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AERTAL VIEW LOOKING INTO ENGLISH BAY
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Figure 1
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Cloud of
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fully formed

Figure 2
Low Tide
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PACIFIC OCEANOGRAPHIC GROUP
Report.
THE CCEANCGRAPHIC PHASE OF THE VANCOUVER SEWAGE PROBLEM
(File N 7-18 - December 15, 1950)

INTRODUCTION

The tmatiste possiidiity of plltion of the beshes sroind
Vancouver by raw s
iy g e S g e 1 T

o

Noveaber, 1949 with advice from the Pacific Oce Group, and in

Kay, 1550 th Groop, it sseistase from the National, Research Council
the Sewerage , assuned the responsibility,

Seography

Vancouver is concentrated on the peninsula between Burrard Inlet and
the Fraser River. north shore of the inlet is also well populated,
and Lulu Tsland and Sea Island to the south, which were at one time rural
communities, can now be classed as suburban,

o public batilng besches axtend from Wreok Besch 1a the Marth Arw
of the Fraser River all arousd Baglish Bay. There are a fow beaches and
el D g R e
by sea walls

The western boundary of the Fraser River delta is Sturgeon Bank, an
extensive alluvial mud and sand bank. It is intertidal land, drying at
low water, and completely covered by a twelve foot tide rise. AL its edge
the sea bottom drops off P steaply reaching 30 fest depth in about, Ve
mile the low tide ary. Its southern linit is bounded by a stone
Jetty; although this was e iy S
covered by water at high tide and can only be identified by the line of
piles along its crest, through which the river flows freely, The sortiera
1iait. of the bank is also bounded by 4 stone jetty, e thanthe doitl

bove water most of 12 condains the o
thu riur uh-ru about 6% of cm mt.] ds“h.rg- of the Fraser is n.) l:ed.

Burrard Inlet is a deep fjord extending about 23 miles inland from
Georgia Strait. The outer part, English Bay, is where most of the beaches
e e
S gk 0, £us¥ dbohie ol 2k oevee S1

shore. English Bay i ot 10 facouuyc’ oDt kb e Raceaws|
Ehrough which the vide floods and ebbe with & high vtlocﬂdy approaching
six knots. This flow is turbulent ng the water thoroughly from

to bottom, and creating a noticeable current along the north shore of the
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1se Creek 1s a small inlet in the heart of the industrial section
city, and a great number of factories, sawiills, and shipyards are
around it. The fresh water drainage into this inlet is very small
t of it comes from sewers.

iR ey spring to neap ranges in a bi. aekly cyu.
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Pigure 6 - Spring tides at Point Atkinson July, 1950

of sprtngs | (Fig. 6) the tids. £a11s yery.lov on ce
e i

The cycle repeats with the start of the next strong ebb.
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Figure 7 - Neap tides at Point Atkinson July, 1950

In the — tide week (Fig. 7) there are two similar tides of small

azplitude
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RASER RIVER DISCHARGE|
AT HOPE BC.
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Figure 8 - Fraser River discharge 1949-50

The Fraser River releases fresh water into the system at a variable
rate from winter to sumer (Fig. 8) the peak sumer discharge being almost
ten times the average winter discharge. The freshet starts during the
first part of Nay, and the river rises very rapidly to a maximm in mid
June, after which it drops gradually to winter levels in October.

The river remains relatively constant for one tide cycle (rise
fall) and imposes a variable seasonal bias on the daily tidal esrcuhuan.

Estuary Mechan

When the Fraser River water reaches Georgia Strait it flows out over

the saline sea water forming a distinct "upper layer" which is freshest
near the Tivers it 1s distingelaned by the:arge amcunt of & pand.d silt,
and is very shallow. In Hhabes the Sarbulenss commed by s

many pl
propellor is enough to stir up the underlying green sea water so it 1
can be seen.
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Figure 9 - Relative height of tide water and river at Fraser Strest




Upstrean from the estuary the
fresh water has a constant
vard velocity, but at the river

the tidal phase, As the tide
rises sea water flows into the

Lo
.

f

€) LoW TI\DE

Figure 10
clear of the river mouth by

its momentun and the tidal currents (Fig. 10. .,b,:). Lo ta semres ol
from sarlier clowds {n the eyaten by their net progress during prarv

L4a1 cyoles. The clouds may remain distinct for seversl cyciss

eventually they mix bk 0 a1 st vadac oo VM ot
identity as they merge along the line of flow.

Vhen the river i very blgh (00,000 e.f.s.) 1t s sluas stove ses
level and it discharges continuously throughout the tide cycle
this circunstance, the rate of discharge still varies with the m., "
5o forms a chain of connected c:

Strocture

The type of structure imposed on the sea at the river mouth is
illustrated in figure 11. The surface water is almost fresh, and the salt
gontent, (salinity) incrasses o that of ses water st sbout 2 fast depth.

his brackish "upper layer" is dominated by the river, and overlies the
e e e
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Figure 11 - Salinity and Temperature Structure

The, Low density, of the river water makes 1t stable ou the surtace of
the sea. The stability is further increased in the r by surfac
Hoghing, it teapacaturs Ls & Necandary factor in the detaraiiation of

the density of this system, and evem in the winter when the upper layer

is the colder, the low salt content controls its density and ensures that™
it will float on the sea water.

Properties of Sewage

The discharge of Vancouver sewers is small compared to the Fraser
River and has no significant effect on the water mass circulation. It is
combined storm water and sanitary sewage, whose principal constituent is
e S ST
directly into the upper layer (e g. on the beach) i remain
partake of its movement: ewage is e e o e
yater scoe 1t vill rise to the s an upper zone (Vancouver
Harbour) or if an upper zone already exists the sewage will become stable
in it (Imperial Street outlet). In every case the eventual distribution
of sewage 1is the same as that of the upper zone moving past the release
point.

e e R
of salinity) of sea water as illustr
Sl e il e st ety
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fresh and sea water (salinity 30.2%/,,) were separated. The distribution
of fresh water is illustrated py contours of its virtual depth inter-
polated between observations of the structure (Fig. 11) taken ynder gom-
parable circumstances (Synopti¢ Survey)

Ut of fresh inier cresest micias vish tha m—urt Gl

Mnrib\nim Jepmad tide md Tl ity ari -t Ml

sal or ot small in tervals nr  Somet
{oa) o0

a e picture of the
distribution associated with a point in the tide cycle. Practically, it
was necessary to observe all stations in different order on consecutive
days while the tide cycle and run-off remained similar. ALl stations
falling tide, low tide (+ 2 hours),
uny hat, the combinsd pictures
optic for their particular stage in the tide cycle.
R L R e
Fiver throughout the yedr as indexed in figure 12 and appendix 1.

) T T T T
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% SYNOPTIC SURVEYS

FRASER RIVER DISCHARGE
AT MOPE B.C

AERIAL
SURVEYS

GANG FLoATs 2
L T L L L
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Figure 12 - Schedule of Principal Observations

Interpolation of the depth of fresh water between stations was
facilitated by aerial surveys, which showed the distribution of surface

muddy water
and neap tide cycle, Fourteen flights were made, to tal
oblique photographs along the aircraft's track
g & 608 overlay. Tue positions of eile laden elonds of river w
shown in the picture o'4) fron sach f1ight vere combined into
charts,

parison of successive synoptic water mass and aerial survey charts

shoe the changes in distribution of the vater sssses they represent.
anges mark the path of tidal circulation, and Lhe  progre
vater mass in a tidal cyele 16 & measure of thy Lrane

of the




A water mass (cloud) may be transported ahead five miles on the flood
tide, and return four miles on the ebb. Under this circumstance direct
3 e O R T 3/k of &
Imot, However the important conclusion from the standpof
posal is that the net transport was only one mile. This uc
Saipositione of Abe vater asss ess mare Hetlly flo Kooty
surveys, than from direct current measurements.

If sufficient velocity measurements are made at various positions in
relation to the stages of the tide and river, it should be possible to
conbine them into continuous flow patterns and deduce the transport,
Velocity may be measured with a current meter, or by measuring the r
of dritt of a flost Yrom o aashored ahtp:( Uternatively ces or o
floats at i doging ey be folloved for o pardod, aod
drecpoatiiace noted. searches were limited to this approach,
Eithough an iapressive quantity of data wers asseabled they were not
i by themselves. However direct current measurements are
necessary to interpret local situations (Imperial Street) and provide
velocity scales in confined regions, such as the North Arm, First Narrows,
are not shown in the aerial or water mass surveys.

Tom contribatlan of the Sewrage Soard in making direct current
Seiaurgamtety:cheriing the progress of £ e has bosn Yery son
, and has assessed the day to day shanges 1

Ap
Ehaviant chmeutation:

Tue progreds of 4 slowd siructure pest potnte o the sres v
ured by observing ructure and the current direction
freq Tine from an anchored ship,  Thess
were occupied at intervals in the Fraser River outlets,

foor up-m- in'the North and South Arms.

was found advantageous on several occasions to release a gang of

spout mo free Ioate at & poiat und obaerve thelr progress and_disparsion
allowed statistical study of dispersion and pro-

at 1y in the vm.my of the North Arm

et of s petrac e
and Iona Channel

HOVEMENTS OF WATER MASSES

The distribution of the fresh water in the area at successive tidal
JUBse show 10 clgleee 23 6 SRR the ovmmantiare dedoosd rom Hhe
Ve positions of the identifiable slouds.

These pictures were compiled from the synoptic surveys of July 18 to
28 ¥hm the dischargs of the FraseREivarias sbout 200,000 ouide foet pr
present the conditions in mid-sumer. They were interpreted

Vith the aid of the aerial survey deta, and are consistant with data from
‘evious and subs eys, The contours on the charte represent the

us
Rl BN Crbe Ereintar plosal dn 25 oot of ized wmter; 15, th
vater (30.28) were -plr-c.m




The South Arm

Figure 13

During the falling tide a
cloud (A) of discharge water
forms at the river mouth.

Pigure L

size,

river mouth.

As the tide conti
fall the cloud

[
low water
it 13 of considerable
extent, although still
concentrated near the

nues to




Figure 15
The rising tide now moves the

cloud A rapidly northward; sep-
arating it from the river mouth

Figure 16

At high vater the cloud can
be distinguished as a band
of brackish water lying

northwest from the river
mouth, Some of it (A) extends
and be-

usse:

later. The remainder (A 1) all

mixes with the seawater

during the next ebb and

leaves the system.
During the tide cycle

the river water ha:

with underlying sea water

and the salinity of the

cloud has increased.

l/"g';,
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7
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Sturgeon Bank

Figure 17

There are five water masses on
Sturgeon Bank at the start of
the ebb.
I

masses all move seawa
tide falls, and are accelerated
by the flow from the river,

Figure 18

At low tide Sturgeon Bank i
drained and the three ma:

B,C,D, 1ie off their respect-
ive channels in the deep water

at the edge of the bank. The
brackish vaters A and F are

the underlying sea water.

o

- =
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<, TIoE




Figure 19

With the rising tide all of
the seavater masses move rap-

and extend toward Howe Sound,
seavard of North Arm water (G).
e

Figure 20

At high tide part of the Iona
Channel water (B) is in

mixed with sea w




Figure 21
s teeche ebb
PR e

and F2. Iona Channel vater
s oycle old, is Leaving
system the dis-
e e e Al
with F and A whiich are now start-
ing thelr third cycle.

-12-
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O thelabb 4 Ereati vt @
the North Ar.
e L bl
which has accumulated upstrean
during the previous flood.

Figure 23

At low tide the North Am c

(6) 15 fully developed, 1t extends
alnost as far as Howe Sound and i
spreading shoreward around Point
Grey into English Bay.

Figure 24

As the tide rises the first part of

i o along
the North Shore of English o The

Bain part of the discharge (G} has
moved into English Bay.

Pigure 25
P s et imisiows
(©)

-13-
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The Circulation of English Bay

R aleTERY AL fon ol il By best b abovm by et azpote o the
s AN ey and direct current measurements, because the
Ten 15 20 small that the details are not visible in the water sass surveys.

Figure 26

During the {alling tide the
cloud of water fron the North
Arm moves eastward around Foint
Grey and occupies all the south-
ern foreshore. A the same time
False Creek discharges along
(AR LTS
wards Stanley and Vancouve
Harbour duchn‘gas ’ seavard along
the North Shore,

FALLING TIDE

Figure 21

Tommis b Tavt ot e ot the
L

",
B o,
- ,,’7"”"9 oy

and lies along Kitsilano
and Second Beaches. The ebb
strean fron Vancouver Harbour
contimues to move seaward along
The North shore, but 1t loses
some water to the anti-clockwise
eddy in the middle of the bay.
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Figure 28
During the rising tidl cunditmu\
pidly.

r along i

the iy coebi s o £1ov n-mmd, 4t contributes water to the eddy
in the middle of the bay that is returned to the harbour embodied in
North Arm water. This eddy persists until the last of the tidal rise.

Figure 29

At high tide North Arm water
lies along the south and east
sil

Sturgeon Bank during t

cat
that the only water lost to Georgia Strait was in the vicinity of Point
e

Atkinson. Essentially the en a sligh - progres:
arou e bay, equivalent to the contribution of fresh water from the
North Arm and V r Conssqueckly 457 seimge mst prograts

through Vancow
dischargs, before it is dissipated into the sea.



MOVEMENT OF SBHAGE

False Creek Sewage

Figure 30 e,
On the obb tide,sewage from False R S
Greek will fan out from the mouth N 5 7))
of the inlet tomrd Second Besch W |
5ilano.
SRl afcechal dinag Tis Skley N -«
Park shore = 1>

Pigure 31

When the tide turns to flood,the

Tron the Kitsilano and Jericho
Beach foreshore.

A amount (10% to 20%) of False Creek water is released to
Vancouver Harbour on each tide cycle, and eventually reaches Point Atkinson
vhers it io lost to the systen, ~Thls exchange varics with the Fraser
River discharge, so that when the river is low in late sumer and winter
the amount of retained sewage will be greatest; conversely, the sewage will
be diseipated most. repidly in freshet time.
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Inperial Street Sewage

The Inperial Strest outfall is located betusen Jericto and Locern
bmhu and extends 3000 feet, out, under the sea into English Bay.

wlasiaint dicestioh of ouzreiteHera d aistiacd o bl flood Qg
oy SEARAS, STV Ss oy ot psk ot bl et S0 aurk et
vard, S e i

Figure 32

Sewage embodied in this water at
the first of the ebb will move
th an ever lessening

eastwa:
velocity.

IMPERIAL ST oUTFALL.

~
FIRST OF EBB

Figure 33

At the last of the ebb the stream
urns seaward and runs under the
advancing cloud from the North Arm.

LAST OF EBB

Figure 34

Vhea the flood starts, the flov
jain directed eas and
the wates maves umrd False
arbour

ey ik

2

RISING TIDE

Most. of the Inperial Street sewage will be retained in the corner of

Engliah Bay for more than one tide cycle and part will be included in th

water sutering Fales Greak, ; M11iof &% evantuslly, gose dnte Vazsourer
bour, 11 Teave the systen 1a the First Narrows

i s mxmm
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Vancouver Harbour Sewag

IS
&

2

ENGLISH BAY

EBB TIDE
Figure 35

During the ebb tide,sewage discharged from First Narrows sweeps
rst part (100) of the discharge reaches | rott

the North Shore beach.  The fi:
Midason entiarvse the st along the North
s A2 A b SiA. sddgita the midars, of Rugiish

"the

e following flood tide.

N

>3

FLOOD TIDE

Figure 36

the flood tide,sewage released near First Narrows will e
the harbour, along with water from By o el lastias " Hrood
North Shore water retreats towards Vancouver Farl

Because of the turbulence in First Narrows, any sevage passing
be completely mixed with the sea water and aquire maximm dilution at

will
this point.

Wedstere e |
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North Arm Sewag

The sewage discharge into the North Arm at the Musquean Indian
Reserve (Fig. 1) must be considered during the flood and ebb tide because
there is a difference in the elapsed tine from its discharge until it
reaches the end of the river channel.

Sewage released during the ebb tide will move directly down stream
Vith the Tiver vater st a veloeity depandent upon the neight of the Tide
and volume of run-off. The Worst possible circunstance observed to date
(from the sewage standpoint) was a strong ebb in freshet time; North Arm
vater travelled fro the Indian Reserve to Wreck Besch in coe hour,  The

best cireunstance which can be considered occurs on a strong ebb at low
river flow. Then the time required for the same journey is about 2 1/
hours..

After the effluent leaves the river mouth it will travel around
Point Grey to Spanish Banks, some to be displaced imediately into
Vancouver Harbour (G Fig. 24, 25) and some to move past Jericho and
Kitsilano beaches and be included in the exchange water entering False
Creek, (Fig. 28, 29).

Baliase citha Clood tida; Shee the meln:strees {3 Ratine i ripess
Will increase the elapsed time b act
Vith the beaches, Haver fron the Iniian Reserve has been traced as far
upstre the junction of the North and Middle Arms, and if sewage is
discharged into the river at the start of the upstrean flow it will be
continuous to that vicinity. When the tide turns to ebb this sewage will
be augunented by that released during the ebb, and behaves the same

the ebb tide discharge.

XL aasb ocutd oddly Sakotthe Nort Aom i et dtachafeed
IS ety b
r flow and the strong ebb of a has
e of two ages. One never more than 2 1/4 hours old and the other
between 2 1/4 and 8 hours old.

Zona Channel

Sewage released into Iona Channel at the start of the ebb will form

of the northern foreshors vater (B) slong Sea Island (Pig. 17). It
S oupirel 22, say ar LHe3 LSHERLGR w11 pentribata o Jeciohoy TAisH
Creek or Vancouver Harbour water, but it is certain o e included i the
water near Point, Grey and Western Spanish Banks at high tide, when it will
be approximately 12 hours old.

Discharge into Iona Channel at the start of the flood will be
Ehalogous to discharge into'the North Ara. The satage widl move up the
channel and the North Am. At the start of the ebb there will be a con=
timious 1ine of polluted ater begianing 1o ove down Stream. Toat part
in Iona Channel will return past the discharge point, and that in the
North Arm may divide, contributing water to both outlets.




If Tona Channel were closed, its discharge would continue out the
North Arm, and the flushing action along the south side of this jetty
ol baie ity b praba Ly, oot noﬂeuhly reduoeds Beuags;dle-
charged se rthern oreshore
Sator (B) dous 2ok {BAE 30 %0 21), e el

Bay without entering it. It is possible that sewage sludge would accumu~
Tato on the bank in fine weather, bt 1¢ would sertaialy be dissipeted in
rough weather.

The Middle Arm

ewage effluent wers released into the Middle Arm of the Fraser
on Ui oby ide 1 woukd Forlon the path_of southern foreshore water (C)
to seaward of English Bay (Fig. 17 to 21).

If it were released on the flooding tide some might travel up the
Middle Arm and be discharged out of the North Arm on the subsequent ebb,
but only a negligable amount would take this path and the time lag be-
tween discharge at the Middle Arm and arrival at Wreck Beach, would be
approxinately 10 hours.

Ef:

on 4

irculation of Cl in the Variables

The Tide

The above is a description of the circulation of a spring tide where

there is a strong ebb and a strong flood. During small tides the main

difference in the circulation would be in the distance of transport per

arels. The movement in English Bay would not be as rapid as {llustrated
While

S s is a worse con-
dition in the bathing area, such accumulatior not reach the bathing
area, from a discharge on swx-g e ek, | Secanse & 1o douital

Sturgeon Dank vater ever intrates English Sey on the low velositiss and

transports associated ith sty tiden:
The Ri

o Dsosdlackste Ut dnes it g tani i dyntom (Ltnapstatod
vith typitel Tate July &

Hope, B.C.). At higher S hvel, et tine, ebjaemelirive 1n
‘the North Arm does not reverse during the flood tide; the discharge vel-

treem etfuctively peeracts the dntrusion of water fromthe tide. flate
xm Huglish By, aod the large amoust of fresh water relessed incresses

e displacement por tids cyeis in all parts of the systems  However, the
S T e kel el e T
than that at lower river flow because of the increased lateral dispersion
from the high velocity stream.
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When the river is low in September the opposite effect is observed.
The North Arm discharge is affected by the tide to a greater extent than is
shown here (G Fig. 24); its water moves directly into English Bay on th
ood, and does not provide any barrier against the intrusion of Sturgeon
Bank water. Also sewage will tend to move more slowly off the be-
cause the momentun of the fresh water clouds from the river is small.

In English Bay low river discharge has the effect of reducing the
displacemest per tide cyels, so that there would be more tendency for
sewage to acc

Postscript
Large mass of data Listed in the appendix sugsests the problens

The
resented in completing the analysis, which will require s
Sescription of the cirulation given hers was founded on the ol

and is adequate for the purpose

R.L.I. Fjarlie
Assistant Oceanographer



APPENDIX I
Synoptic Surveys
Date Survey  Number of Number of Direct.
Number Serial ples urrent.
Observations Measurements
1 52 407 None
1 52 &2 None
pisd 52 &2 None
il 52 806 None
v 52 816 None
vI i s None
& 58
Vi 118 195
102 724 1408
X 199 1837 None
ped 15 1308 106
Sept. 28 - Oct. 6 péid 15 19 100

rial Photographic Surv

June 1 Spring tides, seven surveys.
June 10 Neap tides, seven surveys.

Direct Current by the Sewerage Board

(On each day listed the progress of floots at 0, 5, 10, 20, 30, 40,
and 50 feet depth was charted).

1927 Observations in English Bay
August 30, 31

fmteter (liavios 7, 9 2l 10, 29, 2, %, 20,228, 29
October 3, b, 7, 10, 11, 1k, 20, 24, 25,

1929 Observations in English Bay and North Arm Fraser River

July 9, 20
October 3



1941 Observations in English Bay and North Arm Fraser River

AL 18020, 2L, 241225
s-pmm-r 4 17, 18, 19,

1945 Observations in English Bay and Vancouver Harbour

June 7, &, 11, 12, 1, 18, 19,
July 3, 4, 5, 6, 9, 10, n 1 17, 18, 19, 24, 25, 26, 27, 30, 31
August 1, 2, 30

September 4, 5, 6

1949 Observations in English Bay and Vancouver Harbour

june 29, 30, 2
ey 5 5,77, w, 18,
Anpuat 3,78 A%, 11: 17, 19. 22, 30, 31
September 1, 2,6,
November 17,
Devemver 7,9 15, 10, 16

1950 Observations in Fraser River Estuary, English Bay and Vancouver
Harbour

Nersh 3, 27,26, 29, 30

April 3, 4,

May 1,2, 3, e, 9, , 16, 17, 18, 19, 29,

June 3,5,7%, 8, 13, 15, 16, 17, 19, 20, 23, 2/;, 27, 29, 30
July 3, 4 5, 7, l° 12, Vo 18, 21, 24, 25, 6,

Mguen b 87 0, 245 36, 28525 23,

September 1, &
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