 temperature and field pH must also be determined.
Temperature can be taken with a calibrated thermistor or dissolved oxygeh
prcbe which has a built-in thermistor. Field pH measurements must be taken

using the procedures outlined in Appendix 1.

7.5 CHLOROPHYLL-a

Monitoring for chlorophyll-a is restricted to the areas outside the
initial dilution zones of the Village cof Lake Cowichan and the Duncan/North
Cowichan sewage discharges. The objective of 50 mg/m® of chlorophyll-a
requires between 5 to 10 individual samples collected from natural
substrates on the same day at sites E206106 and E206107 during low flow
(e.g., July or August). Only one site is required downstream from the
Village of Lake Cowichan discharge (E206107), while additional sites to
E206106 may be required downstream from the Duncan/North Cowichan discharge

to document the full impact of the discharge.

In a situation where a clumped distribution of filamentcus green algae
and diatoms co-exist downstream from a discharge, monitcring of the dense
filamentous green algae is recommended, with an estimation of the percent
cover of the green algae. For example, if the clumped green filamentous
algae exceed the chlorophyll-g criteria and the algae cover 50 percent of
the river's wetted width, then the conclusion would be 50% of the wetted
width exceeds the 50 mg/m? criteria for that particular site. Several
sampling stations for chlorophyll-a at regular intervals downstream from a

discharge will provide a thorough assessment of the impact of a discharge.



L6

In addition to the chlorophyll-a analysis, a phaeophytin analysis
should be requested on the requisition, and additional samples of the
filamentous clumps should be collected for biomass analysis and taxonomic

identification.

7.6 TOTAL RESIDUAL CHLORINE

Monitoring for total residual chlorine is difficult in ambient waters
becauée of the instability of the compounds and the inability of field
chlorine testing kits to measure low concentrations accurately. Consequent-
ly, total residual chlorine concentrations downstream from the Duncan/North
Cowichan sewage discharge should be calculated weekly during low river flow
(July to October) from total residual chlorine field measurements of the
dechlorinated effluent, and the degree of the effluent dilution in the

Cowichan River.
7.7 METALS

Detectable total metal concentrations have been measured in the
waichan and the Koksilah rivers. The source of the metals is unknown, but
monitoring of the Cowichan River at the outlet of Cowichan Lake (E206108),
the Koksilah River near Cowichan Station (E206976), and the Koksilah River
near the highway (Site 0123981). Five samples for dissolved copper, lead,
and zinc analysis shouid be éollected weekly in 30 days to test the
objectives outlined in Section 6.9. Low level detection levels for copper
and lead are required to ensure the detection levels are near the objective

concentrations outlined in Section 6.9,

7.8 COPPER-8-QUINOLINOLATE

Monitoring for the copper-8-quinolinolate (Cu~8) objectives is
restricted to the Cowichan River near the outlet of Cowichan Lake (E206108).
Two samples should be collected during the high runoff periocd every year;
Sampling for Cu-8 can be terminated if the sawmill has stopped using thé
chemical and the compounds are below the detection limit for two consecutive

years.
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Figure 4: Koksilah River at Cowichan Station (08HA003)
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TABLE 1

7-DAY AVERAGE LOW FLOW FOR THE COWICHAN AND KOKSILAH RIVERS

Water Survey of
Canada

Hydrometric Station

7-Day Average Low Flow (m®/s)

10-Year Recurrence

2-Year Recurrence

Cowichan River
at outlet of Cowichan Lake
(station O8HAQO02)*
{1965+1985)

Cowichan River
at'Highway*
(station 08HAO11)

(1965+1985)

Koksilah River at
Cowichan Station
(08HA003)

5.60

6.87

5.25

0.30

¥ Regulated Stream Flow
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TABLE 2

SUMMARY OF WATER LICENCES ON THE COWICHAN AND KOKSILAH RIVERS

Domestic Irrigation Industrial Waterworks
Reach (m®/d) (dam?®/yr) (m®/d) (m3/a)
Cowichan River 10 Licences 3 Licences
Between Cowichan 30 4,6 0 0
Lake and Village
of Cowichan Lake
Sewage Discharge
Cowichan River 2 Licences
Between Village of 6.6 0 0 0
Cowichan Lake
Discharge and
Inwood Creek
Cowichan River 3 Licences 1 Licence 3 Licences
Between Inwocod 6.6 0 244 500 14 230
Creek and
Cowichan Indian
Reserve
Cowichan River 0 0 0 0
Below Cowichan
Indian Reserve
Koksilah River 9 Licences 9 Licences :
Above Cowichan 33 143 0 0
Station
Koksilah River 2 Licences T Licences 4 Licences
Below Cowichan 9 B2 5250 0

Station

See Figure 1 for location of the point of withdrawal.
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TABLE

4

THEORETICAL MINIMUM DILUTION RATIOS FOR THE PERMITTED

‘DISCHARGES ON THE COWICHAN RIVER

Average September

Maximum September

Maximum Permitted

Effluent Discharge|{Effluent Discharge Discharge
Initial Initial Initial
River Dilution River Dilution| River |Dilution
Zone Zone Zone
PE 247 (Village of 330:1 165:1 22011 110:1 345:1 172:1
Lake Cowichan)
PE 6607 (Ministry of 86 :1 431 70 :1 35:1 90 :1 451
Environment Fish
Hatchery)
PE 1497 {Duncan/North 68:1% b1 % 50:1% 25:1% 33:1 1621
Cowichan) : :

Dilution based on 1-in-2-year, 7-day average low flow for the Cowichan River

{Section 2)

%¥Based on population growth estimates for the Duncan area, the dilution ratios
would be approximately 24% lower by 2001 due to increased sewage discharge
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TABLE 5

FROM THE VILLAGE OF LAKE COWICHAN SEWAGE TREATMENT FACILITY (PE 247)

Permit Years of Out of
Requirement] Maximum Min., Mean N [Monitoring|{Compliance

BOD (mg/L)} 45 T4 6 23.0 | 6111974-1984 Y
Residue, suspended {mg/L) 60 80 5.7 27.3 | 6111974~-1984 1
Chlorine, Res. (mg/L) 0.05 0.34] 0.00 0.08{1480{1979-1984 300%
Flow (m3?/d) 1728 1635 1180 1400 23}1974-1981 0
Flow (m3/d)*¥ 1728 2027 1650 i8uo 5 1982—1986 3
pH (pH units) - 8.4 4.8 6.9 | 4111974-1984 NA
Spec. Cond. {(uS/cm) - 340 216 270 16{1974~1984 NA
Nitrogen, NO, + NO, (mg/L) - 16.7 0.6 10.5 | 5[1974-1984 NA
Nitrogen, Kjeldahl (mg/L) - 11.0 3.6 7.5 | 5|1974-1984 NA
Phosphorus, total (mg/L) - 25.0 2.2 7.9 | 45|1974-1984 NA
Coliform, fecal (MPN/100 mL) - 3500 L2 542 29[1974-1981 NA
Coliform, fecal {cells/100 mL) - 200 10 560 12 1981 NA
Coliform, total {(MPN/100 mL) - GZNO 000 6.8 |14 900 19(1974-1984 NA

¥ Measurement taken in the retention pond prior to the discharge pond

*¥* Mean September discharge rates (Table 6)
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TABLE 6

MEAN SEPTEMBER DAILY DISCHARGE RATES
FOR THE VILLAGE OF LAKE COWICHAN SEWAGE TREATMENT
FACILITY (PE 247) FROM 1982

SEPTEMBER DISCHARGE

YEAR
m?/d m3/s
1882 1650 0.019
1983 2027 0.024
1984 1870 0.022
1985 2008 0.023
1986 1650 0.019
Average 1841 0.019

Discharges recorded by the Village of Lake Cowichan
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TABLE 7

"MINISTRY OF ENVIRONMENT FISH HATCHERY (PE 6603)

Permit Max. Min. Mean N| Out of

Limit v ' Compliance
pH (pH units) - 7.4 7.2 7.3 3 -
Residue, suspended (mg/L) 5 b 1 2.7 3 0
Specific Conductivity (uS/cm)| - 62 57 59 3 -
Nitrogen, ammonia (mg/L) 0.170 0.052 0.032 0.045 |3 0
Nitrogen, nitrate (mg/L) 0.060| 0.120 | ©0.090 | 0.100 |3 3
Nitrogen, nitrite (mg/L) - <0.005 | <0.005 | <0.005 |3 -
BOD (mg/L) 10 <10 <10 <10 3 0
Phosphorus, total {(mg/L) 0.070f 0.073 10.029 0.052 |3 1
Flow (m?/s)¥* 0.059| 0.075 | 0.050 | 0.061 |7 3

*Water quality data based on three samples collected in 1984
¥*Flow measurements based on summer discharge rates in 1984, 1985, and 1986

(Table 8)
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TABLE 8

SUMMER DISCHARGE RATES FROM
THE MINISTRY OF ENVIRONMENT HATCHERY (PE 6603)

Discharge

PERIOD m3/d m3/s
June 7, 1984 + July 15, 1984 4320 0.050
July 16, 1984 + September 22, 1984 6480 0.075
July 1, 1685 » July 13, 1985 4320 0.050
July 14, 1985 + October 6, 1985 6480 0.075
July 1, 1986 » August 3, 1986 4320 0.050
August 4; 1986 - + September 14, 1986 6480 0.075
September 15, 1986 + October 19, 1986 4320 0.050

Discharges recorded by the Ministry of Environment Hatchery Personnel
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TABLE 10

MEAN SEPTEMBER DAILY DISCHARGE RATES FOR THE
DUNCAN/NORTH COWICHAN SEWAGE TREATMENT
FACILITIES (PE 1497)

Discharge
Year
m3/d m?/s
1982 5960 0.069
1983 7862 0.091
1984 6048 0.070
1985 no data no data
1986 6220 0.072
| Average 6480 0.075




66

TABLE 11

WATER QUALITY DATA FROM THE COWICHAN RIVER
NEAR THE OUTLET OF COWICHAN LAKE (0120808) FROM 1976 TO 1982

Average

Std Dev

Maximum

Minimum

IWater Colour & Clarity

Colour, true (TCU)
Residues, suspended (mg/L)
Turbidity, (NTU)

General Ions

Alkalinity, total (mg/L)
Hardness, dissolved (mg/L)
pH (pH units)

Residues, dissolved {(mg/L)
Specific Conductance (uS/cm)
Calecium, total (mg/L)
Carbon, inorganic (mg/L)
Magnesium, total (mg/L)
Sulphate, dissolved (mg/L)
Silica, dissolved (mg/L)

Nutrients

Nitrogen, ammonia {(mg/L)
Nitrogen, NO,+NO; (mg/L)
Nitrogen, Kjeldahl (mg/L)
Phosphorus, ortho {(mg/L)
Phosphorus, dissolved {mg/L)
Phosphorus, total (mg/L)

Coliforms

Fecal (MPN/100 mL)!
Total (MPN/100 mL)?

1‘5

7.4

4g.9

0.030
©.083

0.007

48.9
138.7

0.7

0.2

o O
oo
I= —
O w

0.002

65'0
120.0

(e N o]

2.0

T.7

52

0.050
0.120

0.009

170
350

1.0

7.1

46

L0.020
L0.010

0.005

! Median fecal eoliform {MPN/100 mL)=17.0
2 Median total cocliform (MPN/100 mL)=116.5
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TABLE 12

WATER QUALITY DATA FROM THE COWICHAN RIVER
NEAR THE OUTLET OF COWICHAN LAKE (E206108) FROM 1985 TO 1988

® N O F W N -

Average |Std Devi{ n Maximumi{Minimum
Water Colour & Clarity
Colour, true (TCU)
Residues, suspended (mg/L) 1.9 1.4 24 6 1
Turbidity {(NTU)
General Ions
Alkalinity, total (mg/L) 21.5 2.4 22 29.8 19.5
Hardness, dissolved (mg/L)
pH (pH units) 7.3 0.3 1 8.2 6.8
Residues, dissolved {(mg/L) 31.1 3.0 22 38 26
Specific Conductance (uS/cm) 51.0 2.9 i 57 39
Calcium, total (mg/L) 7.3 0.7 39 8.7 4.7
Carbon, inorganic (mg/L)
Chloride, dissolved (mg/L) 1.8 0.2 6 2.2 1.6
Magnesium, total (mg/L) 0.7 0.1 39 0.9 0.5
Silica, dissolved (mg/L) ‘
Sodium, dissolved (mg/L) 1.4 0.08 6 1.5 1.3
Sulphate, dissolved (mg/L) 2.5 0.1 2 2.5 2.4
Nutrients
Nitrogen, ammocnia {(mg/L) 0.006 0.001 41 0.010 }L0.005
Nitrogen, NO,+NO, (mg/L) 0.048 0.033 | 41 0.150 [L0.020
Nitrogen, Kjeldahl (mg/L) 0.077 0.029 11 0.140 0.020
Phosphorus, ortho {(mg/L) LO.003 0.0 41 }L0.003 |LO.0OO3
Phosphorus, dissolved (mg/L) 0.004 0.001 38 | ¢.006 {LO.0O3.
Phosphorus, total (mg/L) 0.006 0.003 | 41 0.015 |L0.003
Coliforms
Fecal (cells/100 mL)! 12.9 33.8 | 14 130 L2
Total (cells/100 mL)?2 242 43y 9 1300 L2
Metals
Aluminum, total (mg/L)? 0.055 0.040 30 0.220 |L0.020
Cadmium, total (mg/L)}" - L0.0005 7 |LO.0005|L0,0005
Cadmium, total (mg/L)S% L0.010 32 [L0.010 [L0.010
Chromium, tetal {mg/L)}® 0:010 35 | 0.010 [LO.010
Copper, total (mg/L)? 0.0027 | 0.004 - 39 | 0.030 |LO.0OO1
Iron, total (mg/L)® 0.100 0.109 39 0.640 |L0.010O
Lead, total (mg/L) L0.001 1 ]L0.00t |L0.0O01
Manganese, total (mg/L) L0.010 0.0 3 |L0.010 fLO.O1O
Mercury, total (mg/L) ' :
Nickel, total {mg/L) L0.050 0.0 3 JL0O.050 (LO.050
Zine, total (mg/L) L0.005 1 |L0.005 }|L0.005
Median Fecal Coliform (cells/100 mL)=3
Median Total Coliform (cells/100 mL)=31
7 of the 30 aluminum results were below the 0,020 mg/L detection level
7 of the 7 cadmium results were below the 0.0005 mg/L detection level
32 of the 32 cadmium results were below the 0.01 - mg/L detection level
34 of the 35 chromium results were below the 0.01 mg/L detection level
16 of the 39 copper results were below the 0.001 mg/L detection level
2 of the 39 iron results were below the 0.01 mg/L detection level
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TABLE 13

AT RIVERBOTTOM ROAD (0120801) FROM 1971 TC 1977

Average |Std Dev] n Maximum| Minimum

Water Colour & Clarity

Colour, true (TCU) 5.4 1.3 14 10 L5

Residues, suspended (mg/L) 6.6 7.2 1 20 1

Turbidity, (NTU) 1.9 2.9 15 12 0.3
General Ions

Alkalinity, total (mg/L) 21.8 1.6 3 23 20

Hardness, dissclved {(mg/L) 22.0 2.3 15 28 18.9

pH (pH units) 7.5 0.1 11 7.7 7.3

Residues, dissclved (mg/L)

Specific Conductance (uS/cm) 50.4 3.9 1 56 46

Caleium, total {(mg/L) 7.2 0.5 10 8.0 6.4

Carbon, inorganic (mg/L) ’

Chlorine, dissolved (mg/L) 1.8 1

Magnesium, total (mg/L) 0.68 0.07 8 0.83 0.58

Silieca, dissclved (mg/L) 2.6 0.3 3 2.9 2.1

Sulphate, dissolved (mg/L) 4.6 0.9 14 5 2.0

Surfactants, total {(mg/L) 0.037 0,048 6 0.13 0.0
Nutrients

Nitrogen, ammonia {(mg/L) 0.010 0.001 41 0,011 0.008

Nitrogen, NO.+NO, (mg/L) 0.033 0.024 6 | 0.080 |L0.020

Nitrogen, Kjeldahl (mg/L) 0.170 0.106 6 0.310 0.050

Phosphorus,; ortho {(mg/L) 0.003 0.0 9 | 0.003 [L0O.003

Phosphorus, dissolved {(mg/L)

Phospherus, total (mg/L) 0.010 0.007 15 C.032 0.004
Coliforms & BOD

Fecal (MPN/100 mL)! 4o.4 T2.7 12 240 L2

Total (MPN/100 mL)? 148.2 108.4 11 348 L2

COD, total {(mg/L) - 9.1 2.8 14 1.7 1.4
Metals

Cadmium, total {(mg/L) L0.0005 4 |L0.0C05|L0.0005

Chromium, total (mg/L) L0.005 3 [LC.005 [LO.CO5

Copper, total (mg/L) 0.003° 0.003 12 0.010 |LO.0O1

Iron, total (mg/L) 0.261 0.325 14 1.3 LO.040

Lead, total (mg/L) 0.003" 0.002 15 | 0.008 {L0O.0O1

Mercury, total (mg/L) 0.00005°|0.00003} 14 {0.00014{L0.00005

Nickel, total {(mg/L) L0.010 "3 jL0.10 L.0.010

Zinc, total (mg/L) 0.006° 0.004 L.0.005

15

0.019

[ ] £ow N e

Median Fecal Coliform
Median Tctal Coliform
5 of 12 samples below the
8 of 15 samples below the
9 of 13 samples below the
12 of 15 samples below the

(MPN/100 mL)=8
(MPN/100 mL)=170
detection level
detection level
detection level
detection level

of 0.001 mg/L
of 0.001 mg/L
of 0.00005 mg/L
of 0.005 mg/L
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TABLE 14

WATER QUALITY DATA AT THE COWICHAN RIVER

AT HIGHWAY BRIDGE (0120802) FROM 1968 TO 1983

Average |Std Devl n Maximum| Minimum
Water Colour & Clarity
Colour, true (TCU) 5.2 1.0 23 10 L5
Residues, suspended {mg/L) 8.9 18.4 35 96 L1
Turbidity, (NTU) 2.7 5.3 54 37 0.3
General Ions
Alkalinity, total {mg/L) 19.5 2.3 i 23.5 10.6
Hardness, dissolved (mg/L) 21.6 2.4 50 27.4 12.
pH (pH units) 7.5 0.2 71 8.2 7.0
Residues, dissclved (mg/L)
Specific Conductance (uS/cm) 52.1 5.4 63 64.3 | 30.0
Calecium, total (mg/L) 7.5 0.8 51 8.9 4,0
Carbon, inorganic (mg/L) 3.7 1.0 9 5.0 2.0
Chloride, dissolved (mg/L) 1.7 0.3 u2 2.5 0.3
Magnesium, total (mg/L) 0.7 0.1 13 0.8 0.6
Phencls, total (mg/L) 0.002 0.001f 10 0.007| LO.0O0OS
Silica, dissolved (mg/L) 3.1 0.7 51 4.y 1.4
Sulphate, dissolved (mg/L) 3.1 1.5 53 5.7 | L1.0
Nutrients
Nitrogen, ammonia (mg/L) 0.026 0.038 | 29 | 0.100 | 0.003
Nitrogen, NO,+NO, (mg/L) 0.038 0.036 | 54 | 0,185 |L0.020
Nitrogen, Kjeldahl (mg/L) 0.109 0.099 | 29 | 0.280 | 0.010
Phosphorus, orthc (mg/L) 0.003 0.001 26 | 0.004 [L0.003
Phosphorus, -dissolved {(mg/L) 0.008 0.014 g [ 0.045 |LO.OOY
Phosphorus, total (mg/L) ' 0.015 0.021 43 0.115 |L0O.002
Coliforms & BOD _
Fecal (MPN/100 mL) 33.3' | 63.5 29 | 350 L2
Total (MPN/lOO mL) 102.3% 95.1 24 350 5
BOD (mg/L) L10.0 0.0 | 6| L10.0 | L10.0
CoD (mg/L) 10.132 0.01 | 17 11.7 | L10.0
Metals :
Aluminum, total {(mg/L) 0.145 0.158 4 1 0.350 |L0.020
Cadmium, total (mg/L) 0.0005" 0.0001] M 0.0007|L0.0005
Chromium, total (mg/L) L0O.005 0.000 2 jL0.005 1L0.005
Copper, total {(mg/L) 0.002% 0.002 | 23 | 0,008 {LD.0O1
Iron, total {(mg/L) 0.190 0.190 | 24 | 0.710 | 0.010
Lead, total {mg/L) 0.003¢ 0.007 25 0.034 |LO,001
Manganese, total (mg/L) 0.0117 0.003 21 0.020 |L0,010
Mercury, total (mg/L) 0.00005%|0.00001} 21 0.0001{L0.00005
Zinec, total (mg/L) 0.010°% 0.012 | 16 0.050 | L0.005
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TABLE 14 (continued)

Pesticides .

Aroclor 1248, total (mg/L) L0O.0001 2 {L0.,0001|L0.0001
Aroclor 1254, total (mg/L) LO.0001 2 |LO.00C01|L0.0001
Aroclor 1260, total {(mg/L) L0. 0001 2 {L0.0001(L0.0001
P,P-DDE, total (pg/L) L0.005 2 |L0.005 [{L0.0O05
P,P-DDD, total (pg/L) L0.005 2 {L0.005 [L0O.005
P, P-DDT, total (ug/L) L0.005 2 |L0.005 |L0.005
Dieldren, total (ug/L) L0.005 2 |L0.005 |L0.005
Endrin, total (ug/L) L0.005 2 |L0.005 |L0.005
Heptaclor, total (ug/L) L0.005 2 |L0,005 |LO.005
Methoxychlor, total (ug/L) LO.01 2 {LD.O1 LO. 01

W O N o W N -

Median Fecal Coliform (MPN/100 mL)=20

Median Total Coliform (MPN/100 mL)=79

16 of 17 results below the 10.0 mg/L detection level

10 of 11 results below the 0.0005 mg/L detection level
11 of 23 results below the 0.001 mg/L detection level
13 of 25 results below the 0.001 mg/L detection level
17 of 21 results below the 0.010 mg/L detection level
18 of 21 results below the 0.00005 mg/L detection level
9 of 16 results below the 0.005 mg/L detection level
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TABLE 15

WATER QUALITY DATA FROM THE COWICHAN RIVER
AT THE TRANS-CANADA HIGHWAY FROM 1985 TO 1986 (0120802)

Average |Std Dev}| n Maximumi{Minimum
Water Colour & Clarity
Colour, true {(TCU) 5.3 4.0 3 9.0 1.0
Residues, suspended {(mg/L) 1.7 0.7 10 3.0 1.0
Turbidity, (NTU) 6.7 1
General Ions
Alkalinity, total (mg/L) 24,3 4.1 11 33.7 20.8
Hardness, dissolved {(mg/L)
pH (pH units) 7.5 3.3 20 8.4 7.0
Residues, dissolved (mg/L) 35.0 4.8 10 | 42 26
Specific Conductance (uS/cm) 54.9 3.8 21 60 48
Calecium, total {mg/L) 7.8 1.1 10 9.8 5.6
Carbon, inorganic (mg/L) '
Chloride, dissolved {mg/L) 2.1 0.5 6 3.1 1.7
Magnesium, total (mg/L) 0.9 0.08 | 10 0.95 0.74
Silica, dissolved (mg/L) 3.5 1
Sodium, dissolved (mg/L) 1.7 0.3 5 2.1 1.4
Sulpnate, dissolved (mg/L) 1.7 0.1 6 1.8 1.5
Nutrients
Nitrogen, ammonia (mg/L) 0.008 0.006 | 20 | 0.030 |L0.005
Nitrogen, NO,+NO; (mg/L) 0.050 0,042 | 20 | 0.170 |L0.020
Nitrogen, Kjeldahl {(mg/L) 0.085 0.004 20 | 0.150 | 0.010
Phosphorus, ortho (mg/L) 0.003 0.001 20 | 0.007 |L0.003
Phosphorus, dissolved {(mg/L) 0.005 0.002 16 | 0.009 |L0.003
Phospheorus, total (mg/L) 0.010 0.004 21 0.025 0.005
Coliforms
Fecal (cells/100 mL)!? 21.2 10.7 5 33 13
Total (cells/100 mL)? 198.3 [132.7 ¥ I 350 33
Metals
© Aluminum, total (mg/L) 0.081 0.080 [ 10 | 0.290 |L0.020
Cadmium, total (mg/L) ‘ ' ’
Chromium, total (mg/L) L0.010 0.000 10 |L0O.010 |LO.C1C0
Copper, total (mg/L) 0.001%*§ 0.0C04] 10 | 0,002 |L0O.001
Ircn, total (mg/L) 0.092 | 0.089 | 10 | 0.330 |LO.010
Lead, total {(mg/L) 0.002%| 0.002 10 0.006 {L0O.0O1
Manganese, total (mg/L) 1L0.010 | 0.000 § 10 jLO.010 |L0O.010
Mercury, total (mg/L) o ‘ '
Molybdenum, total (mg/L) L0.010 0.000 10 |LO.01C [LO.0O10
Nickel, total (mg/L) L0.050 | 0.000 "9 |LO.05%0 [L0.050
Zine, total (mg/L) 0.007%| ©.005 | 10 | 0.020 {L0.005

(T I -

Median Fecal Coliform
Mediam Total Coliform
4 of 10 samples below
4 of 10 samples below
9 of 10 samples below

(cells/100 mL)=14
{cells/100 mL)=205

the 0.001 detection level
the 0.001 detection level
the 0.005 detection level
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TABLE 17

COWICHAN RIVER GENERAL WATER QUALITY DATA ABOVE AND BELOW
THE VILLAGE OF LAKE COWICHAN SEWAGE DISCHARGE (PE 247)-
FROM 1971 to 1984

Cowichan River Cowichan River

200 m above the 200 m below the

PE 247 Discharge PE 247 Discharge

(0120808) (0120809 and
E206107)

Alkalinity, total (mg/L) 22.8 + 3.7 (n=8)%| 22.7 + 3.5 (n=9)
Calcium, total (mg/L) 6.7 + 0.8 {n=3) 6.5 £+ 1,0 {(n=2)
Chloride, diss. (mg/L) 1.8 £ 0.1 (n=5) 1.7 £ 0.1 (n=4)
Chlorine, residual (mg/L) ' 0 (n=2) 0 (n=2)
Colour, true (true colour units) 2.0+ 0 {(n=3) 1.0 £+ 0 (n=2)
Fluoride, diss. (mg/L) 0.1 (n=1) 0.1 {n=1)
Hardness, total (mg/L) 19.2 + 2.3 (n=3) 18.7 + 2.9 (n=2)
Magnesium, diss. (mg/L) 0.6 + 0.0 (n=3) 0.6 + 0.0 (n=2)
Potassium, diss. (mg/L) 0.1 £ 0.1 {(n=6) 0.1 + 0.1 (n=6)
pH (pH units) 7.4 + 0.2 (n=25)| 7.5 + 0.1 (n=23)
Residue, diss. (mg/L) 31.3 £ 3.4 (n=8) 30.0 + 6.9 (n=8)
Residue, suspended {mg/L) 1.4 £ 0.5 {n=8) 1.4 + 0.5 (n=8)
Silica, diss. (mg/L) 2.6 (n=1) 2.5 (n=1)
Sodium, diss. (mg/L) 1.4 + 0.1 (n=5) 1.4 £+ 0.1 (n=5)
Specific Conductance (uS/cm) 49.9 + 2 (n=25) | 50.3 + 2° (n=32)
Sulphate, diss. (mg/L) 1.6 + 0.1 (n=b6) 1.5 + 0.0 (n=5)

* mean + standard deviation, n = number of values
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TABLE 18

COWICHAN RIVER NUTRIENT DATA ABOVE AND BELOW _
THE VILLAGE OF LAKE COWICHAN SEWAGE DISCHARGE (PE 247)
FROM 1976 to 1986

Cowichan River 200 m above the Cowichan River 200 m below the
PE 247 Discharge PE 247 Discharge
(0120808) (0120809 and E206107)
Sample Total Total
Date Ammonia-N|Nitrate-N|TKN¥*| Phosphorus|Ammonia-N|Nitrate~N|TKN*| Phosphorus
Yr/Mo/Day
761123 - L20 - 6 - L20 - 8
770413 - 30 - 5 - 30 - 6
770526 - L20 - 9 - L20 - 6
780413 - 50 - - - - 140 -
780705 - L20 L10 - - - 130 -
781122 - 50 100 8 - 50 140 9
790911 - L20 120 9 - L20 280 17
800611 - 40 80 5 - 30 90 6
820928 - L20 80 ) - - - -
850121 L5 70 - 10 - - - -
850213 L5 80 - 7 19 80 - 8
850312 L5 60 - 5 7 60 - 7
850410 5 60 - ) L5 60 - 7
850507 L5 40 - 3 5 40 - 5
850611 6 20 - 5 8 30 - 10
850702 5 L20 - 7 L5 20 - 13
850806 5 20 |- 6 L5 - 20 - 14
851007 5 20 - -6 L5 20 - 12
851104 5 20 - 7 5 20 - 7
860602 5 L20 - 6 L5 20 - 8
860702 5 L20 - T 16 20 - 13
860805 6 L20 - 7 - - - -
860902 8 20 - 5 13 L20 - 14
861001 5 L20 - 4 6 20 - 7
861003 5 20 - 5 9 L20 - 13

(all results in pg/L)

* TKN = Total Kjeldahl Nitrogen
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TABLE 19

COWICHAN RIVER COLIFORM DATA ABOVE AND BELOW THE
VILLAGE OF LAKE COWICHAN SEWAGE DISCHARGE (PE 247)

FROM 1976 to 1986

Cowichan River Cowichan River
200 m above the 200 m below the
PE 247 Discharge PE 247 Discharge
{0120808) (0120809 and
E206107)
Yr/Mo/Day Fecal Total Fecal Total
761123 17 170 1 350
770413 2 - 13 -
770526 170 170 70 220
781122 5 46 5 17
790911 17 33 240 G2400
800611 110 350 23 240
820928 21 63 - -
850507 - - 2 -
850611 9 49 i 79
850702 7 33 2 46
850806 49 2400 13 920
860805 33 110 110 13000
860902 - - 33 “1600
861001 49 920 79 240
Average 40.7 395 ip 1740
Standard ' '
Deviation 50.6 713 67 3810
Sample Size 12° 12 13 11
Geometric mean 17 110 13 ‘ 240
90th Percentile 110 2400

110 920

(all results are MPN/100 mL)
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TABLE 23

COWICHAN RIVER GENERAL WATER QUALITY ABOVE AND BELOW THE
DUNCAN/NORTH COWICHAN SEWAGE DISCHARGE (PE 1497)

Cowichan River Cowichan River
1.5 km above 1 km below
PE 1497 PE 1497
{0120802) {E206706)
Alkalinity, total {(mg/L) 24,3 + 4.1 (n=11) 25,5 + 4.2 {n=11)
Calcium, total (mg/L) 7.8 + 1.1 {(n=10) 8.0 + 0.6 (n=19)
Chloride, diss. (mg/L) 2.1 + 0.5 (n=6) 2.6 + 0.8 (n=6)
Colour, true (true colour units) 5.3 £ 4.0 (n=3) 4.5 + 2.1 (n=2)
Spec. Conductance, {(uS/cm) 54,9 + 3.7 (n=21) 58.5 % 4.9 (n=21)
Fluoride, diss. (mg/L) < 0.1 (n=1)  |< 0.1 (n=1)
Hardness, total (mg/L) 23.0 + 2.1 (n=6) 23.7 + 2.1 (n=6)
Magnesium, total (mg/L) 0.9 + 0.1 (n=10) 0.9 £ 0.1 (n=19)
pH (pH units) 7.5 £ 0.3 (n=20) 7.4 £ 0.3 (n=21)
Potassium, diss. {(mg/L) 0.1 £ 0.1 {n=6) 0.2 + 0.1 (n=5)
Residue, diss. (mg/L) 35  + 4.8 (n=10) 37.3 + 5.5 (n=11)
Residue, suspended {mg/L) 1.7 £ 0.7 (n=i0) 2.9 + 1.9 {n=11)
Silica, diss. {mg/L) 3.5 (n=1) 3.6 + 0.4 (n=2)
Sodium, diss. (mg/L) 1.7 + 0.3 (n=5) 1.8 + 0.4 (n=6)
Sulphate, diss. (mg/L) 1.7 £ 0.1 (n=6) 2.1 % 0.4 (n=6)

mean * standard deviation, n = number of values
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TABLE 25

COWICHAN RIVER METALS DATA ABOVE AND BELOW THE
DUNCAN/NORTH COWICHAN SEWAGE DISCHARGE (PE 1497)

Cowichan River

Cowichan River

1.5 km above 1 km below

PE 1497 PE 1497

(0120802) (0120800 and E206106)
Aluminum, total 81 + 8 (10)* 105 + 122 (19)
Chromium, total <10 (10) <10 (18)
Cobalt, total <100 (10) <100 (19)
Copper, total 1.3 + 0.4 (10) 2.2 + 0.4 (19)
Lead, total 1.7 + 4.8 (10) 1.6 + 1.2 (18)
Manganese, total <10 (10) 12 + 4 (19)
Molybdenum, total <10 (10) <10 (18)
Nickel, total <50 (9 <50 (16)
Vanadium, total <10 (10) <10 19
Zinc, total <5 (9) <5 (19)

All results are expressed as ug/L.

*mean + standard deviation, number of values in brackets
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TABLE 26

COWICHAN RIVER COLIFORM DATA FROM
- THE DUNCAN/NORTH COWICHAN SEWAGE DISCHARGE (PE 1497)

1970-1983 ABOVE AND

BELOW

Cowichan River Cowichan River
1.5 km above 1 km below
PE 1497 PE 1497
{0120802) {0120800)
Fecal Total Fecal Total
Average 33.3 102 182.1 943.5
Standard Deviation 63.5 95.1 215.3 774.9
Maximum 350 350 920 G2400
Minimum <2 5 2 33
90th Percentile 4g 240 541 2330
Geometric Mean 16.6 58.6 85.7 536.6
Sample Size 29 24 33 30
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TABLE 27

COWICHAN RIVER COLIFORM DATA SINCE 1984 ABOVE AND BELOW THE
DUNCAN/NORTH COWICHAN SEWAGE DISCHARGE (PE 1497)

Cowichan River Cowichan River
1.5 km above 1 km below
PE 1497 PE 1497
{0120802) (E206106)
Y/M/D Fecal Total Fecal Total
84,/08/29 14 - 4 -
85/08/06 13 170 49 540
86/08/05 33 350 33 230
86709702 13 33 33 <2400
86/10/01 33 240 11 130
Average 21,2 198 26.0 825
Standard Deviation 10.7 132 18.3 1064
Sample Size 5 i 5 Yy

all results in MPN/100 mL
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TABLE 28

EFFLUENT QUALITY OF THE DUNCAN/NORTH COWICHAN SEWAGE LAGOON

AFTER ONE MONTH OF OPERATION (FROM DERKSEN, 1981)

Sept. 15/80 |Sept. 16/80 |Sept. 17/80| Sept 18/80

TCC 30 3 30 30
TIC 30 33 32 32
Phenol 0.032 0.030 0.046 C.031
Dissolved Oxygen 3.6 1.6 2.9 2.4

{(Winkler) <0.050 <0.050
Sulfide <0.050 <0.050 0.085 0.098
LAS (surfactants) 0.098 0.098 85 100
COD 90 85 12 15
NFR 14 16 392 398
Conductivity (uhmos/cm) 387 395 120 119
Alkalinity (as CaCO0,) 117 120 "~ 6.0 19.0
Turbidity (NTU) 2.3 6.7 47.0 48 .1
Hardness 47.4 48,1 - 7.0
pH (pH units) 7.0 - <0.0094 <0.0050
NO, <0.0050 <0.0050 <0.010 <0.010
NO, <0.010 <0.010 20.0 -
NH, +NH, 12.6" 16.1 0.059 -
TDN "0.037 0.047 16.0 14,5
TP 13.0 11.0 i, 85 “4us
TDP 5.57 4,78 4,85 4,42
Extractable*
Cu 0.021 0.017 0.017 0.020
Pb <0.0010 <0.0010 <0.0010 <0.0010
Cd <0.0010 <0.0010 <0.0010 <0.0010
Zn 0.0186 0.0070 0.0260 0.0094
Fe 0.237 0.277 0.215 0.336
Dissclved*
[Cu 0.014 0.0088 0.029 0.021
Pb <0.0010 <0.0010 <0.0010 <0.0010
Cd <0.0010 <0.0010 <0.0010 <0.0010
Zn 0.073 0.0077 0.0074 0.0110
Fe 0.106 0.135 0.114 0.157
Effluent Discharge m®/d 4906 4306 4612 4563

all results as mg/L unless noted

*¥Inductively Coupled Plasma Spectrograph and Flameless Atomic

Absorption.
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TABLE 29

WATER QUALITY DATA (1985-1987) FOR THE KOKSILAH RIVER AT HIGHWAY 1 (0123981)

STANDARD
N AVERAGE DEVIATION MAXIMUM | MINIMUM MEDIAN
GENERAL WATER QUALITY
pH (pH units) 28 7.4 0.25 8.2 6.9
Specific Conductance
(uS/cm) 28 | 112.6 40 172 54
Alkalinity, total
{mg/L) 17 40.3 14,97 58.8 21.3
Residue, total diss. '
{mg/L) 17 76 22 108 50
Residue, total
suspended (mg/L) 18 2.3 2.7 12 <1
Calcium, total
{mg/L) 26 14.6 5.4 24,7 6.9
Chloride, diss. ' ' :
{mg/L) 1 6.8
Magnesium, total
{mg/L) 26 2.4 0.99 4,20 1.28
Potassium, diss.
{mg/L) : 1 0.4
Sodium, diss. )
(mg/L) 2 3.5 1.3 et 2.6
Sulphate, diss. ’
{mg/L) 2 6.35 1.3 7.3 5.4
NUTRIENTS
Nitrogen-ammonia
(mg/L) 27 0.012 0.006 0.026 <0.005
Nitrogen, nitrate '
(mg/L) . 27 0.157 0.011 0.600 0.040
Nitrogen, nitrite : '
(mg/L) 13 <0.005
Phosphorus, ortho ‘
{mg/L) 26 0.005 0.002 0.011 <0.003
Phosphorus, ' '
dissolved (mg/L) 27 0.008 0.003 0.016 0.003
Phosphorus, total
{mg/L) 28 0.014 0.012 0.072 0.007
Coliform Bacteria
Fecal 8 96 184 540 <2 25
Total 8 504 690 1600 <2 175
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TABLE 29 (continued)

STANDARD
METALS N AVERAGE DEVIATIOCN MAXIMUM MINIMUM MEDIAN
Aluminum, total :
{mg/L) 23 0.182 0.350 1.690 <0.02
Arsenic, total
(mg/L) 19 <0.250
1 <0.001
Cadmium, total
{mg/L) 25 <0.01
1 <0.0005
Cobalt, total
(mg/L) 26 <0.100
Chromium, total
{mg/L) 26 0.01! 0.01 <0,01
Copper, total
(mg/L) 26 0.004% 0.005 0.020 <0, 001
Iron, total
(mg/L) 26 0.250° 0.422 2.21 <0,01
Lead, total
(mg/L) 25 0.003* 0.004 0.021 <0.001
Manganese, total
(mg/L) ' 26 0.022°% 0.015 0.05 <0.01
Molybdenum, total
(mg/L) , 25 0.01¢ 0.01 <0.01
1 <0.0005
Nickel, total ’
(mg/L) 26 <0.05
Vanadium, total
(mg/L) 26 <0.01
Zinc, total C
{mg/L) 26 0 0077 0.004 0.020 <0.005

..

AU W

25 of 26 results were below the 0.01 mg/L detection level

4 of 26 results were below the 0.001 mg/L detection level

1 of 26 results was below the 0.01 mg/L detection level

7 of 25 results were below the 0.001 mg/L detection level

4 of 26 results were below the 0.01 mg/L detection level

24 of 25 results were below the 0.01 mg/L detection level
16 of 26 results were below the 0.005 mg/L detection level.
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TABLE 30

{mg/L~N)
3.0 4,0 5.0 6.0 7.0 8.0 9.0 10.0
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TABLE 31
AVERAGE 30-DAY CONCENTRATION OF TOTAL A?MONIA ?ITROGEN FOR PROTECTION OF AQUATIC LIFE
: mg/L=N
pH Temp.

0.0 1.0 2.0 3.0 4,0 5.0 6.0 7.0 8.0 9.0 10.0
6.5 2.08 2.05 2.02 1.99 1.97 1.94 1.92 1.90 1.88 1.86 1.84
6.6 2.08 2.05 2.02 1.99 1.97 1.94 1.92 1.90 1.88 1.86 1.84
6.7 2.08 2.05 2.02 1.99 1.97 1.94 1.92 1.90 1.88 1.86 1.8%
6.8 2,08 2.05 2.02 1.99 1.96 1.94 1.92 1.90 1.88 1.86 1.84
6.9 2.08 2.05 2.02 1.99 1.97 1.94 1.92 1.90 1.88 1.86 1.84
7.0 2.08 2.05 2.02 1.99 1.97 1.94 1.92 1.90 1.88 1.86 1.84
7.1 2.08 2.05 2.02 1.99 1.97 1.94 1.92 1.90 1.88 1.86 1.84
7.2 2.08 2.05 2.02 1.99 1.96 1.95 1.92 1.90 1.88 1.86 1.85
7.3 2.08 2.05 2.02 1.99 1.97 1.95 1.92 1.90 1.88 1.86 1.85
7.4 2,08 2.05 2.02 2.00 1.97 1.95 1.92 1.90 1.88 1.87 1.85
7.5 2.08 2.05 2.02 2.00 1.97 1.95 1.93 1.9 1.88 1.87 1.85
7.6 2,09 2.05 2.03 2.00 1.97 1.95 1.93 1.9 1.89 1.87 1.85
T.7 2.09 2.05 2.03 2.00 1.98 1.95 1.93 1.91 1.89 1.87 1.86
7.8 1.78 1.75 1.73 1.71 1.69 1.67 1.65 1.63 1.62 1.60 1.59
7.9 1.50 1.48 1,46 1. 44 1.43 1.4 1.39 1.38 1.36 1.35 1.34
8.0 1.26 1.24 1.23 1.21% 1.20 1.18 1.17 1.16 1.15 1.14 1.13
8.1 1.00 0.989 0.976 0.963 0.952 0.942 0.932 0.922 0.914 0,906 0.899
8.2 0.799 0.788 0.777 0.768 0.759 0.751 0.743 0.736 0.730 0.724 ~0.718
8.3 0.636 0.628 0.620 0.613 0.606 0.599 0.594 0.588 0.583 0.579 0.575%
8.4 0.508 0.501 0.495 0.489 0.484  0.479 0.475  0.4T1 0.U467  0.464 0,461
8.5 C.405 0.400 0.396 0. 381 0.387 0.384 0.380 0.377 0.375 0.372 0,370
8.6 0.324 0,320 0.317 0.313 0.310 0.308 0,305 0.303 0.301 0.300 0.298
8.7 0.260 0.257 0,254 0.251 0.249  0.247 0,246 0,244 0.243 Q.242 ©0.241
8.8 0.208 0.206 0.204 0.202 0. 201 0.200 0.198 0.197 0.197 0.196 0.196
8.9 0.168 0.166 0.165 0.163 0,162 0.161 0. 161 0,160 0.160 0.160 0.160
9.0 0.135 0.134 0.133 0.132 0.132 0.131 0.131 g.131 0.131 0.131 0.131

11.0 12.0 13.0 14,0 15.0 16.0 17.0 18.0 19.0 20.0
6.5 1.82 1.81 1.80 1.78 1.77 1.64 1.52 1.4 1.31 1.22
6.6 1.82 1.81 1.80 1.78 1.77 1.64 1.52 1.4 1.31 1.22
6.7 1.83 1.81 1.80 1.78 1.77 1.64 1.52 1.41 1.31 1.22
6.8 1.83 1.81 1.80 1.78 1.77 1.64 1.52 1.42 1.32 1.22
6.9 1.82 1.81 1.80 1.78 1.77 1.64 1.53 1.42 1.32 1.22
7.0 1.83 1.81 1.80 1.79 1.77 1.64 1.53 1.42 1.32 1.22
7.1 1.83 1.81 1.80 1.79 1.77 1.65 1.53 1.42 1.32 1.23
7.2 1.83 1.81 1.80 1.79 1.78 1.65 1.53 1.42 1.32 1.23
7.3 1.83 1.82 1.80 1.79 1.78 1.65 1.53 1.42 1.32 1.23
7.4  1.83 1.82 1.80 1.79 1.78 1.65 1.53 1.42 1.32 1.23
7.5 1.83 1.82 1.81 1.80 1.78 1.66 1.54 1.43 1.33 1.23
7.6 1.84 1.82 1.81 1.80 1.79 1.66 1.54 1.43 1.33 1.24
7.7 1.8k 1.83 1.81 1.80 1.79 1.66 1.54 1,44 1.34 1.24
7.8 1.57 1.56 1.55 1.54 1.53 1.42 1.32 1.23 1.14 1.07
7.9 1.33 1.32 1.31 1.31 1.30 1.21 1.12 1.04 0.97¢C 0.904
8.0 1.12 1.11 1.10 1.10 1.09 1.02 0.944 0.878 0.818 0.762
8.1 0.893 0.887 0.882 0.878 0.874 0.812 0.756 0.704 0.655 0.611
8.2 0.714 0.709 0.706 0.703 0.700 0.651 0.606 0.565 0.527 0. 491
8.3 0.57 0.568 0.566 0.564 0.562 0.523 0.487 0.455 O.424  0.396
8.4 0.458 0.456 0.455 0,453 0.452  0.421 0.393 0.367 0.343 0.321
8.5 0.369 0.367 0.366 0.366 0.365 0.341 0.318 0.298 0.278 0.261
8.6 0.297 0.297 0.296 0.296 0,296 0.277 0.259 0.242 0.227 0.213
8.7 0.241 0.240 0.240 0. 241 0.241 0.226 0.212 0.198 0.186 0.175
8.8 0.196 0.196 0.196 0.197 0.198 0.185 0.174 0.164 0,154 0.145
8.9 0.160 0.161 0.161 0.162 0.163 0.153 0,144 0.136 0.128 0.121
9.0 0.132 0.132 0.133 0.134 0.135 0.128 0.121 0.114 0.108 0.102

- the average of the measured values must be less than the average of the
corresponding individual values in Table 31.

- each measured value is compared to the corresponding individual values in Table 30.
No more than one in five of the measured values can be greater than one-and-a-half

times the corresponding values in Table 31.
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APPENDIX 1
ACCURATE pH MEASUREMENT IN THE FIELD

Always record the pH meter name and model in the field notes.

Use standard pH 4 and 7 (or 10) reference buffers for dual pH

calibration.

- If a Hydrolab is used, it has a built-in temperature compensation
which allows calibration in the laboratory prior to field use.

- If the pH meter has a temperature compensation knob (e.g., Metrohm
meters), then the temperature of the buffers should be the same

temperature as the ambient waters (i.e., field calibration).

If the specific conductance of the ambient water is less than 200 us/cm,
then the dual calibration described above should be repeated on all pH
meters {(inecluding Hydrolab) using low ionic strength buffers. The Orion
pH buffers are for low .ionic strength waters. If the meter does not
reproduce pH 4 and 7 then there are probiems with the reference
electrode. Refer to McKean and Huggins (1988) for suggestions on the

reference electrode maintenance.






