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InternaltiavesinGeorgiaStrait 1

Geography and Oceanographyotthe Region

milesrlde,istbemainbodyotwaterseparatingVancouverIslandtrom

the mainland (Fig. 3). It is connected to tbe ocean by narrower channels



tidal range ot about 16 teet. Figure 4 illustrates typical curves tor

east (Tide Tables, 1950).

yielding a distinctly stratified structure. The etfect of the river on

deep (S·/••• 2to20) is separated from a lower seawater layer

(S·/•• -28toJO) bya transition zone about 10 to 30 feet thick.

This structure is maintained by river discharge which continuallyre-

places the upper layer and by tidal currents which tend to replace t he

was utilized to investigate the movements of river discharge during

varying stages ot tide bya series of air photographs.

otthe Fraser River on two days, June 1 and June 10, 1950. Series of

0600 to lSOO hours on June 1, during the fall and rise of a tropic tide,



and similarly on June 10 during an equatorial tlde cycle. Theprincipal

llne of fllght is indicated. in Fig. 3 and predicted tidal heights and

currents are plotted in Fig. 4••indonboth occasions was generally

northwest at 10 to 20 mph but tended. to be stronger on June 1. Both

days were clear. River flow increased. froa202,OOO to 227,000 cubic

teet per second between tbe two dates. 1 These surveys resulted in

remarkableseriesoCphotographsshowingsuccessivepositionsotclouds

otmuddy Fraser River water in Georgia Strait. Four photographs have

been selected as samples trom among many which sho...,prominentwave

Distinguishing Features otLarge I'lave Patterns

A study ot tbe complete sequence of photographs yielded the

following information which may aid in determining the nature and

1. In all photographs muddy water appeared lighter intone

than seawater. 2

2. ~~ave patterns were most pronounc ed in the two general regions

represented by Figs. land 2 where they seemed to occur

simultaneously but independently.

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

respective dates on which photographs were taken. Theyrepresentabout

80 percent of dlscharge at the river mouth.

Portions ofphotogr3.phs which show sunlight directly retlected

from the water were of necessity discarded in this analysis.



J. These large waves are recorded inmost photographs taken

during periods of flood tide, but are absent in all taken

during ebb tide periods. Observations otthe presence or

absence ot similar wave forms on other days indicate that

this is a normal and not a particular phenomenon.

4. Where groups of large wave toms have been photographed or

observed,eachhasingeneralbeenprecededbyagroup

having wavel~ngths one-third to one-half as great as those

in the most prominent series. Asignlticantteaturewhich

applies to these adjacent groups is that both appear to

have begun abruptly with tull amplltude and wavelength.

5. Although the intensityofsunllght and the schedule of

flightsweresimilaronbothdates,morenwnerousand

distinct wave formations were recorded during the tropic

tide series on June 1 than during the equatorial series

6. Well defined wave patterns travelled in the same general

direction as the flood tide. Some of them were simple wave

trains (Figso 2 and 7) while others showed interference

patternsindicativeofmultiplesources,refractionorre_

flection (Figs. 1 and 6).

7. Measurements on the rate of progression ot the wave group

of Fig. 2, which could be recognized in successive camera

surveys,showedaspeedofaboutoneandahalfknots.

From this value some unknown velocityot tidal set, per-

lupshaltaknot,mustalmostcertainlybesubtracted.

8. Alternate wide and narrow bands are the most prominent



!eatures which define the wave forms. Of these two, the

na.rrowbands are most striking because they exhibit aline

of sharp tone contrast along their length. In Fig. 2 these

give the appearance of impressIve amplitude but in Fig. 1

the effect o!wave height is less pronounced although contrasts

9. Narrow bands in the central foreground of Fig. 1 are pre-

dominantly dark but elsewhere in the photograph they are

lighter than surrounding water.

10. Foam lines, indicative of pronounced convergence, maybe

associated with narrow bands as they are in Fig. 7, aver-

ll. Surface waves generated bya consistent wind velocity were

of the order of BO feet from crest to crest. Thesewere

constant in magnitude and direction over the whole area and

appeared to be unaltered in traversing regions dominated by

12. Close examination of the foreground of Fig. 1 revealed what

appear to be smaller surface waves which extend normal to

the narrow bands. Simil.arwaves are shown in greater detail

b"j"theenlargedvertica1viewofFig.6inwhicbtbeyaverage

about 15 feet tromcrest to crest and appear to be unrelated

An Interpretation of Surface Contrasts

The great waves of Figo 2 show the characteristic forms of light

and shadow by which surface waves are normally perceived. If waves of

this length had ex1stedwith even one foot of amplitude, they should have



graphed with suo,hde,tinitllono,'er a large area, 8specially in the pres-

ence,ofotllerhi.ghersurfa"ewa"es. Because they lack evidence of

tothoseofsur.face"aves.someotherexplanationmustbesQughtnotonly

variations in mud content ()f sur'face water. In all photographs muddy

<ne c"n<raJl1oregrouna 01 '''g. lappeardarkvhilelnotherparts ofthe

along.l1nesof·convOJrgenc<,whe"ewa"es,especlallysmallones,shauld

beno·ticeal,lysllorterledan,dhei.ghtened. 1 The presence of foam lines

along somenarr,owbal,ds a"inl'ig. 7 suggests strongly that these mark



free of the small waves W"hichcontribute to surface roughness. 1 Depending

Banded Patterns and Related Internal Waves

horizontal and vertical components of flow. AccordingtoSverdrup!!:..!!

(p.588)thissituationwouldexistifinternalwaveswerepresent.



approximate ve1ocityot internal waves (Sverdrup.!i.!.!pp. 586-7)y1elds

Probable Cause ot Internal Waves

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



of several knots. Surfaceconvergenceslresuitingfromthesestreams

constricti?nof a stratified stream is likely" to result in some vertical

displacement of the density boundary which abo may continue in a down_



One or more of these disturblng features maybe responsible

forlnstitutingthewavepatternsobserVed.altho~hthemeChanlsmhasnot

Currentveloclties accompanying a tropic tide should be expected.

to produce large wave patterns over a greater proportion of a tidal eyele

than would currents associated. with an equatorial tide. This may account

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 Waves

The largest wave patterns have appeared prominently in two regions,

one between Galiano Island and the mainland, the other east of Gabriola

Island. Present infonnationdoes not permit exactdeflnition of points

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

of channels such as Rosario Strait, Boundary Pass, ActivePassandPor11er

Pass which bound the southern part of Georgia Strait.
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GEORGU STRAIT LOOKlHGWESTWARD TOWARD GALlANO ISLAND
FROKTHESOlTrlmlHEXTREIIlTYOFTHELlNEOFFLlGllT

Theboundaryatthesurtaceotatreshwater
tront shows clearly this side otPorl1erpass.
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B.C. Gov• ...-ntAirPhotograph

GIDRGUSTlIAITLOOKINGWESTWARDFROKTHE
HORTHEllNEl'lIlEKlT!OFTHELIliEOFFLIGHT

1618Junal,1950

Th.griddivid.ath.roraground
areaintolJquareailee.



The l1De ot night tor air photogreph;r1eshown 1n1ts
relatlon to the FraserRlverand surrounding ielande.
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'OIMTATKIMIONTIDEHEI'HT---­

AOTIVE'AI.OUIUtEMTVl!LOOITY-----------

TIDEHEIGHTATPOlNI'ATKINSONWITHCCRRESPONDING
TIDAL CURRENTS AT ACTIVE PASS

(FromTldeTablesforthePaciflcCoastofCanada,1950)
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SALINlTYCONTOURSAT6POOTDEPTIlINSOD'nlmN
GEORGIA STRArr, June 19-26, 1950

S&linitystrat1fication is ehown in eection.
(From data being studied by 1Ir. II. ~la1dichuk,

Pacific Oceanographic Group, Nanaimo.)



B.C. GoverIlllent Air Photograph

Figure 6

ENLAIlGED'mlTICALl'IIarOGRAl'IIOBTAlNED
AT SOllTHERNEND OF LINE OF FLIGHT

&aallw&vesvb1chextendnormaltothenarrowbaldem.a,.-bediatinguished
tromthelargervindwaTee. The area shown ia one square n&uticalmile.



B.C. Government Air Photograph

vmTICAL PII0'!'0GRAFHTAKEIl FRe»!
OOUTIlJillIIDIDOFLINEOFFLlGHT
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