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Preface

1.1 Purpose of Water Quality Objectives

Water Quality Objectives are prepared for specific bodies of fresh, estuarine and coastal marine surface waters of
British Columbia as part of the BC Water Land and Air Protection’s mandate to manage water quality. Objectives

are prepared only for those waterbodies and water quality characteristics that may be affected by human activity
now or in the future.

1.2 How Objectives Are Determined

Water Quality Objectives are based on scientific benchmarks called water quality guidelines (criteria).” Water
quality guidelines (WQGs) relate the physical, chemical or biological characteristics of water, biota (plant and
animal life) or sediment to their effects on water use. Objectives are established in British Columbia for waterbodies
on a site-specific basis. They are derived from the guidelines by considering local water quality, water uses, water
movement, waste discharges, and socio-economic factors.

Water quality objectives are set to protect the most sensitive designated water use at a specific location. A
designated water use is one that is protected in a given location and is one of the following:

e Drinking source water, public water supply, and food processing

e Recreation and aesthetics

e Fisheries, aquatic life and wildlife

e  Agriculture (livestock watering and irrigation)

o Industrial water supplies

Each objective for a location may be based on the protection of a different water use, depending on the uses that are
most sensitive to the physical, chemical or biological characteristics affecting that waterbody.

1.3 How Objectives Are Used

Water Quality Objectives provide guidance for resource managers for the protection of water uses in specific
waterbodies. Objectives are used to evaluate water quality, assist in issuing permits, licenses and orders to help
manage fisheries and the province’s land base. They also provide a reference against which the state of water quality

* The process for establishing water quality objectives is outlined more fully in Developing Water Quality Objectives
in British Columbia A User’s Guide and Methods for Deriving Site-Specific Water Quality Objectives in British
Columbia and Yukon. Copies of these documents are available from the Water Quality Section, BCWLAP.
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in a particular waterbody can be checked, and help to determine whether basin-wide water quality studies should be
initiated. Water quality objectives are also a standard for assessing the Ministry’s performance in protecting water
uses.

1.4 Objectives and Monitoring

Water Quality Objectives are established to protect all uses which may take place in a waterbody. Monitoring
(sometimes called sampling) is undertaken to determine if all the designated water uses are being protected. The
monitoring usually takes place at a critical time when a water quality specialist has determined that the water quality
objectives may not be met. It is assumed that if all designated water uses are protected at the critical time, then they
also will be protected at other times when the threat is less. The monitoring usually takes place during a five week
period, which allows the specialists to measure the worst, as well as the average condition in the water. For some
waterbodies, the monitoring period and frequency may vary, depending upon the nature of the problem, severity of
threats to designated water uses, and the way the objectives are expressed (i.e., mean value, maximum value).
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Summary

Fed by glaciers on the slopes of the Hudson Bay Mountain Range overlooking Smithers, British Columbia,
Toboggan Creek supports coho and pink salmon and rainbow/steelhead trout spawning and rearing. A Department
of Fisheries and Oceans (DFO) fish hatchery has operated on Toboggan Creek since 1985. The Toboggan Creek
watershed is traversed by both the railway and Highway 16, and has a long history of forestry and agriculture.
Because of this, Toboggan Lake and the entire Toboggan Creek mainstem, downstream of the lake, traverse private
properties. Precise livestock headage is unknown, but it is estimated that 1000 beef and dairy cattle overwinter in the
watershed. Because of its close proximity to Smithers, many rural residences are also present in the watershed.
Many residents draw their drinking water from Toboggan Creek and tributaries.

In early 2005, a mine was proposed for a large molybdenite deposit lying partially under Hudson Bay Glacier, the
headwaters of Glacier Gulch Creek. Part of the flow of Glacier Gulch Creek is diverted into nearby Kathlyn Lake in
the summer months.

DFO conducted water quality monitoring in the Toboggan Creek watershed in 1996-1998 in response to concerns
regarding water quality of the hatchery source supply. The study suggested early signs of eutrophication: periphyton
biomass and microbiological indicator organisms in exceedence of BC Water Quality Guidelines (WQGs) and
Bulkley River Basin Water Quality Objectives for recreational and drinking water quality.

A number of ecosystem indicator tools were employed in this study. Monthly water quality monitoring was
conducted at eight sites in the Toboggan Creek watershed August 2001-2002. Periphyton biomass and community
composition monitoring was conducted September 2001 and again in September 2002. Benthic macroinvertebrate
stream health index (formerly known as B-IBI) monitoring was completed in September 2001. A Land and Water
Use Survey, which could be completed anonymously, was distributed to water license holders in the watershed in
2001. The survey was designed to help determine livestock headage and agricultural management practices,
quantities of water used by agriculture and residents, and what license holders felt were key issues associated with
their water licenses and the local streams.

The purpose of this report is to assess the water quality and aquatic ecosystem data gathered to date and to
recommend water quality objectives specific to the watershed. Designated water uses, to be protected by water
quality objectives, are drinking water, recreation, fisheries and aquatic life, livestock watering and irrigation.

Ecosystem indicator tools employed, key results and resulting ‘level of concern’ are summarized in the following
table. Water quality objectives for Toboggan Creek and a detailed objectives monitoring program are proposed.
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Water Quality and Ecosystem Health Summary and Concerns for Toboggan Creek and Tributaries

for salmonid spawning in late summer. Solar heating of Toboggan Lake contributes to
elevated water temperatures. Extensive riparian cover removal, resulting from
transportation corridors, forestry and agricultural land clearing, was also identified as
a contributing factor in Watershed Restoration Program studies.

Ecosystem Results Level of concern
Indicators : '
Water temperature |Water temperature in the Toboggan mainstem approached upper range of optimum Of concern to fisheries

managers; important
spawning stocks
effected, contributes to
eutrophication.

Dissolved oxygen

(water column DO
concentration over
gravel)

Dissolved oxygen concentrations less than the minimum WQG to protect buried
embryos or alevins were occasionally recorded in early spring. Likely due to ice cover,
although anthropogenic loading of organic materials may further deplete winter DO
concentrations.

Of concern, further
monitoring needed.

Nitrate nitrogen

Elevated concentrations of nitrate nitrogen were found at the Upper Toboggan Creek
control site, possibly due to geological sources within the drainage. Average
nitrite+nitrate nitrogen concentrations in Upper Toboggan Creek are an order of
magnitude greater than average concentrations in other regional streams for which a
similar dataset is available.

Further monitoring
needed.

Ammonia nitrogen,
total & soluble
phosphorus and
fecal coliform
bacteria

These parameters were significantly elevated in the Toboggan Creek mainstem
compared to three tributary streams (Upper Toboggan, Elliot and Owens creeks).
Ammonia and nitrite nitrogen concentrations in the mainstem did not exceed WQGs.
A spike in ammonia concentrations recorded at first flush of freshet on the valley floor
in 1998 is consistent with runoff from livestock areas in cold climates. The increases
in nutrients and fecal coliform bacteria are consistent with runoff from livestock
operations.

Of concern, can
adversely affect aquatic
systems and contribute to
eutrophication. Important
fish stocks, a hatchery,
and domestic water users
may be effected.

Concentrations &
ratios of
bioavailable
nitrogen &
phosphorus

High background inorganic nitrogen concentrations (possibly from geological sources)
are present in this system. The ratios and concentrations of bioavailable nitrogen and
phosphorus indicate that periphytic algae growth is strongly controlled by soluble
phosphorus availability. Based on total phosphorus concentrations, the trophic status
of Toboggan Creek ranges from oligo- or meso-trophic in the upper reaches to
eutrophic in the lower mainstem.

Of concern,
eutrophication can
adversely affect aquatic
systems.

Periphytic algae
biomass (as
chlorophyll a) and
periphyton
community
composition

Periphytic algae biomass was elevated relative to control sites, and generally
increased along the downstream gradient of the Toboggan mainstem. Biomass
exceeded the WQG for aesthetics and recreation at lower mainstem sites in some
years. At control sites, periphytic algae biomass was low and dominated by diatoms
characteristic of cold, low nutrient streams. Filamentous green algae known to
respond strongly to increased water temperatures and nutrient enrichment, such as
Cladophora , were a significant proportion at some Toboggan mainstem sites.

Of concern, WQGs
exceeded in some years,
indicator species for
eutrophication present.

Benthic
macroinvertebrate
stream health
index: Benthic
Index of Biological
Integrity (B-1BI)

The maximum possible B-IBI score is 45 and minimum is 9, with lower scores
indicating lower ecosystem health. The B-IBI score for the Toboggan Creek lower
mainstem was 25. This metric can be compared to scores for sites uninfluenced by
humans, which ranged from 33-43, and to other 'non-point source agriculture’
category streams, which ranged from 13 to 35.

Of concern, overall score
is lower than control sites
uninfluenced by humans

Temporal trend
analysis, water
quality in 1996-98
versus 2001-02.

There was no evidence for a change in concentrations of total nitrogen, ammonia,
nitrite+nitrate, total or soluble phosphorus over time, despite improvements in
agricultural management practices.

Of concern to
environmental managers.
Further stewardship and
outreach recommended.

drinking water
source quality

2002 and October 2002. Monthly data indicate that fecal contaminants may be
present throughout the year, but generally are associated with periods of high surface
runoff.

Total metals Some total metals concentrations approximated WQGs for aquatic life. Molybdenum | Of concern for
equaled the WQG for forage crop irrigation water under certain conditions. A agricultural industry as
molybdenum mine has been proposed in the headwaters of Glacier Gulch Creek. well as downstream
Partial flow from Glacier Gulch Creek is diverted into Kathlyn Lake in the water users in Toboggan
summertime. and Kathlyn watersheds.
Further monitoring
needed.
Microbiological In the lower Toboggan mainstem, concentrations of fecal coliform, E. coli and High concern, 31
Jindicators of Enterococci bacteria exceeded drinking water source WQGs in October 2001, August |licensed domestic water

intakes draw from
Toboggan Creek &
tributaries.

Land and Water
Use Survey

Response from rural residential community was good. Sixty percent of respondents
draw their household water from streams and half of those do not boil or otherwise
disinfect their drinking water. Response from agricultural community was very low.

Of concern, disinfection
& partial treatment of
drinking water is
indicated. Lack of
information regarding

agriculture.

iv
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1. Introduction

Fed by glaciers on the slopes of the Hudson Bay Mountain Range overlooking Smithers British Columbia,
Toboggan Creek (Figure 1) supports highly valued fisheries resources, including coho and pink salmon and
rainbow/steelhead trout spawning and rearing. A Department of Fisheries and Oceans (DFO) fish hatchery has
operated on Toboggan Creek since 1985 and has been active in preserving and enhancing endangered stocks of coho
and chinook salmon of the upper Skeena watershed. The Toboggan Creek watershed is traversed by both the railway
and Highway 16, and has a long history of forestry and agriculture. Because of this, Toboggan Lake and the entire
Toboggan Creek mainstem, downstream of the lake, traverse private properties. Precise livestock headage is
unknown, but it is estimated that 1000 beef and dairy cattle overwinter in the lower watershed. Because of close
proximity to Smithers, many rural residences are present in the Toboggan watershed and surrounding Kathlyn Lake.
Many rural residents draw their drinking water from Toboggan Creek and tributaries.

In early 2005, a mine was proposed for a large molybdenite deposit lying partially under Hudson Bay Glacier, the
headwaters of Glacier Gulch Creek. Part of the flow of Glacier Gulch Creek is diverted into nearby Kathlyn Lake in
the summer months.

DFO conducted water quality monitoring in the Toboggan Creek watershed in 1996-1998 in response to concerns
regarding water quality of the hatchery source supply (Remington and Donas 1999). The study suggested early signs
of eutrophication: periphyton biomass and microbiological indicator organisms in exceedence of BC Water Quality
Guidelines and Bulkley River Basin Water Quality Objectives for recreational and drinking water quality.

A number of positive changes in agricultural management practices occurred in the watershed after the 1996-1998
study. In 2001, one year of monthly water quality monitoring was approved under the sponsorship of Fisheries
Renewal BC and BCWLAP. This work was scheduled to begin in April but, because of administrative delays, the
first water samples were not taken until late August 2001. Periphyton biomass and community composition and
benthic invertebrate Index of Biological Integrity (B-IBI) monitoring were completed in September 2001. A land
and water use survey was distributed to water license holders in the watershed in October 2001. The survey was
designed to help determine livestock headage and agricultural management practices, quantities of water used by
agriculture and residents, and what license holders felt were key issues associated with their water licenses and the
local streams.

Fisheries Renewal BC was terminated March 31%2002, at which point eight months of sampling had been
completed and an interim report was prepared (Remington and Lough 2002). The executive summary of the interim
report was distributed to water license holders in the watershed.

In order to achieve the goal of collecting one full year of data, and to capture data during freshet, sponsorship was
assumed by Environment Canada and BCWLAP for four additional months (April-July 2002). The final round of
sampling in September 2002 and preparation of this report were sponsored by BCWLAP Water Protection Branch,
Victoria.

The purpose of this report is to assess the water quality and aquatic ecosystem data gathered to date and to
recommend water quality objectives specific to the watershed. Site specific water quality objectives are needed for
this watershed to protect designated water uses, including: drinking and recreational water sources; fisheries and
aquatic life and; livestock watering and irrigation.
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Figure 1 Monitoring locations
Toboggan Creek watershed 2001 - 2002

Site Description

Upper Toboggan Cr

E245607

Toboggan Cr downstream Toboggan L E245606
Elliot Cr E245364
Toboggan Cr upstream fish hatchery E245365
Fish hatchery outflow channel E245366
Toboggan Cr 100 m downstream hatchery E245367
Owens Cr E245368
Toboggan Cr 500 m upstream Highway 16 E245369
Toboggan Cr upstream Highway 16 E245370
Glacier Gulch W* Glacier Guich Cr E245443
CNR W* Toboggan Cr at CNR downstream Toboggan L E245363

W - denotes water quality monitoring site
P - denotes periphyton monitoring site

* sampled August 2001 only
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2. Summary of Existing Information

2.1 Description of Toboggan watershed

Toboggan Creek is 17 km long, the mouth of which is located 23 km north of Smithers, British Columbia. The
watershed drains an area of approximately 112 km®, and flows into the Bulkley River (Hatlevik 1978). The
headwaters and major tributaries emanate from the eastern slopes of the Hudson Bay Range and flow in an easterly
direction to coalesce as the mainstem Toboggan Creek. Glacier Gulch Creek emanates from Hudson Bay Glacier
(locally known as Kathlyn Glacier) and flows into the head of small, shallow Toboggan Lake on the valley bottom.
Upper Toboggan Creek emanates from Toboggan Glacier and an alpine lake and enters at the outlet of Toboggan
Lake. From here mainstem Toboggan Creek flows in a northerly direction, parallel to the main valley, across low
gradient till plain for approximately 8.5 km before entering the Bulkley River. Elliot Creek and Owens Creek, which
also drain the eastern slopes of the Hudson Bay Range, join it along its length.

2.2 Hydrology

Hydrological data for this system is not available. Streamflow is estimated by staff gauge at the hatchery twice daily
(M. O’Neill, Toboggan Creek Salmonid Hatchery Manager, personal communication), but the data has not been
compiled or verified by Water Survey Canada. The hydrologic regime in Toboggan Creek is similar to that of the
Bulkley River, with the lowest flows of the year during the winter months. Freshet occurs in March or April with the
first snowmelt, and resulting surface runoff, occurring in the valley bottom. This is followed by much higher flows
when the high elevation snowmelt occurs, usually in June. Peak flows generally occur before mid-July, followed by
moderate and decreasing summertime flows. In most years, there may be a second minor peak with the onset of fall
rains in late September or October.

2.3 Fisheries Resources
2.3.1 Toboggan Lake

Toboggan Lake is a small (14.9 ha), turbid, glacier fed lake. With a mean depth of 1.1 m (maximum depth 1.9 m),
the lake probably does not stratify. Toboggan Lake has a sedge shoreline, extensive aquatic vegetation and is
attractive to waterfowl. A large hay field lies upstream of the lake and inlet streams have been channelized in some
areas. Water quality analysis, 15 September 1982, was unremarkable, except to note that low
phosphorous/orthophosphorus concentrations limit productivity.

Coho salmon, rainbow/steelhead trout, cutthroat trout, Dolly Varden, kokanee, mountain whitefish, longnose sucker,
sculpin and lamprey are present in the lake and it is considered an important rearing area for salmonids (Lake Files,
BC Environment, Smithers).

2.3.2 Toboggan Creek

Fish species present in the Toboggan Creek system (watershed code: 460-242900) include pink and coho salmon,
rainbow/steelhead trout, cutthroat trout, Dolly Varden, mountain whitefish, sculpin and lamprey. Pink salmon
spawning takes place throughout the lower 8 km mainstem Toboggan Creek. Coho salmon spawning and rearing
occurs in the mainstem up to the lake and in the lower reaches of Glacier Gulch Creek, Upper Toboggan Creek and
the mouth of Elliot Creek. Steelhead spawning occurs in several areas of Glacier Gulch Creek and Upper Toboggan
Creek (FISS website).

The low gradient and numerous side channels of Toboggan Creek and Toboggan Lake provide a substantial amount
of suitable rearing habitat for coho salmon. Unlike pink salmon, coho remain in their natal streams for one year
before smolting and migrating to sea. In Toboggan Creek, it is believed that some coho remain an additional year
prior to smoltification (Saimoto 1997). The majority of steelhead young remain in freshwater for two or three years
before migrating. Dolly Varden are resident throughout the system, and are found far up the mountain slopes in
many tributary streams (Hancock et al. 1983, Triton 1998). The reader is directed to the FISS website for numerous
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other fisheries studies, including coho smolt enumeration and overwintering studies:
http://www.bcfisheries.gov.be.ca/ fishinv/fiss.html.

Mean annual Toboggan Creek escapement for the 10 yr. period 1989-1998 is as follows (FISS website):
Coho 2,239
Pink (odd year) 8,001

The number of naturally spawning coho in Toboggan Creek has changed substantially over the years. In 1996 there
were 1,185 coho adults estimated to have spawned in Toboggan, compared to over 6,000 in 2001. The three largest
spawning escapements occurred in 1999, 2001 and 2000 respectively. 1997 showed the poorest escapement, which
was a coastwide event, at 400 spawners.

A minor sport fishery is reported for cutthroat and Dolly Varden in Toboggan Creek itself. Historically, most of the
angling for coho and steelhead destined for Toboggan Creek has occurred just downstream of the junction with the
Bulkley River (Tredger 1979). For the past five years, when predicted coho returns were sufficient, a short-duration,
monitored harvest of wild and/or hatchery coho has been specified downstream of the Toboggan Creek confluence
(M. O’Neill, personal communication).

2.4 Land Use

2.4.1 Transportation corridors

The Grand Trunk Pacific Railway, now the Canadian National Railway, was constructed through the Bulkley Valley
during 1907-1914. The rail line parallels Toboggan Creek for the length of the watershed, crossing it twice just
below Toboggan Lake. Soon after, Evelyn Station became one of the early farming settlements in the valley. The
small scattered community of Evelyn is located along Owens Road near the fish hatchery in Figure 1.

Highway 16 was completed from Hazelton to Prince Rupert in 1944 and the road link through the Toboggan
watershed to Hazelton was established thereafter. In 1966, the old Bulkley River Bridge connecting Smithers to the
Telkwa High Road was washed out by an ice jam. The existing bridge was built east of town and Highway 16 re-
routed in the late 1960’s. This established the present Highway 16 corridor, which closely parallels Toboggan Creek,
but on the opposite side than the railway.

In the late 1960’s or early 1970’s, a major power transmission line was constructed the length of the Toboggan
watershed, connecting Smithers to the power generation station at Kemano (Shervill 1981).

2.4.2 Mining

The Glacier Gulch mineral deposit lies partially beneath Hudson Bay Glacier, the headwaters of Glacier Gulch
Creek. Numerous gold and silver vein deposits occur here, several of which were commercially developed in the
1930’s to 1950’s. More recent interest in Glacier Gulch has centered on a high-grade molybdenum deposit. This
large porphyry molybdenite deposit has been considered for open pit mining in the past, much to the dismay of
Smithers residents who admire the spectacular view of the glacier overlooking town (Gottesfeld 1985). For decades,
exploration activity has taken place in the area of the “York-Hardy project’, including a 1.5 kilometre tunnel and
nearly 200,000 feet of diamond drilling. A Toronto firm stated intention to purchase mining rights for the York-
Hardy project in early 2005, citing the increase in value of molybdenum as their main motive. The firm states that
the next steps will be finalizing the purchase agreement and commissioning studies on feasibility and environmental
impact (Braverman 2005).

2.4.3 Forestry

Early settlers to the Bulkley Valley were employed in hewn tie making for the railway, in conjunction with land
clearing for agriculture (Mould 1976). The hewn tie industry flourished through the 1920’s and 1930’s. With the
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introduction of portable sawmills in the 1940’s there were hundreds of independently owned small scale selective
and strip logging operations. The traces of these selective logging operations are still visible on the slopes above
Evelyn. The small bush mills were gradually phased out and replaced with large mills at Smithers. Logging and
milling operations have expanded rapidly since the 1960’s, with expanded road systems and a shift to clearcut
logging. Several sizeable clearcuts appeared in Elliot, Feeney and Owens Creek watersheds in the early 1970’s. The
Toboggan watershed is now within the Bulkley TSA. Clearcuts of various sizes and ages are present in all the major
tributaries of Toboggan Creek.

2.4.4 Rural residences

It is not known exactly how many rural residences and hobby farms exist in the Toboggan watershed. There are a
number of residences in the old subdivision at Evelyn Station; in addition, newer subdivisions have appeared in
recent years on Glass Creek. The close proximity to Smithers makes the Toboggan watershed an attractive location.

There are 31 domestic-use water licenses registered on streams in the watershed. However, many more residents
may have wells or groundwater springs as their water sources and therefore have not acquired water use licenses. All
residences in the watershed utilize septic tanks or sewage lagoons for treating domestic wastes.

Septic system effluent has high nutrient and microorganism concentrations derived from human feces and
phosphorus-rich detergents. Many studies have shown that, where septic tanks are located on well drained mineral
soils at approved set back distance from receiving waters, there is little likelihood of contamination. The major soils
of the low elevation (inhabited) portion of the Toboggan watershed are derived from glacial till, with small areas of
alluvial, glacial fluvial and glacial lacustrine soils. The glacial till parent material is moderately fine textured,
resulting in soils which are hard, compact, often stony and nearly impervious. These soils are arable, but have
‘limited potential for effluent disposal’ because of their impervious nature (Runka 1972). There is no current

information regarding septic system location and function in this watershed.
2.4.5 Recreation

Recreational use of the headwater areas of Glacier Gulch and Toboggan Creeks is high. Old mining roads, now
hiking and mountain bike trails, interconnect the headwaters. The BC Forest Service Twin Falls Recreational Site is
located at the base of Hudson Bay Glacier, with a view of the two spectacular waterfalls which coalesce into Glacier
Gulch Creek. In winter months, ice climbing is pursued on the twin ice falls. A sport fishery for cutthroat and Dolly
Varden takes place in Toboggan Creek. Historically, most of the angling for coho and steelhead destined for
Toboggan Creek has occurred just downstream of the j unction with the Bulkley River (Tredger 1979).

A portion of Glacier Gulch Creek is diverted into Lake Kathlyn during the summer months. Lake Kathlyn is
surrounded by residences and is a popular water-based recreational area.

2.4.6 Agriculture

Soon after the construction of the railway in 1914, Evelyn became a center of farming activity. Today, agricultural
operations are found on private lands surrounding Glass Creek, Toboggan Lake and along the entire Toboggan
mainstem downstream of the lake. An estimated four beef cattle operations and two dairies are located in the
Toboggan Creek watershed (D. Riendeau, District Agriculturist, personal communication). According to Riendeau,
the number of breeding cows in the Toboggan Creek watershed is estimated at 1000 head and has varied little in
recent years. The beef cattle are fed forage crops during the winter months in confined feedlots on the valley bottom.
The dairy herds generally are confined to valley bottom high-density grazing areas in the summer and are confined
to dairy barns for much of the winter.

During the summer months, most of the beef cattle are placed on open range in the Toboggan Range Unit,
administered by the Bulkley-Cassiar Forest District. The Toboggan Range Unit encompasses the tributary
watersheds of Toboggan, Elliot and Owens Creeks. Grazing tenures, livestock numbers and Animal Unit Months
(AUMs) in the Bulkley-Cassiar Forest District (R. Drinkwater, Prince Rupert Forest Regional Agrologist, personal
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communication) are found in Appendix 3 Table 1. In general, livestock numbers in the Bulkley valley tend to vary
somewhat depending on cattle prices, but are somewhat lower than they were in the early 1980’s.

Review of cattle-community watershed conflicts in the Skeena Region— Gabherty et al. (1996) describe the typical
beef cattle operation in the Bulkley Valley as consisting of range or grazing areas, confined feedlot areas, and feed
storage areas. Cattle are kept on free-range grazing areas and confined feedlot areas or in barns for part of the year.
Perennial forage crops are grown for overwinter feed. Most farms use wood waste or straw as bedding material in
the barn or calving grounds. High density grazing areas and confined feedlots may have accumulated manure, and
soiled bedding is removed from the barn and stored outside on a regular basis.

Well drained slopes with herbaceous vegetation cover have a low susceptibility to surface runoff and, where manure
is exposed to snowmelt runoff, it is widely distributed rather than concentrated as in livestock wintering areas.
Gaherty assessed the contribution of free-range grazing lands to water quality concerns to not be significant. The
authors considered cattle densities on rangelands to be low and with little or no winter use. The concerns identified
related to the use of natural waters for watering. Cattle in the region generally have unlimited access to streams or
lakes for watering, which may cause bank erosion and direct deposition of manure, a microbiological as well as
nutrient hazard.

In agricultural areas nutrient losses from livestock wintering areas or feedlots generally exceed those from other
agricultural sources by several orders of magnitude (Loehr 1974). Gaherty identified winter feedlots as an
environmental risk to water bodies in the Skeena Region through manure runoff. Snowmelt runoff produced on the
frozen surfaces of wintering areas entrains nutrients in manure in both particulate and dissolved forms. Where
contaminated runoff reaches nearby streams high nutrient loads may result. Livestock manure is rich in nutrients,
such as organic nitrogen and phosphorus, as well as organic carbon which may depress dissolved oxygen.

A comparative study of nutrient export from forested and agricultural watersheds on the Boreal Plain north of
Edmonton was reported by Cooke and Prepas (1998). High ammonia export during spring runoff from the watershed
with two cow-calf operations suggested that much of the organic nitrogen from livestock waste that accumulated
over the winter was converted to ammonia in runoff. This is likely due to cold temperatures over winter and during
spring runoff at northern latitudes that do not facilitate further bacterial breakdown of ammonia to nitrate. Ammonia
can be directly toxic to aquatic life, as well as depress dissolved oxygen in the water column.

2.5 Toboggan Creek Fish Hatchery

The Toboggan Creek Salmon Hatchery was constructed just downstream of the Evelyn Road Bridge on land leased
from the CNR in 1985. The goal of the operation has been to preserve and enhance endangered stocks of coho and
chinook salmon of the upper Skeena watershed, particularly endangered upper Bulkley River stocks. During the
1996-1997 year, 100,000 coho and 92,000 chinook salmon from the 1995 brood year were reared and released to
various natal streams. Over 187,000 chinook and coho from the 1996 brood year were reared and released in the
spring of 1998.

In addition, approximately 150,000 steelhead fry were produced annually at the hatchery from 1985-1987 for
stocking in nearby streams. In 1989-1990, approximately 14,000 steelhead yearling fish were produced. These fish
were planted in nearby Trout Creek and the mainstem Bulkley near the confluence of Trout and Toboggan Creeks.
Enhanced steelhead have never been stocked into Toboggan Creek itself (O’Neill® 1995, 1996, 1997).

The two main water sources for the hatchery are an intake in Toboggan Creek, and a groundwater infiltration
system. A third water supply comes from Brandt Brook, a small spring-fed tributary. The hatchery uses the
groundwater infiltration system and Brandt Brook mainly during the period of low elevation snowmelt in the spring.
All of the water sources are gravity fed. About one cubic foot per second of flow is used over most of the year. (M.
O’Neill, hatchery manager, personal communication).

Fish health and survival of fry and smolts over the years has remained consistently good. The main concern is for
water-borne parasites that are common in surface flows, such as Trichodina and Costia. Fish are treated with
Formalin and Chloramine-T to treat the ecto-parasites and bacterial infections. In some years, the myxobacterial
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infection goes systemic in which antibiotics are used for treatment (B. Donas personal communication). Survivals of
adult coho held for broodstock purposes are also good.

Since the early 1990’s, sludge from the rearing channel has been vacuumed out using a large pump. The sludge is
deposited on land away from the creek and allowed to biofiltrate. This procedure has been carried out consistently
since 1997. A separate outflow line was constructed after 1997 which bypasses the flow from the hatchery troughs
past the rearing channel to improve water quality for smolts rearing outside of the hatchery. As well, three circular
rearing tubs were plumbed in alongside the channel for use during the spring through fall period and are used for
holding both fry and broodstock. Many more broodstock are now held through September and October compared to
1996.

M. O'Neill, hatchery manager, states that overall fish densities at the hatchery have been reduced since 1997. The
number of smolts reared has been reduced while the number of fry reared at the hatchery has been maintained. In
1996/97, the hatchery overwintered 153,000 smolts compared to 122,000 in 2001/02. Fry releases in 2001 were
38,500 compared to 38,600 in 1996. At the present time, smolt densities are less than five kg/cubic metre in the
outdoor rearing channel. Overwintering fish biomass was roughly 720 kg in 2001/02, down from a total of 1,680 kg
at historical peak winter biomass (B. Donas personal communication).

2.6 Licensed Water Use

Forty water use licenses are registered in the Toboggan Creek watershed (BCWLAP Water Management Branch).
Detailed water license information is found in Appendix 3 Table 2. There are 31 licensees in the watershed using
surface streams for their domestic water source. The number of subdivisions in portions of the watershed,
particularly around Glass Creek, indicates that many more households are probably utilizing wells. In addition,
Glass Creek, Elliot Creek, Owens Creek and the Toboggan mainstem are licensed for irrigation (eleven licenses) and
livestock watering (one license). One license is for ponds (Toboggan Creek). The Toboggan Creek Hatchery holds
water use licenses on Toboggan Creek and Brandt Brook for fish culture.

The watershed also provides summertime flow (12 cubic feet per second) from Glacier Gulch Creek to Kathlyn
Lake, via Club Creek. The water is diverted for the purpose of lake rehabilitation and the licensee is the Regional
District of Bulkley Nechako. Kathlyn Lake is surrounded by residences, many which draw household drinking water
from the lake. Provisional water quality objectives have been established for Kathlyn Lake, including drinking water
objectives for fecal coliforms, turbidity and colour (Boyd et al. 1984). Objectives monitoring in Kathlyn Lake from
1987 to 1993 found that the objectives for Fecal coliforms were achieved in 83% of samples, while turbidity and
colour objectives were achieved in 93% of samples (BC Environment 1994).

2.7 Watershed Restoration Program Studies

A number of Watershed Restoration Program (WRP) studies have been conducted in the Toboggan Creek watershed
in recent years. The summary presented below was extracted from the Nortec Consulting Level 1 WRP Assessment
(Gibson 1997).

2.7.1 Historical review

The historical review found that Toboggan Creek and its tributaries have been the focus of a number of studies.
Overall, the studies found that Toboggan Creek is a highly productive system that is facing several different impacts
including transportation corridors, logging and agricultural practices.

In 1997, an examination and prioritization of riparian and in-stream habitat damage was conducted on the Bulkley
River and tributary streams (Mitchell, 1997). Mitchell found that riparian areas within the Bulkley watershed had
been heavily impacted by non-forestry related sources including road, railway and power line crossings and
extensive land clearing for agriculture. It was suggested that these impacts could lead to bank slumping, increased
sediment loading, increased nutrient loading from agricultural practices, an increase of stream temperature, and a
decrease of large woody debris recruitment in cleared areas. Of the 68 Bulkley River tributaries studied, Mitchell
found Toboggan Creek to be one of the five most severely impacted Bulkley River tributaries.
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Major historic in-stream works include the construction of a large berm across the valley floor in the early 1900’s
for railway development, diversion of Toboggan Creek into a historic channel in the 50’s, large scale remedial
works on Feeney Brook in the 70’s, stream and bank restoration works in 1979 and construction of the Toboggan

Creek hatchery in the mid 80’s.
2.7.2 Habitat assessment summary and prescriptions

The Toboggan Creek mainstem and its main tributaries — Hopps Brook, Owens Creek, Feeney Brook, Brandt Creek,
Elliot Creek, Glacier Gulch Creek and Glass Creek, were surveyed by Nortec Consulting (Gibson 1997) and broken
up into reaches. Habitat assessments were carried out and prescriptions made for each reach.

Toboggan Creek— The Toboggan Creek mainstem was surveyed and broken up into nine reaches numbered from
the mouth (reach 1) and extending to the headwaters (reach 9). A number of impacts were assessed over the entire
mainstem including problems with overland flows as a result of rip rapped sections, lack of riparian cover, live stock
trampling, numerous bank failures and extensive flooding in some areas due to beaver activity. The culvert at
Highway 16 was suggested as being a possible obstacle for the passage of pink salmon during low flows. Old bridge
decking in reach 4 was found to be accumulating sediment while further upstream in reach 8 an old bridge wash out
and subsequent aggradation were causing problems. Portions of the bridge decking from the wash out continue to
divert water down the road during moderate and high flows. In addition, newly constructed motorized vehicle trail
bridges may be too low, possibly causing diversion of the creek during higher flows. Near the headwaters a large
bank failure, a few minor slope failures and the old logging/mining road were found to be contributing a significant
amount of sediment. A small, naturally iron-rich, tributary entering the mainstem was also cause for concern with
regards to salmonid egg survival and toxicity to aquatic invertebrates. Prescriptions for the mainstem include
investigation of the culvert at Highway 16, rip rapped sections, beaver control methodologies and removal of the old
bridge decking. Recommendations were also made for riparian planting, large woody debris placement, fencing the
creek off from livestock, placing structures and water bars to prevent overflow and excessive sediment loading, and
ensuring new trail bridges are high enough to allow excess flows to pass under them.

Hopps Brook— Hopps Brook is a small creek approximately 3.6 km long and ephemeral in nature. A large portion
of this creek runs through private land that has been cleared to provide grazing area. There is a small tributary
entering towards mouth of creek. Lack of riparian cover, bank failures and livestock access were found to be the
main impacts on this creek.

Owens Creek— Owens Creek, a major tributary, extends 7 km through five closely clustered cutblocks with the
lower section flowing through farmland. Major impacts along the lower part of the creek include lack of riparian
cover and large woody debris, numerous bank failures, one old bridge which requires removal and visible sediment
transport at the power line right of way. Prescriptions for the lower end include bridge removal, placement of large
woody debris, and bank stabilization. Upstream from the power line crossing, Owens Creek runs through a slightly
wooded area and along a cutblock. Deciduous vegetation in the area attracts beavers and beaver activity. A collapsed
bridge in this area may cause problems in the future once the decking falls into the creek. There were also a large
number of debris jams found adjacent to the cutblock. A tributary entering Owens Creek in the upper section was
found to be impacted by logging. In addition, an old road crossing the creek a number of times was causing
aggradation and sediment loading.

Feeney Brook— Sometime in the early 1970’s a large logging related gully failure on Feeney Brook occurred,
contributing large quantities of sediment, which in turn caused extensive bank erosion and property damage. The
Ministry of Environment undertook a number of restoration works including extensive channelization. Gully failure
is still evident and continues to impact Feeney Brook. Prescriptions for individual property owners include large
woody debris placement, riparian planting, fencing, building and maintaining access to rock falls, and re-
establishing the main channel. Further upstream near the gully failure, prescriptions include slope stabilization
through wattling, faggots, etc. Channelization done in the 70’s did not follow the original course of Feeney Brook.
Diverting the brook back to its original channel may limit prescriptions at private properties. The original channel
runs through land belonging to the hatchery and could be used as a demonstration site, as well as provide better
habitat to fish.
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Brook/Brandt Creek— Brook/Brandt Creek is relatively unimpacted and, while this is not a high priority fish stream,
its occasional use by fish and its use as a water supply for the Toboggan Creek Hatchery make the brook of concern.
Efforts should be made to ensure this creek remains unimpacted. Recommendations were made for removal of an
old rusted and deformed culvert approximately 300 m upstream from the mouth.

Elliot Creek— Elliot Creek extends from the mouth through lightly forested areas and farmland, through a wooded
area to just below two cutblocks and continues between the cutblocks to the headwaters. Impacts to the lower
portion of Elliot Creek include a lack of woody debris and pool presence, some bank sloughing, lack of riparian
cover and livestock trampling. Future impacts to this portion of the creek may result from three small foot bridges
that cross the creek. At high water these bridges may be flooded or washed out contributing to lateral channel
movement and bank erosion. It has been recommended that these bridges be removed. The upper reach runs through
a previously cleared, wooded area and contains a number of bank failures. Running along a large portion of the right
hand bank is an old skid trail. At one point, the skid trail slopes steeply upwards causing a large bank failure, which
continues to fail to this day. There is a dirt road ending at the creeks edge where a number of boulders have been
placed in the creek. At the end of the road, the stream banks have been sandbagged, suggesting a problem at high
flows. As the valley becomes narrower more debris and blow down is found sliding down the steep valley sides
from the cutblocks causing aggraded and braided sections. 3.8 km upstream from the mouth of Elliot Creek a small
high gradient tributary flows into the right hand side of the creek. This tributary carries a visible sediment load with
cobble and angular boulders being carried out of the system. Roughly 200 metres upstream, there is a large slide,
originating from the cutblock, which contributes a significant amount of fines and gravels to the system.

Glacier Gulch Creek— Glacier Gulch Creek is approximately 8.6 km in length including Toboggan Lake and ending
at the outflow of Toboggan Lake and the confluence with Toboggan Creek. Historically the confluence occurred
above the lake. Extensive channelization has moved Toboggan Creek such that it now joins Glacier Gulch Creek
below the lake. This creek was divided into 6 reaches with the first reach beginning at the confluence with
Toboggan Creek. The main impacts to Glacier Gulch creek include lack of riparian cover and structure, bank
instability, the power line right of way, extensive braiding above the power line and several large slides and small
bank erosions in the upper section. The Glacier Gulch Forest Service Recreation Site is located at the upper end of
this creek and encompasses a hiking trail leading to the base of the Toboggan glacier as well as a mountain biking
trail. The Toboggan FSR at the lower end of the reach is designated as a summer motorized vehicle trail. Mid-way
along the reach is a diversion into Club Creek withdrawing water to Lake Kathlyn. The upper most reach
encompasses Twin Falls and the headwaters of Glacier Gulch Creek. The main Glacier Gulch tributary originates
just below the glacier and crosses the Toboggan Creek FSR. Below the road, the channel runs through a clear-cut,
next to a large slash pile and is heavily impacted by recent logging. Prescriptions for Glacier Gulch Creek include
adding structure and cover to the channelized section above the lake, large woody debris placement and bank
stabilization. Recommendations were also made to conduct extensive survey and design work around the area of
extensive channel braiding.

Glass Creek— Glass Creek is 4.2 km long and has one major tributary. Although not surveyed, air photos and the
helicopter overview showed the creek running through farm fields and lacking in riparian cover. Prescriptions for
this creek include a site survey of the area and riparian planting of cottonwood trees.

2.7.3 Summary of landowners meeting and response for Toboggan Creek Farmers Association

On January 5, 1998, Nortec Consulting attended a meeting with the Toboggan Creek Farmers Association. Nortec
presented their habitat assessments and prescriptions for discussion. After reviewing a copy of Nortec’s draft report,
the Toboggan Creek Farmer’s Association responded with unanimous support for a program to undertake works on
Toboggan Creek for the first year. These works included repairing erosion areas on the creek with riprap, logs, etc.;
removing some problem obstacles in the creek; removing beavers and problem beaver dams; and opening some low
areas with trenches that leave water on farmers land and strand fingerlings after high water recedes. Fencing of
creeks was not proposed at this time. Possible works on other creeks were proposed for year two.

2.74 Recent agricultural management changes and watershed restoration works in the Toboggan watershed

B. Donas, DFO-HRSEP Community Advisor (personal communication) described changes observed in agricultural
management since the 1996-1998 water quality monitoring study:
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A cattle herd, which had been overwintered next to a dugout pond on a small unnamed fish-bearing tributary of
Toboggan Creek, has been relocated away from the tributary. (See Section 3.4.8 for further discussion.)

A cattle herd, which had been overwintered along Glass Creek and the wetlands heading Toboggan Lake, has been
relocated to uplands on the other side of Highway 16.

Additional agricultural management changes in the Toboggan watershed are described by G. Tamblyn, CFDC
Nadina Watershed Stewardship Coordinator (personal communication). Riparian fencing has been constructed along
the confluence of Toboggan and Owens creeks. A cow-calf operation will be relocating its overwintering and
calving from lower Owens Creek to an upper pasture near Hopps Brook in the winter of 2002-03. Fences have been
constructed along Hopps Brook to exclude cattle from the watercourse and some riparian planting was completed in
2001. An off-channel watering system was developed using a ‘thermodrinker’ trough and dugout to supply water
year-round to the new overwintering area.

In 2000, a hardened cattle ramp constructed of gravel and GeoWeb was built to allow cattle to cross Glacier Gulch
Creek without adding sediment to the stream. This project was done on crown land to allow cattle to access Crown
range.

As part of a watershed restoration project funded by FRBC, Pacific Inland Resources, a division of West Fraser
Mills Ltd., carried out some rehabilitation work of Toboggan Creek at the Silvern Lakes Road crossing site in
2000/01. Several years ago an old bridge located at this site collapsed into the creek and diverted the main stream
channel out of its natural course. Consequently the stream washed over its banks and ran down the road during high
flows potentially causing excessive siltation and debris accumulation. A riprap berm was constructed to protect the
stream banks and included approaches over the berm to maintain four-wheel drive access across the stream. A
deflector groin was installed to protect the berm and approach from the full force of the stream and cottonwood root
wads were placed at the waterline for fish habitat and potential revegetation. (Silvicon Services Inc., 2000)

3. Water Quality Assessment

3.1 Sampling and Analytical Methods
3.1.1 Water Quality and Periphyton Monitoring Sites

Monitoring site locations are shown in Figure 1. Water quality and periphyton site photos and location notes are
found in Appendix 4. In the site names, W denotes a water quality monitoring site and P denotes a periphyton
monitoring site.

Because of difficulties in finding road access and private land ownership, the 1996-1998 study lacked a control site
that was upstream of most human influence. This resulted in inability to assess results using comparative statistical
techniques.

We were unable to obtain permission to cross private land to sample Glacier Gulch Creek upstream of Toboggan
Lake. The August 2001 control sample was taken from Glacier Gulch Creek on an old mining road at considerable
elevation above the valley floor. This was not a satisfactory site for comparative purposes because of the elevation
and impossibility of winter access. We were grateful, therefore, to be allowed access to a private road and property
to sample Upper Toboggan Creek as a control site. Site 1 was established on Upper Toboggan Creek in September
2001 and sampled for the remainder of the study. Upstream of Site 1, Upper Toboggan Creek passes between two
hay fields. A riparian zone of mature cottonwood, willow and spruce provides bank stability and shading. Although
the hay is cut annually, cattle are not pastured or overwintered and there has been no fertilizer application to this
property. There is no permanent habitation on this property.

One site each was established on the next largest tributaries, Elliot Creek (Site 3) and Owens Creeks (Site 7). A
confined overwinter feeding and calving yard is located at the confluence of Owens and Toboggan creeks, but a
drainage ditch directs surface runoff into Toboggan rather than Owens Creek. Sites 1, 3 and 7 are believed to be
relatively unimpacted by human activities and diffuse sources, compared to the Toboggan mainstem.
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In August, Toboggan Creek, downstream of the Glacier Gulch Creek confluence and upstream of the Elliot Creek
confluence, was reached for sampling via the CNR grade. This site was relocated to Site 2 in September, for
sampling convenience. Toboggan Creek is constrained and channelized throughout this section by the CNR berm.
Beaver dams and ponding are also prominent throughout this section. Sites were established in the fish hatchery
outflow channel (Site 5) and upstream and 100 m downstream of the hatchery (Sites 4 and 6). The final site is
Toboggan Creek upstream of Highway 16 and the Bulkley River confluence (Site 8).

3.1.2 Water Monitoring and Analytical Methods

Water and bacterial sampling methods followed MELP standards: Ambient freshwater and effluent sampling manual
(Cavanagh et al. 19944) and Biological sampling manual (Cavanaugh et al. 1994b). Field parameters monitored
included specific conductance, pH, water temperature and dissolved oxygen. Low-level nitrite-nitrate-N and ortho-
phosphate-P samples were field filtered into specially washed amber glass bottles. Iced water samples were
immediately shipped via air courier to the BCWLAP designated laboratory (Pacific Environmental Science Center
in 2001 and PSC Analytical Services in 2002).

QA/QC: One set of triplicate sequential samples was submitted for analysis each sampling date. Trip and filtration
blank samples were collected each field trip. Blank samples were retained but not analyzed.

Analyses were performed using procedures based on those described in BC Environmental Laboratory Manual For
the Analysis of Water, Wastewater, Sediment and Biological Materials and Standard Methods for the Examination
of Water and Wastewater. Water analysis data is stored in the BCWLAP EMS database.

3.1.3 Periphyton Monitoring and Analytical Methods

Periphyton sampling was conducted at four locations: Site WP Upper Toboggan Creek (control), Site 4WP
(upstream of the hatchery), Site 6WP (downstream of the hatchery) and Site 8P. Site 8P is 500 m upstream of Site
8W at the Highway 16 crossing where water samples were taken. A slightly different site was chosen for periphyton
and benthic invertebrate sampling because Site 8W had a steep gradient and boulder substrate that was unsuitable
for biological sampling. The physical characteristics of the periphyton sampling locations are found in Table 1.

Periphyton sampling methods followed Cavanaugh et al. (1994b). Six replicate periphyton samples were collected at
each site. Periphyton was scraped and washed from 2-3 randomly selected rocks into a glass container, which was
immediately placed on ice in a darkened cooler. A waxed paper tracing of the sampled area was taken from each
rock for areal determination. Later each day, the individual samples were filtered onto a 0.45 pm filter, and 2-3
drops of MgCO; suspension added as pH buffer. The sample filters were placed in a darkened thermos containing
activated desiccant and were frozen immediately. Frozen samples were shipped via air courier and with dry ice, to
ensure they remained frozen, to the designated BCWLAP analytical laboratory.

Table 1 Physical characteristics of periphyton sampling locations Toboggan Creek 2001 and 2002

Site Location EMSID Latitude/ Sampling Water Sampling  Substrate Current Wetted Percent
Longitude date temp. depth velocity width  shade
°C cm m/s m %
1WP Upper Toboggan Cr E245607 N54.8733 12-Sep-01 8 15 30% cobble 0.53 4.5-5 75
W127.265 03-Sep-02 50% gravel
20% sand
4WP Toboggan Cr E235365 N54.8892 12-Sep-01 11 15-20 75% gravel 0.44 94 15
upstream fish W127.2644 02-Sep-02 15% sand
hatchery 10% silt
6WP Toboggan Cr 100m [E245367 N54.8936 13-Sep-01 9 25 80% gravel 048 6.5 50
downstream hatchery W127.27 03-Sep-02 20% sand/silt
8P  Toboggan Cr 500m E245369 N54.9364 13-Sep-01 10 15-20 2% boulder 0.67 6 35-40
upstream Hwy 16 W127.313 03-Sep-02 8% cobble

70% gravel
20% sand/silt
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Three periphyton samples for community analysis were collected at each site in 2001. In 2002, only one sample was
collected at each site due to budgetary constraints. Scrapings were included from at least three rocks for each sample
and preserved with Lugol’s solution. Mary Bolin, algal taxonomist, Victoria, conducted the algal identification and
enumeration in both years. Cell counts were made at 500x magnification after settlement in Utermohl chambers. An
overall scan of the chambers at 200x magnification was made to ensure an even distribution of cells and that no
large cells, filaments or colonies are missed. A minimum of 100 individuals of the most abundant species and a
minimum of 300 cells in total were counted. Cells of filamentous taxa were separated from counts of unicellular
taxa. Cell counts were extrapolated to biovolume using known volumes of algal taxa.

QA/QC: To confirm cell counts, 10% of all samples were enumerated twice. Variation within 10% is regarded as
acceptable between repeated counts. A list of references for algal identification is available upon request.

3.1.4 Land and Water Use Survey Methods

When conducting water quality monitoring studies, researchers generally attempt to document land use activities in
the watershed at the time of the study. This ‘snapshot’ of land and water use practices at a point in time enables
researchers to associate changes in land use over many years with changes in water quality. One inexpensive way to
quantify land and water use in a particular watershed is a telephone or mail-in survey of landowners. A land and
water use survey was designed (Appendix 3 Table 3) and mailed to residents of the Toboggan Creek watershed in
October 2001. The mailing list was derived from the BCWLAP water license database.

3.2 Results and Comparison with Federal and Provincial Water Quality Guidelines
3.2.1 Water Quality Guidelines and Objectives

BCWLAP Water Quality Branch has developed province-wide water quality guidelines for use in assessing water
quality data and preparing site-specific water quality objectives (BC Environment 1998 with periodic updates).
Water quality guidelines (formerly referred to as ‘criteria’) are environmental benchmarks. They are safe levels of
substances for the protection of a given water use, including drinking water, recreation, aquatic life and agriculture.
They are intended to be used as a water quality data-screening tool. If the data do not exceed the guidelines,
problems are unlikely. If the data lie outside the guidelines, then a detailed assessment of the data and the guidelines
should be done to determine the extent of the problem.

The Canadian water quality guidelines (CCME 1999 with periodic updates) were developed in order to harmonize
water quality guidelines used by provinces throughout Canada. The Canadian drinking water quality guidelines are
also updated periodically and are based on Health Canada Guidelines.

Specific water quality objectives for the Bulkley and Morice Rivers were developed in anticipation of the Kemano
Completion Project (Nijman 1986). Water quality objectives are environmental quality conditions set as targets for
specific water bodies based on three main factors: 1) the designated use(s) for the water; 2) the water quality
guidelines that have been adopted for the most sensitive designated use; and 3) the local conditions, including the
actual measured water quality in the area and any observed toxic effects. For a specific drainage the appropriate
priority uses for the water are chosen. This becomes the designated use to be protected by the objectives.
Objectives are chosen for that waterbody based on the guidelines, taking local circumstances into account.
Objectives can be chosen above or below the guidelines, depending on the situation and what is at risk. The
objectives are policy guidelines for decision-makers who issue Water Licenses for water use and Waste
Management Permits for waste disposal.

3.2.2 Water Quality Results

Water analysis data for each site are found in Appendix 1 Tables 1-18. There are two tables for each site. The first
table contains all the data, including sequential replicate samples. The second table contains descriptive statistics for
each site. The descriptive statistics were calculated using the mean of triplicate sequential samples on any given
date. In many cases, the levels of substances present in stream water were observed to be below the minimum
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detectable concentration (MDC) used in the analyses. The MDC value was used for observations which were less
than (<) the MDC when computing the mean and standard deviation.

Water quality QA/QC—

Replicate samples provide an estimate of the overall precision associated with field technique and laboratory
analysis. Triplicate sequential samples were taken at one site on each sampling date. Analysis of the replicate
samples is found in Appendix 1 Table 19.

When three or more replicates are collected, precision can be expressed as a percent relative standard deviation by
dividing the standard deviation by the mean and then multiplying by 100. BC Environment Guidelines for
interpreting water quality data (BCWAP 1997) suggests a ‘rule of thumb’ criteria for precision values (above which
the data should be viewed with caution) is 18% for relative standard deviation for triplicates.

In general, the relative standard deviations were acceptable for the replicate samples. No single parameter or site
was found to have an unusual amount of variability. Variability in the Residue Non-filterable, often referred to as
total suspended solids (TSS), is normal in mountainous streams, particularly during the higher flow periods of
freshet and autumn. Both major headwater branches of Toboggan Creek originate from glaciers, and a fine glacial
flour is visible in the Toboggan mainstem except during the winter months. Phosphorus-containing mineral particles
are common, and total phosphorus concentrations tend to be both higher and show more variation when TSS
concentrations are elevated. Ammonia is known to adsorb readily to suspended solids (Standard Methods), thus
concentrations of this substance will also tend to show higher variability depending on TSS levels. Since no
significant QA-related problems were noted in this data, blank samples collected during each field trip were retained
but not analyzed.

3.2.3 Water quality summary 2001 — 2002

Water analysis summary statistics for August through March are found in Table 2. On dates when triplicate
sequential samples were taken for QA/QC, the mean of the replicates was used in the calculation of summary
statistics. The MDC value was used for observations which were less than (<) the MDC when computing the mean
and standard deviation. Once only samples from Glacier Gulch Creek and Toboggan Creek at the CNR bridge are
not included in the summary table, but can be found in Appendix 1 Tables 17 and 18.
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Water Quality Assessment and Objectives for Toboggan Creek and Tributaries

3.2.4 Water temperature

The BC water quality guidelines (WQGs) for water temperature vary for species and their life history phase. In
Toboggan Creek, the most sensitive species present in the Toboggan mainstem, where elevated water temperatures
are of concern, are pink and coho salmon. Pink salmon spawning takes place throughout the lower 8 km mainstem
Toboggan Creek. Coho salmon spawning and rearing occurs in the mainstem up to the lake and in the lower reaches
of Glacier Gulch Creek, Upper Toboggan Creek and the mouth of Elliot Creek. In the lower Toboggan mainstem,
pink and coho salmon spawning starts in the late August to mid-September period, this is when the lowest
streamflows and highest water temperatures often occur.

The recommended temperature guideline is plus or minus one degree Celsius change beyond optimum temperature
range for each life history phase of the most sensitive salmonid species:

The optimum temperature range for coho spawning is 4.4-12.8 °C

The optimum temperature range for pink spawning is 7.2-12.8 °C.

The highest water temperature recorded in the 1996-98 study was 18°C in Glass Creek where it crosses a large hay
field upstream of Toboggan Lake in late June 1996. The complete removal of riparian cover from this stream
undoubtedly had influenced the water temperature in this creek. No fish were found in Glass Creek in July 1997,
although historical information indicates fish presence and suitable Dolly Varden and rainbow trout habitat was
available (Triton 1998).

The highest water temperatures recorded in the 2001-02 study occurred on 22 July 2002. On this date, the
temperatures in the Toboggan tributary streams were less than 10°C. Upper Toboggan Creek (Site 1) and Owens
Creek (Site 7) were 9.8°C. The other tributary monitored, Elliot Creek (Site 3) was 8.5°C. Elliot Creck may be
cooler as the result of groundwater inflow from natural springs found upstream of Site 3.

On 22 July 2002, water temperature in the Toboggan mainstem at Site 2, downstream of the Glacier Gulch Creek
confluence and Toboggan Lake, was 12.2°C. Toboggan mainstem water temperature was 11.2°C at Site 4 upstream
of the fish hatchery, 11° C at Site 6 downstream of the hatchery, and 10.8°C at Site 8 upstream of Highway 16.
Water temperatures on July to September sampling dates throughout the Toboggan mainstem approached, but did
not exceed, the upper limit of the optimum temperature range for coho and pink salmon spawning.

Water temperature in the hatchery outflow channel (Site 5) was 11°C on 22 July 2002. Water temperatures in the
hatchery outflow channel exceeded 9°C on three July to early-September sampling dates. Water temperatures may
be even higher in the hatchery rearing channels, which have no shading. The maximum recommended water
temperature for hatchery production of salmon with respect to successful smoltification and migratory behavior is
15°C (13°C for steelhead). Temperature increases reduce allowable pond loadings per unit flow rate and a high
temperature period in late summer could therefore be the factor controlling the maximum numbers of fry reared at a
facility with a limited water supply (Sigma Env. Consult. 1983).

Numerous human activities in this watershed contribute to elevated water temperatures: forestry, transportation
corridors and, particularly, agricultural land clearing. Upstream of Toboggan Lake, Glass Creek and Glacier Gulch
Creek pass through a sizeable hay field in which all riparian cover has been removed. Further solar heating during
water passage through Toboggan Lake and wetlands is unavoidable. Stream segments lacking riparian cover have
been documented throughout the lower Toboggan watershed in WRP studies. Toboggan Creek has been identified
as a priority watershed for riparian restoration activities.
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3.2.5 Dissolved oxygen

The WQGs (instantaneous minimum concentration) for dissolved oxygen (DO) for the protection of salmonids are
as follows:

All life stages (other than embryos or alevins still in gravel) 5 mg/I
Buried embryo/alevin (water column concentration over gravel) 9 mg/l.
The Bulkley River Objective dissolved oxygen concentration is 7.8 mg/L minimum.

In the 1996-98 study, DO concentrations detrimental to salmonid survival were documented in a dug-out pond
excavated in an unnamed fish-bearing tributary of Toboggan Creek. DO concentrations of 7 and 8 mg/L were also
recorded in lower Toboggan Creek in March and April 1998 when the stream was under ice cover.

In the 2001-02 period, DO concentrations at all locations were greater than the 7.8 mg/L criterion for post hatch and
free-swimming stages of salmonids recommended by Davis (1975) and the Bulkley River Objective. Minimum DO
concentrations were greater than the 9 mg/L DO objective for water column over buried embryo/alevins in gravel.

The exceptions were DO concentrations of 8.8 and 8.9 mg/L recorded at Site 2 April 15 and 22, 2002, respectively.
The slightly depressed DO at this site during freshet may have been related to flushing of stagnant water from the
wetlands upstream. A confined livestock winter feeding lot on the slope above Toboggan Lake likely contributes
organic loading to the lake, which can result in DO depression.

The lowest DO concentrations seen in this study were in the hatchery outflow channel (Site 5). DO concentrations
ranging from 8.4 to 8.9 mg/L were recorded on summer to early fall sampling dates. The DO levels in the hatchery
outflow channel did remain above the 7.8 mg/L criterion for salmonid hatcheries (Sigma Environmental Consultants
1983). No depression of DO was seen at Site 6, Toboggan Creek 100 metres downstream of the hatchery outflow.

3.2.6 Residue, Non-filterable

Non-filterable Residue is a measure of the total suspended solids (TSS) within the water column. The glacial origins
of Glacier Gulch Creek were very apparent in the TSS concentration of 211 mg/L on 30-Aug-01. This sample was
taken at high elevation and close to the glacier. Although Toboggan Lake acts as a settling pond, visually, glacial
flour (comprised of very finely ground silt and clay particles) is apparent the length of Toboggan Creek for much of
the summer.

During the high water flows of freshet, TSS was elevated in the entire system. The highest TSS recorded during this
study was 161 mg/L at Site 7, Owens Creek, on 18-Jun-02.

Elliot Creek, Site 3, was notable in having TSS concentrations less than the minimum detectable concentration
(MDC) for all but one sampling date (18-Jun-02). This is likely because much of the water flow in lower Elliot
Creek is derived from groundwater springs.

3.2.7 Specific conductance

Specific conductance provides a good indication of the water’s composition, especially in its mineral concentration.
It is particularly sensitive to variations of dissolved solids. Specific conductance is relatively low in Upper
Toboggan Creek and at Site 2 downstream of the lake, averaging 76 and 71 pS/cm respectively. The two tributaries,
Elliot and Owens Creeks, have higher Specific conductance, averaging 134 and 125 pS/cm respectively. This is
interpreted to be due to prolific groundwater springs, emanating from the lower slopes of Evelyn Mountain, which
feed these watersheds. Brant Brook, which is the domestic water source for many households in the community of
Evelyn, is entirely spring-fed. Groundwater inflow is believed to significantly augment Toboggan Creek flows
throughout its length (M. O’Neill, Toboggan Creek Salmonid Hatchery Manager, personal communication).
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Specific conductance is higher throughout the watershed during the winter months, reflecting the greater influence
of groundwater flows during the winter.

3.2.8 Ammonia

Drainage from a dug-out pond, which had been excavated in a small unnamed tributary of Toboggan Creek, was the
subject of a DFO investigation in 1996-98. The tributary was a known coho and rainbow trout/steelhead rearing
stream. The 20 cow-calf operation was investigated because of the choice of winter feedlot location adjacent to the
stream, with cattle watering through the ice on the dug-out pond. The manure which collected on the ice during the
winter directly entered the stream in the spring. An ammonia concentration higher than the provincial 30-day
average guideline for ammonia was recorded during freshet, March 1998. Histological analysis of juvenile
salmonids captured in the pond showed gill, liver and kidney pathologies similar to those reported for ammonia
toxicity. Because of concern for the health of juvenile coho and rainbow trout/steelhead in the pond and
downstream, a DFO fish protection order was issued and the winter feedlot was subsequently relocated.

Average ammonia concentrations during 2001-02 were 7.8 ug/L-N in Upper Toboggan Creek (Site 1), 5.5 pg/L-N
in Elliot Creek (Site 3) and 5.7 and pg/L-N in Owens Creek (Site 7). These three tributaries can be considered to be
control sites. (A cow-calf confined winter feeding area is located at the confluence of Owens and Toboggan creeks,
but drainage ditches have been constructed to direct most surface runoff into Toboggan Creek rather than Owens
Creek.)

Average ammonia concentrations were 43.9 pg/L-N downstream of the lake (Site 2) and 31.6 pg/L-N upstream of
the hatchery (Site 4). Student’s 7 test provides evidence for an increase in mean ammonia concentrations from 7.8
ng/L-N at Site 1 to 43.9 ug/L-N at Site 2 (P=0.07). Likewise, a Student’s / test provides evidence for an increase in
mean ammonia concentrations from 7.8 pug/L-N at Site 1 to 31.6 pg/L-N at Site 4 (P=0.06).

Ammonia concentrations demonstrated a sharp increase on 15-Apr-02 at all Toboggan mainstem sites: 270 pg/L-N
(Site 2), 184 ug/L-N (Site 4), 216 pg/L-N (Site 6) and 198 pg/L-N (Site 8). A jump of this magnitude was not seen
on this date at the three control sites, Site 1 (Upper Toboggan), Site 3 (Elliot) and Site 7 (Owens). (These data are
found in Appendix 1 Tables 1- 16). A similar event was noted during the 1996-98 study, in which ammonia
concentrations throughout the Toboggan mainstem peaked with the first flush of freshet and surface runoff on the
valley floor. The average 30-d concentration WQG for ammonia at 1 °C and 7.5 pH (on 15-Apr-02) is 2.05 mg/L-N
(an order of magnitude greater).

An increase in ammonia concentration downstream of the confluence of Glacier Gulch Creek and the lake may be
due to runoff from agricultural operations near Toboggan Lake; but could also be influenced by biological activities
in the wetlands surrounding the lake. Wetlands and waterlogged soils favor the export of reduced nitrogen species
such as ammonia (Dillon 1991). A recent study in northern Alberta (Prepas et al. 2001) found that the percentage
wetland cover explained 40% of ammonia variability when comparing nutrient export from wetland-dominated
versus upland-dominated catchments.

The highest ammonia concentration recorded in the hatchery outflow channel (Site 5) was 0.150 mg/L-N on 15-Apr-
02 (Appendix 1 Table 10). Toxicity of ammonia increases with water temperature and pH. An ammonia
concentration of 0.122 mg/L-N was recorded in the outflow channel 29-Aug-01. On that date, the water temperature
was 10.5°C and pH 7.46. The maximum instantaneous ammonia WQG (Nordin and Pommen 1986) at that
temperature and pH is 12.6 mg/L-N. The average 30-day WQG for 10.5°C and pH 7.46 is 1.84 mg/L-N. In other
words, the 30-day WQG is an order of magnitude higher than the hatchery outflow ammonia concentration.

The Summary of water quality criteria for salmonid hatcheries (Sigma Environ. Consult. 1983) recommends a
slightly more stringent criterion. The maximum level of ammonia in hatchery water supporting fish (i.e. effluent
criteria) should be less than 1.71 mg/L-N at 10°C and 7.5 pH. Again, this is approximately an order of magnitude
higher than recorded in this study.

Ammonia concentrations recorded in this study did not exceed WQGs for the protection of freshwater aquatic life.
Nonetheless, the Toboggan Creek Salmonid Hatchery diverts its water supply to groundwater sources during early
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freshet each year for perceived water quality concerns (M. O’Neill, hatchery manager, personal communication).
The DFO Summary of Water Quality Criteria for Salmonid Hatcheries (Sigma Env. Consult. 1983) states that the
ideal concentrations for ammonia and nitrite in hatchery inflow water are ‘non detectable’.

3.2.9 Nitrite

The maximum nitrite concentration recorded at any site was 14 pg/L-N. The average nitrite concentration ranged
from <3.5 pg/L-N at the three tributary sites (1WP, 3W and 7W) to <4.7 ug/L-N at Toboggan mainstem sites. The
WQG for nitrite is 60 pg/L-N (maximum) and 20 pg/L-N (30-day average).

Further discussion of nitrogen species is found in the Trend Assessment and WQGs for Nutrients and Algae sections
that follow. Microbiological quality results follow in the Drinking Water Source Quality Monitoring (Section 3.11).

3.2.10 Metals

Analyses for total metals were completed as part of the drinking water quality studies. Four were high-level analyses
with an MDC appropriate for drinking water quality guidelines. Four were low-level analyses (ICP-MS) appropriate
for aquatic life guidelines. Some total metals concentrations (e.g. cadmium and iron) approximated the working
WQGs for protection of aquatic life (BCWLAP 1998a).

The mean molybdenum concentration (ICP-MS) approximated the molybdenum irrigation water guideline of 0.01
mg/L when the water is used for forage crops on poorly drained soils and the copper to molybdenum ratio is <2:1.
The Cu:Mo ratio in 2001-02 was 0.3:1. Further monitoring of total and dissolved metals concentrations (ICP-MS) is
needed to assess the significance of these findings.

3.3 Water Quality Trend Assessment

3.3.1 Upstream-downstream trends in water quality

In order to assess water quality along the downstream gradient of Toboggan Creek, ANOVA was conducted on the
data for Upper Toboggan Creek and the four mainstem sites. ANOVA and the Student’s ¢ test are statistical methods
used for deciding if two or more sample means are significantly different. The null hypothesis is that there is no
difference between the two sites (‘no site effect’). If the P-value is large, we accept that there is no difference in
chemical composition between sites. If the P-value is small (typically P<0.05), we accept that the chemical
composition is different depending on location. The significance level is a subjective decision. Common choices are
0.10, 0.05 and 0.01; the most standard choice is the 5% significance level, P=0.05. Table 3 contains the mean
concentration + standard error for the most biologically available nutrients and fecal coliform bacteria in Upper
Toboggan Creek and the four downstream Toboggan Creek mainstem sites and the probability (P) of no site effect.
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Table 3 Mean concentrations of selected nutrients and fecal coliform bacteria at five Toboggan
Creek sites 2001-02 and probability of no site effect

Parameter Site 1 Upper Site 2 Site 4 Toboggan Site 6 Toboggan Site 8 Probability
Toboggan Cr Toboggan Cr Cr u/s fish Cr 100m d/s Toboggan Cr  of no site

(E245607) d/s T. Lake hatchery hatchery u/s Hwy 16 effect (P)

(E245606) (E245365) (E245367) (E245370) ANOVA

Mean concentration (ug/L) + SE
Total Nitrogen 6852 £ 179.4 4224 +126.6 411.3+111.2 4292 +116.7 491.5+131.9 0.60

Ammonia (N) 78114 439+ 23.7 31.6+13.8 329+15.9 25.6 + 14.6 0.62
Nitrate (N) 528.8 + 1445 127.7+23.6 168.7 £ 51.9 1729 + 51.3 197.3+49.4 0.003
DIN' 500.0 + 137.9 166.4 +42.8 183.2 + 49.4 189.5 + 50.5 203.9 £52.0 0.01
Total Phosphorus 12.8+3.2 28.0+ 11.1 25.3+10.0 240+6.8 36.3+11.9 0.53
Ortho-phosphate (P) 1.8+04 3.7+1.9 35+1.8 35+1.7 3.9+23 0.94
Fecal coliform® 13.3+5.8 46.5 + 31.7 49.4 +35.8 55.1 + 33.6 39.0+13.8 0.86

' Dissolved Inorganic Nitrogen: Ammonia + Nitrate + Nitrite (N)

2 CFU/M00 mL

ANOVA provides strong evidence for a locational effect for nitrate (P=0.003) and dissolved inorganic nitrogen
(DIN)(P=0.01). The high concentration of nitrate (and, consequently, DIN and total nitrogen) in Upper Toboggan
Creek compared to the rest of the system is an unexpected anomaly. A r-test using nitrate data for Site 1 and Site 2,
downstream of the Glacier Gulch Creek confluence, also provides strong evidence for a difference in nitrate
concentration from average of 529 ug/L-N at Site 1 to 128 pg/L-N at Site 2 (P=0.007). Lower average nitrate
concentrations are also found in Elliot and Owens creeks: 95 and 222 ug/L-N, respectively.

According to the property owner, there has been no livestock grazing or overwintering and no fertilizer application
on the fields adjacent to the Upper Toboggan Creek monitoring site. Without anthropogenic inputs, most surface
waters have less than 300 pg/L of nitrate (BC Environment 1999). If there is an anthropogenic source for nitrate in
the Upper Toboggan watershed, it is not apparent to the authors.

Nitrate concentrations in Upper Toboggan Creek were elevated during the winter months, November to May, when
groundwater input is proportionally greater (Appendix 1 Tables 1 -2). Igneous rocks and volcanic emanations may

provide localized sources of nitrates to water (McNealy et al. 1979), so perhaps there is a localized geologic source
for the nitrate in this tributary.

3.3.2 Comparison of nutrient and fecal coliform concentrations in tributary streams with the Toboggan
mainstem

Livestock density in the Toboggan watershed, particularly in confined overwintering feedlots, is concentrated on
private properties surrounding Toboggan Lake and along the mainstem downstream of the lake. In order to assess
any possible effect of this activity on water quality in the mainstem, the data for the three tributary streams, Upper
Toboggan, Elliot and Owens creeks (Sites 1, 3 and 7) were combined. This was compared with the combined data
for the mainstem (Sites 2, 4, 6 and 8) using a r-test. Because of the anomalous nitrate concentration in Upper
Toboggan Creek, nitrate, DIN and total nitrogen are omitted from the analysis found in Table 4. The t-tests provide
strong evidence that higher concentrations of ammonia, total and orthophosphorus and fecal coliform bacteria are
found in mainstem Toboggan Creek compared to three tributary streams.
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Table 4 Mean concentrations of selected nutrients and fecal coliform bacteria in three tributaries
and four Toboggan Creek mainstem sites 2001-02 and probability of no site effect

Toboggan Cr tributaries Toboggan Cr mainstem
Parameter Site 1 Upper Toboggan (E245607),  Site 2 (E245606), Site 4 (E245365),  Probability
Site 3 Elliot (E245364) and Site 7 Site 6 (245367) and Site 8 (E245370)  of no site
Owens (E245368) combined combined effect (P)
mean concentration (ug/L) + SE
Ammonia (N) 6.2+0.5 33.1+8.2 0.003
Total Phosphorus 9.0+1.8 28.4 4.9 0.0008
Ortho-phosphate (P) 1.4 +£0.1 3.7+09 0.02
Fecal coliform? 11.3+3.5 47.5+ 14.6 0.02

2 CFU/100 mL

3.3.3 Trends upstream and downstream of the fish hatchery

t-Tests were conducted with water quality data for Toboggan Creek at Site 4, upstream of the Toboggan Creek
Salmonid Hatchery and Site 6, 100 m downstream of the hatchery outflow channel. Mean concentrations of selected
parameters and probability of no site effect are found in Table 5. This dataset provides no evidence that the hatchery
has an effect on concentrations of nutrients, dissolved oxygen or fecal coliform bacteria in the Toboggan mainstem.

Table 5 Mean concentrations of selected nutrients, dissolved oxygen and fecal coliform bacteria
in Toboggan Creek upstream and downstream of the fish hatchery 2001-02 and probability of no
site effect

Parameter Site 4 Toboggan Cr u/s  Site 6 Toboggan Cr 100m Probability of no site
fish hatchery (245365) _ d/s hatchery (E245367) effect (P) t-Test
Mean concentration (pg/L) + SE

Total Nitrogen 411.3+111.2 429.2 + 116.7 0.46
Ammonia (N) 31.6+13.8 32.9+15.9 0.48
DIN' 183.2 + 49.4 189.5 + 50.5 0.46
Total Phosphorus 25.3+10.0 24.0+6.8 0.46
Ortho-phosphate (P) 3.5+18 3.5+1.7 0.49
Dissolved Oxygen (mg/L) 11 +£0.38 11.4 £0.49 0.23
Fecal coliform’ 49.4 +35.8 55.1 + 33.6 0.45

" Dissolved Inorganic Nitrogen: Ammonia + Nitrate + Nitrite (N)

2 CFU/100 mL

3.3.4 Temporal trends in water quality 1996-98 and 2001-02

In 1996-1998, water quality monitoring took place at five sites in the Toboggan Creek mainstem (Remington and
Donas 1999). The main difference from this study is that, in 1996-98, over half of the samples were gathered during
freshet (April-June) while, in 2001-02, sampling was generally once per month throughout the calendar year.

t-Tests were conducted to compare the 1996-1998 data with that from 2001-02. In the 1996-98 study, nitrite+nitrate
was mistakenly reported as nitrate by the DFO Cultus Lake laboratory (E. Maclsaac, DFO West Vancouver Lab,
personal communication). This error was corrected in the dataset used for the temporal trend analysis.

Three sites in the 1996-1998 study were essentially identical to sites monitored in this study: Toboggan Creek at
CNR (1996-98) and Site 2; Toboggan Creek at Evelyn (1996-98) and Site 4; and Toboggan Creek at Highway 16
(1996-98) and Site 8.

Toboggan Creek at CNR and Site 2: t-Tests comparing total nitrogen (P=0.18), ammonia (P=0.22), total phosphorus
(P=0.18) and ortho-phosphate (P=0.13) do not provide evidence for a temporal effect at this site. The #-test for

20 Remington Environmental



Water Quality Assessment and Objectives for Toboggan Creek and Tributaries

nitrite+nitrate (P=0.08) provides weak evidence that a decrease occurred from 1996-98 mean of 210 pg/L-Nto a
2001-02 mean of 123 pg/L-N. Positive changes in agricultural practices, implemented after the 1996-98 study
(Section 2.7.4), could have affected a decrease in nitrogen concentrations downstream.

Toboggan Creek at Evelyn and Site 4: t-Tests for total nitrogen (P=0.26), ammonia (P=0.42), nitrite+nitrate
(P=0.32), total phosphorus (P=0.22) and ortho-phosphate (P=0.15) do not provide evidence for a temporal effect at
this site.

Toboggan Creek at Highway 16 and Site 8: t-Tests for total nitrogen (P=0.35), ammonia (P=0.46), nitrite+nitrate
(P=0.32), total phosphorus (P=0.15) and ortho-phosphate (P=0.17) do not provide evidence for a temporal effect at
this site.

3.4 Comparison with other Skeena Watershed Streams 1983-1987

In 1982, BC Environment Waste Management Branch initiated a water quality monitoring program on major
drainages of the Skeena River watershed (Wilkes and Lloyd 1990). Monitoring occurred monthly for five
consecutive years. Table 6 contains mean nutrient concentrations in the Morice, Telkwa, Kispiox and Bulkley rivers,
1982-88, and Upper and lower Toboggan Creek, 2001-02. Major human activities in the catchment areas of the
monitoring locations are also noted.

Table 6 Mean nutrient concentrations in Toboggan Creek (2001-2002) and other Skeena watershed
streams (1982-1988) (Wilkes and Lloyd 1990)

Waterbody Major human activites Total Ammonia Nitrite+nitrate Total Ortho- Ortho-P
Nitrogen (N) (N) Phosphorus phosphate (P) MDC?
___Mean Tugll
Morice River Forestry 120 8.2 37.5 5.2 <3 <3
Telkwa River Forestry 152 10.2 73.8 51 37 <3
Kispiox River Agriculture / Forestry 180 12.6 73.8 5.7 4.5 <3
Bulkley River at Quick ~ Municipal / Agriculture 200 13.7 43.8 6.9 4.8 <3
Upper Toboggan Cr (Site 1) Forestry 685 10.1 492.2 15.1 2.3 <1
Toboggan Creek at Hwy 16 Agriculture / Rural
(Site 8) Residential / Forestry 492 43.2 178.3 36.3 5.8 <1

" Mean calculated as in Wilkes and Lloyd: observations below the MDC were excluded from the calculation.

2 The minimum detectable concentration (MDC) for ortho-phosphate differed between the 1982-87 and 2001-02 studies. The higher MDC in the earlier
study has the effect of making the calculated mean reported by Wilkes and Lloyd somewhat higher than it likely was.

Mean total nitrogen and nitrite+nitrate levels are two to three times higher at the Upper Toboggan Creek control
(Site 1) than the other Skeena watershed streams. Likewise, mean total phosphorus concentration at the Upper
Toboggan Creek control (Site 1) was two to three times that of the other streams. As noted previously, the nitrate
levels in Upper Toboggan Creek are remarkable. Nitrate and phosphorus levels have been strongly related to the
intensity of agricultural activity in other watersheds (Nordin 1985; Webb and Walling 1992; Cooper 1993; Cooke
and Prepas 1998). However, since Site 1 is upstream of livestock overwintering operations and other soluble
nutrients (ammonia and ortho-phosphate) are low, this relationship is considered unlikely.

3.5 Phosphorus Concentrations and Trophic Status

Currently, BC has only defined phosphorus water quality guidelines for lakes. Likewise, no national environmental
quality guidelines exist for phosphorus. The Protocol for the Derivation of Guidelines for the Protection of Aquatic
Life (CCME 1991) is intended to deal with toxic substances, and provide numerical limits based on the most
current, scientifically defensible toxicological data. Phosphorus does not fit this model because it is non-toxic to
aquatic organisms at levels and forms present in the environment; however, secondary effects, such as
eutrophication and oxygen depletion are serious concerns. Because aquatic communities are generally adapted to
ambient conditions, it is not feasible to establish a single guideline value for phosphorus. Some of the effects of
phosphorus are aesthetic and thus include an element of subjectivity. Based on these realities, guidelines for
phosphorus have not been derived, rather a guidance framework that is consistent with CCME guideline principles
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has been developed. The framework accommodates the non-toxic endpoints associated with phosphorus loading and
permits site-specific management of phosphorus.

The framework provides a tiered approach where water bodies are marked for further assessment by comparing their
trophic status to predefined ‘trigger ranges’. Internationally accepted Organization for Economic Co-operation and
Development (OECD) trophic status values (Vollenweider and Kerekes 1982) are the recommended trigger ranges
for both rivers and lakes (Table 7). Also found in Table 7 are the mean total phosphorus concentrations in the
Toboggan watershed and the corresponding trophic status.

Table 7 Total phosphorus trigger ranges for Canadian lakes and rivers and Toboggan Creek
trophic status

Canadian trigger ranges Mean total phosphorus  Trophic status
Trophic status  total phosphorus (ug/L)| [Toboggan Creek locations 2001-2002 (pg/L)
Ultra-oligotrophic <4 Site 3 Elliot Cr 5.5 Oligotrophic
Oligotrophic 4-10 Site 7 Owens Cr 9.4 Oligotrophic
Mesotrophic 10-20 Site 1 Upper Toboggan Cr 12.8 Mesotrophic
Site 2 Toboggan Crd/s T.
Meso-eutrophic 20-35 Lake 28 Meso-eutrophic
Site 4 Toboggan Cr u/s fish
Eutrophic 35-100 hatchery 25.3 Meso-eutrophic
Site 6 Toboggan Cr 100m
Hyper-eutrophic >100 d/s hatchery 24 Meso-eutrophic
Site 8 Toboggan Cr u/s Hwy
16 36.3 Eutrophic

3.6 Water Quality Guidelines for Nutrients and Algae

The BCWLAP water quality criteria for nutrients and algae (Nordin 1985) are proposed to protect water resources
from degradation by excessive amounts of algae. Eutrophication is the process by which lakes and streams become
biologically more productive due to increased supply of nutrients (phosphorus and/or nitrogen). If sufficiently large
amounts of nutrients enter lakes and streams, man’s use of waters can be impaired by the algal biomass present.
Eutrophication at low levels and in some habitats may benefit sport fisheries. However as the eutrophication process
accelerates, negative consequences, such as changes in fish food benthic organism communities and habitat
conditions, can result in a shift in fish species away from salmonids and toward more tolerant species.

3.6.1 Protection of aesthetics and recreation guideline

The Bulkley River watershed objective value of less than 50 mg/m? chlorophyll a was established for protection of
uses related to recreation and aesthetics (Nijman 1986). Nordin (1985) discusses the difficulty in assessing a level of
algal biomass that is acceptable from the perspective of aesthetics. He cites examples in other British Columbia
rivers in which algal biomass in the range of 35-100 mg/m” caused complaints about the appearance of the river, and
reduced enjoyment of use of the river by fishermen. The growth, predominantly filamentous algae, was brown or
brownish green, slimy and often occurred as long trailing strands. The growth coated the rocks, making footing
hazardous and fouled fishing lures, making angling difficult.

Under the right conditions of light and temperature, nutrient enrichment can promote a shift in community
composition from predominantly diatoms to a predominance of certain prolific blue green or green filamentous
algae species. This is often considered a ‘nuisance’ condition for the following reasons (Welch 1980):

An undesirable change in the appearance of the river and reduced enjoyment of use of the river by fishermen.

The clogging of water intakes with floating clumps of filaments occurs.
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Many of the nuisance species of green and blue green algae that thrive in enriched environments produce
undesirable tastes and odors if the affected stream is used for drinking water supply.

3.6.2 Protection of aquatic life guideline

A value of less than 100 mg/m” chlorophyll a is the BCWLAP guideline to protect against undesirable changes in
aquatic life. To define what levels of algal biomass in a stream represent an impairment of use for aquatic life, the
scientific literature and the experience of environmental biologists working in BC were surveyed. Excessive
amounts of algal biomass accumulation can be detrimental to fish in streams by causing the following problems:

A secondary biological oxygen demand is created that can deplete oxygen downstream as the filaments break off, or
are dislodged, float away and decompose in shallow backwater areas.
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