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SUMMARY 

ENVIRONMENTAL BASELINE PROGRAM 1994 
ON THE KITSAULT CLAIM GROUP 

- 

- 

An environmental baseline study was conducted by Rescan Environmental Services Ltd. throughout 

1994 on the Lac Minerals Ltd. Kitsault Claim Group. The purpose of this study and ongoing studies, is 

to test the subaqueous environment of Kitsault Lake for potential disposal of mine tailings generated 

from Lac Mineral’s Red Mountain property near Stewart, BC. 

The study consisted of fisheries, vegetation, wildlife assessments, bathymetry, water quality, weather 

station, stream gauging surveys, CID profiling, and sediment geochemistry. 

The Kitsault claim group (NTS 103P/13E & 103P/14W) is located within the Skeena Mining 

District south-east of the Cambria Icefield, on the eastern flank of the Coast Range mountains of 

British Columbia approximately 37 km south-east of Stewart, British Columbia. The Kitsault 

Group is comprised of 25 claims; Kit l-6, Ult 1 - 15, and Bria 16 19; totaling 88 units. The group 

covers approximately 1650 hectares. The group is predominantly underlain by Lower Jurassic 

Hazelton Group sediments and volcanics. This sequence is unconformably overlain by Lower 

Cretaceous Bowser Lake Group sediments. 
._- _ 

- 

The 1994 program is outlined and conclusions are drawn in the attached report by Rescan 

Environmental Services Ltd. 
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I 

1.0 INTRODUCTION 

The Kitsault claim group (NTS 103P/13E & 103P/14W) is located within the Skeena Mining 

District south-east of the Cambria Icefield, on the eastern flank of the Coast Range mountains of 

British Columbia approximately 37 km south-east of Stewart, British Columbia (Fig. 94-01). 

Current access to the property is possible by a 15 minute helicopter flight from Stewart. Road 

access to Alice Arm, 30 kilometers to the south (Fig. 94-02) was established in the 1980’s, and 

from there an old gravel mining road approaches to within 5 km. to the south-west of the 

property. 

The claim group is centred on latitude 55” 46’ North and longitude 129” 30’ West, and covers the area 

surrounding, and to the north-west, of Kitsault Lake. Elevations range from 2,500 to 5,000 metres 

above sea level. The slopes immediately surrounding the lake are predominantly gentle, but become 

steep on the west side, towards the Kitsault Glacier. 

The vegetation surrounding the lake consists mainly of a semi-open forest dominated by mountain 

hemlock with minor amounts of subalpine fir. This gives way to alpine meadows and bare rock at 

higher elevations. 

The area has a coastal climate. Snowfall is heavy due to high elevations, northern latitude and 

proximity to the ocean. In the Stewart area, mean annual snowfall ranges from 520 centimetres at sea 

level, 1,500 centimetres at 460 metres elevation (Bear Pass), and up to 2,250 centimetres at an 

elevation of 9 15 metres (Tide Lake Flats). 

Wildlife consists primarily of moose, and black bears. No grizzly bear signs were observed. 
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1.1 PROPERTY STATUS 

- 

The Kitsault claim group is now lOO%-owned 109 1064 Ontario Ltd. a wholly owned Susidiary of 

Bar-rick Gold Corporation who acquired LAC Minerals Ltd. in 1994. The Kitsault Group is 

comprised of 25 claims; Kit 1-6, Ult l-l 5, and Bria 16-19; totaling 88 units (see Table 1). The 

group covers approximately 1650 hectares. Figures 94-02 and 94-03 show the location and 

disposition of the claims, respectively. 

TABLE 1: PROPERTY STATUS SUMMARY 

CLAIM TENURE EXPiRY 
NAME NO. UNITS DATE 

Kit 1 323466 1 Jan 24,98 

Kit2 323467 1 Jan 24,98 

Kit3 323468 1 Jan 24, 98 

Kit4 323469 1 Jan 24.98 

Kit.5 323470 1 Jan 24,98 

323471 1 Jan 24,98 

323472 1 Jan31,98 

323473 1 Jan 3 1.98 

Kit6 
Ult 1 

Ult2 
Ult3 323474 

Ult4 323475 

Ult5 323476 

1 Jan31,98 

1 Jan31,98 

1 Jan31.98 

Ult6 323477 

Ult7 323478 

UltS 323479 

1 Jan 31,98 

1 Jan 31,98 

1 Jan 31,98 

Ult9 323480 

Ult 10 323481 

Ult 11 323482 

1 Jan 31,98 

1 Jan 31,98 

1 Jan 3 1. 98 

Ult 12 323483 
Ult 13 323484 
Ult 14 323485 

Ult 15 323495 

Bria 16 323596 

Bria 17 323597 

1 Jan 31, 98 
1 Jan 3 1, 98 
1 Jan31,98 

1 Feb 4,98 

20 Feb 4, 98 

20 Feb 14.98 

Bria 18 1 323598 t 15 1 Feb 4.98 

Bria 19 1 323842 1 12 I Feb 24.98 

1 TOTAL: 88 -1 
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_- 1.2 EXPLORATION HISTORY 

There is very little record of previous work on this claim group area, but significant exploration has 

been performed to the south along the Kitsault River. The following is a summary of the history of 

the surrounding area based on reports by Black (195 l), Carter (1970) Dawson and Alldrick 

(1986). 

- 
Prospectors were attracted to the area, in 19 11, by prominent gossans on bluffs and in deeply 

incised canyons along the Kitsault River valley. Many Cu/Ag showings were developed, up to 

the early 1930’s, by trenching, tunneling and limited diamond drilling. The more notable 

properties include: Dolly Varden Mine, Combination, Surprise, Copper Cliff, Starlight, and 

Wildcat. 

_-. 

_ 

More local to the Kitsault group, 3 km to the southwest, was the discovery of the Homestake 

deposit, in 1914, on Homestake Ridge. Between 1914 and 1939, showings on the Cambria 

claims, adjacent to the west and surrounding the Homestake claims, were discovered. In 1939, 

8.0 tonnes of ore (grading 140g/T Au, 202g/T Ag, 7.5% Cu, 3.8% Zn, and 0.8% Pb) was 

shipped from the Homestake Claim Group. There has been little new work performed in this area 

since this date, except for reworkings of known showings. 

Adjacent to the Kitsault claim group area, work has been recorded on the south-east side of 

Kitsault Lake (Woodcock 1966 & 1985, Blackwell 1987, Tupper & McCartney 1990): 

. 

l 

. 

In 1966 Coranex performed geological mapping for Ag and 4 trenches were dug on the south 
side of Kitsault Lake. 
In 1979 Newmont Exploration of Canada Ltd. performed a geochemical survey on the south- 
east side of Kitsault Lake with 150 silt, soil and rock chip samples analyzed for Cu, MO, Pb, and 
Zn. 
In 1984 J.R. Woodcock executed a minor exploration program consisting of geological 
mapping, silt, soil, and rock sampling. 
In 1986-87 Cominco Ltd. launched an exploration program comprising of geological, 
geochemical, and geophysical surveys. 

- *In 1989 Keewatin Engineering Inc. drilled 5 holes totalling 998.2 m, on the Kits group of claims, 

s with additional prospecting and geochemical sampling. 

- 
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- 2.0 GEOLOGY 

2.1 REGIONAL GEOLOGY 

The Kitsault claim group is situated at the eastern margin of a broad, northwest trending 

volcano-plutonic belt composed of Upper Triassic Stuhini Group and Upper Triassic to Lower - 

Middle Jurassic Hazelton Group. 

-- 

_- 

-- 

This belt has been termed the “Stewart Complex” by Grove (1986) and forms part of the Stikinia 

Terrane. The Stikinia Terrane together with the Cache Creek and Quesnel Terranes constitute the 

Intermontane Superterrane which is believed to have accreted to North America in Middle Jurassic 

time (Monger et al, 1982). 

To the west, the Stewart Complex is bordered by the Coast Plutonic Complex. Sedimentary rocks of 

the Middle to Upper Jurassic Bowser Lake Group overlay the complex to the east. 

The Jurassic stratigraphy was established by Grove (1986) during regional mapping between 1964 and 

1968. Formational subdivisions have been and are in the process of being modified and refined as a 

result of recent work being undertaken in the Stewart, Sulphurets, and Iskut areas by the Geological 

Survey Branch of the BCMEMPR (Alldrick, 1984, 1985, 1989) the Geological Survey of Canada 

(Anderson, 1989; Anderson and Thorkelson, 1990) the Mineral Deposits Research Unit at the 

University of British Columbia, and with the most recent and detailed work by C. Greig of the 

Geological Survey of Canada (GSC) (Greig, et al., 1994a,b; Greig et al., in press). A 

sedimentological, stratigraphic, and structural synthesis is slowly emerging for this area. 

The Hazelton Group represents an evolving (alkalic/calc-alkalic) island arc complex capped by a thick 

succession of turbidites (Bowser Lake Group). Grove (1986) subdivided the Hazelton Group into four 

litho-stratigraphic units (time intervals defined by Alldrick 1987): the Upper Triassic to Lower Jurassic 

(Norian to Pliensbachian) Unuk River Formation, the Middle Jurassic Betty Creek (Pliensbachian to 



Toarcian) and Salmon River (Toarcian to Bajocian) Formations, and the Middle to Upper Jurassic 

(Bathonian to Oxfordian- Kimmeridigian) Nass Formation. 

Alldrick assigned formational status (Mt. Dilworth Formation) to a Toarcian rhyolite unit (Monitor 

_- 

Rhyolite) overlying the Betty Creek Formation. Rocks of the Salmon River Formation are transitional 

between the mostly volcanic Hazelton Group and the wholly sedimentary Bowser Lake Group and are 

presently treated either as the uppermost formation of the former or the basal formation of the latter 

(Anderson and Thorkelson, 1990). The Nass Formation has now been assigned to the Bowser Lake 

Group. 

- 
The Unuk River Formation, a thick sequence of andesitic flows and tuffs with minor interbedded 

sedimentary rocks, hosts several major gold deposits in the Stewart area. The unit is unconformably 

overlain by heterogeneous maroon to green, epiclastic volcanic conglomerates, breccias, greywackes 

and finer grained elastic rocks of the Betty Creek Formation. 

.-. Felsic tuffs and tuff breccias characterise the Mt. Dilworth Formation. The Mt. Dilworth Formation 

- 

-- 

represents the climactic and penultimate volcanic event of the Hazelton Group volcanism and forms an 

important regional marker horizon. 

The overlying Salmon River Formation has been subdivided in the Iskut area into an Upper Lower 

Jurassic and a Lower Middle Jurassic member (Anderson and Thorkelson 1990). The Upper member 

has been fitther subdivided into three north-trending facies belts: the eastern Troy Ridge facies 

(starved basin), the medial Eskay Creek facies (back-arc basin), and the western Snippaker Mountain 

facies (volcanic arc). 

Sediments of the Bowser Lake Group rest conformably on the Hazelton Group rocks. They include 

shales, argillites, silt- and mudstones, greywackes and conglomerates. The contact between the 

Bowser Lake Group and the Hazelton Group passes between Strohn Creek in the north and White 

River in the south. The contact appears to be a thrust zone with Bowser Lake Group sediment “slices” 

occurring within, and overlying, the Hazelton Group pyroclastic rocks to the west. 

8 



- 

-- 

B 

Two main intrusive episodes occur in the Stewart area: a Lower Jurassic suite of dioritic to 

granodioritic porphyries (Texas Creek Suite) that is comagmatic with extrusive rocks of the Hazelton 

Group and an Upper Cretaceous to Early Tertiary intrusive complex (Coast Plutonic Complex and 

satellite intrusions). The Early Jurassic suite is characterised by the occurrence of coarse hornblende, 

orthoclase and plagioclase phenocrysts and, locally, potassium feldspar megacrysts. 

The Eocene Hyder quartz-monzonite, comprising a main batholith, several smaller plugs, and a 

widespread dyke phase, represents the Coast Plutonic Complex. 

Middle Cretaceous regional metamorphism (Alldrick et. al., 1987) is predominantly of the lower 

greenschist facies. This metamorphic event may be related to west-vergent compression and 

concomitant crustal thickening at the Intermontane - Insular super-ten-ane boundary (Rubin et. al., 

1990). Biotite hornfels zones are associated with a majority of the quartz monzonite and granodiorite 

stocks. 

--. - 

Recent structural studies by Evenchick (199 1 b) indicate that Bowser Basin strata are part of a regional 

Skeena fold and thrust belt. This tectonism developed between latest Jurassic and early Tertiary time 

and involved strata at least as young as Lower and Middle Jurassic Hazelton Group. This implies that 

the thrust faults of this belt have affected rocks of Stikinia, and may root in the Coast Plutonic 

Complex. 

No significant deformation has been described for the interval between the deposition of the Hazelton 

and Bowser Lake Groups. Evenchick (1991b) concludes that folds in the Hazelton Group are likely to 

be the result of shortening during the formation of the Skeena fold belt. 



_- 2.1 PROPERTY GEOLOGY AND MINERALIZATION 

.-- 

The Kitsault claim group is predominantly underlain by Lower Jurassic Hazelton Group sediments and 

volcanics. This package specifically consists of a northeast-striking north-dipping sequence of andesite 

to dacite pyroclastic tuff breccias, bedded pyritic tuff, barite-celestite beds, black limestone, rhyolite 

tuff, and basalt. This sequence is unconformably overlain by Lower Cretaceous Bowser Lake Group 

sediments. 

_- A brief summary of mineralization is as follows: 

l Silver mineralization has been observed (Newmont 1979) in barite within a limestone formation on 

the south-east side of Kitsault Lake. 

l Sphalerite-bearing sulphate-sulphide rock was located (Cominco 1986-87) at 5 points along a 

6.5 km trend and soil geochemistry identified anomalous multi-element (Pb, Zn, and AS) values, 

._-w but the geophysical surveys failed to locate conductors in the vicinity of known showings. 

-- 

l The Kits Zn-Pb-Ag prospect (Keewatin 1989) is hosted within a well laminated carbonate package 

that includes Zn-Pb rich sulphide horizons in assocation with Ba-Sr sulphate laminae. The best 

diamond drill hole intersection was 4.95 m of 1.3% Zn, 0.12% Pb, and 26.5 g/T Ag. 
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3.0 BASELlNE ENVIRONMENTAL STUDIES 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

The information pertaining to these sections are included within the attached report by Rescan 

Environmental Services. 
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5.0 COST STATEMENT 

-- 

-- 

Work Assessment for the Kitsault Group 
Work recorded for the period June 24 to Nov 19, 1994 

(Baseline Environmental Studies) t 

Water Quality Survey: 

Location j Station i No. Samples 1 $Cost/Sample ! Cost($) 

Kitsault Lake ! Kl-K5 1 27 ! 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i . . . . . . . . . . . . . . . . . . . . . . . . . . i _..........._..____...................: 337.00 j 9 099.00 
Kitsault Lake i Tl-T7 j 

i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i . . . . . . . . . . 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
13 [ 337.00 ; 4,381.OO 

Tributaries 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . p... . . . . . . . . . . . . . . . . . . . . . . . i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i ____._..........__._.....................~ . .._.__.__._._..__._..........,...,...~.~., 
Kitsault River i W20 i 17 ; 337.00 i 5 729.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ . . .._._.................................. Ti ___........,_.! _.._._....._.._.____.,..,... 
Kitsault River i W21 . . . . . . . . . . . . . . . . . .._..................... f 15 ; 337.00 i 5 055.00 ; . . . . . . . . . . . . . . . . . . . . . . . . . . . t...................................... + . . . . . . . . . . . . . . . . .._..................... 3 . . . . . . . ..._...? _..__.._.__._._............. 
Kitsault River i W22 i 17 ; 337.00 i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . 5 729.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...? ._........_.._.__........... 
Kitsault River i W23 j 13 ; 337.00 ; 4,381.OO 

Total: 102 Total: 34,374.oo 

Portion of Water Quality Survey fee assigned to work assessment 

on the Kitsault group of claims: %14,000.00 

Camp and Labour Costs 

CJL Enterprises Ltd. June 24 - July 10 (17 days): 

One person @ $250/day $4,250.00 

One person @ $160/day $2,720.00 
Camp rental @ $lOO/day $ 1.700.00 

Camp subtotal: $8,670.00 

Helicopter Costs 
Vancouver Island Helicopters 

( Portion of transportation costs assigned to Kitsault claim group work assessment) 

6 hours x $675/hr (206B) $ 4,050.oo 

t See Attached Report 
TOTAL: $26,720.00 
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6.0 CERTIFICATE OF QUALIFICATIONS 

I, Mike Sieb, of Box 337, Stewart B.C., do hereby certify that: 

1. I have studied Geology at Concordia University, Montreal, PQ and received a Bachelor of 

Sciences degree with Specialization in Geology in the spring of 1987. 

2. I have continuously practised my profession in Quebec, Ontario, and British Columbia since 

graduation, except for time allotted for further studies. 

3 I have studied Business Administration at The University of British Columbia (UBC), Vancouver, 

BC and received a Masters of Business Administration (MBA) in the summer of 1994. 

4. I am currently employed by Bar-rick Gold Corp., Royal Bank Plaza, South Tower, 200 Bay Street, 

Suite 2700, P.O. Box 119, Toronto, Ontario 

5. The statements in this report are based on office compilation on the Kitsault Claim Group. The 

environmental baseline studies were conducted, throughout 1994, by Rescan Environmental 

Services Ltd. I have personally supervised or reviewed the work described in this and the attached 

report. 

Dated at Stewart this 25th day of February, 1995. 

_- 

---4 

_- 

Mike Sieb, BSc. MBA 
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1994 ENVIRONMENTAL STUDIES AT KITSAULT LAKE 

Chapter 1.0 includes a brief background of the Kitsault Lake tailings disposal 

option and the objectives of the 1994 environmental field program. Details of the 

field work follow in Chapter 2.0 and the results of the environmental studies are 

summarized in Chapter 3.0. Complete data sets for the various components of the 

study are provided in Appendices A - G. Appendix H contains a Statement of 

Qualifications which includes a Rescan company profile and the contributions of 

those involved in the Kitsault Lake field work, sample analyses and report 

write-up. 

1 .O Project Background 

.-. 
a- 

._ 

,- 

_. 
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Among the alternatives for disposal of mine tailings generated from Lac Mineral’s 

Red Mountain property near Stewart, British Columbia is the subaqueous 

environment of Kitsault Lake. The small lake is located across the Cambria 

Icefield, about 20 km southeast of Red Mountain (Figure 1). It is approximately 

3 ktn long by 0.75 km across at its broadest point, and has a maximum depth of 

70 m. How subaqueous deposition of mine tailings to the deep basin might affect 

water quality and fisheries of both the lake and the Kitsault River system is central 

to consideration of the viability of Kitsault Lake as a disposal option. 

The issues relevant to Kitsault Lake for subaqueous storage of mine tailings do not 

involve the stability of sulphide-rich mine tailings. The absence of chemical 

reactivity of such material in the subaqueous environment is well documented 

(Rescan 1990; Pedersen ef aE. 1993). Rather, preliminary water-balance estimates 

performed by Rescan for Kitsault Lake suggest that the tailings supernatant poses 

the most significant potential impact to water quality. Thus, the processes 

affecting water quality in Kitsault Lake and downstream within the Kitsault River 

are germane to the viability of this option for mine tailings disposal. Moreover, 

the lower reaches of the Kitsault River, below an impassable barrier -12 km 

downstream from Kitsault Lake, are known to host spawning salmon. 

Preliminary assessments of the addition of mine tailings and supernatant to 

Kitsault Lake indicated that the tailings and, in particular, supernatant will 

accumulate below a “chemocline” within the deep basin rather than mixing 
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uniformly within the lake. Such an accumulation has both positive and negative 

implications. For example, storage of the supernatant below a chemocline in the 

deep basin will attenuate impacts on water quality downstream in the Kitsault 

River. Under normal conditions, mixing across a chemocline would be minimal, 

increasing the effective dilution of this material within the lake. However, 

sporadic mixing events such as fall turn-over, vigorous wind mixing or plunging of 

cold surface inflow may result in the release of water from below the chemocline 

to the surface waters of the lake and ultimately to the Kitsault River. If such 

events occur, the resulting pulses of higher contaminant concentrations could 

exceed provincial (B.C. Ministry of Environment, Lands and Parks) and federal 

(Canadian Council of Ministers of the Environment) criteria for freshwater aquatic 

life in Kitsault River. The likelihood of such an event relates to the specific 

physical limnology of Kitsault Lake and the characteristics of the discharge. The 

magnitude of this potential threat is related to the quality and quantity of 

supernatant water stored in the deep basin. Thus, in order to assess the potential 

effects of supernatant water on water quality and ultimately the fisheries resource, 

additional information was required. Acquisition of this inforrnation involved 

comprehensive surveys of fisheries, lake biology, bathymetry, physical limnology, 

water quality and sediment geochemistry as well as the installation and monitoring 

of a weather station. 

In addition, preliminary wildlife and vegetation studies were conducted in the 

vicinity of Kitsault Lake to establish background conditions in the event of 

pipeline construction for the subaqueous tailings disposal system. 

Objectives for the Kitsault Lake surveys were: 

__ 

. an assessment of the fisheries both in Kitsault Lake and the upper Kitsault 

River; 

. a reconnaissance level vegetation and wildlife study in the immediate 

vicinity of Kitsault Lake; 

. the determination of the degree of mixing within Kitsault Lake through the 

collection of meteorologic, hydrologic and hydrographic data; 

. the collection of detailed bathymetric data for Kitsault Lake; and 

-3- 



1994 ENVIRONMENTAL STUDIES AT KITSAULT LAKE 

.- 

,-’ 

_...* .-. 

r-. 

. the determination of baseline water quality for Kitsault Lake and the 

Kitsault River. 

Details of the Kitsault Lake field program are outlined in the following chapter. 

2.0 Environmental Fieldwork 

In considering Kitsault Lake as an option to receive mine tailings generated from 

the Red Mountain property, several environmental factors required close 

examination. A fisheries assessment along with detailed studies of lake 

hydrography, geochemistry and water quality were performed to ascertain the 

viability of this option for the disposal of mine tailings. 

A. preliminary study was conducted in January 1994, followed by three surveys in 

July, September, and November to fully assess the range of ice-free mixing 

conditions to which the Kitsault Lake water column would be subjected. A 

summary of the fieldwork, some requiring seasonal sampling, is provided in 

Table 1 followed by a more detailed description of each component. 

Table 1 

Fieldwork Performed During 1994 Kitsault Lake Surveys 

Fieldwork SuNey 1 
Components January 

Survey 2 
July 

Sunrey 3 
September 

Survey 4 
November 

Fisheries 
Vegetation and Wildlife 
Bathymetry 
Weather Station Download 
Water Quality 
Stream Gauging* 
CTD Profiling 
Sediment Geochemistry 

X X X 
X 

X 
X X X 

X X X 
X X 
X X X 

X X X 

X - component undertaken. 
l in addition to automated hydrology station at the outlet of Kitsault Lake. 

I- 

--\ 
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2.1 Fisheries Evaluation 

Paramount to consideration of the Kitsault Lake disposal option is an intensive 

evaluation of the local fisheries resource and its associated biota. In order to 

assess fish populations in Kitsault Lake, its associated feeder streams and ponds, 

and the Kitsault River above the natural barrier to fish migration, an intensive 

sampling program was conducted. During the January survey, fish sampling was 

carried out at stations IQ-K5 (Figure 2). During the July survey gillnets were set 

at 14 locations around the lake, as determined by the presence of fish targets 

indicated on the echo-sounder. Fish populations were evaluated with regard to the 

presence or absence of species, relative abundance, size distribution, and age 

structure. Fish capture methods involved floating and sinking 12.5 cm 

monofilament gill nets and gangs ranging in mesh size Corn 1.9 to 8.9 cm. Both 

floating and bottom sets were made perpendicular and parallel to the shoreline at 

various depths at the proposed seven stations. The duration of the sets were 

standardized at approximately eight hours and were carried out during the daytime 

and nighttime. Minnow traps baited with salmon roe were also set at various 

locations around the lake and in the feeder streams and ponds in order to catch 

smaller sized fish. 

During the September site visit, daytime and nighttime hydro-acoustic surveys of 

Kitsault Lake were performed by BioSonics Inc. of Sumas, Washington to 

determine fish distribution and abundance in the lake, and to establish a population 

estimate. Data from the 30 survey transects were stored as echograms and digital 

tapes. 
.-. 

Each fish caught by gillnetting or in live traps was identified, measured, weighed 

and sexed. Up to ten specimens of each species were retained for stomach and 

tissue metals analysis and determination of age distribution. Age was determined 

by observations of otoliths or scales, depending on the species. Fisheries data are 

tabulated in Appendix A. 

,-- Essential to a comprehensive fisheries evaluation is an examination of the aquatic 

food chain to provide information on habitat characteristics and quality. To this 

end, the fisheries component included: zooplankton tows; bottle casts for 

phytoplankton identification and quantification as well as for nutrient analyses; 

periphyton collection; and Ekman grab samples for benthic invertebrate collection. 
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Samples were collected during a winter survey through the ice in January and a fall 

survey in September; these data are included in Appendix A. 

One composite sample of periphyton (benthic algae) was collected from Kitsault 

Lake tributaries Tl, T5, and T12a using a syringe/brush sampler (Figure 2). In 

addition, three samples of phytoplankton (free-floating algae) were collected from 

the lake itself at Kl, K3 and K5. All algal samples were preserved with Lugol’s 

iodine solution to aid in identification to the genus level, where possible, and in 

quantification. 

During the winter, five replicate vertical zooplankton hauls were performed at 

stations Kl - K5 using a 0.26 m diameter net with a 164 urn mesh. Zooplankton 

were collected in the fall using a 0.6 m diameter, 363 pm mesh net and were 

preserved with buffered formalin (10% final dilution). Two horizontal surface 

tows were conducted at the north end of the lake; three replicate vertical hauls 

were conducted in the deepest part of the lake at K3. 

_--. 

During the winter survey, an Ekman grab was used to collect five replicate benthic 

invertebrate samples at Sites Kl - K5. In the fall, five replicate (where possible) 

grabs were done at Kl, K3 and in the bay by tributary T4 (Figure 2). The grab 

samples were washed through a 250 urn mesh screen and the benthic invertebrates 

which were retained were transferred to jars and preserved with a 10% buffered 

formalin. In addition, three replicate samples were collected using a Hesse 

sampler from each of tributary Tl, T5 and T12a. The benthic invertebrates 

retained were transferred to jars and preserved with 10% buffered formalin. 

2.2 Wildlife and Vegetation Assessment 

A reconnaissance level wildlife and vegetation assessment in the environs of 

Kitsault Lake was conducted from September 21 - 23, 1994. Foot surveys were 

completed around the lakeshore in order to directly observe mammals, birds, and 

amphibians, and to look for indirect evidence of their presence (tracks, scat, 

dens, etc.). Boat surveys were used to observe waterfowl and to access small 

islands to look for evidence of nesting areas. 

.- 

-.. 
Interpretation of the importance of various habitat types for key wildlife species or 

species groups involved identification of habitat types based largely upon 
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vegetation. However, the importance of habitat for wildlife is also determined by 

other factors such as topography and climate, particularly snow depth and duration 

of snow cover. Interpretation of the importance of habitats for wildlife species is 

based on direct sightings where available; on known requirements for food, cover, 

and breeding sites as reported in published and unpublished literature; and on field 

experience in similar environments in the region. Appendix B tabulates the 

findings of the wildlife, aquatic bird and vegetation surveys. 

2.3 Bathymetry 

A detailed bathymetric survey was performed in Kitsault Lake in order to more 

accurately determine lake volume and tailings storage capacity. High quality 

bathymetric data are particularly critical to the hydrographic modelling proposed 

for Kitsault Lake (Section 2.4). Predictions of lake mixing, particularly in the 

deeper basin where the tailings would be discharged, rely heavily on such data. To 

this end, preliminary data collected in the winter of 1993/94 by lead-line and 

Ground Penetrating Radar (GPR) methods were supplemented with additional data 

-- -- 
from a survey utilizing a depth sounder and a differential GPS system. 

A Marinetek-Seamax depth sounder and a Trimble Basic Plus GPS recorded 

positional and depth data every six and three seconds respectively during transects. 

In conjunction with the Basic Plus GPS, a Trimble 4000SE GPS was used as a 

base recorder to correct positional error associated with the mobile GPS unit. 

Total x and y positional error was less than 3 m and vertical error less than 1 m. 

Data was time-indexed and downloaded directly to a computer for integration and 

processing at a later date. 

2.4 Physical Limnology 

S-. 

‘--.. 

Because tailings and supernatant are suspected to accumulate in the deep basin 

under a “chemocline”, incorporation of contaminants into Kitsault Lake surface 

waters and eventually into the Kitsault River could conceivably be a slow, highly 

attenuated process. This might occur if vertical mixing of the lake is impeded by 

the density effect of a thermocline or the chemocline; transport of dissolved 

contaminants across this barrier would occur through diffusional and small-scale 

turbulent processes. However, vigorous deep mixing could be induced under 

several scenarios, compromising the ability of the chemocline to attenuate dilution. 
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To model the behaviour of the lake as well as the location and stability of the 

chemocline, its physical characteristics were studied. This involved measurement 

of several meteorological parameters including wind speed and direction, 

precipitation, relative humidity, solar radiation and ambient temperatures. 

Additionally, the evolution of vertical thermal structure within the lake as well as 

the magnitude and temperature of any significant surface inflows were monitored. 

To this end, a weather station and thermistor array were deployed from a raft over 

the central basin of Kitsault Lake. This information was supplemented by CTD 

data as well as stream gaugings of any significant surface inflows measured during 

the July and September surveys. 

2.4.1 Weather Station 

Measurement sensors and a datalogger 

tripod was fastened to an 8’ x 8’ x 1’ 

were mounted onto a 10 foot tripod. The 

plywood and Styrofoam raft which was 

anchored at four points to the lake bottom. The location of the weather station is 

shown in Figure 2. 

An anemometer and pyranometer were mounted to the top mast of the tripod to 

collect data on wind speed and direction and incident short-wave solar radiation. 

A temperature and relative humidity probe was mounted halfway up the tripod and 

shielded to reduce effects of radiation. Precipitation was measured by installing a 

rain gauge to the side of the raft. In addition, a net radiometer was installed over 

the surface of the water to measure net short- and long-wave radiation. 

Data from all sensors was collected with a Campbell Scientific CR-l 0 datalogger 

and stored in a storage module that was downloaded periodically. Wind speed was 

monitored and an average obtained on a 2 minute, 10 minute and 60 minute 

interval. Hourly average temperature, relative humidity and total hourly 

precipitation data was collected. In addition, maximum and minimum 

temperatures were logged on a daily basis. The station was powered using a 12V 

deep cycle marine battery and supplemented with a 1OW solar panel. 

Meteorological data can be found in Appendix C. 
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2.4.2 Thermistors 

To effectively measure temporal thermal variation in the lake with depth, a string 

of nine thermistors were deployed Tom the side of the raft. Yellow Springs 

Instruments (YSI) water temperature sensors with an error of 0.05”C were chosen 

for this application. These probes were strung at depths of 1, 2, 3, 5, 8, 13, 21, 34, 

and 55 metres below the surface. Data were collected by the CR- 10 and hourly 

average temperatures were stored in the storage module. 

2.4.3 Stream Gauging 

P- 

A hydrology station, labelled H4, was installed on the upper Kitsault River at the 

outlet of the dam at Kitsault Lake (Figure 2). This hydrometric station was 

installed in January 1994 to support limnological studies of the lake and a 

hydrological assessment of the Kitsault watershed. 

To assess the potential for cold surface inflow waters to plunge to significant 

depths within Kitsault Lake and hence induce mixing across the chemocline, 

streams were gauged on each survey. Stream gauging involved measurement of 

cross-sectional area and stream velocity at several points across the stream. 

Discharge was estimated from those data (Appendix D). 

2.4.4 Modelling 

Collectively, this limnological information was used in a predictive model to 

determine the behaviour of the chemocline within Kitsault Lake during and after 

the life of the mine. 

An initial scoping assessment of the in-lake mixing problem indicated that the 

physical stability of tailings supernatant pooled at the lake bottom could be 

affected by three processes: (1) plunging of cold (perhaps turbid) glacial inflow 

waters; (2) lake turn-over induced by climatic variations above the lake, and (3) 

wind induced mixing at the surface of the lake. The first process was eliminated as 

a consideration when a review of topographic information and a site visit showed 

that the lake’s catchment is unglaciated. 
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A modelling exercise was carried out by Dr. Greg Lawrence of the Department of 

Civil Engineering, University of British Columbia, a specialist in the field of 

environmental fluid mechanics (EFM). 

2.5 Water Quality 

A regular monthly sampling program was initiated in January 1994 at four stream 

stations (W20 - W23) located downstream from Kitsault Lake (Figure 3). The 

primary goal of the program was to provide a detailed characterization of water 

quality in the Kitsault Lake watershed which may be affected by project 

development. Intensive sampling, five times a month when weather conditions 

allowed, was conducted to assess the temporal variability in a shorter time frame. 

The months for intensive sampling were selected such that extreme flow events 

(i.e., high and low flows) could be assessed in terms of their influence on water 

chemistry. 

X=---. 

In addition, a baseline water quality assessment was carried out during the January, 

July and September surveys at three stations in Kitsault Lake: station Kl in the 

southwest basin, station K3 in the deep central basin and station K5 in the 

northeast region of the lake (Figure 2). The water quality was characterized by 

sampling six depths at each station. Samples were analyzed for a host of 

parameters including physical parameters, anions, nutrients and an extensive suite 

of total and dissolved trace metals (Table 2, Appendix E). In addition to the 

parameters listed in Table 2, dissolved oxygen readings were made by YSI Model 

58 dissolved oxygen profiling probe (Appendix E). 

During sampling, care was taken to collect uncontaminated trace metal sub- 

samples by the implementation of general trace metal protocol (i.e. Nriagu et al. 

1993). A two-litre acid-washed Go-F10 bottle was rigorously cleaned and acid- 

“r washed prior to water sample collection. 

In-field Quality Assurance/Quality Control (QA/QC) was carried out by collecting 

replicate samples on 20% of the total sample number, and was submitted to the 

analytical laboratory under false station labels to ensure blind analytical runs. 
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-.. Additionally, field blanks (distilled, deionized water) were run through the sampler 

and exposed to the same conditions and treatments as environmental samples in 

order to monitor any potential sampling contamination. 

Station depths were determined in the field after the water column was 

hydrographically characterized by CTD profiling. Depths were selected to 

optimize the distribution within the epilimnion across the thermocline and into the 

hypolimnion. Hydrographic data were collected through high resolution profiling 

of the water column utilizing an Applied Microsystems CTD Profiler. CID 

profiling was performed at six sites in September and only at K3 in November due 

to ice cover. This information supplemented the data collected by the thermistor 

string (Section 2.4.2) and was collected on three surveys (Appendix F). 

2.4 Sediment Geochemistry 

Long-term chemical stability of sulphidic mine tailings residing on or within lake 

sediments depends largely on the in situ geochemical environment. 

Characterization of the natural sediments of Kitsault Lake was necessary to 

determine the geochemical environment within which the tailings will accumulate. 

However, because tailings reactivity is not at issue and because sediment data exist 

from a survey performed in January, a limited suite of sediment samples were 

collected in July. 

C 

Three surface grab samples were collected on a transect through the deep basin 

(stations K3, K4 and K6; Figure 2) and analyzed for major and minor elemental 

composition as well as organic carbon and total nitrogen (Appendix G). 

Collectively, these data, along with data from the sediment samples collected in 

January (stations Kl through K5), provided sufficient information to assess the 

spatial geochemical nature of the lake sediments. In particular, emphasis was 

placed on addressing the chemical nature of the deep basin where tailings will be 

discharged. 

2.7 Laboratory Analyses of Water Quality and Sediment Samples 

-. 
Analysis by Elemental Research Inc. of Vancouver, B.C. followed APHA 

Standard Methods, 18th Edition (1992). Inductively Coupled Argon Plasma Mass 
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Spectrophotometry (ICP-MS) was used to determine total and dissolved metal 

concentrations. Anions such as chloride and fluoride are measured with specific 

ion electrodes, while sulphate is determined by a nephelometric method utilizing 

barium sulphate precipitation. Nutrients such as nitrogen and phosphorus are 

measured colourimetrically using a W/visible spectrophotometer after methods 

outlined in Parsons et al. (1984) and APHA (1992). 

Total and dissolved organic carbon were determined colourimetrically after 

persulphate- W digestion, using phenolphthalein reagent (APHA Method 53 10). 

Sediment solids were prepared by extraction to liberate the volatile components, 

Hg and Se, for hydride generation. The remaining material underwent quantitative 

acid digestion in a sealed bomb; elemental analysis was by ICP-MS. 

“,‘_.. 

Internal quality control samples were prepared in the laboratory and analyzed 

along with the environmental samples. The information generated allowed the 

determination of laboratory precision, accuracy and contamination control for all 

measurements. For trace analyses, the following internal quality samples are 

employed: method blanks, sample replicates, instrument check standards, detection 

limit standards, surrogate compounds, sample spikes, Standard Reference Material 

(SRM) and Certified Reference Material (CRM). 

3.0 Results 

A summary of the results from the 1994 Kitsault Lake field program are provided 

below. Complete data sets can be found in following appendices: A) Fisheries, 

B) Wildlife, Aquatic Birds and Habitat, C) Meteorology, D) Stream Discharge 

E) Water Quality, F) CTD, and G) Sediment Geochemistry. 

3.1 Fisheries Evaluation 

3.1.1 Periphyton 

Periphyton consisted of three phyla: Chlorophyta, Chrysophyta and Cyanophyta, 

representing a total of 25 genera. The most diverse and abundant group was 
P Chrysophyta. Most of the genera present were colonial in nature (filaments or 

-.. mats). 

*- 
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3.1.2 Phytoplankton 

Phytoplankton consisted of five phyla, Chlorophyta, Chrysophyta, Cyanophyta, 

Cryptophyta, and Pyrrophyta, representing a total of 18 genera. Chrysophyta was 

the most diverse and abundant group. Genera were present as individual cells and 

as colonies. 

3. I.3 Zooplankton 

Zooplankton were comprised of two phyla, Rotifera and Crustacea, representing a 

total of 15 species. Rotifera were more abundant in the January samples while 

Crustacea (Cladocera and Copepoda) dominated the September samples. 

3. I.4 Benthic Invertebrates 

Stream and lake invertebrates consisted of seven phyla with the insects, 

particularly the larval chironomids (two-winged flies), dominating both soft and 

hard substrates in terms of diversity and abundance. 

3.1.5 Fish 

Few fish were observed on the Kitsault Lake echograms recorded by BioSonics 

Inc., indicating low fish density and a small population in the lake. These findings 

concurred with preliminary conclusions based on initial gillnet, setline and trap 

results, drawn by Dr. Tom Northcote (senior fisheries ecologist and limnologist), 

and Ron Saimoto (B.C. Environment). 

Dolly Varden (Salvelinus malma) and rainbow trout (Oncorhynchus mykiss) were 

found in Kitsault Lake and its tributaries. The Dolly Varden population estimate 

was less than 1000 fish based on the BioSonics hydroacoustic survey and total 

catch. Dolly Varden age classes ranged from 0 to lO+ years. The rainbow trout 

that were aged were found to be 2+ years (n=3). Fish diet consisted largely of 

chironomids in the streams and cladocerans in the lake. 
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/-. 3.2 Wildlife and Vegetation Assessment 

3.2. I Wildiijk 

r- 

F 

Moose are the only ungulates known to use the Kitsault Lake area, and only occur 

here in summer and early fall. One moose and a small amount of moose sign were 

noted at the lake. No grizzly bear sign was noted at the lake. Based on sightings 

and sign, black bears are common in the Kitsault Lake area. The diversity and 

abundance of berries is undoubtedly a contributing factor. 

Common Loon, Pacific Loon and Homed Grebe were noted. Canada geese are 

present from at least early July to late September, based on sightings, grazing sign, 

and scats. Mew gulls are thought to nest on islands in the lake. 

C 

3.2.2 Vegetation 

,-r + 

Forest stands around Kitsault Lake are mostly semi-open (parkland type) and 

dominated by mountain hemlock with minor amounts of subalpine fir. Several 

species of blueberry (Vaccinium spp.) dominate the forest understory. Openings 

among the tree stands support various heather, seepage slope, wetland, and rock 

outcrop communities. Plant species diversity is relatively high, as is herbage 

productivity (in wet sites) and berry production. Although shrubs are abundant, 

preferred browse species such as willows and red-osier dogwood are of limited 

occurrence. 

P 
Adjacent uplands are within the leeward (inland) variant of the moist maritime 

subzone of the Coastal Mountain Hemlock Biogeoclimatic Zone (MHmm), and 

show characteristics of both the continuously forested subzone (MHmml) and 

higher elevation parkland (MHmmp) (Ministry of Forests and Lands 1988). Zonal 

and subzonal vegetation are described by Banner et al. (1993) and Pojar et al. 

(199 1). The MI-I Zone is characterized by deep and lengthy snow cover, which 

places severe limitations on wildlife use. 

3.3 Bathymetry 

-. The survey, performed over two days in July 1994, consisted of various transects 
--. across the length and width of the lake. A detailed bathymetric chart, shown in 

C Figure 4, was produced from the positional and depth data collected. 
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3.4 Physical Limnology 

3.4.1 Weather Station 

Wind speed, hourly average temperature, relative humidity and total hourly 

precipitation data were collected. In addition, maximum and minimum 

temperature were logged on a daily basis. 

3.4. I. I Air Temperature 
Q 

The maximum recorded temperature at Kitsault Lake during the period of data 

collection was 25.1 “C in July and - 10.2”C in November. 

The average temperatures at Kitsault Lake are similar to those of the lower tram 

terminal during the late summer and early fall (see Table 3). 

Table 3 

Comparison of Kitsault Lake, Lower Tram Terminal and 
Upper Tram Terminal Temperature Data 

Station July August September October November 

Monthly Average (“C) 
Kitsault Lake 
Lower Tram 
Upper Tram 

12.6”’ 
12.9 
8.5 

13.7 
14.5 
IO.8 

7.4 
7.9 
3.6 

2.3 
n/a 
nla 

-3.1”’ 
n/a 
da 

Maximum (“C) 
Kitsault Lake 
Lower Tram 
Upper Tram 

25.1”’ 
23.3 
21.2 

24.1 
24.0 
21.4 

13.8 
17.1 
IO.8 

9.3 
nla 
n/a 

I .o’*’ 
n/a 
n/a 

Minimum (“C) 
Kitsault Lake 
Lower Tram 
Upper Tram 

4.2”’ 
6.3 
0.7 

5.2 
6.5 
14.9 

0.2 
0.2 
7.2 

-6.2 
n/a 
n/a 

-I o.2’*’ 
nla 
n/a 

(1) Three weeks of data available. 
(2) Two weeks of data available. 
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p_ 3.4.1.2 Wind Speed and Direction 

Winds during the open water period are channelled by the local topography and 

tiequently exhibit a strong diurnal cycle. Under clear sky conditions, winds 

generally blow up-valley by day and down-valley by night. The maximum hourly 

average wind speed was 10.2 m/s on September 2 1, 1994, while the maximum 

recorded instantaneous (i.e. five-second) wind speed was 15.6 m/s (also recorded 

on September 21). 

3.4.1.3 Rainfall 

- Daily precipitation readings were compared with readings collected at the Stewart 

airport. The total amount of rainfall at the Stewart airport is generally higher than 

that measured at Kitsault Lake. September appears to have been the wettest month 

of the four and a half months of data collected at Kitsault Lake with a total of 

229.3 mm of rainfall. October has historically been the wettest month of the year 

at the Stewart airport with about 30 1.9 mm of precipitation. 

_ aa 3.4.2 Thermistors 

=_ 

Two methods of data collection were employed to determine water temperature 

profiles at various points in the lake. The first method consisted of a string of nine 

thermistors anchored at discrete depths in the deep basin of the lake. These 

thermistors were connected to a datalogger where data were processed and stored. 

Surface water temperatures ranged from a low of 1.8 1°C (November 15) to a high 

of 19.58OC (August 13); whereas temperatures at depth, as recorded by the 55 m 

thermistor, ranged from 3.47”C (November 14) to 4.9O”C (October 29). A graph 

representing all thermistor data collected during the July to November sampling 

period is shown in Figure 5. 

The second method utilized a CTD to collect temperature data at one metre 

intervals at various locations (Appendix F). A comparison between the 

temperatures recorded by the CTD and the thermistors showed that the two 

methods of data collection are in good agreement (Figure 6). 
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3.4.3 Stream Gauging 

A hydrology station, labelled H4, was installed on the upper Kitsault River at the 

outlet of the dam at Kitsault Lake (Figure 2). This hydrometric station was 

installed in January 1994 to support limnological studies of the lake and a 

hydrological assessment of the Kitsault watershed. 

Although detailed analyses have not yet been completed, a preliminary assessment 

of the data showed that the maximum daily average streamflow was 4.32 m3/s in 

mid-June 1994. The lowest recorded flow was 0.43 m3/s in March. 

Highest flows were expected in the summer months of June and July resulting 

largely from snowmelt runoff. Low flows were expected to occur in the winter 

months of February and March when temperatures are low (little snow melt). 

The average monthly flows range from 0.49 m3/s or 30.4 L/s/km2 in March, to 

3.23 m3/s or 201.7 L/s/km2 in June. (Stream discharge data for station H4 and 

Tributaries 1, 3,4, and 5 are tabulated in Appendix D). 

The total runoff over nine months was calculated to be 1,842 mm. By estimating 

the runoff for the remaining three months of the year, a total of about 2,300 mm 

was estimated for 1994. This data can be compared to the longterm historical 

runoffs at the Water Surveillance of Canada (WSC) gauge on the Kitsault River at 

Klayduc Creek (WSC Station 08DBOll). The average annual runoff at the WSC 

station is 2,955 mm. The difference between the two figures may partially result 

from the probable underestimation of high flows at H4, mentioned above. 

However, it is likely that a real difference does exist: the Kitsault River catchment 

is partially glaciated, but the portion of it contributing to flow at H4 is not. This 

issue could be easily resolved through the determination of a more accurate stage- 

-discharge relationship at H4, and by comparing data collected at H4 to data 

collected at the WSC gauge simultaneously (data from the WSC gauge for 1994 

were not available when this report was prepared. 

3.4.4 Modeiling 

The modelling exercise assessed chemocline stability through seasonal changes, 

including spring and fall turn-over, and during periods of high winds. Although 

the modelling exercise is not complete, several general conclusions can be made: 
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3.5 

3.5.1 

Water discharged to the lake with the tailings will at all times of the year be 

denser than lake water and will therefore tend to pool at the deepest part of 

the lake’s central basin. The boundary dividing the dense tailings 

supernatant from the less dense lake water is termed a “chemocline.” The 

pool of supernatant may be termed the “monomolimnion.” 

The monomolimnion will increase in depth as more tailings are discharged 

into the central basin. 

The stability of the chemocline depends greatly on its depth. If the 

chemocline remains below, say, 30 m, wind-induced mixing and internal 

waves are extremely unlikely to cause erosion of the chemocline or 

upwelling of water from beneath it. On the other hand, if the chemocline 

rises to a depth of 15 m, then the probability of upwelling occurring as the 

result of wind-induced internal waves would be significant. Therefore, any 

tailings management plan must seek to minimize the quantity and water 

discharged to the lake with the tailings. 

The “safe” limit for the depth of the chemocline has not been determined. 

This limit depends on the maximum wind speed which can be sustained 

over a few hours, which cannot be precisely determined on the basis of 

wind data collected during a single open-water season. 

A preliminary assessment of the likely wind regime at the lake indicated 

that the lake is in a relatively sheltered location and that accordingly, a 

conservative analysis could be based on data from nearby stations, such as 

Stewart, with longer periods of record. Any detailed assessment would 

need to consider both summertime thermally-driven winds and Arctic 

outflow winds, which may occur near the end of the open-water season. 

Water Quality 

Kitsault Lake 

The water column of Kitsault Lake is chemically invariant; not only is the water 

devoid of most dissolved constituents, its chemical composition changes 

imperceptibly with time. The principal variations in water quality relate to its 

physical characteristics rather than its chemical composition. 

- 24 - 



1994 ENVIRONMENTAL STUDIES AT KITSAULT LAKE 

The water column of Kitsault Lake is best characterized by its low ionic strength 

(<3O umhos/cm), low hardness (45 mg/L) and average pH (-6.5). Kitsault Lake 

is oligotrophic, containing undetectable concentrations of nitrogen- or phosphorus- 

containing nutrients; this in part accounts for the lack of biogeochemical 

constituents. Most importantly, Kitsault Lake contains undetectable 

concentrations of dissolved metals (and in most cases, total metals) such as As, Cd, 

Cu, Pb, Se, Hg and Ag. Its watershed presumably does not host exposed, soluble 

rock facies capable of contributing measurable metals to the lake. 

Despite the presence of a reasonably strong thermocline, the oligotrophic nature of 

Kitsault Lake precludes an oxygen demand of consequence. As a result, dissolved 

oxygen even in deep waters was always at or near fully saturated conditions 

(>lO mg/L). Further, the lack of biologic activity precludes the presence of the 

vertical zonation of dissolved constituents seen in many other systems; 

components such as nutrients, Cd, Cu and other biologically active constituents did 

not vary with depth. 

3.5.2 Kitsault River 

The composition of the Kitsault River changes along its course toward the ocean. 

Initially, at station W20, Kitsault River water is no more than Kitsault Lake 

surface water characterized by low conductivity, low dissolved and total metals, 

low nutrients and low major ion concentration. Further, its composition is 

relatively invariant with the changing seasons. However, the influence of the 

various tributaries to the Kitsault River (Homestake Creek and others) alter its 

composition. While it is not possible to define the precise influence of each 

tributary, it is possible to grossly characterize the evolution of Kitsault River 

waters f?om the outflow of Kitsault Lake to their confluence with Klayduc Creek, 

some 30 km downstream. 

The first and possibly the greatest influence on the Kitsault River is that of 

Homestake Creek (W21). Unlike Kitsault River water, Homestake Creek is 

characterized by higher ionic strength, arising primarily from greater 

concentrations of the major ions Mg, Ca and sulphate; Homestake Creek water is 

harder than the Kitsault River water. Additionally, during the spring and summer, 

the freshet contributes greater quantities of suspended solids probably derived 

from its glacial-fed headwaters. Despite the increased sediment load in the spring, 
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total metals of consequence (Cu, Cd, Se, Zn, Pb, etc.) do not increase substantially 

in concentration. Further, dissolved metals remain invariant. 

The remainder of the Kitsault River changes very little with the addition of waters 

from Evindsen Creek (W22) and Klayduc Creek (W23), suggesting that they are 

similar in composition to that of Homestake Creek. The seasonal signature in 

suspended solids is partially obscured presumably through dilution with waters 

less laden with glacial material. Additionally, the seasonal signature observed in 

Homestake Creek is more obscure in the lower Kitsault River. Whether this is due 

to natural attenuation of suspended solids or through dilution by solid-free 

tributaries is not possible to determine. 

The final measured composition of Kitsault River water at its confluence with 

Klayduc Creek (W23) is characterized by low metals with the exception of Mg and 

Ca and sulphate, giving the water a degree of hardness. A marginal increase in 

alkalinity relative to Kitsault Lake waters results in slightly higher pH 

downstream. Generally, the chemical composition of the lower reaches of the 

Kitsault River vary little seasonally. 

3.6 Sediment Geochemistry 

The surface sediments of Kitsault Lake are typical of other alpine sediments and 

reflect the chemistry of the water column as well as the local sources of native 

rock. 

The sediments are fine-grained in the deep basins and marginally coarse in the 

shallows reflecting the preferential accumulation of fines in the calmer, deep 

waters. The hydrodynamic equivalence of organic matter to fine-grained 

sediments results in its enhanced accumulation in the deep sites where it was 

observed at concentrations as high as 5.8 wt. %. Because Kitsault Lake is 

oligotrophic, the origin of organic carbon in the sediments is primarily terrestrial. 

This is reflected strongly in the C/N weight ratios which range from 10 to 60. Asa 

result, the organic matter of Kitsault Lake sediments are more refractive than in 

other lakes; the intensity of diagenesis is anticipated to be correspondingly low. 

Elevated oxygen in bottom waters combined with refractory organic matter result 

in the presence of oxic surface sediments. Oxic conditions in the sediments are 
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indirectly reflected in the bulk chemistry which displays Fe and Mn values 

enriched above detrital background values. The suggestion of diagenetic oxide 

enrichments is supported by commensurate surface enrichments in Zn, MO and As 

which are known to associate with such phases. 
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_ Kitsault Lake Zooplankton Analyses: Vertical Hauls 

0.26 m diameter net 

164 pm mesh 

Lake Site 

Date 
Depth 

Replicate 

K2 

25-Jan-94 

39 m 
1 2 3 4 5 Mean R 

(#/m3 

Genus/Group Stage 

ROTIFERA 

Kellicottia longispina 
Polyarihm vulgaris 
Kemtella cochlearis 
KemtelLa quad&a 
ciwwchiLlis wlicomis 
Unidentified 

indiv. 

(soft) 

CLADOCERA 

Daphnia m.Mkndoma~ 
Bosmina longirosttis 

COPEPODA 

Calanoida 

Diaptomus pribilofensis 

.-- Heterocope septentrionalis 

M 

F 

M 

F 

Cahoid 

Cyclopoida 

Qriops b. thomasi 

Qclops capillatus 
Cyclops scutifer 

Cyclopoid 

nauplius 

F 

COP. 
F 

F 

COP. 
nauplius 

725.7 1257.9 919.2 1112.7 1790.0 

0.0 0.0 0.0 0.0 72.6 
18384.1 15723.3 24189.6 174169 15094.3 

145.1 241.9 96.8 67.7 %.8 

0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 

19466.9 67.55 
1161.1 4.03 

14.5 0.08 
18161.6 63.02 

129.7 0.45 
0.0 0.00 
0.0 0.00 

0.0 0.0 0.0 0.0 0.0 

32.4 22.3 16.9 16.0 15.5 

20.6 0.07 
0.0 0.00 

20.6 0.07 

7773.9 26.98 

120.9 72.6 120.9 91.9 58.1 92.9 0.32 
101.6 101.6 43.5 82.2 48.4 75.5 0.26 

0.5 1.0 1.0 0.5 0.0 0.6 O.CQ2 
1.9 4.8 3.9 4.4 2.9 3.6 0.01 

4.8 0.0 0.0 0.0 0.0 1.0 0.003 

498.3 1112.7 488.6 628.9 387.0 623.1 2.16 
1596.5 1548.1 1117.6 2128.7 1306.2 1539.4 5.34 

0.0 0.0 0.0 0.0 0.0 0.0 0.00 
0.0 0.0 0.0 0.0 0.0 0.0 0.00 
0.0 0.0 0.0 0.0 0.0 0.0 0.00 

6386.1 5757.1 5612.0 4837.9 4596.0 5437.8 18.87 

TOTAL 27998.1 25843.3 32610.1 26387.5 23467.8 28817.1 100.00 

- 























































































































































































































Appendix H - Statement of Qualifications 



APPENDIX H - STATEMENT OF QUALIFICATIONS 

Rescan Company Profile 

-- 

- 

- 

-- 

- 

Rescan Environmental Services Ltd. is a multidisciplinary consulting firm 

specializing in the environmental management of resource development projects. 

Rescan offers the unique ability to effectively resolve complex issues requiring 

specialized technical, managerial and negotiating skills. In addition to a complete 

range of environmental services encompassing environmental engineering, 

metallurgy, chemistry, biology, socioeconomics and planning, Rescan offers 

expertise in government liaison and project management. 

Rescan’s client list includes many of the world’s leading companies and project 

assignments have spanned five continents. Rescan has completed numerous 
environmental impact assessments, feasibility studies, pilot plant evaluations, 

engineering design, computer simulation modelling and design and management of 

complex waste treatment systems. Rescan has come to be recognized as a 

specialist in process plant waste treatment technology, surface runoff treatment 

and effluent disposal using submarine and riverine techniques. Our expertise 

includes modelling of effluent behaviour within the aqueous environment. 

In resolving the complex and sometimes contentious issues surrounding 

environmental regulation, specialized technical, managerial and negotiation skills 

are required. Our technical expertise in freshwater and marine water chemistry; 

biological sciences; chemical, metallurgical, air quality and environmental 

engineering is utilized in the complete range of environmental services offered. 

To complement our technical expertise, Rescan owns and operates a full range of 

water quality, hydrology, fisheries and air quality monitoring equipment. Project 

permitting and licensing form another significant aspect of environmental 

management. Rescan’s negotiating skills and experience working with 

governments and international regulatory and financing institutions is invaluable to 

ensuring regulatory approval. 
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Field Program 

Donald A. Blood, RP. Bio. M. S. Hons. (Wildlife Biology) 

B.Sc. Hons. (Zoology and Biology) 

Mr. Blood is a subcontractor who specializes in vegetation and wildlife studies. 

He has extensive experience mapping wildlife habitat and conducting flora and 

fauna surveys throughout the Northwest Territories and northern B.C., as well as 

other areas. He has been involved with this component of the project since its 

inception. 

Janet E. Freeth, G.I.T. B.Sc. Hons. (Geology and Oceanography) 

Ms. Freeth is an environmental geologist who has supervised and participated in 

fieldwork on a variety of projects in Canada and internationally. She has directed 

and been involved in the writing of proposals, prospectus’, baseline studies, and 

environmental impact assessments. Ms. Freeth coordinated the write-up of the 

environmental studies completed at Kitsault Lake by Rescan in 1994. 

.A -- 

- 

Greg Lawrence, P.Eng. Ph.D. (Civil Engineering) 

Dr. Lawrence is associate professor of Civil Engineering at the University of 

British Columbia. He specializes in Environmental Fluid Mechanics (EFM). He 

received the Lorenz G. Straub award for best doctoral thesis worldwide in 

hydraulics or a related field for his study of the hydraulics and mixing of two-layer 

flow over an obstacle. He has authored and co-authored many technical papers 

and is leading research projects across North America. Mr. Lawrence carried out 

the modelling exercise to assess chemocline stability in Kitsault Lake. 

John J. McNee Ph. D. Candidate (Geochemistry) 

B.Sc. Hons. (Chemistry and Oceanography) 

_- 

Mr. McNee is an environmental geochemist with extensive experience in the 

analytical techniques pertaining to sediment geochemistry. His work has involved 

studying natural cycles of trace-elements in both marine and lacustrine 

environments. Mr. McNee was instrumental in the design of the limnological 

sampling components and participated in the July and November surveys. He was 

involved in the interpretation of the water quality and sediment geochemistry data 

and was responsible for these sections of the report. 
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Thomas G. Northcote Ph.D., M.A. and B.A. (Zoology) 

Dr. Northcote is a Professor Emeritus at the University of British Columbia who 

specializes in limnology and fisheries ecology. Dr. Northcote acted as chief 

advisor on the fisheries and aquatic resources component of this project based on 

his extensive experience throughout northern British Columbia while employed 

with the provincial government and at U.B.C. 

Shawna E. Reed Ph. D. 

Dr. Reed’s background is in genetics and invertebrate ecology. 

(Marine Sciences) 

Ms. Reed has been 

involved in the assessment of ecosystems, impact on aquatic and terrestrial 

resources in Canada, U.S. and Peru. She has also been in charge of directing and 

managing related field work. 

For this project, Dr. Reed led the fall field program and conducted the aquatic flora 

and fauna sampling, in addition to assisting Mr. Whelen with the fisheries 

program. She supervised the various analysts who provided the identifications of 

the organisms sampled; she was also responsible for the fish dissections for vital 

statistics, aging structures, stomachs, and tissues, as well as the coordination of the 

laboratories who carried out the actual analyses. As the results were returned from 

the laboratories, she tabulated the data and is now analyzing and interpreting those 

results. Duties also included editing and coordinating input for fisheries and 

wildlife/vegetation writeups for Kitsault Lake. 

Derek J. Riehm, P. Eng. M.A.Sc. (Metals and Materials Engineering) 

B.Sc. (Metallurgical Engineering) 

Mr. fiehrn specializes in impact assessment, water quality studies, and water and 

waste management planning for the mining industry. In addition to installing the 

hydrometric station at the outlet of Kitsault Lake, Mr. Riehm acted as project 

coordinator for the mixing assessment of Kitsault Lake. 

R. James Slater, RP. Bio. B.Sc. (Marine Biology) 

B.A. (English) 

Mr. Slater was the project/field biologist for June/July field trip to Kitsault Lake. 

Fish sampling activities included gillnetting, minnow trapping, echolocation of 

fish to approximate their distribution and abundance, a survey of the lake to locate 
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major inlet streams, angling, longlining, stream surveys, and a survey of Kitsault 

River to identify the first impasse to anadromous fish. 

During the late September survey, Mr. Slater managed many of the logistics for 

the field crews (Rescan, BioSonics & MELP on behalf of Lac Minerals Ltd.), 

including retaining BioSonics to conduct the hydroacoustic survey of the lake, 

arranging for construction and delivery of custom-made giant minnow traps, 

ordering appropriate gillnets, arranging for Dr. Tom Northcote and MELP staff to 

conduct a site visit, developing a sampling survey under the instruction of Dr. 

Northcote, and arranging for the delivery of equipment to Rescan crew at Kitsault 

Lake. Duties also included editing and coordinating input for the aquatic resources 

component of Kitsault Lake. 

Michael A. Whelen, R.P. Bio. B.Sc. (Marine Biology) 

Mr. Whelen is a subcontractor who specializes in fisheries studies for both private 

and governmental agencies. He has over twenty years of experience conducting 

fish habitat assessment and utilization surveys, as well as habitat restoration 

recommendations throughout the province of B.C.. He was contracted by Rescan 

to conduct the summer and fall fisheries programs at Kitsault Lake. 

Janet Wong, E.I.T. B.Eng. (Civil/Environmental Engineering) 

Ms. Wong has experience in several areas of environmental assessment and 

. management of resources including surface and groundwater analyses and impact 

assessments. Ms. Wong installed, maintained and downloaded the meteorological 

station at Kitsault Lake. She also conducted water quality sampling, CTD 

profiling, and assisted in the bathymetric survey. Ms. Wong was responsible for 

downloading the hydrology stations on the Kitsault River and for gauging the river 

and tributaries of Kitsault Lake. 
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Sample Analyses 

BioSonics Inc. 

P.O. Box 485 

Sumas, Washington 

98295 

BioSonics conducted the hydroacoustic survey of Kitsault Lake. 

Danusia Dole&i 

1097A Sitka Square 

Vancouver, B.C. 

V6H 3PS 

M. SC. (Zoology) 

Ms. Dolecki has over twenty years of experience in the identification of algae, 

plankton, benthic invertebrates, and fish stomach contents from a wide variety of 

ecosystems. On this project, she completed taxonomic identification of freshwater 

invertebrates, fish stomach contents and periphyton. 

Elemental Research Inc. 

309-267 West Esplanade, 

North Vancouver, B.C. 

V7M lA5 

ERL was responsible for all water quality, sediment geochemistry and fish tissue 

metals analyses for samples collected from Kitsault Lake. 

Margaret MacDonald 

Box 243 

Midway, B.C. 

VOH 1MO 

M.Sc. (Biology) 

Ms. MacDonald has over twenty years of experience aging freshwater and marine 

fishes using a variety of structures and techniques. Now semi-retired from the 

Pacific Biological Station at Nanaimo, B.C., she continues aging fish for 

government and private industry. For the Kitsault Lake project, she determined 

fish aging by analyzing otoliths and scales. 

.- 
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Nell Stallard 

Applied Technical Services 

P.O. Box 514 

Saanichton, B.C. 

VSM 2C5 

M.Sc. (Zoology) 

Ms. Stallard completed taxonomic identification of fi-eshwater invertebrates, fish 

stomach contents and planktonic organisms. 

a 
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