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This research was i niti ated by re quest of the Vancou ve r and Dis­
trictsJoint Sewer ageand Dra inage Boardwhocontributed personnel,funds
and equipment to the phas es of direct concern t o t he sewag e pro bl em.

The Nat ional Research Council suppo r t ed the r es earch wit h a grant
covering salaries and s pecial equi pment to further th e collec t ion of dat a
for fundamental study of the behaviour of a marine estuary, and th e dis­
persion of freshwater in the s ea .

The Institute of Oceanography of the University of British Columbia
~~v~~~~i~i;;~e and laboratory space, and the staff as sisted with advi ce

The British Columbia Lands and Forests Department (Air Surveys
Branch) conducted 14 photographic surveys of the a ppr oach es t o t he es­
tuary, and assisted i n interpretation of the phot ographs .

The Tidal Br an ch of the Hydro graphic Se r vi ce of Can ada unde rtook a
t idalo.urrentsurveyof EnglishBayand Vancouv erHar bour i n co- oper at i on
with this research . The present conclusions are confirmed by these da t a,
;~~~ ::.,~~: cit..:! because they w111 be re ported i ndependently by th e

R.L .I. Fj arlie
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Report

THE OCEANOGRAPHIC PHASEOF THE VANCOUVERSEWAGE PROBI»I

(FileN7-l8 -December 15, 1950)

The immedi ate poss ib ilityof pollution of the be aches around
VanCQuver by r aw sewage ha s neces s itat ed a compr ehens iv e ocean ographic
inve.tigat i on, to f i nd out iftherei...ny nat ur a lmean. of.e.....gedis­
posa l by oc ean current • • Thi . i nve. t i gat i on ...a • • t artedbytheVancouve r
and Di.trict.Join t Se...erageand Dr ainageBoard (TheSe...er ageBoard)in
November , 1949 with advice f rom the Pacific Oceanog r aphicGroup, and in
May , 1950theGroup,with aa s i.tancefromtheN..tionalRe.earchCouncil
and t heSe...e r ageBoard, ass umedthere.pon.ibility .

Van couve ri. co ncentr..ted on the perd na ul,.. bet ...eenBurrard Inlet and
th e Fra.erRiv er . The nor t h . hor e of t he inlet i . al. o ...ellpopulated,
andLulu I.land an d Sea I .lan d t othe . outh, ...hi c h ...ereatonetimerural
communities , can now be classed as sub urban ,

The public bathing bea ch e. ex t end from Wreck Beach in the North Arm
of the Fr a . er Ri ve r ..ll ..ro und Engli.h Bay. There ar e .. f e... be ache ...nd
pool . within Van couver Ha r bour ...hich a r e mo.tly ..r t ifi c..l and protected
by- seawalls .

The ...e.ternboundaryoftheFr aa erRiverdeltai.SturgeonBank,an
ext. en sdve alluvi a lmudand.andbank. Itisintertidalland,drying a t
lo w wat er, an d compl et el y cover ed by a twe l vefoottideri.e . At it. edge
the.e.. bct.t. om dr-ope Qffvery.teeply re ..chi ng ) OO feet depth in about 1/ 4
mile from the l ow tide bound ary . It••outhern limiti.boundedby ...to ne
j etty;although th i . wa. bui lt tocontainthe main a rm of t he r i ver i t i .
cov ered by w..ter athightide ..nd can only be identified by the line of
pile. along it. crest., through which the r i ver flow. freely . Thenortl!lrn
limitofthebank is al.oboundedby ...to nejet ty,higherth..nthe.outh­
er n one,and ..bovewatermo.tofthetime . I tconta i n.theNorthArmof
th eriver whereabout6%of thetotaldi.char ge of t he Fr as eri.rele... ed ,

Bur r ardInlet i ... deepfjordextendi ng a bout 2) mile. in land f rom
Geor gi .. St r ai t . The out er pa r t , Engli.h Bay, i . wher e mo.t ofthe beache s
a r e concent r at ed . The bot tomh..... gr adua l . lope f rom the.outhern.hore
to about ) OO f eet dept h , and a much.t eeper .lope r i . e. t o t he nor t hern
sh or-e , Engli. h Bayi.connectedtoVancouverHa r bour by Fi r . t N..r r ows,
throughwhic h t he t i de flood . an d ebbs wi t h a hi gh vel oci t y , a ppr oachi ng
.ix knots , Thi. flowi.turbulent, mixing t he w..te r thoroughly from top
to bottom, and c r eating a noticeablecurrent alongthenorth.horeof the
bay .



False Creek is a small inlet in the heart of the industrial section
of the city, and a great number of factories , sawmills , and shipyards ar e

~~a;~ta~~~~ ~~;esT~;o;r::~e;::er drainage into this inlet is very small

The whole area is Udal and is dominated by the Fraser Rive r dis­
charge . The declinational tide is characterized by a diurnal inequality,
which alter nat es fr om sp ring to neap ranges i n a bi -weekly cycle .

Figure6 .SpringtidesatPointAtkinsonJuly,1950

Ouri ngtheweekofsprings(Fig .6)thetidefallsverylowonone
ebb and rises hig h on the following flood . Ther e is the n arelaUvely
quiescent per i od when it r emai ns high with only a very mino r fa ll and
rise . The cycle r epeats with t he s tart of the next strong ebb.
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Figure 7 -Neaptides at Point Atkinson J uly, 1950

I n t he ne ap tide week (Fig. 7) there are two similar t i des of small
amplitude each day.



Figure 8-FraserRiverdischarge 1949- 50

The Fraser River releases freshwater into the system at a variable
rate from winter to summer (Fig . 8) the peak swmnerdischarge be ing almost
ten times t he average rlnter discharge . The freshet starts during t he
first part of May, and the river rises very rapidly to a maximum in mid
June,af te rwhichitdrops graduallytorlnterlevelsin October .

The r iv er remains r el ativel y constant for one tide cycle (rise and
fall) and imposes a va r i a bl e seasonal bias on the daily tidal circulation .

When the Fraser River water reaches Georgia Strait it flows out over
t he saline seawater forming a distinct "u pper layer" which is freshest
nea r th eri ver: it i s di s t i ngui s hed by t he l ar ge amount of sus pended sllt ,
and is very shallow. In many places the turbulence causedbya ships
~:P~~~e~~ enou gh to stir up the underlying gr een sea water so that it

16,1950

Figure 9-Relative height of tidewater and river at Fraser Street



~~:;~e:t;~O~a;h: ~~~~~:::tt~:a_

:~~~hv~~~c~i;~c~~~na~ft~~o:i~~r
theunderlyingseawaterintrud­
i nginto the r i ver reverses wit h

;~:e;i~:~ ~~~:~ 0 fl~:St~~t~i~~e
r i ver mouth lifting the river
water and carrying it backwards

:;i;q~~~ m~~i~~0ve~~~i~~

~~ ~~~w;~:;e~e;:lt~~s::~u~7 ft .

con tinues to rise after high
tide in Georgia Strait (Figo9)
while the l evel of the sea is
dropping 0 The upstreamvel­
ocityvanishesatthestartof

;~:s~b~~t:dm~~:su~~::a~Y:~ ~
accele rated r at e, urged on by
the velocity head of the r iver
and the pressure difference be-

~:e~c~::u~:~:r;U::~~f;h~ss ea:
released as a clo ud of brack-
ish water which is carried Fi gur e 10
clear of t he river mouth by
its momentum and the tidal currents (Figo lO o a ,b ,c) o I t is s epar at ed
from earlier clouds in the sys tem by their net prog ress dur in g pr evious
tidal cycles 0 The clouds may r emai n di stinct fo r seve r al cycles but
eventually they mix with the underlyi ng salt water and tend t o lose their
identity as they merge along t he line of flow 0

When the river is very hi gh ooo.ooc e .r .s.) it is always above sea
level and it discharges continuous ly throughout the t ide cyc leo Under

;~i~o~c:,~~~~e~/~~r:;:~~e~fc~~:~~:rge s till varies with the tide , and

SeaWatel"3trneture

The type of structure imposed on the sea at th e river mout h i s

~~~~:~~a(::li~~~rr~c~;~se;h~os:~~c~/:;:rw~~e~~~s;~~~s~O ~~tt~:p~~~t
Thisbrackish"upperlayer" isdominatedbythe river, andove r lies t he
deep sea water 0
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Figure ll-Salinity and Temperat ure Structure

The l ow density of the river water makes it stable on the surface of
t he sea . The stability is further increased in the sununer by surface
heati ng, but temperature is a secondary facto r in the determination of
t he density of this system, and even-in the winter when the upper layer

i~ ~hc~::~,o~h~h;o:e:a;;t~~~tentcontrols its density and ensures that ' ·

Pro perties of Sewage

The dis char ge of Vancouver sewers is small compar ed to the Fraser
River and has no significant effect on the wate r mass circulation. !tis
combin ed s to rm water and sanitary sewage, whose principalconstituentis
fresh water and is always stable in the upper l ayer . When it is released
directly i nto t he upper layer (e.g. on the beach) it will remain in and
partake of its movements. When the sewage is re leased into the deep sea­
water zone it will rise to the surface forming an upper zone (Vancouver
Harbo ur) or if an upper zone already exist~ the sewage will become stable
in i t (Imperial Street outlet). In every case the eventual distribution
of sewage is the same as that of the upper zone movin g past the release
point.

The I nve s t igation

The presence of freshwater can be detected by the dilution (reduction
of sa linity) of seawater as illustrated in figure 9. The amount of fresh
waterpresentisconvenientlydefinedasthedepthofthelayer,ifthe
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fr es h and seawater (salini ty JO.2 %
. ) were separated. Thedistribut i on

~~l~~:~\:~~::ni~b;;~:~~~~:dort~~n;~~~t:;;eit~i~rtJl)lt~~~.:;;r~m:.
par able ci rcumstances (Synoptic Survey) .

The amount of freshwat er present varies with the run-off and i t s
distr i but i on depends on the t ide and velocity of river discharge . The
sa linity was observed by sampling the water at small i ntervals of dept h
f ro m t he su rface to the sea bottom at many positions . I deally,this
s houl dbe done i nst an t aneously t o pr ovi de a "synopt i c" pic t ur e ofthe
di s t ribution associated with a point in the tide cyc le. Practically , it
was necessary to observe all stations indifferent orderonconsecutive
day s while the tide cyc le and r un-off remained similar . All stations
as soc iatedwithhightide(+2hours) ,fallingtide,lowtide(+2 hour s ) ,
and r is i ngtide,weregrouped on theassumptionthatthecombinedpi ct Ures
wer e effect i ve ly synoptic for th ei r particular stage i n t he tide cycle.
Synoptic wate r mass surveys were carried out at different stages of the
r i ver th rougho ut the year as i ndexed in figure l2and appendix I .

Figure l2 -ScheduleofPrincipalObservations

I nterpo lation of the depth of freshwater between stations was
facilitatedbyaerialsurveys,whichshowedthedistributionofsur f ace
muddyw atereverytwolloureduringtheprincipalfallandriseof a sp r i ng
and neap tide cycle . Fourteenflightsweremade,totake l5 00ver t i ca l

r,:: ~b~Ziu~v~~~:~~ra~~: ~~~~t~~: ~~r~~~~t ~:d;~a~~~u~:c~/~~;~~r:~~e ~av-
~~~~s~n the pictures (Fig . 1 to 4) from each flight were combi ned into

Comparison of successive syno ptic water mas s and aerial su rvey cp.art5

showthechangesindistributionofthewatermassestheyrepre se nt .
These changes mark the path of tidal circulation, and t he pro gress of t he
water mass ina tidal cyc le is a measure of the transport.



A water mass (c loud) maybe transported ahead five miles on the flood
tide, and r et ur n four miles on th~ ebb . Under this circumstance di rect
cur r ent measurement s would indicate velocities of the order of 3/40fa
kDot.. However the important conclusion from the standpoint of sewage dis­
posalis t hat the net transport was only one mile . This and the success­
ive pos i tions of the water mass are mor e readily discemable from synoptic
9urve1s,than fr om di r ect current measurement s .

If suffici ent velocity measurements are made at various positions in
r elation t o th e stages of t he tide and river, it should be possible to
combine t hem into continuous flowpattems and deduce the transport .
Velocity may be measured with a current meter , or by measuring the rate
of dr ift of a float from an anchored ship; Alternatively one or more
floatsatdiff er ent dept ho may be f ollowed f or a per i od , and t hei r succes s ­
ivepositions not ed . Earlier researches were limited to this approach,
and although an impressive quan tit y of data were assembled they were not
conclusive by themselves . However di rect current measurements are
neces sary t o in t er pr et l ocal s i t uat i ons ( Imper i al St r eet ) and pr ovi de
velocity scales i n conf i ned r egi ons , such as t he North Arm, Fi r s t Nar r ows,
etc . These are not shown in the aerial or water mass surveys .

The contribution of the Sewerage Board in making direct current
measurements by charting the pro gress of free floats ha s been very com­
plet e , as sh own in Appendix I, and has assessed the day to day changes in
the t idal ·circulation.

The pr ogr es s of a cl oud structure past points in the area was
measured by observing the chan ges in structure and the current direotion
andvel oc ity,at f r equent i nt erv al s of t ime f r om an anchor ed s hi p. These
anch or st at i ons were occupied at intervals i n the Fraser River outlets ,
and upstream in the North and South Arms.

It was found advant.ageous on several occasions to release a gang of
aboutlOOfr ee float s at a poi nt and obs er ve t h. i r pr ogr es s and di s per s ion
for several days . This allowed statistical study of dispersion and pro ­
~~~s~o~~ ~~=n::~~:ac e water , particularly in the vicinity of the North Arm

~iOVD:ENTS OF WATER MASSES

The di s t r i but i on of the freshwater in the area at successive tidal
stages is s hown in figures 13 to 25 and the movements are deduced f rom t he
s uccessive positions of the identifiable cl ouds.

Thes e pictures were compiled from the synopti c surveys of July 18 to
28 when th e discharge of the Fraser River was about 200 ,000 cubic feet per
se cond ,and r epr es ent t he condi t i ons i n mid- summe.r . They were in terpreted
with t he aid of the aerial survey data , and ar e cons i s t an t with data f rom
pr ev i ous and subs equ. nt surv . ys . Th.contoursonth.chart.rep....sentthe
de pth infe. t of the freshwater present in 25 feet of mixed wate r , if th e
freshand seawater (JO .~ wer. s eparat ed .







Figure 11

There are five water masses on

~~:-~~~~ ~ ~;e;~ew:~~f;~m
IonaChannel(B) along the
foreshore of Sea Island, fresh
water from the middle arm (C)
lying off the channel, fresh
water (D) spilled over the
South Arm Jetty along the Lulu
Islandforeshore,brac:ldsh
wat er (A)_.whichmovedwith-the
ris ing ti~e onto the bank from
the previous South Arm discharge
and brackish water (F) which

~:::~:~~L~~:e~=;o:;t~~e
tide falls, and are accelerated
by the flow from the river.

~..i~:dt~~ ~~:-~::e~s;:
B,C,D,lieofftheirrespect­
ivechannelsinthedeepwater

:;a~~~s~~:t~;st~ean~·ar;"e
further seaward, and have be ­
comemoresalinebymirlngwith
the underlying seawater.







Fi gure 22

~:~¥41~;f.d1
Fi guren
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~~~;a~~~~ ~~;~~:~~~~~::"~dP:~tis



The Circulation of English Bay

The circulation of English Bay can best be shown by reference t o the
resultsoftheaerialsurveyand directcurrent measurements,becausethe
area is so small that the det ails are not visible in the water mass sur veys.

Figure~

Figure?:1

Toward s the last of the ebb t he ~ __
so ut.h sho re flow s l ackens , be-
comes "weak and variable ", and ~

~:~sfi~wr::;r~,o~~e~~~ :l~:- ..- /
the southern shore of the bay. vi
This wate r moves underneath the

~~~~~n~~~mt~h~~:;~~ ~~:mt'~~~t
Grey . At low tide the opposing
(westward) movement along the
so uthern shore of the bay ceases .

The volume of False Creek
water in English Bay is a max-

~~~~;~:~~:~~~e:i~::~S
cont i nu es to move seaward along

;~:eN~~~~rs~~r~heb~ti:ci~~~se L:::..3i~ --J

eddy in the mi ddl e of the bay .



Figure~

During the rising tide conditi ons
change vef7rapidl;y. TheNorth
Armcloudmoves towards ! irst

=~w:.,~p~~~~;,,~ ~:~h:~Sh
moves the water which was alo ng
Jericho and Kitsilano bea ch es i n LJij~iJM~l>~~~
front of it , and part of t hi s

~~:soi~t~ai:;s~r;~~e~~t~~l~~~ng

;~: ~~~~eC~~:e:a~~rte~i~had

:~::~9n~~~:~~ro~a;~;b~~ ~:nt
oftheNor thArmcloud ,andbe-

~~g::~~':s~~~~~~;~~~;s::~~ ,"",I.?::..:I.~ ""
wate r along the northern side of
t heba;y continues to flo./westward ; it contribute. wahr t o t he edd;y
in the middle ot the ba;y t hat is r eturned t o t he harbo ur embodied in
NorthArmvater. Thisedd;yper si. t . unt il t he la . t ot t he t i dal ri. e .

Figure ~

At high tide Nort h Arm wat er
lies along the south and east

~:;!~~:ts~;~:~::::~::~~:~~s
Vancouver Harhour lies alo ng the
North Shore towards Point Atkin- •
son,andwaterdischar gedfrom

;;~~e:~b~~"[~~e:~:::'~:- ot
theba;y

This di scussion of the movements during the tide c;ycle indicates
that the only water lost to Georgia Strait was i n t he vicinit;yof Poin t
Atkinson . Essentiall;ytherehasbeen a slight an t i - c l ockwi se pr ogr es s
ar oundtheba;y,equivalenttothe cont r i but i on offres h wate r f ro m t he
North ArmandVancouverHarbour . Consequent l;y an;y s ewage mus t pr ogr es s
s lowl;yaroundthe ba;y andthroughVancouver Harbour f ro m its point ot
discharge , before it is di s sipated in to t he sea .



False Creek Sewage

Figure:2Q

Figure.ll

Asmallamount(lQ%to2Q%)ofFalseCreekwater is releasedto
VancouverHarbouroneachtidecycle ,andeventuallyreacheSPOlntAt kinson
where it islostto the system. This exchange varies with t he Fraser
River discharge , so that when the river is low in late summer and winter
theamountofretainedsewagewillbegreatest l converse!YJ t hesewagewi11
be dissipated most rapidlyin freshet time .



Imperial St ree t Sewage

The Imperial St ree t out fall is l ocat ed between Jericho and Locarno
beaches and ext ends)OOO f eet out under th e sea i nto English Bay. The
pr edominant direction of current s her e i s eas tward on the flood and first
part of the ebb. It i s only on t he l ast of "the ebb that they turn west­
ward,and eventhencanbeclasse d as weak and var i abl e .

Fi gur e ;g

~~:":;r:~~i~~ei~b~hi~~a;~~eat
eastward with an ever l ess enin g
velocity.

Fi gure.ll

~~~~es;::;~f~~e~: :~e;t~:'"
advancing cloud fro m th e North Arm.

Fig ure :ll±

When the flood st ar t s , th e flow

~~ea~~~/;~:~;e~o:~w;~s:"d
Creek and Vancouver Harbo ur
ahead of North Arm wate r .

Most of the Imper ial St r ee t se wage will be r et a i ned in the corner of
English Bay f or more than one tide cycl e , and par t will be included in t he
water enterin g False Creek. All of it event ually goes into Vancouver
Har bour , and ul timately it will leave thesystemintheFirstNarrows
stream past Point Atk~nson.



Vancouve r Harbour Sewage

EBB TID[

Fi gur e .2i

During the ebbtide.sewagedischargedfr omFirstNsrrows sweeps along
the North Shore beach . The fi rst pa r t (lO%) of the dis charg e reaches Point
Atkinson and leaves the system. Some r emains along the North Shor e ; th e
rema inder i s dissipated into the eddy i n th e middle ofEnglishBsy,and
returned to t he harbour on the following flood tide .

FLOOD TIDE.

Fi gure 1§

During t he flood tide. sewage released nesr Fi rst Nar rows will ente r

~~~~a~::~ .w:t~~r~;~a~:t~~w;~: ~~~~e~a~;r~:~s the l ast of flood

Because of t he turbulence i n First Nsrrows , any sewage passing through
will be compl et el y mixed wit h the sea wate r end aquiremaximumdilution at
this point .



The se wage discharge into the North Arm at the Musqueam Indian
Res erve (Fi g . 1 ) must be considered during the flood and ebb tide becaus e
there i s a difference in the elapsed time from its discharge until it
r eac hes t he end of th e r iv er channel.

Sewage r el ea s ed during the ebb tide will move directly down st ream
with t he river wate r a t a ve locity dep ende nt upon t he height ofthe t i de
and volum e of run -off . The wors t possible circumstance observed t o da te

~;~~~ ~~:...:~~:ef;~:~rei~~~i:sR:S:;~~'oe~~e~~ ~~:~~eint~: ;h~::h ~:
be s t ci rcumstance which can be co nsidered occurs ona strong ebb at lo w
~~:~.flOW. Then t he time required for the same journey is about 2 1/4

Aft er the effluent leaves the river mouth it will travel around
Point Gr ey t o Spanish Banks, some to be displaced immediately into
Van couv er Har bour (GFig.24,25) and some to move past Jericho and
Kitsilano bea ches and be included in the exchange water entering False
Cre ek , (Fi g . 28 , 29) .

Rel eas e on the flood tide, when the main stream is moving upriver,
will i nc r ease th e elapsed time before the sewage will come in contact
with t he bea ches . Water from the In di an Reserve has been traced as far
upstream as th e jun ct i on of the North and Middle Anns , and if sewage is
di sc ha r ged into th e r i ver a t t he start of t h e ups t r eam flow it will be
continuous t o t hat vi cinity . When t he tide tu rns to ebb this sewage will
be augument ed bythatreleas ed dur i ng t he ebb, and behav es t he same as
t he ebb tide discharge .

Sewag e r el eas ed con tinuously into the North Arm will be discharged
intermittently at the r iv er mouth. Underthebestcircumstance,e.g.low
r i ver flow an d t he strong ebb of a springtide, each discharge will hav e
s ewage of t wo ages. One neve rmore than 2 1/4 hours old and the other
be twe en 2 l/4 and 8 hours old .

Sewag e r eleas ed into I ona Channel at the start of the ebb will form
part of th e northem fo reshore water (B) along Sea Island (Fig .l?) . I t
is doubtful if any of th is discharge will contribute to Jericho, False
Cre ek or Vanc ouve r Harbou r water, but it is certain to be included in t he
wate r nea r Poi nt Gre y a nd Western Spanish Banks at high tide , when it will
be a ppr oxi mat el y 12 hour s old.

Discharge i nto I ona Channel at the start of the flood will be
an alogous t o discha rge into the North Arm. The sewage will move up th e
ch ann el and t he North Arm. At the start of t he ebb there will be a con­
t inuous l ine of polluted water beginning to move down stream. That part
i n Io na Chann e l will r et ur n past the discharge point , and that in the
Nor t h Arm may divide, contributing water to both outlets .



L

IfIonaChannelwereclosed ,itsdischargewouldcontinueoutthe
NorthArm,andtheflushingactionalongthesouthsideofthisjett y
would be slightly, but probably not noticeably reduced . Sewage dis­
charged seaward of the dam would move very much as the northern fo reshor e
wate r (B) does now (Fig . 17to21) ,northpasttheapproachestoEnglish
Bay without entering it . It is possible that sewa ge sludge would ac cumu­
l a t e on the bank in fine weather , but it would certainly be dissipated i n
ro ugh weather .

If sewa ge effluent were released into the Middle Arm of the Fraser
on the ebb tide it would fo llow the pa t h of southern foreshore wate r (c )
to s eawa rd of English Bay (Fig . 17 to 21).

If it were released on the flooding tide some might t ravel up t he
Middle Arm and be discharged out of the North Arm on th e subs equent ebb ,
but only a negligable amount would take this path and t he time lag be ­
tween discharge at the ~liddle Arm and arrival at Wreck Beac h , would be
approximately 10 hours.

Effect on t he Circulation of Chang es in the Variables

The above is a description of the circulation of a spring tide where
there is a strong ebb an d a s t r ong flood . During small tides the main
differ en ce in t he circul ation woul d be i n th e dist an ce of transport per
cycle. The movement i n English Bay would not be as ra pi d as ill ustr ated
and sewage discharged there would accumulate. While th i s i s a worse con­
dition in the bathing a re a , such accumulation would not r ea ch th e bat hi ng
area,fromadischargeonSturgeonBank,becauseitisdoubt f ul if
St urgeon Bank water ever intrudes English Bay on the l ow velociti es and
tran spor t s associated with small tides .

The preceding detailed descriptions of the flow system is associa t ed

~~~,t~~~i~ l:~e~~~~rd;~~~r~:v~i,t~ ~~::~~/~:~ , (~~'~w~~'~io~t in
th e North Arm does not reverse during the flood tide; the discharge vel­
ocityis high and the main stream is di r ect ed towards Bowen I s l and ,
rather than around Point Grey . The great velocity and volume of this
stream effectively prevents the i nt rus i on of water from the tide flat s
into English Bay, and the large amount of freshwater released increases
the displacement per tide cycle in all parts of the system. However,the
amount of North Arm water entering the bay during the f reshet is gre ater
than t hat st lower river flow because of the inc reased lateral dispe r sion
from the high velocity stream.



When tbe r iv er is l ow in September tbe opposite effect is observed.
Tbe Nor tb Arm discbar ge i s affected by the tide to a gr ea t er extent than is
sh own he re (G Fi g . 24) ; i t s wa t er moves di rectly into English Bay on the
flood,and doesnot pr ovi de any barri er aga i ns t t he i nt ru s i on of St ur geon

~ew~~:r;om~~~::ms~;a~~e~;;s~e~:t;~ ~~~:d:o~~o:l~~;yr~~~rt~: ~l~e-

I n Englis h Bay l ow r i ver discharge has the effect of reducing the
displacement per tide cycle , so that there would be more tendency fo r
se wage to ac cumul ate.

The l ar ge mass of data listed in the appendix suggests the problems
pr ese ntedincompletingtheanalysis,whichwillrequiresometime . The
descri pt i on of the circulation given here was founded on the work to date
an d i s ade qua t e f or t he pur pc s e .

R. L. I . Fj ar lie
As s i s t ant Oceanographe r



Numberot
Serial

Obs e rv a t io ns

Number ot Direct

Samples Me~"::;nts

~ I 52 407 None
Dec . II 52 8)2 lIone

~ III 52 8) 2 None
Mar . I V 52 806 None
April V 52 816 None
May 1-1 5 VI 41 848 None
May29 -Junel VII 87 1458 24
June 13-17 VIII

l~~
418 195

July 4-8 IX 724
~~~eJuly 18- 28 .x 199 18)7

Aug. 28-Sept.) XI li5 1) 08 106
Sept. 28- Oet. 6 XII li5 u si 100

Aerial Photographic Surveys 1950

Junel Springtides , seven s urve ys.
June 10 Neap tides , seven sur veys .

Direct Cur r ent Measur ements by th e Sewer ag e Board

(On ea ch day listed t he prog r es s of floots at 0 , 5, 10 ,20,30, 40 ,
and 50 feet de pth was charted ) .

12ll Obse rva tions i n Englis h Bay

August)O,)l
September l,2,6,7,9,12, 15,16,19,22,26,27,28,29
Oct obe r),4,7,lO, li, 14,20,24,25,26

~Ob.ervationsinEngli.hBay andNorth Ann Fra.er River

July 9, 20
Oc t ober )



12!t! Obse rv ations in English Bay and North Arm Fraser River

August1J, 14,15, 18, 20, 21, 24, 28,JO
Sept ember 4, 17,18,19, 20

.!ill Obse rv ations i n English Bay and Vancouver Harbour

June 7, 8, 11, 12, 14 , 18, 19 , 20
July J,4,5, 6, 9,lO,l1,12, 17, 18, 19, 24, 25, 26, 27, JO, J 1
August1, 2, JO
September 4, 5, 6

12!t2 Observa tions in English Bay and Vancouv er Harbour

June 29, JO, 27
July 4, 5, 6, 7, 14,18, 20,27
August J,4, 12, 16 , 17,19, 22, JO,J1
Sept ember 1, 2,6,8
November 17, 18
Oecember7, 9, 15, 10,16

122Q ~:~=tionsinFraserRiverEstuary,English Bay and Vancouver

MarchJ, 27, 28, 29, JO
AprilJ,4, 20, 21
May 1, 2,J, 8, 9,12, 16,17,18,19, 29, J1
June 2, 5, 7, 8, 1J, 15, 16, 17,19, 20, 2J,26, 27, 29,JO
Ju1yJ,4, 5, 7, 10, 12,14, 18 , 21,24, 25,26,28
August 4, 7, 9, 11,14, 16, 18, 21 , 2J, 28
September 1, 8
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