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Introduction
Aertal photographs taken as part of an oceanographic survey
of Georgla Strait waters adjacent to the City of Vancouver have revealed

wave patterns of considerable size. One pattern, represented by Fig. 1,

shows a procession of great bands in striking contrast. Anothor group,
farther to the northrest and shown by Fig. 2, appears to consist of

surface waves with crest to crest lengths as great as 3000 fect.

Geography and Gceanography of the Reglon
The Strait of Georgla, 120 nautical miles long by about 15

at;

s wide, is the main body of water separating Vancouver Island from

the madnland (Pig. 3). It s comnected to the ocesn by narrower chamnels

and inter-island passes leading to the Strait of Juan de Fuca in the south

and Johnstone Strait in the north. In spite of its land-locked position,

L

survey was part of a study, in 1950, of the oceanographic
Phase of the Vancouver sewerage problem undertaken Jointly by the National
Ressarch Council of Canada, the Fisheries Research Board of Canada, the
Pacific Oceanographic Group of the Canadian Joint Comaittee on Oceanography,
and the Institute of Oceanography of the University of British Columbla,

in the interests of the Vancouver and Districts Joint Sewerage and Drainage
Board. Mr. Shand, now with Defence Research Board of Canada at Victords,
was employed by the Fisheries Research Board while the investigation was
belng made




the flood and ebb of seavater through these passages permit a maximm
t4dal range of about 16 feet. Figure b illustrates typical curves for
tropic and equatorial tides together with corresponding tidal currents

in one of the connscting channels. In the region where these curves apply,

the flood 1s generally toward the northwest and the ebb tavard the south-
east (Tide Tables, 1950).
The discharge of the Fraser River dominates southern Georgla

Strait especially in late spring and early summor. During this season

muddy fresh ater in great volume fans out over clesrer denser seavater
yielding a distinctly stratified structure. The effect of the river on
salinity distribution is illustrated for one particular period by Fig. 5.
48 a rule when river flov is high, an upper brackish layer about 10 fest
deep (3 */+ = 2 to 20) is separated from a lower seaater layer

(5 */es = 28 0 20) by a transition sone about 10 o 30 feet thick,

This structure 13 maintained by river discharge vhich continually re-
Places the upper layor and by tidal currents which tend to replace the
neavater.

Mutdy vater contrasts sharply with seaater and shovs wp lghter
on photographs so that the degree of muddineas affords an approxinate
Beasure of the extent and direction of flow of fresh water. This property
vas utilized to nvestigate the movements of river discharge during

varying stages of tide by a series of air photographs.

Aerial Photograghy

A total of 1500 asrial photographs were taken in the vicinity
of the Fraser River on two days, June 1 and June 10, 1950, Seriss of
tri-canera overlapping views were btained at tvo-hour intervals from

0600 to 1800 hours on Juns 1, during the fall and rise of a tropic tide,



and sinflarly on June 10 during an equatorial tide cycle. The principal
Lne of flight 1s indicated in Fig. 3 and predicted tidal heights and
currents are plotted in Fig. 4. Wind on both occasions ¥as generally
Rorthvest at 10 to 20 aph but tended to be stronger on June 1. Both
days were clear. River flow increased from 202,000 to 227,000 cubic

feot por second between the two dates. 1 T

surveys resulted in

remarkable series of photograshs showing successive positions of clouds

of muddy Fraser River water in Georgla Strait. Four photographs have
been selected as samples from among many which show prominent wave

patterns.

A study of the complete sequence of photographs yielded the
following inforsation which may aid in deternining the naturs and
source of the prominent, vave formations.

1. In all photographs mudy uater appeared lighter in tone

than seamater. ?

2 Patterns wers most pronounced in the two general regions
represented by Figs. 1 and 2 where they seensd to occur
similtaneously but independently.

1. These values were measured at Hops, B.C., two days before the

Tespective dates on which photographs were taken. They represent about

80 percent of discharge at the river mouth.

2. Portions of photographs which show sunlight directly reflected

from the ater ere of necessity discarded in this analysis.
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The:

large waves are recorded in most photographs taken
during pericds of flood tide, but are absent in all taken
during ebb tide periods. Observations of the presence or
absence of similar vave forms on other daye indicate that
this 13 & nomal and not a particular phenomenon.

¥here groups of large wave forms have been photographed or
observed, cach has in general been proceded by a group
having waveleugths one-thind o one-half as great as those
in the most proatnent serdes. A significant featurs which
applies to these adjaceat groups 1s that both appear to
have begun abruptly with full smplitude and wavelength.
Although the sntensity of sunlight and the schedule of
flights were siatlar on both dates, more mmerous and
distinct wave formations were recorded during the tropic

tide series on June 1 than during the equatorial series

on June 10.
Well defined wave patterns travelled n the same general
direction as the flood tide. Some of them were simple wave
trains (Piga. 2 and 7) while others showed interference
patterns indicative of multiple sources, refraction or re-
flection (Figs. 1 and 6).

Measureaents on the rate of progression of the wave group
of Fig. 2, which could be recognized in successive camera
surveys, showed a speed of about one and a half knots.

From this value some unknown velocity of tidal set, per-
Baps half a knot, must almost certainly be subtracted.

Alternate wide and narrow bands are the most prominent



features which define the wave forms. Of these two, the
Barros bans are most striking because they exhibit a line

of sharp tone contrast along their lemgth. In Fig. 2 these
Eive the appearance of impressive amplitude but in Fig. 1

the effect of wave helght 1s less pronounced although contrasts
are quite as sharp,

9. Narrou bands in the central foreground of Fig. 1 are pr

dominantly dark but elsewhers in the photograph they are

Lighter than surrounding water.

1.

Foan lines, indicative of pronounced convergence, may be
associated with narrow bands as they are in Fig. 7, a ver-

tical view,

Surface vaves gensrated by a consistent wind velocity were
Of the order of 8 fest from crest to crest. These were
constant. in magnitute and direction over the whole area and
appeared to be unaltersd in traversing regions dominated by
the large vave forms.

Close

xanination of the foreground of Plg. 1 revealed what

appe

r to be smaller surface waves which extend normal to
the narrow bands. Similar waves are shown in greater dotail
o7 the enlarged vertical view of Fie. 6 in which they average

about 15 feet from crest to crest and appear to be wnrclated

%o wind direction.

The great waves of Fig. 2 show the charscteristic forms of light
and shadow by which surface waves are normally perceived. If waves of

this length had existed with even one foot of amplitude, they should have




been recorded by the tide gauge near Foint Atkinson. If they were of
lesser amplitude, it s most unlikely that they could have been photo-
graphed with such definition over a large area, especially in the pres—
ence of other higher surface waves. Because they lack evidence of
appreciable height and because their length and speed do not correspond
4o those of surface waves, some other explanation must be sought not only
for their presence but also for the property which permits thea to be
photographed.

One possible cause of contrasting reflectivity could be regular
variations in mud content of surface vater. In all photographs muddy
water appears lighter in tone than clear water, yet narrow bands in
the central foreground of Fig. 1 appear dark while in other parts of the
picture they appear lighter than surrounding vater. Gradsticns in md
content are therefore not the cause of the reflectivity contrasts by
which these large banded patterns are made visible

The prosence of saall waves in the vicinity of narrow bands
indlcates that some disturbing force other than direct wind action
prevails in this reglon. Disturbance of the water surface could ocour

along lines of convergence where waves, especially small ones, should

be noticeably shortened and heightencd. 1 The presence of foam lines
along some narrow bands as in Pig. 7 suggests strongly that these mark
Lines of convergence. If this were true, then the avea between narrow

bands should be characterized by diverging water and should be relativel

2 One frequently observes that small wind vaves in the vicinity
of tide lines, which by their accumulation of driftwood or seawecd mark

convergence, are characterized by a shortness and steepn

quite un-
Like surrounding waves .




1 Depending

a roughened water surface may

free of the small waves which contribute to surfa

roughnes

on the relative angles of sun and camer

Consider, for.

appoar lighter or darker than an adjacent smooth ar
example, the famtliar "cat's paws® formed vhen turbulent air is blowm
across a water surface forming captllary wind waves which may appear
dstinctly dark or may glitter brightly in the sun. The gradaticns
of Light and shadow which dofine these banded patterns are believed to

result from variations in the height, length or shape of waves too small

40 be recognized in the photographs.
This interpretation of light and shaded areas and of the
significance of the narrov bands is substantiated by observations from
shipboard of regularly banded patterns under comparable vind conditions.
Patterns observed consisted of elongated regions of short, choppy vaves

a8 much as thres foct in height alternating with slicks

Considering this evidence, it appears reasonable that the narrow

bands recorded by the camera are regions of intense surface roughness

resulting from converging water.

Banded Patterns and Related Internal

If surface water converges and diverges along rogularly recur-

ring lines, then water below the surface must exhibit complementary
hortsontal and vertical components of flov. According to Sverdrup et al

(p. 588) this situation would exist if internal waves were present.

1t has on the

2 Where water has an uprard component of velocity,
winduard side of a ship which is adrift, the resulting slick offectively

Anhibits the formation of small wind we




Suppose that a definite structure be assuned in order to make a
first approxination of the speed of internal waves if they existed.
Let an abrupt boundary separate an upper layer of water 10 feet thick

from a lover layer 1000 feet thick and let their densities be 1.00 and

1.02 respoctively. Substituting these values into a formula for the
approximate velocity of internal vaves (Sverdrup st al ppe 566-7) ylelds
about 1.5 knot, & speed of the same order ss that which has been measured.

Thus the presence of internal waves 1s strongly indicated.

Probable Cause of Mave

Observations from shipboard left the impression that considerable
energy must be supplied to a regularly banded pattern in order to maintain

the turbulence apparent at the surface. Wind may build up a wniform system

of gravity vaves over the entdre area and  rhare part of thia vay
anergy 4 expended 4n the fors of vistle turbulence, but in order to
inittate o train of internal vaves it is reascnable to ook for some
dlsturbing force and contdnuing source of energy supplied at the density
boundary, The cyelic occurrence of large vave forss points to tide, in

particular the flood tide entering from the southern passages, as the

most, mportant caus
Energy 1s available in the hydraulic head of the Fraser River

and in the rise and fall of tid

Utilization of a part of this energy
in disturbing the density boundary may occur in one of the following
ays.

Tully (1952) has described the mechanics of a river discharging

into the Ho has

the form of an

hom that river discharge assus
expanding cloud of brackish water, or upper sons, which overrides a lower

one of denser seawater. Frosh water procesding seavard has a relative




veloeity component opposite in direction to that of the deep water and
thereby sets up a shear between the mones. A flooding tide which, because
of its greater density, intrudes under the upper zone should similarly
introduce shear botween the water layers. This shear results in the
formation of an intermediate or boundary zone characterized by considerable
mixing. Whe the tide is flooding, the "front" of the fresh vater clowd

1s marked by a line of convergence where surface vaters, both fresh and
salt, are carried downward into the boundary sons. Large turbulences
which result in the violent displacement of water from one density medium
%o another may introduce vertical motion to the interface between density
layers and thus initiate a train of internal vaves. In southern Georgia
Stratt tidal currents can flood through connecting channels at velocities
of several knots. Surface convergences 1 resulting from these streass
take the fora of viclent tide rips which are prevalent in this area.

In the region being considered, shoals or sills usually occur
between adjacent islands. The effect of abrupt changes in bottom con-
figuration s to introduce vertical components of velocity into a passing
stream. Such vertical displacement of stratified water may initiate a
regular undulation of the density boundary. Similarly, the horizontal
constriction of a stratified stream is likely to result in some vertical
displacement of the density boundary which also may continus in a down-

strean direction.

i, Convergences referred to here involve a transfer of water fram

the surface to appreciable depths. Those associsted with internal was

motion may not necessarily be accompanied by an actual downwelling of

surface vater.




One or more of these disturbing features may be responsible
for instituting the vave patterns observed although the mechaniss has not
been deternined.

Current. velocities accompanying a trople tide should be expected
to produce large wave patterns over a greater proportion of & tidal cycle

This may account

than would currents associated with an equatorisl tid
for the higher incidence of prominent wave patterns observed during the

high tidal range of June 1 than during the lesser range of June 10

Probable Sources of Internal aves

The largest wave patterns have appeared prominently in two regions,
one between Galiano Island and the mainland, the other east of Gabriola

Island. Present information doss not permit exact definition of points

or reglons of origin but it appears likely that they are in the vicinity

of channels such as Rosario Strait, Boundary Pass, Active Fass and Forlier

Pass which bound the southern part of Georgla Strait.
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B.C. Covernment. Alr Photograph
Figure 1

GEORGLA STRAIT LOOKING WESTWARD TOWARD GALIANO ISLAXD
FROM THE SOUTHERN EXTRENITY OF THE LINE OF FLIGHT

135 June 1, 1950

The boundary at the surface of a fresh wa
front shows Tlesely this side ot Foriior oo




Government Atr Photograph

Pigure 2
GEINGLA STLATE 100K ING WESTWARD FRON
(ORTHERN EXTRENITY OF THE LING OF P
1618 June 1, 1950
The grid divides the foreground
area into square miles.




Figure 3
SOUTHERN GEORGIA STRATT

Toe se of St for air photogrepty Le shom n 1t
relation to the Fraser River and surrounding is
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Figue b

TIDE HEIGHT AT POINT ATKINSON WITH CORRESPONDING
TIDAL CURRENTS AT ACTIVE PASS

(From Tide Tables

June 1 and 10, 1950
for the Paciric Coast of Canada, 1950)
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Figure 5
SALINITY CONTOURS AT 6 FOOT DEPTH I SOUTHERN
GEORGIA STRAIT, June 19-26, 1950
falintty stratitication 1o show in section,
died by Mr,

(Fron data being st
Pecitie ooumographis Grouss




B.C. Governsent Ar Photograph
Figure 6
ENLARGED VERTICAL PHOTOGRAPH OBTAINED
AT SOUTHERN END OF LINE OF FLIGHT

1210 June 10, 1950

Small waves which extend normal to the narrow banis may ba distinguished
from the larger wind waves. The area shown is one square nautical mile.



. Goverrment Atr Photograph

Pigure 7

VERTICAL PHOTOGRAPH TAKEN FRON
SOUTHERN BD OF LINE OF FLIGHT

1809 June 1, 1950

Foam Line: extending fron
e e of the marrow bands.
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