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SOME OCEANOGRAPIDC CHARACTERISTICS OF A POLLUTED 
INLET IN BRITISH COLUMBIA 

MICHAEL WALDICHUK 

Fi8heriea Research Board of Canada 
Biological S1.ation, Nanaimo, B.G. 

ABSTRACT 

Physical and chemical characteristics of Neroutsos Inlet, British Columbia, in 
August 1957 are described. Moderately deep, II nautical miles long by 0.5 to l mile 
wide, it has been subjected to a prolonged period of waste disposal from a sulphite 
pulp mill near its head. The mill effluent is discharged on the surface at the shore 
and is largely confined to a thin surface layer about 5 m deep . Low dissolved oxygen 
in surface water was noted and virtual extinction of intertidal flora and fauna within 
several miles of the mill apparently has occurred. Absence of significant vertical 
mixing allows the deep water to remain relatively free of contamination. The Inlet 
lacks the mechanism of a large runoff from the head for rapid flushing of wastes 
released at the surface. 

Comparison of oceanographic data collect ed in Neroutsos Inlet during August 
1927 with those of August 1957 suggests that there has been a long-term change 
in conditions as a result of 40 years of continuous discharge of mill wastes into Inlet 
waters. 

INTRODUCTION 

Neroutsos Inlet is the southeast arm of Quatsino Sound, on the 
northwest side of Vancouver Island (Fig. I) . It has a northwest-
southeast axis parallel to the main trend of the coastline, running 
from Lat. 50°20' N to 50°30' N. Shaped like a typical British Co-
lumbia fjord (Pickard, 1956), it is long and narrow with steep moun-
tainous sides. It is 11 nautical miles long, divided into a deep section 
7½ mi long and 1 mi wide from its mouth to Ker Point and a shal-
low section 31/i mi long and ½ mi wide from Ker Point to its head. 
A cross-section of the Inlet is U-shaped with depths slightly greater 
than 100 fathoms along mid channel. It has no significant sills, but 
it is somewhat constricted laterally and vertically at Ker Point, 
where the effective width is less than 0.3 mi and the depth is only 
20 fathoms. In Table I are given some of the morphometric char-
acteristics of the Inlet. 

(536) 
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Figure l. Chart of Neroutsos Inlet and adjoining waters of Quatsino Sound showing 
oceanographic stations occupied during August 1957. Inset: Chart of Vancouver Island 
featuring the general location of Quatsino Sound. 
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TABLE I. MORPHOMETRIC CHARACTERISTICS OF NEROUTSOS INLET 

Dimension Common Units Metric Units 

Length from mouth at Pender Pt. to Ker Pt. 7. 70 n mi 14.27 km 
Length from Ker Pt. to head at Cayeghle Cr. 3.50 n mi 6.49 km 
Average width of segment from Pender Pt. to Ker Pt. 0.91 n mi 1.69 km 
Average width of segment from Ker Pt. to Cayeghle Cr. 0.4 7 n mi 0.87 km 
Mean depth 48.1 fm 88.0 m 

Mean large tidal range 9.5 ft 2.90 m 

Mean small tidal range 6.0 ft 1.83 m 
Mean tidal prism on large tidal range 0.0140 (n mi)8 0.0890 km• 
Mean tidal prism on small tidal range 0.00886 (n mi)8 0.0563 km• 

Horizontal areas : 

Depth Contour ,-Area~ 
(nmi)2 km2 

Surface* 8.944 30.77 

10 fathoms 6.990 24.05 

20 6.285 21.62 

30 5.146 17.70 

40 4.631 15.93 

• Mean high water. 

Cross-sectional areas: 

Section 

From Pender Pt. to point west of Atkins Cove 
From Nequiltpaalis Cr. to Goquawhenigh Cr. 
From Port Alice to Cayuse Cr. 
Across Inlet south of Ketchen Is. 

Volumes: 

Depth Contour 

50 fathoms 

60 
75 

90 
100 

,- Area --, 
(n mi) 2 km' 

4.022 13.84 

3.469 11.93 
2.708 

1.822 
1.076 

9.315 

6.268 
3.702 

,--Area---, 
(n mi)" km2 

0.0448 
0.0726 

0.00393 
0.00976 

0.1540 
0.2495 
0.01348 

0.0335 

Depth I nterval ,-- Volume--, D epth Interval ,-- Volume---.... 
(fathoms) (n mi)3 km3 (fathoms) (n mi)3 km' 

0-10 0.0761 0.4838 60-70 0.0316 0.2007 
10-20 0.0653 0.4153 70-80 0.0267 0.1699 
20-30 0 .0568 0.3612 80-90 0.0213 0.1353 
30-40 0.0483 0.3070 90-100 0.0143 0.0912 
40-50 0 .0425 0.2706 100-110 0.0055 0.0352 
50-60 0.0367 0 .2334 

Total 0.4251 2. 7036 

Like most British Columbia inlets, it has a tributary stream at 
the head. Cayeghle Creek forms a silty delta at the southern end 
of the Inlet where winter freshets deposit most of the load eroded 
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from the rugged drainage basin. Its discharge is of the order of 50 cfs 
(1.4 m3/sec) in midsummer, with much greater flows in winter when 
heavy rains give rise to a large runoff. Numerous streams dissect 
its margin but they contribute relatively small volumes of fresh 
water to the system. Compared to other B.C. inlets, the total 
volume of fresh water added to Neroutsos Inlet by runoff is small 
because of the confined area of the drainage basin. 

The steep slopes bordering this Inlet are heavily wooded. This 
makes the area attractive for logging, and forest products industries 
have been established there from early times. 

Meteorological conditions in Neroutsos Inlet are typically those 
of the west coast of Vancouver Island. Summers are moderately 
warm and dry, but a large winter rainfall augmented by occasional 
snow gives a mean annual precipitation of 115 inches (292 cm), 
measured at Port Alice. While the Inlet is sheltered from intense 
Pacific storms, it has its own wind regime, which can be quite 
intensive at times. Typical of B.C. inlets, there are strong up-inlet 
winds (northwesterly in this case) on warm sunny afternoons. During 
inclement weather, winds are southeasterly or down-inlet. 

POLLUTION SOURCE 

At Port Alice, on the east side of the upper section of the Inlet, 
a sulphite pulp mill has been in operation since 1917. Its production 
has varied from somewhat modest beginnings through a shutdown 
period of many months during the 30's to about 220 short tons per 
day by 1942. Output has continued into 1959 at the latter figure, 
excepting a few months of supension of production in 1957-58. In 
1955, construction was commenced on an expansion of the mill to 
increase production by two thirds to approximately 370 tons per 
day (Waldichuk, 1956a). 

This mill employs a calcium base in its cooking process, and 
wastes pass untreated into the Inlet. Discharge of effluent, until 
1957, was by way of a wooden flume. The outfall from which the 
wastes were released was about 15 ft above lower low tide, providing 
considerable mixing of effluent into the surface water. In 1957, a 
specially designed flume was installed to allow the effluent to dis-
charge into the surface water with a minimum of mixing. The 
effluent from the mill has a flow of about 29,000 U.S. gallons per 



540 Journal of Marine Research [17 

minute (65 cfs, or 1.84 m3/sec), the water for which is piped from 
Victoria Lake, located a few miles east of Port Alice. 

For every ton of pulp produced, one ton of organic substances 
that bind the wood fibers together, in addition to about 800 lb of 
chemicals used in the digestion, are passed into the receiving waters. 
The main cause of pollution is the high oxygen consumption during 
decomposition of the organic constituents. With an average of 
650 lb of BOD (biochemical oxygen demand) per ton of sulphite 
pulp (Gehm, 1953: 203), the oxygen demand for a daily output of 
220 tons of pulp would be 14.3 x 104 lb (6.49 x 104 kg). 

METHODS AND DISTRIBUTION OF PROPERTIES 

A survey was conducted in Quatsino Sound August 15-20 with 
the ship CNAV EHKOLI. Regular oceanographic observations of 
salinity, temperature, dissolved oxygen and pH were made at 
stations shown in Fig. 1. In addition, water samples were analyzed 
for concentration of spent sulphite liquor (ssL). Water samples 
were taken with a bucket from the surface and with Nansen sampling 
bot tles from depths of 1.8, 4.6, 9.1, 13.7, 18.3, 27.4, 45.7, 91.4, and 
137.2 m (6, 15, 30, 45, 60, 90, 150, 300, and 450 ft) or from as many 
of these levels as the depth of water would allow. 

Samples for salinity were taken in 8-oz (237 ml) medicine bottles 
that were corked securely and waxed to prevent evaporation. 
Titration for salinity was carried out at the base laboratory by 
the standard Mohr method. 

Dissolved oxygen samples were drawn into 300-ml BOD bottles 
and treated for titration immediately on board ship. The standard 
Winkler procedure set up in a shipboard oxygen titration kit was 
used. The kit allowed 100-ml aliquots of treated sample to be drawn 
with an automatic pipette attached to a vacuum system, and agita-
tion during titration was effected with a magnetic stirrer. Standard-
ization of sodium thiosulphate was carried out with a standard 
solution of 0.01 N potassium bi-iodate. 

Hydrogen-ion concentration was determined on shipboard using 
a Beckman pH meter (Model H-2, 110 volts a .c.). All samples were 
brought to laboratory temperature in a water bath and the pH 
readings observed were corrected for temperature of the water 
samples in situ. 
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Concentrations of spent sulphite liquor were determined at the 
base laboratory on the samples used for salinity titration. Samples 
of 50 ml were treated according to the method described by Pearl 
and Benson (1940). A Beckman DU Spectrophotometer set at 410 mµ 
wavelength was used for absorption measurements. Undiluted diges-
tor liquor from the pulp mill was used as the standard; concen-
trations of SSL in the water samples are given as parts of the diges-
tor liquor per million parts of water (ppm). Naturally occurring 
lignin-like substances in inshore sea waters contribute apparent 
SSL concentrations of the order of 5 ppm. Hence, it is considered 
that any values lower than 10 ppm are insignificant insofar as con-
tribution from the pulp mill is concerned. 

Distributions of conservative properties, shown in Fig. 2, are 
typical of a stratified inlet. The salinity distribution indicates a 
relatively high salt content, almost 33 °/00, in the deep water; com-
pared to the deep water in Alberni Inlet (W aldichuk, 1956 b ), this 
is about 0.5 °loo higher. The surface water exhibits moderately low 
salinities, which are confined primarily to the head of the Inlet. 
A marked salinity stratification in the upper 5 m is apparent near 
the head where salinity ranges from 13 to 25 °loo in a shallow sur-
face layer. Variation of salinity with depth is less obvious near the 
mouth where the range is only 2.5 °loo, from 30.5 °loo at the surface 
to 33.0 °loo near bottom. 

Temperatures observed during the survey showed the effect of 
surface warming of the water. The vertical gradient found at the 
head of the Inlet (surface 17°, bottom 8° C) diminishes seaward and 
is markedly less at the mouth of the Inlet (surface 15°, bottom 8° C). 
A certain amount of mixing evidently takes place near the mouth 
which partially destroys thermal or salinity stratification set up 
locally. Tidal movement from the relatively well-mixed areas of 
Quatsino Sound brings water into Neroutsos Inlet which is more 
homogeneous than that formed therein. 

The density (ae) distribution exhibits the large range resulting 
from salinity and temperature gradients, both tending at this time 
to make the surface water light and the deep water dense. A large 
range in a, from 8.5 at the surface to 23 at a depth of 10 m in the 
upper 10 m near the head of the Inlet exemplifies the great stability 
of this surface layer. 

The nonconservative properties (Fig. 3), especially dissolved 
oxygen concentration, exhibited distributions which were unusual 
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Figure 2. Distributions of salinity, temperature, and density (<11) in longitudinal sections 
through Neroutsos Inlot, August 1957. 

for a normal inlet but which are probably typical for one receiving 
wastes from a sulphite pulp mill. Surface dissolved oxygen concen-
trations in the upper part of Neroutsos Inlet, within a radius of a 
mile of the mill, were as low as 0.16 mg-at/1; up to 2 mi north and 
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Figure 3. Dietributions of dissolved oxygen, pH, and spent sulphite liquor in longitudinal 
sections through Neroutsos Inlet, August 1957. 

south of the pulp mill they were less than 0.3 mg-at/I. This layer 
of low dissolved oxygen was relatively shallow, less than 5 m deep. 
Below the surface layer, concentrations of dissolved oxygen rapidly 
increased to a maximum, greater than 0.55 mg-at/I at a depth of 
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about 10 m. Whether this high oxygen content resulted from "fresh" 
sea water moving up the Inlet under the seaward-moving surface 
layer or from high local photosynthetic activity is uncertain, but 
the latter cause is suspected. Below this high oxygen zone there 
was a decrease in dissolved oxygen until concentrations as low as 
0.15 mg-atfl were reached in the bottom water at the head of the 
Inlet. Low oxygen concentrations in this part may be partially due 
to decomposition of organic substances released from the mill. 
However, it is probable that low dissolved oxygen is a natural 
consequence of horizontal and vertical constriction of the Inlet near 
Port Alice and of a lack of vertical flushing behind the sill. 

Dissolved oxygen concentrations in the lower part of the Inlet 
were typical of ventilated British Columbia inlets. A moderately 
high dissolved oxygen concentration at the surface increased to 
supersaturation in a zone at about 5 m depth where vigorous photo-
synthesis was apparently occurring. In the deep water there was a 
gradual decline in the amount of dissolved oxygen down to the 
bottom, where concentrations were just over .30 mg-atfl. 

The distribution of pH was closely parallel to the distribution of 
dissolved oxygen, but variations of pH were not as large. Except 
for the area in the vicinity of the mill, where surface pH was just 
under 7.0, the sea water exhibited a high of about 8.0 at the surface 
and a low of 7.6 at depth. The region of oxygen supersaturation 
near the surface at St. 15 was characterized also by a high pH, 
greater than 8.3. Deep water in the upper Inlet showed a relatively 
acidic state with a pH of less than 7.6, but that in the lower Inlet 
was comparatively alkaline, 7.8 to 7.9. 

Spent sulphite liquor in high concentrations of over 200 ppm was 
confined to a thin surface layer of less than 5 m thickness. These 
concentrations extended for about 2 mi north and 1 mi south of 
Port Alice. There was a rapid decrease of SSL with depth in all 
parts of the Inlet. Cells of relatively high concentration of SSL 

found at intermediate depths suggest that there was occasional 
mixing of effluent with deep water either through wind or tidal 
action. Concentrations of less than 10 ppm shown in the deep water 
may be unrelated to the pulp mill waste since they could be caused 
by naturally occurring lignin-like substances in sea water. 
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OTHER OBSERVATIONS 

Color of the water was a reddish brown from the head of the Inlet 
to about 5 mi below the mill. As measured with a Secchi disc, the 
depth of visibility increased from about 2 m in midchannel opposite 
the mill to 5 m at a distance of 6 mi from the mill, to 6 m at the 
mouth of the Inlet and to 7 m at the entrance to Quatsino Sound. 
According to reports from aqualung divers, visibility in the water 
in Port Alice Harbor is poor to a depth of 4 or 5 m; below this depth, 
even adjacent to the mill, the water is generally clear and visibility 
is good, with sufficient light penetrating through the dark upper 
layer to allow moderate illumination. 

A considerable amount of foam was observed in the Inlet, par-
ticularly on windy days. The densest foam was in the immediate 
vicinity of the outfall, but wind-stirring produced streaks of foam 
paralleling the direction of the wind for considerable distances down 
the Inlet. Presence of foam is a direct consequence of the presence 
of SSL, which has a low surface tension and tends to froth when 
aerated by stirring. 

While no quantitative biological sampling was carried out, some 
incidental observations of fish, intertidal fauna, and vegetation 
were made. For a mile north and south of Port Alice on both sides 
of the Inlet, no evidence could be found of intertidal plant or animal 
life, excepting a greyish-green fungus slime, possibly Sphaerotilus, 
which is characteristic of pollution from SSL (Neale, 1958). The 
cobbles, sand, and other shore materials were plated with a glossy, 
pitch-like substance. Presence of molluscan shells in the intertidal 
zone suggests that intertidal animals were common at one time. 
The pilings of the docks and other waterfront structures at Port 
Alice were remarkably free of any fouling organisms. It has been 
remarked by local residents that a good way to remove fouling from 
boats is to tie up at the mill's wharf for a few days. 

While night observations in the presence of a deck lamp secured 
on the ship usually provided an opportunity to observe a large 
number of small fish swimming into the illuminated area around 
the ship, no fish, large or small, were observed at a 30-hour anchor 
station in Port Alice Harbor. Only two jellyfish were noted drifting 
past the ship during daylight observations. 

About 1.5 mi north of Port Alice, at Jakopaal Creek, particularly 
where flushing by fresh water occurs, a few barnacles and some 
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seaweed were noted on the rocks. At the head of Neroutsos Inlet, 
where Cayeghle Creek enters over the tide flats, 2.5 mi south of 
Port Alice, occasional small mussels in addition to sparsely popu-
lated barnacles on old pilings were found. On the shores around 
Frigon Island, 2.3 mi north of Port Alice, a more normal distrib-
ution of plant and animal life than that to the south was found. 
Sea weed was present in great profusion on the rocks, barnacles in 
fairly large concentrations encrusted shore materials of the inter-
tidal zone, and the water in this region was considerably clearer 
than that found only a mile to the south. 

CHANGE IN OCEANOGRAPHIC CONDITIONS OF NEROUTSOS 
INLET FROM 1927 TO 1957 

The first oceanographic observations conducted in Neroutsos Inlet 
to note the effects of the Port Alice pulp mill were made on 17 
August 1927 by Hutchinson and Lucas (1927) on the cos MALA-
SPINA of the Federal Fisheries Department. This was 10 years after 
commencement of pulp production at Port Alice and exactly 30 
years prior to the August 1957 survey. The 1927 observations were 
initiated in consequence of complaints of alleged harmful effects of 
the wastes from the mill upon the fishing industry. 

Five stations were occupied at distances of 0.01, 1.25, 3.5, 7.5 
and 15 n mi seaward from the mill. Distributions of salinity and 
temperature in deep water were not especially different from those 
observed in 1957. However, in the upper 10 m, salinities were 
greater by 1 °/00 in 1927 than in 1957. At the head of the Inlet, the 
difference in surface salinity was more than 10 ° / 00, the lower salinity 
occurring in 1957. Temperatures in the upper 5 m were also higher 
by 1 to 4° C during the 1957 survey. 

Dissolved oxygen concentrations observed during August 1927 
and August 1957 were significantly different, especially in the sur-
face layer. In Fig. 4, profiles of vertical oxygen distribution for the 
stations occupied in 1927 are compared to those 1957 stations 
located nearest to them. There were low dissolved oxygen concen-
trations at the surface at stations near the pulp mill in 1957; these 
were not apparent in 1927. At 10 m, the oxygen concentrations 
were considerably higher at all stations in 1957 than in 1927. The 
total amount of dissolved oxygen between 10 m and the surface 
was greater in 1957 than in 1927 at the two seaward stations only 
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Figure 4. Profiles of dissolved oxygen distribution at stations of comparable location 
in Quatsino Sound during August 1927 and August 1957. 

(Sts. 3 and 15 for 1957; Sts. 1 and 2 for 1927). From the avail-
able data, the dissolved oxygen concentrations in deep water 
appeared to be about the same during both survey periods. 

Plankton observations carried out in 1927 showed the presence 
of various forms of phytoplankton and zooplankton which are 
expected normally in sea water during the season when samples were 
taken. It was stated by the authors that plankton organisms were 
not found in the immense quantities which characterize areas where 
pilchard were abundant. The fishery guardian reported, at the time, 
that salmon were being caught in Neroutsos Inlet as formerly. 
Herring were abundant and spawned in the Inlet during the season 
prior to August 1927; some dead herring were found on shore, but 
the cause of death was not known. A pilchard "run" to the head of 
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Neroutsos Inlet had occurred in 1925 but had not recurred in 1926 
or in 1927 prior to the time of the survey. 

Hutchinson and Lucas (1927) concluded "that the chemical and 
physical properties of the water in South East Arm, Quatsino Sound, 
were well within the limits of sea waters of the continental shelf at 
the time of this investigation." 

DISCUSSION 

The low dissolved oxygen concentrations found in the surface 
waters of Neroutsos Inlet appear to be a direct result of the spent 
sulphite liquor discharged from the Port Alice pulp mill. The weather 
prior to the 1957 survey was probably such as to accentuate pol-
lution characteristics in the surface water. That is, a period of 
abnormal precipitation and runoff was followed by calm warm weather 
that allowed stratification of surface water to take place with little 
mixing of effluent into deep water. High surface temperatures pro-
moted decomposition of the mill wastes. Conditions observed at this 
time were probably the worst for the year, and it is likely that dis-
solved oxygen concentrations are near normal in the surface water 
during autumn and winter periods when wind mixing is common. 

Because of the geography of Neroutsos Inlet, the dispersion of 
industrial wastes is confined to essentially one dimension, along the 
axis of the Inlet. In this respect, an inlet is probably the marine 
feature most comparable to a land river. It differs widely from other 
coastal features such as a straight open shoreline or a bay, where 
dispersion of waste effluent can occur in at least two dimensions. 
For this reason, high concentrations of SSL can be found at greater 
distances from the source in Neroutsos Inlet than in an area such 
as Port Gardner Bay (Eldridge and Orlob, 1951). 

That pulp mill pollution has affected the intertidal fauna in 
Neroutsos Inlet there is little doubt. The effects on fish are more 
obscure, since fish are able to survive in the deep oxygen-rich water. 
There are reports of fish, mainly rock cod, having been taken near 
the wharf at Port Alice in the vicinity of the mill sewer outfall. 
Divers working in waters adjacent to the mill have noted large 
numbers of sea-perch, rock cod, and other bottom-dwelling fish in 
the deep water. Occasionally there are reports of dead rockfish 
being found in the inlet, as during July 1955, when a number of 
these were collected during their last stages of life by the Fisheries 



1958] Wal,dichuk: Characteristics of a Polluted Inlet 549 

Patrol Vessel PHOLIS following a very low tide after a week of dry 
weather. 

Small salmon runs are regularly recorded by Fisheries inspectors 
in streams at the head of the Inlet. It is presumed that these fish 
frequent or pass through the water layers below 5 m depth, where 
the oxygen supply is ample and where concentration of SSL is small. 
Downstream migration of salmon fingerlings is probably accom-
panied by heavy mortality inasmuch as juvenile salmon tend to swim 
along the surface and linger in embayments during their seaward 
migration. Their destruction would be unnoticed, since small salmon 
tend to sink when dead. It has been suggested (Wickett, personal 
communication) that pink salmon, 0ncorhynchus gorbuscha, do not 
spawn in the rivers tributary to Neroutsos Inlet since juveniles of 
this species are small when they enter the sea and are sensitive to 
pollution. Since runs of pinks normally occur in other inlets of the 
Quatsino Sound system, it is reasonable to assume that they probably 
cannot withstand the effect of sulphite waste in Neroutsos Inlet. 
Fisheries inspectors examining Cayeghle Creek and its tributary, 
Colonial Creek, have reported that they are favorable streams for 
salmon spawning but are underutilized. At present, only silvers 
(0. kisutch), chinook (0. tshawytscha) and dog (0. keta) salmon, which 
produce much hardier downstream migrants than pinks, spawn in 
the streams. In the opinion of the Fisheries inspectors, Neroutsos 
Inlet is by far the most inferior inlet of the Quatsino Sound system 
as a salmon producer. 

It is curious that the chemical and biological properties of the 
water in this Inlet were so different in 1957 from those observed in 
1927. It is true that in 1927 the mill was not operating at its present 
capacity of 220 tons per day. Furthermore, weather conditions 
preceding the 1927 survey probably differed considerably from 
those preceding the recent survey. Most of the 1957 stations were 
occupied during the early morning when the water was calm and 
when there was no aeration by wind mixing. However, these dif-
ferences do not seem to be sufficient to explain the large differences 
in characteristics observed. 

The change in environment due to adverse conditions created by 
pollution is not always a sudden sort of thing. Deterioration may be 
a gradual process. Evidently, it is partially this type of decay which 
has occurred in N eroutsos Inlet. Ten years after the mill commenced 
operation, chemical and biological observations of the water indi-
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cated little pollutional effect from the pulp mill , and biological 
characteristics appeared to be normal. However, 40 years after the 
mill went into operation, a marked change has been noted. 

Neroutsos Inlet, unlike Alberni Inlet (Tully, 1949), does not pos-
sess freshwater characteristics which would provide adequate flush-
ing of surface waters. Because runoff from the head of the Inlet 
is small, there is not the large seaward flow at the surface that is 
present in most other inlets. Consequently, flushing of effluent must 
rely on the small existing stream inflows in addition to displacement 
by the effluent itself. There is a small net daily displacement sea-
ward as the effluent moves back and forth with the tide. Flushing 
efficiency in Neroutsos Inlet is relatively small compared to that in 
other British Columbia inlets. With the absence of deep vertical 
mixing, the effluent is confined to a relatively shallow surface layer. 
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