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Tidal Current Observations in Hecate Strail
by

B. &. Hackay

Five short ssries of surface and bottom current measurements
were madse at one position in Hecale Straibt during July 1952. These
data showed thabt ithe surface currenits were dextro-rotary, while the
botbom currents were laevo-roitary and the dominant flows were
parallel to the nearby coast-line. At ithe surfacs there was evidence

of a steady southerly flow of aboul one-third knots.

[

he study was made in the vicinity of the main lemon scle
migration route to provide information on the eurrents that might

affeet thelr movements.

The locatiocon and principal geographic features of Hecats
Stralt are shown in Figure 1.  Approaching the region from the

gsouth, the botbtom gradually shoals from about 100 fothoms to from

A%y

10 to 530 fathoms off the north end of the Queen Charlotte Islands.
From there the bottom falls away in Dixon Entrance to s depth

generally exceeding 100 fathonms.
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The principal featurs of the botitom topcgraphy of northern

o
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Hegate Strait is the shallow water bank (less than 20 F.) extending

-

15 4o 20 miles east from Graham Island and 60 miles south from
Dixon Enirance. Between this bank and the eastern shore are itwo

trenches from 50 to 60 fathoms deep, separated by a relatively



shallow ridge. The curreni measurements were made, as shown in

the figure, at a posiiion on the sastern ege of this ridge and

mey be considerably affected by the surrcunding bottom topography
The tidal rise in northern Hecate Strait is marked by

gonsiderable diurnsl inequality at low waler and a range of mors
than twenty feet during spring tides. (eneral observations re-
gorded on the Canadian and Admiraliy charts and in the Sailing
Directions (British Columbia Pilot Vol II) indicate that through-
out most of Heeate Strait the flood sets northward and the ebb
soubthward in a simple reversing tidal system, while in northern:
Hecate Strait there is a reglon of confused and rotary tidal cur-
rents. The configuration of the tidal streams which might accoun+
for such a system have not been solved, bult a consideration of the
geography of the region indicates that the configurstion may be
complex. |

In Hecate Strait the winds are generally from the north
and less than tweniy miles per hour in the summer. In the winter,
they are from the south varying from light to gale fores. The

°

spring and suvbumn winds are varisble in bobh strength and direction.

CURRENT MEASUREMENTS
The current measurements were made from 40? $.5. Cedarwood
during periocds of light winds, when the ship could anchor without
rolling ewcessively. During the survey there weré only five such
periods {Table 1) ranging in length from 5 %o 40 hours, and of
these, only twe &over a complete tidal eycle and permit an analysis

to determine the tidal and non-tidsl flow.



Surface currents were measured svery half hour with a

current pole and log line {1},

=

sixteen fool pole weighted at one end to float upright in the water

th about one fool showing above the surface., As it drifis away
from the anchorsed ship it carries a2 light line marked at suitable

intervals. The direction of the pole’s drift is noted, and the

time for a number of marks to "run out® is a measurs of the current

The errors involved in current pole measurements are from
fgail effect® due to the wind on the pole, stretching of the log
iine and irregularities in the paying out of the log line {espscially
during rough weather). Thess do not amount to mors than 0.2 knots

s

Botbow' durrents were alsc measured half-hourly at 40 fathoms

5

depth using a standard Ekman propellor-iype current meter (2).
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Ho correction of ¢

has been sitempted. However, the discussion of

been restricted to Series IIL and IV, made when the ship's roll

[}

was sliight or non-existent. Under these gondiiions the ob-

servational errors are considered negligible.

SURFACE CURBENTS
The character of the surface currents is shown in Figures
2 and 4. The current direction rotates continually in a clockwise
manner withan approximately semi-diurnal pericd.  Accompanying
this rotation is a pronounced eyclic variation in current speed,
alsc with an approximately semi-diurnal pericd. Sinee these periods
-

are alike and glsc similar to the verdcd of tidal r
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se, & nearly
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constant phase relation exists beitween the current speed, current



The salient fesztures of this relation are evident from &

o

gomparison ¢f the curves in Figure 2. At the tlmé of low tide the
current is & minimum and is direcied nearly northward. As the
tide rises the current incresses in stréng@h end changes direction
in & ci@c%%“se manner unbtil at high tide the current reaches its
maximum speed and is directed nearly southward. As the tide falls,
the current decreases in strengbh, and changes direction wntil at
‘low tide it is again & minimum and dirscted northward.

Marmer (3) has shown that such surface currents can be
anzalysed intc roitary and steady currenis of either tidal or non-
tidal origin. The steady currents azre determined by swmming
algebraically over & tidal cycle, the observed houriy values of the
currents after they have besn resolved into northesocuth and easi-
west components, and deriving the mean. Steady currenbs calculated

7

n this way from Seriss I1I and IV are found to be 0.4 knoits bearing

o

210° and G.3 knots beari ?ﬁ respsetively.

Rotary tidal eurrent speeds and directions have been cal-~
culated at ithes surface from Seriss III and IV by subbracting vectorially
vhe steady currents from the observed currents. The results have
been plotted as funciions of time and are shown in Figure 3 for
comparison with the observed currents. These tidal currents still

o g

exhibit a cyelic variation in speed but the range is less prpnounced

£

and during Ssries IV the peried of varistion was shorber and mors

irpegular than that of the observed currents.

the rotation and made it more uniform throughout the tidal sycle.

The paximum caleulated tidal currents during Series III



-

and IV are 1.25 knots and 0.9 knots respectively. Since Series
III ocourred ab the time of spring tides, the 1.25 knots current
.pfsbably represents one of the largest tidal welocities during the
vear at the point of observation. The dscrease in veloeity to

2

0.9 knots during Series IV can be associated with the neap tides.

Botbom Currents

The speeds and directions of the obssrved currents at a
depth of 41-1/2 fathoms are shown in Figures 2 and 5. These currents,
like the surfasce currents, roiate with a semi-diurnsl periocd.

The direction of rotation; however, is sounterclockwise, and

surface currents are directed oppesitely, while 2t approximastely
hali-way between high and low wabter the bobtom and surface currenis
flow in the same direction.

The variations in speed accompanying the moigtion are not

as peonounced as those of the surfage curreuts with the result that

the phase relation between the tidal rise and the current speed is
not clearly defined. it appears from Figure 2 that the minimum

speeds occur at approximately high and low water and the maximum

speeds about half-way between high and low water -~ indicating a

of about & hours or approximately half the pericd of rotation
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The occurrence of iwo maximum and minimum speeds during the
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rotaticn indicates the exisience of rctary tidal currents
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umcomplicated to any extent by accompanying steady currents (1,3
This observation has been verified by caleulating the steady current
speeds near the bobttom from Series II1 and IV. In both cases the

speed was less than C.1 knots and thersfore not large enough to

chscure the form of the rotary currents.

DISCUSSICN

An examination of the wind vectors shown on the surface
current hodographs (figure %) indicates that on no occasion during
the periods of observation was the local wind directed so as to
produce the observed steady southerly flow. In actuality, the
currents produced by the local winds would have northerly components
and s tendency, therefore, to reduce the steady flow. On the days
preceding the periods of observation the winds blew from‘the west
and northwest. In view of the nearhy land configurations, such
winds could produce surface currents in a scutherly or south-
easterly direction. According to Ekman (4) the time taken during
the transient state for a wind driven current to reach approximately
its egquilibrium value is of the ordsr of two to three hours.
Reversing this argument indicates that local currents, produced
by local winds on the days preceding the observabions, would not
endure for more than a few hours after the winds died away. It
is therefore concluded that, although the local winds medify the
steady flow, they do not by themselves ascount for it.

The only run-off into Hecate Strait which might account

K] e

for the observed steady flow comes from the Skeena River. The

3]

uwrrounding land configuration and Coriclis force combine, however,

gﬂ“

to direct the river out-flow northward rather than southward, and

in such 2 way that it does not flow at all in the region of the



current messurements.
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ts are rolary, with the

dominant dirsctions and velociiy parallel %o the coast-line. The

surface currenis rotate clockwise semi-diurnally with a maximum

of 1.0 %o 1.5 knots southward, and the minimum less than

0.1 knots northward. The net progress ¢f the waler is southward ab
The bottom currenis at 41 fathoms depth vary irregularly

from 0.2 to about 0.6 knots, and rotate counterclockwise, opposite

to the surfaee currentis.

These observations do not contribubte materially to knowledgs
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e circulation, or tidal system in Hscate Strait. They only
defins the character of the currents at the pas**?@n and time of

observation. Thers is no evidence that the component of steady
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TABIE 1

SUMMARY OF OBSERVATIONS

Date Duration No. of Surfage
Series 1952 {hours) Current Dbservations
1 July 12-13 22 Nil
IT  July 18 5 9
111 dJuly 20-21 27 51
v July 24-26 41 80

v July 26-27 9 ig

Ho., of Botitonm
Current (Observations
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Figure 1

Chart of Hecate Strait and surrounding region

showing the location of the anchor station,
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Figure 2

Surface current speeds and directions, bottom current speeds
and directions, and the tidal rise at Prince Rupert, during

five series observed in July 1952, (Times are P.D.S.T.).
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Figure 3

Series 1II and IV surface current speeds and

directions with the steady flow eliminated,
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Figure 4L

Series 1Il and IV surface current hodographs,

Wind

vectors during the period of observation and on the

day preceding the observations are also shown,
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Figure 5

Series 1II and IV bottom current hodographs.






