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Chairman and Members
Vancouver and Districts Joint
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Gentlemen:

Pursuant to resolutions of the Vancouver and Districts Joint Sewerage
and Drainage Board, dated April 20, 1950 and March 20, 1952, the Board of Engi-
neers has completed and submits herewith its report upon sewerage and storm
drainage of the Greater Vancouver Area.

Full information concerning the investigation is presented in the
accompanying report. An analysis has been made of all sewerage projects con-
sidered feasible and each such project has been evaluated in terms of both
general suitability and total annual cost. Methods of storm water drainage
have been studied and costs approximated for providing the minimum degree of
service commensurate with protection from flooding due to storm waters.

For purposes of the survey, the Greater Vancouver Area was divided
into three sections delineated by topographic, geographic and economic consider-
ations. These sections are designated as Burrard Peninsula, North Shore, and
Richmond. Throughout the report each section has been treated as an independent
entity.

The sewerage projects found to be the most economical and satisfactory
involve the conveyance of sewage for final disposal to eight locations. Of
these, five are tributary to Fraser River, two to Burrard Inlet, and one to
Strait of Georgia. At all but two of these locations, conditions are such that
sewage can be discharged to the receiving waters without treatment. At these
two locations, treatment of the sewage will be required. A treatment plant
would be constructed on Iona Island to treat the sewage of the western portion
of Burrard Peninsula and of Sea Island prior to discharge to Strait of Georgia
and a treatment plant would be constructed adjacent to First Narrows to treat
the major portion of the sewage produced in the North Shore Section before dis-
charge to Burrard Inlet.

A joint agency similar to the Vancouver and Districts Joint Sewerage
and Drainage Board 3hpuld be formed within the Greater Vancouver Area to finance,
construct and operate the facilities recommended in this report. The fairest
and most equitable distribution of costs will be achieved if each of the politi-
cal entities within the area assumes a proportion of the total annual cost of
each project.

A summary of the report is given in Chapter 20. Chapter 21 lists the
recommendations.

Respectfully submitted,

BOARD OF ENGINEERS

Charles Gilman Hyde

A M Rawn, Chairman
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SEWERAGE AND DRAINAGE
OF THE GREATER VANCOUVER AREA

Chapter 1

Introduction

The Proposed Service Area

The following report proposes to
present the facts, conclusions and re-
commendations developed and based
upon"a survey of the sewerage and drain-
age conditions and problems of the
Greater Vancouver Area. This area is
a rapidly growing metropolitan region
and embraces the following cities, muni-
cipalities and unorganized communities:

Cities
New Westminster
North Vancouver
Port Coquitlam
Port Moody
Vancouver

Municipalise s
Burnaby
Coquitlam
Fraser Mills
North Vancouver
Richmond
West Vancouver

Unorganized
District Lot 172
University Endowment Lands
University of British Columbia

Objectives of the Survey

Every community, especially if it
be growing and not static, should plan as
wisely and comprehensively as possible
for the future. Such long-range plan-
ning should encompass, among other
things, the basic services of sewerage
and drainage. It is the purpose of this
survey and report to develop a long-
range program for provision of these

services for the Greater Vancouver Area.
Briefly, the principal objectives of

the present survey may be stated to be a
provision of sewerage and drainage fa-
cilities for the entire Greater Vancouver
Area with the accompanying high stan-
dard of environmental sanitation, all at
the lowest cost commensurate with ade-
quate accomplishment.

The objectives of the survey may be
stated more explicitly as follows:

1. The development of an orderly,
comprehensive master plan of sewerage
for the entire area embraced within the
communities and social units named
above. Such a plan includes major
sewers, appurtenant facilities such as
pumping stations, treatment works, and
outfalls or other methods of final dis-
posal required to provide for a predict-
able future development of population and
industry.

2. The investigation and evaluation
of possible methods of providing storm
water drainage for the entire area. Such
study includes the determination of the
most appropriate type of drainage works
for each drainage basin. Anticipated fu-
ture development within each such basin
will in large measure determine the na-
ture of such drainage facilities.

3. The inclusion in such master
plan, to the extent determined to be lo-
gical and expedient, of existing service-
able sewerage and drainage facilities.
Currently active rights and equities
should be recognized and satisfied, both
legally and financially.

4. The protection of shores and
shore waters, and of inland waters, both
surface and underground, from pollution
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or contamination by sewage, sewage
treatment plant effluents and industrial
wastes. In these respects the require-
ments of legally constituted control agen-
cies should be recognized and fulfilled.

5. The placement and layout of fa-
cilities in such manner as shall avoid
nuisances due to odours, unsightliness or
other causes, and as shall serve effec-
tively through a sufficient period.

6. An estimate of the cost of re-
quired sewerage and drainage works and
a determination and recommendation of
practicable schemes of financing and of
governmental organization.

Uses of Environmental Waters and Shores

The salt and fresh waters in the
bays, estuaries, lakes and rivers of the
Greater Vancouver Area are of ines-
timable value from the standpoints of
healthful living conditions, recreational
use, and many utilitarian purposes.
These values have been of immediate
concern to the Board of Engineers and
its staff, and have been controlling fac-
tors in planning and conducting the sur-
vey and in defining the conclusions and
recommendations at which these studies
have arrived. These matters are of
such vital importance that Chapter 6 of
this report is devoted to their considera-
tion.

Pollution of Shores and Shore Waters

To date, no treatment of any kind
has been given to the sewage of the Grea-
ter Vancouver Area, and crude sewage
has been discharged at an increasingly
large number of outfalls into the environ-
mental waters, both salt and fresh. The
result has been that some of these wa-
ters and their shores have become pol-
luted to an extent that is definitely dis-
agreeable, if not actually dangerous to
health. Such pollution must be elimina-
ted where it now obtains, and prevented
where it might occur in the future, if the
best interests of the region are to be
preserved and promoted.

Areal Comprehensiveness

Equal conditions of sewerage and

drainage for all portions of the area
under discussion should be provided by
any competent master plan. This should
be accomplished both for the sections
presently developed and for those which
will be developed in the future. The cost
to each community should be appropriate
to its location, topography, and needs.
It should be proportional, also, to its
operational requirements. Moreover,
all planning and construction of sewerage
works must provide for the future con-1

nection of sewers from an outlying
naturally tributary area whose develop-
ment and consequent need of sewerage
facilities can be anticipated for a reason-
able period in the future.

Population Development

This survey has been deemed ad-
visable partly because of the serious
pollution of certain shores and shore
waters and the possibility of greater and
more widespread pollution due to the as-
sured increase in population numbers
and densities. The whole area under
discussion is growing rapidly, the ex-
pansion taking place to the north, east
and south of the City of Vancouver, the
population of which city in 1931 repre-
sented 76 percent of the population of the
entire area, and in 1951 but 67 percent.

It is of vital consequence that every
possible effort be made to determine the
probable rates of population growth, the
total numbers, and their distribution
throughout the area for as long a period
in the future as is reasonably predict-
able. The importance of a population
forecast stems from the fact that the
volumes of sewage and industrial wastes
bear a quite definite relationship to the
contributory population.

The need for provision of storm
drainage facilities is also closely rela-
ted to the population increase. Further-
more, the use of beach areas and other
recreational features is closely associa-
ted with population numbers and their
locale. The importance of population to
sewerage and drainage is so significant
that Chapter 9 of the report is devoted
to its discussion.
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Cooperation Between Political Entities

Any program of long-term regional
planning, whatever its objective, demands
some measure of cooperation between
the political and social entities involved.
In the present case the proposed sewer-
age and drainage program will demand
cooperation with respect to the design,
construction and operation of works and
the manner of financing.

Legal Sanctions

The existing legislation governing
the operations of the Vancouver and Dis-
tricts Joint Sewerage and Drainage Board
is patently inadequate and in some res-
pects inappropriate for continued func-
tioning over a greatly increased area.
The Board at present has jurisdiction
over all of the area within the Munici-
pality of Burnaby and the City of Van-
couver and within that portion of the City
of New Westminster known as the Glen-
brook Drainage Area. The proposed
service area is much more extensive.
The present method of cooperative finan-
cing requires that certain adjustments
and changes be inaugurated. Further-
more, the extent of the provision of trunk
and intercepting sewers and of storm
drainage facilities to be furnished by the
central authority, presently named the
Vancouver and Districts Joint Sewerage
and Drainage Board, demands clarifica-
tion and modification to provide greater
flexibility. Looking toward a reasonably
distant future it will be a mistake to en-
act such rigid measures that adaptation
to changed conditions becomes difficult
or impossible. These matters are dis-
cussed in Chapters 18 and 19 of the re-
port.

General Quality and Adequacy of Existing Facilities

Existing sewerage and drainage fa-
cilities fall within two categories: (l)
those provided by and under the juris-
diction of the Vancouver and Districts
Joint Sewerage and Drainage Board; and
(2) those constructed by local authorities.
The latter either are tributary to the
Board's sewers and drains or are com-
pletely independent thereof. Descriptions

of the existing facilities are presented in
Chapter 10 of the report.

In general the existing sewers, par-
ticularly those of more recent construc-
tion, have been well built and are of ade-
quate capacity. Extensive work in terms
of new intercepting sewers, pumping
stations, and other accessories is now
demanded if the existing sources of
serious pollution of shores and shore
waters in English Bay and Vancouver
Harbour and of the waters of the North
Arm of Fraser River are to be elimina-
ted. One of the main objectives of the
survey has been the determination of the
best method to redeem or preserve the
quality of those waters.

General Necessity for Local Sewerage and Drainage

Large portions of the Greater Van-
couver Area are covered with relatively
impermeable surface materials. Indi-
vidual septic tanks and cesspools to
serve the homes and businesses in such
districts sooner or later become unsatis-
factory, unhygienic and sources of pub-
lic nuisance. For that reason public
sewerage becomes imperative and must
be provided as soon as the population
density becomes sufficient to warrant the
expense of general sewerage. With the
rapid increase in population throughout
the area, sewers will become necessary
and must be provided. The development
should be systematic with appropriate
points of concentration and outfall into
some adequate receiving body of water
with such degree of sewage treatment as
may be necessary at the time or in the
future. Lands which may ultimately be
needed for sewage treatment plants
should be secured in ample time. In
similar fashion, provision of adequate
storm drainage facilities must be made
as they become necessary to ensure un-
restricted development of the area.

Historical Review of District and Local Sewerage and
Drainage

The earliest sewers constructed by
a community in the area were laid in the
City of Vancouver in 1890. The first
sewers constructed by the Vancouver and
Districts Joint Sewerage and Drainage
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Board were laid in conformity with the
recommendations of the Lea Report in
1914. Since that date the Board has con-
tinued to construct many trunk and inter-
cepting sewers, with numerous outfalls
into English Bay, Vancouver Harbour
and the North Arm of Fraser River. Al-
most all of these facilities have been
constructed as combined sewers for
carrying both sanitary sewage and sur-
face water.

The Lea Report

Rapid population growth in the Van-
couver area during the years 1909-1910
forced on the municipalities of the area
the problems of disposal of both sanitary
sewage and surface water. Conse-
quently, in the face of insistent public
demand, The Burrard Peninsula Joint
Sewerage Committee was formed and in
June, 1911, engaged the services of R.S.
Lea to report on a suitable scheme for
sewerage and drainage on Burrard
Peninsula. The final report and recom-
mendations of Mr. Lea were submitted
to the committee in February, 1913. The
Lea Report is reproduced in Appendix I
of this report. The recommendations
were substantially as follows:

1. That the principle of the separ-
ate system of sewers be adopted in the
areas draining to English Bay, False
Creek, and Burnaby Lake.

2. That the most suitable points of
outfall are: (a) into English Bay on the
line of Imperial Street; (b) into Burrard
Inlet at Clark Drive and other points; (c)
into Fraser River.

3. That the interception of floating
matter is essential for sewage dischar-
ged into English Bay and Burrard Inlet,
and that there is a possibility of some
form of treatment being required in the
future for sewage discharged into Fraser
River or its North Arm.

4. That the following works be
constructed:

(a) An intercepting sewer along the
south shore of English Bay from Im-
perial Street to Cambie Street, with the
necessary outfall works and trunks.

(b) An intercepting sewer along
Clark Drive from Seventh Avenue to the

Inlet, with the necessary outfall works
and trunks.

(c) An intercepting sewer south of
Still Creek and Burnaby Lake, discharg-
ing to Fraser River.

(d) Various trunks on the south
slope of the peninsula, discharging to the
North Arm of Fraser River.

(e) A West End intercepting sewer
and outfall discharging to Burrard Inlet
near Brockton Point, and a trunk and
outfall in Hastings Townsite.

(f) Improvement of the Brunette Ri-
ver and Still Creek watercourses.

5. That the estimated cost of con-
struction during the next five years,
1913-1918,to cover the above works be
$5,500,000 and the estimated additional
cost of completing the scheme to cover
the whole peninsula be $5,500,000 during
the following 25 years.

6. That a Joint Sewerage Board be
formed to control and carry out the
work.

All of these recommendations were
adopted with one exception. In actual
practice, the entire area under the juris-
diction of the Joint Sewerage and Drain-
age Board has been served by combined
sewers except for that portion which
drains naturally to Burnaby Lake.

Based on these recommendations,
the Burrard Peninsula Joint Sewerage
Board was formed on August 1, 1913, by
Proclamation of the Provincial Execu-
tive. On March 4, 1914, an Act entitled
"An Act providing for a Joint Sewerage
and Drainage System for the City of
Vancouver and Adjoining Districts" was
passed by the provincial legislature. The
Act provided for the construction, finan-
cing, arid maintenance of all trunk and
intercepting sewers and watercourses
in the area recommended in the Lea Re-
port. Administration of the Act became
the responsibility of a newly constituted
board called the Vancouver and Districts
Joint Sewerage and Drainage Board.

Vancouver and Districts Joint Sewerage and Drainage
Board

Incorporation. The Vancouver and Dis-
tricts Joint Sewerage and Drainage Board
was incorporated by the Vancouver and
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Districts Joint Sewerage and Drainage
Act, Chapter 79 of the Statutes of Bri-
tish Columbia, 1914. The Act is repro-
duced in full in Appendix II.

Area Served. The sewerage district
originally created included the City of
Vancouver, the Municipalities of Bur-
naby, Point Grey and South Vancouver.
In 1928 that portion of the City of New
Westminster known as the Glenbrook
Drainage Area was included under the
jurisdiction of the sewerage district.
Following the amalgamation of the Mu-
nicipalities of Point Grey and South Van-
couver with the City of Vancouver in
1929, the sewerage district assumed its
present status of three participating
members.

Board Membership. The Board compri-
ses a Chairman, the Mayors of the Cities
of Vancouver and New Westminster, the
Reeve of the Municipality of Burnaby,
and two additional members appointed
annually by, and from, the Council of the
City of Vancouver. The Chairman, who
shall not be a member of the council of
any community within the sewerage dis-
trict, is appointed by the Lieutenant-
Governor in Council of the Province of
British Columbia. He is the chief execu-
tive officer of the Board and is respon-
sible for the general supervision and
management of the affairs of the Board.

General Powers. The Board has the
power to acquire and hold real and per-
sonal property for the purpose for which
it is incorporated. It is empowered to
construct, operate and maintain main
sewers, sewers, drains and other works
within the sewerage district in substan-
tial accordance with the Lea Report of
1913.

Borrowing Powers. The Board is em-
powered to borrow for the purpose of
carrying out its objectives an amount not
exceeding $10,500,000. The amount
borrowed by the Board to December 31,
1952 was $9,272,833. The Province of
British Columbia guarantees the payment
of both interest and principal of all se-
curities issued by the Board pursuant to
this Act. Sinking fund instalments are
paid annually by the Board to the Minis-
ter of Finance of the Province of British
Columbia in trust to extinguish that por-

tion of the Board's debt which is to be
retired by a sinking fund plan.

Annual Estimates. On or before the 21st
day of March in each year the Board is
required to prepare an estimate of the
sums required to meet the operating ex-
penses for the current year and to meet
fixed charges on bonded indebtedness.

Apportionment of Costs. The annual esti-
mate so prepared is apportioned by the
Board among the communities within the
sewerage district in accordance with
their several liabilities therefor pursuant
to the Act. Such amounts thus determined
by the Board are payable on or before
August 15th of each year.

Liability of Member Communities. All mo-
ney borrowed by the Board is upon its
credit at large and does not limit the
amount of indebtedness that may be in-
curred by any member. Repayment of the
Board's indebtedness is made through
levies against each member in the pro-
portion and in the manner prescribed by
the Act.

Purpose and Scope of This Report

This report discusses in generally
non-technical language and in appropriate
detail the diverse physical, social and
economic circumstances and conditions
which govern all important phases of the
sewerage and drainage problems of the
area. It sets forth the conclusions which
have been determined from study of the
basic facts and the governing conditions.
Furthermore, it presents the recom-
mendations which, if carried out in pro-
per sequence and at the appointed times,
should guarantee satisfactory solutions
of the sewerage and drainage problems
of the area in their various phases.

The report is primarily concerned
with the collection, treatment and dis-
posal of the sewage of the various com-
munities comprising the Greater Van-
couver Area. It deals with trunk and
intercepting sewers, with main pumping
stations, and with treatment and disposal
works, rather than with local sewers
which are not directly related to the pro-
posed master plan for the area. Local
sewerage is deemed to be an independent
function of each political entity in the



GREATER VANCOUVER SEWERAGE AND DRAINAGE SURVEY

area.
The report also deals with surface

and storm water drainage in general
terms. Preliminary layout of drainage
facilities cannot be done in a manner
similar to that by which preliminary lay-
out of sanitary sewerage facilities is
accomplished.

It has been attempted to make this
report so comprehensive and complete
that the reader, if he is so inclined, may
determine or verify for himself the va-
lidity of any of the recommended pro-
jects. Specifically, the following more
significant matters have been investiga-
ted and are discussed in the report:

1. The geography, topography, geo-
logy, climatology and water resources
of the area.

2. The existing conditions of the
receiving waters of the area.

3. The principles and functions of
sewerage and sewage treatment with
particular emphasis on specific proces-
ses and methods which may be utilized
in the Greater Vancouver Area.

4. The physical, social and econo-
mic conditions and the extent of .the areas
presently being served and those to be
served at some future time with sewer-
age and drainage.

5. Past, present and possible future
population developments in each of the
several communities and other political
and social entities included within the
Greater Vancouver Area.

6. The existing sewerage and drain-
age facilities in the area and their invol-
ved problems.

7. The quantity and composition of
the sewages and industrial wastes now
being collected within the area and the
estimated characteristics of those which
may be collected in the future from all
parts of the area.

8. The loadings, in terms of volume,
suspended solids, and biochemical oxy-
gen demand, which now or will in the fu-
ture obtain at proposed points of outfall
in the area, including such treatment
works as are presently required.

9. The ability of the ocean, tidal and
river waters bordering the Greater Van-
couver Area to receive wastes as deter-
mined by currents, density and oxidizing

capacity.
10. The determination of unit costs

for construction, maintenance and opera-
tion of sewerage and drainage works and
the basis for design of these facilities.

11. The physical, social and econo-
mic feasibility of each of the several
sewerage plans which have been set up,
studied and subjected to analysis, in-
cluding the matters of their location,
boundaries, area, population, sewage flow
and loadings, and their collection, pump-
ing, treatment and outfall works.

12. The estimated capital or con-
struction cost of each of the several
sewerage plans.

13. The estimated annual costs,
including both fixed and maintenance and
operation charges, through a consider-
able term of years, of each of the se-
veral sewerage plans.

14. The comparison of possible
alternate sewerage plans for providing
comparable services and results in a
.given collectionarea, and the determina-
tion of the most desirable plan for that
area.

15. The determination of the most
probable types of drainage works which
will be required in each of the political
and topographic entities within the Grea-
ter Vancouver Area in the foreseeable
future along with estimates of construc-
tion, maintenance and operation costs of
these works.

16. The organization, government
and financing of the several recommend-
ed sewerage and drainage projects as
related both to their construction and to
their operation.

Field and Laboratory Studies

In connection with this survey and
report, work has been conducted in the
field to acquire the facts and to define
the conditions controlling certain aspects
of providing sewerage and drainage for
the entire Greater Vancouver Area. In
large measure this work has been done
by outside organizations, such as the
Pacific Oceanographic Group, the Na-
tional Research Council, and the Univer-
sity of British Columbia. The staff of
the Vancouver and Districts Joint Sewer-
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age and Drainage Board has made many
current measurements by the use of
floats in English Bay and the North Arm
of Fraser River, has gauged the sewage
flow in certain of the Board's trunk
sewers, has collected many bacteriolo-
gical samples of sewage receiving waters
which have been analysed in the Board's
laboratory, has collected sewage sam-
ples which were analysed in part in the
Board's laboratory and in part in the
chemical laboratories of the British
Columbia Research Council, has made
studies of routes of trunk and intercept-
ing sewers and of locations of outfalls.
The survey staff has collected and analy-
sed sewage samples from one of the
Board's trunk sewers and has performed
reconnaissance work in the field. All of
this work is described and the results
presented in the report.

Office Studies

The office studies conducted by the
staff of the Vancouver and Districts Joint
Sewerage and Drainage Board, by the
survey staff, and by the Board of Engi-
neers have comprised the collection,
examination, evaluation and final assem-
bly of information and data as secured
in the field and laboratory, as furnished
by contributing agencies, and as derived
from other sources. The outline of the
scope of the report suggests the nature
of the office studies. It will be observed
that they have been concerned, for ex-
ample, with population, its development
and distribution, with water use, sewage
flows, rainfall and runoff, area deter-
minations, the computation of construc-
tion quantities, the determination of unit
costs, the preliminary layout of sewer-
age projects, the determination of the
types of surface and storm water drain-
age facilities indicated for portions of
the area under consideration, and the
estimation of the capital or construction
cost and of the annual costs of those pro-
jects which are proposed to serve the
entire Greater Vancouver Area.

Information and Data Available to the Survey

A large amount of information and
factual material has been made available

to the survey in existing public docu-
ments including reports, statistical
bulletins and other publications, maps
and charts, of Federal, Provincial and
local governmental agencies. Full use
of this valuable material has been made
in the preparation of this report.

The Pacific Oceanographic Group
and the Hydrographic Service of Canada
have conducted comprehensive studies
in behalf of the survey and have furnish-
ed invaluable detailed information con-
cerning the tides and currents in the
Strait of Georgia, English Bay, Burrard
Inlet, and Fraser River. The National
Research Council, through its Fraser
River Model and otherwise, has supplied
information of great worth concerning
the behaviour of currents and tides in the
North Arm of Fraser River, and has
greatly assisted the work of the survey
by permitting the use of certain facili-
ties.

Authorization of Survey and Report

The Greater Vancouver Sewerage
and Drainage Survey resulted from a
proposal to have a Board of Engineers
review the Lea Report of 1913 and re-
commend a revised comprehensive plan
for sewerage and drainage of a consider-
able part of the Lower Mainland of Bri-
tish Columbia, including the present
sewerage and drainage district. A Board
of Engineers was appointed for such pur-
pose by the Vancouver and Districts
Joint Sewerage and Drainage Board on
April 20, 1950. A Resolution adopted by
the Sewerage and Drainage Board on that
date is quoted as follows:

VANCOUVER AND DISTRICTS JOINT SEWERAGE AND
DRAINAGE BOARD

RESOLUTION

THAT WHEREAS the Board at its meeting on August
18th, 1949, agreed that a, comprehensive re-examination
of the general problem of sewage disposal and surface wa-
ter drainage in the Sewerage District be undertaken:

AND THAT in the opinion of the Board it is desirable
that a Board of three Engineering Consultants be set up to
make further special studies and investigations and to pre-
pare a plan to provide for the sewage disposal facilities for
the District when fully populated and developed.

AND WHEREAS Mr. A M Rawn, Chief Engineer and
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General Manager of the County Sanitation Districts of Los
Angeles County was retained as a Consultant:

BE IT NOW RESOLVED that a Board of Engineering
Consultants be appointed to consist of Messrs. A M Rawn,
Chas. Gilman Hyde and E. A. Cleveland to carry out such
investigations and studies as may to them seem necessary
and to prepare and submit by the end of this year, if pos-
sible, a plan and report, with recommendations and advice.
The submission shall set out the steps that should be taken
and their probable sequence to provide completely for the
collection and disposal of the surface waters and sewage
and the type of sewage treatment processes that may be ne-
cessary to ensure the protection of bathing beaches and
sanitarily acceptable conditions in the Sewerage District
and in the surrounding river and sea waters. It is required
that the plan shall comprehend the complete occupation
and development of the peninsula.

Vancouver, B. C.
April 20, 1950.

An extract from the Minutes of the
Meeting of the Sewerage and Drainage
Board on August 18, 1949, follows:

The Chairman then read the following statement:
"The Vancouver and Districts Joint Sewerage and Drain-

age Board was created in the year 1914 by the Legislature
of the Province with power to construct, maintain and
operate such main sewers and drains and other works as
might be required for a system of sewerage and sewage dis-
posal and surface water drainage in substantial accordance
with the report of R. S. Lea, Esq., Consulting Engineer of
Montreal. A copy of the report was filed with the Provin-
cial Secretary.

The Plan contemplated a sewerage system expanding
as the requirements developed for a population of upwards
of a million. This population it was then estimated might
be reached by about 1950.

The method of sewage disposal proposed by Mr. Lea
after extensive surveys and investigations was by diffusion
and dilution in the waters adjacent to the Burrard Peninsula.

The actual distribution of population, the intensive use
of bathing beaches, and filling and development of the head
of False Creek and Industrial Island, and location of indus-
trial areas elsewhere on the Peninsula, the increase in ship-
ping in the Harbour, the effect on the tidal currents off
Point Grey by the extension of the jetty at the mouth of the
North Arm of Fraser River, the developments in methods of
sewage disposal, and other aspects of the general plan sug-
gested the desirability of a comprehensive re-examination
of the whole problem.

A very considerable amount of investigation by the
Board's Engineers has been done in the interval since the
Lea Report. Some further investigations were put in hand
a few months ago and others are now in progress and a large
amount of data accumulated.

It is the view of the Board that following such further
surveys and investigations as seem desirable a complete re-
view of the existing system should be made by a Board of
perhaps three Sanitary Engineering Consultants and a plan
be prepared for such additional works as may be necessary
to provide for the satisfactory collection and disposal of the
storm water and sewage of the whole area within the Board's
jurisdiction.

This course of action has been put before Premier
Johnson and the Minister of Finance, to the latter of whom
the Sewerage Board reports monthly.. . ."

The following statement was pre-
pared by Dr. Cleveland, Chairman of the
Sewerage and Drainage Board, as of date
April 20, 1950:

The Vancouver and Districts Joint Sewerage and Drain-
age Board at its meeting this morning completed the ap-
pointment of a Board of Engineering Consultants to review
the system of trunk sewers, interceptors, and sewage dis-
posal in and around Burrard Peninsula carried out in general
conformity with the Lea Report.

The Consulting Board will consist of A M Rawn, Charles
Gilman Hyde and E. A- Cleveland....

The Consultants have been instructed by the Sewerage
Board to carry out such further investigations as may to them
seem necessary in addition to the large amount of material
already accumulated by the Board's engineering staff and to
prepare and submit by the end of the year if possible a plan
and report with recommendations and advice. The sub-
mission shall set out the steps that should be taken and their
probable sequence to provide completely for the collection
and disposal of the surface waters and sewage and the type
of sewage treatment processes that may be necessary to en-
sure the protection of bathing beaches and sanitarily accept-
able conditions' in the Sewerage District and in the sur-
rounding river and sea waters.

It is required that the plan shall comprehend the com-
plete occupation and development of the peninsula.

The authority of the Vancouver and Districts Joint
Sewerage and Drainage Board extends only to the City of
Vancouver, the Municipality of Burnaby and a part of the
City of New Westminster.

The members of the Board expressed the hope that as a
result of the Board's action all of the "Municipalities adja-
cent to the waters both north and south of the peninsula from
Pitt River to the Strait of Georgia will become interested to
the end that sewerage facilities for the whole area may be
logically planned in advance of its growing requirements.

Appointment and Personnel of Consulting Board

As an initial step in the selection of
the Board of Engineers, Mr. A M Rawn,
Chief Engineer and General Manager of
the County Sanitation Districts of Los
Angeles County, California, was engaged
in July, 1949. During that month he
" . . . spent several days in looking over
the Burrard Peninsula and adjacent wa-
ters, in examination of data and in dis-
cussion of many aspects of the problem.
He has indicated his views on the further
special studies and investigations that
should be made. These are in hand." -
- Minutes of Meeting of Sewerage and
Drainage Board held August 18, 1949.

The first formal meeting of the full
Board of Engineers was held in Vancou-
ver at the offices of the Vancouver and
Districts Joint Sewerage and Drainage
Board from August 15 to 18, 1950. Since
that date meetings of the Board have been
held as required by the progress of the
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survey.
Dr. Ernest A. Cleveland served as

Chairman of the Consulting Board until
his untimely death on January 8, 1952.
He was succeeded by Mr. Gordon M.
Gilbert, who served only until February
20, 1952, when he also passed away. At
this time, Mr. A M Rawn was appointed
Chairman of the Board of Engineers. At
a meeting of the Sewerage and Drainage
Board on March 20, 1952, Mr. John
Oliver, City Engineer of Vancouver, was
appointed as the third member of the
Consulting Board.

Survey Quarters, Organization and Personnel

Until September, 1952, no special
quarters and no organized staff were
assigned to the work of the survey and
the preparation of the report. Up to that
time, the field and office studies had
been carried on by members of the engi-
neering and other staffs of the Sewerage
and Drainage Board under the immediate
direction of the Chief Engineer, with ad-
vice from the Consulting Board.

In September, 1952, office space in
the quarters of the Sewerage and Drain-
age Board was assigned to the survey,
and full-time personnel were engaged to
assemble the material which had been
accumulated as a basis for the formula-
tion of sewerage and drainage facilities
to serve the entire Greater Vancouver
Area. Mr. Donald A. Reinsch was en-
gaged as Principal Assistant Engineer,
Greater Vancouver Sewerage and Drain-
age Survey. Mr. Martin J.J. Dayton, a
member of the Sewerage and Drainage
Board's engineering staff, was assigned
to assist Mr. Reinsch in the assembly of
material and the preparation of the re-
port. Mr. Victor E. Weldie, also of the
Sewerage and Drainage Board's staff,
was assigned in October, 1952, as
draftsman. Stenographic service was
performed by the Sewerage and Drainage
Board's staff, notably by Miss Kathleen
Galbraith. Mr. Frank J. Kersnar has
given part-time service of extraordinary
value in the preparation of the report.

Acknowledgements

In the conduct of the survey and the

production of this report, the Board of
Consulting Engineers and its staff have
enjoyed the invaluable assistance and
support of the members of the Vancouver
and Districts Joint Sewerage and Drain-
age Board. The Board's staff has gather-
ed and furnished most of the informa-
tion and statistical data upon which this
report is based.

The Board of Consulting Engineers
is deeply appreciative of the investiga-
tions made in its behalf by the Pacific
Oceanographic Group of the Fisheries
Research Board of Canada, the Hydro-
graphic Service of Canada and the Na-
tional Research Council with respect to
the behaviour of tides and currents in the
environmental waters of the area.

The cooperation of the several ad-
ministrative boards of the communities
embraced within the Greater Vancouver
Area and that of their engineers and
other officials is acknowledged with
gratitude. These communities include
the Cities of New Westminster, North
Vancouver, Port Coquitlam, Port Moody
and Vancouver, the Municipalities of
Burnaby, Coquitlam, Fraser Mills, North
Vancouver, Richmond and West Vancou-
ver, and the unorganized communities
administered by the Provincial Govern-
ment.

The Board of Consulting Engineers
has received valuable assistance and
information from the following depart-
ments of the Government of Canada: the
Department of Trade and Commerce, the
Department of Transport, the Depart-
ment of Resources and Development, the
Department of Public Works, the De-
partment of Health and Welfare, and the
Department of Fisheries; and from the
following departments of the government
of the Province of British Columbia: the
Department of Municipal Affairs, the
Department of Lands and Forests, the
Department of Health and Welfare, and
the Department of Fisheries; and from
the Dominion-Provincial Fraser River
Basin Board, the University of British
Columbia, the British Columbia Re-
search Council, and the Lower Mainland
Regional Planning Board of British
Columbia.

The Board of Consulting Engineers



10 GREATER VANCOUVER SEWERAGE AND DRAINAGE SURVEY

is deeply aware of and grateful for the women have worked earnestly to develop
faithful labours of the engineering staffs the facts, assemble and analyse the in-
of the Sewerage and Drainage Board and formation and prepare much of the text
of its own staff. All of these men and of the report.



Chapter 2

Geography

Importance of Geography to the Sewerage Problem

Geography is the science of the
earth and the life upon it; it describes
the land, sea and air, and the distribution

of plant and animal life. It deals with
the earth's form, movements, and its
natural subdivisions. It is concerned with
man's activities of all sorts: political,
social, physical. In its broad aspects it

\ Y U K O N

GREATER
VANCOUVER

AREA

Figure 1. Location of Greater Vancouver Area
The Greater Vancouver Area is on the Lower Mainland of British Columbia in the southwestern comer of (lie province.

11
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embraces a consideration of the topo-
graphic features of the ground surface,
of climate, and of population numbers
and their distribution. These last three
matters bear so directly upon sewerage
and drainage problems that they will be
discussed separately in subsequent chap-
ters of this report.

To the extent that geography is con-
cerned with the growth and distribution
of population and with industrial and ag-
ricultural developments, it affects the
characteristics of the wastes produced
in an area. Local geography as it relates
to existence and utilization of recreation-
al areas bordering bodies of water,
both salt and fresh, may dictate the type
and degree of sewage treatment required
and the location of the treatment and
disposal works. Sewage characteristics
coupled with local geography may impose
such rigid requirements for collection
and disposal of wastes as to result in
heavy expenditures in sewerage works.

Liong range planning of sewerage and
drainage facilities for any extensive area
demands that due consideration be
given to the geographic environment of
that area. Attention must be paid to the
present uses of an area and to those
which may obtain in the predictable
future. It is possible to plan properly
the improvements to serve effectively
for a considered period of time only
through a detailed knowledge of the
character of an area.

The Land Areas and Their Boundaries

Greater Vancouver lies on what is
known as the Lower Mainland of British
Columbia in the southwestern corner of
the province. It is bounded on the south
by the main channel of Fraser River, on
the east by Pitt River, on the north by
the Coast Range, and on the west by the
Strait of Georgia. The Strait of Georgia
is connected with Pacific Ocean through
Queen Charlotte Strait on the north and
Juan de Fuca Strait on the south. The
International Boundary between Canada
and the United States runs through Juan
de Fuca Strait. Vancouver Island, on
which Victoria, the capital of British
Columbia, is situated, forms the western

shore of the Strait of Georgia. Figure 1
shows the Province of British Columbia
and portions of adjacent areas, certain
cities and rivers, and the location of the
Greater Vancouver Area.

The Greater Vancouver Area, as
shown on Figure 2, comprises aland area
of some 293 square miles, has a general
length of 25 miles in an east-west di-
rection and an average north-south width
of 15miles. Burrard Inlet, extending in-
land some 18 miles from the Strait of
Georgia, and the North Arm and the main
channel of Fraser River divide the area
into three geographic sections: (a) North
Shore, the northernmost section, lies
along the southerly sloping Coast Range
foothills on the north shore of Burrard
Inlet west of the inlet's North Arm;
(b) Burrard Peninsula lies between the
North Arm of Fraser River and Burrard
Inlet and extends easterly to Pitt River ;
(c) Richmond, the southernmost section,
lies in the Fraser River delta between
the main channel and North Arm of
Fraser River. The land areas within
the three sections are 99, 148, and 46
square miles, respectively.

Burrard Inlet and Fraser River

Burrard Inlet, a tidal body of water,
connects with the Strait of Georgia at
the western extremity of the Greater
Vancouver Area. English Bay, the sea-
ward portion of the Inlet, is a wide
mouthed bay on the shores of which are
beach areas offering excellent rec-
reational facilities. Six miles east of
its inlet, English Bay narrows to Lions
Gate, or First Narrows, a narrow deep
channel about one mile long and 1,200
feet wide. The channel opens into the
main portion of Burrard Inlet which
contains Vancouver Harbour, one of the
world's best. Vancouver Harbour is
about five miles long and one and one-
half miles wide. Dock and harbour
facilities are available on both the north
and south shores. About five miles east
of First Narrows, Burrard Inlet again
contracts to form Second Narrows, which
is about one mile long and 2,500 feet
wide. From Second Narrows the inlet
extends eastward about seven miles.
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Indian or North Armtakesoff about three
miles east of Second Narrows and
extends northeastward some twelve
miles.

Fraser River, the southern boundary
of the Greater Vancouver Area, is one
of the principal rivers tributary to
Pacific Ocean on the North American
continent. Minimum flow in the river is
30,000 cubic feet per second while flood
flows reach a peak of over 500,000.
Thirteen miles upstream of its mouth,
Fraser River divides into two channels,
the North Arm and the main channel.
The delta lands formed between the two
arms constitute the Richmond section of
the Greater Vancouver Area.

A real Development

Present development of the Greater

Vancouver Area is largely on the west-
ern end of Burrard Peninsula. Most of
the residential development as well as a
major part of commerce and industry of
the area is now centred in* the City of
Vancouver. The eastern portion of the
peninsula is rapidly expanding, both in-
dustrially and residentially. Although
North Shore is predominantly residential
at present, active industrial development
is occurring along the shore of Burrard
Inlet east of First Narrows. The
Richmond section is now largely agri-
cultural but industrial and residential
development is increasing.

Figure 2 shows the major geographic
features of the Greater Vancouver Area.

Figure 4 shows a land use map
prepared by the Lower Mainland Re-
gional Planning Board of British Co-
lumbia indicating the actual uses of the

Figure 3. Burrard Inlet
Courtesy Aero Surveys Limited

Burrard Inlet extends inland some 18 miles from the Strait of Georgia. The Municipalities of West and North Van-
couver and the City of North Vancouver are on the north of the inlet and the City of Vancouver and Municipality of Bur-
naby are on the south. In the foreground are Lions Gate Bridge, the longest, vehicular suspension bridge in the British
Empire, and Stanley Park.
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land a reas in 1949- Table 1 gives the
estimated area encompassed by each of
the six categories .

Land

Use

Residential . . .

Commercial*

Industrial

Institutional

Recreational0.

Agricultural

Table 1
Use Areas in 1949

Area, acres

40,000

3,000

4,000

3,000

11,000

22,000

Areas estimated from Figure 4.

f Includes store and office buildings.
Includes hospitals, schools, military and other gov-
ernmental establishments.
Includes major parks and golf courses.

d Includes all farmed areas.

Communities

Within the Greater Vancouver Area
are five incorporated cities, six incorpo-
rated municipalities, three unorganized
communities administered by the Prov-
incial Government of British Columbia,
and several areas such as Indian Re-
serves and Military Reserves admin-
istered by the Government of Canada.
Table 2 gives the areas, 1951 populations
and 1952 assessed valuations for each
of the cities, municipalities and unorgan-
ized communities. Figure 2 shows their
locations and boundaries.

City of New Westminster. New Westmin-
ster was incorporated as a city in I860.
Its governing body comprises a mayor
and seven aldermen.

From 1859 to 1868 the city was the
seat of government of the colony of Brit-
ish Columbia. The economic develop-
ment of the city has been based on

Table 2
Areas, Populations and Assessed Valuations of Communities

Community Total Areaf

acres
Population13 Assessed Valuation^ dollars

Land Improvements Total
Cities:

New Westminster..
North Vancouver..
Port Coquitlam ...
Port Moody
Vancouver

Municipalities:
Burnaby
Coquitlam
Fraser Mills
North Vancouver
Richmond
West Vancouver...

Unorganized:
District Lot 172
University of British Columbia .
University Endowment Lands

Total

4,394
3,131
6,200
2,980

27,965

21,704
37,204

390
40,818
35,000
20,515

160
548

2,692

203,701

28,639
15,687

3,232
2,246

344,833

58,376
15,697

369
14,469
19,186
13,990

l ,469 d

2,120

520,313

15,184,600
7,011,170
1,392,848

986,447
183,638,900

14,906,420
2,068, 504

174,835
7,630,188
6,586,904
8, 605, 865

264,680
* e

1,295,6628

249,747,023

44,166,783
13,759,720

1 ,965 ,4"1,965,480
1,772,290

424,665,466,466

50,624,725
12,638,858
1,670,967

14,990,047
17, 207, 226
20,727,680

l,015,600 f

3,942,450^

609,147,292

1,280,280

5,238,112^

858,894,315

a Areas stated are land and water areas within municipal limits and were obtained from "Regional Industrial Index of
British Columbia", Regional Development Division of Province of British Columbia Department of Trade and Indus-
try, 1952 edition.

b 1951 census populations furnished by Bureau of Statistics of the Government of Canada.
c Assessed valuations include both taxable and exempt valuations determined in January, 1952. Values given were

obtained from preliminary assessment lolls of each community and may be subject to slight revision.
d Daytime population estimated at 6, 000.
? No assessed valuation for land.

Insurance valuation of improvements excluding contents is $15, 201, 000.
8 Does not include undeveloped and exempt valuations.
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lumbering and fishing. Lumber was
first exported by deep sea vessels in
1864 and the first salmon cannery was
built on the bank ofFraser River in 1871.
Development of these two basic indus-
tries was followed by the establishment
of such important secondary industries
as wood products, machinery manufac-
turing, and meat, fruit and vegetable
packing. At present, New Westminster
is a distributing and marketing centre
for products of the Fraser Valley. As

Courtesy Photographic Surveys (Western) Limited

Figure 5. Waterfront of the City of
New Westminster

New Westminster, situated on the north bank of
Fraser River, ranks second to the City of Vancouver as a
deep sea shipping port. Some 400 deep sea vessels call
annually at the port. The Pattullo Bridge crosses the
Fraser at New Westminster and, as the only vehicilar
bridge across the Fraser River in the Greater Vancouver
Area, carries the bulk of traffic into or out of the area.

a deep sea port, its shipping volume
ranks second to that of Vancouver. Some
400 deep sea vessels call annually at
New Westminster. The city is ideally
located as an industrial centre since it
is a converging point of the transcon-
tinental and international railways and
highways.

City of North Vancouver. North Van-
couver was incorporated as a city in
1907. Its governing body comprises a
mayor and six aldermen.

The economy of the city is supported
by shipping, shipyards, lumber mills,
and numerous manufacturing establish-
ments. The 17,000 feet of deep sea
waterfront offers great opportunities for
development of harbour and industrial
facilities. The largest steel shipyard
in Canada is in North Vancouver. With
completion of the proposed extension of
the Pacific Great Eastern Railway into
the area, this deep sea port could be-
come a shipping and distributing point for
products of central and north central
British Columbia.

City of Port Coquitlam. Port Coquitlam
was incorporated as a city in 1913. Its
governing body comprises a mayor and
five aldermen.

The economy of the city is based
primarily on logging, manufacturing of
rubber products and small fruit farming.
It is the western freight terminus of the
Canadian Pacific Railway and is connect-
ed with the port of New Westminster by
a branch line. Stage lines provide con-
nections with Vancouver, New Westmin-
ster and all points in the Fraser Valley.

City of Port Moody.Port Moody was in-
corporated as acity in 1913. Its govern-
ing body comprises a mayor and five
aldermen.

The city is ideally situated for fu-
ture industrial expansion since it is
accessible to deep sea shipping and
offers excellent highway and rail trans-
portation. Present industrial develop-
ment includes lumber and wood products
industries.

City of Vancouver. Vancouver was in-
corporated as a city in 1886 and in 1929
amalgamated with the Municipalities of
Point Grey and South Vancouver to form
its present boundaries. Its governing
body comprises a mayor andeight alder-
men.

The four basic industries of the
Province of British Columbia, forestry,
agriculture, mining and fishing, are all
of major importance to the economy of
the City of Vancouver. The city is one
of the most important manufacturing
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areas in Canada because of its geo-
graphic location and the existence of
large supplies of raw materials close at
hand. It is the largest distribution centre
in western Canada and is the Pacific
terminus of the Canadian Pacific and the
Canadian National Railways and the Cana-
dian terminus of the Great Northern
Railway. Dock and moorage facilities
are located in Vancouver Harbour,
False Creek and on the North Arm of

Fraser River. Many diversified indus-
tries exist adjacent to the waterfront of
the city.

Municipality of Burnaby. Burnaby was in-
corporated as a district municipality in
1892. Its governing body comprises a
reeve and seven councillors.

Burnaby has grown rapidly in re-
cent years from a small farming and res-
idential community into a large residen-
tial district with highly industrialized

Courtesy Hiotographic Surveys (Western) Limited

Figure 6. City of Vancouver and Communities on the North Shore

The City of Vancouver lies on the western portion of Burrard Peninsula between the North Arm of Fraser River,
shown in the foreground, and Burrard Inlet. The Municipalities of West Vancouver and North Vancouver are on the north
shore of the inlet. Stanley Park, on the shore of Burrard Inlet in the City of Vancouver, has an area of 1, 000 acres.
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sections. Manufacturing operations in-
clude sawmilling, shingle milling, fur-
niture and box making, oil refining, brick
making and peat processing. The mu-
nicipality is served by three railroads and
is crossed by highways from the eastern
provinces and the United States. Har-
bour facilities are in a rapid state of
development, as are industrial areas,
along the North Arm of Fraser River,
the shores of Burrard Inlet and in the
central valley adjacent to the railroads.
Burnaby is the proposed terminus of the
trans-mountain pipe line from the Alberta
oil fields.

Municipality of Coquitlam. Coquitlam was
incorporated as a district municipality
in 1891. Its governing body comprises a
reeve and six councillors.

The municipality is primarily ag-
ricultural and residential. There is
some industrial development along
Fraser River where dock facilities are
available.

Municipolity of Fraser Mills. Fraser Mills
was incorporated as a district munici-
pality in 1913. Its governing body com-
prises a reeve and four councillors.

The municipality is supported by the
large timber industry of the Fraser
Mills Company. It has good harbour
facilities and is served by a branch line
of the Canadian Pacific Railroad.

Municipality of North Vancouver. North
Vancouver was incorporated as a dis-
trict municipality in 1891. Its governing
body comprises a reeve and six council-
lors.

The municipality has good harbour
facilities and its waterfront is under-
going gradual industrial expansion.
Excellent residential areas exist on its
mountain slopes.

Municipality of Richmond. Richmond
was incorporated as a district, munici-
pality in 1879. Its governing body com-
prises a reeve and five councillors.

The municipality contains some of
the most fertile land in the entire Lower
Mainland Area. The principal activities
include agriculture, dairying, peat proc-
essing, poultry raising, fish, fruit and
vegetable canning, and flour and rice
milling. The foreshores of several of
the islands have adequate harbour and

railroad facilities which make them suit-
able for some future industrial expansion.
Vancouver International Airport on Sea
Island is contained within the municipal-
ity.

Municipality of West Vancouver. West
Vancouver was incorporated as a dis-
trict municipality in 1912. Its governing
body comprises a reeve and six council-
lors.

Development thus far has been en-
tirely residential and this will probably
continue. Ideal residential sites, pro-
viding excellent views of English Bay
and Burrard Inlet, are to be found on the
sloping hills of the Coast Range.
Although no railroads pass through the
municipality at present, it is probable
that the Pacific Great Eastern Railway
will, in the future, make use of its pre-
sently owned right of way along the
waterfront. Consideration is also being
given to the construction of a highway to
Squamish, on the shore of Howe Sound,
25 miles north of West Vancouver.

Unorganized Communities. The three un-
organized communities which are admin-
isteredby the Provincial Government of
British Columbia are the University of
British Columbia, the University Endow-
ment Lands, and District Lot 172.

The University and University En-
dowment Lands are on the seaward end
of Burrard Peninsula. Excellent resi-
dential sites are available within the En-
dowment Lands and development thereon
is progressing rapidly. District Lot 172
lying on the north bank of North Arm of
Fraser River adjacent to the City of New
Westminster is primarily residential
although some industrial development
may occur along the foreshore.

Lands administered by the Govern-
ment of Canada are contained within the
limits of incorporated communities, and
include a number of Indian Reserves and
several shore installations of the De-
partment of National Defence. Indian
Reserves are found on the shores of
Burrard Inlet, on the North Arm of
Fraser River and on Coquitlam River.
These reserves have atotal area of about
1,000 acres and are exempt from tax-
ation. Military shore installations are,
for the most part, along the south shore
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of English Bay. These installations also
are exempt from taxation.

Recreational Areas

Excellent recreational resources,
including beaches, yachting basins,
parks, golf courses, playgrounds, and
winter sports areas, are available in the
Greater Vancouver Area. Bathing beach
areas exist on both sides of Burrard
Inlet. The most highly utilized beaches
are on the shores of English Bay in
Burrard Inlet. Yacht harbours and basins
are provided on both shores of English
Bay, in Coal Harbour above the First
Narrows, and at various places on
Fraser River and its distributaries.
The aggregate length of utilizable beaches
is about 12 miles.

The largest park in Greater Van-
couver, Stanley Park, comprises 1,000
acres. This park has been preserved in
its primitive state throughout most of
its area. Eleven miles of roads, five
miles of bridle trails and 22 miles of
foot trails traverse the park. A small
zoo is located therein. There are over
100 smaller parks scattered throughout
the Greater Vancouver Area encompass-

ing in excess of 2,500 acres. In addition,
the area contains ten public and private
golf courses, most of which are located
on Burrard Peninsula. Winter sports
facilities are provided on the mountains
north of Burrard Inlet where two major
ski lifts operate.

Agriculture

Most of the areas surrounding the
highly populated and industrialized
Burrard Peninsula are presently or po-
tentially agricultural. The present
estimated total cultivated area, as shown
on Figure 4, is 22,000 acres.

Because of the fertility of the soil,
particularly in the Richmond section and
in the eastern portion of the Greater
Vancouver Area, it is probable that the
area developed for agricultural purposes
will increase with increased urban pop-
ulations.

Industry

The industrial development of the
Greater Vancouver Area is now centred
on the shores of Bufrard Inlet and the
North Arm of Fraser River. Figure 7

Table 3
Presently Developed and Available Industrial Areas

Community
Presently developedf acres

Heavy Light Total
Available^ acres

Heavy tight Total
Cities:

New Westminster
North Vancouver...
Port Coquitlam
Port Moody
Vancouver

Municipalities:
Burnaby
Coquidam
Fraser Mills
North Vancouver.
Richmond

Unorganized:
District Lot 172

Total

313
28

110
25

1,950

1,355
400
350
180
700

0
5,411

33
5
3
0

367

632
100

0
32
20

1,192

346
33

113
25

2,317

1,987
500
350
212
720

0
6,603

588
205

1,110
550

2,288

3,808
1,400

350
293

4,000

20
14,612

36
60
43
50

838

730
300

0
139
500

0
2,696

624
265

1,153
600

3,126

4,538
1,700

350
432

4,500

20

17, 308

Source: "Regional Industrial Index of British Columbia", 1952 Edition, Regional Development Division of Province
of British Columbia Department of Trade and Industry.

Only communities having present or potential industrial areas are listed in this table.

* Does not include vacant property in areas zoned for industry.
Includes all areas zoned for industry and other areas which are suitable for industrial development.
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shows industrial areas in 1951 and the
areas which can be industrialized in the
future as determined by the Provincial
Department of Trade and Industry. In
1951 the area occupied by industry was
6,600 acres, or 38 percent of the total
area of 17,300 acres suitable for indus-
trial development. Table 3 shows for
each community the area that is pres-
ently developed for industrial purposes,
as well as that which can be developed
in the future.

For the City of Vancouver only, the
total worth of industrial production dur-
ing 1949 is reported to have been 358
million dollars. Lumber and wood prod-
ucts accounted for 62 million dollars
for that year, or 17 percent of the total.
Other important industries include meat
slaughtering and packing, petroleum re-
fining and products, and fish processing
and canning.

Shipping, which centres in Vancouver
Harbour, is an important industry at
present and will probably increase in
importance in future years. Because it
contains the major seaport on the Pacific
coast of Canada, the Greater Vancouver
Area will benefit directly from increased
trade with the Far East as well as other
parts of the world. As time goes on
additional shipping facilities can and
doubtless will be developed along the
north shore of Burrard Inlet and along
the banks of Fraser River.

Transportation

Passenger and freight transportation
into and out of the area is possible by
air, land and sea. The air traffic fa-
cilities are centred at Vancouver Inter-
national Airport on Sea Island. The
heavy land traffic through the area is
carried primarily by rail, but increasing
quantities of goods are being transported
by highway freight companies. Sea
traffic enters the area at either Van-
couver Harbour or New Westminster.
Figure 2 shows the locations of the
major harbour and dock facilities, rail
and highway arteries, and the airport.

Vancouver International Airport,
owned and operated by the City of Van-
couver, is the port of entry for flights

Courtesy Photographic Surveys (Western) Limited

Figure 8. Vancouver International Airport

The airport, located on Sea Island in. the Municipal-
ity of Richmond, is the port of entry for flights originating
outside of Canada as well as the terminus for Canadian
air lines. It is convenient to the metropolitan area and
has ample room for expansion.

originating outside of Canada. It is
served by United Air Lines, which main-
tains service to the United States, Trans-
Canada Air Lines, which connects with
other Canadian cities, Canadian Pacific
Air Lines which operates flights to the
Far East, British Commonwealth Pacific
Air Lines which operates flights to
Australia and other southwest Pacific
points, and Queen Charlotte Air Lines,
which connects with Alaskan points. The
airport is fairly convenient to the metro-
politan area and has ample room for
expansion. Fog is frequent and flights
are often diverted to a former military
airport at Abbotsford, some 45 miles to
the east. The Vancouver airport is sup-
plemented by an adjacent seaplane
channel and anchorage.

Rail traffic is carried by three
major systems: the Canadian Pacific
and the Canadian National Railroads
connecting with the east, and the Great
Northern Railroad connecting the area
with the south. All three systems pro-
vide both freight and passenger service.
Rail service to the area may be aug-
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mented by extending the Pacific Great
Eastern Railroad southward to Greater
Vancouver from Squamish, 25 miles to
the north. This road would provide ser-
vice between Greater Vancouver and
central and northern British Columbia.

The principal highways of the area
are the Trans-CanadaHighway, the main
east-west artery, and the King George V
Pacific Highway connecting with United
States Highway 99. Both of these high-
ways are undergoing and will continue to
undergo relocation and improvement to
furnish adequate high speed access
routes. Within the Burrard Peninsula,
Hastings-Barnet, Kingsway, Lougheed
and Grandview Highways radiate south
and east from the City of Vancouver.
Traffic across Burrard Inlet is carried
by bridges over Lions Gate, or First
Narrows, and over Second Narrows.
Lions Gate Bridge is the longest vehic-
ular suspension bridge in the British
Empire. North Arm of Fraser River is
crossed by one railroad and three
vehicular bridges, while the main
channel of Fraser River is crossed at
New Westminster by one bridge which

must presently carry all highway traffic
destined to the east or south. The major
public transit systems in the area are
operated by the British Columbia Electric
Company and Pacific Stage Lines.

Ocean going vessels enter the area
through Burrard Inlet or Fraser River.
The former, in which trade facilities
are fairly well concentrated between
Lions Gate and Second Narrows, affords
a salt water port protected from storms
and river flood flows. A large number
of steamship lines and shipping com-
panies have terminals in the harbour.
In 1950 the cargo entering and leaving
Vancouver Harbour totalled 10 million
tons, of which 60 percent were imports
and 40 percent exports. Ferry service
to Vancouver Island points operates from
Vancouver Harbour. Both Burrard
Inlet and Fraser River afford room for
expansion of water transportation fa-
cilities. In the former area this expan-
sion can take place most easily on the
north shore of the inlet, while in the
latter, expansion seaward from New
Westminster could occur on both banks
of the river.



Chapter 3
Topography and Geology

Importance of Topography and Geology

In planning of sewerage and drainage
facilities, topography and geology of an
area are basic factors influencing the
design and construction of the works.
The slope of the ground normally deter-
mines the sewer or storm conduit gra-
dient and thereby the size of the conduit,
the velocity of flow, and the time of
travel to an intercepting sewer or place
of disposal. Velocity of flow and time
of travel have some effect on the char-
acteristics of sewage, while the sewer
size affects cost. Natural drainage
features generally compel subdivision
of an extensive area if the greatest
economy is to be attained.

The major portion of the factual
material in this chapter is taken from a
report entitled "Geology of Vancouver
and Vicinity" by Victor Dolmage, Con-
sulting Geologist, submitted to the Van-
couver and Districts Joint Sewerage and
Drainage Board in 1950.

Topography

The Greater Vancouver Area, with
the exception of the Fraser River delta
islands, is largely overspread with
rolling hills and mountains. It is deeply
indented by Burrard Inlet, a major salt
water seaway, and is bounded on the
south by Fraser River. Ample grades
for drainage to the nearest waterway
exist in all parts except in the river
delta. The presence of ridges normal
to the waterways increases the difficulty
of constructing intercepting sewers along
the foreshores.

The Greater Vancouver Area is
naturally divided into three distinct
topographic sections, each having the
same boundaries as the three geographic
sections described in Chapter 2. Simi-
larly each topographic-geographic area
is, with fair accuracy, of different

geological construction. The northern-
most, or North Shore, section lies north
of Burrard Inlet; the central section,
Burrard Peninsula, lies between Burrard
Inlet and the North Arm of Fraser River;
and the southern section, comprising
the Fraser River delta islands, lies south
of the North Arm of Fraser River and
north of its main channel-

Burr ard Glacier issued from the
valley of Fraser River and cut out the
great trench known today as Burrard
Inlet. Indian River Glacier from the
north gouged a deep fiord called the
North or Indian Arm. Both were eroded
to depths of hundreds of feet below sea
level. At the close of the glacial period
the land surface stood 600 or 700 feet
lower, referred to sea level, than it does
at the present time. During the glacial
period the river valleys were widened and
straightened and formed into the "U"
shaped trenches characteristic of such
glaciation.

North Shore. The area north of Burrard
Inlet occupies a portion of the south
slope of the Coast Range. This slope
descends from the summits of the range
at elevations around 5,000 feet to the
shores of Burrard Inlet and the delta of
the Fraser River. This descent is made
in a distance of five to six miles and has
a general gradient of ten to thirteen
percent. The slope is deeply scored by
torrential rivers, the largest of which
are the Capilano, Lynn, Seymour and
Coquitlam. The slope has been greatly
modified by glaciation and by the great
pile of deltaic gravel and sand built upon
it by the streams just mentioned. The
combined deltas of the three first named
rivers extend from the sea shore to an
elevation of 600 feet above sea level.

Subsequent to the final retreat of the
glaciers the land rose slowly. During
several pauses in which the level of the
ocean remained substantially stationary,

24
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Figure 9. North Shore Section
Courtesy Aero Surveys Limited

The south slope of the Coast Range descends from elevations of 5, 000 feet to the shore of Burrard Inlet in a distance
of five to six miles. Major development on the North Shore has taken place below an elevation of about 1, 500 feet.
The Municipalities of West Vancouver and North Vancouver and the City of North Vancouver comprise the entire North
Shore Section.

the deltas were advanced horizontally,
forming well defined terraces still
clearly visible. The average slope in
this large delta area is less than the ten
to thirteen percent mountain slope upon
which the deltas were built. Earlier
delta deposits were cut through by the
rivers which formed them. Capilano
and Seymour Rivers have cut narrow
canyons deep into the underlying bed-
rock.

West of Capilano River the six hun-
dred foot, elevation is reached less than
one mile north from the shore. It is
reached about six miles up the Capilano
River valley; about ten miles up the Sey-

mour River valley and some fourteen
miles up Coquitlam River valley from
the edge of the Fraser estuary.

Burrard Peninsula. Burrard Peninsula
lies between Burrard Inlet, a deep
waterway formed by the Burrard Glacier,
and the North Arm of Fraser River.

The peninsula is divided into two
nearly equal segments by a pronounced
east-west valley. At the valley's west-
ern end lie English Bay and False Creek
and at its eastern end Burnaby Lake and
Brunette River.

The northern segment of the penin-
sula is a long narrow ridge marked by
a succession of peaks. These, named in
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order from east to west with their re-
spective elevations above sea level, are:
Welcome Lake plateau, 500 feet; Burn-
aby Mountain, 1000 feet; Berry Point
hill, 600 feet; Second Narrows hill, 300
feet; Hastings Park hill, 200 feet; West
End, Vancouver, 120 feet; and Stanley
Park, 200 feet. These peaks are sep-
arated from one another by saddles and
have gentle slopes to the south and steep
ones to the north.

The southern segment is a uniform
narrow ridge extending from New West-
minster to Point Grey with gentle slopes
both to south and north. There are only
two prominent irregularities on the sur-
face of this segment. One is Little
Mountain, which rises to 400 feet above
sea level, and the other is a deep wide
valley running northwest to English Bay
at Jericho Beach. Less prominent
features of the south segment of Burrard
Peninsula are two wave cut terraces on
the north and south slopes, 120 and 180
feet above sea level, respectively.
These elevations correspond to those of
two terraces on the deltas of Capilano
and Seymour Rivers and mark two
pauses in the general rise of the land at
the close of the glacial period.

Fraser River Delta Islands. The islands
lie south of the North Arm of Fraser
River and north of the main channel.
They constitute a part of a very flat
plain whose elevation is approximately
sea level. The delta of Fraser River is
in continuous process of formation and
is being extended westward by the
heavy load of sediments deposited an-
nually by this great stream.

Geology

Tertiary sediments make up the
principal superficial geologic formation
in the Greater Vancouver Area. These
sediments comprise layers of sand-
stones, shales, and conglomerates in
various thickness dipping gently to the
south. They lie on the old eroded sur-
face of the granitic rocks of the Coast
Range batholith, a great mass of intruded
igneous rock whose rise was stopped
considerably below the ground surface
existing at the time of upheaval. The

tertiary sediments are themselves
overlain by a thick complex of glacial
and inter-glacial deposits, thin in the
north and east and thickening to 200 feet
or more to the west and south. These,
again, are overlain by delta deposits of
the Capilano, Seymour, Coquitlam and
Fraser Rivers. Figure 10 shows the
distribution of various geologic form-
ations found in the Greater Vancouver
Area.

North Shore. The granitic rocks of the
Coast Range batholith include granite,
granodiorite and diorite, as well as nu-
merous included blocks of old prebatho-
lithic rocks. They are all unweathered
and are equally hard and strong. In
order to be excavated they require drill-
ing and heavy blasting. Except in the
western and higher parts of West Van-
couver and in the vicinity of the North or
Indian Arm of Burrard Inlet, they are
too deeply buried to be encountered in
sewer excavations. Even where they
are covered only by glacial deposits,
they are often deep enough to render
excavation into the granitic rocks un-
necessary. Tertiary sediments in the
North Shore Section are usually buried
below later glacial, inter-glacial and
delta deposits. In only a few small
areas are these sediments exposed.

Along the western portion of the
North Shore, glacial and inter-glacial
deposits are found on the surface, while
along the eastern portion these deposits
are covered by the recent deposits of
gravels and sands formed by the Cap-
ilano, Seymour and Lynn Rivers.

Burrard Peninsula. Glacial deposits
laid down on top of tertiary sediments
cover the entire section with the exception
of a few steep slopes where the under-
lying tertiary sediments are exposed.
The glacial deposits vary in thickness
and in places have depths approaching
several hundred feet.

The glacial sediments are made up
of at least two, and probably more,
sheets of boulder clay separated by
deposits of sand, gravel, silt and clay.
Each sheet of boulder clay represents a
single advance of the glacial ice. The
intervening sediments were deposited
during a period between two glacial
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advances and therefore are termed
inter-glacial sediments. The upper, or
younger, sheet of boulder clay forms a
continuous mantle over the entire region,
except for a few small areas where the
underlying formations are exposed. Its
thickness ranges from 10 feet to more
than 100 feet. The sheet usually con-
sists of a tough blue clay with varying
amounts of sand, gravel and boulders
and exhibits corresponding variations in
physical properties. Layers with little
or no sand or boulders are hard and
brittle, while the sandy boulder clay is
strong and resistant to weathering proc-
esses. The boulder clay is generally
sufficiently tough to stand up well in
excavations, except in places where it is
broken and water has entered the frac-
tures.

The lower,'or older, sheet of boulder
clay has been observed in a few re-
stricted areas and is probably present
under the thick inter-glacial deposits of
the entire region. This hypothesis is
based on the established fact that there
were at least two advances and retreats
of the Pleistocene glaciers and also that
if such a boulder clay were deposited it
would have been preserved from erosion
by the thick inter-glacial deposits.

The inter-glacial sediments are
well exposed in the sea cliffs surround-
ing Point Grey. In places thicknesses of
200 feet are exposed between the over-
lying boulder clay and sea level. The
sediments are well stratified and the
strata -are nearly horizontal. The for-
mation consists of an upper layer of sands
and fine gravels which grade downwards
into a central zone consisting of thick
beds of fine silts and clays. While the

individual strata of the inter-glacial
sediments are lenticular and are not con-
tinuous throughout the area, this central
zone of clays and silts is continuous.
Below these are other sands and fine
gravels. A few thin strata of peat are
exposed in the sea cliffs and these and
the adjoining clays yield plant fossils
such as leaves, twigs, seeds and pollen.
These have been identified as belonging
to a flora adapted to a temperate rather
than a frigid climate. The sands and
gravels have the high porosity character-
istic of such deposits while the under-
lying silts and clays are relatively tight.

On the northern slope of the west-
ern portion of Burrard Peninsula, ter-
tiary sediments are found relatively
close to the surface. The formation con-
sists mainly of sandstone with one thick
deposit of conglomerate, several thick
strata or lenses of shale, and one or
two thin streaks of lignite. The strata
are almost entirely undisturbed and
have a uniform flat dip to the south of
about ten degrees. Only one or two
minor faults have been seen in this for-
mation. Because of the uniformity, state
of hardness and undisturbed stratifica-
tion, these tertiary sediments are ideal
tunnelling rocks.

Fraser River Delta Islands. The islands in
the mouth of Fraser River have been
formed by the sand and silt transported
by the stream and deposited when its
velocity was slackened upon discharge
into the Strait of Georgia. Several large
and deep deposits of peat are found in
this section, particularly on Lulu Island.
Since the area is nearly at sea level,
ground water is often found within two
feet of the ground surface.



Chapter 4

Climate

Effect of Climate Upon Sewerage and Sewage
Treatment

Climate is the average state of the
atmosphere over a particular place or
region of the earth's surface, related to
a particular epoch and taking into con-
sideration the average and extreme va-
riations to which the atmospheric state
is subject. The principal factors which
determine climate are air temperature,
rainfall, daylight and darkness, sunshine
and clouds, wind direction and velocity,
and such attendant effects as evaporation
from land and water surfaces, and fog.
The factors affect problems and con-
ditions of sewerage, sewage treatment
and disposal in a variety of ways.

Nearly all of the sewers in the
Greater Vancouver Area are of the
combined type carrying both sanitary
sewage and storm water as opposed to
the separate type carrying only sanitary
sewage. Obviously the adequate design
of combined sewers demands complete
knowledge of the quantities and distri-
bution of rainfall over the tributary sur-
face area. During rainstorms of con-
siderable intensity, storm water flows
many times greater than the flow of san-
itary sewage must be transported in
combined sewers.

The amount and seasonal distribution
of rainfall may also cause variation in
the volume of flow in separate sewers.
Among the most common reasons for
this are: (a) infiltration of ground water
into sewers through poorly constructed
joints at times when the ground water
table has risen above the sewer grade;
(b) illicit connections of foundation and
roof drainage; and (c) surface water
entering through leaking manhole covers.
The amount of storm and ground water
which collects in a separate sewerage
system, while it may not be great, does
have an effect upon the design of inter-

cepting sewers, pumping stations, and
treatment works. Its influence, there-
fore, upon the components of a sewerage
system must be accurately evaluated.

Diversion of combined sewage flow
from one point to another some distance
away presents problems not inherent in
diversion of a separate flow. Although
the same amount of sanitary sewage may
be involved in each case, it flows un-
diluted in a separate sewer. In a com-
bined sewer, the sanitary sewage may
be diluted to many times its volume with
storm runoff during periods of rain. A
major problem in the Greater Vancouver
Area is to determine what rainfall in-
tensity and frequency will be used in the
design of diversion sewers required to
divert sewage from places where it is
undesirable to those where it will do no
harm.

The Greater Vancouver Area has
many valuable recreational facilities.
In particular the bathing beaches of
English Bay attract tens of thousands of
people annually. Climatological con-
ditions, particularly temperature, wind,
sunshine, and rainfall, are the determi-
native factors in the utilization of these
beaches at the present time and indicate
the season of use. Both the climatolog-
ical data and public response indicate
that May 1 to September 30 of each year
limit the popular beach season.

General Climatic Conditions

General climatic conditions are
best evaluated by study of long term
meteorological data. The Meteorological
Division of the Department of Transport
of Canada has collected data in down-
town Vancouver since 190 5 and at Van-
couver Airport on Sea Island since 1938.
In addition to these two locations, there
are numerous others within the Greater

29
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Table 4
Mean Monthly and Extreme Recorded Temperatures

Month

January
February
March
April
May
June
J«iy
August
September
October
November
December

Vancouver Airporta

Mean? °F

Monthly

35.9
39.4
43.1
48.6
54.5
5S.3
63.4
62.6
57.8
50.5
42.8
39.1

Maximum

41.6
43.3
47.2
51.2
56.7
61.5
65.6
65.3
60.5
53.3
48.0
44.5

Minimum

20.6
34.0
41.3
46.0
51.6
56.9
61.7
60.6
55.4
46.9
38.9
34.1

Extreme? °F

Maximum

58.7
61.0
66.3
76.2
83.0
83.0
87.0
87.0
83.7
70.7
62.0
57.0

Minimum

0.0
3.4

23.0
30.0
36.3
40.2
44.4
44.6
32.5
26.7
20.1
9.4

Downtown Vancouver

Meanf °F

Monthly

36.3
39.2
43.4
48.8
54.9
59.8
63.8
63.2
57.7
50.5
43.4
38.8

Maximum

43.1
44.5
49.3
54.8
58.0
62.7
67.0
66.7
62.1
54.4
48.8
46.0

Minimum

26.1
31.2
39.0
44.9
51.2
56.7
60.5
59.6
54.1
44.2
39.5
32.9

Extreme? °F

Maximum

59.4
61.1
68.3
78.8
83.0
92.4
91.3
92.2
85.5
77.0
62.7
59.7

Minimum

2.3
8.0

15.3
27.0
32.9
39.8
43.6
38.7
29.9
21.0
9.6
8.0

Source: Meteorological Division of Department of Transport of Canada. See Figure 11 for location of stations.

• Period of record 1938-1950, inclusive.
Period of record 1905-1946, inclusive,

j Mean of stated daily temperatures during month.
Individual temperature reading.

Vancouver Area where precipitation and
temperature records are maintained.
Figure 11 shows the locations of the
meteorological stations.

Air Temperature. Temperatures in the
Greater Vancouver Area are moderate

in comparison with most of the remain-
der of the west coast of Canada. There
are appreciable variations over the area
because of wide difference in elevation
and because slopes with a southern ex-
posure receive considerably more sun-
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Figure 12. Normal and Extreme Temperatures
at Vancouver Airport

The figure shows normal temperatures for each
month as well as the individual extreme readings which
have been recorded during the period 1938-1950. The
maximum variation of monthly temperatures from the
yearly normal of 49.7°F is about 14°F. Extreme tem-
peratures of 0°F and 87°F have been recorded.
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Figure 13. Normal and Extreme Temperatures
in Downtown Vancouver

During the period 1905-1946, the maximum variation
of monthly temperatures from the yearly normal of 50. 0°F
has been slightly less than 14°F. Extreme temperatures of
2. 3°F and 92. 4°F have, been recorded. Monthly normal
temperatures are slightly higher than at Vancouver Airport.
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light than those with a northern ex-
posure. In general, however, the area
enjoys a mild climate with moderate
winter and summer temperatures. The
Strait of Georgia and contiguous waters,
plus the protective wall of the Coast
Range mountains to the north, are large-
ly responsible for the mild yearly mean
temperature. The Strait of Georgia
moderates the temperatures in summer
as well as winter, while the mountains
form an effective barrier against almost
all of the polar outbreaks which produce
sub-zero winter temperatures in the
valleys of the southern interior regions
of the province.

Table 4 and Figure 12 give the
temperatures at the weather station at
Vancouver Airport for the period 1938-
1950. The mean annual temperature is
49.7°F, with a mean monthly variation
from a minimum of Z0.6°F in January,
1950, to a maximum of 65.6 F in July,
1941. The minimum recorded temper-
ature is 0.0°F and the maximum 87.0°F.
Temperatures at the weather station in

downtown Vancouver for the period 190 5-
1946 are presented in Table 4 and Figure
13. The mean annual temperature is
50.0°F with a mean monthly variation
from a minimum of 26.1 F in January,
1916, to a maximum of 67.0 F in July,
1942. The minimum recorded temper-
ature is 2.3°Fand the maximum 92.2 F.

Wind. The directions, prevalence,
and general ranges in velocity of winds
as recorded at the Vancouver Airport
for the thirteen year period, 1938-1950,
are shown in Table 5 and Figure 14.
Similar records at the weather station
in downtown Vancouver are shown in
Table 6 and Figure 15 for the twenty-one
year period, 1922-1942. The prevailing
winds are east to southeast, The strong-
est winds are from the northwest, as
indicated in Figures 14 and 15. Calm,
defined as existing whenever the rate of
air movement is less than one mile per
hour, prevails- 1.5 percent of the time at
Vancouver Airport and 3.3 percent of
the time in downtown Vancouver. In gen-
eral, periods of calm occur most fre-

M1LES PER HOUR

AVERAGE WIND VELOCITY

Figure 14. Wind Directions and Velocities at Vancouver Airport

Prevailing winds are east to southeast and the strongest winds are from the northwest.
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Table 5
Direction, Velocity and Frequency of Winds at Vancouver Airport

Direction Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

Velocity, mph
N
NE
E
SE
S
sw
w
NW

3.1
6.1
7.4
7.5
9.8
6.9
6.3
9.6

4.2
6.4
7.8
7.9
8.8
7.9
8.1
9.7

4.7
7.2
7.9
9.3

10.3
9.9

10.1
12.3

4.1
6.2
7.5
8.8
9.8
8.6
9.4

11.1

4.3
5.9
7.0
7.7
8.5
7.7
9.5

12.2

3.5
5.0
6.8
8.0
8.6
6.9
8.8

11.2

3.9
5.5
6.4
7.8
6.8
6.1
8.3

12.0

3.8
4.8
6.7
7.7
6.6
6.3
7.3

11.4

3.4
4.0
6.3
7.1
6.1
5.6
7.0

10.5

3.4
4.7
7.1
7.8
9.2
6.6
6.9
9.7

3.1
5.7
7.7
8.8

10.9
8.5
7.4
b.ff

3.2
6.1
7.9

10.1
4.1

10.3
7.3
9.7

5
9

40
15

5
4
8

12
2

4
8

30
18
7
6
9

17
1

Frequency,
3
6

27
18

8
8

13
16

1

2
5

23
19
7
8

IS
20

1

jercent
2
4

26
22
7
8

16
14

1

2
4

25
24

7
8

14
15

1

2
3

26
26

6
6

12
18
1

3
4

27
18

5
4

14
23

2

4
5

35
17

4
4

10
19

2

2
9

41
18
6
5
8
9
2

N
NE
E
SE
S
sw
w
NW
Calm

3
9

45
18
6
4
5
8
2

4
8

43
18
6
5
5
9
2

Source: Meteorological Division of Department of Transport of Canada. Period of record 1938-1950, inclusive.
Direction shown is that from which wind was blowing. See Figure 11 for location of stations.

quently during the winter months.
Precipitation. The maximum, mean,

and minimum monthly precipitation at
Vancouver Airport for 13 years, 1938 to

1950, is shown graphically in Figure 16
and given in Table 7. Similar data for
the downtown Vancouver station with 46
years of records, 1905 to 1950, are

SCALE

WIND DIRECTION

PERCENT OF TIME

MILES PER HOUR

AVERAGE WIND VELOCITY

Figure 15. Wind Directions and Velocities in Downtown Vancouver

Prevailing winds are east to southeast as at Vancouver Airport. Average velocities are lower than at the airport.
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Table 6
Direction, Velocity and Frequency of Winds in Downtown Vancouver

Direction

N
NE
E
SE
s

w
NW .

N
NE
E
SE
S .
sw .
w
NW
Calm

Jan.

1.9
3.5
3.6
4.1
3.2
4.6
5.2
2.8

1
18
39
19
4
5
6
6
2

Feb.

2.0
3.4
3.7
5.1
5.4
5.1
5.4
3.4

2
16
37
18

3
6
7
8
3

Mar.

2.1
3.4
3.8
4.7
5.0
5.5
6.8
4.9

2
17
30
16

3
8

11
11

2

Apr. May

Velocity,

2.2
3.2
3.7
4.9
4.5
6.0
6.1
4.9

2.3
2.9
3.4
4.6
4.5
5.5
6.3
5.1

Frequency,

3
13
29
15

3
9

11
15
2

3
11
26
17
3

11
12
15
2

June

mph

2.3
2.7
3.1
4.2
3.9
5.1
5.8
4.7

percent

2
10
25
22

3
11
10
15
2

July

2.2
2.5
3.0
4.3
3.4
4.5
5.1
4.9

2
8

23
22

3
11
12
16
3

Aug.

2.2
2.2
2.7
3.7
3.1
4.3
5.4
4.6

2
11
25
21

2
9
9

16
5

Sep.

1.8
2.5
3.0
3.8
3.2
4.6
4.7
4.0

2
13
26
16

2
8

12
16
5

Oct.

1.5
2.7
3.3
4.3
3.6
4.3
4.3
3.5

2
15
30
14

2
7

11
13
6

Nov.

1.7
2.9
3.4
4.5
3.9
4.6
4.3
2.9

1
17
36
17
3
5
8
9
4

Dec.

1.7
3.5
3.7
5.1
4.4
4.9
6.4
4.2

2
18
40
18
4
6
5
4
3

Source: Meteorological Division of Department of Transport of Canada. Period of record 1922-1942, inclusive.
Direction shown is that from which wind was blowing. See Figure 11 for location of stations.

shown in Figure 17 and given in Table 7.
In determining total precipitation, ten
inches of snow are considered equivalent
to one inch of rain.

Average annual precipitation at
Vancouver Airport is 40 inches. The
average monthly precipitation ranges
from a maximum of six and one-half
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Figure 16. Precipitation at Vancouver Airport Figure 17. Precipitation in Downtown Vancouver

Average annual precipitation during the period 1938-
1950 is 40 inches. Average monthly precipitation ranges
from about one inch in July to about six and one half inches
in December. The maximum monthly precipitation of
record was 9 64 inches in November, 1948.

Average annual precipitation during the period 1905-
1950 is 57 inches. Average monthly precipitation ranges
from about one inch in July to about nine inches in De-
cember. The maximum monthly precipitation of record
was 20. 65 inches in January, 1935.
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Table 7
Maximum, Mean and Minimum Inches of Precipitation

Month Maximum,
O -IT

Vancouver Airport
in. Mean, in. Minimum, in. Maximum, in

Downtown Vancouver
Mean, in. Minimum, in.

January
February
March
April
May
June
July
August
September
October
November
December

8.17
8.07
6.79
5.00
4.76
3.78
1.94
2.97
4.75
7.25
9.64
9.00

4.69
4.92
3.69
2.59
.95
.53
.19
.18
.90

4.86
5.17
6.50

0.72
1.94
1.66
0.95
0.33
0.21
0.33
0.29
0.16
2.91
2.36
2.44

20.65
10.50
14.55
8.20
6.05
6.14
5.32
5.86

10.37
10.85
15.66
15.88

8.14
6.02
5.17
3.50
2.77
2.19
1.37
1.65
3.32
6.28
7.86
8.97

0.84
1.21
0.89
0.53
0.31
0.17
0.02
0.07
0.30
1.76
1.84
2.84

Year 49.95 40.17 31.34 67.55 57.25 37.83
Source: Division of Meteorology of Department of Transport of Canada. See Figure 11 for location of stations. 10

inches of snow considered equivalent to one inch of precipitation.

* Period of record 1938-1950, inclusive.
b Period of record 1905-1950, inclusive.

inches in December to a minimum of one
inch in July and August.
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Figure 18. Variation of Precipitation in Greater
Vancouver Area

Most of the rain bearing winds in the Greater Van-
couver Area come from the southwest. As the winds
approach the mountains, the moisture laden air is forced
upward with subsequent cooling to the dewpoint. Average
precipitation at Steveston, located on Fraser River at an
elevation of 10 feet above sea level, is 37 inches per year
while the average precipitation at Seymour Falls, on the
south slope of the Coast Range, at an elevation of 675
feet above sea level, is 147 inches per year.

Average annual precipitation at the
downtown Vancouver station is 57.2 5
inches with a total of 11.30 inches or
19-8 percent falling during the five
months period, May to September, in-
clusive. The greatest annual precipita-
tion occurred in 1900 prior to establish-
ment of the Department of Transport
station and was recorded as 72.29 inches.
The lowest annual precipitation occurred
in 1929 and was 37.83 inches. The aver-
age monthly precipitation ranges from
a maximum of about nine inches in De-
cember to a minimum of about one inch
in July.

It is noted from Figures 16 and 17
and Table 7 mentioned above that there
is considerable difference in amount of
precipitation between Vancouver Airport
and downtown Vancouver. This may be
attributed to the fact that most of the
rain bearing winds come from the south-
west and are forced upward as they ap-
proach the mountains with consequent
cooling to the dew point followed by rain
or snow. The variation in average pre-
cipitation from the community of
Steveston on the north bank of the main
channel of Fraser River to Seymour
Falls situated in the Coast Range north
of Burrard Inlet is shown in Figure 18.
The average precipitation ranges from
37 inches per year at Steveston to 147
inches per year at Seymour Falls. The
elevations of these places range from
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Table 8
Mean, Maximum and Minimum Hours of Sunshine

Month
Vancouver Airporta

Mean Maximum Minimum
Downtown Vancouver

Mean Maximum Minimum

January
February
March
April
May
June
July
August
September
October
November
December

83.9
88.3

128.0
167.5
247.4
253.8
283.4
233.8
201.9
117.0
71.5
40.5

120.0
109.2
160.5
198.1
299.1
279.6
324.2
306.8
223.2
145.4
84.2
51.1

58.4
54.5
76.2

145.5
173.6
226.3
240.2
153.8
161.3
65.0
06.6
31.7

48.4
80.2

125.5
168.0
226.0
223.0
280.0
253.8
177.9
110.1
52.9
37.8

100.7
148.4
233.8
257.5
313.1
329.2
381.2
348.2
236.2
150.9
96.8
73.5

14.4
42.0
63.0
79.0

140.0
135.7
145.0
130.6
79.4
55.0
28.8
10.7

Year. 1917.0 2018. 3 1802.3 1784.7 2023. 8 1604.7

Source: Meteorological Division of Department of Transport of Canada. See Figure 11 for location of stations.

f Period of record 1947-1950, inclusive.
b Period of record 1909-1950, inclusive.

10 feet above sea level at the former to
674 feet at the latter.

Rainfall intensities and their effect
upon storm and combined sewer design
will be discussed in Chapter 13.

Sunlight. Maximum, mean, and min-
imum numbers of hours of sunshine
monthly at Vancouver Airport for the
four year period, 1947-1950 and for
downtown Vancouver for the 42 year
period, 1909-1950, are presented in
Table 8. The percentages of the total
annual hours of sunshine occurring dur-
ing the five month period May - Septem-

ber, are as follows: maximum, 73.5
percent, in 1950; minimum 60.2 percent,
in 1941; average, 64.0 percent. This
period has been taken as the recreation-
al season insofar as use of local beaches
is concerned. The number of hours of
sunlight per month reached a peak of
381.2, or an average of 12.3 hours per
day, in July, 1931. In December, 1917,
there were only 10.7 hours of sunshine,
or an average of but 21 minutes per day.

Snow and Freezing Conditions. Monthly
mean, maximum, and maximum 24 hour
depths of snowfall at Vancouver Airport

Table 9
Mean, Maximum and Maximum 24 Hour Inches of Snowfall

Month
Vancouver Airporta

Mean Maximum
Maximum

24 hours

Downtown Vancouver

Mean Maximum
Maximum

24 hours
January
February
March
April
May
June

lJy
August
September
October
November
December

5.9
4.8
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.1
3.3

37.0
23.9
0.8
0.1
0.0
0.0
0.0
0.0
0.0
0.0
3.8

16.6

10.1
6.4
0.8
0.1
0.0
0.0
0.0
0.0
0.0
0.0
3.1
8.1

10.3
7.1
2.1
0.3
0.0
0.0
0.0
0.0
0.0
0.0
1.7
5.3

33.7
36.5
16.2
9.5
0.0
0.0
0.0
0.0
0.0
3.8

27.0
27.0

17.5
14.5
7.1
5.5
0.0
0.0
0.0
0.0
0.0

c

15.0
11.0

Year 15.2 42.1 26.8 80.6
Source: Meteorological Division of Department of Transport of Canada. See Figure 11 for location of stations.

Minimum monthly snowfalls of 0.0 inches have been recorded at both stations.

* Period of record 1938-1950, inclusive.
b Period of record 1906-1950, inclusive
c Data missing.
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are shown in Table 9. A total annual vember to April,
depth of 15.2 inches, of snowfall repre-
sents an average at that station. The Fog. Fog occurs frequently during
annual average in downtown Vancouver the night and early morning hours of the
is 26.8 inches as shown in Table 9. fall months. Fog, which may linger for

Sharp frosts lasting for several several days in the low lying areas, is
days at a time may occur in the Greater seldom found above an elevation of
Vancouver Area during the period No- about 250 feet.



Chapter 5

Water Resources

Importance of Water Resources

Sewage may be regarded as the
spent water supply of a community.
The quantity of domestic and industrial
sewage which originates in an area is
therefore usually related to the water
use in that area. To determine that
relationship, a study of the water re-
sources of the area is required.

The water supply is used for do-
mestic, industrial and public purposes.
Its use, in terms both of total volume
and rate, is influenced by availability,
pressure, quality, climate and cost. The
amount of used water that finds its way
into sewers is dependent on many con-
ditions. The type of sewage collection
system affects the volume of public
water supplies which reach the sewers.
Under the separate or sanitary sewerage
system only domestic or industrial
wastes are admitted into the sewers,
while under the combined system surface
waters from street and household drains
are also accepted in the same sewer
which carries domestic and industrial
wastes. Under certain conditions the
volume of sewage in a separate or san-
itary sewer may actually exceed the
draft upon the public water supply be-
cause of ground water infiltration or the
extensive use of private sources. Under
other conditions, as much as 50 percent
or more of the water used may be for
lawn sprinkling, irrigation, street flush-
ing and fire fighting, and thus may never
reach the sewers.

The availability and cost of water
may well be a major factor in the indus-
trial and residential development of an
area. In some localities, the scarcity
of water may be the limiting influence in
such development. In others, in which
an adequate and inexpensive supply is
available, water constitutes no barrier
to development.

Water Supply

All of the domestic water supplies
of the Greater Vancouver Area are de-
rived from the mountain lakes and
streams in the Coast Range north and
east of Burrard Inlet. With but two
exceptions, all domestic water is sup-
plied by the Greater Vancouver Water
District, a corporate body created by
Act of Legislature in 1924. The District
supplies water in bulk to member com-
munities and has authority to sell water
outside its legally constituted boundaries.
The City of North Vancouver and the
small settlement of Caulfield in the Mu-
nicipality of West Vancouver have inde-
pendent water sources. North Vancouver
obtains its water from Lynn Creek and
Caulfield from Nelson and Cypress
Creeks. There are no municipal well
supplies presently in use in the
Greater Vancouver Area. At present it
is believed that no industrial well sup-
plies are in use in the area. There are,
however, a few private wells supplying a
small quantity of water for domestic and
agricultural purposes in rural areas.

The Greater Vancouver Water Dis-
trict supplies water by gravity from
three sources: Capilano River, Seymour
River and Coquitlam Lake. The catch-
ment basins have a total area of about
226 square miles, of which 68 square
miles are in the Capilano, 47 square
miles in the Seymour and 111 square
miles in the Coquitlam Lake watershed.
The watersheds are either owned out-
right by the Water District or are
leased from the Crown for a period of
999 years. They are in mountainous
regions covered with luxuriant forest
growth. No residential development
exists in them and constant patrolling
prevents trespassing. For storage and
regulating purposes, the Water District
maintains four impounding reservoirs

38
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Figure 19. Seymour River
Hiotograph by Kenneth E. Patrick

The Seymour River, together with Capilano River and Coquitlam Lake, are the sources of water for the Greater
Vancouver Water District. The watersheds are in mountainous regions covered with luxuriant forest growth and are
closed to the public. The total watershed area is 226 square miles, of which 47 square miles are in the Seymour water-
shed.

and ten regulating and balancing tanks.
The four impounding reservoirs have a
combined capacity of 9,500 million gal-
lons. A fifth impounding reservoir
will be incorporated into the system upon
completion in 1954 of Cleveland Dam.
This dam, on the Capilano River about
three and one-half miles north of its
mouth, will be 325 feet high and have an
available storage of 12,200 million
gallons. It will increase the developed
area of the Capilano watershed to 76
square miles.

Water Quality
Water from the system of the

Greater Vancouver Water District is of
excellent quality and is suitable for
normal domestic and industrial purposes.
Because of the lack of any human hab-
itation on the watersheds, the bacterio-
logical quality is excellent. Chlorination
is resorted to during portions of the year
solely to fulfill the most rigorous
bacteriological standards. The water is
soft and usually free of turbidity or color.
Mineral analyses show it to have a pH of
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Table 10

Typical Mineral Analysis of Domestic Water Supply
of Greater Vancouver Area

Constituent

Calcium
Magnesium
Sodiuma

Iron
Chloride
Sulfate
Nitrate
Bicarbonate

Total Hardness
Alkalinity
Silica
Total Dissolved Solids
PH

Concentration

1.9
1.4
2.1
0.1
1.0
4.6
0.4
4.2

9.7
3.4
4.0

22.5
7.0

All analyses reported in this Table were conducted by
personnel of British Columbia Research Council on
sample collected October 25, 1946 from Seymour
River supply. Analyses except pH are reported as
parts per million, ppm, of stated constituent with
exception of total hardness and alkalinity, which are
reported as calcium carbonate.

Includes other alkalies expressed as sodium.

7.0, a total hardness not exceeding ten
parts per million expressed as calcium
carbonate, and total dissolved solids of
less than 23 parts per million. Table 10
presents results of a typical mineral
analysis of a water sample from the
Seymour River supply. Analyses of the
other supplies are virtually the same in
all respects, and very little variation in
mineral composition has been observed
over a period of many years.

Water Distribution

Figure 20 presents .the major dis-
tribution facilities of the water supply
systems serving the area. Over 125
miles of supply mains are included in
the system of the Greater Vancouver
Water District. No pumping is required
in the major distribution system. The
Water District supplies water to member
communities, each of which is indepen-
dently responsible for local distribution.

Water is conveyed to the City of
North Vancouver through a line six
miles long and the local distribution sys-
tem comprises a total of 59 miles. The
settlement of Lynn Valley within the Mu-
nicipality of North Vancouver is served

by the City of North Vancouver supply.
An additional source is available to the
city to meet peak demands during the
summer through a connection to the
Greater Vancouver Water District's
supply mains.

No data were available regarding
the distribution system of the settlement-
of Caulfield in the Municipality of West
Vancouver.

Water Consumption

Table 11 presents the total and per
capita average daily demand during
1951 by each of the communities within
the Greater Vancouver Water District,
as well as the number of service con-
nections in each. The average daily use
in the area was 70.2 million gallons, of
which 48.5 million gallons were supplied
to the City of Vancouver. These figures
are equivalent to 139 and 140 gallons
per capita per day, respectively. The
peak daily summer demand of 111.6 mil-
lion gallons was 159 percent of the aver-
age daily demand for the district as a
whole. In the City of Vancouver the peak
daily demand of 79.2 million gallons rep-
resented 164 percent of the average
daily consumption in 1951.

The average daily demand during
the year 1952 on the City of North Van-
couver system was reported to be 4
million gallons of which 0.7 million gal-
lons were supplied to the settlement of
Lynn Valley. The peak daily summer
demand was reported to be 5.5 million
gallons.

Cost of Water

Since no pumping of water is re-
quired in the system of the Greater Van-
couver Water District, the unit charge
for water to each member community
served by the District is the same. The
charge is estimated and set at the be-
ginning of each year, and adjustments
may be made during the ensuing year to
maintain the balance between income and
expenditures as closely as possible.
The unit charge set for the year 1952
was 6.6 cents per thousand gallons de-
livered to the local authority.
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Table 11
Communities Served by the Greater Vancouver Water District

Community
Number of

Service
Connections

Average Daily Demand
Total,

1,000 gpd
Per Capita,

gpcd

Member Cities:
New Westminster
Port Co quid am
Port Moody
Vancouver

Member Municipalities:
Burnaby
Coquitlam
Fraser Mills

i. North Vancouver
Richmond
West Vancouver

Non-members:
District Lot 172
University Endowment
Lands and University
of British Columbia

Total

7,835
867
678

86,605

16,900
3,000

130
5,020
5,760
4,450

450

400

5,152
534
269

48,536

7,906
623
415

1,192
3,283
1,368

93

823

180
165
120
140

135
40.

l,125b

82
171
98

63

238

123,195 70,194c 139d

Data on number of services and on total daily consumption furnished by Greater Vancouver Water District for year
1951. City of North Vancouver not listed on this table since it uses municipal source of supply exclusively except
during summer months.

? Estimated using 1951 census figures given in Table 2, Chapter 2.
Water use dominated by demands of large lumber mill.

c Deliveries to other communities outside area covered in this report total 2. 5 million gallons per day. Total average
, demand on Greater Vancouver Water District supply equals 72. 7 million gallons per day.

Total population served estimated to be 504, 600.



Chapter 6

Use and Condition
of Shores and Shore Waters

Influence on Development

The influence of the ocean and of
the navigable waters upon the growth
and development of the Greater Van-
couver Area cannot be appraised too
highly. The location of the City of
Vancouver, with its excellent deep sea
harbour and miles of shore, has played
ari important part in the city's rapid and
substantial growth. The cities and dis-
tricts surrounding Vancouver all have
boundaries on at least one stretch of
navigable water. Large industries,
lured by the opportunity of economical
ocean transportation, have1 been quick to
capitalize on the industrial potential of
the area. The result has beena phenom-
enal expansion in population, industry
and commerce.

The recreational opportunities
afforded by the many miles of good
beaches have definitely increased the
residential popularity of the entire area.
The beaches are frequented by visitors
from all of the neighbouring communities
and by tourists from far and wide. There
is every indication that the public use of
these beaches and associated areas will
increase as the metropolitan population
grows. The limit to that patronage will
be the capacity of the available shoreline
areas to acceptably handle the visiting
crowds.

Unfortunately, with the growth in
the population resident in the area,
contamination of the shores and shore
waters has increased dangerously.
Crude sewage always has been discharged
at some point or other into the adjacent
waters. This practice has produced un-
pleasant and unhygienic conditions at
many places. A primary objective of the
sewerage projects considered by the
survey and recommended in this report
has been the production and maintenance
of shores and shore waters free from

unsightliness and unsanitary conditions.
Only so can the contemplated develop-
ment and use of the beaches and the
growth of adjacent residential and indus-
trial areas proceed without protest or
restriction.

Use by Industry

As shown in Figure 7, Chapter 2,
the majority of industrial sites in the
Greater Vancouver Area are on low-
lying, flat ground immediately adjacent
to some waterway or railroad. The
waterfront industrial sites, both existing
and proposed, are shown diagrammatic-
ally in Figure 22. It is always difficult
and often impossible to design gravity
trunk sewers or interceptors to pick up
the sewage and trade wastes from these
low places. As a result, nearly all of the
industrial sites within the area face the
possibility of eventually having their
liquid wastes pumped to an intercepting
sewer.

The False Creek area is an
excellent example of this situation. It is
only in recent years that the expense of
constructing and operating pumping
stations there has been deemed to be
justifiable. This area, in the heart of
the City of Vancouver, contains a heavy
concentration of industry. Sewage was
discharged directly into False Creek
until several pumping stations were con-
structed by the city to pump the sewage
into intercepting sewers on the north and
south banks. This has relieved the
pollution in False Creek to a material
extent. It should be recognized as
essential that wastes of all industries
situated on ground too low to be drained
economically by gravity shall be pumped
to the most convenient trunk or inter-
cepting sewer.

The major industry in the Greater
Vancouver Area is lumber and its

43
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associated products. To this industry-
can be traced most of the debris that
litters the beaches and shore lines. The
Vancouver Park Board makes a deter-
mined effort to clear the beaches under
its jurisdiction of this debris, but every
high tide deposits its load of logs, cut-
tings, and mill waste. The huge booming
grounds connected with this industry are
highly essential.

Bathing Beaches

The location and extent of the bath-
ing beaches are shown in Figure 22.

The largest and most popular beaches
are in the City of Vancouver but numer-
ous smaller beaches along the North
Shore and Fraser River are growing in
popularity. The aggregate lengths of
public beaches suitable for recreational
purposes is estimated to be 12 miles.
In addition, it has been suggested that
the Burnaby Lake area be developed as
a large park for boating, swimming,
picnicking and riding, and for all sorts
of sports meetings, especially aquatic
events. This would provide another
three or four miles of fresh water bath-
ing shores and relieve the ultimate con-

r -=- " V * "-•;•;•"-
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Figure 21. English Bay Beach in the City of Vancouver

Courtesy Vancouver Sun

Summer attendance at patrolled beaches in the City of Vancouver increased from 1, 000, 000 people in 1941 to
1, 500, 000 in 1952, according to estimates of the Vancouver Park Board.
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gestion of the existing beaches. This
project is still under consideration and
is far from realization.

The present attendance at the City
of Vancouver beaches, the only beaches
in the area.that are supervised and pa-
trolled, can only be approximated. The
period during which the beaches are used
to any extent for swimming normally
extends from about May 1 to September
30. According to estimates made by the
Vancouver Park Board, the summer
attendance at Vancouver beaches during
1952 totalled 1,500,000 people. Of these,
70 percent were Vancouver residents;
Z0 percent from other places in the
Greater Vancouver Area; and 10 percent
from the provinces and states outside the
Area. This total was made up of an
average daily attendance through July

and August of 15,000 on weekdays and
70,000 on Sundays. In 1941 the estimated
total summer attendance at Vancouver
beaches was 1,000,000 people. Beach
use during the period 1941-1952 in-
creased by 50 percent, while population
growth estimates for the same period
show an increase of 40 percent in the
Greater Vancouver Area. It is reason-
able to conclude that future beach attend-
ance can be expected to increase roughly
in proportion to the population growth of
the area.

Boating

Yachting enthusiasts have ample
opportunity for sailing and boating under
good conditions in the water of English
Bay. Large numbers of motor craft and

ki

k

VANCOUVER HARBOUR

11
FALSE CREEK\\

V A N C O U V E R

.|a SHORE STATIONS ON
EACH SIDE OF OUTFALL

Figure 23. Existing Sewage Outfalls and Bacteriological Sampling Stations

Crude sewage has always been discharged into the waters surrounding the Greater Vancouver Area. Because of
increased populations, contamination of the shore waters has increased and has produced unpleasant and unhygienic
conditions at many places. Bacterial samples were collected at nine shore and six offshore stations in 1950 and analyses
indicate that all stations were contaminated by organisms of intestinal origin.
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row boats also are used in the bay for
recreational purposes, including fishing.
Additionally, commercial fishing is a
major industry along the entire western
coast, and the Vancouver area is the
home port for many fishing vessels large
and small. Anchorage and dock areas
are shown in Figure ZZ. Waste dis-
charges from vessels using the harbour
and adjacent waters contribute to the
pollution of the shores and shore waters.

Other Uses

Figure ZZ shows the waterfront
areas utilized by various governmental
agencies for such purposes as military
establishments and Indian Reserves.
Non-public areas indicated on Figure ZZ
are either used for residential purposes
or are presently unused. Private res-
idences along the shore usually are well
kept and in no way add to the pollution

Table 12

Most Probable Numbers of Coliform Organisms per cc in
Burrard Inlet, English Bay, False Creek and North Arm of Fraser River

Date

1949
Oct. 25
Oct. 31
Nov. 1

1950
Jan. 4
Jan. 5
Jan. 6
Jan. 25
Jan. 26
Jan. 30
Mar. 27
Mar. 28
Mar. 29
Mar. 30
June 12
June 21
June 29
July 5
July 13
July 18
July 27
Aug. 3
Aug. 9
Aug. 21
Aug. 30
Sept. 6

Tidea

c
E
F

d
E
c

E
e

E
E
F
F
F
f

E

n
i

E
j
k
1

F
E
F

Station**

1

R

6

70

70

2

2
70+
6
24
70
2

70
70
6
13
70

L

L

5

13

24

24

70
70
70
70
70+
24

70
70
2
24
21

2

R

2

5

70

6

2
13
2
1
2
13
70+
21
24
3
13
24

L

21

1

6

13

6
5
13
1
6
1
5
2

70 +
13
13
70

R

2

70

24

70

6
6
21
1

70
10
70+
70
1

70
1
2

L

24

70

13

13

13
70
24
2
70
70
24
2
2
24
2
2

4
R

6
70
70 +
2
70
4
70
5
6
4
24
2

L

70
70
70 +
2
21
21
24
5
24
70
24
5

C

R

70

70

6

70
70
6
6
70
24
70
70+
6
24
70
70

L

70
70
6
70
24
24
6
70
21
13
70

6

R

70

L

50

21

70

70

70

7
R

70

70

L

70

70

70

8
R

70

70

L

70

70

70

9

R

70

70

L

70

70

70

Analyses are reported as most probable number (MPN) per cubic centimeter.
Samples were collected to right (R) and left (L) of stations directly onshore from outfall.

Stage of tide indicated by: F-flood and E-ebb.
Location of stations shown on Figure 23.
Time of sampling not recorded.
Ebb at stations 1 and 2; slack at station 3; flood at station 5.
Flood at station 5; ebb at station 8.
Ebb at stations 1 and I; flood at stations 3 and 4.
Ebb at stations 1, 2 and 3; flood at stations 4 and 5.
Flood at station 1; slack at station 2; ebb at stations 3, 4, and 5.
Ebb at stations 1, 2, and 3; flood at stations 4 and 5.
Flood at stations 2, 3 and 4; ebb at station 5.
Flood at station 1; ebb at stations 2, 3, 4, and 5.
Ebb at station 1; flood at stations 2, 3, 4, and 5.
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Table 13
Most Probable Numbers of Coliform Organisms per cc in False Creek

Date Tide3
Station1"

10 11 12 13 14 15

1950
June 14..
June 22
June 28
July 6
July 11 .
July 17
July 22.
Aug. 2
Aug. 8.
AUg. 17 .
Aug. 24.
Sept. 5

E
£

E
E

F
E

70
70+
70+
70
70+
70+
70+
70+
70+
70+
70+
70+

24
70+
70+
70+
70+
70+
70+
70
13
70+
70+
70+

70
70+
70+
70+
70+
70+
70+

2

70+
70

1

70
6

70
13
70+
70+
70

6
1

70+
"6
0

13
70+
70

2
13
13
70+
5
1

24
6
0

6
24
70

0
1

70
70+
24

2
70+
6
2

Results of analyses are reported as most probable number (MPN) per cubic centimeter.
? State of tide indicated by: F-flood and E-ebb.

Locations of stations shown on Figure 23.
j Ebb at stations 10,11, and 12; slack at station 13; flood at stations 14 and 15.

Flood at station 10; slack at stations 11 and 12; ebb at stations 13 and 14 and 15.
* Ebb at stations 10, 11, and 12; flood at stations 13, 14, and 15.
1 Slack at station 10; ebb at stations 11, 12, 13, 14, and 15.
8 Ebb at station 10; slack at station 11; flood at stations 12, 13, 14, and 15.

of the adjoining waters. Float houses
and shanties, of which the exact reverse
is true, exist in several scattered
locations along the shores.

Present Pollution of Shores and Shore Waters

At present crude sewage is dis-
charged without treatment into ocean and
river waters of the Greater Vancouver
Area at nearly sixty known locations.
These locations are presented and dis-
cussed in detail in Chapter 10. Figure
23 has been prepared, however, to show
the general locations of certain sewage
outfalls with respect to beach and rec-
reational areas.

The extent of bacterial contamin-
ation of the shores and shore waters was
examined by the Vancouver and Districts
Joint Sewerage and Drainage Board in
1949 and 1950. Samples for bacteriolog-
ical testing were collected at each of
nine shore stations and six offshore
stations as shown on Figure 23. Shore
samples were collected onshore from
outfalls discharging crude sewage into
the waters of Burrard Inlet, English
Bay, False Creek and North Arm of
Fraser River. At each station samples
were obtained at knee depth in sterile
bottles a short distance on either side of

a point directly onshore from the out-
fall to evaluate the effect of near-shore
currents on spread of sewage from the
outfalls. Offshore samples were col-
lected from stations located on the
waters of False Creek and were obtained
in sterile bottles from beneath the water
surface.

The samples were tested for num-
bers of coliform group organisms pres-
ent. Laboratory testing was carried
out in the bacteriological laboratory of
the Greater Vancouver Water District.
Presumptive and confirmed tests for
coliform group organisms were per-
formed in duplicate in accordance with
"Standard Methods for the Examination
of Water and Sewage" published by the
American Public Health Association.
Tables 12 and 13 present the results of
these tests in terms of the most probable
number (MPN) of coliform organisms
per cubic centimeter. The stage of the
tide obtaining at collection of each
sample is also shown.

At present no official standards or
limits defining bacterial contamination
of bathing waters are in force within the
Province of British Columbia. A study
of standards in force in many of the
states of the United States shows that
they vary between wide limits in defining
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bacterial contamination. A comparison
of the results obtained during the above-
mentioned sampling program with sev-
eral standards or limits in force else-
where coupled with the fact that many of
the existing crude sewage outfalls are
located in or adjacent to important beach
and recreational areas leads to the con-
clusion that the problem of pollution is a
serious one, not only in English Bay, but

also in Vancouver Harbour and the North
Arm of Fraser River. It is probable
that, unless corrective measures are
taken to ensure the proper disposal of
the sewage, the degree of pollution will
increase as the volume of sewage flow
increases until large areas of the
beaches will no longer be safe for use.
Such a condition would be intolerable.



Chapter 7

Principles and Functions of
Sewerage and Sewage Treatment

Sewerage

Personal and public health and pri-
vate and public comfort require that
community wastes, both liquid and solid,
be promptly removed from all premises
and disposed of in some innocuous man-
ner. Because of its intrinsic character,
sanitary or domestic sewage requires
substantially instant removal from the
sources of its production with concurrent
transportation to some suitable and
acceptable place of disposal. There it
may or may not be treated, depending
upon local conditions. Storm waters
from streets, roofs and land surfaces
must be taken away practically as fast
as produced, for the obvious reason that
street surface storage in the modern
city is extremely limited. In congested
urban areas, therefore, public comfort
and convenience demand adequate storm
water inlets and storm drains, often
called storm sewers.

In the past it has been customary to
convey the sanitary or domestic sewage
and the storm waters of an area in a
single system of conduits called com-
bined sewers. The custom arose before
the possible necessity for treatment of
the sanitary or domestic sewage became
manifest. Such combined sewers were
commonly taken to the nearest points of
outfall in some body of receiving water,
regardless of the extent of pollution
which might thereby be engendered.
Modern hygienic standards will no longer
tolerate the fact or the extent of pollu-
tion frequently claused by such promis-
cuous discharges. Some form and
degree of treatment frequently has be-
come necessary to prevent possible
danger to public health and to avoid
nuisances due to odour and unsightliness .

The public demand for clean, un-
polluted environmental waters,especially
those used for recreational purposes,

argues strongly for the construction of
separate systems of conduits, one for
the collection and transportation of do-
mestic sewage, including industrial
wastes, and the other for the collection
and transportation of storm waters.
This separation of sanitary sewage from
the relatively unpolluted storm waters
allows for the effective and economical
treatment of the sewage.

Sewage Treatment Methods
Sewage treatment is undertaken for

the sole purpose of making disposal
practicable and sanitary. Two general
types or degrees of treatment, namely,
primary and secondary treatment, are
currently being utilized. Very fre-
quently, with adequate volumes of di-
luting or receiving water and under other
favourable conditions, either no treat-
ment is required or else primary treat-
ment alone is sufficient. Secondary treat-
ment methods seldom are used alone.
They are almost invariably preceded by
some form of primary treatment. Fi-
gure 24 shows diagrammatically the
types of sewage treatment generally in-
dicated for various methods or locations
of disposal.

The dilution of sewage in an adequate
volume of water containing a normal
amount of dissolved oxygen actually may
be regarded as a secondary process of
sewage treatment in itself although it
will not be discussed as such. As a
practical matter, and as later stated in
greater detail, the receiving body of
water must have adequate depth, a suf-
ficient velocity, and such isolation as
the particular conditions may require.

Primary treatment, fundamentally
a mechanical procedure, is aimed at the
removal of floating material, suspended
solids, grease or fats, and such amounts
of organic matter as are incidental to

50
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D I S P O S A L T O L A R G E B O D I E S O F W A T E R S U C H AS O C E A N , L A K E S , AND R I V E R S , W H I C H H A V E U N L I M I T E O
C A P A C I T Y FOR O X I D A T I O N A N D D I S P E R S I O N , BUT W H E R E R E M O V A L O F S E T T L E A B L E S O L I D S IS N E C E S S A R Y
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F O R P R O T E C T I O N O F P U B L I C H E A L T H .

Figure 24. Sewage Treatment Processes

Classification of sewage treatment processes is made on the basis of the degree of treatment. Minimum treatment
is provided in primary plants, while increasing degrees of treatment are afforded in secondary plants. Primary treatment
is used preliminary to secondary treatment or where disposal of the effluent is to be to receiving waters of capacity suf-
ficient to ensure no danger to beneficial uses of the waters. Secondary treatment is used where disposal of the effluent is
to be to receiving waters of limited capacity or onto land.

the process. Secondary or final treat-
ment, fundamentally biological in its
nature, attempts to oxidize the organic
residue of primary treatment.

As a safeguard to the public health
and to obviate nuisances due to odours,
chlorination of sewage effluents may be
practised prior to ultimate disposal.
Chlorination, . properly accomplished
under controlled conditions, is capable
of destroying most of the pathogenic
organisms contained in sewage. Disin-
fection may be employed alone in some
cases, but more commonly and ration-
ally as a supplement to primary or
secondary treatments.

Primary Treatment

Primary treatment processes are
used to prepare an effluent suitable to
undergo secondary treatment or to be
disposed of by dilution. If secondary
treatment is to be employed, the design
as a whole should recognize the proper
function and capacity of both primary and
secondary features of the plant. If the
primary effluent is to be disposed of by
dilution, the capacity of the diluting
water to receive the effluent controls
the design of the plant.

Primary treatment usually provides
the following functions:
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(1) Removal of grit or sandy mate r ia l .
(2) Removal or macerat ion of large

floating mate r ia l .
(3) Removal of part of the solids by

sedimentation or quiescent subsi-
dence.

P r i m a r y t rea tment plants may be
classified according to the length of time
provided for settl ing. High-rate p r imary
plants usually provide one hour or less
of sedimentation, depending on the final
disposal of the effluent. Removal of
pract ical ly all floating mater ia l and
about 50 percent of the suspended solids
is usually accomplished.

the finely divided suspended solids. Aera-
tion also increases the extent of grease
or fat removal .

An incomplete but simple p r imary
treatment process of low cost consists
of passing the sewage through screens
or bar racks with relatively small open-
ings. This procedure is aimed at the r e -
moval of the la rger solids which would
float if the sewage were discharged di-
rectly into a receiving body of water .
This t rea tment process has as its pr in-
cipal objective the prevention of visual
evidence of sewage in the receiving body
of water .
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Figure 25. Primary Type Sewage Treatment Plant

This plant provides for primary treatment of sewage prior to disposal by dilution. Plant units include: (1) grit cham-
bers at right centre; (2) sedimentation tanks at upper right; (3) separate sludge digestion tanks at lower left; (4) control
and administration buildings at right foreground.

Standard-rate primary plants usual-
ly provide two hours of sedimentation.
In addition to the floating material, they
remove practically all of the settleable
solids and up to 70 percent of the sus-
pended solids. This treatment normally
reduces both the total oxidizable ma-
terial and the fats about 35 percent. Fre-
quently, prior to sedimentation, the sew-
age is aerated to restore its oxygen, to
remove inorganic grit, and to coagulate

Secondary Treatment

Secondary treatment processes pro-
vide for the biologic oxidation of organic
material not removed by primary treat-
ment. Such treatment generally is re-
quired for land disposal or for disposal
to bodies of water of otherwise inade-
quate receiving capacity. After primary
treatment to remove floating and settle-
able solids, the organic material remain-
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ing in the sewage is in a dissolved, col-
loidal or finely suspended state . Through
an appropriate type of secondary treat-
ment, this organic matter is oxidized
partially or completely prior to dis-
charge. The combination of primary and
secondary treatment to produce a stable,
relatively clear effluent is termed "com-
plete" treatment.

Secondary treatment is usually ac-
complished by one of the three following
methods:

(1) Trickling filtration.
(2) Activated sludge process.
(3) Oxidation ponds.

Trickling filtration involves spread-

ing the sewage, after it has undergone
primary treatment, over a bed of coarse
rock. It then trickles slowly through the
rock bed. Oxidation is achieved by nu-
merous plant and animal organisms
which form a film on the surfaces of the
rocks. The organic matter in the sewage
is utilized as a food material by these
organisms. The effluent from a properly
working trickling filter contains con-
siderable suspended material in a well
nitrified and flocculated condition. This
material usually is removed from the
sewage in a secondary sedimentation
tank which commonly provides a two-
hour settling period. Trickling filters

• ' • - . • * t * . - .
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Courtesy City of Santa Rosa, California

Figure 26. Complete Type Sewage Treatment Plant

This plant provides for complete treatment of sewage by sedimentation, high-rate trickling filters and oxidation
ponds prior to disposal to a creek of limited receiving capacity. Plant units include: (1) primary sedimentation tanks at
lower left; (2) trickling filters at lower right; (3) secondary sedimentation tanks at left centre; (4) oxidation ponds at
left and top; (5) separate sludge digestion tanks at centre; (6) sludge drying beds at right centre; and (7) control building
at bottom centre.
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are generally classified either as high-
rate or as standard-rate units, depend-
ing upon the rate per unit of filter media
at which sewage is applied to them.
High-rate trickling filters remove 70-80
percent of the oxidizable material con-
tained in the sewage, while standard-rate
units may remove 7 5-90 percent.

The activated sludge process pro-
vides for the oxidation of organic matter
in sewage by bringing the sewage in con-
tact with oxygen and with biologically
active sludge which has been produced
by the process. Effluent from primary
sedimentation units is introduced Into
aeration tanks, together with so-called
"activated" sludge returned from final
settling tanks. Oxygen is supplied by air
blown through diffusers commonly placed
along one side of the aeration tank. The
activated sludge contains great numbers

-of biologic organisms which consume
or otherwise destroy the organic matter
in the sewage as the mixture is being
agitated by the air. For sewage of nor-
mal strength, detention time in the
aeration tanks ranging from six to eight
hours is commonly required for reason-
ably complete oxidation of the organics.
A secondary settling period of about two
hours is required to remove the sludge
from the aerated mixed sewage and
sludge. A portion of the sludge so re-
moved is returned to the effluent from
the primary tanks at the inlet of the
aeration tank. Effluent from the final
settling process is normally clear and
of fair bacteriological quality. Ninety
percent or more of the total oxidizable
organic material originally contained in
the sewage is removed by this process.

The third method of accomplishing
secondary treatment is by means of
oxidation ponds. This method is the
least expensive secondary treatment
process known. It is, however, strictly
subject to the limitations of available
land, temperatures, and sunlight. In
accordance with the best practice, after
undergoing primary treatment, the sew-
age is introduced into large open ponds
with a detention time of about 20 days.
During this time the oxidizable organic
material is utilized by algae and other
biologic forms which exist and thrive in

the ponds. The normal effluent from
oxidation ponds is of greenish hue due to
chlorophyll-bearing organisms, but is
otherwise fairly clear. It has a lower
content of coliform bacteria than does
the unchlorinated effluent from any other
known method of sewage treatment.

Sludge Handling and Disposal

The solids, both floatable and
settleable, which are separated from
sewage during treatment processes are
known as sludge. Sludge is commonly
collected by mechanical scrapers from
the sedimentation tank bottom and by
skimmers from the surface and is gene-
rally transferredto holding tanks. These
structures, known as sludge digestion
tanks or digesters, are partof the facili-
ties of nearly all modern sewage treat-
ment plants. They are reasonably gas
tight tanks from which air is excluded.
In these tanks complex changes occur in
the putrescibie elements of the sludge
due to biologic action. This results in
production of combustible gas and a sta-
ble non-putrescible residue termed "di-
gested" sludge", which, when dry, is
humus-like and resembles peat. The
process of digestion is greatly accelera-
ted by heat and the optimum biological
activity occurs at a temperature of about
95 F. Digested sludge may be used as a
fertilizer base, as land fill, or, in cases
where satisfactory disposal conditions
exist, it can be returned in liquid form
to the plant effluent for discharge there-
with into the receiving body of water.

Separate sludge digestion is the
most common method for handling
sludge, although under certain special
conditions other means may be prac-
tical.

Sewage Disposal by Dilution

Satisfactory disposal of sewage by
dilution requires complete knowledge of
the receiving capacity of the body of
water. Proper disposal to the ocean or
tidal waters demands a knowledge of
currents, tides, mass water movements,
temperature structure, and other factors
which are known to affect the dilution
and dispersion of sewage. Taken together
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Courtesy City of San Francisco, California

Figure 27. Sewage Treatment Plant in a Famous Park

This plant is located in Golden Gate Park in San Francisco, California. The plant units are completely enclosed to
prevent possible nuisances from odour or unsightliness. The landscaping and architecture are such that the plant blends
into the surrounding park and most park visitors are unaware of the plant's existence.

these factors define the receiving ca-
pacity of the waters at any given point.
They can fix the proper location of an
outfall site and the distance and depth to
which sewage must be conveyed into
such waters before final discharge. In
some locations, it is often feasible to
discharge sewage without treatment
because currents and dispersion are
such as to preclude the return of sew-
age to shore in any detectable form. In
most cases, however, it is necessary to
provide some type of treatment which
will at least remove readily settleable
and floating material such as large
solids, oil and grease which would
either form objectionable deposits or
float on the surface and possibly return
to shore. Only under unfavourable cir-
cumstances is it necessary to provide
for a more comprehensive type of treat-
ment prior to discharge into ocean or
tidal waters.

Satisfactory disposal in bodies of
water such as streams, rivers and
lakes requires that a detailed study be
made of their available oxygen resources .
If the amount of dilution water and of
utilizable dissolved oxygen are insuf-
ficient, treatment may be required not
only to reduce the suspended solids but
also to reduce the organic load imposed
by the sewage. The degree of treatment

will be determined by the receiving
capacity of the body of water as above
defined. The necessity to protect the
body of water against degradation which
would affect its other uses must be re-
cognized. These uses may include water
supply, shipping, fishing, boating, swim-
ming, and other forms of recreation.
The use to which downstream portions of
a river are put must always be consider-
ed, since waste discharged from a given
point may constitute a source of pollu-
tion or contamination to some down-
stream community. Under exceptionally
favourable conditions, public health and
aesthetic requirements may be satisfied
with no treatment of the sewage prior to
discharge.

Sewage Disposal on Land

Sewage may be discharged onto the
ground as in irrigation, intermittent
sand filtration, or spreading on porous
areas where it may ultimately find its
way to ground water, into stream beds,
or evaporate. Such methods of disposal
commonly require a higher degree of
treatment to remove organic, putres-
cible material prior to discharge than
is required where disposal by dilution
may properly be employed.
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Benefits Accruing from Sewerage and Sewage
Disposal

Public Health. A moment's thought will
give convincing evidence of the incalcu-
lable value of modern sewerage and the
sanitary disposal of the collected sew-
age and industrial wastes. A lack of
sewerage has contributed to the unsani-
tary conditions of the past in nearly
every urban community. Those condi-
tions denoted filthy surroundings, noi-
some odours, and diseases such as bu-
bonic plague, cholera, typhoid fever and
dysentery.

Good sewerage and sanitary sewage
disposal signify the very reverse of the
conditions just referred to. They help
make possible the modern, clean, health-
ful city. Their benefits are expressed
not only in terms of pleasant living and
a high standard of public health, but also
in terms of an otherwise impossible
economic status of the citizens of a
community so served. The history of
civilization attests to the supreme signi-
ficance of the sanitary collection and
disposal of the wastes of a community.

It is obvious, therefore, that the
most important single benefit which may
be attributed to proper and adequate
sewage treatment is the abatement of
the disease potential. By appropriate
treatment and disposal methods, tidal
waters and their shores, and bodies of
fresh water, such as rivers and lakes
and their shores, can be made safe for
public use. This may be accomplished
by suitable treatment of the sewage prior
to its discharge, or by removing exist-
ing discharges to locations where fa-
vourable currents and volumes of dilu-
tion water are available.

Aesthetic. Improper disposal of sew-
age may be offensive, both to eye and
nose. It is sometimes considered by the
public to be an aesthetic nuisance in de-
gree much greater than is warranted by
its actual menace to health. The impor-
tance of the problems created by sew-
age and its disposal is now so generally
well recognized by the public that the
need for proper treatment and disposal
is almost universally conceded. The
aesthetic value of clean shores and shore

waters cannot be directly assessed on a
dollars and cents basis but is of im-
measurable value to any community.

Economic. Sewage can be regarded as
an economic liability to the community
producing it. While it is true that there
are recoverable constituents of some va-
lue in sewage,the process of recovery
is generally more costly than the value
of the recoverable substances. When
sewage must be treated, however, some
of the cost may be defrayed by recovery
and sale of certain utilizable by-products.
These include: water for irrigation,
for cooling in steam power generating
plants, and for other industrial uses;
sludge to be used as a fertilizer and soil
conditioner or burned for its fuel value;
and combustible gas resulting from
sludge digestion, used as a source of
heat or of power in internal combustion
engines. Because, in the Greater Van-
couver Area, there is a great amount of
public interest and some prevalent mis-
conceptions as to the value of substances
which might be reclaimed from sewage,
each of the above-mentioned economic
benefits will be discussed in detail as it
relates to the area under consideration
in this report.

Salvage of Values from Sewage in the Greater
Vancouver Area

Sewage in General. From the very be-
ginning of modern sewerage it has been
a dream of many to find some way to
utilize the imagined values in the sewage
in some fashion which would pay large
dividends. Such a possibility does not
yet exist. Sewage is extremely dilute,
and whatever mineral or other substan-
ces are dissolved or conveyed therein
are extremely tenuous. About the best
that can be done is to treat the sewage
to the extent that the liquid portion may
be safely and satisfactorily used in irri-
gation or industry, if needed, or for
supplementing ground water resources
through spreading and infiltration. By-
products of sewage treatment such as
sewage sludge and combustible gas from
sludge digestion may help to reduce the
cost of operation.
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Water. Water reclaimed from sewage
is accepted and used in many places to
augment natural supplies for irrigation
and to furnish a supply for various in-
dustrial uses. These uses obviously can
logically obtain only in areas where na-
tural water supplies are either insuffi-
cient to meet the demand or are costly
in comparison with water reclaimed from
sewage. The cost of reclaiming water
from sewage depends upon the degree of
additional treatment required to produce
usable water from a sewage effluent sui-
ted to the conditions of disposal locally
prevailing. Thus, if only primary treat-
ment prior to disposal by dilution were
required under local conditions, the cost
of reclaiming water would be relatively
high, since considerable additional treat-
ment would be required to make the wa-
ter suitable for most uses.

Abundant natural water supplies
suitable for all purposes are available
in the Greater Vancouver Area. The
quantity and frequency of yearly rain-
fall is sufficient for most agricultural
purposes and may be readily supplemen-
ted by river waters. The abundance of
the natural water resources of the area
makes it perfectly obvious that water re-
claimed from sewage would have no value
commensurate with its cost of produc-
tion. Little if any water is employed
for irrigation on crops, and the require-
ments of local industry are readily met
from other less expensive sources. In-
dustry certainly does not require water
reclaimed from sewage. Therefore, re-
clamation of water from sewage is not
considered to be economically feasible
or justifiable in the Greater Vancouver
Area,

Combustible Gas. Gas produced in the
process of digestion maybe put to bene-
ficial use in any of the ways that other
natural or artificial gaseous hydrocar-
bon fuels are utilized. Substantially all
modern sewage treatment plants can
make excellent use of such gas for
maintaining temperatures for optimum
biological activity in sludge digestion
tanks, for developing power to operate
plant equipment, for incinerating heavy
bulky materials separated from the sew-
age entering the plant, or for drying

sewage sludge.
Sludge gas is produced in the anae-

robic decomposition of organic material
by bacteria and other organisms during
the sludge digestion process. Approxi-
mately 18.5 cubic feet of gas with a ca-
loric value of 650 BTU per cubic foot
are produced from one pound of organic
material. From the known character of
sewage in the Greater Vancouver Area
it may be anticipated that the daily sludge
contribution from 17 persons will pro-
duce 17 cubic feet of gas which will equal
the heat and power value of one horse-
power-hour. Gas not utilized in the
operation of a sewage treatment plant
generally is burned in a waste gas bur-
ner as a matter of safety and to elimin-
ate any possible odour nuisance.

It is well recognized that, in sewage
treatment plants processing the sewage
flow from a combined sewerage system,
there are times when the sewage is so
diluted with storm water as to yield lit-
tle of the organic matter which is re-
quired by the organisms accomplishing
digestion. Therefore, during periods of
prolonged flow of sanitary sewage dilu-
ted with storm water,the gas production
will drop off. To provide for such
occurrences it is necessary to have gas
storage capacity or a stand-by supply.
A portion of the gas produced during
normal plant operation may be stored for
use at the times of low gas production.

A consideration of all of the factors
involved in the use of sludge gas indi-
cates that it should be utilized to the
greatest extent possible in the Greater
Vancouver Area to obtain power for use
in sewage treatment plants. Such utili-
zation would effect, in most instances, a
considerable saving in plant operation
costs.

Sludge. Many factors affect the
economic utilization of digested sewage
sludge and may make its use for bene-
ficial purposes so expensive as to fail to
justify its preparation in a usable form.
In such a case, the least expensive means
of safe, final disposal of the innocuous
digested sludge may be the most appro-
priate.

Perfectly dry sludge may contain
50 percent of organic matter, of which
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from one to two percent is organic nitro-
gen, and very small percentages are pot-
ash and phosphoric acid. These chemi-
cal constituents and the remaining or-
ganic solid material make digested
sludge an excellent soil builder. The
addition of various chemicals inappro-
priate amounts may bring the concentra-
tion of the nitrogen and other constituents
up to those furnished in commercial
fertilizers. When the digested sludge is
removed from digestion tanks, it is in
suspension in water and commonly re-
presents about six percent of the total
liquid volume on a dry basis. In liquid
form the sludge is of quite limited use-
fulness. Until the liquid content is so re-
duced as to permit easy application of
the sludge to the soil in much the same
manner as manure, the difficulties of
transportation and handling are usually
so great as to render its use uneconomi-
cal and impracticable.

In a few locations liquid sludge is
hauled by tank trucks directly from di-
gestion tanks and applied to the soil. If
the efficiency of such an operation is
measured in terms of revenue or econo-
my, it will be found of little value. In
fact, it may become a liability to the
sewerage authority because the sludge
as taken from the digestion tanks com-
monly contains, as noted above, but six
percent of dry solids. Thus it would be
necessary to haul some 8,000 pounds of
wet sludge in order to make use of 500
pounds of dry solids.

One of the most commonly accepted
and efficient, and certainly the least ex-
pensive, methods of separating the diges-
ted sludge solids from the liquid is to
spread the mixture upon permeable sand
beds. A portion of the liquid will drain
through the sand and will be carried
away, while the remainder will evapo-
rate. The dry or damp sludge solids be-
come spadable and can then be removed

for use. Such a method is not readily
applicable to conditions in the Greater
Vancouver Area because the frequency
of rainfall and low temperatures obtain-
ing during the winter months would make
drying in the open practically impos-
sible. Therefore, if complete or fairly
complete drying is to be achieved, it
must be done by means involving me-
chanical filtration and heat drying or on
glass covered beds similar to green-
houses in construction. These require-
ments have been found to render the re-
clamation of solids so expensive as to
make the whole operation uneconomical.

As the urbanization of the Greater
Vancouver Ar.ea increases,the locations
where large scale use can be made of
digested sewage sludge will become
fewer and more distant. Depending upon
distance, nature of the separation me-
thod, type of soil, and quantity of sludge
applied to the soil, it is estimated that
under the most favourable conditions the
cost would amount to between $Z5 and
$40 per acre per year to transport and
apply sludge to land. It is quite doubtful
that agricultural land in the area under
consideration, particularly that which
presently has little soil depth and rela-
tively low fertility and water retaining
characteristics, can afford this cost.

The present outlook for the utiliza-
tion of digested sewage sludge as a fer-
tilizer or soil conditioner in the Greater
Vancouver Area is not favourable. It
must be noted, however, that three fac-
tors not presently assessable may in the
future make such utilization desirable;
These are: (l) advances in the methods
now used for sludge drying; (2) the de-
cision by a public authority that soil
building with sewage sludge is eligible
for public subsidy; and (3) development
of new uses for digested sludge or par-
tially digested sludge, for example, in
the composting of organic material con-
tained in garbage and other city refuse.



Chapter 8

Division into Sewerage Areas

Necessity for Creating Sewerage Areas

In planning for the sewerage and
drainage of a large area, one of the
basic requirements is the division of
that area into a number of more or less
independent areas. This division is
dictated by certain controlling conditions,
among which are: geography; topog-
raphy; economy; past, present and fu-
ture populations; political boundaries;
present and future land use; and spe-
cific sewerage requirements. Because
sewerage planning is more logically
based on economic rather than upon po-
litical considerations, the subdivision
should be based largely on topographic
or geographic rather than on political
boundaries.

As discussed in Chapters 2 and 3,
there are three naturally distinct geo-
graphic and topographic sections in the
Greater Vancouver Area, namely: the
North Shore Section, the Burrard Penin-
sula Section, and the Richmond Section.
To study the present and predicted fu-
ture development of the sections and to
permit the layout of sewage collection,
treatment and disposal facilities, each
of the three sections has been further
subdivided into a number of smaller
areas designated "sewerage areas".
Figure 28 shows the locations and bound-
aries of the three sections and of the
several sewerage areas.

In general, planning for storm drain-
age facilities requires a further sub-
division into individual drainage areas,
each of which is tributary to a body of
water suitable for disposal of storm
waters. Each of the sewerage areas
described hereinafter contains one or
more natural watercourses or drainage
ways which may be utilized for storm
drainage purposes. The boundaries of
the areas established for sanitary sew-
erage purposes are not necessarily

coincident with drainage area bound-
aries. For example, storm water of a
portion of the City of Vancouver drains
eastward through Still Creek and Burn-
aby Lake while the sanitary sewage col-
lection system drains westward to the
existing Clark Drive trunk sewer.

North Shore Section

The North Shore Section includes
the City of North Vancouver and the
Municipalities of North Vancouver and
West Vancouver. The section had a cen-
sus population of 44,200 in 1951 and its
total land area is 63,080 acres.

Figure 28 shows the locations and
boundaries of the three sewerage areas
into which the North Shore Section is
divided. Table 14 gives the areas and
1951 populations of each community con-
tained within the three sewerage areas
of the North Shore Section.

Point Atkinson Sewerage Area - North Shore
Section. The Point Atkinson Sewerage
Area has a land area of 9,350 acres and
an estimated 1951 population of 2,400.

A portion of the Municipality of
West Vancouver comprises the entire
area of the Point Atkinson Sewerage
Area. Major development in the area to
date has largely been confined to the
settlements of Horseshoe Bay, Whytecliff
and Caulfield along the shore line and the
lower slopes of the Coast Range. There
are as yet no public sewerage facilities
in the area.

The area contains numerous small
creeks, including Nelson and Cypress,
discharging directly into the waters of
Burrard Inlet. These small drainage
ways can be utilized effectively in the
construction of gravity collection sewers
to convey the sewage of the respective
areas toward shore and, properly main-
tained, can be used as major storm
drainage channels.

59
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Table 14

Estimated Areas and 1951 Populations of Communities
in Sewerage Areas of North Shore Section

Community

Cities:
North Vancouver

Municipalities:
North Vancouver
West Vancouver

Total

Point Atkinson

Area,
acres

9,350

9,350

Populationa

1951

2; 400

2,400

Capilano

Area,
acres

2,710

14, 290
12,180

29,180

Population*
1951

15,700

11,500
11,600

38,800

Seymour

Area,
acres

24,550

24,550

Populationa

1951

3,000

3,000

Location of sewerage areas shown on Figure 28.
Populations determined from 1951 census enumeration district data.

Capilano Sewerage Area - North Shore Section.
The Capilano Sewerage Area has a land
area of 29,180 acres and an estimated
1951 population of 38,800.

Portions of the Municipalities of
West and North Vancouver and all of the
City of North Vancouver are in the sew-
erage area. Present development is
along the shore and on the lower slopes
of the mountains. The existing sewerage
facilities within the area include four
sanitary sewage outfalls in the City of
North Vancouver, owned and maintained
by the city. Numerous industries
located along the waterfront discharge

r • ^ ~ ~ _ ^
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Courtesy Photographic Surveys (Western) Limited

Figure 29. Portion of North Shore Section
The North Shore Section has an area of 63, 080 acres

and in 1951 had a population of 44, 200. Present develop-
ment is in the Capilano Sewerage Area shown in the
photograph.

wastes into the waters of Burrard Inlet
east of Capilano River.

In addition to the lower reaches of
the Capilano River Valley, the area con-
tains a number of small drainage basins
which are tributary to Burrard Inlet.
Construction of gravity collection
sewers may be accomplished by follow-
ing these natural lines of drainage to-
ward shore. Improvement and main-
tenance of these watercourses will
enable them to be used for storm water
drainage channels.

Seymour Sewerage Area - North Shore Section.
The Seymour Sewerage Area has a land
area of 24,550 acres and an estimated
1951 population of 3,000.

The area is occupied entirely by a
portion of the Municipality of North Van-
couver. Residential and industrial de-
velopment is confined to the shores of
Burrard Inlet and the lower slopes of
the Coast Range and includes the settle-
ments of Dollarton and Deep Cove.
There are as yet no public sewerage fa-
cilities in the area.

The western portion of the area is
drained by Lynn and Seymour Rivers
while the remainder is drained by a
number of small creeks discharging into
Burrard Inlet and Indian Arm of Burrard
Inlet. The construction of gravity
collection sewers may be accomplished
by following these natural lines of drain-
age toward shore. These rivers and
creeks also may be utilized as storm
drainage channels.
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Burrard Peninsula Section

The Burrard Peninsula Section in-
cludes all of the Cities of Vancouver,
Port Moody and Port Coquitlam, the
Municipalities of Burnaby, Coquitlam
and Fraser Mills, the unorganized com-
munities of District Lot 172, the Uni-
versity Endowment Lands and the Uni-
versity of British Columbia, and the
major portion of the City of New West-
minster. The section had an estimated
population of 454,900 in 1951 and its
total land area is 94,810 acres.

Figure 28 shows the locations and
boundaries of the three sewerage areas
into which the section is divided. Table
15 gives the areas and estimated 1951
populations of each community contained
within the three sewerage areas of the
Burrard Peninsula Section.

Vancouver Sewerage Area - Burrard Peninsula
Section. The Vancouver Sewerage Area,
constituting the western portion of Bur-

rard Peninsula Section, has a land area
of 31,760 acres and an estimated 1951
population of 357,800. The City of Van-
couver comprises the major part of the
area. Also in the area are the Univer-
sity Endowment Lands, the University of
British Columbia and a small portion of
the Municipality of Burnaby.

The Vancouver Sewerage Area is
almost completely sewered. Sewerage
facilities are provided by the Vancouver
and Districts Joint Sewerage and Drain-
age Board and by each of the commu-
nities. Combined sewage, containing
both sanitary sewage and storm water,
and storm water alone are discharged
through approximately 40 outfalls and
storm water overflows into the shore
waters bordering the area.

The area is divided into a northern
and a southern section by a ridge running
laterally along the approximate centre of
Burrard Peninsula. The natural slope
is' towards the north on one side of the

Courtesy Aero Surveys Limited

Figure 30. Portion of Vancouver Sewerage Area - Burrard Peninsula Section

The Vancouver Sewerage Area has an area of 31,760 acres and in 1951 had a population of 357, 800. Included in
the area are the University of British Columbia and University Endowment Lands shown in the foreground, as well as the
major portion of the City of Vancouver shown in the background.
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Table 15
Estimated Areas and 1951 Populations of Communities

in Sewerage Areas of Burrard Peninsula Section

Community

Cities:
New Westminster
Port Coquitlam
Port Moody
Vancouver

Municipalities:
Burnaby
Coquitlam
Fraser Mills

Unorganized:
District Lot 172
University of
British Columbia

University
Endowment Lands

Total

Vancouver

Area,
acres

26,510

2,010

550

2,690

31,760

Population3

1951

342,100

13,600

b

2,100

357, 800

Fraser

Area,
acres

2,650

580
1,450

19,690
3,790

390

160

28,710

Population8

1951

26,600

200
2,700

44,800
9,300

400

1,500

85, 500

Coquitlam

Area,
acres

6,700
2,400

25, 240

-

34, 340

Population8

1951

3,200
2,000

6,400

-

11,600

Location of sewerage areas shown on Figure 28.

* Populations determined from 1951 census enumeration district data.
b Non-resident daytime population estimated to be 6,000 in 1951.

peninsula and the south on the other.
This characteristic has been utilized in
the construction of the present collection
systems, which convey sewage and
storm water northward and southward
toward the shores and to final disposal
by dilution without treatment.

Fraser Sewerage Area - Burrard Peninsula
Section. The Fraser Sewerage Area has a
land area of 28,710 acres and an esti-
mated 1951 population of 85,500.

The Municipality of Fraser Mills,
the unorganized community of District
Lot 17Z, the major portion of the Muni-
cipality of Burnaby, a portion of the Mu-
nicipality of Coquitlam, the major portion
of the City of New Westminster, and a
small portion of the southeast corner of
the City of Vancouver are included within
the area. Sewerage facilities, where
they exist in the area, are provided by
the City of New Westminster, the Mu-
nicipality of Burnaby, the Municipality
of Fraser Mills, and the Vancouver and
Districts Joint Sewerage and Drainage .
Board. Sewage and storm water are
presently discharged to the Fraser River
through about thirteen outfalls in New

Westminster and one in Fraser Mills and
to Burrard Inlet through three outfalls
in the northern portion of Burnaby. A
considerable portion of the area is pres-
ently relying upon individual septic tanks
for sewage disposal.

The northern portion of the area
drains into Burrard Inlet, the central
portion drains into the main channel of
Fraser River through Still Creek,
Burnaby Lake and Brunette River, and
the southern portion drains into the
North Arm of Fraser River. Construc-
tion of collection facilities for sewage
and storm water may continue to make
use of these lines of natural drainage.

Coquitlam Sewerage Area - Burrard Peninsula
Section. The Coquitlam Sewerage Area
has a land area of 34,340 acres and an
estimated 1951 population of 11,600.

The City of Port Coquitlam and the
major portions of the City of Port
Moody and the Municipality of Coquitlam
are in the sewerage area. There are as
yet no public sewerage facilities in the
area.

The area is traversed by a number
of creeks and by Coquitlam River. The
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Courtesy Aero Surveys Limited

Figure 31. Portion of Froser Sewerage A r e a - Burrard Peninsula Section

In the foreground are Burnaby Lake and Brunette River in the Fraser Sewerage Area The area contains 28,710
acres and in 1951 had a population of 85, 500. Industrial and residential expansion is taking place in the area.

courses of these waterways offer pos-
sible routes for sewers to convey the
sewage of the area to a suitable point
final disposal. The watercourses them-
selves may be utilized as storm drain-
age channels.

Richmond Section

The Richmond Section is located
between the North Arm and the main
channel of Fraser River and contains
Lulu and Sea Islands on which are
the Municipality of Richmond and a por-
tion of the City of New Westminster.
The section had an estimated population

of 21,200 in 1951 and its total land area
is 29,730 acres.

Figure 28 shows the locations and
boundaries of the two sewerage areas
into which the Richmond Section is di-
vided. Table 16 gives the areas and es-
timated 1951 populations of each com-
munity contained within the two sewerage
areas of the Richmond Section.

Lulu Island Sewerage Area-Richmond Section.
The Lulu Island Sewerage Area has a
land area of 26,230 acres and an esti-
mated 1951 population of 19,000.

The area contains a portion of the
Municipality of Richmond and, on the
eastern end, the settlement of Queens-
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Table 16
Estimated Areas and 1951 Populations of Communities

in Sewerage Areas of Richmond Section

Community

Cities:
New Westminster

Municipalities:
Richmond

Total

Lulu Island

Area,
acres

730

25, 500

26,230

Population*
1951

2,000

17, 000

19,000

Sea Island

Area,
acres

3,500

3,500

Population*
1951

2,200

2,200

Location of sewerage areas shown on Figure 28.
a Populations determined from 1951 census enumeration district data.

borough, a portion of the City of New
Westminster. There are no public sew-
erage facilities in the area.

Lulu Island is completely surrounded
by dykes to prevent flooding. Numerous
drainage ditches convey storm and
ground water and diluted septic tank
effluent to the borders of the island
where, in most cases, pumps lift the
water into Fraser River and its North
and Middle Arms. Soil and ground
water conditions, combined with extreme
flatness, render the provision of sewer-
age and drainage facilities in the area
both difficult and expensive.

Courtesy Photographic Surveys (Western) Limited

Figure 32. Portion of Richmond Section

Lulu and Sea Islands in the Fraser River delta comprise
the Richmond Section. The section has an area of 29, 730
acres and in 1951 had a population of 21,200. Although
the section is predominately agricultural at present,
industrial and residential developments are taking place at
an increasing rate, Vancouver International Airport is
situated on Sea Island .

Sea Island Sewerage Area - Richmond Section.
The Sea Island Sewerage Area has a
total land area of 3,500 acres and an
estimated 1951 population of 2,200.

The area contains Iona, Mitchell
and Sea Islands, all of which are in the
Municipality of Richmond. The existing
sewerage facilities in the area include
three sanitary sewer outfalls serving
the Vancouver International Airport and
nearby residential developments on Sea
Island. The outfalls discharge into the
Middle Arm of Fraser River.

The area is flat and is dyked to
prevent flooding. Numerous drainage
ditches traverse it. Soil conditions and
lack of appreciable natural slope com-
bine to make sewerage and drainage ex-
pensive.

Comparison with Existing Sewerage and Drainage
Board Area

The area now served by the
Vancouver and Districts Joint Sewerage
and Drainage Board, as prescribed by
legislative enactments, falls entirely
within the Burrard Peninsula Section
and includes the City of Vancouver, the
Municipality of Burnaby and a portion of
the City of New Westminster. The area
within the jurisdiction of this body is
50,200 acres. The facilities owned and
operated by the Vancouver and Districts
Joint Sewerage and Drainage Board are
discussed in detail in Chapter 10.
Briefly, they include trunk and inter-
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cepting sewers and outfalls into Burrard and Districts Joint Sewerage and Drain-
Inlet and Fraser River. age Board in addition to the boundaries

Figure 28 also shows the presently of the three major sewerage sections
prescribed boundaries of the Vancouver and those of the various sewerage areas.



Chapter 9

Population

Importance of Population Studies
Proper and competent planning for

the comprehensive sewerage of any area,
great or small, must include a thorough
study of the past and probable future
population development. The reason for
this lies in the fact that the quantity of
sanitary sewage is directly related to
the population distribution and extent.
The rate of flow and total volume of sew-
age determine the required capacities
and sizes of sewers, pumping plants and
treatment works. The dates and places
when and where such facilities shall need
to be provided can only be determined by
a forecast of population growth and dis-
tribution. The ultimate success of any
local or general program of sewerage is
therefore dependent upon the accuracy
of the population prediction. To make
such predictions, an inventory of all
controlling factors must be made and
these factors properly evaluated.

Indices of Growth

The factors involved in the predic-
tion of the future population of the Grea-
ter Vancouver Area are many and varied.
Among the most significant are:

1. General population trends and
movements.

2. Average population age and ex-
cess of births over deaths.

3. Climatic conditions.
4. Transportation facilities: ships,

railroads, highways, air.
5. Availability and cost of water.
6. Industrial and/or commercial

opportunities.
7. Extent and degree of environ-

mental sanitation.
8. Educational, recreational, and

social facilities.
9. Housing conditions.

10. Area suitable for increased re-
sidential and industrial expansion.

Each of these factors must be
evaluated with a knowledge of past and
present conditions. Their future in-
fluence can only be appraised through
past experience. Some factors can well
cause unpredictable future changes. For
these and other reasons, the best of
population predictions must be regarded
as tentative and suggestive rather than
exact.

The great movement of population
from east to west which has been noted
during the development of western North
America is illustrated by comparison of
the populations of British Columbia and
Canada as a whole:

1871 1911 1951
British Columbia 36,000 392,000 1,153,000
Canada 3,689,000 7,207,000 13,893,000

In 1871 less than one percent of the
population of Canada resided in British
Columbia while by 1951 this proportion
had increasedto over eight percent. Also
to be noted from these census figures is
the fact that while the total population of
Canada increased almost four times, the
population of British Columbia increased
over 32 times during the period 1871-
1951. The rate of growth of the Greater
Vancouver Area has been greater than
that of other areas in British Columbia.
In 1911 the population of this area re-
presented 7 5 percent of the total urban
population and 39 percent of the total
provincial population, while in 1941 these
figures were 85 percent and 46 percent,
respectively. Between 1941 and 1951 the
rates of growth of the province and of
the Greater Vancouver Area were ap-
proximately the same, the 1951 popula-
tion of the latter area being 45 percent
of the former.

The nature of population development
within the province has undergone a com-
plete change from one predominantly
rural in 1871, when 90 percent of the
population lived in farming areas, to one

67



68 GREATER VANCOUVER SEWERAGE AND DRAINAGE SURVEY

of urban character in 1941, when 54 per-
cent of the population lived in cities.

A marked increase in the proportion
of births to deaths has been noted in
Canada for many years, as shown by the
following tabulation:

1926 1950
Births 233,000 371,000
Deaths i07, 000 124,000
Excess, Births over Deaths 126,000 247,000
Percent Excess, Births over Deaths 54 " 66

In 1926 the ratio of births to deaths
was about 2.2 to 1, while in 1950 this ra-
tio was about 3.0 to 1. Similar statistics
for British Columbia for 1950 indicate
27,000 births and 12,000 deaths or a ra-
tio of 2.3 to 1. To some extent this lower
ratio for British Columbia may be attri-
buted to the fact that many elderly re-
tired people have settled in the province,
particularly in its southwest portion.

The general climatic conditions of
the Greater Vancouver Area are dis-
cussed in Chapter 4 of this report. The
equable climate of the area is an impor-
tant factor tending to increase population
development.

As discussed in Chapter 2 of this
report, the Greater Vancouver Area is
the land, air, and sea transportation
centre of western Canada. Trade with
other countries to the south, west and
north originates in the area. As in-
creased industrial and commercial ac-
tivity occurs, there is every reason to
believe that transportation facilities will
be expanded and augmented.

The development of the Greater Van-
couver Area will not be restricted by
shortage of water supply since almost
unlimited quantities can be made avail-
able from the Coast Range to the north.

As the interior of British Columbia
and western Canada become more highly
developed, industry and commerce with-
in the Greater Vancouver Area will ex-
pand correspondingly and new industries
utilizing new sources of raw materials
will come into existence. An example of
this is presently being exhibited as the
Trans - Mountain pipeline from Alberta
nears completion. Oil refinery and stor-
age facilities are being constructed and
enlarged on both sides of Burrard Inlet.
As shown in Chapter 2, a considerable

area of land suitable for future industrial
development exists in the area.

Land suitable for future residential
purposes is abundant within the Greater
Vancouver Area. Current building trends
indicate rapid development on the North
Shore and on Burrard Peninsula east-
ward from the City of Vancouver. It is
also anticipated that significant future
residential and industrial development
will occur in Richmond in spite of the
generally unfavourable soil, drainage,
and foundation conditions.

Methods of Predicting Population

All methods for predicting popula-
tion are inevitably subject to error. The
influence of several of the factors listed
above cannot be definitely evaluated.
Their effects may be such that a predic-
tion of population growth may be far from
correct.

In engineering practice one or more
of eight standard methods are used for
predicting population growth. These are:

1. Arithmetical progression, in
which a constant increment of growth is
added periodically.

2. Geometrical progression, in
which a constant percentage of increase
is assumed for equal periods of time.

3. Decreasing rate of increase,
which gives results between the arith-
metical and geometrical progressions.

4. Graphical extension of the popu-
lation-time curve into the future by in-
spection guided by judgment.

5. Graphical comparison with simi-
lar areas having greater populations and
commonly of greater age.

6. Logarithmic trend, in which a
future population is computed from a
formula based upon the rate of popula-
tion development in the past.

7. Comparison of rate of change of
the ratio of the community or area popu-
lation to the population in the next lar-
ger political subdivision; for example,
city to province or province to country.

8. Logistic curve, in which it is as-
sumed that the future population will be
limited to some saturation value by the
level of economic opportunity and that
the growth of an area will approach
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saturation at a decreasing rate.

Past, Present and Predicted Future Populations

It is the opinion of the Board of En-
gineers that the logistic curve method
represents the most competent means
presently available for predicting future
populations. Several of the other me-
thods, commonly employed, are based
on the assumption that population will
increase at some assumed or estimated
rate. Such an assumption may lead to
illogical and erratic Conclusions. The
logistic curve method is based upon the
hypothesis that population will increase
at a decreasing rate until a so-called
saturation population is reached.

The saturation population of an area
may be estimated in a number of ways.
If the area under consideration is well
developed and approaching maturity, the
percentage rate of increase of popula-

tion between census periods is usually a
decreasing one. When this percentage
is plotted against total population, it is
possible to draw and extend the curve to
an intersection with the population axis
and thus fix the population at the satura-
tion limit. Studies of the population
statistics of the communities in the
Greater "Vancouver Area indicate that
this method is not applicable since the
rate of increase of population is not pre-
sently decreasing but, on the contrary,
is increasing. A second method of esti-
mating saturation population is by use of
the anticipated ultimate population den-
sity or number of persons per habitable
acre of land. This method was deemed
feasible for use in the Greater Vancou-
ver Area.

A study of each community was
made to estimate the probable average
saturation density in terms of numbers
of persons per habitable acre. The stu-

Table 17

Total and Habitable Land Areas and Predicted Densities and Saturation
Populations of Communities in the Greater Vancouver Area

Communities
Land Area

Total, a
acres

Habitable,5

acres

Ultimate Development
Density, c

persons/acre
Predicted

Population

Cities:
New Westminster
North Vancouver.
Port Coquitlam
Port Moody
Vancouver

Municipalities:
Burnaby
Coquitlam
Fraser Mills4
North Vancouver
Richmond
West Vancouver...

Unorganized:
District Lot 172
University of British Columbia e .
University Endowment Lands

3,380
2,710
6,700
2,980

27, 960

21,700
29, 030

390
38,840
29,000
21,530

160
550

2,690

3,300
2,500
5,000
1,800

24,000

20,000
15,000

390
12,000
19,000
8,000

160
550

2,500

18
18
15
10
27

15

8
10

18

12

59,000
45,000
75,000
18,000
650,000

300,000
120,000

500
96,000
190,000
64,000

3,000
10,000
30,000

Total 187,620 114,200 l,65O,OOOf

aDetermined by planimeter from Dominion Department of Mines and Resources topographic maps.
t>Land area, including streets, which may be developed in forseeable future. Does not include parks, steep cliffs

or land to which water cannot readily be supplied.
cAverage population density over entire habitable area.
^Municipality comprises lumber mill and workers residences; population is estimated to remain constant at 1951
level.

ePredicted maximum transient population.
*Does not include University of British Columbia.
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Table 18

Past Populations and Percentages of Predicted Saturation
Populations of Communities in the Greater Vancouver Area

Communities

Cities:
New West-
minster
North Van-
couver
Port Coquitlam
Port Moody
Vancouver

Municipalities:
Burnaby
Coquitlam
Fraser Mills
North Van-
couver
Richmond
West Van-
couver

Unorganized:
District Lot 172 ..
University En-
dowment Lands

Total

Predicted
Saturation
Population

59,000

45,000
75,000
18,000

650, 000

300, 000
120,000

500

96, 000
190, 000

64,000

3,000

30,000
1,650,000

1911

Popula-
tion

13, 200

7,800
a
a

120,800

a
a
a

400
a

a

a

a
152,200

Percent
Satura-
tion

22.4

17.3
a
a

18.6

a
a
a

0.4
a

a

a

a

1921

Popula-
tion

14, 500

7,700
1,200
1,000

163, 200

10, 600
2,400

a

3,000
4,800

2,400

a

a
208, 900

Percent
Satura-
tion

24.6

17.1
1.6
5.6

25.1

3.5
2.0

a

3.1
2.5

3.8

a

a

Census Year

1931

Popula-
tion

17

8
1
1

246

25
4

4
8

4

324

,500

,500
,300
,300
,600

,600
,900
600

,800
,200

,800

a

500
,600

Percent
Satura-
tion

29

18
1
7.

37.

8.
4

120.

5.
4.

7.

:

1.

7

9
7
2
9

6
1
0

0
3

5

i

7

1941

Popula-
tion

22,

8,
1,
1,

275,

30,
7,

5,
10,

7,

373,

000

900
500
500
400

300
900
600

900
400

700

800

800
700

Percent
Satura-
tion

37

19
2
8

42

10
6

120.

6.
5.

12.

26.

2.

3

8
0
3
3

1
7
0

1
5

0

7

7

1951

Popula-
tion

28, 600

15,700
3,200
2,200

344, 800

' 58,400
15,700

400

14,500
19,200

14,000

1,500

2,100
520, 300

Percent
Satura-
tion

48.

34.
4.

12.
53.

19.
13.
80.

14.
10.

21.

50.

7.

2

7
3
2
1

2
0
0

8
0

7

0

0

Census data obtained from "Census of Canada" 1931 and 1941 editions by Dominion Department of Statistics:
a No census data.

dies included consideration of economic
opportunity, present population distri-
bution, land use and habitable land,
accessibility and transportation facili-
ties, proximity of business and industrial
areas both present and probable future,
and probable types of residential con-
struction. Table 17 presents the total
and habitable land areas contained with-
in each community and the anticipated
density per acre and total population at
the time of maximum or ultimate de-
velopment.

Using these saturation populations
and past census data, Table 18 was pre-
pared to show the percentages of the
saturation population at each past census
period for each municipality. The per-
centages of saturation were then plotted
on a logistic grid and curves projected
into the future as shown on Figure 33.
From the future percentages of satura-
tion, the predicted population of each

municipality in the Greater Vancouver
Area was computed at ten year intervals
from I960 to the year 2000 and is given
in Table 19. Figure 34 is a graphical
representation of these predicted popu-
lations.

To be of value in the planning of
sewerage facilities for any area, the
predicted future populations must be dis-
tributed over that area as logically as
can be accomplished utilizing all of the
available information. On the basis of
the population data just described toge-
ther with the land use map shown in
Figure 4, Chapter 2, as well as the cen-
sus enumeration area figures for 1951,
topographic maps, aerial photographs,
and the results of field reconnaissance,
Figure 35 was prepared. It shows the
estimated average population densities
which may be expected in the Greater
Vancouver Area at ultimate development.

A maximum population density of
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Figure 33. Past and Predicted Future Populations Expressed as Percentages
of Estimated Saturation Populations of Communities

in the Greater Vancouver Area, 1911-2000

This method of predicting future populations is described by C. J. Velz in Civil Engineering Volume 10, Page 619,
October 1940. The plotted points represent the percentage which each census population is of the estimated saturation
population. Estimation of saturation populations for the various communities was accomplished by considerations of eco-
nomic opportunity, present population distribution, land use and habitable land accessibility and transportation facilities,
proximity of business and industrial areas, both present and probable future, and probable types of residential construction.

75 persons per acre has been taken to
represent areal development comprising
multiple - storey apartment buildings con-
centrated in a relatively small area. A
minimum density of 0.5 persons per acre
has been taken to represent a population
scattered over a relatively large area.
Actually, such population will doubtless

be concentrated in isolated units but,
averaged over the large area, would be
equivalent to the figure of 0.5 persons
per acre. This value has been assumed
to be the minimum average population
density which could possibly require or
support public sewerage facilities.

Between these two extremes of
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Table 19

Predicted Future Populations of Communities
in the Greater Vancouver Area, 1960-2000

Communities

Cities:
New West-
minster
North Van-
couver
Port Coquitlam
Port Moody
Vancouver

Municipalities:
Burnaby
Coquitlam
North Van-
couver
Richmond
West Van-
couver

Unorganized:
District Lot 172
University En-
dowment Lands ...

Totala

Predicted
Saturation
Population

59,000

45,000
75,000
18,000

650, 000

300,000
120,000

96,000
190, 000

64, 000

3,000

30,000
1,650,000

1960
Percent
Satura-
tion

59.0

47.4
8.9

15.5
63.6

31.0
20.5

25.4
15.9

35.0

71.9

17.6

Popula-
tion

35,000

21,000
6,700
3,000

413,000

93,000
25,000

24,000
30,000

22,000

2,200

5,300
680,700

1970
Percent
Satura-

tion

67.5

62.0
19.0
19.7
71.7

50.5
34.0

43.0
26.4

56.6

85.1

46.0

Popula-
tion

40, 000

28, 000
14,000
4,000

466,000

152, 000
41,000

41, 000
50,000

36,000

2,500

14,000
889,000

1980
Percent
Satura-
tion

74.2

73.0
40.0
26.0
78.0

70.2
54.0

65.3
42.4

74.0

92.0

79.0

Popula-
tion

44,000

33,000
30,000
5,000

507,000

210, 000
65,000

63,000
81,000

47,000

2,800

24,000
1,112,300

1990
Percent
Satura-
tion

80.2

81.5
71.0
32.6
83.0

82.0
72.0

80.5
63.0

85.0

95.6

92.1

Popula-
tion

47,000

37,000
53,000
6,000

540,000

246,000
86,000

77,000
120,000

54,000

2,900

28,000
1,297,400

2000
Percent
Satura-
tion

84.5

86.5
86.0
41.3
86.6

89.0
83.0

88.2
77.0

91.0

97.6

97.0

Popula-
tion

50,000

39,000
65,000
7,500

563,000

267,000
100, 000

85,000
146, 000

58,000

2,900

29,000
1,412,900

Percentages of saturation determined from Figure 33. Municipality of Fraser Mills not shown in this ta-ble since popula-
tion of 500 in 1951 is considered to be saturation. University of British Columbia estimated to have ultimate maximum
transient population of 10, 000.

a Includes Municipality of Fraser Mills population of 500, but does not include University of British Columbia
transient population.

population densities described above,
Figure 35 shows six other average den-
sities which have been taken to repre-
sent average levels of population densi-
ties. These are:

(1) 50 persons per acre - repre-
senting a highly developed commercial
and industrial district containing some
multiple-storey apartment buildings.

(2) 30 persons per acre - repre-
senting aless highly developed commer-
cial district interspersed with single
family and multiple family residential
zones.

(3) 20 persons per acre - repre-
senting a completely developed residen-
tial district with a normal complement
of commercial and business establish-
ments. '

(4) 15 persons per acre - repre-
senting a completely developed single
family residential district.

(5) 10 persons per acre - repre-
senting a residential district in which

relatively large lots are predominant.
(6) 5 persons per acre - repre-

senting either a residential area in which
large lots are predominant or a small
area of a higher population concentrated
within and averaged over a larger area.

It should be recognized that there
can be no distinct line of demarcation
between the various levels of population
density described above since the densi-
ties actually shade off gradually. The
figures used are for planning purposes
only and are not intended to indicate any
definite boundary between the various
levels. It must also be mentioned that
for purposes of estimating the require-
ments for sewerage facilities the popu-
lation densities are so-called equivalent
densities, including not only the actual
population but also the anticipated popu-
lation equivalent of business and indus-
try. Furthermore, the distribution of
densities as indicated on Figure 35 is
one for gross areas.
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Chapter 10

Existing Sewerage and Drainage Facilities

Significance of Existing Facilities in Planning for
the Future

In the development of a master plan
or program of sewerage and drainage for
a large area, it is important that the plan
include and recognize all existing ser-
viceable utilities. To accomplish this
end, all existing sewerage and drainage
facilities of each agency within the area
are studied with a view to their eventual
incorporation into an overall master
plan.

The area presently being adminis-
tered under the Vancouver and Districts
Joint Sewerage and Drainage Act, con-
sisting of the City of Vancouver, the Mu-
nicipality of Burnaby and a portion of
the City of New Westminster, has been
provided with sewerage and drainage in
general accordance with a comprehensive
master plan prepared in 1913 by R.S.Lea.
The portions of these municipalities that
are sewered have, in the most part, been
provided with trunk sewers and lateral
systems of adequate design for the con-
veyance of domestic and industrial
wastes, as well as storm water runoff.
Lea, in 1913, recognized the possibility
that at some future date some means of
disposal other than by dilution in receiv-
ing bodies of water might be required.
For this reason, he recommended that
the systems of sewers for collecting
sanitary sewage and industrial wastes be
separate from the systems collecting
storm water, so that domestic and in-
dustrial wastes could be collected and
treated without regard to the vast quan-
tities of storm water which are invari-
ably associated with a combined system.
His recommendations were not followed
in this respect, however, and most of the
sewers in the existing district are com-
bined. This complicates the problem
of interception and disposal within most
of the area and renders its accomplish-
ment more difficult. ,

Information regarding the history,
financial status and construction, and the
maintenance and operation of sewerage
and drainage facilities was gathered for
every existing sewerage and drainage
agency in the Greater Vancouver Area.
In the following sections of this chapter,
the existing services of each agency are
described in sufficient detail to indicate
the basis of appraisal for incorporation
into the various plans studied.

Vancouver and Districts Joint Sewerage and Drainage
Board

History. The Vancouver and Districts
Joint Sewerage and Drainage Board is
responsible for administering the Van-
couver and Districts Joint Sewerage and
Drainage Act of 1914 with subsequent
amendments. The Act provides, in ge-
neral, for the construction, financing and
maintenance of all trunk sewers and
watercourses within the district in sub-
stantial accordance with the Lea Report.
Operations in general conformity with
the Lea Report have been carried out
since 1914. The Lea Report and the Act
are reproduced in Appendices I and II,
respectively.

The first sewers to be placed under
the Board's jurisdiction were portions of
the Balaclava, Cambie, China Creek, and
Macdonald trunks purchased in 1914.
The first sewer constructed by the Board
in 1914 was an extension of the China
Creek trunk. Since that time, the sewer-
age system of the Board has expanded
until today most of the major trunk sew-
ers presently serving theBurrard Penin-
sula are owned and maintained by the
Board.

Description. The Board owns and
maintains trunk sewers and drains in the
City of Vancouver, the Municipality of
Burnaby, and a portion of the City of New
Westminster. The drainage areas pre-
sently served are shown in Figure 36 and

75
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Figure 36. Drainage Areas of the Vancouver and Districts Joint Sewerage
and Drainage Board

The Board owns and maintains trunk sewers and drains in most drainage areas comprising 400 or more acres within the
City of Vancouver, the Municipality of Burnaby and a portion of the City of New Westminster. Drainage areas are de-
lineated not only for design purposesbut also for the apportionment of costs of construction and maintenance andoperation.

listed in Table Z0. The location of each
of the Board's sewers, drains, and out-
falls is shown in Figure 37.

Table 21 summarizes the sewerage
and drainage facilities owned and opera-
ted by the Vancouver and Districts Joint

Sewerage and Drainage Board and shows
their capacities and costs. Appendix III
gives a complete listing of the units com-
prising each facility. Unless otherwise
noted, the stated construction costs are
the actual costs at the time of construe-
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Table 20

Existing Drainage Areas of the Vancouver and Districts
Joint Sewerage and Drainage Board

Name Symbol8 Type of System
Combined
Combined
Combined
Sanitary
Sanitary
Combined
Sanitary
Sanitary
Combined
Combined
Storm
Combined
Combined
Combined
Combined
Combined
Combined
Sanitary
Combined
Combined
Combined
Storm
Storm

Area in Acres
2,470
2,075
2,910
2,380
1,660
6,950
6,400

610
2,166
6,495

11,180
1,250

814
473

1,200
1,040

510
283

1,200
1,400
2,226

230
350

Balaclava Street
Cambie Street
China Creek
Copley
Collingwood
Clark Drive Interceptor".
Burnaby Lake
Hastings Park
Hastings Park0 .,..
English Bay Interceptor*1..
Burnaby Lakee

Alma Imperial
West End Interceptor
Macdonald Street
Angus Street
South Hill
Willingdon Avenue
Glenbrook
Glenbrook*
Manitoba Street.
Borden Street
Willard Street
Willard Street

B
C
D
E1

E
F
G
H1

H
J
K
L
M
N
O
P
Q
R1

R
S
T
W
W

Drainage areas were established for apportionment of costs of construction, maintenance and operation of the type
of system shown.

a Symbols refer to Figure 36.
° Provides capacity for combined flow from area D and sanitary flow from areas E and E'; costs are apportioned

over area D only.
0 Provides capacity for sanitary flow from area H1; costs are apportioned over area H only.
° Contains areas B, C, L, and City of Vancouver Maple Street area!
e Contains areas H, E, E1 and G for storm drainage purposes.
* Provides capacity for sanitary flow from area R1; costs are apportioned over area R only.

Table 21

Facilities of Vancouver and Districts Joint Sewerage
and Drainage Board

Area Serveda

Sewerage Works:
Balaclava Street
Cambie Street
Clark Drive Interceptor
Hastings Park
English Bay Interceptor
Alma-Imperial
West End Interceptor
Macdonald Street
Angus Street
South Hill
Willingdon Avenue
Glenbrook
Manitoba Street
Borden Street

Drainage Works:
Willard Street
Still Creek - Burnaby )
Lake - Brunette River )

20,985
17,340
62,815
18,685
27,930
8,640
9,685
4,400
5,125

10,635
2,670

19,265
9,140
8,355

5,470
10,030
53,400

Description of

ft. of 30 to 96-in.
ft. of 33 to 96-in.
ft. of 15 to 96-in.
ft. of 12 to 78-in.
ft. of 54 to 96-in.
ft. of 24 to 96-in.
ft. of 33 to 54-in.
ft. of 28 to 60-in.
ft. of 42 to 66-in.
ft. of 32 to 96-in.
ft. of 30 to 60-in.
ft. of 12 to 102-in.
ft. of 42 to 91-in.
ft. of 30 to 84-in.

ft. of open channel
ft. of 60 to 78-in.
ft. of open channel

1_

Facilities0

RC,
RC,
RC,
RC
RC
RC
RC,
RC
RC
BHS
RC
RC
RC
RC

BHS and SLHS
BHS and SLHS
BHS, SLHS and SS
BHS, and ESS

and BHS
and BHS
BHS and SS

and RS

BHS and SS
and BHS

incl. culverts
RC and BHS )

)

Capacity
cfs

95 to
50 to
7 to
4 to

83 to
16 to

c
110 to
115 to
190 to
177 to

5 to
159 to
76 to

2210
1370
2086

500
191
310

115
360
460
275
355
418
408

Period
Constructed

1912-1920
1912-1947
1911-1950
1915-1948
1929-1933
1924-1932
1914-1940

1912
1912-1925
1931-1946
1931-1932
1914-1952

1952
1948-1950

1950
1914-1952

Cost
dollars

709, 000
366,300

1,325,300
426,000

1,520,100
253,800
197,300
40, 300
78, 000

300,632
83,400

396, 400
600, 000
495,400

22,400
853,500

See Appendix HI for complete listing of facilities.
a See Figure 36 and Table 20 for description of areas served.

RC indicates, reinforced concrete pipe; BHS, Boston horseshoe section; SLHS, St. Louis horseshoe section;
special section; ESS, egg shape section; RS, riveted steel pipe. See Figure 37 for location of facilities.

c Pressure conduit.

SS,
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k.

VANCOUVER AND D I S T R I C T S JOINT
SEWERAGE AND DRAINAGE BOARD

BOUNDARY
SEWER OR DRAIN

C COMBINED SEWER
S STORM DRAIN
D S A N I T A R Y SEWER

Figure 37. Sewerage and Drainage Facilities of the Vancouver and Districts
Joint Sewerage and Drainage Board

The Board's facilities comprise conduits and open channels for conveying sewage and storm water from the area under
its jurisdiction to points of disposal. Combined sewers convey domestic or sanitary sewage and storm water; sanitary se-
wers convey only domestic or sanitary sewage; storm drains convey only storm water. Combined and sanitary sewers are
enclosed conduits while storm drains are enclosed conduits or open channels. A complete listing of all of the Board's fa-
cilities is given in Appendix III. Flow in the system is entirely by gravity and conduits range in diameter from 12 to 114
inches. The system includes eleven trunk sewers and extensions, three intercepting sewers, and three open channels for
storm water conveyance. All sewage collected in the Board's sewers is disposed of by dilution.

V

tion. The sewers are all of gravity type
and range in diameter from 12 to 114 in-
ches. The system includes eleven trunk
sewers and extensions, three intercept-
ing sewers, and three open channels for
storm water disposal. No sewage treat-
ment plants have been constructed by the
Vancouver and Districts Joint Sewerage
and Drainage Board and all sewage from
the area is disposed of by dilution.

Maintenance and Operation. The col lec-
tion and disposal system of the Sewerage
Board is maintained and operated by a

permanent staff of 15 men. The staff is
under the direction of a maintenance
superintendent and is provided with equip-
ment, office, and storage facilities apart
from the main offices of the Board. Dur-
ing the winter months, when long periods
of rain often create troublesome condi-
tions, an additional group of 10 to 15 men
may be employed on maintenance. With
the exception of the submarine outfalls,
the crew makes a regular check and in-
spection of every facility at least once a
month. The submarine outfalls are in-
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Toble 22

Bonded Indebtedness of Vancouver and Districts
Joint Sewerage and Drainage Board, December 31, 1952

Sinking
Fund:

1
2
3
4 _
5
6
7
8

Instalment
Debentures:

9B
10A
11
12

13 .
14

15

Total

Year of
Issue

1914
1920
1922
1922
1927
1929
1929
1931

1938
1938
1939
1940

1947
1948

1952

Year of
Maturity

1954
1959
1962
1962
1965
1968
1969
1970

1938-62
1939-63
1940-64
1941-70

1948-52
1949-73

1954-77

Rate of
Interest
Percent

4.5
5.0
5.5
5.0
4.5
4 .5
5.0
4 .5

4 .0
4 .0
4 .0
3.5
4 .0
2.0
3.0
3.25
3.0
3.25
3.50

Original
Issue

$ 2,433,333
800, 000
300, 000
300, 000
400, 000
300, 000
600, 000
600, 000

250, 000
500,000
361,000
166,000

1,034,000
35, 000

204,000
446,000
210,000
371,000

1,219,000
$10, 529, 333C

Refunded
in 1941a

$ 522,000
76,000
97,500
73,000
34,000
27,000

247,000

$1,076,500

Cancelled
in 1941a

$ 22,000
54,000
46,500
10,000
14,000
21,500
12,000

$180, 000

Retired by
Dec. 31, 1952

120,000
215,000
142, 000
499,000

35,000
73,000

$1,084,000

Outstanding
Dec. 31, 1952

$2,433,333
256, 000
170,000
156,000
317,000
252, 000
551,500
341,000

130,000
285,000
219,000
701,000

577,000

1,800,000

$8,188, 83 3b

a In 1941 a portion of issue 12 was used to refund portions of issues 2 to 8. The sinking fund reserve accumulated
from 1920 to 1941 for the refunded portions was used to cancel further portions of issues 2-8.

b Sinking fund reserve as of December 31, 1952 was $3,257,920. The net outstanding indebtedness therefore was
$4,930,913.

c The total amount borrowed by the Board as defined in the Act was $9,272,833. This represents the difference
between the total of the original issues and the total refunded and cancelled.

spected by divers twice a year.
The Sewerage Board facilities are,

for the most part, well constructed and
kept in excellent condition and there is
rarely any trouble in their operation and
maintenance*

Financial. Bonded indebtedness a-
gainst the sewerage and drainage facili-
ties at the end of the 1952 fiscal year was
$8,188,833. This represents the remain-
ing amount unpaid on several general
bond issues aggregating $9,272,833, re-
quired to finance the construction of the
trunk system. Table 22 presents the
history of each of these bond issues, in-
cluding the year of issue and maturity,
the rate of interest, the portions re-
funded, cancelled and retired, and the
amount outstanding at the end of the 1952
fiscal year, December 31, 1952.

The total borrowing power of the
Sewerage and Drainage Board is limited

under the Act to $10,500,000. The esti-
mates in the Lea Report were made under
the headings of "Immediate Construction"
and "Deferred Construction" . Facilities
listed under "Immediate Construction"
were estimated to cost $5,500,000 while
those under "Deferred Construction"
were estimated to cost $5,500 ,000. These
estimates were made in 1913, however,
when the Engineering News-Record Con-
struction Cost Index was 100. Since that
time the Index has risen to nearly 600,
and it is not possible to complete the work
covered under "Deferred Construction"
with the funds originally allotted.

The Board has no revenue through
sales or agreements with neighbouring
municipalities. It operates entirely on
yearly assessments paid by the members
of the Board. The levy is apportioned
among the members of the Board in the
manner prescribed in the Act. Table 23
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Table 23

Vancouver and Districts Joint Sewerage and Drainage Board
Apportionment of Levies

Year Total Levy
in Dollars

Apportionment in Dollars
Vancouver Burnaby New Westminster

1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952

370,645.49
382,677.34
420,115.86
418,387.47
432,836.44
448, 240.45
451,142.71
462,520.56
479,039.93
485,195.04
482,935.34
488,705.94
484,454.96
487,424.53
499,664.77
494,609.68
506,299.05
576,302.87
570,672.42
591,916.79
615,111.32

333,528.73
344, 223. 86
377,652.99
375, 206. 68
388, 248. 38
397,989.93
398,139.91
407,223.73
421,496.14
427, 048. 27
424, 579. 46
428,581.64
431,408.90
434,404. 99
446,056.06
442,971.15
452, 846. 89
514, 380. 27
512,120.82
519,105.94
539,979.49

31,457.72
32, 509. 91
35,912.77
36,489.24
37,798.21
43, 224. 45
45, 824. 50
48,318.96
50,371.88
50, 852. 35
51,026.14
52,814.94
48,813.19
48,715.16
49,331.25
47, 535. 25
48,687.15
56, 975. 21
54, 006. 92
66,389.69
64,213.23

5,659.04
5,943.57
6, 550.10
6,691.55
6,789.85
7,026.07
7,178.30
6,977.87
7,171.91
7, 294.42
7,329.74
7,309.36
4,232.87
4,304.38
4,277.46
4,103.28
4.76S.01
4,947.39
4, 544. 74
6,421.16
10,918.60

gives the yearly payments by members
from 1932 to 1952. For 1952, the total
levy was $615,000. The expenditures for
1952 totalled $596,000, of which $491,000
represented bond redemption and inter-
est, $30,000 represented administration
and general costs, and $75,000 represen-
ted the cost of maintenance and operation
of the entire works. When the amount
expended during a given year is greater
than the levy for that year, the deficit is
included in the levy for the following year;
alternatively, when the amount expended
is less than the levy, the surplus is de-
ducted from the levy for the following
year.

City of Vancouver Facilities

History. The first sewers in the City
of Vancouver were constructed in about
1890. Portions of the China Creek, Cam-
bie, Balaclava and Macdonald trunks were
built about 1911. In 1914, these trunk
sewers were purchased by the Sewerage
Board. Construction of sewers within
the city has proceeded regularly since
then with the result that about 80 percent
of the area of the city is now sewered.
The sewers are nearly all combined as
shown in Figure 38.

Description. The city owns, maintains
and operates all sewers and drains with-
in its boundaries with the exception of
those owned and operated by the Sewer-
age and Drainage Board. Figure 38 shows
the city boundaries, certain streets, and
the location of the principal existing
sewerage and drainage facilities. Trunk
sewers range in diameter from 15 to 72
inches. The system drains generally to
Burrard Inlet on the north and the North
Arm of Fraser River on the south. There
are nine pumping stations within the sys-
tem.

Roof drains and foundation drain
tiles from most buildings in Vancouver
discharge into underground sumps con-
nected to sewers in the streets. In a
separate system, this necessitates con-
struction of storm sewers at depths suf-
ficient to drain basements. The pre-
vailing high ground water table in the
area, however, combined with the large
percentage of buildings with floors below
natural ground level, make such construc-
tion desirable.

In areas where separate sewers
prevail, the storm and sanitary conduits
commonly are laid simultaneously as
twin sewers in one trench. Storm and
sanitary sewers are carried to each
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CITY OF VANCOUVER

CITY BOUNDARY
SEWER
P U M P I N G S T A T I O N

VANCOUVER AND D I S T R I C T S JOINT
SEWERAGE AND DRAINAGE BOARD

BOUNDARY
SEWER OR DRAIN
COMBINED SEWER
STORM DRAIN
S A N I T A R Y SEWER

Figure 38. Principal Sewerage and Drainage Facilities
City of Vancouver

Most of the units comprising the collection system of the City of Vancouver drain to trunk or intercepting sewers of
the Vancouver and Districts Joint Sewerage and Drainage Board. Trunk sewers of the city range in diameter from 15 to 72
inches. Several pumping stations are located adjacent to False Creek.

house in a drainage area.
Maintenance and Operation. Maintenance

and operation of the sewerage system is
carried out by city crews consisting of a
staff of about 42 men together with the
necessary equipment and yard facilities.
The collection system, on the whole, is
well maintained and in good condition,
though some of the older small sewers
are reported to be deteriorating and con-
siderable ground water infiltration oc-
curs in a number of the sanitary sewers.

Financial. Bonded indebtedness.against
the sewerage and drainage facilities at
the end of the 1952 fiscal year ending De-
cember 31, 1952, was $14,604,000. This

represents the remaining amount unpaid
on general bond issues required to fi-
nance the construction of the collection
system. By December 31, 1952, the city
had used all of its allocation of $5,270,000
from the 10-year financing plan appro-
ved by the voters in 1945. A new by-law,
which was voted on in December, 1952,
provides $750,000 for sewer construction.

Information obtained from the city
indicates that $2,924,000 was expended
for sewerage and drainage facilities
during 1952. Of this sum, $1,200,000 re-
presented capital outlay, $540,000 was
paid to the Vancouver and Districts Joint
Sewerage and Drainage Board as a yearly
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assessment, $997,000 was used for the
retirement of bonds, and $187,000 re-
presented the cost of operation and main-
tenance of the entire works.

Individual building connections to
sewers are constructed to the property-
line by city crews and a connection fee
is charged for each. Taxpayers in the
city are not required to pay sewerage
service or rental charges either as a
lump sum fee or on a metered basis. The
entire cost of all sewerage facilities is
included in the general taxation rate.

Municipality of Burnaby Facilities

History. Burnaby has been a member
of the Vancouver and Districts Joint

Sewerage and Drainage Board since the
formation of the Board in 1914 and the
sewers that have been built within its
boundaries have been constructed in
general accordance with the recommen-
dations of the Lea Report. The first
sewers were built in 1926 and the exist-
ing system has been installed in incre-
ments from that date. A small local sys-
tem was built in 1908 as part of a land
development scheme on the north slope
of Burnaby but did not become part of the
municipal system until many years later.

Description. The sewerage and drain-
age facilities of Burnaby comprise a col-
lection system of trunks and laterals
draining to trunk sewers and drains owned

V A N C O U V E R
A L I T Y

N O R T H

NORTH

VANCOUVER"]

SEA ISLAND

VANCOUVER AND D I S T R I C T S JOINT
SEWERAGE AND DRAINAGE BOARD

BOUNDARY
SEWER OR DRAIN

c COMBINED SEWER
S STORM DRAIN
D S A N I T A R Y SEWER

M U N I C I P A L I T Y OF BURNABY

MUNICIPAL BOUNDARY
SEWER

SCALE IN MILES

0 I 2

Figure 39. Principal Sewerage and Drainage Facilities
Municipality of Burnaby

Most of the units comprising the collection system of the Municipality of Burnaby drain to trunk sewers of the Van-
couver and Districts Joint Sewerage and Drainage Board. Main sewers in Burnaby range in diameter from 15 to 48 inches.
Flow in the system is entirely by gravity.
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by the Sewerage and Drainage Board.
Figure 39 shows the boundaries of the
municipality, certain streets, and the lo-
cation of the principal existing sewerage
and drainage facilities. Main sewers
range in size from 15 to 48 inches. Flow
in the system is entirely by gravity and
the crude sewage is disposed of by dilu-
tion. Approximately 20 percent of the
developed area in Burnaby is sewered
and this represents an estimated con-
nected population of 22,000 persons.

Maintenance and Operation. During an
average year, a staff of 2 men is em-
ployed on maintenance and operation of
the sewerage and drainage system. The
major portion of the maintenance budget
is used to facilitate disposal of the sur-
face storm water by road ditches, cul-
verts and natural watercourses. A con-
tinual program of construction and re-
pair of these services is carried on
throughout the municipality. The large
area of Burnaby, combined with the limi-
ted budget available, make this a difficult
task. The sewerage system is reported
to be in good condition and to function
satisfactorily in most places. Ground
water infiltration and illicit storm water
connections to sanitary sewers are re-
ported to be major problems in some lo-
calities.

Financial. Bonded indebtedness a-
gainst the sewerage and drainage facili-
ties at the end of the 1952 fiscal year
ending December 31, 1952, was $476,000.
This represents the remaining amount
unpaid on general bond issues required
to finance the construction of the collec-
tion system. Burnaby has operated under
the Municipal Refunding Act since 1932,
and it is only in recent years that finan-
cial conditions within the municipality
have improved to the extent that active
construction of sewerage and drainage
facilities could be resumed.

Information obtained from the mu-
nicipality indicates that during 1952
$259,000 was expended on sewerage and
drainage facilities. This includes
$154,000 for capital outlay, $64,000 for
the Vancouver and Districts Joint Sewer-
age and Drainage Board assessment,
$35,000 for bond redemptionand interest,
and $6,000 for maintenance and operation

of the entire works.
Burnaby obtains no revenue from its

sewerage system other than connection
charges for buildings. There are no ser-
vice or rental charges and the cost of
sewerage facilities is assessed on a lo-
cal improvement basis.

City of New Westminster Facilities

History. The first sewerage works in
New Westminster were installed in 1911
and consisted of a small collection sys-
tem and trunk sewer serving a portion of
the Glenbrook drainage area. Sewage was
discharged to the Fraser River east of
the Pattullo Bridge. The trunk was con-
structed under a joint agreement between
Burnaby and New Westminster since a
large portion of the drainage area is in
Burnaby. The trunk was purchased out-
right from its original owners by the
Vancouver and Districts Joint Sewerage
and Drainage Board in 1928. The outfall,
however, is still owned by the City of
New Westminster.

The remainder of the sewerage fa-
cilities in the city have been constructed
inincrements since 1911. The Glenbrook
drainage area is the only portion of the
city within the boundaries of the area
served by the Sewerage and Drainage
Board.

Description. Figure 40 shows the city
boundaries, certain streets, and the lo-
cation of the principal existing sewerage
and drainage works. Main sewers range
in size from 12 to 30 inches. The lines
all slope rapidly to the south and discharge
into Fraser River. The system is a mix-
ture of combined and separate sewers
and is entirely gravity. Approximately
75 percent of the total city area is sew-
ered. There are now thirteen outfalls
into Fraser River. No treatment of the
sewage is provided.

Queensborough, a portion of the City
of New Westminster situated on Lulu Is-
land, has no public sanitary sewerage
facilities. The habitable area lies below
the high water level of Fraser River and
is protected by dykes. Storm water run-
off from the area is carried in open chan-
nels to the river. Pumps assist in drain-
ing the area during high water stages of
the river.
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Figure 40. Principal Sewerage and Drainage Facilities
City of New Westminster

Main sewers in the City of New Westminster system range in diameter from 12 to 30 inches. The system is a mixture
of combined and separate sewers and is entirely gravity. Sewage is discharged without treatment into Fraser River. A
portion of the City of New Westminster lies in the Vancouver and Districts Joint Sewerage and Drainage Board's area and is
tributary to a trunk sewer owned by the Board.

Maintenance and Operation. The sewer-
age and drainage system is maintained
and operated by city crews. There is no
permanent staff for maintenance and
operation but about 18 men are on call at
all times. The facilities are reported to
be in good condition. As above stated,
there are 13 outfalls discharging into
Fraser River from New Westminster and
generally unsanitary conditions are re-
ported to prevail along the industrial
waterfront near these outfalls.

The steep slopes of the city and re-
latively high intensity storms of short
duration combine to produce a runoff that
often surcharges the sewers. Fortunate-
ly, damage from such occurrences is
slight due mainly to the short duration of
these storms.

Financial. There is no bonded in-
debtedness against the sewerage and
drainage works at present. Funds used
for construction of the works are all ob-
tained on a local improvement assess-
ment basis.

Information obtained from the city
indicates that during 1952 $81,000 was
expended for sewerage and drainage fa-
cilities. Of this sum, $54,000 represen-

ted capital outlay, $11,000 represented
the Vancouver and Districts Joint Sewer-
age and Drainage Board yearly assess-
ment, and $16,000 the cost of maintenance
and operation of the entire works.

New Westminster has no service or
rental charges for its sewer system and
derives no revenue from it other than
connection fees for individual buildings
at the time of connection.

City of North Vancouver Facilities

History. The first sewerage facilities
in the City of North Vancouver were in-
stalled in 1911 and consisted of a small
collection system and outfall into Burrard
Inlet at Mahon Avenue. The system has
been extended gradually since that time
so that approximately 30 percent of the
population is now served. The construc-
tion and financing of the facilities is en-
tirely a local concern and the city has
never entered into joint agreements with
its neighbouring municipalities.

Description. Figure 41 shows the city
boundaries, certain streets, and the lo-
cation of the principal existing sewerage
and1 drainage works. The present facili-
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ties comprise a collection system, two
trunk sewers, four outfalls which dis-
charge into Burrard Inlet, and one pump-
ing station. There is no treatment plant
and the sewage is disposed of entirely by
dilution. Main sewers range in size from
6 to 24 inches. The sewers slope gene-
rally to the south.

The present system was designed
for sanitary sewage only, but high infil-
tration rates in portions of the system
create a surcharge during heavy rains.

The northerly developed area of the
city is partially served with sanitary
sewers which are of sufficient capacity

to allow extensions to the limits of the
drainage areas within the city. No pro-
vision has been made for the sewage from
the naturally tributary area of the Muni-
cipality of North Vancouver.

Developments in the city and muni-
cipality have increased storm water run-
off to dangerous proportions and various
creeks and waterways are becoming in-
adequate. The storm water drainage
areas extend far into the Municipality
of North Vancouver and runoff can be ex-
pected to continue to increase steadily.

Maintenance and Operation. Sewerage and
drainage facilities within the city are

CITY L I M I T S

EXIST ING SEWER

COMBINED SEWER

SANITARY SEWER

PUMPING STATION

Figure 41. Principal Sewerage and Drainage Facilities
City of North Vancouver

Main sewers in the City of North Vancouver range in diameter from 6 to 24 inches. Flow in the system is entirely by
gravity except for one small pumping station. Sewage is discharged without treatment into Burrard Inlet. Storm water is
conveyed to Burrard Inlet by several creeks.
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constructed, maintained, and operated by
a staff of 6 men. Difficulty is being ex-
perienced in preventing erosion in the
natural watercourses. The sewers are
reported to be in fair condition.

Financial. In 1931 the City of North
Vancouver was placed under the direction
of a commissioner appointed by the Pro-
vincial Government. Since 1943, how-
ever, the city has operated under the
Municipal Refunding Act. All of the out-
standing debts of the city have been con-
solidated into one account and it is vir-
tually impossible to separate the bonded
indebtedness chargeable to sewerage and
drainage. The first call on city revenue
is to maintain payments on this overall
indebtedness which will not be complete-
ly discharged until 1977.

Information obtained from the city
indicates that during 1952 $27,000 was
expended for sewerage and drainage fa-
cilities. Of this sum, $15,000 represen-
ted capital outlay, and $12,000 represen-
ted the cost of maintenance and operation
of the entire sewerage and drainage sys-
tem.

The City of North Vancouver has
no service or rental charges for its se-
wers. A fee is charged for connection to
the sewer which covers the cost of the
connection. Money for sewerage works
is obtained on a local improvement as-
sessment basis.

City of Port Coquitlam Facilities

There are no public sanitary sewer-
age facilities in Port Coquitlam and all
sanitary sewage is disposed of by septic
tanks. In the more densely populated
sections of the city septic tanks are not
functioning satisfactorily because of
small lots and poor soil conditions.

Storm waters are drained in culverts
and channels to the Coquitlam, Pitt or
Fraser Rivers. There has been some
flooding of parts of the area during spring
freshet seasons.

City of Port Moody Facilities

Port Moody has no public sanitary
or storm sewers. The entire city is ser-
viced with septic tanks, the majority of
which operate satisfactorily. In certain

sections, however, they are reported to
be causing considerable nuisance.

Storm water runoff is carried by
culverts and drainage channels to Bur-
rard Inlet. This system is in good order
and adequate for the present conditions.

Municipality of Coquitlam Facilities

At present, there are no central col-
lection facilities in the municipality.
Sewage disposal in the area is entirely by
septic tanks. In the southwesterly corner
of the municipality, the settlement of
Maillardville has a high density of popu-
lation and is subdivided into small, nar-
row lots. The nuisance from inefficient
septic tanks in this area is pronounced.

Storm water runoff is carried by
culverts and drainage channels to the
Coquitlam, Pitt or Fraser Rivers.

The provincial government owns and
operates a mental hospital, an industrial
home, a rest home, and an asylum colony
farm comprising some 1,000 acres with-
in the municipality. Domestic sewage
from the hospitals and buildings in this
area is collected in large septic tanks
that discharge to Coquitlam River. It is
reported that these tanks are completely
inadequate. A sanitary sewerage scheme,
with treatment, for the main buildings is
under consideration at present.

Municipality of Fraser Mills Facilities

History. The Canadian Western Lum-
ber Company at Fraser Mills operates
and maintains a large mill and townsite
within the municipality. A small local
sanitary sewerage system, constructed
in 1948, serves the area.

Description. The sanitary sewerage fa-
cilities in Fraser Mills comprise a col-
lection system and outfall to Fraser Ri-
ver. The collection system consists of
3,630 feet of 8-inch sewer.

Storm water is disposed of through
culverts and ditches into Fraser River.
Recurrent flooding of the townsite is
common during high water in the river.
During these floods, the sanitary sewer-
age system becomes inoperative and the
mill is forced to shut down.

The sewerage facilities operate by
gravity and sanitary sewage is dischar-
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ged without treatment into Fraser River.
Maintenance and Operation. The sewer-

age and drainage works are maintained
and operated by a part-time local crew.
The system is reported to be in good
condition and to operate successfully
other than at freshet seasons of the ri-
ver.

Financial. Indebtedness charged a-
gainst the sewerage and drainage works
at the end of 1952 was $2,400. This re-
presents the amount unpaid on a general
loan used to finance construction of the
works.

Information obtained from Fraser
Mills indicates that during 1952 $8,300
was expended for sewerage and drainage
facilities. Of this sum, $6,900 represen-
ted loan interest and redemption pay-
ments, and $1,400 represented the cost
of maintenance and operation of the en-
tire system. There were no capital ex-
penditures during 1952. Money for this
operation is obtained from the general
revenue fund of the municipality.

Municipality of North Vancouver Facilities

There are no public sanitary sewer-
age facilities within the Municipality of
North Vancouver. Storm water is dis-
posed of through natural watercourses
draining to Burrard Inlet. Increasing
imperviousness of the ground surface due
to rapid development in the municipality
may soon overtax the present capacity of
these natural creeks.

All industrial, residential, and com-
mercial buildings are served with sep-
tic tanks. These function satisfactorily
in certain areas but present a nuisance
problem in others.

The principal function of the main-
tenance and operation crew in the Muni-
cipality of North Vancouver is the main-
tenance of the ditches and watercourses
used for storm water disposal. There is
no bonded indebtedness charged to drain-
age. The municipality has operated un-
der the Municipal Refunding Act since
1932.

Municipality of Richmond Facilities

History. Sewerage facilities in Rich-
mond comprise a small collection system

and outfall for sanitary sewage from a
residential subdivision on Sea Island.
The airport and the Royal Canadian Air
Force development adjacent to the air-
port on Sea Island also have small col-
lection systems and outfalls for sanitary
sewage but are not under the control of
Richmond. No public sanitary sewerage
facilities are provided on Lulu Island.
The Sea Island system was constructed
in 1943 as part of a Wartime Housing
subdivision and turned over to Richmond
in 1950.

Both Sea Island and Lulu Island are
traversed by anetwork of open channels,
dykes and pumps for storm water dispo-
sal. This system has developed in incre-
ments since 1870, at which time nine se-
parate drainage districts were organized
within Richmond. In 1937, six of these
districts amalgamated to form the Lulu
Island Amalgamated Dykes and Drainage
District. This district includes all of
Lulu Island except Steveston and operates
under the Richmond Dyking and Drainage
Development Act. The Steveston Local
Improvement Maintenance District, the
Sea Island Drainage District and the Sea
Island Dyking District are responsible
for the remainder of Richmond. These
districts operate under by-laws of the
Richmond council. The executive and
engineering responsibilities of all dis-
tricts are in the hands of the Richmond
municipal council and engineer.

Description. The Sea Island sanitary
system serves an area of 140 acres.
Sewage is pumped directly into the Middle
Arm of Fraser River without treatment.
The sewers, although recently construc-
ted, are overloaded due to infiltration of
ground water. Sanitary sewage from the
airport and the R.C.A.F. development is
also pumped directly into the Middle Arm
of Fraser River. The remainder of both
Lulu Island and Sea Island is serviced
with septic tanks, which, in general, are
unsatisfactory. Several areas, particu-
larly Steveston, are greatly in need of
sanitary sewerage.

The major difficulties in the con-
struction of sewers in Richmond are the
extreme flatness of the country, the poor
foundation conditions, and a high ground
water table. The ground, apart from the
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peat bogs, is fairly soft clay eighteen
inches to nine feet deep overlying satura-
ted sand to a depth of 400 feet or more.
The clay blanket is not uniform and has
been known to have depths changing from
more than seven feet to less than two in
a distance of 30 feet. These factors
combine to make septic tanks an extreme-
ly unsatisfactory method of sewage dis-
posal.

Richmond has approximately 400
miles of ditches of which 65 miles are
considered main canals. There are 55
drainage outlets to the river, some with
pumps.

Maintenance and Operation. The sewer-
age and drainage facilities in Richmond
are maintained and operated by munici-
pal crews. The number of men employed
may vary from five to 500 depending on
the season and flood conditions in Fraser
River. Difficulties have been encountered
in the Sea Island system due to uneven
displacement of the sewers in bad ground.
A section of the trunk leading to the out-
fall was replaced in 1951 after several
pipes had collapsed.

Complete effective maintenance and
operation of the drainage system is a
large undertaking that is years away from
reality at this time. More effective chan-
nels, conduits, pumps, and outfalls are
needed in most parts of the district.
Cleaning the network of ditches and
channels is a continuous, difficult, and
expensive operation.

Financial. The bonded indebtedness
against the sewerage and drainage works
at the end of 1952 was $63,400. This re-
presents the amount remaining unpaid on
general bonds used to finance existing
sewerage and drainage facilities. These
bonds will be retired by 1954. In addi-
tion, the Lulu Island Amalgamated Dykes
and Drainage District has an overdrawn
account with the Richmond Council of
$49,000. Richmond has never operated
under the Municipal Refunding Act.

Information obtained from the muni-
cipality indicates that during 1952 $77,000
was expended on the sewerage and drain-
age facilities. Of this sum, $4,000 repre-
sented bond redemption and interest pay-
ments, and $73,400 represented the cost
of operation and maintenance of the entire

works. The drainage districts obtain
their revenue from a special assessment
on land apart from the general tax rate
of Richmond. Work done on the Sea Is-
land sanitary system is paid for by local
improvement assessments.

Municipality of West Vancouver Facilities

There are no sanitary sewers in the
Municipality of West Vancouver. Storm
drainage is carried to Burrard Inlet in
well defined but irregular watercourses.
Some of these gullies have been improved
by paving and rocking. Numerous cul-
verts and bridges have been installed.
The flow in the gullies is extremely tur-
bulent and irregular, due to the steep and
rocky terrain in the watersheds and the
high precipitation rate on the North Shore.
As West Vancouver expands northward
and the stands of timber immediately
north of the habitable area are logged and
burned, the storm water runoff rate will
increase greatly with consequent greater
danger of property damage.

The immediate problem in West
Vancouver is, however, the collection and
disposal of sanitary sewage. Individual
lots are relatively large throughout the
municipality and it might appear as though
individual disposal would be possible and
satisfactory. In most areas, however,
the ground is unsuitable for septic tanks,
with the result that tank effluent is dis-
charged into open ditches. Odour nui-
sance along some of the lower streets of
the municipality is reported to be in-
creasing.

Construction of a sewage collection
system in West Vancouver will be diffi-
cult due mainly to large differences in
elevation between houses on the north and
south sides of many streets and in part to
rock that will be encountered in excava-
tion. It may prove advisable to provide
lateral sewers in each lane and street
designed to service only the houses on
the high side.

At present, West Vancouver employs
a small maintenance and operation crew
whose most important concern is storm
water disposal. There is no bonded in-
debtedness that can be charged to the
storm water system and all maintenance
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and operation costs are obtained from the
general revenue funds.

District Lot 172 Facilities

District Lot 172 has no sanitary-
sewerage system. Residences operate
on septic tanks which are currently-
satisfactory.

A storm water system of drains and
a drainage channel to the North Arm of
Fraser River have been installed in a
portion of the district. No trouble is ex-
perienced with its operation.

Affairs of this community are ad-
ministered by the Provincial Government.
It has no bonded indebtedness chargeable
to its drainage facilities. The works are
maintained by the Provincial Department
of Public Works.

University of British Columbia Facilities

History. The lands and buildings of
the University of British Columbia are
owned by the Provincial Government. The
first sewerage facilities were installed
in 1923. The sanitary sewerage works
comprise a collection system and outfall
into English Bay, the outfall being shared
jointly with University Endowment Lands.
The sewerage system has been extended
gradually since 1923 as the need has a-
risen. The University of British Colum-
bia is not a member of the Vancouver and
Districts Joint Sewerage and Drainage
Board but portions of the system have
been designed and constructed by the
Board on a contract basis.

Description. The sewerage and drain-
age facilities within the university area
provide for separate collection of sanitary
sewage and storm water. Figure 42 shows
the boundaries of the University of Bri-
tish Columbia and the University Endow-
ment Lands, certain streets, and the lo-
cation of the principal existing sewerage
and drainage works. These sewers range
in diameter from 12 to 18 inches and the
lines slope generally to the west and
north.

The sanitary sewerage system com-
prises two main sewers and an outfall
sewer discharging to English Bay. This
outfall is used jointly by the University
of British Columbia and adjacent portions

of the University Endowment Lands. The
sewerage system is entirely gravity. No
treatment is provided and disposal is by
dilution in the waters of English Bay.

Storm water runoff is conveyed by
storm drains and open channels to the
disposal site off Point Grey.

Maintenance and Operation. The sewer-
age and drainage facilities of the Univer-
sity of British Columbia are reported to
be in fair condition although there is con-
siderable infiltration into portions of the
sanitary system. Root growths in the
sewers have also caused trouble in places
and have made expensive cleaning opera-
tions necessary. The outfall used jointly
by the University of British Columbia
and the University Endowment Lands is a
makeshift affair and was not intended to
be a permanent installation. Sewerage
and drainage maintenance is performed
for the University of British Columbia by
the Vancouver and Districts Joint Sewer-
age and Drainage Board on a contract
basis.

Financial. There is no bonded in-
debtedness charged against the sewerage
and drainage works. The costs are paid
at the time of installation by government
grants.

Information obtained from the Uni-
versity of British Columbia offices indi-
cates that during 1952 $700 was expended
for sewerage and drainage facilities.
This amount represented the cost of
maintenance and operation of the entire
system.

University Endowment Lands Facilities

History. The University Endowment
Lands is owned and operated by the Pro-
vincial Government of British Columbia.
The area, is as yet only partially subdi-
vided. It offers choice residential pro-
perties. Sewerage facilities are instal-
led in each subdivision before lots are
sold. These facilities have been expanded
gradually since the first installation in
1924. The University Endowment Lands
is not a member of the Vancouver and
Districts Joint Sewerage and Drainage
Board, but the Board has frequently been
engaged to design and construct their
sewerage and drainage facilities.
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Description. Figure 42 shows the boun- drainage works within this area: These
daries, certain streets, and the location sewers range in diameter from 12 to 18
of the principal existing sewerage and inches and slope generally to the north.
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Figure 42. Principal Sewerage and Drainage Facilities of the University of
British Columbia and the University Endowment Lands

Main sewers in the University of British Columbia range in diameter from 12 to 18 inches and provide for separate
collection of sanitary sewage and storm water. Flow is entirely by gravity. Main sewers in the Endowment Lands com-
prise both separate and combined sewers ranging in diameter from 12 to 18 inches. Sewage from the University is dis-
charged without treatment into English Bay as is a portion of the flow from the Endowment Lands. The remainder of the
flow from the latter area is pumped into a sewer of the City of Vancouver and is also discharged without treatment into
English Bay.
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The system includes both separate and
combined sewers. No treatment is pro-
vided for the sanitary sewage.

In the areas sewered on the separate
system, storm water is carried to Eng-
lish Bay through outfalls or deep gullies
while sanitary sewage is either taken to
the Acadia Road outfall shared jointly
with the University of British Columbia
or pumped to a sewer of the City of Van-
couver. The combined sewers also drain
to the Acadia outfall. In the unsubdivided
portions of the area, storm water is car-
ried by culverts and natural watercourses
to the nearest body of receiving water.

Maintenance and Operation. There is no
regular staff for sewerage and drainage
maintenance and the work is done as re-
quired by a general foreman and mainte-
nance staff. Portions of the system are
in good condition but there are some ol-

der lines that will need replacement
shortly. Illicit connections for storm
water disposal are reported to exist in
most of the sanitary systems. Root
growth in many of the sewers has also
been a major problem.

Financial. There is no bonded indebt-
edness charged against the sewerage and
drainage works. The work is financed
through an endowment fund which is then
charged to the property served either by
general tax or on a local improvement
basis.

Information obtained from the Uni-
versity Endowment Lands offices indi-
cates that during 1952 $1,300 was expen-
ded for sewerage and drainage facilities.
Of this sum, $800 represented capital
outlay and $500 represented the cost of
maintenance and operation of the entire
system.



Chapter 11

Characteristics of Sanitary Sewage

Effect of Sewage Characteristics on Design

Proper and competent planning and
design of sewerage facilities is based
upon a knowledge of the quantity and
strength of the particular sewage invol-
ved. The quantity of sewage determines
the volumetric capacities of collection
sewers, pumping plants, sewage treat-
ment works and outfalls. The strength
of the sewage, primarily as measured
by the biochemical oxygen demand and
suspended solids tests, has a control-
ling influence upon the type and size of
various units of a treatment plant. It
largely determines, also, the degree of
treatment necessary to produce the
quality of effluent required for specific
conditions of disposal.

As discussed in Chapter 10, many of
the existing sewers within the Greater
Vancouver Area are of the combined
type. During dry periods these sewers
convey sanitary sewage only, while dur-
ing and shortly following periods of rain
they convey sanitary sewage mixed with
storm water. Under the local control-
ling conditions, therefore, planning of
sewerage facilities must not only recog-
nize the characteristics of the sanitary
sewage but also the contribution of
storm water in those areas presently
served by combined sewers. The me-
thods employed by the survey for the
estimation of storm water runoff are de-
scribed in Chapter 13.

Gauging and Sampling of Sewage Flows

No reliable information relating to
the volume and composition of the sani-
tary sewage of the Greater Vancouver
Area was available to the survey. It was
necessary, therefore, for the survey
staff to conduct certain field work and
laboratory studies to evaluate those
characteristics of sanitary sewage which
are most significant in the design of

collection, treatment and disposal facili-
ties.

Field work embraced the measure-
ment of sewage flows and the collection
of samples for laboratory analysis.
Sewage flows were measured in two
large sewers serving developed areas
comprised of residential, business and
industrial districts. These were the
English Bay intercepting sewer at the
intersection of First Avenue and Point
Grey Road and the Clark Drive trunk
sewer at a manhole just south of Hast-
ings Street, both in the City of Vancou-
ver and owned by the Vancouver and Dis-
tricts Joint Sewerage and Drainage
Board. Samples for laboratory analy-
sis were collected from the English Bay
intercepting sewer. These sewers serve
areas whose present character most
nearly resembles that predicted to re-
present ultimate development in all other
areas of the Greater Vancouver Area.

Data concerning sewage flows at
the Kitsilano pumping station of the
sewerage system of the City of Vancou-
ver were also available to the survey.

Figure 43 shows the location of the
gauging and sampling stations above de-
scribed.

Because the Fraser River and the
Strait of Georgia have virtually unlimi-
ted capacities for the ultimate disposal
of sewage, it was believed that analyses
of a relatively few samples would be
sufficient to provide information as to
the probable composition of the sewage.
Therefore, only three sets of samples
from one sewer were analyzed and the
results thus obtained were used to pre-
dict the probable future unit or per ca-
pita contribution. Allowances were made
in the predicted future characteristics
to allow for increased contributions from
industry and other sources such as
increased use of household garbage
grinders.

92
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KITSILANO TRUNK SEWER

Figure 43.
Location of Gauging and Sampling Stations

To determine the characteristics of the sewage from
areas whose present development resembles the type of
metropolitan development anticipated in the Greater Van-
couver Area, flow gauging and sampling programs were
carried out. Dry weather sewage flows were measured in
two of the combined sewers of the Vancouver and Districts
Joint Sewerage and Drainage Board and in a trunk sewer of
the City of Vancouver. Samples for laboratory analysis
were collected from the English Bay intercepting sewer of
the Sewerage and Drainage Board.

Two 24-hour and one 7-hour com-
posite samples were obtained from the
English Bay intercepting sewer at the
gauging station located at the intersec-
tion of First Avenue and Point Grey Road
within the City of Vancouver. The sam-
ples were collected downstream from a
Palmer-Bowlus flume so that the sewage
was thoroughly mixed. The samples
were made up of grab portions taken at
15-minute intervals. The quantity of
each grab sample was proportional to
the rate of flow at the time of collection.
The composites were thus representa-
tive of the total periods which each
covered.

A different method of measuring
sewage flow was employed at̂  each of
the three stations located as shown in
Figure 43 . A Palme r-Bowlus flume in-

stalled in the English Bay intercepting
sewer determines the rate of flow of the
sewage from the depth of flow through
the flume as indicated by a float and a
continuously operating water level re-
corder. The rate of sewage flow into the
Kitsilano pumping station is measured
in a similar manner with the exception
that a Parshall flume is employed as the
primary metering element. The rate of
flow in the Clark Drive trunk sewer was
obtained by manually measuring the depth
of flow at ten minute intervals and cal-
culating the rate of flow from the as-
sumed hydraulic characteristics of the
pipe.

In this report rates of sewage flow
are expressed as cubic feet per second
(cfs) and unit or per capita flows are ex-
pressed as Imperial gallons per capita
per day(gpcd). A rate of flow of one cu-
bic foot per second is equal to 539,000
Imperial gallons per day.

Laboratory Analysis

Laboratory studies on the samples
collected as above described were con-
fined to the determination of biochemi-
cal oxygen demand and suspended solids,
both total and volatile. All analytical
work was performed in laboratory space
generously made available by the Bri-
tish Columbia Research Council.

The biochemical oxygen demand
test measures the quantity of oxygen
utilized within a specified time and at a
specified temperature in the biochemical
oxidation of organic matter contained in
the sewage. It is not related to the oxy-
gen requirements of chemical combus-
tion but is entirely determined by the
availability of organic material as a
biological food and by the amount of oxy-
gen utilized by micro-organisms during
oxidation. The test was performed as
prescribed in the latest edition of "Stan-
dard Methods for the Analysis of Water
and Sewage" with the exception that nor-
mal tap water, buffered and aerated, was
used for dilution purposes instead of
distilled water.

The total suspended solids were de-
termined by filtering a measured quan-
tity of sample through a prepared What-
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man No, 40 filter paper. The filter paper
was prepared by drying in a 103 C oven
for thirty minutes and allowing to cool
and stabilize in the air for thirty min-
utes. It was then weighed. The sewage
samples were filtered through the paper
using a Buchner funnel and suction. The
filter papers containing the suspended
solids were dried, cooled and weighed
as described above. The differences in
weight between the initial and final
weighings were taken as the weights of
suspended solids contained in the volumes
of the samples filtered. The test was

16 r

performed in duplicate on each sample.
Volatile suspended solids were de-

termined by igniting the filter papers
containing the suspended solids in pre-
viously weighed crucibles in an electric
furnace at a temperature of 600 C for
fifteen minutes. The weight of ash re-
maining after ignition was taken to re-
present the fixed suspended solids, while
the difference between the weight of fix-
ed suspended solids and the total sus-
pended solids represented the volatile
suspended solids. -

The results of these analyses are
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Figure 44. Hourly Variation in Flow in the English Bay Intercepting Sewer

of the Vancouver and Districts Joint Sewerage and
Drainage Board, September 14-20, 1952

Sewage flows during the week of September 14-20, 1952 are considered to represent normal dry weather flow condi-
tions in this combined sewer. Flows are measured by a Palmer-Bowlus flume and continuously operating water level re-
corder. The average rate of flow during the week was 10. 0 cfs. The peak rate of flow occurred at 11 am on Monday,
September 15, and was 14. 0 cfs, or 133 percent of the average for that day.
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expressed in this report as parts per
million by weight (ppm). Total loadings
of biochemical oxygen demand (bod) and
suspended solids are expressed as
pounds per day(ppd); the unit or per ca-
pita contributions are expressed as
pounds per capita per day (ppcd).

Present Characteristics

Sewage Quantities. Figure 44 shows the
hourly variation in the rate of sewage
flow in the English Bay intercepting sew-

16

I 4

er as measured during the week of Sep-
tember 14-20, 1952. This week maybe
assumed to represent typical dry wea-
ther flow conditions. The average rate
of flow for the week was 10.0 cfs. The
peak rate of flow occurred at 11 am on
Monday, September 15, and was 14.0 cfs,
or 133 percent of the average for that
day. Minimum rates of flow normally
occurred about 6 am and were approxi-
mately 6.4 cfs for each day, or 64 per-
cent of the average rate.

In determining the amount of sam-
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Figure 45. Composite Hourly Variation in Flow During a Typical Dry Weather Week,
September 14-20, 1952 in the English Bay Intercepting Sewer

of the Vancouver and Districts Joint Sewerage and Drainage Board

Since a study of flow records for this intercepting sewer indicated that the variation in rate of flow is closely similar
for all dry weather conditions, this composite curve was used for proportioning samples collected at fifteen minute inter-
vals into daily composite samples for laboratory analysis.
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Figure 46. Hourly Variation in Flow
in the English Bay Intercepting Sewer

of the Vancouver and Districts Joint Sewerage and
Drainage Board During the Sampling Period,

October 21-23, 1952

Since both the average rate of flow and the hourly va-
riation in flow rate shown on this figure are comparable to
those shown on Figure 44, the method used for proportion-
ing grab samples into daily composite samples was justified.

pie to collect from the English Bay in-
tercepting sewer at each fifteen minute
sampling interval, as previously de-
scribed, use was made of a composite
curve of hourly variation in rate of sew-
age flow prepared for the week of Sep-
tember 14-20, 1952. This curve, as well
as curves showing the hourly variation
in flow for each day of that week, is
shown in Figure 45. Use of this compo-
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Figure 47. Hourly Variation in Flow
in the Clark Drive Trunk Sewer of the

Vancouver and Districts Joint Sewerage and Drain-
age Board During Dry Weather Flow, October and

November, 1950

Flows were gauged by manually measuring the depth
of flow at ten minute intervals and calculating the rate of
flow from the assumed hydraulic characteristics of the pipe.
The average rate of flow recorded was 14. 6 cfs. The peak
rate of flow occurred on Monday, November 6, 1950, at
11 am and was 23.0 cfs, or 139 percent of the average for
that day.

site curve as a basis for collecting sew-
age samples was considered to be justi-
fied, since a study of flow records for
the intercepting sewer indicated that the
variation in rate of flow is closely simi-
lar for all dry weather conditions.

Figure 46 shows the hourly varia-
tion in flow in this intercepting sewer as
measured during the period of sampling.
Both the average rate of flow and the
hourly variations in flow rate are com-
parable to those obtaining during the ty-
pical dry weather week of September
14-20, 1952.

Figure 47 shows the hourly variation
in the rate of sewage flow in the Clark
Drive trunk sewer during three days of
measurement in October and November,
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1950. The days shown were without rain-
fall, but a significant amount of rainfall
had occurred over a period of days prior
to thegaugings. The average rate of flow
for the days of measurement was 14.6
cfs. The peak rate of flow occurred on
Monday, November 6, 1950, at 11 am and
was 23.0 cfs, or 139 percent of the aver-
age for that day. The minimum rate of
flow occurred at 4 am on November 9,
1950, and was 9.0 cfs, or 76 percent of
the average for that day.

Figure 48 shows the hourly varia-
tion in the rate of sewage flow into the
wet well of the Kitsilano pumping sta-
tion for the week of September 14-20,
1952. As stated above, the flows obtain-
ing during this week may be assumed to
represent typical dry weather condi-
tions. The average rate of flow for the
week was 0.93 cfs. The peak rate of

flow occurred on Monday, September 15,
at 9 am and was 1.95 cfs, or 189 percent
of the average for that day. Minimum
rates at this station commonly occur at
about 4 am and are about 0.35 cfs, or 38
percent of the average flow.

The dry weather flow in the three
sewers discussed above is made up of
three elements: (1) sanitary wastes from
residences and connected industries;
(2) water introduced through drainage
tiles commonly installed adjacent to
building foundations to carry off ground
water which is relatively high in the
area; and (3) ground water infiltration
entering the sewers at joints and other
points throughout the lengths of the sew-
ers. The latter two items presumably
account for the fact that the minimum
flows in the English Bay intercepting
sewer and the Clark Drive trunk sewer
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Figure 48. Hourly Variation in Flow at the Kitsilano Pumping Station of the
City of Vancouver, September 14-20, 1952

The flows obtaining during this week have been assumed to be representative of dry weather conditions. Flows are
measured by a Parshall flume and a continuously operating water level recorder installed at the entrance to the wet well
of the pumping station. The average rate of flow during the week was 0. 93 cfs. The peak rate of flow occurred on Mon-
day, September 15, at 9 am and was 1. 95 cfs or 189 percent of the average for that day.
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are higher than those generally obtaining
in similar large sewers into which but
little or no ground water enters. The
minimum rate of flow into the Kitsilano
pumping station does not indicate ground
water effects of the same extent as those
prevailing in the two other sewers.

Measurement of wet weather, or
storm flows, in the area covered by the
survey was not undertaken for various
reasons. The sewer of greatest interest
in this connection, namely the English
Bay intercepting sewer, is provided with
several by-passes or overflows which
make total runoff determination extreme-
ly difficult, if not impossible. Other
main sewers have storm water overflows
into English Bay, False Creek, and Bur-
rard Inlet. Several combined sewers of
the Vancouver and Districts Joint Sewer-
age and Drainage Board with outfalls in
the North Arm of Fraser River do not
have such by-passes or overflows. In
no case, however, are they equipped with
rate of flow measuring devices, and as
yet none serve territory of the type and
extent of development typical of predic-
ted future conditions elsewhere in the
Greater Vancouver Area.

Sewage Strength. Table 2 5 presents the
results of analyses performed on the
samples collected from the English Bay
intercepting sewer. The results indicate
a rather weak sewage with respect to
the concentration of bod and suspended
solids. The average concentration of

Table 25

Analysis of Sewage
English Bay Intercepting Sewer

Sampling
Period8

1952

Oct. 21-22
Oct. 22-23
Oct. 23
Weighted
Average0

Average
Sewage Flowa

cfs

10.1
10.3
12.1

10.2

BODb

ppm

124
128
177

126

Suspended Solids
Total
ppm

152
154
254

153

Volatile
ppm

121
128
206

124

Samples collected and flows measured at intersection of 1st
Avenue and Point Grey Road in City of Vancouver.
a9 am to 9 am except October 23rd which was 9 am to

4 pm.
b5 day 20°C.
cWeighted according to flow for the two 24-hour samples

only.

these constituents was 126 and 153 ppm,
respectively. These relatively low
values may probably be attributed to the
dilution of the sanitary sewage by ground
water entering the sewer through drain
tile connections or through leaky joints
in the sewer.

Total and Per Capita Loadings. T a b l e 26
gives the calculated loadings in the Eng-
lish Bay intercepting sewer as presently
effective. Average daily contributions
of sewage flow, bod, and suspended
solids are calculated to be 98 gpcd, 0.13

Table 26

Present Loadings
English Bay Intercepting Sewer

Population11

Volumeb

Average daily flow, cfs
Average daily flow, gpcd
Peak rate, cfs
Percent peak of average0

Minimum rate, cfs
Percent minimum of average0

BODd

Average, pounds per day
Average,

Suspended Solids0*
Average, pounds per day
Average, ppcd
Percent volatile solids

55,000

10.0
98

14.0
133
6.4
64

6,900
0.13

8,400
0.15

80

aEstimated from information furnished by office of City En-
gineer of Vancouver, based upon 1951 preliminary census
figures for enumeration districts tributary to point of mea-
surement.

"Based on typical dry weather week of September 14-20,
1952. See Figure 44.

cAverage for day on which stated rate occurred.
"Based on analyses reported in Table 25.

ppcd, and 0.15 ppcd, respectively. The
loadings of bod and suspended solids
contained in the 7-hour sample collec-
ted on October 23 represented 48 and 57
percent, respectively, of the average to-
tal daily loadings of the preceding two
days. Similar values, namely 46 and 54
percent, are presented in the "Report
Upon the Collection, Treatment and Dis-
posal of Sewage and Industrial Wastes
of the East Bay Cities, California" , June
30, 1941, by Hyde, Rawn and Gray.

It is of interest to note that the aver-
age per capita flow of 98 gallons per day
is approximately 70 percent of the aver-
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age per capita water consumption of 140
gallons per day as reported in Chapter
5. This percentage figure is comparable
with figures for other areas of more or
less similar character. For example,
in the sewerage report for the East Bay
Cities of California, a study of the re-
sults of comprehensive sewage flow
gaugings and of equally comprehensive
water consumption data lead to the con-
clusion that 65 percent of the domestic
water supply and 90 percent of the in-
dustrial water supply would normally
reach the sewers. In this connection it
should be stated that the long, practical-
ly rainless summer period in that sec-
tion of California produces a heavy,long-
term demand for water for the irriga-
tion of private lawns and gardens, of
public parks, and other similar areas.

Calculated Design Factors

To estimate future flow quantities
of sanitary sewage and future loadings,
it is necessary to take cognizance of and
to make allowances for: (l) contribu-
tions from industries which,. although
presently existent, are not as yet con-
nected with sewers; (2) contributions
from new industries which may develop
in the future; (3) contributions due to in-
creased use of household appliances
such as garbage grinders; and (4) seep-
age from foundation tile drains which
will contribute to the flow in all com-
bined sewers. Design factors have been
developed with these conditions in mind.

Table 27

Calculated Design Factors
Sanitary Sewage

Volume
Sanitary system, a gpcd
Combined system, " gpcd
Percent peak of average
Percent minimum of average.

BOD, ppcd

Suspended Solids
Total, ppcd

95
110
150
65

0.17

0.20
aCarrying wastes from residences and industries only.
''Carrying ground water from foundation tile drains in ad-

dition to wastes from residences and industries.

Table 27 presents the calculated de-
sign factors applying to sanitary sewage
in the Greater Vancouver Area. Per ca-
pita flows are given for two types of
sewerage systems, namely, those which
will carry only sanitary sewage and
those which will convey combined storm
water and sanitary sewage. In estimat-
ing dry weather flows in combined sewer-
age systems, allowances have been made
for ground water contributions from
building drain tiles. The ratio of peak
to average rate of flow, 150 percent, is
considered to be applicable only to large
systems with extended lateral or col-
lection sewers. For smaller systems
this ratio would be considerably greater.
The loadings of bod and suspended so-
lids, 0.17 and 0.20 ppcd, respectively,
represent an increase of approximately
30 percent over the present loadings set
forth in Table 26.



Chapter 12

Requirements for the Disposal of Sewage

Methods of Disposal

Disposal of sewage and storm water
of the Greater Vancouver Area maybe to
the tidal waters of the Strait of Georgia
and Burrard Inlet or to Fraser River.
The controlling factors which dictate the
location of disposal works and the neces-
sity of treatment before discharge differ
greatly between sewage and storm water.

Storm Water. The primary objective
in the disposal of storm water is its dis-
charge into the nearest adequate water-
way in such a manner as to minimize
property damage and to obtain the great-
est possible drainage benefits. Because
discharge of surface runoff into a body
of water does not endanger beneficial
use of that water, the selection of dispo-
sal points is dependent completely on
economy, and no analysis other than the
carrying capacity need be made of a
stream or other body of water in deter-
mining appropriate disposal points. This
chapter is, therefore, devoted exclusively
to the requirements for disposal of sew-
age. The collection and disposal of storm
waters from the three topographic sec-
tions of the Greater Vancouver Area are
discussed in Chapter 17.

Sewage. Sewage disposal practice has
in large measure been established by
developments in science and by public
sentiment. Proper disposal of sewage is
determined primarily by considerations
of public health and aesthetics. Public
health has always been of paramount
importance, but more recently public
enjoyment and satisfaction have begun to
influence both the type and location of
disposal works. It is obvious that the
public health should be protected by all
possible means, both direct and indirect.
It is therefore imperative that all re-
creational beaches and inhabited shores,
all tidal waters and all river waters be

kept free of dangerous contamination or
pollution by sewage.

Currents in the waters of the Grea-
ter Vancouver Area are such that sewage
or sewage effluent discharged at one
place in the area may be transported to
another in a concentration such as to
constitute a potential source of contami-
nation or nuisance. Because of this, the
provision of sanitary sewage disposal is
properly the concern of all citizens in
the area.

Objectives for Sewage Disposal

Sewage disposal in British Columbia
is not controlled by any one governmental
agency. Several federal and provincial
departments are concerned with certain
phases which fall within their jurisdic-
tions. Among them are the following:

1. Provincial Department of Health
and Welfare

2. Provincial Department of Fish-
eries

3. Provincial Department of Lands
and Forests - Water Rights Branch

4. Federal Department of Health
and Welfare

5. Federal Department of Fisheries
6. Federal Department of Public

Works
Each of these agencies is responsible

for certain aspects of water quality con-
trol and each will require that the main-
tenance of receiving waters shall con-
form to its regulations.

Because of this varied control and
interest in sewage disposal, the Board of
Engineers believes that specific require-
ments for sewage disposal should not be
determined until such time as the detailed
design of a particular plan or sewerage
project is undertaken. In determining
such requirements, each individual dis-
posal plan must be considered separately

100
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and all of the pertinent factors evaluated.
Such a procedure involves a careful
case - by - case determination and cannot
be accomplished by the establishment of
arbitrary standards.

The basic objectives of sewage dis-
posal are applicable generally to any re-
gion. The following are believed neces-
sary in the Greater Vancouver Area:

1. Disposal of sewage and trade
wastes should not cause the appearance
of grease, oil or oily sleeks, or of visible
solids of sewage origin in waters used
for bathing or other forms of recreation,
nor should the disposal cause deposit of
such materials on beaches or shores to
an extent such as to constitute a nuisance.

2. Unavoidable discolouration of wa-
ters in the vicinity of sewer outfalls
should be permitted. The permissible
extent, degree and nature of discoloura-
tion should be determined by the location
of specific waste discharges.

3. Sewage should be so discharged
into a body of receiving water as to avoid
bacterial contamination of recreational
waters. The determination of bacterial
contamination should be based upon logi-
cal, proper evaluation of the uses of the
waters in question.

4. Discharged wastes should not
contain toxic materials in concentrations
detrimental to fish, bird or other wild-
life, nor should they reduce the quantity
of dissolved oxygen in the receiving wa-
ters below the level necessary to the
survival of such life.

5. Waste disposal should cause no
obnoxious odours along the beaches or
shores of the area or in the vicinity of
any sewage treatment works.

These objectives have been applied
throughout the survey in laying out pro-
jects for study and comparison. The
following portions of this chapter deal
with the investigations and the conclu-
sions reached regarding disposal of sew-
age in the Greater Vancouver Area.

DISPOSAL TO TIDAL WATERS

Controlling Factors

The capacity of tidal waters to re-
ceive sewage and render it harmless is

directly related to the ability to dilute
the sewage, destroy the pathogenic or-
ganisms, and oxidize the organic matter
contained therein. This ability, in turn,
is related to the quantity and composition
of the sewage involved, the oxygen con-,
tent of the water, and to conditions of
current, depth and density at and adjacent
to the disposal site.

When sewage or sewage effluent is
discharged below the surface of sea wa-
ter, it tends to rise immediately because
of its lesser density. In rising, the sew-
age mixes with sea water and spreads
over an increasingly larger area as it
nears the surface. The extent of dilution
which will have been accomplished when
the sewage - sea water mixture reaches
the surface is dependent upon the depth
of the outlet, temperature differences
between sewage and sea water, and upon
current velocity.

The initial energy imparted to the
sewage because of its lesser density is
not usually dissipated, even with the ad-
mixture of large quantities of sea water,
until the mixed liquid reaches the sur-
face. At that point, one of two general
phenomena will occur. Either the sew-
age - sea water mixture will plunge be-
neath the surface and disappear com-
pletely or it will float and spread as a
part of the surface layer of less dense
water. The first phenomenon, where the
mixture plunges under the surface, re-
sults from the discharge of sewage into
sea water which is considerably colder
than the surface water. In rising, the
sewage mixes with this colder water. By
the time the mixture reaches the surface,
its temperature is lower than that of the
surrounding top waters and its density is
greater. Because of this density differ-
ence, an unstable condition exists and the
denser sewage - sea water mixture will
tend to submerge. The second phenome-
non, where the sewage-sea water mixture
spreads laterally over the surface, oc-
curs when the density of the sewage-sea
water mixture is less than that of the
surface water. By the time the sewage
reaches the surface, although it has been
mixed with denser sea water in rising,
the density of the mixture has not been
lowered below that of the surrounding
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surface waters. The mixture, therefore,
will float and will move with the surface
layer, at the same time continuing to mix
and diffuse with greater quantities of sea
water. After a period of time, varying
from less than one to as many as three
hours, depending on the initial dilution
achieved, all traces of sewage will have
been dissipated.

The concentration of suspended so-
lids originally contained in sewage ef-
fluent is decreased not only by dilution
but also through utilization as food ma-
terial by certain microscopic and macro-
scopic organisms normally present in
sea water. The decrease in coliform
density, a measure of bacterial conta-
mination, is not attributable to dilution
alone but also to the fact that normal sea
water contains substances which seem
to have an antibiotic effect on coliform
organisms. Studies showing this effect
are reported by Vaccaro, Briggs, Carey,
and Ketchum in an article entitled,
"Viability of Escherichia coli in Sea Wa-
ter ", American Journal of Public Health.
October, 1950.

The movement of surface water in
the Greater Vancouver Area is controlled
by the concurrent action of the tide and
by the discharge of fresh water from
Fraser River into the Strait of Georgia.

Tides. The tidal pattern of the area
is one of diurnal inequality. The ampli-
tude of the tide varie s through a two-week
cycle. During spring tides, the tide falls
very low on one ebb and rises high on
the following flood. Throughout the next
cycle the tide remains relatively high
with only a minor fall and rise. During
neap tides there are two fairly similar
tides of small amplitude each day. Fi-
gure 49 shows graphically the spring and
neap tidal ranges which are common at
Point Atkinson. Tidal ranges in excess
of fifteen feet are not unusual during
spring tides.

In the Strait of Georgia, the flooding
tide moves northward and the ebbing tide
moves southward. Along the eastern
shore of the strait bordering the Greater
Vancouver Area, the movement associa-
ted with the flood tide is considerably
greater than that with the ebb tide. The
tidal drift, therefore, is predominantly

in a northerly direction.
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Figure 49. Typical Spring and Neap Tidal Ranges at
Point Atkinson, British Columbia

The tidal pattern of the area is one of diurnal inequa-
lity in which the amplitude of the tide varies through a two
week's cycle. Tidal ranges in excess of fifteen feet are
not unusual during spring tides.

Fraser River Discharge. Fresh water is
released into the Strait of Georgia by
Fraser River at a variable rate during
the year. The peak discharge during the
freshet season is more than ten times the
average winter discharge. The freshet
usually begins during the early part of
May and the river flow rises to a maxi-
mum in mid-June. Winter flows are re-
latively constant from October through
April. Figure 50 shows the variation in
flow in the Fraser River at Hope, British
Columbia, during the period October 1949
to September 1950, as measured by the
Department of Resources and Develop-
ment of Canada. At Hope, which is 90
miles upstream from the mouth of the
river,the drainage area is approximately
96 percent of that at the mouth. Flows in
the lower reaches of Fraser River may
be estimated by the application of factors
developed by the Department of Resour-
ces and Development. These factors take
into account the contributions of rivers
and other watercourses downstream from
Hope. The peak discharge of Fraser Ri-
ver to the Strait of Georgia is estimated
to exceed 500,000 cfs, while the average
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Figure 50. Fraser River Flow at Hope, British
Columbia, October 1949 to September 1950

The discharge of Fraser River to Strait of Georgia is at
a variable rate during the year. Winter flows are relatively
constant and low. Freshets normally begin in May and
maximum flows usually occur in June. Contributions from
watercourses downstream from Hope, the location of mea-
surements shown above, increase the average winter dis-
charge to 30,000 cfs and the peak discharge to over
500, 000 cfs.

winter discharge is estimated to be
30,000 cfs.

Studies Conducted for the Surrey

Several investigations to obtain in-
formation relating to the controlling fac-
tors discussed above have been conducted
by the Vancouver and Districts Joint
Sewerage and Drainage Board alone and
in cooperation with other governmental
organizations. A brief description of
each of these investigations is given
below.

Fraser River Estuary Project. This coopera-
tive project was undertaken to gather
oceanographic data necessary to describe
the circulation and rate of exchange in
the Fraser River estuary and contiguous
waters of English Bay. The following
organizations or agencies contributed
personnel, equipment or funds for the
conduct of the project: (1) Vancouver and
Districts Joint Sewerage and Drainage
Board; (2) National Research Council;
(3) Institute of Oceanography, University
of British Columbia; (4) British Colum-
bia Lands and Forests Department, Air
Surveys Branch; (5) Tidal Branch, Hydro-
graphic Service, Department of Mines
and Technical Surveys of Canada; and
(6) the Pacific Oceanographic Group of
the Fisheries Research Board of Canada.
The latter agency provided the general

direction and supervision ot the project.
Between November 1949 and April

1950, work was carried on by the Van-
couver and Districts Joint Sewerage and
Drainage Board with the advice of the
Pacific Oceanographic Group. In May
1950, the project was increased in scope
and embraced all of the above mentioned
agencies. This work involved the collec-
tion of samples and analyses for dissol-
ved oxygen and salinity and included a
determination of the temperature struc-
ture. During the period November 1949
to April 1950, 52 stations in Vancouver
Harbour and English Bay were occupied
once each month and samples were taken
at each position twice on opposite phases
of the tide. In May 1950, the area under
investigation was extended to include the
Fraser estuary as far south as the main
channel of the river. During the period
May 1950 to February 1951, the area be-
tween Vancouver Harbour and the main
channel of Fraser River was covered by
a network of 42 stations. These stations
were occupied at frequent intervals until
October 1950, and an additional series of
samples was collected in February 1951
to evaluate winter conditions.

By correlation of the data collected
from each station with reference to the
tide, a synoptic representation of the wa-
ter structure over the entire area under
consideration was obtained.

The methods employed and all data
collected have been compiled and pub-
lished by the Pacific Oceanographic
Group under the title "Pacific Coast Data
Record, Fraser River Estuary Project,
1950." An analysis of these data with
respect to the movement of surface wa-
ter was made for the Vancouver and
Districts Joint Sewerage and Drainage
Board by the Pacific Oceanographic
Group and was published under the title
"The Oceanographic Phase of the Van-
couver Sewage Problem", by R. L. I.
Fjarlie, a report which has been used by
the Board of Engineers as the basis for
evaluating possible sites for disposal of
sewage into the tidal waters of the Grea-
ter Vancouver Area.

Tidal Current Surveys. Studies of tidal
currents in English Bay and Vancouver
Harbour were conducted in 1950 by the
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Hydrographic Service of the Department
of Mines and Technical Surveys of Cana-
da in cooperation with the Vancouver and
Districts Joint Sewerage and Drainage
Board. Data were collected from 26 cur-
rent observation stations extending from
Point Grey to Second Narrows. Each
station was occupied throughout a com-
plete tidal cycle of 25 hours on two occa-
sions during the period June to August,
1950. Current velocities were measured
at several depths using a current meter.
Directions were determined by compass.

A report entitled "Current Investi-
gations, Burrard Inlet - 1950", describ-
ing in detail the nature of the currents
in Vancouver Harbour and English Bay,
was submitted to the Vancouver and Dis-
tricts Joint Sewerage and Drainage Board
by the Hydrographic Service. The data
were used by the Hydrographic Service
in preparing Tidal Publication No. 22,
entitled "Tidal Current Charts, Vancou-
ver Harbour, British Columbia."

Other Investigations, In addition to the
studies enumerated above, intermittent
studies of currents in the waters of Eng-
lish Bay, Vancouver Harbour, and the
Fraser River estuary have been conduc-
ted by the Sewerage and Drainage Board
since 1927.

Movements of Water Masses

As discussed previously in this
chapter, knowledge of the movement of
surface waters is necessary to determine
the proper location of sewage outfalls
and the degree of treatment necessary
prior to discharge. As a result of the
Fraser River Estuary Project and the
Tidal Currents Surveys, the movement
of various masses of water bordering
the Greater Vancouver Area can be de-
scribed.

Movements of water masses from
the main channel of Fraser River, Stur-
geon Bank and the North Arm, as well
as the circulation in English Bay, are
described in detail in the "Oceanographic
Phase of the Vancouver Sewage Problem"
referred to above, and the descriptions
presented herein have largely been taken
from that source. Movements of water
masses were determined from results

of the synoptic surveys of July 18 to 28,
1950, when the Fraser River discharge
was about 200,000 cubic feet per second.
These movements have been taken as
representative of conditions in mid-
summer. The movements were checked
against aerial survey data and are con-
sistent with data from previous and sub-
sequent synoptic surveys and with actual
current measurements made with floats.

Determination of current velocities
and directions at various stages of the
tide in Vancouver Harbour was made and
reported upon by the Tidal Branch of the
Hydrographic Service. The results are
shown in the current charts for the har-
bour. These observations are in agree-
ment with the results obtained from free
float studies. The description presented
herein relative to circulation in Vancou-
ver Harbour has largely been taken from
the Hydrographic Service report to the
Sewerage and Drainage.Board.

Main Fraser River. When fresh water
from Fraser River reaches the Strait of
Georgia, it flows out over the denser sea
water forming a distinct upper layer.
This layer is freshest near the mouth of
the river, and increases in salinity with
time and distance as it gradually mixes
with the underlying sea water. It is dis-
tinguished visually by the large amount
of suspended silt carried by the river.
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Figure 51. Typical Salinity-Depth and
Temperature-Depth Curves for Strait of Georgia

in Fraser River Area

Measurements of salinity and temperature confirm vi-
sual evidences of the presence of a distinct upper layer of
fresh water from Fraser River in the Strait of Georgia. The
layer of brackish river water is characterized by relatively
low salinity which increases with depth until at about 20
feet the salinity of normal sea water is reached.
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In addition to visual evidences of its
presence, the layer may be detected by
analyses of samples of the water taken
at varying depths. Measurements of sa-
linity and temperature structure indicate-
the density structure. Figure 51 shows
typical salinity-depth and temperature-
depth curves. The layer of brackish
river water is characterized by relatively
low salinity. The salinity of the upper
layer increases with depth and at a depth
of about 20 feet equals that of normal sea
water.

The amount of Fraser River water
discharged to the Strait of Georgia is a
function of the river flow and of the tides.
Upstream from any tidal effect, the river
has a constant seaward velocity under
any condition of.river flow or tide. In
the region affected by the tide, two phe-
nomena occur dependent on the rate of
discharge of the river and the tidal
phase.

During the period of midsummer
flow and spring tide, sea water intrudes
under the fresh water and moves up-
stream or downstream, depending on the
tidal phase as shown on Figure 52. As
the tide rises, sea water flows into the
river mouth lifting the river water and
carrying it upstream until the energy of
the mass of water moving upstream is
equalled by the energy of the mass of
water moving downstream. The river
runoff accumulates behind this barrier
of equal energy and the water level in
the river rises. It continues to rise for
a short period after high tide in the Strait
of Georgia. At. the start of ebb tide, the
velocity of the water moving upstream
becomes zero and the upper layer of
fresh water moves seaward at a rapid
rate. The accumulated runoff is released
as a cloud of brackish water, which is
carried clear of the river mouth by its
momentum and becomes subject to move-
ment by the tidal currents. Because of
the intermittent discharge of river water
,to the strait, the layer of fresh water
entering the strait on any given ebb tide
is separated from preceding or subse-
quent layers by the distance moved dur-
ing the time between tidal cycles. The
clouds may remain distinct for several
cycles, but eventually mix with the under-

DATUM SURFACE-

R I S I N G T I D E

SURFACE
DATUM

CLOUD

LOW T IDE

Figure 52. Cross Section of Froser River Estuary
Movements at Tide Stages

The stage of the tide has a direct effect on the rate of
discharge of Fraser River to Strait of Georgia. During
spring tides, sea water flows upstream, under the fresh river
water on rising tides, and, by raising the level of the river,
causes an accumulation of fresh water upstream. As the
tide falls, the accumulated runoff is released to Strait of
Georgia.

lying sea water and lose their identity.
Figure 53 shows diagrammatic ally

the water mass movements from the main
Fraser River during periods of mid-
summer flows and spring tides. A sur-
face cloud of relatively fresh water,
shown as "A" on Figure 53, forms during
a falling tide at the river mouth. As the
tide continues to fall, the cloud grows in
size and at low tide occupies a large area
offshore from the river mouth. The ris-
ing tide in the Strait of Georgia moves
northward as well as shoreward and, as
the tide rises, the cloud is separated
from the river mouth and is moved rapid-
ly northward. At high tide, a portion of
the cloud lies on Sturgeon Bank as shown
by "A" on the figure. The remainder of
the cloud, "A-l", extending northwest-
ward, mixes with the waters of the Strait
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Figure S3. Water Mass Movements in the Fraser River Estuary During Successive Tidal Stages
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FA L L I N G T I D E

R I S I N G T I D E

Figure 54. Water Mass Movements on Sturgeon Bonk During Successive Tidal Stages
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of Georgia and moves out of the area of
consideration on the next ebb tide. Dur-
ing the tidal cycle, the river water, "A",
has mixed with underlying sea water and
the salinity of the cloud has increased.

During periods of maximum runoff
in Fraser River, a second phenomenon
occurs in the flow of river water into the
Strait of Georgia. At these times, the
elevation of the water surface in the ri-
ver is always higher than the elevation
of the water surface in the Strait of Geor-
gia. Consequently, the flow of river wa-
ter into the strait continues throughout
the tidal cycle. At these times, the upper
layer' of turbid river water is a continu-
ous chain of connected clouds passing
out from the river mouth to be moved by
the tidal currents. Although the dis-
charge of river water to the strait is
continuous under these conditions, the
rate of discharge varies with the tide,

\

being greatest during ebb tides and least
during flood tides.

Sturgeon Bank. As shown on Figure 54,
there are five water masses on Sturgeon
Bank as the tide starts falling. These
are: brackish water, "A", which has
moved onto the bank on the previous ris-
ing tide from the main channel discharge
of Fraser River; freshwater, "B", from
Macdonald Slough; fresh water, "C",
from the Middle Arm of Fraser River;
fresh water, "D", spilled over the jetty
from Fraser River on the last of the pre-
vious high tide; and brackish water, "F",
which originated at "C" and "D" on the
previous tidal cycle. These water mas-
ses all move seaward as the tide falls
and are accelerated by the outflow of the
river and its distributaries. At low tide,
Sturgeon Bank is drained and the three
masses, "B", "C" and "D", lie off their
respective channels in the deep water at

*"-,

Photograph by B. C. Lands and Forests Dept.

Figure 55. Water Masses on Sturgeon Bank

Clouds ol fresh river water from Fraser River and its distributaries are discharged to Strait of Georgia on falling tides.
Figure 54 shows these water masses diagrammatically.
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the edge of the bank. The brackish wa-
ter masses, "A" and "F", are farther
seaward and have become more saline by-
mixing with the underlying sea water.
With the rising tide, all the masses move
rapidly northward and undergo mixing
and dilution with underlying sea water.
The movement is directed toward Howe
Sound and is held away from Point Grey
and English Bay by the water mass from
the North Arm. At high tide, part of the
Macdonald Slough water, "B", is in the
entrance to English Bay and part has been
carried up the North Armas the reversal
of flow occurred. Water from the Middle
Arm, "C", and main Fraser, "D", has
returned to Sturgeon Bank. Brackish
water, "A", lies well offshore and now,
two tidal cycles after having been dis-
charged from Fraser River, has almost
lost its identity. The brackish water,
"F", which originated at "C" and "D"
two tidal cycles previously is now west
of the entrance to English Bay and is
well mixed with sea water.

North Arm. As shown on Figure 56,
fresh water, "G", emerges from the
North Arm as the tide starts falling and
spreads northward and eastward around
Point Grey to overlie the southern fore-
shore. Included in this mass is a portion
of Sturgeon Bank water which intruded
the North Arm through Macdonald Slough
on the previous flood tide. At low tide
the water mass, which had accumulated
upstream in the North Arm during the
previous high tide, extends almost as far
northward as Howe Sound. This serves
to keep water from Sturgeon Bank sea-
ward of the shore and English Bay. As
the tide rises, the first portion of the
North Arm discharge, "G-l", is separa-
ted from the main mass by the intrusion
of water flowing southwestward from
Point Atkinson. This portion, "G-l",
moves out of the area of consideration,
but the main portion of the North Arm
discharge moves into English Bay. At
high tide, the water mass, "G", has al-
most entirely entered Vancouver Har-
bour. That portion which has not entered
the harbour leaves English Bay on the
following ebb and together with the mass,
"G-l", are the only portions of the North
Arm discharge to move out of the area

of consideration in one tidal cycle.
English Boy. The circulation of surface

water within English Bay as determined
from results of aerial surveys and direct
current measurements is shown on Fi-
gure 57. These methods permit a more
detailed determination of position of va-
rious water masses tfyan is obtainable
from the synoptic surveys. During fall-
ing tide, the cloud of water from the
North Arm, "G", moves northward and
eastward around Point Grey and occupies
all of the southern foreshore. At the
same time, tidal water ebbing from False
Creek flows along Kitsilano and Second
Beaches towards Stanley Park, while
water from Vancouver Harbour, "H",
flows outward through First Narrows.
The velocity of flow through First Nar-
rows is high, at times approaching 5
knots, or nearly 6 miles per hour, along
the north shore. Towards the last of the
ebb, flow along the southern shore slack-
ens, becomes weak and variable, and
tends to reverse so as to cause a sea-
ward flow along the south shore. This
water moves underneath the fresher wa-
ter from the North Arm because of its
greater salinity and density. New North
Arm water continues to advance as a
surface layer around Point Grey into
English Bay. At low tide, the westward
movement along the south shore ceases.
The volume of False Creek water in the
bay is a maximum and now lies along
Kitsilano and Second Beaches. The ebb
stream from Vancouver Harbour con-
tinues to move seaward along the north
shore although it loses some water to an
anti-clockwise eddy in the middle of the
bay.

During rising tide, conditions change
rapidly. The North Arm cloud moves
toward First Narrows, spreading over
Spanish Bank and Locarno Beach. A part
of the water which was along Jericho and
Kitsilano Beaches enters False Creek
following that portion of the False Creek
water which had moved into the corner
of English Bay toward the end of the pre-
vious ebb tide. The portion of False
Creek water which had moved northward
on the ebb now enters Vancouver Har-
bour in front of the North Arm cloud and
behind the last of the ebb discharge from
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Figure 56. Wafer Mass Movements from North Arm of Fraser River During Successive Tidal Stages
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L L I N G T I D E

R I S I N G T I D E H I G H T I D E

Figure 57. Water Mass Movements in English Bay, False Creek and Vancouver Harbour
During Successive Tidal Stages
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First Narrows. The main stream of
Vancouver Harbour water, discharged
through First Narrows on the ebb tide,
continues to flow westward along the
north shore of English Bay. A portion
of this water mass moves into the anti-
clockwise eddy in the middle of the bay
which persists until the last of the tidal
rise.

At high tide, the North Arm water
lies along the south and east shores of
English Bay enclosing residual water in
the southeast corner of the bay along the
beaches near False Creek. Water from
Vancouver Harbour lies along the north
shore and water discharged from Stur-
geon Bank during the previous ebb is now
in the entrance to English Bay.

The Sturgeon Bank water, which is
in the entrance of English Bay at high
tide, recedes seaward on the falling tide

„ and moves out of the area of considera-
tion. The net movement during the tidal
cycle has been a slight anti - clockwise
progress around English Bay. With the
exception of the Sturgeon Bank water,
the only water which has moved out of
the area has been that portion of the wa-
ter discharged from Vancouver Harbour
on the ebb tide which has moved seaward
of Point Atkinson.

Voncouver Harbour. Figure 57 shows dia-
grammatically the general nature of the
circulation in Vancouver Harbour. It is
clearly established that, in the area be-
tween Brockton Point and Terminal Dock,
the currents tend to circulate anti-clock-
wise on both rising and falling tides,
On falling tides, the main water mass
movement in the harbour is westward in
the central and northern parts. A weak
eddy forms along the southern shore. On
a rising tide, the main water mass move-
ment is from Brockton Point toward the
Canadian National dock. The current a-
long the north shore, after a period of
varying velocity and direction, forms an
eddy and continues to set westward until
it rejoins the main stream in the region
opposite Brockton Point.

Within the harbour, the strongest
currents occur from one to two hours
after maximum flood. The current may
reach two knots setting eastward off shore
from the Canadian National dock and one

knot setting westward along the north
shore.

Variations in Water Mass Movements

During tides of small amplitude, the
main difference in the movements above
described for various water masses would
be in the distance of transport per tidal
cycle. The anti-clockwise movement in
English Bay would be less rapid. It is
doubtful if Sturgeon Bank water ever in-
trudes English Bay on the lower veloci-
ties associated with tides of small range.

When Fraser River is in freshet,
the seaward flow in the North Arm does
not reverse during flood tide and the dis-
charge velocity is high. The main dis-
charge is directed towards Bowen Island
rather than around Point Grey. The di-
rection and quantity of the North Arm
discharge effectively prevents the intru-
sion of water from Sturgeon Bank to
English Bay. The larger quantities of
fresh water released to the system in-
crease the displacement per tidal cycle
and the net transport throughout the en-
tire system. Because of increased la-
teral dispersion of the North Arm dis-
charge, however, a larger quantity enters
English Bay at freshet time than during
lower river flows.

When the Fraser River discharge is
low in late summer, the North Arm dis-
charge is affected by the tide to a grea-
ter extent than has been described. Its
waters move into English Bay and do not
provide any barrier against the intrusion
of water from Sturgeon Bank. The net
transport over a tidal cycle during this
time is considerably less than during the
higher river flows and a longer period
of time is required for Sturgeon Bank
water to reach English Bay.

Direct Current Measurements

Observation of current velocities
and directions by means of floats was
conducted by the Vancouver and Districts
Joint Sewerage and Drainage Board in-
termittently over a number of year s. The
results of these float surveys were stu-
died in detail as a part of the prepara-
tion of the report on "The Oceanographic
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Figure 58. Water Masses in English Bay
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Phase of the Vancouver Sewage Prob-
lem."

Table 28 shows the number of days
of float observations which were made
by the Vancouver and Districts Joint
Sewerage and Drainage Board from 1927
to 1950 at various locations in the area.
As shown in the table, there have been
166 individual days of observations. A
complete tabulation of all the float sur-
veys has been made as a part of theFra-
ser River Estuary Project and is inclu-
ded in the data record of that project.

Because the float study results are
recorded elsewhere and because the re-
sults indicate that the currents vary from
season to season depending primarily on
the seasonal variation in Fraser River
flow, it has been deemed appropriate to
present in this report only typical or re-
presentative float paths observed during
1950,

Figure 59 shows the type of float
used for measuring surface and subsur-
face currents. The floats were released
and allowed to drift with the current as
long as they remained within the area
under observation. Floats were approa-
ched periodically and their positions
determined by taking double sextant an-
gles on shore control points and plotting
on specially prepared boat sheets. For
the most part, positions were determined

Table 28

Direct Current Measurements
Vancouver and Districts

Joint Sewerage and Drainage Board

Month
March
April
May
June
July
August
September
October
November
December
Total

1927

2
14
10

26

Days oJ
1929

2

1

3

1941

9
5

14

Observations
1945

8
17

3
3

31

1949

3
8
9
4

2
5

31

1950
5
4

12
15
13
10

2

61

Total
5
4

12
26
40
33
28
11

2
5

166

at approximately hourly intervals, al-
though at times, when a large number of
floats was being maintained in the water
or when the floats became widely dis-
persed, the time interval was consider-
ably greater.

Figures 60 through 66 show repre-
sentative float paths observed each month
from March through September, 1950.
In addition, each figure includes the tidal
curve for each day for which float move-
ments are shown and the variation in
Fraser River discharge for the month.

Observations made in English Bay in all years listed.
Observations made in North Arm of Fraser River in 1929,
1941, and 1950.
Observations made in Vancouver Harbour in 1945, 1949,
and 1950.
Observations made in Fraser River estuary in 1950.
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The study of surface and sub-surface,currents in the
Greater Vancouver Area was accomplished by using floats
which were allowed to drift with the current.
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The directions of observed currents
as indicated on these figures generally
confirm the water mass movements de-
scribed earlier in this chapter for the
waters of the main channel of Fraser
River, Sturgeon Bank, the North Arm and
English Bay.

Selection of Outfall Sites

The extent of the area occupied by
sewage or sewage effluent discharged to
tidal waters is determined not only by the
initial dilution which obtains when the
sewage-sea water mixture reaches the
surface but also by the surface currents.
The possibility of contamination of bea-
ches or recreational waters by sewage
must be examined in the light of all avail-
able oceanographic information. The
previous section of this chapter has set
forth a description of the movements of
surface water masses as determined by
synoptic surveys, aerial photographs and
direct current measurements with free
floats and current meters. The move-
ments have been discussed for what may
be called the midsummer period and the
effects due to changes in river discharge
and tidal amplitude have been stated.

The selection of possible sites for
outfalls must recognize and be governed
not only by the conditions existing in the
receiving waters but also by the topo -
graphy of the land areas, the distribution
of population at present and in the pre-
dicted future, and the relative economies
between various locations at which the
sewage of a given tributary area may be
collected for ultimate disposal. It is ne-
cessary, therefore, to determine the de-
gree of treatment which would be required
prior to discharge to various bodies of
receiving waters in order that the rela-
tive economies of the sewerage plans
may be determined.

Degree of Treatment Required

The quantity of sewage discharged
has a direct bearing on the extent of the
area which will be occupied by the sew-
age-sea water mixture in concentrations
which might represent potential conta-
mination. The quantities of sewage which

Table 29

Possible Sewage Discharges
to Tidal Waters

Location of Outfalla

Sturgeon Bank

English Bay
North Shore

First Narrows

Vancouver Harbour
North Shore

Burrard Inlet
East portion

Average Sewage Flow"
cfs
130

8

26

18

4
a See Chapters 14, 15 and 16.
b Predicted ultimate sanitary flow.

might be discharged to tidal waters of
the area are presented in Chapters 14,
15 and 16. Table 29 presents a summary
of these average sewage flows which are
predicted for the time when the .tributary
areas have reached maximum develop-
ment. The flows are grouped according
to possible location of outfall.

Main Fraser River. As d iscussed p r e -
viously and as shown in Figures 53 and
54, a portion of the water discharged
from the main channel of Fraser River
requires two tidal cycles to reach the
entrance of English Bay. The remainder
of the discharge from the Fraser is car-
ried into the Strait of Georgia.

It will be possible to discharge sew-
age in the main channel of the Fraser
River without any treatment. A proper
outfall should extend far enough from
shore to reach the deep channel where
satisfactory velocities occur. It should
include a number of outlets to provide
the greatest possible initial surface di-
lution. By the time the sewage-sea water
mixture reaches any recreational area,
the dilution would be so great that no
contamination or nuisance would result.

Sturgeon Bank. As shown on Figure 54,
a portion of the water on Sturgeon Bank
is carried by a rising tide into the North
Arm through Macdonald Slough between
Iona and Sea Islands. On a falling tide,
this water moves down the North Arm,
around Point Grey, and into English Bay.
The remainder of the water whichcovers
Sturgeon Bank on a rising tide moves
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offshore and northward as the tide falls.
During most of the summer months, the
flow from the North Arm is sufficient to
prevent this water from entering English
Bay. When river flow is low in late sum-
mer, some Sturgeon Bank water may in-
trude into English Bay. Because of the
lower net transport at these times, how-
ever, the elapsed time of movement from
Sturgeon Bank to English Bay is much
greater than during periods of high flow
in the North Arm.

It would be possible to discharge ef-
fluent from a high-rate primary treat-
ment plant to Sturgeon Bank if a dam
were constructed across Macdonald
Slough to prevent any back flow to the
North Arm. To provide for periods of
low tide when large portions of Sturgeon
Bank are exposed, it would be necessary
to construct a channel across the bank to
deep water.

North Arm. As shown̂  on Figures 56
and 57, water discharged from the North
Arm sweeps around Point Grey and into
English Bay on falling tides. A portion
of this water overlies the beaches along
the southern shore and. the remainder is
carried into Vancouver Harbour. Be-
cause of the short time during which the
effluent could mix with sea water, sew-
age discharged into the North Arm near
its mouth would require secondary treat-
ment such as would be provided by a
high-rate trickling filter treatment plant.
This plant would have to treat all sewage
delivered to it, including the combined
flow of domestic sewage and storm wa-
ter during specified periods of rainfall.
In addition, it would probably be neces-
sary to chlorinate the plant effluent dur-
ing such critical periods as might obtain
when the waters of English Bay are used
for recreational purposes.

English Bay. As shown on Figure 57,
the movement of water in English Bay is
anti-clockwise. The movement is gene-
rally eastward along the southern shore
and westward along the northern shore.
During rising tides, water from the south
shore moves into Vancouver Harbour be-
fore reaching the north shore, while wa-
ter along the north shore leaves the sys-
tem seaward of Point Atkinson. Sewage
discharged into the southern portion of

the bay would require secondary treat-
ment, such as that provided by the acti-
vated sludge process, and effluent chlo-
rination would be necessary during criti-
cal periods. In addition, this plant would
have to treat all sewage delivered to it,
including the combined flow of domestic
sewage and storm water during specified
periods of rainfall. Because of the net
movement seaward and consequent quick-
er removal of the sewage - sea water
mixture, sewage discharged into the nor-
thern portion of the bay would not require
as high a degree of treatment as that re-
quired for the southern portion. Effluent
from a standard-rate primary treatment
plant, chlorinated during critical periods,
would be suitable for discharge into these
waters. The depths at which it is possi-
ble to discharge sewage effluent along
the north shore,the rapid currents which
exist, and the fact that water from this
zone leaves the system on each tidal cy-
cle combine to make this degree of treat-
ment sufficient. At certain locations
along the western portion of the north
shore of English Bay, it would be possi-
ble, without offense or unsanitary re-
sults, to discharge relatively small
quantities of crude sewage through out-
falls extending into deep water.

Vancouver Harbour. As shown on Figure
57, the movement of water within Van-
couver Harbour is similar to that in
English Bay and is anti-clockwise. Wa-
ter enters the harbour from the southern
part of English Bay and is discharged
into the northern part after having made
a circuit of the harbour. Sewage would
require at least standard-rate primary-
treatment prior to discharge into the
harbour. Effluent chlorination would be
necessary during critical periods.

East Portion - Burrard Inlet. No s t u d i e s of
water mass movements were conducted in
conjunction with this survey in the waters
of Burrard Inlet east of the Second Nar-
rows. Because of the relatively small
quantities of sewage which will be pro-
duced in areas tributary to these waters
and because it is possible to reach deep
water with relatively short outfalls, it is
anticipated that crude sewage may be
discharged to the waters east of the Se-
cond Narrows.
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DISPOSAL TO RIVER WATERS

Controlling Factors

Fraser River, one of the largest on
the Pacific slope of the North American
continent, passes through the Greater
Vancouver Area and discharges into the
Strait of Georgia. Numerous smaller
rivers, namely, Capilano, Seymour, Co-
quitlam, Pitt and Brunette, also traverse
the area. The topography of the land,
the extent and distribution of population,
and the general feasibility of various
sewage collection systems indicate that
sewage or sewage effluent might be dis-
charged to Fraser River, its North Arm,
or to Burnaby Lake which is tributary to
Brunette River. It is necessary to evalu-
ate and study the various conditions which
control the degree of treatment required
for proper disposal to these waters.

The ability of the rivers within the
Greater Vancouver Area to receive sew-
age without unsanitary and obnoxious re-
sults is directly related to the rate of
flow and to the concentration of dissolved
oxygen present, as well as to the quan-
tity and composition of sewage involved
and to the upstream and downstream
uses of the river.

The factors which control the ability
of a river to receive sewage are:

1. Sufficient volume to dilute ma-
terials of sewage origin.

2. Sufficient velocity to prevent de-
position and formation of sludge banks.

3. Sufficient dissolved oxygen to
satisfy the organic demand of the sewage
and sustain fish and other aquatic life.

The solubility of oxygen in water
varies inversely with its temperature;
thus, greater amounts may be dissolved
in cold water than in warm. The concen-
tration of dissolved oxygen is also affec-
ted by the oxygen demand of organic ma-
terial contained in the water. Upstream
uses may limit or reduce the amount of
oxygen available for oxidizing sewage.
Downstream uses for such purposes as
water supply, recreation, irrigation, or
industry could well determine the degree
of treatment necessary prior to dis-
charge. Obviously, sewage discharged
to a river with insufficient oxygen re-
sources or with important downstream

uses would require a higher degree of
treatment than would sewage discharged
to a river with an excess of available
dissolved oxygen and with downstream
uses which would be unaffected by sewage
discharges.

Data Available to Survey

To evaluate the capacity of river
waters to receive sewage within the Grea-
ter Vancouver Area, use was made of all
available sources of information relative
to river flows, dissolved oxygen concen-
trations, and water temperatures. These
data are contained in published reports
of various agencies. In addition, special
studies were conducted for purposes of
this survey on the Fraser River Model
of the National Research Council.

The studies conducted by the survey
have attempted to define the most criti-
cal conditions of receiving capacity.
Such conditions determine the degree of
sewage treatment necessary to meet the
objectives of sewage disposal presented
earlier in this chapter.

River Flow

Fraser River flows are measured at
Hope, British Columbia, about 90 miles
upstream from the mouth of the river,
by the Department of Resources and De-
velopment of Canada. Table 30 gives the
mean monthly flows and the minimum
average daily flow at Hope for each month
of the 5 year period beginning October
1947 and ending September 1952. The
lowest mean monthly flow of 18,400 cubic
feet per second (cfs) occurred in March
1952, and the greatest mean monthly flow
of 379,000 cfs occurred in June 1948.
During this 5 year period the minimum
daily flow was 17,500 cfs, the maximum
daily flow was 536,000 cfs and the mean
for the period 95,300 cfs. Figure 67
shows the variation of mean monthly
flow.

For the purpose of estimating flows
at various downstream locations, the
Department of Resources and Develop-
ment has determined factors to be applied
to the recorded flows at Hope. These
factors take into account the inflow to
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Table 30

Mean Monthly and Minimum Daily Flows of Fraser River
at Hope, B.C., 1947-1952

Month

October
November
December
January
February
March
April
May
June
July
August
September
Year

Flow, cubic feet per second
1947-1948

Mean
73,300
54,200
37,200
33,700
24,500
22, 300
34,200

231,000
379,000
181,000
163,000
122,000
113,000

Minimum
63, 300
42,600
31,700
28,700
18,700
21,100
22,700
67,700

248,000
149, 000
141, 000
91,300
18,700

1948-1949
Mean
88,000
56,700
29,300
23,700
22,900
24,400
76,100

225,000

217, 000
144,000
121, 000
74,200
92, 300

Minimum
70,700
43,800
21,500
21,800
21,300
22, 200
25,700

126,000
164,000
126,000
102,000
53,300

21, 300

1949-1950
Mean
52,600
64,000
42,400
25,700
24,700
23, 600
33,600

147,000
314,000
235,000
118,000
75,000
96,500

Minimum
43,400
52,800
22,700
24,100
23,800
21,300
23,300
53,800

193,000
170,000
97,100
60,400
21,300

1950-1951
Mean
55,900
54,600
46,400
32,000
29,100
23, 300
58,400

213,000
212, 000
178,000
97,600
54,700
88,400

Minimum
47,300
32,100
37,400
26,200
24,200
20,100
26,600
87,800

194, 000
132,000
67,600
44,900
20,100

1951-1952
Mean
43, 500
38, 200
26,400
23, 800
21,600
18,400
57, 300

195,000
233,000
198,000
109,000
66,000
86,100

Minimum
35,400
24,700
21, 800
20,600
18,300
17, 500
19, 800
98,200

199,000
142,000
73,600
53,100
17,500

Source: Water Resources Division of Department of Resources and Development of Canada.
Data for 1948-1952 are unpublished and subject to revision.
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Figure 67. Mean Monthly Fraser River Flows at
Hope, British Columbia, October 1946 to

September 1952

Fraser River flows are measured at Hope, B. C., by
the Department of Resources and Development of Canada.
During the five year period October 1946 to September
1952, the minimum mean monthly flow occurred during
March 1952 and was 18,400 cfs, while the maximum oc-
curred during June 1948 and was 379, 000 cfs. Application
of factors developed by the Department of Resources and
Development to allow for inflow to the Fraser River down-
stream from Hope indicates that the minimum discharge to
Strait of Georgia was 27, 400 cfs and the maximum 470, 000
cfs.

the Fraser between Hope and the point
under consideration. Direct measure-
ment of river flows within the Greater
Vancouver Area is complicated by the
fact that the river is subject to tidal ef-
fects. Table 31 gives the factors which
may be applied to the recorded Fraser
River flows at Hope for the estimation of
flows at New Westminster. The minimum
daily and greatest mean monthly river
flows at New Westminster during the
above-mentioned period are estimated to
have been 26,000 cfs and 470,000 cfs,
respectively.

At New Westminster, Fraser River
is divided into the main channel and the
North Arm. Approximately 15 percent
of the total flow goes to the North Arm
and the remainder follows the main
channel. Further downstream, the Mid-
dle Arm branches from the North Arm
and is estimated by the Department of
Resources and Development to receive
approximately six percent of the total
Fraser River flow.

Tidal effects in the North Arm were
the subject of a report published by the
British Columbia Research Council in
1951. Results of free float and dye ob-
servations over a 24 hour period are
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described. During this study the tide had
a range of about 12 feet and the river
flow at Hope was 69,000 cfs. For con-
ditions existing at the time of this study,
it was concluded that at least 24 hours
may be required for a complete change
or flushing of the water of the North Arm
to occur. Under conditions of lower ri-
ver flows and higher tidal ranges, the
time would be greater while with higher
river flows and lower tidal ranges, the
time would be less.

Table 31

Percentage Increase in Fraser River Flow
Between Hope and New Westminster,

British Columbia

Month
January
February
March
April
May
June
July
August
September
October
November
December

Increase, percent
39
48
49
40
28
24
26
26
27
34
46
50

Source: Water Resources Division of Department of Re-
sources and Development of Canada.

At the request of the Vancouver and
Districts Joint Sewerage and Drainage
Board, several studies were made on the
Fraser River Model to determine the
velocity of flow in the North Arm of the
river. The model was built by the Na-
tional Research Council in cooperation
with the University of British Columbia
for the Department of Public Works of
Canada. The primary purpose of this
model, known technically as an hydraulic
erodible - bed tidal river model, is to
study problems connected with the main-
tenance of navigable channels in the Fra-
ser River estuary. The horizontal scale
is 1:600 and the vertical scale is 1:70.
The discharge scale is 1:360,000, which
means that a flow of one cubic foot per
second in the model is equivalent to a
flow of 360,000 cubic feet per second in
the prototype. The time scale is 1:70,
•which implies that a one year period in

nature may be reproduced in about five
and one quarter days. Tidal variations
in the Strait of Georgia are reproduced,
but the north-south movements are not.
Hence, the model cannot be used to de-
termine conditions beyond the river's
mouth.

In the tests performed on the model,
a large freshet was imposed with a Hope
discharge of about 400,000 cubic feet per
second. The tide of June 30, 1950, was
used since it is a good example of a large
amplitude tide which may occur annually.
Series of tests were performed under
two different sets of conditions: (l) as
they presently exist in the prototype and
(2) with the Middle Arm of Fraser River
and Macdonald Slough, between Iona and
Sea Islands, blocked.

Under the first set of conditions, a
float moved down the North Arm from
the vicinity of Boundary Road to Wreck
Beach in a time corresponding to five
hours in nature. Under the second set
of conditions, due to increased velocity
in the North Arm, the time was decrea-
sed to about three hours.

During winter months the flow in
Brunette River, which drains Burnaby
Lake, is measured by the Department of
Resources and Development. During
periods of low flows in the summer, no
measurements are made, although the
flow at these times is reported to be
practically zero. From the sewage dis-
posal standpoint this latter period is the
more critical.

Dissolved Oxygen

Data on water quality in Fraser Ri-
ver are contained in a report entitled
"Water Quality in the Fraser-Thompson
River System of British Columbia" pre-
pared for the Dominion-Provincial Fra-
ser River Basin Board by the British
Columbia Research Council in 1952.

Measurements of dissolved oxygen
and temperature as well as of other
characteristics were made at various
stations on Fraser River at intervals

• over the period of a year. Table 32 gives
the results of tests for dissolved oxygen
and temperature in Fraser River adja-
cent to New Westminster. The averages
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of several samples collected during the
stated period and the estimated river
flow at New Westminster are presented
in the table. From the estimated flow
and the determined concentration of dis-
solved oxygen, the average daily quantity
of dissolved oxygen transported by the
river has been calculated. As given in
Table 32.this quantity varies from about
3,000,000 pounds per day in January to
over 18,000,000 pounds per day in May.

No determinations of dissolved oxy-
gen in Brunette River have been made
since, during critical periods, the quan-
tity of flow is negligible, and therefore
little or no oxygen is available for the
oxidation of organic matter.

The bod value presented in Chapter
11 is the standard bod which is exerted
in five days at a temperature of 20°C or
68°F. Data presented in Table 32 indi-
cates that Fraser River temperatures
are always considerably below this va-
lue. It is also highly unlikely that the
entire five day bod of a unit quantity of
sewage discharged into Fraser River
will be exerted before the sewage has
entered and become dispersed in the
Strait of Georgia. The bod of sewage is
known to vary with time and temperature
and these variations are predictable for
normal domestic sewage. It is possible,
therefore, to calculate the portion of the
five day, 20°C bod which will be exerted

Table 32

Oxygen Resources of Fraser River or New Westminster

Date Estimated Flow
cfs

122, 000
75,000
74,000

38,000
49, 000

350, 000
244,000
179,000

Water Temperature
°C

17.8
16.3
4.9

0.3
6.4

10.2
14.7
17.2

Dissolved Oxygen
ppm

8.9
9.5

12.4

14.0
12.4
9.6

10.8
10.2

lbs. per day

5, 800, 000
3, 800, 000
4, 900, 000

2, 900, 000
3,300,000

18,100, 000
14, 200, 000
9,800,000

1950
August 23 - 25
September 21 - 25...
November 29 - 30

1951
January 31 - February 5 .
April 4 - 6
May 18 - 22
June 26 - 29.,
July 26 - 31

Flows estimated using factors shown in Table 31 and average flows for days shown measured at Hope, B. C., by Depart-
ment of Resources and Development of Canada.
Data on water temperature and concentration of dissolved oxygen from "Water Quality in the Fraser - Thompson River
System", British Columbia Research Council for the Dominion-Provincial Fraser River Basin Board, April, 1952, and are
averages of conditions during indicated period.

Capacity to Receive Sewage

Fraser River. A measure of the oxygen
demand of sewage or of any waste is its
biochemical oxygen demand (bod). The
bod of sewage in the Greater Vancouver
Area is evaluated in Chapter 11 of this
report and estimated future per capita
loadings or contributions are given.
Based on the quantity of sewage which
may be made tributary to various loca-
tions on Fraser River and North Arm, it
is possible to calculate the daily bod
loading which might be imposed upon
these waters.

under other time and temperature condi-
tions.

Figure 68 shows the general loca-
tions at which the various collection sys-
tems described in Chapters 14 and 16
would be tributary to Fraser River.
Table 33 presents the estimated ultimate
flows and loadings of five day 20°C bod.

As a means of assessing the effect
of the estimated ultimate bod loading
upon the oxygen resources of Fraser Ri-
ver, it has been assumed that sewage
discharged from all of the-indicated lo-
cations will be in the river for a mean
time of one day and that the variation of
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DESIGNATION OF SEWERAGE PLAN

PLAN A DESCRIBED IN CHAPTER 16.

PLANS C, D, E AND G DESCRIBED IN CHAPTER II.

Figure 68. Proposed Locations of Outfalls to Fraser River

The most appropriate sewerage plans for the Greater Vancouver Area include conveyance of sewage from areas na-
turally tributary to Fraser River to five separate locations on the river for ultimate disposal.

Table 33
Estimated Ultimate Sewage Flow and Biochemical

Oxygen Demand Loading to Fraser River

Location

D

^r

b
c...

Total

Flow,
cfs
23.9
44.5
20.4
7.9

16.6
9.6
3.7

126.6

BOD
lbs. per day

23,000
43,000
19,000
7,000

16,000
9,000
4,000

121,000
See Figure 68 for location of possible outfalls.
Letters indicate sewerage plans described in Chapters 14
and 16.
See Chapter 11 for per capita contributions of flow and bod.
a 5 day 20°C.

Ultimate contribution from central portion of Lulu Island;
location dependent upon development of population.
c Ultimate contribution from portions of Coquitlam and
Port Coquitlam tributary to Pitt River; location dependent
upon development of population.

bod with time and temperature will be
normal. Table 34 presents a comparison
of this oxygen demand with the quantities
of dissolved oxygen contained in the ri-
ver during the sampling and analysis
program described above. The observed
river temperatures shown in Table 32
have been used in calculating the effec-
tive bod of the sewage. It is shown that,
under the most critical conditions indi-
cated in the comparison, the oxygen de-
mand is less than one percent of the oxy-
gen carried by the river.

The great amount of dilution water
which is available in Fraser River may
be effectively utilized to disperse finely
divided suspended solids contained in
sewage if outfalls are located so as to
discharge at points where high current
velocities and adequate depths exist.
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Table 34

Comparison of Observed Oxygen Resources
of Fraser River with Estimated Ultimate

Biochemical Oxygen Demand

Observed Oxygen Resourcesa

Date
1950
Aug. 23 - 25
Sept. 21 - 25
Nov. 29 - 30

1951
Jan. 31 -Feb. 5
April 4 - 6
May 18 - 22
June 26 - 29
July 26 - 31

lbs. per day

5, 800, 000
3, 800, 000
4, 900, 000

2,900,000
3, 300,000

18,000,000
14, 200,000
9, 800,000

Effective BODb

lbs. per day

31,000
29,000
13,000

12,000
15,000
19,000
25,000
30,000

a From Table 32.
b Based on estimated total ultimate 5 day 20°C. bod given
in Table 33. Assumptions: (1) Water temperatures given
in'Table 32; (2) Mean time of 24 hours required for sewage
from all outfalls to leave system; normal variation of bod
with time and temperature.

North Arm. The observed velocities
and currents in the tidal waters of the
Strait of Georgia have a significant ef-
fect upon the capacity of the North Arm
to receive sewage. It has been shown by
current studies and model tests that wa-
ter may move down the North Arm, a-
round Point Grey, and into English Bay
within a few hours on certain stages of
the tide. This fact definitely precludes
the direct discharge of crude sewage into
the North Arm.

Brunette River and Burnaby Lake. B e c a u s e
of extremely low flows in Brunette River,
the quantity of dissolved oxygen available
to oxidize organic material is limited.
At certain times little or no dilution wa-
ter is available to disperse and transport
suspended material. Moreover, because
of the low rates of inflow and outflow of
Burnaby Lake during critical periods,
wastes discharged thereto would tend to
accumulate. Therefore, the capacities
of these waters to receive sewage or
other wastes are strictly limited.

Degree of Treatment Required

Fraser River. An analysis of the present
and anticipated future uses of Fraser
River and of the amount of dissolved
oxygen available for oxidizing organic
wastes indicates that sewage maybe dis-
charged to the river without treatment.
It must be recognized that changes in the
use of the river, which cannot presently
be foreseen, may require some type of
treatment in the future. Wastes contain-
ing materials in concentrations sufficient
to be deleterious to fish or other aquatic
life when discharged to the river, would
necessarily require pretreatment prior
to acceptance to the sewage collection
system.

North Arm. Crude sewage discharged
directly into the North Arm would be. a
source of contamination of recreational
beaches. To afford proper protection to
these recreational areas, any sewage
discharged to the North Arm ,must be
treated. Because of the large amounts
of dissolved oxygen present in the North
Arm, the effluent from a standard-rate
primary treatment plant, chlorinated
during critical periods, would be suitable
for discharge thereinto, provided that
such a plant were located several miles
upstream from its mouth. A treatment
plant located near the mouth of the North
Arm, as previously discussed, would
have to provide secondary treatment such
as high-rate trickling filtration.

Brunette River and Burnaby Lake. B e c a u s e
of the limited receiving capacity of Bru-
nette River and Burnaby Lake, sewage
discharged to either of these waters
would require secondary treatment, such
as that provided by a high-rate trickling
filter treatment plant. Chlorination of
the effluent would be required at all
times. Such treatment would afford ade-
quate protection to the waters of Burnaby
Lake from public health and aesthetic
standpoints.



Chapter 13

Design Criteria and Basis of Cost Estimates

Limitations of Present Study

In the preliminary layout of a sani-
tary sewerage system detailed designs
of the facilities are not essential. The
layouts must, however, be in sufficient
detail to permit making reasonably ac-
curate cost estimates and competent
comparison between such various plans
as may be investigated. All plans so
compared must achieve acceptable re-
sults with respect to the ultimate dispo-
sal of sewage. The final determination
of the most appropriate plan will rest in
large measure upon economic considera-
tions. Other considerations, however,
as discussed elsewhere, may influence
the final decision.

In the layout of sanitary sewerage
projects to serve the Greater Vancouver
Area sufficient attention was given to
the location and size of each facility to
ensure that the estimation of cost of the
units making up each separate plan was
on a comparable basis. These locations
and sizes, however, must be regarded
as somewhat tentative and suggestive.
Detailed engineering study performed at
a later date may alter the location and
size of some of the units in the interest
of economy or perfection.

As stated in Chapter 1 the present
survey of sanitary sewerage facilities
has been concerned only with the plan-
ning of: (l) trunk and intercepting sew-
ers and their appurtenant pumping sta-
tions, (2) treatment plants, (3) disposal
works. It has not included lateral sewers
because such are considered to be of lo-
cal responsibility. The survey has been
concerned in detail with the storm water
facilities which exist in areas presently
sewered on the combined basis. The
reason for this is that interceptors,
pumping plants, and treatment and dis-
posal works in such areas would of ne-
cessity have to be designed with storm

water drainage in view and consequently
would be many times larger than if sani-
tary sewage flow alone were considered.

The layout of storm drainage facili-
ties for the Greater Vancouver Area,
other than those portions served by com-
bined sewers, has been accomplished on
a much more general basis than have
sanitary sewerage projects. In the areas
not sewered at present, where separate
systems of storm and sanitary sewers
are recommended, the kind, location, and
cost of storm drainage facilities have
been generalized. It was considered that
storm water conveyance and disposal did
not require the degree of immediate and
detailed attention as do sanitary and
combined sewerage facilities since loca-
tion and the wishes of the public will
largely determine the extent and type of
improvement to be provided in each
storm water drainage unit.

General Methods of Design

The general factors used in the ten-
tative design of facilities for all plans
considered are presented in this chap-
ter. In subsequent chapters the specific
design methods, which may differ as be-
tween the major sewerage areas, are
described in connection with the discus-
sion of each particular project.

Storm water quantities were calcu-
lated by the Rational Method which is ex-
pressed in terms of the equation: Q=CiA,
in which "Q" is the runoff in cubic feet
per second, "C" is the coefficient of run-
off of the area, "i" is the rainfall inten-
sity rate in inches per hour of a storm
of selected frequency and determined
duration, and "A" is the tributary area
in acres.

Loadings used in the layout of pro-
posed sanitary sewerage facilities were
determined by multiplying the per capita
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quantities or contents of the sewage by
the predicted contributory population at
a specified time in the future.

All design and layout work done
within the Greater Vancouver Area in
connection with this survey has made use

01
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of the existing datum plane of the Van-
couver and Districts Joint Sewerage and
Drainage Board. Figure 69 illustrates
the relationship between the datum plane
utilized by the Board and those of other
communities, agencies and organizations.
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Figure 69. Datum Planes in Use in the Greater Vancouver Area

All design and layout work in connection with the survey has made use of the existing datum plane of the Vancouver
and Districts Joint Sewerage and Drainage Board.
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Design Factors

Loadings. The per capita quantities
or unit contributions of flow, suspended
solids, and biochemical oxygen demand
used for design in each of the sewerage
areas are presented in Table 35. The
derivation of these quantities is discus-
sed in Chapter 11.

Table 35
Calculated Design Factors

Sanitary Sewage

Volume

Sanitary systema, gpcd 95
Combined system*1, gpcd 110
Percent peak of average 150
Percent minimum of average 65

BOD.ppcd ; 0.17

Suspended Solids

Total, ppcd 0. 20
Percent volatile 70

a Carrying wastes from residences and industries only,
b Carrying ground water from foundation tile drains in ad-

dition to wastes from residences and industries.

Wastes from all industries present-
ly located in the Greater Vancouver Area
should be discharged into the public se-
wers. Since some of these wastes may
contain large contributions of suspended
solids, biochemical oxygen demand, and
grease, pretreatment prior to discharge
to the public sewers in such cases may
be necessary.

To this end, a controlling by-law
defining the characteristics of wastes
acceptable for discharge into the sewer-
age systems of the area might be in or-
der. A resolution, tantamount to a by-
law in its effect, defining the general
limitations placed on industrial wastes,
is in force in the Sanitation Districts of
Los Angeles County, California. This
resolution, entitled 'Policy Governing
Use of District Trunk Sewers', February
1952, is quoted in part as follows:

a. Material which will settle out in the sewers, such
as sand or metal filings, will not be discharged to the sew-
ers. Waste waters containing such materials must be pas-
sed through sand traps or other suitable structures, properly
designed and maintained, before discharge to the sewers.

b. Moderate amounts of dispersed grease and oil can
usually be tolerated, but sewer stoppages occur from grease
accumulations, and excessive amounts of oil have caused

difficulties at the treatment plant. Industries therefore
may not use the sewers as a means for disposal of oil and
grease, and steps must be taken to remove these substances
from waste waters insofar as practicable. In the case of in-
dustries with large volumes of waste waters containing oils
of a hydrocarbon nature, the floatable oil content will be
limited to 10 parts per million. Industries with wastes con-
taining animal or vegetable oils or fats, mixed with other
suspended matter rendering separation difficult, may in
some cases be allowed higher concentrations of floatable
oil or grease, up to 25 parts per million. Dispersed oil and
grease will in general be allowed in concentrations up to
600 p. p. m. provided that dilution of the waste in sewage
does not cause the oil or grease to separate on the surface
or collect on the walls of the sewer.

c. Unreasonable or unnecessarily large amounts of
suspended and settleable solids will not be discharged to the
sewer.

d. High B. O. D. wastes may in some cases cause ex-
cessive putrefaction or sulfide formation. In such cases
suitable restrictions will be imposed, or the industry will be
charged the cost of corrective treatment.

e. Wastes of strong odors, such as mercaptans, will
not be discharged to the sewer.

f. Dissolved sulfides in wastes discharged to the sewer
must not exceed a concentration of 0.1 p. p. m.

g. Acids will not be discharged to the sewer. General-
ly, acid wastes must be neutralized to a pH value of 6 or
above. Highly alkaline wastes are not generally harmful,
except in rare instances where they may cause incrustation
of sewers.

h. Compounds which may give off toxic or flammable
gases in amounts considered dangerous by the Sanitation
Districts will not be permitted in the sewers. The concen-
tration of cyanide in any Waste, (including HCN and CN~)
must not exceed 10 p. p. m. Wastes containing radioactive
materials will require special consideration.

i. Blow-down or bleed from cooling towers or other
evaporative coolers, equalling not more than half of the
evaporation loss (one third of the make-up), are acceptable
in the sewer. Where cooling is done by using only heat ex-
change without utilizing evaporative cooling, the waste
water must not be discharged to the sewer.

j . The sanitary sewers in the Sanitation Districts are
not designed to carry storm waters. Industries must there-
fore segregate sewage and industrial wastes from roof and
yard run-off, with the roof and yard run-off going to suit-
able storm water channels.

k. As it is important to keep the temperatures of the
sewage as low as possible, temperatures of discharges will
generally be limited to 120°F. Where the quantity of dis-
charge represents a significant portion of the flow in a par-
ticular sewer, it may be necessary to lower the limit to re-
duce sulfide generation in the sewer.

It is believed that such a by-law,
with necessary modifications to suit the
particular conditions existing in the
Greater Vancouver Area, will be helpful.
Consequently, all of the planning of
sewerage facilities in connection with
this survey has recognized such regula-
tive control.

Roughness Coefficients. Manning's pipe
friction formula has been used for the
determination of the diameters of all sew-
ers planned in connection with this re-
port. A coefficient of roughness, "n", of
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0.013 has been assumed for all gravity
trunk sewers and sanitary sewage inter-
cepting sewers. Gravity intercepting
sewers of the combined type, in which
flows are relatively undisturbed by con-
nections and changes of direction and
which are of large diameter, have been
proportioned using an "n" of 0.012.
Force mains, inverted siphons and out-
falls have been designed using an "n" of
0.015.

The Palmer-Bowlus flume installed
in the English Bay Interceptor at First
Avenue and Point Grey Road accurately
records the quantities of flow carried by
the interceptor. The average value of
"n" for partial depths, calculated from
these measurements of quantity and si-
multaneous measurements of depth is
0.012. The conduit immediately up-
stream from the flume consists of 3,800
feet of 66-inch Boston horseshoe tunnel
section at a physical grade of 0.10%.
There are no connections or changes in
direction within this section. It has been
in service for 22 years as a combined
sewer and there is no evidence of corro-
sion or deposition on its crown or side-
walls. If the "n" value for the intercep-
tor is 0.012 for partial flows, it should
be in the neighbourhood of 0.011 for full
flow. The assumed design "n" of 0.012
for large combined intercepting sewers
thus appears to be conservative.

Runoff Coefficients. The s to rm water
runoff coefficient of an area is largely
dependent upon the degree of impervious-
ness and the general slope of the area
from which the runoff is derived. The
coefficient must adequately recognize
the extent of percolation into exposed

soil and other porous surfaces, the loss
by evaporation, and the retention in pud-
dles and depressions of both pervious and
impervious surfaces. Runoff coefficients
expressed as a proportion of the rainfall
are to be found for various surfaces in
technical literature.

For the Greater Vancouver Area, a
typical residential block was studied with
regard to the various percentages of dif-
ferent kinds of surfaces and an average
coefficient of imperviousness was calcu-
lated for the block. This is shown in
Table 36. The coefficient of 0.36 has
been used for residential areas during
the summer months, May through Sep-
tember, when the probability of satura-
ted ground conditions is low and the rain-
fall storms are generally of short dura-
tion. The runoff coefficient increases
with prolonged rainfall. During the win-
ter months, when long rainstorms and
saturated ground conditions are frequent,
the runoff coefficient becomes much
greater. Flow measurements made by
the Vancouver and Districts Joint Sewer-
age and Drainage Board indicate that
runoff coefficients as high as 0.84 have
obtained during winter months. On one
occasion, in which a heavy snowfall was
followed immediately by an abrupt rise
in temperature and a warm rain, a run-
off coefficient slightly greater than 1.1
was recorded.

Rainfall Intensities. A series of rainfall
intensity curves has recently been de-
veloped by the Vancouver and Districts
Joint Sewerage and Drainage Board for
use in the rational method of combined
sewer and storm drain design. These
curves were derived from rainfall re-

Toble 36
Runoff Coefficient for Average Residential Block

in the Greater Vancouver Area

Surface

Roofs
Roads
Sidewalks
Gardens, Lawns, etc.
Lanes
Total

Square Feet
Per Block

28, 000
25,000
11,000

116,000
10,000

190,000

Runoff
Coefficient

0.90
0.85
0.85
0.10
0.15

-

Sq. Ft.
Per Block

x Runoff Coeff.
25,200
21, 250
9,350

11,600
1,500

68, 900

Adjusted
Runoff

Coefficient
0.13
0.11
0.05
0.01
0.01
0.36

Average residential block assumed to include: 20 lots, each 50 by 125 feet; lane allowance of 20 feet; and road allowan-
ces of 33 feet on all four sides.
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cords covering 37 years, obtained with a
Friez automatic gauge on the roof of the
Vancouver City Hall located in the vici-
nity of Hastings and Main Streets from
1913 to 1936 and at 12th Avenue and
Cambie Street from 1936 to date.

In this analysis, each day of the 37
years of records was examined and ta-
bles prepared listing the maximum 15,
30, 60, and 120 minute rainfall intensi-
ties that occurred during each 24 hour
period. Bar graphs and mass curves for
each of these four durations were plotted
as shown in Figure 70. The mass curves
show the number of days in 37 years that

a rainfall intensity of a stated duration
was equalled or exceeded. To allow for
possible omissions and errors in the day
by day analysis of the records, the curves
were drawn slightly above the peaks in-
dicated by the bar graphs.

For convenience in design, the in-
terpretation of the rainfall intensity re-
cords was divided into three sections.
Summer intensities were assumed to
occur during the five month period, May
1 to September 30. The remaining seven
months were considered to represent
winter conditions. The all-year intensity
curves are a combination of those of

I 80

— * — A L L YEAR

= ^ = = SUMMER: MAY I TO SEPT. 30

= ^ = WINTER: OCT. I TO APRIL 3 0

3 0 MIN. 20 MIN

0.4 0 .4 0.61.0 1.2 0 . 4 0 . 6 0 . 8 1.0
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Figure 70. Bar Graphs and Mass Curves of Rainfall Intensities

The bar graphs were derived from rainfall records obtained with a Friez automatic gauge located on the roof of the
Vancouver City Hall. The rainfall records cover a 37 year period. The bar graphs show the number of days during the
37 years that rainfall intensities of 15, 30, 60 and 120 minutes duration were equalled or exceeded. The mass curves
were drawn slightly above the peaks indicated by the bar graphs to allow for possible omissions and errors in the day by
day analysis of the records. From the mass curves shown in this figure, curves showing various frequencies of rainfall in-
tensity were developed as shown on Figures 71, 72 and 73.
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Figure 71. Rainfall Intensities Equalled or Exceeded Once in 1 Year and
Once in 2 Years

summer and winter.
Curves have been prepared to exhi-

bit four frequencies of rainfall intensity,
namely, those equalled or exceeded once
in 1,2, 5, and 10 years. With 37 years
of records, the one year curve was com-
posed of intensities that were equalled
or exceeded 37 times in 37 years; the two
year curve, 18.5 times in 37 years; the
five year curve, 7.4 times in 37 years;
and the ten year curve, 3.7 times in 37
years. For each frequency of occurrence,
intensities for summer, winter and all-
year conditions were determined from
the 15, 30, 60 and 1Z0 minute duration
mass curves of each respective season

and plotted as duration-intensity curves
for each frequency as shown in Figures
71 and 72.

For the design of combined inter-
cepting and trunk sewers in connection
with this survey and report, it was found
necessary to prepare rainfall curves for
the five summer months of intensities
equalled or exceeded more than once per
summer. These were derived in a si-
milar manner from the mass curves of
summer intensities and are shown in
Figure 73.

Because of the method of deriving
the duration-intensity curves, they are
actually probability curves based on 37
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Figure 72. Rainfall Intensities Equalled or Exceeded Once in 5 Years and Once in 10 Years
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Figure 73. Rainfall Intensities Equalled or Exceeded One, Three and Six
Times per Summer

years of rainfall records and do not ne-
cessarily represent the pattern 6f a ty-
pical rainstorm. Although it may be
possible for any one storm to follow a
large portion or all of the appropriate
time-intensity-frequency curve, such an
occurrence is highly unlikely.

Intercepting and Trunk Sewers

Intercepting and trunk sewers are
designed to transport to the final point or
points of disposal the maximum rates of
flow expected during the selected design
period and to transport suspended solids
at such velocities that the deposit and
stranding of these solids will be negli-
gible .

In sanitary trunk and intercepting
sewers the maximum rate of flow may
occur by reason of some combination of
the following component elements of the
total sewage flow: the peak rate of se-
wage flow from domestic sources; the rate
of contribution of industrial wastes; and
the infiltration of ground water into the
sewers.

Rates of flow of domestic sewage
will fluctuate widely during the day as
shown by the flow charts presented in
Chapter 11. This is especially true of
flows from small areas where the peak

rate of flow may be Z50 percent of the
average. As the tributary area becomes
larger, the ratio of peak to average flow
decreases.

The design flow rates for sanitary
sewers in systems considered for the
Greater Vancouver Area have been based
on the estimated average rates of flow
in the sewers multiplied by a factor de-
pendent upon the population contributory
thereto. This factor was obtained from
the curve shown in Figure 74.

As previously discussed in Chapter
11, the quantities of industrial wastes
that may be expected in the Greater Van-
couver Area are small in comparison
with domestic flows. The design unit
flows, as adopted for the various sys-
tems, however, contain allowances for
industrial wastes in accordance with the
types of areas to be served.

The flow charts presented in Chap-
ter 11 represent observed variations in
dry weather flow from a combined sys-
tem. These flows contain an increment
of ground water from building foundation
drain tiles that are connected directly to
the sewers. The per capita contributions
derived from those charts, therefore, al-
ready contain some allowance for infil-
tration, as well as a ground water allow-
ance associated with a combined system.
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74. Relationship of Contributory Population
to the Ratio of Peak to
Average Sewage Flow

The design rate of sanitary sewage flow in each of the
conduits considered for the Greater Vancouver Area has
been based on the estimated average rate of flow multi-
plied by a factor dependent upon the contributory popula-
tion.

These contributions are suitable for use
in the design of trunk and intercepting
sewers and treatment plants for com-
bined systems. Where new sanitary
trunk and intercepting sewers are pro-
posed, however, the per capita flow al-
lowances have been reduced because the
discharge into sanitary sewers of ground
water from house foundations should not
be permitted. Unfortunately, the high
ground water table generally prevailing
throughout the Greater Vancouver Area
makes it virtually impossible to exclude
all infiltration from a sanitary sewer.
For this reason, the sanitary sewerage
systems have been proportioned to in-
clude a reasonable allowance for infil-
tration.

In combined trunk and intercepting
sewers, the maximum rate of flow may
occur by reason of some combination of
the following component elements of the
total flow: the peak rate of sewage flow
from domestic sources; the rate of con-
tribution of industrial wastes; and the
rate of storm water runoff. Domestic
sewage and industrial wastes have al-
ready been described as a function of the
population of an area, and storm water

runoff as a function of the coefficient of
imperviousness and of the rainfall inten-
sity for an area. The size of each com-
bined sewer has been based upon an in-
tensity curve for a specific rainfall fre-
quency, the selection of which is discus-
sed in subsequent chapters. In the tenta-
tive designs made in connection with this
survey and this report, the worst con-
dition of peak sanitary flow coinciding
with the determined storm water flow has
been assumed. When rainfall occurs at
other than peak hours of sanitary flow,
the resulting slightly smaller flows will
tend to reduce somewhat the frequency of
discharge from the storm water over-
flows in the system.

The ability of a sewer, either com-
bined or separate, to transport the sus-
pended solids contained in sewage de-
pends upon the velocity of flow. For
present purposes, a minimum velocity of
two feet per second has been adopted for
sanitary sewers flowing full and a mini-
mum velocity of three feet per second
for combined or storm sewers flowing
full. These velocities are considered to
be the minima, respectively, which will
keep the conduits clean. The higher mi-
nimum velocity adopted for combined or
storm sewers is required because of the
heavy particles of grit and gravel in-
evitably associated with storm flows.
Wherever possible, sewers have been
planned to have flowing-full velocities
considerably higher than the statedi mi-
nimum, so that the required minimum
velocity may be exceeded at low flows.

In sewers up to and including 72 in-
ches in diameter, circular pipe conduits
have been assumed. For conduit sizes
greaterthan 72 inches, a monolithic Bos-
ton horseshoe section has been assumed,
since its construction is considered less
expensive than a comparable circular
pipe section. Figure 7 5 presents the hy-
draulic characteristics of the Boston
horseshoe section.

Pumping Stations.

Pumping stations on sanitary sewers
are generally found to be economically
justified when the depth of sewer approa-
ches 30 feet. In some instances, local
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Figure 75. Hydraulic Elements of the Boston Horseshoe Section

For conduits greater than 72 inches in diameter, use of a monolithic Boston horseshoe section has been assumed since
its construction cost is considered less expensive than that of a comparable circular pipe conduit.

ground conditions or topography may vary
this depth considerably. Every effort
has been made to locate pumping stations
so that long force mains would not be
required.

All pumping stations have been plan-
ned to handle the peak flow estimated to
occur at some definite time. The station
structures have been proportioned to ac-
commodate all of the pumping units which
may be required to pump the anticipated
ultimate future flow. These structures
would be of the simplest possible design
with minimum practical sump sizes.
Wherever possible, superstructures

would be eliminated, the entire station
being placed below ground level. Where
superstructures are necessary, they
would be of a size suited to the proper
housing of the equipment ultimately re-
quired. Their architectural treatment
has been assumed to be appropriate to
their surroundings.

To meet the expected variations in
flow, pumps would be: (1) of the magne-
tic - coupled type; or (2) equipped with
variable speed motors; or (3) sized so
that a simple programming of the pump-
ing schedule would meet all flow varia-
tions. Adequate standby capacity has
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been provided in all pumping station lay-
outs and estimates.

Sewage Treatment Plants.

In the various design studies con-
ducted by the survey, the following four
processes of sewage treatment were con-
sidered:

1. High-rate primary type.
2. Standard-rate primary type.
3. High-rate trickling filter type.
4. Activated sludge type.
These processes of sewage treat-

ment are discussed in Chapter 7.
Treatment plants have been laid out

on the basis of the average flows estima-
ted to occur at some definite future time.
In all cases, the plants were considered
to be so designed and constructed that
expansion thereof to meet additional flow
requirements can easily and economi-
cally be accomplished. All plants have
been considered to be designed to pro-
vide maximum flexibility and ease of
operation.

In the provisional layout of sewage
treatment plants for theGreater Vancou-
ver Area in connection with this survey
and report it was assumed that the se-
wage would be typically domestic, as
demonstrated in Chapter 11; that plants
serving a combined area would not be
required to handle storm water flows in
excess of the design peak sanitary flow;
and that the variation in flow through the
plants would be normal. Treatment plants
having a capacity of 10 cfs or greater
were assumed to utilize sludge gas either
for the generation of power or as fuel for
internal combustion engines, driving
pumps or other equipment.

Drainage Facilities.
As mentioned previously, prelimin-

ary designs and layouts of specific drain-
age facilities other than those associated
with combined systems have not been
included in this survey. However, many
of the design data, pertinent to the com-
bined systems located in the City of
Vancouver and gathered in connection
with the survey, may be applied, with
certain reservations, to other locations.
The precise applicability of the rainfall

intensity values derived from recordings
made in Vancouver to other cities and
municipalities in the area is not known.
This can be established, however, if se-
veral years of rainfall intensity records
are obtained for these communities.
This would involve the installation of new
rain gauges at strategic points through-
out the area. Suitable rainfall rate curves
for all drainage areas should be prepared
before detailed designs of storm drains
within such areas are attempted.

In the study of drainage facilities
conducted by the survey the following
matters were considered:

1. The relative desirability of con-
veying storm water runoff from a drain-
age area to a point of disposal in impro-
ved open channels versus enclosed con-
duits.

2. The sequence of construction
involved in the development of a drainage
facility to its.ultimate capacity.

3. The relative merits of the relo-
cation of drainage facilities on dedicated
streets versus the utilization of the na-
tural drainage courses by obtaining ease-
ments and rights-of-way.

4. The natural rights and legal lia-
bilities of the communities and residents
of the communities affected by the drain-
age facility.

5. The limit and extent of the res-
ponsibilities of a joint agency with re-
spect to storm drainage as apart from
sanitary sewerage facilities.

6. The degree and extent of storm
drainage facilities to be provided by each
community for developments within its
boundaries as apart from the facilities
supplied by a joint agency.

With these considerations in mind,
the drainage works anticipated to be re-
quired within the Greater Vancouver
Area within the foreseeable future were
divided into several broad classifications
for purposes of selecting the type of
works required for a given drainage
area and of estimating its cost. The
classifications are as follows:

Type A. The drainage facilities are
assumed to consist of improved open
channels with culverts and bridges at
street intersections. Pumping stations
or dykes within the drainage area would
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not be required. The classification is
further subdivided with respect to the
average slope of the ground within the
drainage area. Type Al applies to areas
with an average ground slope of 0 to 2
percent; Type A2, 2 to 8 percent; and
Type A3, greater than 8 percent.

Type B. The drainage facilities are
assumed to consist of completely enclo-
sed conduits with pumping stations or
dykes not being required within the drain-
age area. The classification is further
subdivided with respect to the average
slope of the ground within the drainage
area into Types Bl, B2 and B3 with the
same ground slopes as Types A1.A2 and
A3.

Type C. The drainage facilities are
assumed to consist of improved open
channels with culverts and bridges at
street intersections. Pumping stations
and dykes would be required within-the
drainage area. It is further assumed
that the average ground slope within a
drainage area requiring these facilities
would be less than 2 percent.

Type D. The drainage facilities are
assumed to consist of completely enclo-
sed conduits. Pumping stations and
dykes would be required within the drain-
age area. As in Type C, it is further as-
sumed that the average ground slope
would be less than 2 percent.

Methods of Estimating Costs

Estimating the probable costs of
sewerage facilities for a survey of this
nature is a difficult task at best. Some
of the reasons why any such cost esti-
mates must be considered as tentative
are as follows: (1) the layouts and de-
signs are necessarily of a preliminary
nature; (2) detailed construction draw-
ings are not available; and (3) the esti-
mates must be made relatively far in
advance of actual construction. However,
estimates of construction and of opera-
ting costs of the various sewerage faci-
lities involved have been prepared using
all current sources of knowledge to en-
sure that the relative costs of all projects
studied will be as realistic as possible.
Therefore, general changes, either in the
designs or in cost indices, should have

little effect upon the relative economy of
the various projects outlined and com-
pared herein.

Estimating the costs of drainage
facilities in the degree of precision re-
quired by this survey is an even more
difficult task since preliminary layouts
and designs of the various works have
not been attempted. It was decided, how-
ever, that a reasonably close approxi-
mation to the costs of the general possi-
bilities outlined herein for future storm
water drainage could be obtained by ap-
plying known costs for specific storm
water facilities in a drainage area al-
ready provided with such facilities to
other areas with similar topographic and
climatic conditions in which similar
storm water facilities are proposed. The
costs per acre of drainage area for va-
rious types of storm water facilities have
been evolved.

The cost data of all sorts presented
herein have been gathered from many
sources. Particular emphasis has been
placed on the known costs of sewerage
and drainage facilities already construc-
ted in the Greater Vancouver Area. All
cost data obtained were adjusted to an

700

600

500

200

-

-

-

-

-

1

r

j

1
i

i i

r

Y E A R 19

1

1

/

/

13 - INDE

1

1

-

-

X - 1 0 0 —

1930 1940 I960

Figure 76. Engineering News-Record Construction
Cost Index

All cost data obtained and used for estimating purpo-
ses in this report were adjusted to an Engineering News-
Record Construction Cost Index of 700 to provide in some
measure for possible future increases in costs.
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Engineering News-Record Construction
Cost Index of 700. An index of 700, which
is higher than the October 1, 1952 index
of 585, was selected to provide in some
measure for possible future increases in
costs. Figure 76 shows the variation in
the index between 1913 and 1952.

The unit costs of sewerage and drain-
age facilities developed for use in this
survey do not include engineering, con-
tingencies, administration, labour bene-
fits, lands, rights-of-way, repaving of
street surfaces, and special foundations
such as piling. To cover all items ex-
cept special foundations, the total esti-
mated costs of sewerage and drainage
facilities include an allowance of 25 per-
cent. Costs are further increased by a
varying percentage dependent upon local
conditions where special foundations are
deemed necessary.

Construction Costs

Trunk and Intercepting Sewers. Unit costs
of trunk and intercepting sewers are pre-
sented in Table 37. The costs given have
been derived from actual construction
costs of sewers of the Vancouver and
Districts Joint Sewerage and Drainage
Board and of the City of Vancouver.

Force Mains. Unit costs of force mains
are presented in Table 38. The costs
given are the costs of the pipe in place,
including all excavation and backfill but
excluding repaving of street surfaces.

Tunnels. Unit costs of tunnels are
shown in Figure 77. Costs were derived
from the actual construction costs of
tunnels in the Greater Vancouver Area.
The tunnels are considered to be concrete
lined and reinforced.

Submarine Outfalls. Unit costs of sub-
marine outfalls are shown in Figure 78.
Costs were derived from actual construc-
tion costs of submarine outfalls of the
Vancouver and Districts Joint Sewerage
and Drainage Board.

Pumping Stations Two curves used for
estimating the costs of pumping stations
are shown in Figure 79. The upper curve
represents the costs of independent sta-
tions located on trunk or intercepting
sewers remote from sewage treatment
works. The lower curve represents the

cost of pumping stations located at and
constructed in conjunction with a sewage
treatment plant. In such cases, the cost
of the pumping works is not included in
the treatment plant cost as given herein-
afte r.

Sewage Treatment Plants The curves
used for estimating the costs of sewage
treatment plants are shown in Figure 79.
To determine the curves, studies were
made of the costs of sewage treatment
plants of each type actually constructed
in the State of California, and the costs
adjusted for local climatic and construc-
tion conditions.

As a further check on the cost esti-
mates, use was made of a yardstick of
sewage treatment plant construction costs
prepared by C. J. Velz, Engineering
News-Record, October 14, 1948, based
upon the contract costs of 185 plants in
16. states north and east of the Missouri
and Ohio Rivers. These cost data, after
adjustment to agree with the Engineering
News-Record Construction Cost Index at
the time of construction and to recognize
the degree of treatment, were plotted by
Velz to show the most probable cost and
the best and worst quarters in the range
in costs for plants of any design capacity.
Because of the influence of a less favour-
able climate, both as respects design re-
quirements and construction, costs of
plants in the Greater Vancouver Area
have been assumed to fall in the range
between the curves for the most probable
and the worst quarter costs. The curves
shown in Figure 79 representing estima-
ted costs of sewage treatment plants in
the Greater Vancouver Area are similar
to the Velz curves in the relationship be-
tween plant capacity and unit cost.

The estimated costs of treatment
plants presented herein include sludge
digestion and disposal facilities but do
not include influent or effluent pumping
stations. The costs of pumping stations
at the plants were not included in the
plant costs since in some cases no pump-
ing may be required. Where pumping
stations will be required1, their costs
have been estimated in accordance with
the curves given in Figure 79.

Drainage Facilities Estimated unit costs
of various types of drainage facilities are
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Table 37
Estimated Unit Costs of Sewers

Size
Inches

12

15

18

20

22

24

27

30

33

36

39

42

45

48

51

54

57

60

63

68

72

78

84

90

96

102

108

114

120

Material

RC

RC

RC

RC

RC

RC

RC

RC

RC

RC

RC

RC

RC

RC

RC

RC

RC

RC

RC

RC

RC

BHS

BHS

BHS

BHS

BHS

BHS

BHS

BHS

Type of
Excavation

Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry

Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry

Wet
Dry
Wet
Dry

5-Foot
Excavation

7.80
5.50
8.70
6.30
9.80
7.30

10.70
8.20

11.50
8.80

12.60
9.90

14.20
10.90
15.90
12.30
17.30
13.60
18.50
14.60

_
_

-

_

_
_
-

-
-
_
_
-

-
_

_
-
_
_

_
-
-
_
_

-

_
_
-

Cost per Lineal Foot, Dollars
10-Foot

Excavation
11.20
7.10

12.20
8.00

13.70
9.20

14.90
10.20
15.80
11.00
17.40
12.20
19.00
13.30
21.40
15.00
22.70
16.40
24.90
17.70
26.50
19.70
28.30
20.50
30.80
23.00
32.30
24.50
35.20
26.50
37.80
28.60
40.00
30.10
42.00
32.00

45.00
34.00
48.50
36.90
52.80
40.50
67.10
47.00
69.50
55.30
78.80
64.00
88.60
72.70

_

-

_
_
-

15-Foot
Excavation

16.20
9.90

17.50
11.00
19.70
12.50
21.20
13.80
22.60
14.90
24.60
16.30
27.00
18.10
30.10
20. 00
32. 40
22.00
35.00
23.70
37.60
26.30
40.00
27.40
43.00
30.50
45.50
32.70
48.80
35.00
52.50
37.70
55.30
39.90
58.40
42.00

61.70
44.70
66. 50
48.20
72.50
52.60
75.00
53.60
85.40
62.60
95.50
71.60

106. 50
81.10

116.00
88.30

127. 00
98.10

139.00
108. 50
152. 50
121.50

20-Foot
Excavation

23.30
14.40
24.90
15.40
27.90
17.50
30.00
19.10
31.90
20.20
34.70
22.20
38.00
24.30
41.60
25.00
45.10
29.30
48.50
31.70
52. SO
34.50
55.00
36.40
59.40
40.00
62.40
42.50
66.00
45.50
71.00
48.70
73.50
51.30
78.00
54.00

82.00
57.20
88.00
61.00
95.40
66.50
99.70
68.60

111.00
78.60

124.50
89.00

137.00
99.30

148.50
108.70
161.50
119.00
175.50
131.00
190.00
144.00

25-Foot
Excavation

29.60
18.70
31.50
20.20
35.10
22.70
38.00
24.70
40.00
26.30
43.50
28.70
47.50
31.40
52.00
32.60
56.20
37.50
60.00
40.00
64.50
43.80
68.10
46.10
72.50
50.00
77.00
52.50
80.70
56.90
87.00
60.40
90.00
63.50
95. 80
66.80

100.00
70.50

107.00
75.00

115.50
81.50

120. 50
84.80

136.00
96.30

150.00
107.50
164.00
119.00
178.00
130.00
192.00
141.00
207.00
154.00
225.00
169.00

30-Foot
Excavation

36.60
26.00
38.70
27.80
43.30
31.20
46.50
33.70
48.40
35.80
53.10
38.90
58.30
41.80
63.50
44.60
68.40
49.60
73.30
54.00
78.00
57.50
83.00
61.50
87.30
65.50
91.00
70.20
97.50
74.00

105.00
78.50

108.00
82.10

115.50
87.30

120. 00
90.50

128. 50
98.00

138. 50
105.00
146. 50
110.50
162. 50
124.00
178.00
136. 50
194. 00
151.00
210. 00
163. 00
226.00
177.00
244. 00
192. 00
263. 00
208.00

RC signifies reinforced concrete pipe; BHS, Boston horseshoe section.
Costs do not include the 25 percent allowance for engineering, administration, contingencies, repaying of streets,
rights-of-way or special appurtenances, or an allowance for special foundations.
Costs include conduit, laying, excavation, timber backfill, manholes, cleanup and foundations.
In wet and dry excavation, hand excavation is considered necessary at depths below 15 feet.
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Table 37 - Continued
In wet excavation, cost per cubic yard for excavation, timber and backfill varied from $3. 75 at 5-foot depths to
$9. 25 at 30-foot depths. A 6-inch subdrain at $1. 25 per lineal foot and gravel bedding 6-inches to 18-inches in
depth at $5. 00 per cubic yard were considered necessary in wet excavation.
In dry excavation, cost per cubic yard for excavation, timber and backfill varied from $2. 55 at 5-foot depths to
$6. 50 at 30-foot depths.
In wet and dry excavation, trench sides were considered vertical and supported by timbers. The trench width was
considered to be 12 inches wider than the exterior diameter of the conduit.
In wet and dry excavation,concrete cradle at $13. 00 per cubic yard in place was considered necessary for pipe
sewers at depths below 15 feet.

Table 38
Estimated Unit Costs

of Reinforced Concrete Force Mains

Size in Inches

12
16
18
24
30
36
42
48
54
60
68
72

Cost per Lineal Foot

Dollars

6.00
7.70
8.90

12.70
17.50
23.00
30.50
37.70
45.10
52.50
61.50
67.50

Cost is for pipe with 100-foot maximum operating head
and includes reinforced concrete collars.
Unit costs include pipe, laying, excavation, timber, back-
fill and cleanup. Excavation, timber and backfill are
based on an average cover of 4 feet and a trench 12 inches
wider than the exterior diameter of the pipe.
Costs do not include engineering, administration, con-
tingencies, repaying of streets, or rights-of-way.

presented in Table 39 for each of the
classifications and ground slope condi-
tions described above. The costs given
have been derived from actual recent
construction costs of drainage works of
the Vancouver and Districts Joint Sewer-
age and Drainage Board and of the City
of Vancouver. The costs also recognize
the natural differences which exist be-
tween the topographic sections of the
Greater Vancouver Area. The costs do
not include dyking systems where such
are necessary for the protection or re-
clamation of the affected territory.

Annual Costs

Bond Redemption and Interest. In l i eu of
depreciation of the sewerage and drainage
facilities, the retirement of 25 year in-
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Figure 77. Estimated Unit Costs of Tunnels

The curve was derived from actual construction costs
of tunnels in the Greater Vancouver Area; costs were ad-
justed to an Engineering News - Record Construction Cost
Index of 700. The tunnels are considered to be concrete
lined and reinforced. The costs do not include allowances
for engineering and contingencies.

stalment debentures has been assumed
to represent a reasonable depreciation
allowance. An interest rate on the bonds
of four percent was selected as repre-
senting the rate at which bonds for the
projects herein proposed could be sold.
The annual payment covering bond re-
demption and interest for any given year
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Figure 78. Estimated Unit Costs of Submarine
Outfalls

The curve was derived from the actual construction
costs of submarine outfalls of the Vancouver and Districts
Joint Sewerage and Drainage Board; costs were adjusted to
an Engineering News - Record Construction Cost Index of
700. The costs do not include allowances for engineering
and contingencies.

would therefore constitute the total fixed
charges for that year on the facilities
involved. Under this method, equal an-
nual payments are made over the life of

. the debentures. For Z5 equal annual
payments of bond redemption and interest
on debentures bearing four percent in-
terest, the annual cost represents 6.4
percent of the initial expenditure.

Maintenance and Operation. The annua l
cost of maintaining and operating the
conduits or open channels required to
convey the sewage or storm water to the
final points of disposal has been assumed
to be one quarter of one percent of the
total construction cost of these facilities.
This figure checks reasonably well with
the average annual maintenance and ope-
ration cost for the extensive system of
sewers and drains of the Vancouver and
Districts Joint Sewerage and Drainage
Board.

The curves used for estimating the
operation and maintenance costs of se-
wage pumping stations and treatment
plants are presented in Figure 80. These
are based on a study of operating costs
of plants throughout California and have
been adjusted to the British Columbia
wage and price differential. They include
all "costs of administration incident to the
operation of the various facilities. Ad-
ministration costs are intended to in-
clude those of supervision, engineering
and office overhead, as well as legal

Table 39
Estimated Unit Costs of Major Drainage Facilities

Facility

Type
Open Channel

Al
A2 •.
A3

Conduit
Bl
B2
B3

Open Channel with Pump
C

Conduit with Pump
D

Average Ground
Slope in Percent

Oto 2
2 to 8

> 8

Oto 2
2 to 8

>8

0 to 2

Oto 2

Cost per Acre, Dollars
North Shore

Section

60
50
40

260
230
200

120

320

Burrard Penin-
sula Section

80
65
50

340
300
270

140

400

Richmond
Section

80

340

140

400
Costs do not include engineering, administration, contingencies, or rights-of-way.
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Figure 79. Estimated Construction Costs of Sewage Treatment Plants and
Pumping Stations

The costs are based on an Engineering News-Record Construction Cost Index of 700. They do not include allowances
for engineering, contingencies, administration, land, rights-of-way, or special foundations such as piling. All costs imply
first class construction and a design allowing maximum flexibility and ease of operation. The treatment plant costs in-
clude sludge digestion and disposal facilities but do not include influent or effluent pumping stations.
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fees, special consultant's fees, accident The operating costs for each type of
and liability insurance, and miscella- treatment plant were computed in detail
neous items. and include all necessary costs of plant
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Figure 80. Estimated Annual Maintenance and Operation Costs of Sewage
Treatment Plants and Pumping Stations

The costs given are for the average sanitary sewage flow and include all costs of administration as well as all neces-
sary costs of plant supervision and operational services and costs of all supplies, replacement parts and miscellaneous
equipment necessary for maintenance and operation. The costs for sewage treatment plants include the cost of operating
pumping stations with typical lifts when these stations are located adjacent to the plant but do not include chlorination.
All treatment plants having a capacity of 10 cfs or greater are assumed to utilize sludge gas either for the generation of
power or as fuel for engines driving pumps or other equipment.



148 GREATER VANCOUVER SEWERAGE AND DRAINAGE SURVEY

supervision and operational services.
The costs for sewage treatment plants
include the cost of operating pumping sta-
tions with typical or normal lifts when
these stations are located adjacent to the
plant.

Pumping station operating costs in-
clude all maintenance and operation costs
including power. Power charges current-
ly in effect in the area were used in de-
termining costs of operation.

Chlorination costs were derived by
using a chlorine demand of 8 ppm for
primary effluents and 5 ppm for second-
ary effluents, and include the cost of the
chlorine gas plus the cost of its applica-
tion.

Total Annual Costs

The total annual costs of any sewer-
age or drainage facility comprise the
fixed costs, which include bond redemp-
tion and interest, and the operating and
maintenance costs, which include opera-
tional services, administration, supplies,
replacement parts and miscellaneous
items. Throughout this report, except
as otherwise specifically stated, the an-
nual costs are presented as the average
annual costs over five year periods. The
method of computing the average annual
costs can best be illustrated by the fol-

lowing hypothetical example. The con-
struction cost of a system includes
$2,000,000 for conduits, $100,000 for
pumping stations and $1,000,000 for a
standard-rate primary sewage treatment
plant with effluent chlorination, making
a total construction cost of $3,100,000.
The average sewage flow during the five
year period is 2 cfs. The entire flow
passes through one outlying pumping sta-
tion with a lift of 2 5 feet. The average
annual cost for the five year period, cal-
culated as outlined above, would be as
follows:

Cost Item

Bond redemption and interest
(25 year instalment debentures
at 4 percent)

Maintenance and Operation
Conduits
(1/4 of one percent of construction
cost)

Pumping Station
(from Figure 80)

Sewage Treatment Plant
(from Figure 80)

Chlorination
(from Figure 80) •

Subtotal - M & O
Total Annual Cost

Average Annual Cost,
dollars

198, 000

5,000

3, 000

13,000

3,000

24,000
222,000



Chapter 14

Sewerage Plans
for the Burrard Peninsula Section

Selection of Sewerage Plans for Study
To determine the most satisfactory-

solution of the sewerage problem of an
area, all possible plans are analyzed for
general suitability. The plan which is de-
monstrated to have the lowest annual cost
will generally be found to be the best
suited to the needs of the area, all other
considerations being equal.

The Burrard Peninsula Section is
divided by natural topographic features
into three sewerage areas, namely, the
Vancouver, Fraser, and Coquitlam Sew-
erage Areas. Each of these is discussed
separately and all apparently feasible
plans for the sewerage of each area have
been investigated. Each plan suggested
for detailed analysis and comparison
satisfies certain fundamental controlling
conditions and requirements. As set
forth and discussed in the preceding
chapters of this report, the major con-
trolling factors are: geography, topo-
graphy, geology and climate; use of
shores and shore waters; population num-
bers and distribution; value of existing
sewerage facilities; characteristics of
the sewage; and, finally, the requirements
for ultimate disposal of the sewage.

The degree or extent of sewage treat-
ment required is largely dependent upon
conditions at the selected place of dis-
charge and the quantity of sewage invol-
ved. As will be shown by several of the
comparisons presented in this chapter,
it is commonly more economical to con-
vey the sewage to a place where disposal
may be accomplished with a relatively
low degree of treatment than to dispose
of the sewage at a location adjacent to the
tributary area producing the sewage if
disposal there demands a high degree of
treatment.

Brief Description of Recommended Plahs

Sewerage of the Burrard Peninsula

Section can best be accomplished by con-
veying the sewage to six separate points
of ultimate disposal. Conditions for sew-
age disposal are so favourable in the sec-
tion that at only one location has it been
deemed necessary to provide for sewage
treatment. Because of the anticipated
volume of sewage and the fundamental
necessity of protecting the beaches of
English Bay against contamination, sew-
age from the Vancouver Sewerage Area
should be treated. To provide this treat-
ment, it is proposed to construct a high-
rate primary treatment plant on Iona Is-
land in the North Arm of Fraser River
with effluent discharge into the tidal wa-
ters of the Strait of Georgia. The volume
of diluting water available at the five other
outfall locations, coupled with the present
and anticipated future use of adjacent
waters, obviates the necessity for treat-
ment at these points in the foreseeable
future.

Figure 81 shows the general layout
of the major intercepting and trunk sew-
ers required, The letter designation in-
dicated for each plan is the one under
which that plan is described.

Use of Existing Facilities
In the development of plans to serve

the Burrard Peninsula Section, every ef-
fort was made to incorporate the existing
sewerage facilities into the overall pro-
gram.

Most of the existing sewerage faci-
lities in the section are in the Vancouver
Sewerage Area. These facilities com-
prise trunk sewers which, for the most
part, discharge combined sewage and
storm water into Burrard Inlet, the main
channel of Fraser River, or the North
Arm of Fraser River. The facilities pro-
posed under the overall program provide
for the interception of these discharges
and the conveying of the sewage to a more
suitable point of disposal.

149
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Figure 81. General Layout of Recommended Plans for Burrard Peninsula Section

Sewerage of the Burrard Peninsula Section can best be accomplished by conveying the sewage to six separate points
of ultimate disposal. Conditions for sewage disposal are so favourable in the section that at only one location has it been
necessary to provide for sewage treatment prior to discharge.

Preliminary Design of Facilities

All sewers, tunnels, force mains and
outfalls have been planned with sufficient
capacity to accommodate the estimated
ultimate peak rates of sanitary sewage
flow. Some of the facilities, as descri-
bed in the following pages, also provide
capacity for conveying storm water. Pro-
vision of capacity for the ultimate rate
of sewage flow was considerednecessary
because in most instances the locations
and conditions are or will be such that
future duplication or paralleling of con-
duits would be difficult and expensive.

Facilities such as pumping stations
and sewage treatment plants have been
so laid out that future additions may be
made in steps or stages according to
need. In these cases, it is expected that
the initial design and construction will be
such as to permit easy and economical
enlargement.

The sequence or time of construc-
tion of the units of various plans was de-
termined by consideration of the sewer-
age requirements of the tributary area,

of the uses of shore waters presently
utilized for disposal, and of the proper
order of development necessary to en-
sure adequate protection of the shores
and shore waters of the Greater Vancou-
ver Area. Briefly summarized, the sug-
gested sequence of construction assumes
a time schedule as follows:

by 1955: Elimination of continuous
crude sewage discharges into English
Bay.

by I960: (1) Elimination of combi-
ned sanitary and storm flow discharges
into English Bay except at specified fre-
quencies. (2) Elimination of the major
portion of continuous crude sewage dis-
charges into Vancouver Harbour.

by 1965: Elimination of all conti-
nuous crude sewage discharges into Van-
couver Harbour.

by 1970: Elimination of combined
sanitary and storm flow discharges into
the North Arm of Fraser River except at
certain specific frequencies.

It will be observed that the sequence
of construction has been broken down in-
to five year periods. Actual construction
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of the proposed facilities will probably
constitute a continuing program, however,
with the completion of each stage by the
specified date. For purposes of calcula-
ting the annual costs presented in this
report, it has been necessary to group
the proposed facilities within stated con-
struction periods and to assume that the
cost of facilities indicated for construc-
tion in a given year would have no effect
upon the annual costs computed for ear-
lier years.

At the outset of the survey, it was
obvious that the sewage of the various
sewerage areas would have to be trans-
ported through considerable distances to
reach suitable disposal sites. On the
other hand, because of the topography of
the section, storm water can properly be
disposed of in nearby bodies of water.
For this reason, the facilities proposed
in those portions of the section not pre-
sently sewered on a combined basis have
been laid out as separate systems. The
design criteria for sewers intercepting
existing combined trunk sewers will be
discussed under each sewerage area.

The unit or per capita sewage flows
and the per capita contributions of bio-
chemical oxygen demand and suspended
solids are given in Table 35, Chapter 13.
For those portions of the section which
are sewered on the combined basis, a per
capita flow of 110 gallons per day has
been used. For the remainder of the sec-
tion, which is to be sewered by separate
systems, a per capita flow of 95 gallons
per day has been used. As discussed in
Chapter 11, the design factors include
suitable allowances for contributions
from tributary industry. The ultimate
population contributory to each facility
was estimated by multiplying the tribu-
tary area by the predicted ultimate popu-
lation density distribution shown on Fi-
gure 35, Chapter 9.

This chapter deals with the plans
considered for each sewerage area of the
Burrard Peninsula Section. The various
plans are outlined and described and their
estimated construction and annual costs
are presented. Where two separate plans
for sewering the same area were studied,
a comparison of their construction and
annual costs was made to determine the

more economical plan. Other possibili-
ties, which were not deemed worthy of
further study, are briefly described and
the reasons for no further consideration
are given.

VANCOUVER SEWERAGE AREA

Basic Considerations

The most pressing sewerage re-
quirement in the Vancouver Sewerage
Area is the elimination of the continuous
discharge of crude sewage into the re-
creational waters of English Bay. Inter-
mittent discharges or overflows of dilu-
ted sanitary sewage during periods of
storm water runoff through existing com-
bined sewer outfalls can be tolerated pro-
viding the volume and frequency of such
overflows do not endanger the public uses
of the receiving waters. Since the nor-
mal recreational use of the waters of the
area is limited to the five months, May
through September, consideration of the
permissible frequency of overflows has
been confined to those months.

All existing outfalls into English Bay
and False Creek discharge combined sa-
nitary sewage and storm water. As dis-
cussed in Chapter 10 and as shown on
Figure 37, only one of these outfalls,
namely that at Discovery Street, extends
any considerable distance offshore. The
remainder terminate close to shore. To
provide protection of the recreational
waters in this area, all of the outfall
conduits must be intercepted and the sew-
age conveyed to a more suitable place of
disposal. It has therefore beennecessary
to determine the most economical design
of an intercepting system commensurate
with the values received from the pro-
tection afforded. Studies of rainfall fre-
quency and intensity during the five
month period under consideration, and of
the design of facilities to accommodate
the runoff from storms of various inten-
sities have been made. These indicate
that the necessary protection will be pro-
vided at the greatest overall economy if
an intercepting system is constructed
which will remove all sewage from Eng-
lish Bay except for an average of one
overflow of dilute sewage per recreation-



152 GREATER VANCOUVER SEWERAGE AND DRAINAGE SURVEY

al season from the short outfalls and for
an average of three overflows per season
from the Discovery Street outfall. Eli-
mination, insofar as possible, of the dis-
charge of any sewage upon the beaches
along the Spanish Banks and in the vicini-
ty of Park Lane in the West End of Van-
couver is considered to be necessary to
secure the objectives sought for the area.

The uses to which the waters of Van-
couver Harbour are put do not require
the same degree of protection as that
proposed to be afforded in English Bay.
The only requirement that may reason-
ably be imposed is the elimination of the
continuous discharge of sanitary sewage
into the harbour. During periods of
storm, all of the combined sewage could
quite properly be discharged into the har-
bour with no adverse effect on the bene-
ficial uses of its waters. Intercepting
sewers along the harbour foreshore are
herein proposed to carry only the peak
flows of sanitary sewage. Existing out-
falls to the harbour would discharge all
of the combined flows during storms.

As discussed in Chapter 12, waters
of the North Arm of Fraser River flow
around Point Grey onto the beaches of
English Bay. It is necessary to eliminate
continuous discharges of crude sewage
into the North Arm if the beaches of Eng-
HshBayare to be protected. Again, how-
ever, the design of an intercepting sys-
tem along the North Arm of Fraser Ri-
ver must be as economical as possible
commensurate with the benefits to be de-
rived. Because of the considerable de-
gree of dilution and dispersion afforded
any sewage overflowing into the North
Arm, it is believed that a higher frequen-
cy of overflow can properly be allowed
there than is permissible if the overflow
were made directly into English Bay.
The frequency of overflows providing the
most economical intercepting sewer de-
sign and yet affording reasonable protec-
tion to the uses of English Bay and of the
North Arm itself, has been determined
to be an average of six during the five
month recreational season in the upper
reaches and three per season in the low-
er reaches.

Two sewerage plans, designated Plan
A and Plan B, have been laid out in con-

formity with the above criteria. Plan A
provides for the conveyance of all the
sewage of the Vancouver Sewerage Area
to a treatment plant on Iona Island with
effluent discharge to the tidal waters of
the Strait of Georgia. Plan B provides
for the conveyance of the sewage of the
area to two treatment plants, one on Iona
Island and one at the foot of Clark Drive,
serving the western and eastern portions
of the area, respectively.

Although it is possible to locate a
sewage treatment plant on the shores of
English Bay, detailed studies of such a
possibility were not made for the follow-
ing reasons:

1. The plant would necessarily be
located in the immediate vicinity of im-
portant recreational and residential
areas. Construction there of a plant to
provide for the proper control of possible
nuisances would be expensive when com-
pared to plants more suitably located.

2. Effluent discharge would be into
recreational waters in which adequate di-
lution and dispersion could not be achie-
ved. Because of this fact, disinfection of
the effluent would be required during
certain periods of the year.

3. The plant would have to treat the
combined flow of sanitary sewage and
storm water at the design frequency to
provide the same degree of protection as
afforded by the plant on Iona Island.

Plan A

Plan A provides for the collection
and conveyance of the sewage of the Van-
couver Sewerage Area to a high-rate pri-
mary sewage treatment plant on Iona Is-
land with effluent discharge to the tidal
waters of the Strait of Georgia.

Figure 82 shows the locations of the
facilities embraced by Plan A. Table 40
presents the lengths, sizes and slopes of
the conduits and the design flows and es-
timated construction costs of the facili-
ties required for the completion of Plan
A. This table also indicates the sugges-
ted sequence of construction. The initial
construction cost of this plan is estima-
ted to be $11,489,000 and the total ulti-
mate construction cost $28,813,000

The intercepting sewers contained
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) N O R T H V A N C O U V E R M U N I C I P A L I T Y

SEWERAGE AREA BOUNDARY

CITY LIMITS

EXISTIN6 SEWER

PROPOSED SEWER AND
CHANGE IN DESIGNATION

!o- PROPOSED PUMPING STATION

Figure 82. Proposed Layout of Plan A - Vancouver Sewerage Area

Plan A proposes the collection of the sanitary sewage of the entire Vancouver Sewerage Area to a high-rate primary
treatment plant located on Iona Island. Effluent would be discharged to tidal water of Sturgeon Bank. Storm water would
be conveyed to this location but would bypass the treatment plant.

in Plan A have been laid out on the basis
of the criteria discussed above. The
functions of the facilities, certain con-
trolling conditions and the dates sugges-
ted for construction are as follows:

1. A-l through A-6: together with
the existing West End intercepting sewer,
to eliminate all discharges of sewage to
English Bay Beach and to provide capa-
city for the ten year winter storm; to be
constructed by 1955.

2. A-7 through A-10: to eliminate
continuous discharge of sanitary sewage
into Vancouver Harbour except during
periods of storm runoff, when all sewage
will be bypassed to the harbour; to be
constructed by 1965.

3. A-ll through A-14: to eliminate

continuous discharge of sanitary sewage
into Vancouver Harbour except during
periods of storm runoff, when all sewage
will be bypassed to the harbour; to be
constructed by 1965.

4. A-15, A-16, and PS A-l: to con-
vey sanitary sewage flow from sewers
A-7 through A-14 to sewer A-19 except
during periods of storm runott, when
combined sewage will be discharged to
Vancouver Harbour through existing out-
falls; to be constructed by 1965.

5. A-17 through A-20: to eliminate
continuous discharge of sanitary sewage
into Vancouver Harbour except during
periods of storm runoff, when all sewage
will be bypassed to the harbour through
the existing Clark Drive intercepting sew-
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Table 40
Estimated Design Flows and Construction Costs of Plan A Facilities

Vancouver Sewerage Area

Fa c
x dL

Sewers:
A-2: 1,485 ft. of
A-3: 1,000 ft. of
A-4: 1,830 ft. of
A-7: 2, 200 ft. of
A-11: 6,950 ft. of
A-12: 2,400 ft. of
A-13: 2,850 ft. of
A-17: 1,950 ft. of
A-20: 1,350 ft. of
A-23: 1,190 ft. of
A-24: 540 ft. of
A-26: 1,200 ft. of
A-27: 3,800 ft. of
A-28: 650 ft. of
A-29: 500 ft. of
A-30: 1,340 ft. of
A-31: 830 ft. of
A-32: 1,030 ft. of

ilitya

72-in. RCC

42-in. RCC

78-in. BHSC

39-in. RC at 0.045%
36-in. RC at 0.05%
36-in. RC at 1.10%
36-in. RC at 0.27%
48-in. RC at 0. 08%
63-in. RC at 1.05%
22-in. RC at 5.18%
24-in. RC at 2.70%
36-in. RC at 0.15%
42-in. RC at 0.15%
20-in. RC at 8. 0%
22-in. RC at 4. 5%
24-in. RC at 3.15%
30-in. RC at 2. 26%
30-in. RC at 0.19%

A-33: 1,900 ft. of 114-in. BHS at 0. 059%
A-35: 1,400 ft. of
A-36: 1,800ft. of
A-37: 1,800 ft. of
A-38: 2,400 ft. of
A-39: 3, 250 ft. of
A-40: 2, 940 ft. of
A-48: 900 ft. of

12-in. RC at 1.30%
12-in. RC at 0.61%
12-in. RC at 3. 30%
15-in. RC at 0. 54%
18-in. RC at 0.13%
18-in. RC at 2.10%
96-in. BHS at 0. 070%

Tunnels: concrete lined
A-l: 1,400 ft. of
A-5: 3,600 ft. of
A-8: 3, 880 ft. of
A-9: 3,900 ft. of
A-10: 700 ft. of
A-14: 5, 300 ft. of
A-l 5: 3, 800 ft. of
A-l 8: 4,220 ft. of
A-19: 2,050 ft. of
A-21: 14,170 ft. of
A-22: 3, 300 ft. of
A-34: 12,800 ft. of
A-41: 5,320 ft. of
A-42: 4,740 ft. of
A-43: 5,000 ft. of
A-44: 1,740 ft. of
A-45: 4,040 ft. of
A-46: 7,760 ft. of
A-47: 4, 600 ft. of

Force mains:
A-16: 3, 350 ft. of
A-26: 10,030 ft. of

Outfalls:
A-6: 125 ft. of
A-49: 3, 300 ft. of

A-50: 2, 800 ft. of
Total, conduits
Pumping stations:

A-l:
A-2:
Influent at plant

72-in. <:
78-in.
39-in. at 0.060%
42-in. at 0.065%
48-in. at 0.040%
51-in. at 0.045%
66-in. at 0.035%
48-in. at 0.10%
63-in. at 0.135%
72-in. at 0.26%
72-in. at 0.42%

114-in. at 0.059%
60-in. at 0.085%
66-in. at 0.12%
66-in. at 0.19%
66-in. at 0.28%
75-in. at 0.09%
93-in. at 0.055%
96-in. at 0.048%

54-in. RC
36-in. RC

72-in. RC
114-in. BHS land

section
114-in. BHS

Design
Flow
cfs

148
57

226
17.6
14.6
14.6
17.8
35.9
93.6
36.9
36.9
25.9
37.5
38.7
38.7
38.7
39.2
39.2

400
2.7
2.7
3.2
3.2
3.6
5.0

258

148
226
17.6
21.6
24.6
28.8
53.1
37.4
93.6

235
300
400

73
112
142
147
155
208
216

56.3
53.1

226

608
608

37. 5d

35. 9d

45. 0e

1955

99, 000
38,000

146,000

17,000
8,000

29,000
135,000

7,000
6,000

18,000
15,000
18,000

348, 000

272,000
800,000

4, 440, 000

287,000

41,000

605,000
1,590,000
8,919,000

219,000d

131,000e

Construction

1960

60, 000
100, 000

446, 000
334, 000

2,750, 000
640, 000

4, 330, 000 3,

Costb, Dollars

1965

129
388

59
120

344
380

81
663
655

189

008

230,

107,

,000
,000
,000
,000

,000
,000
,000
,000
,000

000

000

oood

ooof

1970

10,000
12,000
12,000
22, 000
51,000
30,000

120,000

825, 000
830,000
875, 000
305,000
808, 000

2, 090, 000
1, 260, 000

7, 250, 000

1975

69, 0008
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Table 40 - Continued

Facility51

Sewage treatment plant

Outfall channel and appurtenances
Total construction cost

Design
Flow

cfs

45. 0e

608

1955

l,720,Q00eh

500,000
11,489,000

Construction Cost*5,

1960

4, 330, 000

1965

1,440,000^

4, 785, 000

Dollars

1970

7, 250, 000

1975

890, 000§h

959,000

a See Figure 82 for location of facilities.
b From Tables 37 and 38 and Figures 77, 78, and 79; plus 25 percent for engineering, administration and con-

tingencies.
c Designed as pressure conduit,
d Ultimate capacity.
f Initial construction.
f Enlargement from 45. 0 cfs to 95. 0 cfs.
8 Enlargement from 95. 0 cfs to ultimate capacity of 130 cfs.
k Includes an allowance for special foundations.

er and outfall; overflows of mixed sew-
age and storm water fromthe Clark Drive
sewer through the China Creek overflow
to False Creek will occur on an average
of once per season; to be constructed by
1960.

6. A-21 through A-22: togetherwith
the existing English Bay intercepting sew-
er, to eliminate continuous discharge of
sewage into English Bay; to provide ca-
pacity sufficient to allow an average of
one overflow of combined sewage per re-
creational season into English Bay; to be
constructed by I960.

7. A-23 through A-2 5: to eliminate
all discharges of sewage onto the beaches
along Spanish Banks; to provide capacity
for the ten year winter storm; these units
to be constructed by the Provincial Go-
vernment in 1953 and purchased from the
government at a later date.

8. A-26, A-27, and PS A-2: to eli-
minate continuous discharge of sewage
into English Bay; to provide capacity suf-
ficient to allow an average of three over-
flows of combined sewage per recrea -
tional season into English Bay through
the Discovery Street outfall; to be con-
structed by 1955.

9. A-28 through A-32: to eliminate
continuous discharge of sewage to Eng-
lish Bay; to provide capacity sufficient to
allow an average of three overflows of
combined sewage per recreational sea-
son into English Bay through the Disco-
very Street outfall; to be constructed by
1955.

10. A-33 and A-34: to eliminate
continuous discharge of sewage to Eng-
lish Bay; to provide capacity sufficient
to allow an average of three overflows of
combined sewage per season into Eng-
lish Bay through the Discovery Street
outfall; to be constructed by 1955.

11. A-35 through A-40: to provide
capacity for sanitary sewage from the
south slope of the University Endowment
Lands; to be constructed by 1970.

12. A-41 through A-43: to eliminate
continuous discharge of sewage into the
North Arm of Fraser River; to provide
capacity sufficient to allow an average of
six overflows of combined sewage per
season to the North Arm; to be construc-
ted by 1970.

13. A-44 through A-48: to eliminate
continuous discharge of sewage to the
North Arm of Fraser River; to provide
capacity sufficient to allow an average of
three overflows of combined sewage per
season into the North Arm; to be con-
structed by 1970.

14. A-49 and A-50: to convey sew-
age across the North Arm of Fraser Ri-
ver to a treatment plant on Iona Island;,
to be constructed by 1955.

The treatment plant on Iona Island
would be of the high-rate primary type
with a design capacity equal to the sani-
tary sewage flow. Influent pumping would
be required. Treated sewage would be
discharged approximately 15,000 feet
offshore to deep water of the Strait of
Georgia through an effluent channel dredr
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ged across Sturgeon Bank. During pe-
riods of storm water runoff, flow in ex-
cess of plant capacity would be bypassed
to the effluent channel. The effluent chan-
nel would be designed to confine all flow
during periods of low tide when little or
no dilution is available on Sturgeon Bank.
During periods of higher water the chan-
nel would be submerged and mixing and
dispersion would take place in the waters
covering Sturgeon Bank. An earth dam
would be constructed across Macdonald
Slough, between Iona and Sea Islands, to
prevent the movement of sewage effluent
upstream into the North Arm of Fraser
River on a rising tide. This will preclude
the possibility of material of sewage ori-
gin entering the North Arm on a rising
tide and being carried around Point Grey
and into the recreational waters of Eng-
lish Bay on a falling tide.

As shown on Table 40, it is proposed
to construct the sewage treatment plant
in stages. Enlargement of the plant will
be required as intercepting sewers are
constructed, which will make new portions
of the Vancouver Sewerage Area tributary
to the plant. Enlargements required sub-
sequent to the completion of the intercep-
ting sewer system will be due to popula-
tion increases in the sewerage area.
Initial construction of the plant is sug-
gested for 1955 to correspond with con-
struction of the first stages of the inter-
cepting sewer system.

Plan B

Plan B provides for the treatment of
the sewage of the Vancouver Sewerage
Area in two separate plants. Sewage from
the western portion would be treated in
a high-rate primary plant on Iona Island
as described under Plan A. Sewage from
the eastern portion would be treated in a
standard-rate primary plant at the foot
of Clark Drive on the foreshore of Van-
couver Harbour. .

Figure 83 shows the tentative loca-
tion of the facilities embraced by Plan B.
Table 41 presents the lengths, sizes and
slopes of the conduits and the design flows
and estimated construction costs of the
facilities required for the completion of
Plan B. This table also gives the sug-

gested sequence of construction. The
initial construction cost of this plan is
estimated to be $11,003,000 and the total
ultimate construction cost $30,318,000.

Intercepting sewers proposed under
Plan B provide for sewerage of the Van-
couver Sewerage Area equivalent to that
proposed to be accomplished by the in-
tercepting sewers under Plan A.

The standard-rate primary plant at
the foot of Clark Drive would be construc-
ted on ground filled for the purpose. In-
fluent pumping would be required. Ef-
fluent chlorination would probably be
necessary during critical periods. By
locating the plant at Clark Drive, the ex-
isting collection system of the tributary
area would be fully utilized. Plant ef-
fluent would be discharged through the
existing outfall which terminates at a
minimum depth of 45 feet.

Comparison of Plan A and Plan B

Table 42 summarizes the figures
presented in Tables 40 and 41 giving the
estimated costs of construction of the fa-
cilities proposed under Plan A and Plan
B. The estimated initial construction
cost of Plan B, $11,003,000, is shown to
be $486,000 lower than that of Plan A.
The estimated total ultimate construction
cost of $28,813,000 for Plan A, however,
is shown to be $1,50 5,000 lower than that
of Plan B.

The true economy of a project or
plan is best reflected by its annual cost
rather than by its construction cost. As
a practical matter, assuming^that the in-
volved capital cost can be financed and
that all other requirements are fulfilled,
the annual costs may well determine the
merit of one plan over another. Annual
costs are comprised of the following ele-
ments: (1) bond redemption and interest
payments, and (2) costs of administration,
operation and maintenance. The methods
of computation of each of these elements
of annual cost are discussed in Chapter
13 of this report. These methods have
been used in the determination of annual
costs.

Table 43 presents the calculated a-
verage annual costs of Plan A and Plan
B for five year periods from 1955 to 2000
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N O R T H V A N C O U V E R M U N I C I P A L I T Y

CITY LIMITS

EXISTING SEWER

SEWERAGE AREA BOUNDARY

PROPOSED SEWER AND
CHANGE IN DESIGNATION

PROPOSED PUMPING STATION

Figure 83. Proposed Layout of Plan B - Vancouver Sewerage Area

Plan B proposes the collection of the sanitary sewage of the entire Vancouver Sewerage Area to two plants. The sew-
age of the western portion would be conveyed to a high-rate primary treatment plant located on Iona Island. Effluent
would be discharged to tidal water of Sturgeon Bank. The sewage of the eastern portion would be conveyed to a standard-
rate primary treatment plant located at the foot of Clark Drive. Effluent would be discharged to Vancouver Harbour and
would be chlorinated during critical periods. Storm water carried to these locations would bypass the treatment works.

and also the average annual cost over
this 45 year period. Average annual costs
of Plan A range froma high of $2,087,000
during the five year period 197 5 to 1980
to a low of $314,000 during the five year
period 1995 to 2000. Average annual
costs of Plan B range from a high of
$2,196,000 during the five year period
1975 to 1980 to a low of $271,000 during
the five year period 1995 to 2000. Be-
cause of the lower initial construction
cost of Plan B, the average annual costs
of Plan B are shown to be less than those
of Plan A during the first few years. As
the system of intercepting sewers is
completed, however, the average annual
costs of Plan A become lower than those

of PlanB. As the bonds issued in the
early years of the projects are retired,
the annual costs will decline until, as
shown for Plan B, the bond redemption
and interest payments will end. The es-
timated average annual cost over the 45
year period 1955 to 2000, for which com-
parisons have been made, is shown to be
$1,235,000 for Plan A and $1,299,000 for
Plan B. Over this period, Plan A would
cost an average of $64,000 per year less
than would Plan B. The average annual
savings over the 45 year period would
thus amount to a total of $2,880,000.

As an alternative to Plan A, as above
described, it would be possible to locate
sewage treatment facilities on the north
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Table 41

Estimated Design Flows and Construction Costs of Plan B Facilities
Vancouver Sewerage Area

Sewers

Fa
r d

Clark Drive system
B-2:
B-3:
B-4:
B-7:
B-12:
B-13:
B-14:

1,485 ft. of
1,000 ft. of
1,830 ft. of
2, 200 ft. of
6,950 ft. of
2,400 ft. of
2,850 ft. of

Iona Island system
B-17:
B-18:
B-20:
B-21:
B-22:
B-23:
B-24:
B-25:
B-26:
B-27:
B-29:
B-30:
B-31:
B-32:
B-3 3:
B-34:
B-42:

Tunnels

1,190 ft. of
540 ft. of

1,200 ft. of
3, 800 ft. of

650 ft. of
500 ft. of

1,340 ft. of
830 A. of

1,030 ft. of
1,900 ft. of
1,400 ft. of
1,800 ft. of
1,800 ft. of
2,400 ft. of
3,250 ft. of
2,940 ft. of

900 ft. of

.,11. ny

72-in. RC11

42-in. RCC

78-in. BHSC

39-in. RC at 0. 045%
36-in. RC at 0. 05%
36-in. RC at 1.10%
36-in. RC at 0. 27%

22-in. RC at 5.18%
24-in. RC at 2.70%
36-in. RC at 0.15%
42-in. RC at 0.15%
20-in. RC at 8. 0%
22-in. RC at 4. 5%
24-in. RC at 3.15%
30-in. RC at 2. 26%
30-in. RC at 0.19%

114-in. BHS at 0. 059%
12-in. RC at 1.30%
12-in. RC at 0.61%
12-in. RC at 3.30%
15-in. RC at 0.54%
18-in. RC at 0.13%
18-in. RC at 2.10%
96-in. BHS at 0. 070%

concrete lined
Clark Drive system
B-l:
B-5:
B-8:
B-9:
B-10:
B-ll:

1,400 ft. of
3.600 ft. of
3, 880 ft. of
3, 900 ft. of

700 ft. of
5,700 ft. of

Iona Island system
B-15:
B-16:
B-28:
B-35:
B-36:
B-37:
B-38:
B-39:
B-40:
B-41:

14,170 ft. of
3, 300 ft. of

12,800 ft. of
5, 320 ft. of
4, 740 ft. of
5, 000 ft. of
1,740 ft. of
4, 040 ft. of
7, 760 ft. of
4,600 ft. of

Force main:
B-19:

Outfalls
B-6:
B-4 3:

B-44:

10, 030 ft. of

125 ft. of
3, 300 ft. of

2, 800 ft. of
Total, conduits

72-in.c

78-in. c

39-in. at 0.060%
42-in. at 0. 065%
48-in. at 0.040%
48-in. at 0.050%

72-in. at 0. 26%
72-in. at 0.42%

114-in. at 0.059%
60-in. at 0. 085%
66-in. at 0.12%
66-in. at 0.19%
66-in. at 0. 28%
75-in. at 0.09%
93-in. at 0.055%
96-in. at 0.048%

36-in. RC

72-in. RC
114-in. BHS land

section
114~in. BHS

Design Flow,
cfs

148
57

226
17.6
14.6
14.6
17.8

36.9
36.9
25.9
37.5
38.7
38.7
38.7
39.2
39.2

400
2.7
2.7
3.2
3.2
3.6
5.0

258

148
226
17.6
21.6
24.6
27.5

235
300
400

73
112
142
147
155
208
216

53.1

226

608
608

(

1955

99,000
38,000

146,000

17,000
8,000

29,000
135,000

7,000
6,000

18,000
15,000
18,000

348, 000

272, 000
800, 000

4,440,000

287,000

41,000

605, 000
1,590,000
8,919,000

Zonstruction Cost*5, Dollars

1960

2,750, 000
640, 000

3, 390, 000

1965

129,000
388,000
59,000

120,000

344, 000
380,000
81,000

662,000

2,163,000

1970

10, 000
12,000
12,000
22,000
51,000
30, 000

120,000

825, 000
830,000
875, 000
305, 000
808, 000

2, 090, 000
1,260,000

7, 250, 000
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Table 41 - Continued

Facility8

Pumping stations:
Clark Drive system
Influent at plant

Ion a Island system
Influent at plant
B-l:

Sewage treatment plants:
Clark Drive
Iona Island

Outfall channel and appurtenances:
Iona Island

Total construction cost

Design
Flow
cfs

63. 0d

30. 0e

35.9

63. 0d

30.0

608

Construction Cost'', Dollars

1955

95,000e

219,000

l,270,000e&

500, 000
11,003,000

1960

3, 390, 000

1965

186,000d

5,176,000d8

7,525,000

1970

80, 000*

l,070,000fS

8, 400, 000
j* See Figure 83 for location of facilities.

From Tables 37 and 38 and Figures 77, 78, and 79; plus 25 percent for engineering, administration and con-
tingencies.

c Designed as pressure conduit.
d Ultimate capacity.
e Initial construction.

Enlargement from 30. 0 cfs to ultimate capacity of 67.0 cfs.
8 Includes an allowance for special foundations.

bank of the North Arm of Fraser River
opposite Iona Island, with an outfall di-
rectly into the North Arm. Because of

the adverse location of both the treat-
ment works and the place of outfall, such
a plant would be required to provide, in

Table 42

Comparison of Estimated Construction Costs of Plan A and Plan B
Vancouver Sewerage Area

Flan

Plan Aa

Conduits
Pumping stations
Sewage treatment plant
Outfall channel

Total

PlanBc

Conduits'3
Pumping stations
Sewage treatment plants

Iona Island
Clark Drive

Outfall channel
Total

Construction Cost, Dollars
1955

8,919,000
350, 000

1,720,000
500,000

11,489,000

8,919,000
314, 000

1,270,000

500, 000
11,003,000

1960

4, 330, 000

4, 330, 000

3, 390, 000

3, 390, 000

1965

3,008,000
337,000

1,440,000

4,785, 000

2,163, 000
186,000

5,176, 000

7, 525, 000

1970

7, 250, 000

7, 250, 000

7,250,000
80,000

1,070,000

8,400, 000

1975

69, 000
890, 000

958, 000

Total

23, 507, 000
756, 000

4, 050, 000
500, 000

28,813,000

21,722,000
580, 000

2, 340, 000
5,176,000

500,000
30,318,000

Plan A proposes the collection of the sanitary sewage of the entire area to a high-rate primary treatment plant located on
Iona Island. Effluent would be discharged to tidal water of Sturgeon Bank. Storm water would be conveyed to this lo-
cation but would bypass the treatment works.
Plan B proposes the collection of the sewage of the entire area to two plants. The sewage of the western portion would
be conveyed to a high-rate primary treatment plant located on Iona Island. Effluent would be discharged to tidal water
of Sturgeon Bank. The sewage of the eastern portion would be conveyed to a standard-rate primary treatment plant lo-
cated at the foot of Clark Drive. Effluent would be discharged to Vancouver Harbour at a depth of 45 feet and would be
chlorinated during critical periods. Storm water carried to these locations would bypass the treatment works.

a From Table 40.
" Includes sewers, tunnels, force mains and outfalls.
c From Table 41.
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Table 43

Computed Average Annual Costs During Five Year Periods, 1955-2000,
of Plan A and Plan B - Vancouver Sewerage Area

Cost Item

Plan A
Bond redemption and interesta...
Maintenance and operation

Conduits'5-

Sewage treatment plant0

Total annual cost, Plan A

Average sanitary flow, cfs

PlanB
Bond redemption and interest*..
Maintenance and operation

Conduit^".....
Pumping stations0

Sewage treatment plants0

Iona Island
Clark Drive

Chlorination0.

Total annual cost, Plan B

Average sanitary flow, cfs

Average Annual Costs in Thousands of Dollars
1955
to

1960

736

22
23
54
99

835

25.0

704

22
23

54

99

803

25.0

1960
to

1965

1,013

33
23
71

107

1,120

43.0

921

30
23

56

109

1,030

27.0

1965
to

1970

1,319

40
65
98

203

1,522

72.0

1,403

35
23

58
71
23

210

1,613

72.0

1970
to

1975

1,784

58
68

112
238

2,022

92.0

1,939

53
23

76
75
25

252

2,191

92.0

1975
to

1980

1,845

58
69

115
242

2,087

97.0

1,939

53
23

79
76
26

257

2,196

97.0

1980
to

1985

1,109

58
70

118
246

1,355

100.0

1,235

53
23

80
79
27

262

1,497

100.0

1985
to

1990

832

58
71

120
249

1,081

103.0

1,018

53
23

81
80
28

266

1,284

103.0

1990
to

1995

526

58
72

121
251

777

105.5

536

53
23

83
81
29

269

805

105.5

1995
to

2000

61

58
73

122
253

314

108.0

0

53
23

85
81
29

271

271

108.0

45 Year
Average

1,235

82.8

1,299

82.8

Plan A proposes the collection of the sanitary sewage of the entire area to a high-rate primary treatment plant located on
Iona Island. Effluent would be discharged to tidal water of Sturgeon Bank. Storm water would be conveyed to this loca-
tion but would bypass the treatment works.
Plan B proposes the collection of the sewage of the entire area to two plants. The sewage of the western portion would be
conveyed to a high-rate primary treatment plant located on Iona Island. Effluent would be discharged to tidal water of
Sturgeon Bank. The sewage of the eastern portion would be conveyed to a standard-rate primary treatment plant located
at the foot of Clark Drive. Effluent would be discharged to Vancouver Harbour at a depth of 45 feet and would be chlo-
rinated during critical periods. Storm water carried to these locations would bypass the treatment works.

a Payments on 25 year instalment debentures at 4 percent interest.
b 1 /4 of one percent of construction cost.
c From Figure 8a

addition to primary treatment, secondary-
treatment such as could be obtained by a
high-rate trickling filter. It would be
necessary to treat the entire flow of the
combined sewage since, when discharged
into the waters of the North Arm, the
flow at certain times would be carried
around Point Grey and onto the beaches
of English Bay within one tidal cycle. It
would also be necessary to provide for
effluent chlorination during the recrea-
tional season to prevent possible conta-
mination of the foreshores and recrea-
tional waters of English Bay,

An indication of the greater cost of
such an alternative may be obtained by

comparing the estimated cost of the Iona
Island sewage treatment plant, including
the necessary conduits to convey the com-
bined sewage flow across the North Arm,
with the cost of a high-rate trickling fil-
ter plant. Under Plan A, the total cost
of these facilities is estimated to be
$6,140,000. The total construction cost
of a high-rate trickling filter plant, as
shown on Figure 79, Chapter 13, is esti-
mated to be $56,000,000. Operating
costs, as shown on Figure 80, Chapter 13,
for a trickling filter plant with effluent
chlorination are greatly in excess of the
operating costs of a primary plant. It is
obvious, therefore, that the location pro-
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posed under Plan A is by far the more
satisfactory.

Another possible alternative to Plan
A might be the construction of two sewage
plants, one to serve the northern and one
the southern portion of the area. The
north plant would be located adjacent to
Spanish Banks near the existing Discovery
Street outfall, with effluent discharge in-
to English Bay. The south plant would be
located on Iona Island as under Plan A.
Treatment at the north plant would pro-
bably have to be by the activated sludge
process or by standard - rate trickling
filtration. It would be necessary to treat
the entire flow of combined sewage to
provide the same degree of protection as
afforded by the facilities proposed under
Plan A. The construction cost of the
north plant alone v is estimated to be
$45,000,000, a sum which is considerably
greater than the total construction cost
of Plan A. In addition, the adverse loca-
tion and the higher operating costs of a
north plant make this alternative scheme
still less desirable than Plan A.

Considering the total annual costs of
Plan A and Plan B, and the relative suita-
bility of the two alternative proposals, it
is evident that the facilities proposed
under Plan A are best suited to the pre-
sent and anticipated future needs of the
Vancouver Sewerage Area.

FRASER SEWERAGE AREA

Basic Considerations

Sewerage requirements in the Fra-
ser Sewerage Area differ from those in
the Vancouver Sewerage Area. In the
latter area, which is almost completely
sewered, the primary requirement is the
interception of crude sewage being dis-
charged to the recreational waters of the
area. In the Fraser Sewerage Area,
which as yet is largely unsewered, the
primary requirement is the provision of
sewerage for all portions of the area.
To permit the construction of the required
sewerage works, a suitable system of
trunk and intercepting sewers must be
provided.

The topography of most of the area,
coupled with requirements for sewage

disposal as discussed in Chapter 1Z, in-
dicates that separate rather than com-
bined collection systems are best suited
to the area. Sewerage facilities proposed
to serve all presently unsewered portions
of the Fraser Sewerage Areahave, there-
fore, been laid out with capacity for sani-
tary sewage only.

The sequence of construction propo-
sed under the various plans considered
provides for the construction of facilities
first in those locations where the great-
est need exists. The remaining required
facilities would be constructed at later
dates in conformance with the objectives
previously stated for the protection of
the shores and shore waters of the Grea-
ter Vancouver Area.

The Fraser Sewerage Area is divi-
ded topographically into four parts.
Plans have been laid out and studied in
detail for three of these. Sewerage plans
for the fourth, on the north slope of Bur-
rard Peninsula, have not been laid out
since relatively small individual collec-
tion systems maybe provided as the need
arises. Short outfalls discharging crude
sewage to the deep waters of Burrard
Inlet will operate here satisfactorily. It
would therefore appear to be appropriate
that, as sewerage is required, this por-
tion of the area be provided with combined
rather than separate sewers.

Plan C

Plan C proposes the construction of
trunk and intercepting sewers within that
portion of the Fraser Sewerage Area
which is tributary to Still Creek, Burnaby
Lake and Brunette River. An outfall
would discharge untreated sewage into
Fraser River at a minimum depth of 25
feet. The proposed sewage collection
system comprises sewers, an outfall and
a pumping station. The facilities have
been laid out with capacity for the flow of
sanitary sewage only.

Figure 84 shows the tentative loca-
tions of the facilities embraced by Plan
C. Table 44 presents the lengths, sizes
and slopes of the conduits and the design
flows and estimated construction costs
of the facilities required for the comple-
tion of the plan. The table also gives the
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B U R N A B Y

V A N C O U V E R J

L U L U I S L A N D

PROPOSED SEWER AND
CHANGE IN DESIGNATION

PROPOSED PUMPING STATION

1
Figure 84. Proposed Layouts of Plan C, Plan D and Plan E - Fraser Sewerage Area

Plan C proposes the collection of the sanitary sewage of that portion of the Fraser Sewerage Area tributary to Burnaby
Central Valley and Brunette River to an outfall discharging to the main Fraser River east of the mouth of Brunette River.
Plan D proposes the collection of the sanitary sewage of that portion of the Fraser Sewerage Area tributary to North Arm of
Fraser River to an outfall discharging to the main Fraser River off the easterly end of Annacis Island. Plan E proposes the
collection of the sanitary sewage of that portion of the Fraser Sewerage Area readily tributary to the existing Glenbrook
Drainage Area combined outfall. The existing outfall to Fraser River would be extended.

suggested sequence of construction. The .
initial construction cost of this plan is
estimated to be $2,767,000 and the total
ultimate construction cost $4,Z17,000.

The intercepting sewers shown on
Figure 84, tentatively located on both
sides of Burnaby Lake, would be subject
to revision if the lake were to be filled
and the land reclaimed. Under such a
condition, only one of the intercepting
sewers might be required and its loca-
tion would necessarily be modified to suit
the altered topography.

The size of the outfall has been pro-
portioned to carry the design flow at peak
river stages. The pumping station indi-
cated as PS C-l on Figure 84 is required
to lift the sewage from intercepting sew-
er C-36 into the outfall.

As discussed in Chapter 12, it is
possible to discharge crude sewage into
the main channel of Fraser River with
no adverse effects upon the quality of the
river water or the uses to which the
stream is put. To achieve an initial
maximum degree of dilution and disper-
sion the outfall should be provided with
multiple or branching outlets.

Plan Cl

Plan Cl, as an alternative to Plan C,
proposes the construction of a high-rate
trickling filter plant near the upper end
of Burnaby Lake to serve the upper por-
tion of the Burnaby Central Valley and
the discharge of a chlorinated effluent to
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Table 44

Estimated Design Flows and Construction Costs of Plan C Facilities
Fraser Sewerage Area

Sewers
C-1: 2, 300 ft.
C~2: 3, 100 ft.
C-3: 2,900 ft.
C-4: 950 ft.
C-5: 850 ft.
C-6: 1,800 ft.
C-7: 1,000 ft.
C-8: 5, 300 ft.
C-9: 3, 500 ft.
C-10: 5, 400 ft.
C-l l : 4,600 ft.
C-12: S, 000 ft.
C-13: 4,600 ft.
C-14: 1,300 ft.
C-15: 1,300 ft.
C-16: 2,200 ft.
C-17: 5,800 ft.
C-18: 3,200 ft.
C-19: 2,000 ft.
C-20: 4,700 ft.
C-21: 5,750 ft.
C-22: 2, 400 ft.
C-23: 2, 150 ft.
C-24: 3,600 ft.
C-25: 3,600 ft.
C-26: 4,700 ft.
C-27: 2, 900 ft.
C-28: 5,600 ft.
C-29: 4,000 ft.
C-30: 3,000 ft.
C-31: 1,100 ft.
C-32: 1,550 ft.
C-33: 2, 800 ft.
C-34: 3,300 ft.
C-35: 1,900 ft.
C-36: 7,600 ft.

Outfall:
C-37: 1,000 ft.

Total, conduits

Pumping station
C-1:

Total construction

Facility

of 14-in.
of 20-in.
of 15-in.
of 8-in.
of 14-in.
of 14-in.
of 18-in.
of 20-in.
of 18-in.
of 36-in.
of 42-in.
of 42-in.
of 20-.in.
of 8-in.
of 10-in.
of 8-in.
of 27-in.
of 30-9n.
of 10-in.
of 20-in.
of 39-in.
of 10-in.
of 8-in.
of 42-in.
of 42-in.
of 12-in.
of 14-in.
of 60-in.
of 8-in.
of 8-in.
of 10-in.
of 16-in.
of 16-in.
of 27-in.
of 60-in.
of 20-in.

of 54-in.

cost

RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC

RC

at 0. 32%
at 0.16%
at 0. 40%
at 15. 5%
at 0. 30%
at 0.70%
at 0.85%
at 0.10%
at 0.46%
at 0.062%
at 0. 037%
at 0. 047%
at 0.17%"
at 3. 85%
at 1.55%
at 7.0%
at 0. 088%
at 0. 060%
at 5. 0%
at 0.13%
at 0.048%
at 2.9%
at 4. 5%
at 0. 23%
at 0. 23%
at 4. 35%
at 3.0%
at 0.17%
at 1.60%
at 8.5%
at 5.9%
at 0.65%
at 0. 80%
at 0.15%
at 0.17%
at 0. 23%

Design Flow,
cfs

3.0
5.4
5.7
2.9
2.9
4 .4
9.4
4 .4
7 .0

16.7
19.5
21.8

5.6
2.2
2.2
3.1
9.2

10.0
4 .0
5.0

18.1
2.5
2.5

47.0
47.0

6.2
6.7

52.0
1.4
2.4
3.5
5.9
6.7
9.6

61.0
5.6

66.7

3.9C

Construction Cost**,,
1955

18,000
56,000
51,000

18,000

432, 000
460,000
445, 000

225, 000
135,000
41,000
28, 000

330,000
32, 000
22, 000
10,000
19,000
35, 000
73,000

112,000

225,000
2,767, 000

2,767, 000

1960

5,000
8,000'

17,000

106, 000
61,000

63,000
9,000

10,000
16,000

197, 000
168, 000
23, 000
94,000

430, 000
19,000
15,000

1,241,000

1,241,000

Dollars
1970

171, 000

171,000

38, 000c

.209,000
a See Figure 84 for location of facilities.
b From Table 37, and Figures 78 and 79; plus 25 percent for engineering, administration and contingencies.c Ultimate capacity.

the lake. Sewage from the remainder of
the area tributary to Brunette River would
be conveyed to Fraser River and dis-
charged without treatment at a minimum
depth of 2 5 feet, as provided under Plan
C.

Figure 85 shows the tentative loca-
tions of the facilities embraced by Plan
Cl. Table 45 presents the lengths, sizes
and slopes of the conduits and the design

flows and estimated construction costs
of the facilities required for the comple-
tion of the plan. This table also gives
the suggested sequence of construction.
The initial construction cost of this plan
is estimated to be $3,874,000 and the to-
tal ultimate construction cost $6,460,000.
The sequence of construction suggested
for Plan Cl corresponds with that sug-
gested for Plan C.
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B U R N A B Y

V A N C O U V E R 2

L U L U I S L A N D

SEWERAGE AREA BOUNDARY

CITY LIMITS

EXISTING SEWER

PROPOSED SEWER AND
CHANGE IN DESIGNATION

PROPOSED PUMPING STATION

1
Figure 85. Proposed Layouts of Plan Cl and Plan Dl - Fraser Sewerage Area

Plan Cl proposes the collection of the sanitary sewage of that portion of the Fraser Sewerage Area tributary to Burnaby
Central Valley and Brunette River to two locations. Sewage from the western portion would be conveyed to a high-rate
trickling filter treatment plant located adjacent to Still Creek near the upper end of Burnaby Lake and chlorinated ef-
fluent would be discharged to the lake. Sewage from the eastern portion would be discharged to the main Fraser River
east of the mouth of Brunette River. Plan Dl proposes the collection of the sanitary sewage of that portion of the Fraser
Sewerage Area tributary to North Arm of Fraser River to a standard-rate primary treatment plant located adjacent to the
North Arm. Effluent would be discharged to the North Arm and would be chlorinated during critical periods.

Comparison of Plan C and Plan Cl

Table 46 summarizes the figures
presented in Tables 44 and 45 which
present the estimated costs of construc-
tion of the facilities embraced by Plan C
and PlanCl. The initial construction
cost of Plan C, $2,767,000, is estimated
to be $893,000 lower than that of Plan Cl.
The total ultimate construction cost of
Plan C, $4,217,000, is estimated to be
$2,243,000 less than that of Plan Cl.

Table 47 presents the calculated
average annual costs of Plan C and Plan
Cl for five year periods from 1955 to
2000, and also the average annual costs

over this 45 year period. Average annual
costs of Plan C range from a high of
$284,000 during the five year period 1975
to 1980 to a low of $15,000 during the
five year period 1995 to 2000. Average
annual costs of Plan Cl range from a
high of $490,000 during the five year
period 1975 to 1980 to a low of $97,000
during the five year period 1995 to 2000.
Throughout the period for which compa-
risons have been made the annual costs
of Plan C are lower than those of Plan
Cl. The average annual cost over the 45
year period, 1955 to 2000, is shown to be
$162,000 for Plan C and $301,000 for
Plan Cl. Over this period, Plan C would
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cost an average of $ 1 39,000 per year less
than PlanCl. The average annual sav-
ings over the 45 year period would thus

amount to a total of $6,255,000.
Consideration of the economies evi-

denced by the above comparison of Plan

Table 45

Estimated Design Flows and Construction Costs of Plan Cl Facilities
Fraser Sewerage Area

Sewers:
Cl-1 : 2,000 ft.
Cl-2: 4,700 ft.
Cl-3: 5,750 ft.
Cl-4: 5,000 ft.
Cl-5: 2,400 ft.
Ci-6: 2,150 ft.
Cl-7: 7,200 ft.
Cl-8: 4,700 ft.
Cl-9: 2,900 ft.
Cl-10: 5,600 ft.
Cl-11: 4,000 ft.
Cl-12: 3,000 ft.
Cl-13: 1,100 ft.
Cl-14: 1,550 ft.
Cl-15: 2,800 ft.
Cl-16: 3,300 ft.
Cl-17: 1,900 ft.
Cl-18: 7,600 ft.
Cl-20: 5,400 ft.
Cl-21: 950 ft.
Cl-22: 850 ft.
Cl-23: 1,800 ft.
Cl-24: 2, 300 ft.
Cl-25: 3,100 ft.
Cl-26: 2,900 ft.
Cl-27: 1,000 ft.
Cl-28: 4,800 ft.
Cl-29: 4,100 ft.
Cl-30: 2,400 ft.
Cl-31: 4,600 ft.
Cl-32: 1,300 ft.
Cl-33: 1,300 ft.
Cl-34: 2,200 ft.
Cl-35: 900 ft.
Cl-36: 5,800 ft.

Outfalls:
Cl-19: 1,000 ft.
Cl-37: 500 ft.

Total, conduits

Pumping stations:
Cl-1:
Influent at plant

Facility8

of 10-in.
of 20-in.
of 27-in.
of 18-in.
of 10-in.
of 8-in.
of 30-in.
of 12-in.
of 14-in.
of 48-in.
of 8-in.
of 8-in.
of 10-in.
of 16-in.
of 16-in.
of 27-in.
of 48-in.
of 20-in.
of 18-in.
of 8-in.
of 14-in.
of 14-in.
of 14-in.
of 20-in.
of 15-in.
of 18-in.
of 30-in.
of 16-in.
of 18-in.
of 18-in.
of 8-in.
of 10-in.
of 8-in.
of .24-in.
of 12-in.

of 42-in.
of 30-in.

Sewage treatment plant:
Total construction cost

RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC

RC
RC

at 5.096
at 0.13%
at 0. 090%
at 0. 17%
at 2.9%
at 4. 5%
at 0. 24%
at 4. 35%
at 3.0%
at 0.17%
at 1.60%
at 8.5%
at 5.9%
at 0. 65%
at 0. 80%
at 0. 15%
at 0.17%
at 0. 23%
at 0.12%
at 15. 5%
at 0. 30%
at 0. 70%
at 0. 32%
at 0. 16%
at 0. 40%
at 0. 85%
at 0.125%
at 0.17%
at 0. 22%
at 0. 29%
at 3. 85%
at 1.55%
at 7.0%
at 0.13%
at 0. 32%

Design Flow,
cfs

4 .0
5.0
9.3
4 .2
2.5
2.5

20.1
6.2
6.7

24.9
1.4
2.4
3.5
5.9
6.7
9.6

33.8
5.6
3.5
2.9
2.9
4 .4
3.0
5.4
5.7
9 . 4

14.4
3 . 1
4.9
5.6
2.2
2.2
3.1
8.1
2 . 0

39.8
27.2

3.9f

10.0°

10. 0c

Construction Cost̂ 3,
1955

172, 000

269,000
41,000
28,000

250, 000
32,000
22,000
10,000
19, 000
35,000
73,000
85,000

18,000
56,000
51,000
18,000

139, 000

166,000
10,000

1,494,000

40, 000C

2, 340, 000C e

3, 874, 000

1960

23,000
94,000

194, 000

19,000
15,000

102, 000
5,000
8,000

17,000

103,000
66,000

112,000
9,000

10,000
16,000
30,000
87,000

910,000

910,000

Dollars
1970

171,000

171,000

r

38, 000*
23, 000d

l ,444,000d e

1,676,000

•* See Figure 85 for location of facilities.
° From Table 37 and Figures 78 and 79; plus 25 percent for engineering, administration and contingencies.
c Initial construction.

Enlargement from 10 cfs to 18 cfs ultimate capacity.
c Includes an allowance for special foundations,
f Ultimate capacity.
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Table 46

Comparison of Estimated Construction Costs of Plan C and Plan Cl
Fraser Sewerage Area

Plan
Construction Cost, Dollars

1955 1960 1970 Total
Plan Ca

Conduits
Pumping station

Total

2,767,000

2, 767, 000

1,241,000

1,241,000

171,000
38, 000

209, 000

4,179, 000
38, 000

4, 217, 000

Plan C l c

Conduitsb

Pumping stations
Sewage treatment plant

Total

1,494,000
40, 000

2, 340,000
3, 874, 000

910,000

910,000

171,000
61,000

1,444,000
1,676,000

2, 575, 000
101,000

3, 784, 000
6, 460, 000

Plan C proposes the collection of the sanitary sewage of that portion of the area tributary to Burnaby Central Valley and
Brunette River to an outfall discharging to the main Fraser River east of the mouth of Brunette River at a depth of 25 feet.
Plan Cl proposes the collection of the sanitary sewage of that portion of the area tributary to Burnaby Central Valley and
Brunette River to two locations. Sewage from the western portion would be conveyed to a high-rate trickling filter treat-
ment plant located adjacent to Still Creek near the upper end of Burnaby Lake and chlorinated effluent would be dis-
charged to the lake. Sewage from the eastern portion would be discharged to the main Fraser River east of the mouth of
Brunette River at a depth of 25 feet.

a From Table 44.
Includes sewers and outfalls.

c From Table 45.

Table 47

Computed Average Annual Costs During Fire Year Periods, 1955-2000,
of Plan C and Plan Cl - Fraser Sewerage Area

Cost Item

Plan C
Bond redemption and interesta

Maintenance and operation
Conduits'3

Pumping station0

Total annual cost, Plan C

Average flow, cfs

Plan- Cl
Bond redemption and interesta

Maintenance and operation
Conduits'?
Pumping station*?.
Sewage treatment plant0

Chlorinationc......\.;

Total annual cost, Plan Cl

Average flow, cfs

1955
to

1960

177

7

7

184

6.3

248

4

20
3

27

275

6.3

1960
to

1965

256

10

10

266

13.1

306

6

38
7

51

357

13.1

Average Annual Cost

1965
to

1970

256

10

10

266

16.5

306

6

46
9

61

367

16.5

1970
to

1975

269

11
3

14

283

22.5

410

7
3

53
11
74

484

22.5

1975
to

1980

269

11
4

15

284

26.8

410

7
4

57
12
80

490

26.8

5 in Thousands of

1980
to

1985

92

11
4

15

107

30.0

162

7
4

61
13
85

247

30.0

1985
to

1990

13

11
4

15

28

32.2

104

7
4

64
14
89

193

32.2

Dollars

1990
to

1995

13

11
4

15

28

34.2

104

7
4

67
15
93

197

34.2

1995
to

2000

0

11
4

15

15

36.0

0

7
4

70
16
97

97

36.0

45 Year
Average

162

24.2

301

24.2

Plan C proposes the collection of the sanitary sewage of that portion of the area tributary to Burnaby Central Valley and
Brunette River to an outfall discharging to the main Fraser River east of the mouth of Brunette River at a depth of 25 feet.

Plan Cl proposes the collection of the sanitary sewage of that portion of the area tributary to Burnaby Central Valley and
Brunette River to two locations. Sewage from the western portion would be conveyed to a high-rate trickling filter treat-
ment plant located adjacent to Still Creek near the upper end of Burnaby Lake and chlorinated effluent would be dischar-
ged to the lake. Sewage from the eastern portion would be discharged to the main Fraser River east of the mouth of Bru-
nette River at a depth of 25 feet.

a Payments on 25 year instalment debentures at 4 percent interest.
b 1 /4 of one percent of construction cost.
c From Figure 80.
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C and Plan Cl leads to the conclusion
that the best interests of the area tribu-
tary to Still Creek, Burnaby Lake and
Brunette River within the Fraser Sewer-
age Area will be served by the construc-
tion of Plan C.

Plan D

Plan D proposes the construction of
intercepting sewers within that portion
of the Fraser Sewerage Area which is
tributary to the North Arm of Fraser
River. An outfall would extend across
the eastern end of Lulu Island and Anna-
cis Island and would discharge untreated
sewage into the main channel of Fraser
River at a minimum depth of 30 feet. The
proposed sewage collection system com-
prises sewers, a force main, an outfall
and two pumping stations. The facilities
have been laid out with capacity sufficient
for the flow of sanitary sewage only.

Figure 84 shows the tentative loca-

tions of the facilities embraced by Plan
D. Table 48 presents the lengths, sizes
and slopes of the conduits and the design
flows and estimated construction costs of
the facilities required for the completion
of the plan. The table also gives the
suggested sequence of construction. The
initial construction cost of this plan is
estimated to be $1,608,000 and the total
construction cost $2,588,000.

The sequence of construction shown
in Table 48 suggests that the sanitary
sewage of the tributary area served by
facilities indicated as D-l through D-6
on Figure 84 be discharged into the North
Arm of Fraser River until 1970. This
date corresponds to the suggested time
of completion of the proposed intercept-
ing sewer along the North Arm within the
Vancouver Sewerage Area. Under Plan
D, facilities to convey the sewage across
the North Arm would be constructed by
1970. Sewage would thereafter be dis-
charged into the main channel of Fraser

Table 48

Estimated Design Flows and Construction Costs of Plan D Facilities
Fraser Sewerage Area

Sewers:
D-l:
D-2:
D-3:
D-4:
D-5:
D-6:
D-7:
D-8:
D-9:
D-10:
D-13:

4, 800 ft.
5,900 ft.
4, 200 ft.
4,100 ft.
3,700 ft.
1,350 ft.
2, 350 ft.
2, 700 ft.
2,150 ft.
2,450 ft.
4, 500 ft.

Force mains:
D- l l :
D-12:

Outfall:
D-14:

100 ft.
700 ft.

4, 000 ft.
Total, conduits

Pumping
D-l:
D-2:

stations:

Total construction

Facility

of 22-in.
of 30-in.
of 33-in.
of 36-in.
of 42-irt.
of 42-in.
of 14-in.
of 18-in.
of 18-in.
of 20-in.
of 30-in.

of 36-in.
of 36-in.

of 36-in.

cost

a

RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC

RC
RC

RC

at 0.12596
at 0. 070%
at 0.065%
at 0. 066%
at 0. 040%
at 0.052%
at 0. 22%
at 0.11%
at 0.19%
at 0.17%
at 0.49%

Design Flow,
cfs

6.2
10.8
13.5
17.2
20.0
22.8

2.5
3.6
4 .5
5.6

28.7

22.8
27.6

30.7

8.7C

15. 0c

Construction Cost'3, Dollars
1960

96, 000
280, 000
294, 000
360,000
360,000
132,000

14,000

1,536,000

72,000c

1,608,000

1970

35,000
62,000
81,000

126,000
225, 000

96,000

138,000
763, 000

59, 000d

124, 000C

946, 000

1980

34, 000e

34,000
a See Figure 84 for location of facilities.
° From Tables 37 and 38 and Figures 78 and 79; plus 25 percent for engineering, administration and contingencies.
c Initial construction.
° Enlargement from 8. 7 cfs to 18. 4 cfs ultimate capacity.
e Enlargement from 15. 0 cfs to 20.4 cfs ultimate capacity.
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River offshore from the easterly end of
Annacis Island.

Plan Dl

Plan Dl.as an alternative to Plan D,
proposes the construction of a standard-
rate primary treatment plant on the north
side of the North Arm of Fraser River to
serve that portion of the Fraser Sewer-
age Area which is tributary to the North
Arm of Fraser River. Effluent, chlorina-
ted during critical periods, would be dis-
charged into the North Arm.

Figure 85 shows the tentative loca-
tions of the facilities embraced by Plan
Dl. Table 49 presents the lengths, sizes
and slopes of the conduits and the design
flows and estimated construction costs
of the facilities required for completion
of the plan. This table also gives the
suggested sequence of construction. The
initial construction cost is estimated to
be $1,188,000 and the total ultimate con-
struction cost $3,856,000.

The sewage collection system pro-
posed under Plan Dl differs but slightly
from that proposed under Plan D. Con-
struction of facilities across the North
Arm and Lulu and Annacis Islands is not
required under Plan Dl. The suggested
sequence of construction of Plan Dl cor-
responds with that suggested for Plan D.
Construction of the proposed sewage
treatment plant would be completed by
1970, at which time discharge of crude
sewage into the North Arm would cease
by reason of the construction of inter-
cepting sewers in both the Vancouver and
Fraser Sewerage Areas. Prior to that
time, sewage would be discharged into
the North Arm as under Plan D.

Comparison of Plan D and Plan Dl

Table 50 summarizes the figures
presented in Tables 48 and 49 giving the
estimated costs of construction of the fa-
cilities required under Plans D and Dl.
The estimated initial construction cost

Table 49

Estimated Design Flows and Construction Costs of Plan Dl Facilities
Fraser Sewerage Area

Facility*1

Sewers:
Dl-1: 4, 800 ft. of 22-in. RC at 0.125%
Dl-2: 5,900 ft. of 30-in. RC at 0.070%
Dl-3: 4, 200 ft. of 33-in. RC at 0. 065%
Dl-4: 5, 000 ft. of 36-in. RC at 0. 066%
Dl-5: 2, 350 ft. of 14-in. RC at 0. 22%
Dl-6: 2,700 ft. of 18-in. RC at 0.11%
Dl-7: 2,150 ft. of 18-in. RC at 0. 19%
Dl-8: 2, 450 ft. of 20-in. RC at 0. 17%
Dl-9: 4, 800 ft. of 27-in. RC at 0. 087%

Outfall:
Dl-10: 1,400 ft. of 36-in. RC - land section
Dl-11: 300 ft. of 36-in. RC

Total, conduits

Pumping station:
Influent at plant

Sewage treatment plant:
Total construction cost

Design Flow
cfs

6.2
10.8
13.5
17.2
2.5
3.6
4.5
5.6
9.1

27.6
27.6

6.5C

18. 4 e

Construction Cost, Dollars
1960

96,000
280, 000
294,000
375, 000

44,000
41,000

1,130,000

58, 000c

1,188,000

1970

35, 000
62,000
81,000

126,000
348, 000

652, 000

46,000d

1,970, 000ef

2, 668, 000
a See Figure 85 for location of facilities.
b From Table 37 and Figures 78 and 79; plus 25 percent for engineering, administration and contingencies.
c Initial construction.
<* Enlargement from 6. 5 cfs to ultimate capacity of 18. 4 cfs.
e Ultimate capacity.

Includes an allowance for special foundations.
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Table 50

Comparison of Estimated Construction Costs of Plan D and Plan Dl
Fraser Sewerage Area

Han
Construction Cost, Dollars

1960 1970 1980 Total
Plan Da

Conduits"
Pumping stations

Total

1,536,000
72, 000

1,608,000

763,000
183,000
946,000

34,000
34,000 2,588, OOP

Plan Dl c

Conduits?
Pumping stations
Sewage treatment plant

Total

1,130, 000
58,000

1,188,000

652,000
46,000

1,970,000
2,668,000 3, 856,000

Plan D proposes the collection of the sanitary sewage of that portion of the area tributary to North Arm of Fraser River to
an outfall discharging to the main Fraser River off the easterly end of Annacis Island at a depth of 30 feet.
Plan Dl proposes the collection of the sanitary sewage of that portion of the area tributary to North Arm of Fraser River to
a standard-rate primary treatment plant located adjacent to the North Arm. Effluent would be discharged to the North
Arm and would be chlorinated during critical periods.

a From Table 48
b Includes sewers, force mains and outfalls.
cFrom Table 49.

Table 51
Computed Average Annual Costs During Five Year Periods, 1960-2000,

of Plan D and Plan Dl - Fraser Sewerage Area

Cost Item

PlanD
Bond redemption and interest*
Maintenance and operation

Conduits"
Pumping stations0

Total annual cost, Plan D

Average flow, cfs

Plan Dl
Bond redemption and interest*
Maintenance and operation

Conduits"..
Pumping station0.
Sewage treatment plant0.
Chlorinationc

Total annual cost, Plan Dl

Average flow, cfs

Average Annual Costs in Thousands of Dollars
1960
to

1965

103

4
7

11

114

6.8

76

3
6

9

85

5.2

1965
to

1970

103

4
8

12

115

8.0

76

3
6

9

85

6.1

1970
to

1975

164

6
21
27

191

12.7

247

5

34
8

47

294

11.4

1975
to

1980

164

6
22
28

192

14.0

247

5

37
9

51

298

12.7

1980
to

1985

166

6
23
29

195

15.2

247

5

38
10
53

300

13.8

1985
to

1990

63

6
25
31

94

16.2

171

5

40
10
55

226

14.7

1990
to

1995

63

6
26
32

95

16.9

171

5

41
10
56

227

15.3

1995
to

2000

2

6
27
33

35

17.5

0

5

42
11
58

58

15.8

40 Year
Average

129

13.4

197

11.9
Plan D proposes the collection of the sanitary sewage of that portion of the area tributary to North Arm of Fraser River to
an outfall discharging to the main Fraser River off the easterly end of Annacis Island at a depth of 30 feet.
Plan Dl proposes the collection of the sanitary sewage of that portion of the area tributary to North Arm of Fraser River to
a standard-rate primary treatment plant located adjacent to the North Arm. Effluent would be discharged to the North
Arm and would be chlorinated during critical periods.

a Payments on 25 year instalment debentures at 4 percent interest.
b 1 /4 of one percent of construction cost.
° From Figure 80.
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of Plan D, $1,608,000, is shown to be
$420,000 greater than that of Plan Dl.
The estimated total ultimate construction
cost of Plan D, $2,588,000, is shown to be
$1,268,000 less than that of Plan Dl.

Table 51 presents the calculated
average annual costs of Plan D and Plan
Dl for five year periods from I960 to
2000 and also the average annual cost
over this 40 year period. Average annual
costs of Plan D range from a high of
$195,000 during the five year period 1980
to 1985 to a low of $35,000 during the
five year period 1995 to 2000. Average
annual costs of Plan Dl range from a
high of $300,000 during the five year pe-
riod 1980 to 1985 to a low of $58,000 du-
ring the period 1995 to 2000. The aver-
age annual cost over the 40 year period,
I960 to 2000, is shown to be $129,000 for
PlanDand$197,000for PlanDl. Over that
period the estimated average annual sa-
vings of Plan D over Plan Dl are $68,000.
The aggregate of these savings over the
40 year period would be $2,720,000.

Consideration of the economies evi-
denced by the above comparison of Plan
D and Plan Dl leads to the conclusion
that the best interests of the area tribu-
tary to the North Arm of Fraser River
within the Fraser Sewerage Area will be
served by the construction of Plan D.

Plan E
Plan E proposes the construction of

an intercepting sewer to serve that por-
tion of the Fraser Sewerage Area which
can readily be made tributary to the
existing outfall from the Glenbrook Drain-
age Area of the Vancouver and Districts
Joint Sewerage and Drainage Board. The
sewage collection system comprises
sewers, an outfall and a pumping station.

Figure 84 shows the tentative loca-
tions of the facilities embraced by Plan
E. Table 52 presents the lengths, sizes
and slopes of the conduits and the design
flows and estimated construction costs of
the facilities required for the completion
of Plan E. The table also gives the sug-
gested time of construction as 1970,
which is comparable with other plans for
areas tributary to Fraser River or its
North Arm. The total construction cost
of this plan is estimated to be $398,000.

The area tributary to the facilities
proposed under Plan E is presently sew-
ered, in part, by a combined collection
system. Facilities indicated on Figure
84 as E-1 through E-3 and PS E-1 have
been laid out with capacity for the flow of
sanitary sewage only. During periods of
storm runoff, flow in excess of the de-
sign capacity would be discharged through
existing outfalls into Fraser River. Fa-
cility E-4, the existing outfall from the
Glenbrook Drainage Area, is owned by
the City of New Westminster. It is pro-
posed that this facility be purchased
from the city and that the outfall be ex-

Table 52
Estimated Design Flows and Construction Costs of Plan E Facilities

Fraser Sewerage Area

Sewers:
E-1: 450 ft.
E-2t 2,100 ft.
E-3: 3, 000 ft.

Outfall:
E-4: 220 ft.
E-5: 500 ft.

Total, conduits

Pumping station:
E-1:

Total construction

Facility

of 8-in.
of 12-in.
of 15-in.

of 102-in.
of 90-in.

cost

a

RC at 0. 60%
RC at 0. 30%
RC at 0.17%

SS
BHS

Design Flow
cfs

0.9
1.9
2.6

1.4

Construction Cost", Dollars
1970

7,000
55,000

137,000

13,000c

170, 000
382,000

16,000
398, 000

a See Figure 84 for location of facilities.
"From Table 37 and Figures 78 and 79 ; plus 25 percent for engineering, administration and contingencies.
c Estimated construction cost of existing outfall built in 1913 to be purchased from the City of New Westminster.
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Table 53

Computed Average Annual Costs During Five Year Periods, 1970-2000,

Cost Item

Plan E
Bond redemption and interesta

Maintenance and operation
Conduits*3.
Pumping station0

Total annual cost, Plan E
Average sanitary flow, cfs •

of Plan E

1970
to

1975

25

1
2
3

28
0.94

- Fraser Sewerage

Average Annual
1975
to

1980

25

1
2
3

28
1.00

1980
to

1985

25

1
2
3

28
1.04

Area

Costs in Thousands of Dollars
1985
to

1990

25

1
2
3

28
1.07

1990
to

1995

25

1
2
3

28
1.10

1995
to

2000

0

1
2
3
3

1.12

30 Year
Average

24
1.04

Plan E proposes the collection of the sanitary sewage of that portion of the area readily tributary to the existing Glenbrook
Drainage Area combined outfall. The existing outfall would be extended to discharge to the main Fraser River at a
depth of 40 feet.

* Payments on 25 year instalment debentures at 4 percent interest.
" 1/4 of one percent of construction cost.
c From Figure 80.

tended into the river channel to discharge
at a minimum depth of 40 feet.

No alternative plan has been consi-
dered for Plan E because of the relative-
ly small area involved and the absence of
any other feasible method or point of dis-
posal. Unforeseen changes may occur
in the uses of Fraser River so that treat-
ment of the sewage tributary to this por-
tion of the Fraser Sewerage Area may
conceivably become necessary. In that
event, it is probable that treatment prior
to discharge would also be required at
the outfall proposed under Plan C. The
sanitary sewage flow tributary to Plan E
may readily be conveyed by pumping to
that location.

Table 53 presents the calculated a-
verage annual costs of Plan E for five
year periods from 1970 to 2000. Average
annual costs range from $28,000 during
the 25 year period 1970 to 1995, while
25 year bonds issued for construction in
1970 are being retired, to $3,000 per year
during the five year period 1995 to 2000.
The average annual cost over the 30 year
period, 1970 to 2000, for which costs
have been computed, is shown to be
$24,000.

COQUITLAM SEWERAGE AREA

Basic Considerations
The sewerage requirements of the

Coquitlam Sewerage Area are comparable
in general to those of the Fraser Sewer-
age Area. The primary requirement
throughout is the provision of collection
systems. This necessitates the prior
construction of a suitable system of trunk
and intercepting sewers.

Topography and sewage disposal re-
quirements in the Coquitlam Sewerage
Area are such that it is necessary to
convey sewage a considerable distance
to reach appropriate locations for
ultimate disposal. Storm water, on
the other hand, may readily and economi-
cally be disposed of in the nearest water-
course or tidal water. Separate, rather
than combined, collection systems are
therefore deemed most suitable for the
area. The sequence of construction pro-
posed under the various plans provides
for facilities as the need for sewerage
shall arise.

The Coquitlam Sewerage Area is di-
vided topographically into four portions.
Plans have been laid out and studied in
detail for the sewerage of two of these.
That portion of the sewerage area which
drains eastward to Pitt River was not
studied in detail since the nature and lo-
cation of development therein cannot be
anticipated with any reasonable degree
of accuracy at this time. That portion of
the sewerage area which lies north of
Burrard Inlet was not included in the pro-
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posed sewerage plans, since it may with
propriety be sewered by a local collec-
tion system discharging crude sewage
into the deep, near-shore water of Bur-
rard Inlet.

PlanF

Plan F has been laid out to serve
that portion of the Coquitlam Sewerage
Area which is situated on the south shore
of Burrard Inlet. It proposes the con-
struction of an intercepting sewer along
the south shore of the eastern arm of
Burrard Inlet. An outfall, 200 feet in
length, would be constructed and sewage
would be discharged without treatment

into Burrard Inlet at a minimum depth of
30 feet. The facilities have been laid out
with capacity sufficient for the flow of
sanitary sewage only.

Figure 86 shows the tentative loca-
tions of the facilities embraced by Plan
F. Table 54 presents the lengths, sizes,
slopes, and the design flows and estima-
ted construction costs of the facilities
required for the completion of Plan F.
The suggested time of completion of this
plan, I960, is comparable with the sug-
gested sequence of construction for other
areas tirubtary to the eastern part of
Burrard Inlet which is not used for re-
creation. The total construction cost of
this plan is estimated to be $260,000.

I

SEWERAGE AREA BOUNDARY

CITY LIMITS

PROPOSED SEWER AND
CHANGE IN DESIGNATION

PROPOSED PUMPING STATION

Figure 86. Proposed Layouts of Plan F and Plan G - Coquitlam Sewerage Area

Plan F proposes the collection of the sanitary sewage of that portion of the Coquitlam Sewerage Area tributary to the
south shore of Burrard Inlet to an outfall discharging to Burrard Inlet westerly of the present development of the City of
Port Moody. Plan G proposes the collection of the sanitary sewage of that portion of the Coquitlam Sewerage Area tribu-
tary to Coquitlam River to an outfall discharging to the main Fraser River west of the mouth of Coquitlam River.
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Table 54

Estimated Design Flows and Construction Costs of Plan F Facilities
Coquitlom Sewerage Area

Facility3

Sewers:
F-1: 2, 500 ft. of 14-in. RC at 0.17%
F-2: 1,650 ft. of 16-in. RCatO.14%
F-3: 2,600 ft. of 16-in. RC at 0.18%
F-4: 1,900 ft. of 18-in. RC at 0.16%
F-5: 2,000 ft. of 18-in. RC at 0.16%

Outfall:
F-6: 200 ft. of 18-in. RC

Total construction cost

Design Flow
cfs

2.2
2.7
3.2
4.1
4.1

4.1

Construction Costb, Dollars
1960

53,000
38, 000
60,000
47,000
50,000

12,000
260,000

a See Figure 86 for location of facilities.
b From Table 37 and Figure 78; plus 25 percent for engineering, administration and contingencies.

Plan Fl

Plan Fl proposes the construction

of intercepting sewers along the south
shore of the eastern arm of Burrard In-
let to serve the same area as Plan F.

SEWERAGE AREA BOUNDARY

PROPOSED SEWER AND
CHANGE IN DESIGNATION

PROPOSED PUMPING STATION

Figure 87. Proposed Layout of Plan Fl - Coquitlam Sewerage Area

Plan Fl proposes the collection of the sanitary sewage of that portion of the Coquitlam Sewerage Area tributary to the
south shore of Burrard Inlet to an outfall discharging to Burrard Inlet offshore of the present development of the City of
Port Moody.
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Table 55
Estimated Design Flows and Construction Costs of Plan Fl Facilities

Coquitlam Sewerage Area

Sewers:
Fl-1:
Fl-2:
Fl-3:
Fl-4:

Outfall:
Fl-5:

2, 500 ft.
1,650 ft.
1,900 ft.
2, 600 ft.

2, 600 ft.
To'tal construction

Facility

of 14-in.
of 16-in.
of 10-in.
of 12-in.

of 18-in.
cost

RC at 0.17%
RC at 0.14%
RC at 0. 27%
RC at 0. 23%

RC

Design Flow
cfs

2.2
2.7
1.1
1.7

4.1

Construction Cost , Dollars
1960

53,000
38,000
38,000
34,000

150,000
313,000

a See Figure 87 for location of facilities.
From Table 37 and Figure 78; plus 25 percent for engineering, administration and contingencies.

An outfall, 2,600 feet in length, would dis-
charge crude sewage into Burrard Inlet
at a minimum depth of 18 feet. Plan Fl
differs from Plan F in the location and
length of the outfall and consequent chan-
ges in the design flows in the intercepting
sewers.

Figure 87 shows the tentative loca-
tions of the facilities embraced by Plan
Fl . Table 55 presents the lengths, sizes,
slopes, and the design flows and estima-
ted construction costs of the facilities

required for the completion of Plan Fl .
The suggested time of completion of this
plan is I960. The total construction cost
of Plan Fl is estimated to be $313,000.

Comparison of Plan F and Plan Fl

Comparison of figures presented in
Tables 54 and 55 shows that the estima-
ted construction cost of Plan F is $53,000
less than that of Plan Fl . Table 56 pre-

Toble 56

Computed Average Annual Costs During Five Year Periods, 1960-2000,
of Plan F and Plan Fl - Coquitlam Sewerage Area

Cost Item

Plan F
Bond redemption and interesta

Maintenance and operation
Conduits*3

Total annual cost, Plan F

Average flow, cfs

Plan Fl
Bond redemption and interest"1

Maintenance and operation
Conduits'3

Total annual cost, Plan Fl

Average flow, cfs

Average Annual Costs in Thousands of Dollars
1960
to

1965

17

1
18

0.83

20

1
21

0.83

1965
to

1970

17

1
18

1.00

20

1
21

1.00

1970
to

1975

17

1
18

1.17

20

1
21

1.17

1975
to

1980

17

1
18

1.35

20

1
21

1.35

1980
to

1985

17

1
18

1.53

20

1
21

1.53

1985
to

1990

0

1
1

1.70

0

1
1

1.70

1990
to

1995

0

1
1

1.85

0

1
1

1.85

1995
to

2000

0

1
1

1.98

0

1
1

1.98

40 Year
Average

11

1.43

14

1.43
Plan F proposes the collection of the sanitary sewage of that portion of the area tributary to the south shore of Burrard In-
let to an outfall located westerly of the present development of the City of Port Moody. The outfall would discharge to
Burrard Inlet at a depth of 30 feet.
Plan Fl proposes the collection of the sanitary sewage of that portion of the area tributary to the south shore of Burrard
Inlet to an outfall located offshore of the present development of the City of Port Moody. The outfall would discharge to
Burrard Inlet at a depth of 18 feet.

a Payments on 25 year instalment debentures at 4 percent interest,
b 1/4 of one percent of construction cost.



SEWERAGE PLANS FOR THE BURRARD PENINSULA SECTION 175

sents the calculated average annual costs
of these two plans for five year periods
from I960 to 2000. During the period
I960 to 1985, the average annual cost of
Plan F is shown to be $18,000 and that of
Plan Fl to be $21,000. The average an-
nual cost over the 40 year period for
which comparisons have been made is
$11,000 for Plan F and $14,000 for Plan
Fl . Thus, the cost of Plan F is shown
to be $3,000 per year lower than Plan Fl
for the 40 year period. The average an-
nual savings over this period would thus
amount to a total of $120,000. The con-
sistent annual savings represented by
Plan F indicate that this plan will best
serve the interests of this portion of the
Coquitlam Sewerage Area.

PlonG

Plan G proposes the construction of
trunk and intercepting sewers within that
portion of the Coquitlam Sewerage Area
which is tributary to Coquitlam River.
Sewage would be conveyed by a system of
conduits to Fraser River into which the
sewage would be discharged without
treatment. The facilities have been laid
out with capacity sufficient for the flow

of sanitary sewage only. Pumping faci-
lities will be required to discharge the
sewage into Fraser River.

Figure 86 shows the tentative loca,-
tions of the facilities embraced by Plan
G. Table 57 presents the lengths, sizes
and slopes of the conduits and the design
flows and estimated construction costs
of the facilities required for completion
of Plan G. This table also gives the sug-
gested sequence of construction. The
initial construction cost of this plan is
estimated to be $1,305,000 and the total
ultimate construction cost $1,442,000.

No alternatives were considered for
this portion of the Coquitlam Sewerage
Area, since the most economic solution
of the sewerage problem is obviously one
whereunder the sewage of the tributary
area will be conveyed to a location where
disposal may be accomplished without
treatment. Such a project is proposed
under Plan G.

Table 58 presents the calculated
average annual costs of Plan G for five
year periods from 1965 to 2000. Average
annual costs range from a high of $106,000
during the period 1985 to 1990 to a low
of $19,000 during the period 1995 to 2000.
The average annual cost over the 35 year

Table 57

Estimated Design Flows and Construction Costs of Plan G Facilities

Seweis:
G-1:
G-2:
G-4:
G-5:
G-6:
G-7:
G-8:

Inverted
G-3:

Outfall:
G-9:

6, 200 ft.
500 ft.

2, 200 ft.
6, 200 ft.
4, 600 ft.
3, 500 ft.
4,100 ft.

siphon:
300 ft.

1,000 ft.
Total, conduits
Pumping

G-1:
Station:

Total construction

Facilitya

of 14-in.
of 27-in.
of 27-in.
of 36-in.
of 36-in.
of 42-in.
of 42-in.

RC at 1.
RC at 0.
RC at 0.
RC at 0.
RC at 0.
RC at 0.
RC at 0.

of two 15-in. RC

of 30-in.

cost

RC

Coquitlam

50%
085%
090%
060%
072%
040%
045%

Sewerage Area

Design Flow
cfs

4 .8
9.0
9.3

16.3
18.0
20.3
21.4

9.0

24.9

10. 0c

Construction Cost , Dollars
1965

18,000
74,000

380,000
300, 000
153,000
164,000

24,000

104,000
1,217,000

88, 000c

1,305,000

1970

93,000

93,000

93,000

1980

44, 000d

44,000
a See Figure 86 for location of facilities.
b From Table 37 and Figures 78 and 79; plus 25 percent for engineering, administration and contingencies.
c Initial construction.
" Enlargement from 10. 0 cfs to ultimate capacity of 16. 6 cfs.
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Table 58

Computed Average Annual Costs During Five Year Periods, 1965-2000,
of Plan G - Coquitlam Sewerage Area

Cost Item

PlanG
Bond redemption and interest?.
Maintenance and operation

Conduits^.
Pumping station0

Total annual cost, PlanG

Average flow, cfs

Average Annual Costs in Thousands of Dollars

1965
to

1970

83

3
5

8
91

4.0

1970
to

1975

89

4
7

11
100

6.4

1975
to

1980

89

4
8

12
101

8.5

1980
to

1985

92

4
9

13
105

10.5

1985
to

1990

92

4
10

14
106

12.4

1990
to

1995

9

4
11

15
24

13.8

1995
to

2000

3

4
12

16
19

14.5

35 Year
Average

78

7.0

Plan G proposes the collection of the sanitary sewage of that portion of the area tributary to Coquitlam River to an out-
fall discharging to the main Fraser River west of the mouth of Coquitlam River at a depth of 50 feet.

a Payments on 25 year instalment debentures at 4 percent interest,
b 1 /4 of one percent of construction cost.

From Figure 80.

period, 1965 to 2000, for which costs
have been computed, is shown to be
$78,000.

CONCLUSIONS

Vancouver Sewerage Area

Considering the analyses and com-
parisons presented of the plans consi-
dered for the Vancouver Sewerage Area,
the Board of Engineers concludes that
the best, most effective and most econo-
mical solution of the sewerage problems
of this area will be achieved by adoption
of Plan A. Under this plan, sanitary sew-
age from the entire sewerage area would
be conveyed to a high-rate primary treat-
ment plant located on Iona Island in the
NorthArm of Fraser River. Aftertreat-
ment, the sewage would be discharged
into an effluent channel, which, during
periods of low tide, would convey the
sewage effluent 15,000 feet across Stur-
geon Bank to deep water in the Strait of
Georgia. During periods of high water
this channel would be submerged and mix-
ing and dilution would occur with the tidal
waters covering Sturgeon Bank. The ef-
fluent channel would be constructed with
a rock and pile jetty on its northerly side
to deter a northward movement of the
sewage effluent. Macdonald Slough, which

lies between Iona and Sea Islands, would
be dammed to prevent sewage effluent
from being carried upstream on a rising
tide through the slough to the North Arm.
This will preclude the possibility of sew-
age effluent being transported by the wa-
ters of the North Arm around Point Grey
and into English Bay on a falling tide.

A tentative layout of the proposed
sewage treatment plant to serve the Van-
couver Sewerage Area is shown in Fi-
gure 88. As planned, the plant would in-
clude mechanically cleaned bar screens,
an influent pumping station, grit cham-
bers, sedimentation tanks with facilities
for skimming, and separate sludge diges-
tion. The initial capacity of the plant
would be 45 cfs with provisions for en-
largement in the future to a maximum
capacity of 130 cfs. The proposed treat-
ment works would include an adminis-
tration building housing offices and la-
boratory; a pump and engine building
housing engine generators for production
of power from sludge gas, influent pumps,
a garage, shops and storage space; a di-
gester and gas control building; and a
gas holder. Digested sludge would be
discharged to lagoons.

At the proposed site of the treatment
works on Iona Island, the existing sur-
face elevation is such that it would be
necessary to raise the level of the ground
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Figure 88. Flow Diagram and Design Factors for Initial Stage of Construction
of Sewage Treatment Plant, Plan A - Vancouver Sewerage Area

about five feet to ensure that the plant
be above high tides. This can readily be
accomplished by hydraulic dredging of
material from Macdonald Slough.

The geological formations along the
proposed route of facility A-34 on Figure
82, a tunnel through Burrard Peninsula,
were the subject of study by the Vancou-
ver and Districts Joint Sewerage and
Drainage Board in 1950 and 19-51. A re-
port, submitted to the Board by Dr. Vic-
tor Dolmage, Consulting Geologist, dis-
cusses in detail the results and conclu-

sions determined from the field drilling
program. This report is included herein
as Appendix IV. Stated briefly, the in-
vestigations indicate that the tunnel will
pass through tertiary sediments and
through an intermediate boulder clay.

Fraser Sewerage Area

The analyses and comparisons of
plans for the sewerage of the Fraser
Sewerage Area compel the conclusion
that the interests of this area will best
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be served by adoption of Plans C, D and
E. Under these plans, sanitary sewage
from the several tributary portions of
the sewerage area would be conveyed for
ultimate disposal in the waters of the
main channel of Fraser River. Because
of the high degree of dilution and the ra-
pid dispersion available in the relatively
deep and swift channel, treatment facili-
ties will not be required at this time or
in the foreseeable future. As a protec-
tion to the agency charged with the con-
struction, maintenance and operation of
the proposed facilities and to ensure that
changes in uses in the waters of Fraser
River shall not make the continuing use
of these facilities impracticable, it is
recommended that land be secured adja-
cent to the outfalls proposed under Plans
C and D upon which treatment plants
could be constructed if required at some

later time.

Coquitlam Sewerage Area

The analyses and comparisons of the
plans studied for the Coquitlam Sewerage
Area have led the Board of Engineers to
conclude that the adoption of Plans F and
G will best serve the interests of the
sewerage area. Under these plans, sani-
tary sewage from the tributary area un-
der Plan F would be discharged without
treatment into the deep water of Burrard
Inlet and sewage from the area tributary
under Plan G would be discharged with-
out treatment into the main channel of
Fraser River. As recommended for the
Fraser Sewerage Area, land should be
secured adjacent to the two proposed out-
fall sites so ,that treatment facilities may
be constructed if they become necessary
in later years.



Chapter 15

Sewerage Plans for the North Shore Section

Selection of Sewerage Plans for Study

The North Shore Section has develo-
ped to the extent that portions of it may
be considered metropolitan in nature.
In a metropolitan area the most satis-
factory and economic solution of the sew-
erage problem is generally achieved when
sewage from the entire area is brought
to a single point for disposal. The stu-
dies conducted by the survey, therefore,
were concerned only with plans propos-
ing the concentration of sewage from re-
latively large areas at one point for dis-
posal.

The North Shore Section is divided
into three sewerage areas, namely, the
Capilano, the Point Atkinson, and the
Seymour. From the standpoint of their
sewerage each of these areas has been
considered as an independent unit. Every
plan studied was required to satisfy cer-
tain fundamental controlling conditions
and requirements as set forth and dis-
cussed in the preceding chapters of this
report. Some of the controlling factors
are: geography, topography, geology and
climate; use of beaches and shore waters;
population numbers and distribution; va-
lue of existing sewerage facilities;
characteristics of the sewage; and final-
ly, methods and requirements for dispo-
sal of sewage.

Disposal of the sewage of the North
Shore Section may be accomplished by
discharge into the waters of Burrard In-
let, Queen Charlotte Channel, and the In-
dian Arm of Burrard Inlet. The selec-
tion of a disposal site is usually based on
economic considerations, although aes-
thetic demands may exert a strong in-
fluence. Disposal directly into popular
recreational shore waters, even though
all public health and engineering require-
ments may be met, could very well de-
preciate, if not actually destroy, the aes-
thetic value of the waters.

Brief Description of Recommended Plans

The following sections of this chap-
ter present the various sewerage plans
studied for the North Shore Section. As
a result of these studies, it has been
found that the most feasible method of
sewerage in the Capilano Sewerage Area
is represented by a project designated
Plan A which proposes delivery of the
sewage of the entire area to a standard-
rate primary treatment plant located on
the foreshore east of Capilano River.
Effluent would be discharged to the First
Narrows through a submarine outfall ex-
tending 700 feet offshore from the low
water line and terminating at a minimum
depth of 50 feet. It is not anticipated
that the Point Atkinson Sewerage Area
will ever develop to an extent requiring
long-range planning for sewerage facili-
ties. Local systems may be constructed
to collect septic tank effluent from indi-
vidual residences and other installations
with discharge at locations suitable for
disposal of this type of sewage effluent.
The character and location of future de-
velopment in the Seymour Sewerage Area
is presently quite indeterminate. It is
possible that sewage collection facilities
not now needed may be required in this
area at some future time. The sewerage
needs of the existing rather isolated
settlements may be satisfied in the man-
ner outlined above for the Point Atkinson
Sewerage Area.

Use of Existing Facilities

The only existing sewerage facilities
in the North Shore Section are in the City
of North Vancouver. Its system of sani-
tary sewers is reported to be overloaded
due to infiltration. The intercepting
sewers proposed under the plans presen-
ted herein provide for the interception
of sanitary sewage only, with the excess

179
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flow occurring during periods of rainfall
being discharged into Vancouver Harbour
through local outfalls. In this manner,
the proposed plans will utilize the local
sewerage facilities as they now exist.

Preliminary Design of Facilities

All conduits considered for the
North Shore Section have been laid out
with capacity sufficient for the estimated
ultimate peak sanitary sewage flow. This
was considered necessary because future
duplication or enlargement of most of the
conduits would be difficult and expensive.
In addition, future population trends and
densities can be predicted with fair ac-
curacy in the portions of the North Shore
Section for which detailed plans have
been studied.

Pumping stations and sewage treat-
ment plants have been planned for stage
construction with provision for future
expansion to ultimate capacity. The ini-
tial design and construction of these fa-
cilities should present an arrangement
which will permit the future installation
of additional units at minimum expense.

The sequence or time of construction
of the sewerage facilities for the North
Shore Section has been determined by
the predicted need for such facilities and
by the overall objectives for the protec-
tion of the shores and shore waters of
the Greater Vancouver Area. These ob-
jectives indicate that by 1965 all crude
sewage discharges into Vancouver Har-
bour should be eliminated. For purposes
of calculating annual costs presented in
this report, it has been assumed that the
costs of facilities indicated for construc-
tion by a given year will have no effect
upon the estimated annual costs for ear-
lier years.

The per capita sewage flow and the
Contributions of biochemical oxygen de-
mand and suspended solids used for the
North Shore Section are shown in Table
35, Chapter 13. The design flow for each
facility is based on the ratio of peak to
average flow as shown in Figure 74,
Chapter 13. The ultimate population
contributory to each facility was estima-
ted by multiplying the tributary area by
trie predicted ultimate population density

distribution shown on Figure 35, Chapter
9.

CAPILANO SEWERAGE AREA

Basic Considerations

In the Capilano Sewerage Area, the
most urgent sewerage requirement is the
provision of trunk sewers and sewage
disposal facilities so that communities
in the area may proceed with the con-
struction and operation of needed local
collection systems. It is proposed that
all areas to be served in this sewerage
area be providedwith separate collection
facilities for sanitary sewage and storm
water. Storm water may be disposed of
into the natural watercourses and creeks,
while sanitary sewage must be conveyed
over relatively long distances to reach
suitable locations for treatment and dis-
posal.

The Capilano Sewerage Area is di-
vided topographically by Capilano River
into two portions. Under Plan A it is
proposed to concentrate all of the sewage
from both portions of the area in one
treatment plant, while under Plan B it is
proposed to construct two separate treat-
ment plants. Both plans have been laid
out to achieve comparable results from
engineering and sanitary standpoints.

Plan A

Plan A proposes the delivery of the
sanitary sewage from the entire Capilano
Sewerage Area to a standard-rate pri-
mary treatment plant to be located adja-
cent to the foreshore east of Capilano
River. It is proposed to discharge the
effluent through a submarine outfall 700
feet beyond the low water line into First
Narrows at a minimum depth of 50 feet.
During critical periods of the year ,
chlorination of the plant effluent may be
required to afford additional protection
for the shores and shore waters of the
area.

The western branch of the collection
system consists of a series of trunk and
intercepting sewers with an inverted si-
phon under Capilano River. The eastern
branch also consists of a series of trunk
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and intercepting sewers conveying sew-
age to the plant. At the plant pumps would
lift the sewage to an elevation which would
allow gravity flow through the plant and
outfall. The size of the outfall was cal-
culated to carry the design flow at maxi-
mum high tide. The elevation of the plant
was fixed to eliminate all possibility of
flooding due to high tides and river floods.
The exact location of the plant will de-
termine the extent of the filling opera-
tions necessary to accomplish this end.

Figure 89 shows the layout of Plan
A as tentatively proposed. It shows the
locations and designations of all facilities
contained in the plan. Table 59 gives the
lengths, sizes and slopes of the conduits
and the design flows and estimated con-
struction costs of the proposed facilities
as well as the suggested sequence of
construction. The initial construction
cost of this plan is estimated to be
$1,606,000 and the total ultimate con-
struction cost $4,960,000.

Plan B

Plan B proposes the construction of
separate sewage treatment plants for the
western and the eastern portions of the
Capilano Sewerage Area. The western
plant would be a standard-rate primary
treatment plant with effluent chlorination
during critical periods of the year. A
submarine outfall, 1,000 feet long would
discharge into English Bay at a minimum
depth of 60 feet. The plant would be lo-
cated on reclaimed land adjacent to the
shore in the Municipality of West Vancou-
ver. Extensive filling operations would
be necessary to raise the level of the
plant site above the elevation of maximum
high tide. The eastern plant would also
be a standard-rate primary treatment
plant with effluent chlorination during
critical periods of the year. A submarine
outfall 2,000 feet long would discharge
into Vancouver Harbour at a minimum
depth of 60 feet. The plant would be lo-

SEWERAGE AREA BOUNOARY

CITY LIMITS

PROPOSED SEWER AND
CHANGE IN DESIGNATION

Figure 89. Proposed Layout of Plan A - Capilano Sewerage Area

Plan A proposes the treatment of the sewage of the entire Capilano Sewerage Area in a standard-rate primary treat-"
merit plant located in the Indian Reservation adjacent to Hie First Narrows. Effluent, chlorinated during critical periods,
would be discharged to First Narrows.
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Table 59
Estimated Design Flows and Construction Costs of Plan A Facilities

Capilano Sewerage Area

Seweis:
A-l: 3,600 ft.
A-2: 4, 400 ft.
A-3: 4, 200 ft.
A~4: 2, 600 ft.
A r5: 4, 900 ft.
A-6: 1,300 ft.
A-7: 3, 100 ft.
A-8: 1,350 ft.
A-9: 2, 250 ft.
A-U: 1,900 ft.
A-12: 2,100 ft.
A-13: 3,400 ft.
A-14: 4,200 ft.
A-15: 3,700 ft.
A-16: 250 ft.
A-17: 3,800 ft.
A-18: 5, 600 ft.
A-19: 2,200 ft.
A-20: 1,850 ft.
A-21: 2,200 ft.
A-22: 2,300 ft.
A-23: 2, 600 ft.
A-24: 4,000 ft.
A-25: 2,400 ft.
A-26: 3, 600 ft.
A-27: 3,000 ft.
A-28: 2, 500 ft.

Inverted siphon:
A-10: 600 ft.

Outfall:
A-29: 2, 000 ft.

Total, conduits

Pumping station:
Influent at plant

Sewage treatment
Total construction

Facility11

of 12-in.
of 14-in.
of 22-in.
of 24-in.
of 30-in.
of 8-in.
of 10-in.
of 8-in.
of 14-in.
of 30-in.
of 10-in.
of 12-in.
of 20-in.
of 18-in.
of 12-in.
of 24-in.
of 36-in.
of 36-in.
of 8-in.
of 12-in.
of 10-in.
of 36-in.
of 42-in.
of 10-in.
of 10-in.
of 15-in.
of 42-in.

of 2-18-in

of 42-in.

plant
cost

RC at 0. 22%
RC at 0.70%
RC at 0. 10%
RC at 0.12%
RC at 0.06%
RC at 7.7%
RC at 2.6%
RCat7.6%
RC at 0. 38%
RC at 0.10%
RC at 4.75%
RC at 2.95%
RC at 0. 24%
RC at 0. 52%
RC at 20. 0%
RC at 0.125%
RC at 0. 059%
RC at 0.10%
RC at 6.4%
RC at 2.0%
RC at 5.6%
RC at 0.10%
RC at 0.07%
RC at 4.15%
RC at 3.90%
RC at 0. 50%
RC at 0.07%

RC

RC

Design Flow
cfs

1.6
3.6
5.5
7.7
9.8
2.4
2.7
2.9
2.9

12.8
4.7
6.0
6.7
7.5
7.5
7.9

16.1
20.1

3.0
4 .0
4 .7

21.4
24.0

3.0
4 .3
4.6

26.8

12.8

39.6

4.6C

4.6C

Construction Cost'3, Dollars
1960

90,000
99,000
84, 000
57,000

128,000
10,000
24, 000
17,000
17,000
64,000

65, 000

330, 000
985,000

21,000c

600, 000c

1,606,000

1965

17,000
31,000
57,000
44, 000

2,000
88,000

420, 000
170, 000
14,000
20,000
18,000

202, 000
200, 000

19,000
28,000
54, 000

125,000

1,509,000

48, 000°

1,280, 000d

2, 837, 000

1985

17,000e

500, 000e

517,000
a See Figure 89 for location of facilities.
b From Table 37 and Figures 78 and 79; plus 25 percent for administration, engineering and contingencies.
c Initial construction.
d Enlargement from 4. 6 cfs to 20. 0 cfs.
e Enlargement from 20 cfs to ultimate capacity of 26.4 cfs.

cated in the Capilano Indian Reserve with-
in the City of North Vancouver.

Figure 90 shows the tentative loca-
tions of all facilities embraced by Plan
B. Table 60 presents the lengths, sizes
and slopes of conduits and the design
flows and estimated construction costs of
the facilities required for the completion
of Plan B. This table also gives the sug-
gested sequence of construction which is
comparable to the sequence suggested for
Plan A. The initial construction cost of
this plan is estimated to be $1,444,000

and the total ultimate construction cost
$4,994,000.

Comparison of Plan A and Plan B

Table 61 presents a summary of the
information contained in Tables 59 and
60, and shows the estimated construction
costs of the facilities required under
Plans A and B. The initial construction
cost of Plan B is shown to be $162,000
lower than that of Plan A, but the total
ultimate construction cost of Plan A is
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PROPOSED SEWER AND
CHANGE IN DESIGNATION

Figure 90. Proposed Layout of Plan B - Capilano Sewerage Area

Plan B proposes: (1) treatment of the sewage of West Vancouver in the Capilano Sewerage Area in a standard-rate
primary treatment plant located in West Vancouver adjacent to the ocean shore and discharge of chlorinated effluent to
English Bay; and (2) treatment of the sewage of the Municipality of North Vancouver and the City of North Vancouver in
the Capilano Sewerage Area in a standard-rate primary treatment plant located in an Indian Reservation in the City of
North Vancouver and discharge of chlorinated effluent to Vancouver Harbour.

shown to be $34,000 lower than that of
Plan B.

The true economy of a project is
best reflected by its annual cost. This
cost consists of bond redemption and in-
terest payments and maintenance and
operation charges. The methods of com-
putation of these items are discussed in
Chapter 13 of this report and have been
used in the determination of annual costs
of the plans considered for the North
Shore Section.

Table 62 presents the calculated
average annual costs of Plans A and B
for five year periods from I960 to 2000
also the average annual cost over this 40
year period. Average annual costs of
Plan A range from a high of $350,000
during the five year period 1980 to 1985
to a low of $103,000 during the period
1990 to 1995. Average annual costs of
Plan B range from a high of $368,000

during the five year period 1980 to 1985
to a low of $114,000 during the period
1960 to 1965. Throughout most of the
period for which comparisons have been
made, the annual cost of Plan A is lower
than that of Plan B. By the year 2000,
the majority of the 2 5-year instalment
debentures required for the construction
of the proposed facilities will have been
redeemed and it is to be noted that the
maintenance and operation charges for
Plan A become $18,000 per year lower
during the period 1995 to 2000 than are
the charges for Plan B. This fact indi-
cates an even greater disparity of costs
between Plan A and Plan B if a longer
period were considered. The calculated
average annual cost over the 40-year
period, I960 to 2000, is shown to t be
$248,000 for Plan A and $262,000 for
Plan B. Over the period in question,
Plan A would cost an average of $14,000
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Table 60
Estimated Design Flows and Construction Costs of Plan B Facilities

Capilano Sewerage Area

Facilitya

Sewers:
West Vancouver system

B-1: 3,600 ft. of 12-in. RC at 0. 22%
B-2: 4,400 ft. of 14-in. RC at 0. 70%
B-3: 1,600 ft. of 14-in. RC at 1.00%
B-4: 1,300 ft. of 8-in. RCat7.70%
B-5: 3,100 ft. of 10-in. RC at 2. 60%
B-6: 1,350 ft. of 8-in. RC at 7. 60%
B-7: 5, 300 ft. of 22-in. RC at 0.12%
B-8: 2, 600 ft. of 24-in. RC at 0.13%
B-9: 2, 600 ft. of 24-in. RC at 0.165%

North Vancouver system
B-11: 2,400 ft. of 10-in. RC at 4. 15%
B-12: 3,600 ft. of 10-in. RC at 3.90%
B-13: 3,000 ft. of 15-in. RC at 0. 50% '
B-14: 3,900 ft. of 22-in. RC at 0.12%
B-15: 2,600 ft. of 30-in. RC at 0. 08%
B-16: 1,850 ft. of 8-in. RCat6.40%
B-17: 2, 200 ft. of 12-in. RC at 2. 00%
B-18: 2, 300 ft. of 10-in. RC at 5. 60%
B-19: 2, 200 ft. of 30-in. RC at 0. 08%
B-20: 2,100 ft. of 10-in. RC at 4.75%

B-21: 3,400 ft. of 12-in. RC at 2.95%
B-22: 4, 200 ft. of 20-in. RC at 0. 24%
B-23: 3,700 ft. of 18-in. RC at 0. 52%
B-24: 250 ft. of 12-in. RC at 20.0%
B-25: 3, 800 ft. of 24-in. RC at 0.12%
B-26: 5, 600 ft. of 30-in. RC at 0.16%

Outfalls:
B-10: 1,000 ft. of 24-in. RC
B-27: 2,000 ft. of 33-in. RC

Total, conduits
West Vancouver system
North Vancouver system

Pumping stations:
West Vancouver system

Influent at plant

North Vancouver system
Influent at plant

Sewage treatment plants:
West Vancouver
North Vancouver

Total construction cost
West Vancouver system
North Vancouver system

Design Flow,
cfs

1.6
3.6
4.3
2.4
2.7
2.9
5.9
8.0
9.2

3.0
4.3
4.6
6.1
8.5
3.0
4.0
4.7

11.5
4.7

6.0
6.7
7.5
7.5
7.9

16.1

13.4
27.0

4.6C

12. 4C

4.6C

12. 4C

Construction Costb, Dollars

1960

90,000
99,000
30, 000
10, 000
24,000
17,000

113,000
61,000
72, 000

165, 000

681,000

21,000c

742, 000cf

1,444,000

1965

19,000
28,000
54,000

117,000
195, 000
14,000
20,000
18,000

165, 000
17,000

31,000
57,000
44,000

2,000
88,000

364,000

250, 000

1,483,000

47, 000C

l,310,000c

2, 840, 000

1970

13,000d

208,000^

221,000

1985

19, 000e

470, 000e

489, 000
a See Figure 90 for location of facilities.
b From Table 37 and Figures 78 and 79; plus 25 percent for engineering, administration and contingencies.
^ Initial construction.
d Enlargement from 4. 6 cfs to ultimate capacity of 8.4 cfs.
e Enlargement from 12. 4 cfs to ultimate capacity of 18. 0 cfs.
* Includes an allowance for special foundations.

per year less than Plan B. Over the 40-
year period the estimated savings would
aggregate $560,000.

When the difference between the es-

timated annual costs of two or more pro-
jects is not great, it becomes necessary
to evaluate other factors than those di-
rectly related to cost. In the case of
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Table 61
Comparison of Estimated Construction Costs of Plan A and Plan B

Capilano Sewerage Area

Plan
Construction Cost, Dollars

1960 1965 1970 1985 Total
Plan Aa

Conduits'?
Pumping station
Sewage treatment plant

985,000
21,000

600,000

1,509,000
48,000

1,280,000
17,000

500, 000

2, 494,000
86, 000

2, 380, 000

Total. 1,606,000 2, 837, 000 517,000 4, 960,000

Plan Bc

West Vancouver system
Conduits'3.
Pumping station

Sewage treatment plant-

North Vancouver system
Conduits'?
Pumping station
Sewage treatment plant •

681,000
21,000

742,000
13,000

208, 000

1,483,000
47,000

1,310,000
19,000

470,000

681,000
34,000

950, 000

1,483,000
66, 000

1,780,000

Total 1,444,000 2, 840, OOP 221,000 489,000 4, 994, 000
Plan A proposes the treatment of all of the sewage of the Capilano Sewerage Area in a standard-rate primary plant to be
located in the Indian Reservation adjacent to the First Narrows and discharge of chlorinated effluent to the First Narrows.
Plan B proposes: (1) treatment of the sewage of West Vancouver in the Capilano Sewerage Area in a standard-rate pri-
mary plant to be located in West Vancouver adjacent to the ocean shore and discharge of chlorinated effluent to English
Bay; (2) treatment of the sewage of North Vancouver District and North Vancouver City in the Capilano Sewerage Area in
a standard-rate primary plant to be located in an Indian Reservation in North Vancouver City and discharge of chlorinated
effluent to Vancouver Harbour.

a From Table 59.
b Includes sewers, inverted siphons and outfalls.
c From Table 60.

Plan B, there is no available location
which is completely isolated or removed
from recreational waters in the western
portion of the Capilano Sewerage Area.
Even though the type of treatment pro-
posed would satisfy engineering and pub-
lic health criteria, it is possible that
such a plant would endanger the aesthe-
tic value of adjacent shores and shore
waters. The treatment plant proposed for
the eastern portion of the area would ne-
cessarily be located near fairly well de-
veloped sections and for this reason might
be considered an aesthetic handicap. On
the other hand, the treatment plant loca-
tion proposed under Plan A would be re-
moved from presently built up sections
and sufficient land could be acquired to
provide a buffer strip of trees and other
plantings around the works. The dis-
charge of effluent into First Narrows as
proposed under Plan A would result in
much more rapid dispersion and mixing
with the receiving waters than could be
obtained at either of the treatment plant
locations proposed under Plan B.

Consideration of the aesthetic and
economic advantages of Plan A over Plan
B leads to the conclusion that the best
interests of the Capilano Sewerage Area
will be served by the construction of
Plan A.

POINT ATKINSON SEWERAGE AREA

Basic Considerations

Development of a metropolitan nature
is not anticipated within the Point Atkin-
son Sewerage Area. Future development
will probably centre in and around exist-
ing settlements such as Horseshoe Bay
and Caulfield. Conditions for the dispo-
sal of sewage in the waters bordering the
area are such that crude sewage may be
discharged through outfalls extending to
deep water where large dilutions would
occur and currents would rapidly disperse
the sewage. There are a number of lo-
cations along the shores of the area where
such outfalls can operate satisfactorily
if developments should make construction
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of sewerage facilities for the areaneces-
sary.

It is proposed that the entire sewer-
age area be provided, as required, with
separate collection facilities for sanitary
sewage and storm water. As in the other
parts of the North Shore, the topography
of the ground and the availability of na-
tural watercourses for the removal of
storm water combine to make separate
collection facilities practical. In addi-
tion, the possibility that treatment of the
sanitary sewage may be required some-
time in the future makes a separate sys-
tem of sewers desirable.

The present sewerage requirements
in the Point Atkinson Sewerage Area are
of a local rather than a general charac-
ter. Although it is beyond the scope of
this report to develop preliminary plans
for local sewerage, it is pertinent to sug-

gest possibilities which are worthy of
consideration in dealing with such prob-
lems.

Horseshoe Bay

Horseshoe Bay is the only settlement
in the Point Atkinson Sewerage Area for
which sewerage requirements may be
predicted at present. Its geographical
and topographical location limit to a com-
paratively small area the ultimate de-
velopment that may be expected. The
settlement consists of nearly 1,000 per-
manent residents and is a popular fishing
and recreational resort, and is the main-
land terminus for ferry services to island
points.

Disposal of the sewage of residences
and other establishments in the vicinity
of Horseshoe Bay is presently being ac-
complishedby individual septic tank sys-

Table 62
Computed Average Annual Costs During Five Year Periods, 1960-2000,

of Plan A and Plan B - Capilano Sewerage Area

Cost Item

Plan A
Bond redemption and interest3

Maintenance and operation
Conduits'3
Chlorination.9
Sewage treatment plantc.

Total annual cost, Plan A

PlanB
Bond redemption and interest*
Maintenance and operation

Conduits ..
Chlorination^*
Sewage treatment plants0

Total annual cost, Plan B

1960
to

1965

103

2
3

17
22

125

3.3

92

2
3

17
22

114

3.3

1965
to

1970

284

6
9

36
51

335

12.5

273

5
9

48
62

335

12.5

Average
1970
to

1975

284

6
10
40
56

340

15.0

287

5
11
54
70

357

15.0

Annual Costs in Thousands
1975
to

1980

284

6
12
44
62

346

17.3

287

5
13
58
76

363

17.3

1980
to

1985

284

6
13
47
66

350

19.5

287

5
14
62
81

368

19.5

1985
to

1990

214

6
13
48
67

281

20.8

226

5
15
64
84

310

20.8

of Dollars
1990
to

1995

33

6
14
50
70

103

22.0

45

5
15
66
86

131

22.0

1995
to

2000

33

6
14
51
71

104

22.8

31

5
16
68
89

120

22.8

40 Year
Average

248

16.6

262

16.6
Plan A proposes the treatment of-all of the sewage of the Capilano Sewerage Area in a standard-rate primary plant to be
located in the Indian Reservation adjacent to the First Narrows and discharge of chlorinated effluent to the First Narrows.

Plan B proposes: (1) treatment of the sewage of West Vancouver in the Capilano Sewerage Area in a standard-rate pri-
mary plant to be located in West Vancouver adjacent to the ocean shore and discharge of chlorinated effluent to English
Bay; (2) treatment of the sewage of North Vancouver District and North Vancouver City in the Capilano Sewerage Area
in a standard-rate primary plant to be located in an Indian Reservation in North Vancouver City and discharge of chlori-
nated effluent to Vancouver Harbour.

a Payments on 25 year instalment debentures at 4 percent interest.
t> 1 /4 of one percent of construction cost.
c From Figure 80.
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terns and cesspools which, in general,
are considered unsatisfactory because of
unsuitable soil conditions. A local col-
lection system with suitable disposal
works is indicated.

Disposal of sewage from the settle-
ment of Horseshoe Bay may be satisfac-
torily accomplished by one of the three
following methods:

1. Discharge of crude sewage into
Queen Charlotte Channel on either side
of the bay.

2. Discharge into deep water of
Horseshoe Bay of chlorinated effluent
from a primary sewage treatment plant.

3. Discharge into deep water of the
bay of effluent collected by an intercept-
ing sewer from individual septic tanks.

The third method .would probably re-
present the cheapest solution and, if the
individual tanks were constructed and
maintained properly, would provide ade-
quate treatment and disposal. Final de-
termination, however, will depend on the
relative economies of the several possi-
bilities based on detailed studies.

SEYMOUR SEWERAGE AREA

Basic Considerations

The extent and location of future de-
velopment in the Seymour Sewerage Area
cannot be determined with sufficient ac-
curacy at present to warrant even a ten-
tative layout of comprehensive sewerage
facilities. If industry should develop a-
long the waterfront, corresponding resi-
dential and business development will un-
doubtedly follow in portions of the area.
If such events occur, proper planning of
facilities may be accomplished for the
localities as they develop.

Under present conditions, crude sew-
age may be discharged into the deep wa-
ters of Burrard Inlet bordering the area
without endangering public health or crea-
ting a nuisance. The location of such
discharges will depend on the area and
population served and the uses of the
shores. Future changes, which cannot
now be evaluated, may require treatment
of the sewage prior to discharge.

When and if any locality in the area

requires sewerage, a separate sewerage
collection system should be provided.
Storm water may be economically dispo-
sed of in the natural watercourses of the
area.

Present sewerage requirements of
the Seymour Sewerage Area are similar
to those of the Point Atkinson Sewerage
Area already described. Suggested me-
thods of sewage collection and disposal
for the latter area would apply equally
well to the Seymour Sewerage Area.

CONCLUSIONS

Capilano Sewerage Area

A review of all controlling conditions,
including relative economy, demands of
public health, aesthetics and urgency of
sewerage needs, demonstrates the gene-
ral superiority of Plan A, as above des-
cribed. The Board of Engineers, there-
fore, concludes that Plan A should be
adopted for the sewerage of the Capilano
Sewerage Area.

Under this plan, sanitary sewage
from the entire area would be delivered
to a standard - rate primary treatment
plant located east of Capilano River ad-
jacent to Burrard Inlet, and the effluent,
chlorinated during critical periods, would
be discharged into deep water of First
Narrows.

The treatment proposed would in-
volve 30 minutes of preaeration and 60
minutes of sedimentation at the design
flow. The units required in the proposed
plant would include a mechanically clean-
ed bar screen, an influent pumping sta-
tion, combination preaeration and grit
removal units, sedimentation tanks with
facilities for skimming, and separate
sludge digestion tanks. Digested sludge
would be discharged through the outfall.
Figure 91 shows a schematic flow dia-
gram of the proposed plant and the basic
design factors for the initial construction
of the works. The essential structures
in the proposed treatment plantwould in-
clude a control building housing the in-
fluent pumps, all sludge handling equip-
ment, necessary work shop and storage
space, an office, and a laboratory.
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F L O W D I A G R A M
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LOADING
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PEAK FLOW, C F S
BOO, 1,000 LB/DAY
SUSPENDEO SOLIOS, 1,000 LB/DAY

BAR SCREENS
TO HANDLE PEAK FLOW

'A-INCH CLEAR OPENING BETWEEN BARS

INFLUENT PUMPS
TO HANDLE PEAK. FLOW

TO INCLUDE STANDBY CAPACITY

PREAERATION AND GRIT REMOVAL TANKS
4.6 ( B A S E D O N D E S I G N FOR U L T I M A T E OF 6 T A N K S )

3.0 N U M B E R 2
7 . 6 D E T E N T I O N T I M E , H O U R S 0 . 5
4 . 4 L E N G T H , F E E T 4 6
5 . 2 W I D T H , F E E T 18

A V E R A G E W A T E R D E P T H , F E E T 10
M A X I M U M H Y D R A U L I C C A P A C I T Y PER T A N K , C F S . . 8 .0 .

SEDIMENTATION TANKS
( B A S E D O N O E S I G N F O R U L T I M A T E O F 6 T A N K S )
N U M B E R 2
D E T E N T I O N T I M E , H O U R S I
L E N G T H , F E E T 9 2
W I D T H , F E E T 1 8
A V E R A G E W A T E R D E P T H , F E E T 1 0
M A X I M U M H Y D R A U L I C C A P A C I T Y P E R T A N K , C F S . 8 . 0

SLUDGE DIGESTION TANKS
( B A S E D O N D E S I G N F O R U L T I M A T E O F 3 T A N K S )
N U M B E R I
D I A M E T E R , F E E T . 5 0
S I D E W A T E R D E P T H , F E E T 2 5
L O A D I N G , 1 , 0 0 0 L B O R Y S O L I D S / D A Y . . . . 3 . 6
( A S S U M E D 7 0 % R E M O V A L BY S E D I M E N T A T I O N )
U N I T L O A D I N G , L 8 D R Y S O L I D S / C U. F T . / O A Y . . 0.15

Figure 91. Flow Diagram and Design Factors for Initial Stage of Construction
of Sewage Treatment Plant, Plan A - Capilano Sewerage Area

Point Atkinson and Seymour Sewerage Areas

The present extent of development
of these areas does not justify prelimin-

ary or tentative layouts of comprehensive
sewerage facilities. The Board of Engi-
neers concludes, however, that as future
developments occur and the nature, ex-
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tent and type of the required facilities be laid out in conformance with the engi-
can be determined, collection systems neering, public health and aesthetic pr in -
be constructed to serve developed por- ciples which have guided the development
tions of the areas. Such facilities should of the plans presented in this report.



Chapter 16
Sewerage Plans for the Richmond Section

Selection of Sewerage Plans for Study

The Richmond Section is naturally
divided into two sewerage areas, namely,
Lulu Island and Sea Island. In addition,
several smaller islands lying in the North
Arm of Fraser River are considered a
part of this section.

The present character of develop-
ment in the Richmond Section indicates
that it may be completely developed for
residential and industrial purposes in
future years. Certain factors are not
assessable at present, however, making
it difficult to plan for the sewerage of
some parts of the area with any degree
of certainty. For example, the ultimate
use of Sea Island may be for the airport
and associated activities, or it may even
include greatly increased residential de-
velopment. Again, the demand for or
desirability of maintaining the major por-
tion of Lulu Island for agricultural pur-
poses may be great enough to forestall
residential and industrial developments
much beyond those now existing. The
plans studied for the Richmond Section
recognize these factors.

The most feasible sewerage plans
for the Richmond Section must not only
be the most economical, but must also
satisfy all public health and aesthetic
requirements. Chapter 12 describes the
degree of sewage treatment required
prior to disposal in the waters surround-
ing the Richmond Section.

Brief Description of Recommended Plans

The most appropriate plans for the
sewerage of the Richmond Section involve
the construction of separate collection
facilities on Lulu Island and on Sea Is-
land. Figure 92 shows the general lay-
out of the facilities required for comple-
tion of the recommended plans. On Lulu
Island, a trunk sewer discharging crude
sewage into Fraser River is required to

serve the western portion. When sewer-
age is required in the eastern portion of
the island, similar facilities should be
provided. The sewage of Sea Island is
proposed to be conveyed to the northwest
corner of the island whence it would be
pumped to the Iona Island sewage treat-
ment plant proposed under Plan A for
the Burrard Peninsula Section in Chapter
14.

Use of Existing Facilities

The settlement of Burkeville and the
Vancouver International Airport on the
southeast side of Sea Island constitute
the only portion of the Richmond Section
which is sewered at present. Sewage
from this portion is now being discharged
into the Middle Arm of Fraser River.
The plans considered for the Sea Island
Sewerage Area make full use of the exist-
ing collection systems.

Preliminary Design of Facilities

All conduits have been laid out with
capacity sufficient to accommodate the
ultimate peak sanitary sewage flow pre-
dicted for the tributary areas. Provision
of capacity for the ultimate flow is con-
sidered necessary because of the difficult
construction conditions which exist in the
Richmond Section. Because of these con-
ditions, the additional cost of providing
sewers of a size sufficient to serve the
predicted ultimate population will not be
great in comparison with the cost of pro-
viding sewers proportioned to meet the
needs of a less distant future since the
cost of the pipe itself would be but a re-
latively small part of the total cost of any
completed sewer.

Pumping stations have been laid out
to permit future enlargement in stages
or steps according to need. It is expec-
ted that the initial construction will in all
cases be such that additions can readily

190
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be made.
The suggested sequence of construc-

tion was determined by considerations
of the sewerage requirements of the tri-
butary area, the probable future condi-
tions and uses of waters presently used
for sewage disposal, and the proper order
of development necessary to ensure pro-
tection of the shores and shore waters
of the Greater Vancouver Area. The se-
quence of construction has been broken
down into five year periods. It is expec-
ted, however, that the actual construction
of the proposed facilities will be a con-
tinuous one. For the purposes of calcu-
lating annual costs as used in this report,
it has been necessary to group the facili-
ties by construction periods and to as-
sume that the facilities indicated for
construction in a given year have no ef-
fect upon annual costs of earlier years.
When applied to actual construction,
however, the stated time indicates the
year by which the given facilities would
be completed.

Greatest economy in both sewerage
and drainage will be obtained in the Rich-
mond Section by the construction of se-
parate collection and disposal facilities
for sanitary sewage and storm water.
Disposal of the sewage of the Richmond
Section may be either to the main chan-
nel of Fraser River or to the Strait of
Georgia. Disposal of storm water may
be to any of the waters surrounding the
section.

A unit or per capita sewage flow of
95 gallons per day, as given in Table 35,
Chapter 13, has been used in the layout
of sewerage facilities in the Richmond
Section. The table also presents the an-
ticipated per capita contributions of bio-
chemical oxygen demand and suspended
solids. The ultimate population contri-
butory to each facility was determined
by multiplying the tributary area by the
predicted ultimate population density
distribution shown on Figure 35, Chapter
9.

The plans presented in this chapter
provide for the sewerage of the Sea Island
Sewerage Area and for the western por-
tion of Lulu Island. It is proposed that
the settlement of Queensborough on the
eastern end of Lulu Island be served by

the facilities provided under Plan D for
the Burrard Peninsula Section in Chapter
14. Sewerage facilities for the central
portion of Lulu Island cannot be laid out
at present because the location and ex-
tent of future developments cannot now
be predicted with any assurance. If or
when the development in this region be-
comes such as to require public sewer-
age, a system similar to that laid out for
the western portion of Lulu Island could
be provided. Provision of facilities to
serve the several smaller islands lying
within the Richmond Section is considered
to be a local problem which may best be
dealt with by the local agency involved.
Such facilities should be planned to pro-
vide the same measure of protection to
the shores and shore waters of the area
as that afforded by the plans presented
in this report.

LULU ISLAND SEWERAGE AREA

Basic Considerations

Since no public sewerage facilities
presently exist in the Lulu Island Sewer-
age Area, the most pressing need is for
trunk sewerage facilities to serve the
presently developed portions of the area.
Such trunk sewers can be utilized by the
local sewerage agency as a basis for the
establishment of a comprehensive local
collection system.

As discussed in Chapter 12, it would
be necessary to provide for sewage treat-
ment prior to discharge into the North
Arm of Fraser River, since this water
tends to move around Point Grey and in-
to the recreational waters of English Bay.
Sewage may be discharged without treat-
ment into the main channel of Fraser
River with no deleterious effect upon the
present or foreseeable future uses of the
river. In the layout of plans to serve the
Lulu Island Sewerage Area, therefore,
the main channel of Fraser River was
considered to be the only proper place of
ultimate disposal.

Two sewerage plans, designated
Plan A and Plan B, have been studied for
the Lulu Island Sewerage Area. The two
plans differ in that under Plan A capacity
is provided to serve the western portion
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of Lulu Island only, while under Plan B
additional capacity has been provided for
the sewage of the Sea Island Sewerage
Area.

Plan A

Plan A proposes the delivery of the
sewage of the western portion of Lulu Is-
land to an outfall discharging at a mini-
mum depth of 20 feet in the main channel
of Fraser River about one mile east of
its mouth. The sewerage system com-
prises sewers, pumping stations and an
outfall. The system has been propor-
tioned to provide capacity for the esti-
mated ultimate peak sanitary sewage flow

from the tributary area.
The sewers of Plan A are proposed

to have a maximum depth of cut of about
12 feet. Detailed investigations and de-
sign may necessitate relocation of some
of the facilities because of poor founda-
tion conditions which obtain over the
greater part of the area.

Figure 92 shows the tentative loca-
tions of all facilities embraced by Plan
A. Table 63 presents the lengths, sizes
and slopes of the conduits and the design
flows and estimated construction costs
of the facilities required for the comple-
tion of Plan A. This table also gives the
suggested sequence of construction. The
initial construction cost of this plan is

PROPOSED SEWER AND
CHANGE IN DESIGNATION

PROPOSED PUMPING STATION

Figure 92. Proposed Layouts of Plan A and Plan C, Richmond Section

Plan A proposes the collection of the sanitary sewage of the western portion of Lulu Island to an outfall discharging to
the main Fraser River. Plan C proposes the collection of the sanitary sewage of Sea Island to the northwest corner of the
island from where it would be pumped to the sewage treatment plant proposed under Plan A for the Burrard Peninsula Sec-
tion.
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Table 63

Estimated Design Flows and Construction Costs of Plan A Facilities
Lulu Island Sewerage Area

Facilitya

Sewers:
A-1: 5, 280 ft. of 22-in. RC at 0. 09%
A-2: 5, 280 ft. of 30-in. RC at 0. 06%
A-3: 2, 640 ft. of 33-in. RC at 0. 066%
A-4: 5, 280 ft. of 36-in. RC at 0. 055%
A-5: 5, 280 ft. of 42-in. RC at 0. 038%
A-6: 5, 280 ft. of 48-in. RC at 0. 034%
A-7: 5,640 ft. of 51-in. RC at 0. 034%
A-8: 2, 640 ft. of 54-in. RC at 0. 030%
A-9: 1,400 ft. of 54-in. RC at 0. 034%

Outfall:
A-10: 2, 100 ft. of 45-in. RC

Total, conduits

Pumping stations:
A-1:
A-2:

Total construction cost

Design Flow
cfs

5.1
10.0
12.6
15.6
19.2
26.2
30.8
32.8
35.8

35.8

1.0c

0.7d

Construction Cost*3, Dollars

1955

83, 000

380, 000
463, 000

13,000
476, 000

1960

129,000
164, 000
218,000
268, 000
153, 000

932,000

13,000
38,000

983,000

1965

82, 000
139,000
92,000

313,000

26, 000
29, 000

368, 000

1975

30,000
57,000
87,000

2000

24, 000
42, 000
66, 000

a See Figure 92 for location of facilities.
b From Table 37 and Figures 78 and 79 plus 25 percent for engineering, administration and contingencies. Pump-

ing station costs include an allowance for special foundations.
c Initial construction. Subsequent enlargement to 3. 6, 7. 8, and 10. 2 cfs capacity.
" Initial construction. Subsequent enlargement to 5. 0, 8. 8, 18. 0, and 23.9 cfs capacity.

estimated to be $476,000 and the total
ultimate construction cost $1,980,000.

Plan B

Plan B differs from Plan A only in
the design capacities of several of the
facilities. Under Plan B, it is proposed
to convey the sewage flow from the Sea
Island Sewerage Area to the trunk sewer
system on Lulu Island and to discharge
the sewage from the entire tributary por-
tion of the Richmond Section into the main
channel of Fraser River.

Figure 93 shows the tentative loca-
tions of the facilities embraced by Plan
B. Table 64 presents the lengths, sizes
and slopes of the conduits and the design
flows and estimated construction costs
of the facilities required for the comple-
tion of Plan B within the Lulu Island
Sewerage Area. This table also gives the
suggested sequence of construction. The
initial construction cost of this plan in
the Lulu Island Sewerage Area is esti-
mated to be $50 5,000, and the total ulti-
mate construction cost $2,108,000.

SEA ISLAND SEWERAGE AREA

Basic Considerations

Two sewerage plans, designated
Plan B and Plan C, have been studied
for the Sea Island Sewerage Area. Under
Plan B, the sewage of the area would be
conveyed southward across the Middle
Arm of Fraser River to a connection
with facilities proposed for the Lulu Is-
land Sewerage Area. Under Plan C, the
sewage would be conveyed northward
across Macdonald Slough with discharge
to the sewerage facilities on Iona Island
as proposed under Plan A for the Burrard
Peninsula Section.

Plan B

Plan B provides for the conveyance
of the sewage of Sea Island and the west-
ern portion of Lulu Island to an outfall
discharging into the main channel of Fra-
ser River. Sewage from Sea Island •would
be pumped through a force main across
the Middle Arm of Fraser River to Lulu
Island, where it would be combined with
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sewage from the Lulu Island Sewerage
Area. The sewage would flow through a
series of sewers and pumping stations
to the point of ultimate disposal.

Figure 93 shows the locations of all
facilities embraced by Plan B. Table 65
presents the lengths, sizes and slopes of
the conduits and the design flows and es-
timated construction costs of the facili-
ties required for the completion of Plan
B within the Sea Island Sewerage Area.
The total construction cost of this plan
in the Sea Island Sewerage Area is esti-
mated to be $565,000. It is proposed to
construct all of these facilities by the
same date.

Plan C
Plan C proposes the conveyance of

the sewage of Sea Island to the northwest
corner of the island whence it would be
pumped to the proposed Iona Island sew-
age treatment plant.

Figure 92 shows the tentative loca-
tions of all facilities embraced by Plan
C. Table 66 presents the lengths, sizes
and slopes of the conduits and the design
flows and estimated construction costs
of the facilities required for the com-
pletion of Plan C. The total construction
cost is estimated to be $595,000. It is
proposed that all of these facilities be
constructed by the same date.

PROPOSED SEWER AND
CHANGE IN DESIGNATION

PROPOSED PUMPING STATION

Figure 93. Proposed Layout of Plan B, Richmond Section

Plan B proposes the collection of the sanitary sewage of Sea Island and the western portion of Lulu Island to an outfall
to the main Fraser River as proposed under Plan A for the Richmond Section.
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Table 64

Estimated Design Flows and Construction Costs of Plan B Facilities
Lulu Island Sewerage Area

Facility*

Sewers:
B-8: 5, 280 ft. of 22-in. RC at 0. 09%
B-9: 5, 280 ft. of 36-in. RC at 0. 0559*
B-10: 2, 640 ft. of 39-in. RC at 0. 050%
B-11: 5,280 ft. of42-in. RC at 0.045%
B-12: 5, 280 ft. of 45-in. RC at 0. 035%
B-13: 5,280 ft. of51-in. RC at 0.038%
B-14: 5, 640 ft. of 57-in. RC at 0. 027%
B-15: 2, 640 ft. of 57-in. RC at 0. 030%
B-16: 1,400 ft. of 57-in. RC at 0.035%

Outfall:
B-17: 2,100 ft. of48-in. RC

Total, conduits

Pumping stations:
B-2:
B-3:

Total construction cost

Design Flow
cfs

5.2
15.6
18.2
21.2
24.7
32.9
36.5
38.6
41.6

41.6

1.0°
0.7d

Construction Cost*5, Dollars
1955

83,000

409,000
492,000

13,000
505,000

1960

132,000
164,000
217,000
296,000
148,000

957,000

13,000
38,000

1,008,000

1965

82,000
163,000
94,000

339, 000

38,000
37,000

414,000

1975

38,000
70,000

108, 000

2000

31,000
42,000
73,000

a See Figure 93 for location of facilities.
b From Table 37 and Figures 78 and 79 plus 25 percent for engineering, administration and contingencies.

ing station costs include an allowance for special foundations.
c Initial construction. Subsequent enlargement to 4. 9, 10. 2 and 14.1 cfs capacity,
d Initial construction. Subsequent enlargement to 4. 9, 10.1, 20. 6 and 27. 8 cfs capacity.

Pump-

COMPARISON OF PLANS

Sewerage of the Richmond Section
may be accomplished by a combination
of Plan A and Plan C as described above
or by the adoption of Plan B which would
serve the entire section. To determine

the most economical solution, therefore,
a comparison must be made of the com-
bined cost of Plans A and C with the cost
of Plan B.

Table 67 summarizes the figures
given in Tables 63 and 66 for Plans A
and C, respectively, and in Tables 64

Table 65
Estimated Design Flows and Construction Costs of Plan B Facilities

Sea Island Sewerage Area

Facility

Sewers:
B-1: 5,280 ft. of 18-in.
B-2: 3, 880 ft. of 20-in.
B-3: 2,940 ft. of 22-in.
B-4: 1,650 ft. of 24-in.
B-6: 2, 940 ft. of 27-in.
B-7: 2,640 ft. of 27-in.

Force main:
B-5: 4,940 ft. of 18-in.

Total, conduits

Pumping station:
B-1:

Total construction cost

a

RC at 0.11%
RC at 0.14%
RC at 0.10%
RC at 0. 08%
RC at 0.07%
RC at 0. 095%

RC

Design Flow
cfs

3.4
5.0
5.8
6.4
8.1
9.3

6.4

3.9C

Construction Cost , Dollars
1965

82,000
95,000

103,000
73,000
55,000
58,000

55,000
521,000

44, 000°
565, 000

a See Figure 93 for location of facilities.
b From Tables 37 and 38, and Figure 79; plus 25 percent for engineering, administration and contingencies.
c Ultimate capacity.
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Table 66

Estimated Design Flows and Construction Costs of Plan C Facilities
Sea Island Sewerage Area

Facility*1

Sewers:
C-1: 4,180 ft. ofl5-in. RC at 0.15%
C-2: 2, 640 ft. of 18-in. RC at 0. 12%
C-3: S, 280 ft. of 20-in. RC at 0.11%
C-4: 7, 520 ft. of 24-in. RC at 0. 08%

Force main;
C-5: 3,500 ft. of 18-in. RC

Total, conduits

Pumping stations:
C-1:
C-2:

Total construction cost

Design Flow
cfs

2.1
3.5
4.4
6.4

6.4

2.6C

3.9C

Construction Cost", Dollars
1965

68,000
69,000

198,000
146,000

39,000
520, 000

31,000c

44,000C

595, 000
a See Figure 92 for location of facilities.
b From Table 37 and 38, and Figure 79; plus 25 percent for engineering, administration and contingencies.
c Ultimate capacity.

and 65 for PlanB. The estimated total
combined construction cost of Plans A
and C is $2,575,000, which is $98,000
less than the construction cost of Plan
B.

Other factors being equal, annual
costs generally indicate the suitability
of one plan or combination of plans when
compared with another plan. Annual
costs are comprised of the following

Table 67

Comparison of Estimated Construction Costs
of Plans Considered for Richmond Section

Plan

Plan Aa .
Conduits
Pumping stations

Plan Cc

Conduits'?
Pumping stations

Total Plans A and C

Plan B ,
Lulu Islandd

Conduits'5
Pumping stations

Sea Islandf
Conduits5

Pumping stations
Total Plan B

Construction Cost, Dollars
1955

463, 000
13, 000

476, 000

492, 000
13,000

505, 000

1960

932, 000
51,000

983,000

957, 000
51,000

1,008,000

1965

313,000
55,000

520,000
75,000

963,000

339,000
75,000

521,000
44,000

979,000

1975

87,000

87,000

108, 000

10C, 000

2000

66,000

66,000

73,000

73,000

Total

1,708,000
272, 000

520, 000
75,000

2, 575, 000

1,788,000
320, 000

521,000
44,000

2, 673, 000
Plan A proposes the collection of the sanitary sewage of the western portion of the Lulu Island Sewerage Area to an out-
fall extending 2, 100 feet into the main Fraser River and Discharging crude sewage at a depth of about 20 feet.
Plan B proposes the collection of the sanitary sewage of the Sea Island Sewerage Area and of the western portion of the
Lulu Island Sewerage Area to an outfall to the main Fraser River as proposed under Plan A.
Plan C proposes the collection of the sanitary sewage of the Sea Island Sewerage Area to the northwest corner of Sea Is-
land, whence it would be pumped to the sewage treatment plant proposed under Plan A for the Burrard Peninsula Section
in Chapter 14.

a From Table 63.
° Includes sewers, force mains and outfalls.
*j From Table 66.
d From Table 64.
e From Table 65.
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elements: (1) bond redemption and in- "'Plans A and C and of Plan B for five
terest, and (2) costs of administration,
operation and maintenance. The methods
of computation of each of these elements
are discussed in Chapter 13 of this re-
port.

Table 68 presents the calculated
average annual costs of the combined

year periods from 1955 to 2000 and the
average annual cost over this 45 year
period. Average annual costs of Plans
A and C range from a high of $186,000
during the five year period 197 5 to 1980
to a low of $33,000 during the five year
period 1955 to I960. Average annual

Table 68
Computed Average Annual Costs During Five Year Periods, 19S5-2000,

of Plans A and C and Plan B - Richmond Section

Cost Item

Plan A
Bond redemption and interest?
Maintenance and operation

Conduits'?
Pumping stations?

PlanC
Bond redemption and interest^
Maintenance and operation

Conduits1?
Pumping stations0

Total annual cost, Plans A and C-

Average flow, cfs ....

PlanB
Lulu Island portion
Bond redemption and interest3.
Maintenance and operation

Conduits'?
Pumping stations0

Sea Island portion
Bond redemption and interesta...
Maintenance and operation

Conduits?.
Pumping station0-

Total annual cost, Plan B

Average flow, cfs

Total Annual Costs in Thousands of Dollars
195S
to

1960

31

1
1

2

33

33

0.5

32

1
1
2

34

34

0.5

1960
to

1965

94

3
4

7

101

101

2.8

96

3
4
7

103

103

2.8

196S
to

1970

118

4
10
14

132

38

1
3
4

42

174

6.6

122

4
12
16

138

36

1
2
3

39
177

6.6

1970
to

1975

118

4
12

16

134

38

1
4
5

43

177

8.4

122

4
14
18

140

36

1
2
3

39
179

8.4

1975
to

1980

124

4
14
18

142

38

1
5
6

44

,186

10.6

129

4
16
20

149

36

1
3
4

40
189

10.6

1980
to

1985

93

4
16
20

113

38

1
5
6

44

157

13.2

97

4
18
22

119

36

1
3
4

40
159

13.2

1985
to

1990

30

4
18
22

52

38

1
6.
7

45

97

16.2

33

4
20
24

57

36

1
3
4

40
97

16.2

1990
to

1995

6

4
20
24
30

0

1
7
8
8

38

18.6

7

4
22
26

33

0

1
4
5

5
38

18.6

1995
to

2000

6

4
22
26

32

0

1
7
8
8

40

19.9

7

4
24
28

35

0

1
4
5

5
40

19.9

45 Year
Average

111

10.8

113

10.8
Plan A proposes the collection of the sanitary sewage of the western portion of the Lulu Island Sewerage Area to an outfall
extending 2, 100 feet into the main Fraser River and discharging crude sewage at a depth of about 20 feet.
Plan B proposes the collection of the sanitary sewage of the Sea Island Sewerage Area and of the western portion of the
Lulu Island Sewerage Area to an outfall to the main Fraser River as proposed under Plan A.
Plan C proposes the collection of the sanitary sewage of the Sea Island Sewerage Area to the northwest corner of Sea Is-
land, whence it would be pumped to the sewage treatment plant proposed under Plan A for the Burrard Peninsula Section
in Chapter 14.

a Payments on 25 year instalment debentures at 4 percent interest.
b 1/4 of one percent of construction cost.
c From Figure 80.
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costs of Plan B range from a high of
$189,000 during the five year period 1975
to 1980 to a low of $34,000 during the
five year period 1955 to I960. The cal-
culated average annual cost over the 45
year period, 1955 to 2000, is shown to
be $111,000 for the combined Plans A
and C and $113,000 for Plan B.

In the layout of sewerage plans for
Sea Island, it has been assumed that re-
sidential developments thereon will
continue. Under Plan B, capacity for
sewage from Sea Island has been provi-
ded in the facilities proposed to be con-
structed on Lulu Island. It is possible
that future residential developments on
Se,a Island may be curtailed and the en-
tire island utilized by the airport and
associated activities. This would result
in the production of a much smaller quan-
tity of sewage flow than if residential
developments should continue. If this
should happen, the facilities proposed for
Lulu Island under Plan B would have ex-
cess capacity, thus resulting in unneces-
sary expenditures. The suggested se-
quence of construction is such that faci-
lities in the southwestern part of Lulu
Island would be constructed before the
future use of Sea Island is evident. Un-
der Plan B, these facilities would include
capacity for Sea Island sewage, while
under Plan A they would not. The inde-
pendent construction of Plan A and Plan
C would represent greater flexibility
than would Plan B.

CONCLUSIONS

The Board of Engineers concludes
that Plans A and C as described above
should be adopted for the sewerage of
the Richmond Section because of the eco-
nomies evidenced by the cost compari-
sons given in Tables 67 and 68 and be-
cause of their greater flexibility in
various respects. Under Plan A capacity
is proposed to be provided for the ulti-
mate sewage flow from the western por-
tion of Lulu Island in a system which will
discharge crude sewage into the main
channel of Fraser River 2,100 feet off-
shore at a minimum depth of 20 feet.
Under Plan C, the sewage of Sea Island
would be conveyed to the Iona Island
sewage treatment plant proposed in Chap-
ter 14 for the Vancouver Sewerage Area
of the Burrard Peninsula Section. Land
should be obtained adjacent to the pro-
posed outfall location under Plan A so
that treatment facilities maybe construc-
ted if they should become necessary in
later years.

Sewerage of the eastern portion of
Lulu Island may properly be accom-
plished as described under Plan D for
the Fraser Sewerage Area of the Burrard
Peninsula Section in Chapter 14. The
remainder of Lulu Island may be provi-
ded with a sewerage system similar to
that proposed under Plan A if required
by future developments.



Chapter 17

Drainage Facilities
for the Greater Vancouver Area

Advantages of Regional Drainage Facilities

The fulfilment of a properly co-
ordinated plan for the protection of land
and improvements in the Greater Van-
couver Area from damage due to storm
waters, is a major undertaking in finan-
cing and construction.

With few exceptions the cost of fi-
nancing the construction of major storm
drainage facilities will be less if carried
out by a joint agency than by the individual
communities concerned. In addition some
of the natural drainage areas lie within
two or more communities. For these
reasons the financing, construction and
maintenance of the major storm drainage
facilities by a joint agency is advisable.
In addition to direct advantages, indirect
and intangible benefits will accrue to all
residents and property owners of the
Greater Vancouver Area because of re-
duced interruption to travel and commu-
nication. The general prosperity of the
area is inherent in, and inseparable from,
the general welfare of all portions of the
area.

The development and improvement
of major storm drainage facilities in the
City of Vancouver, the Municipality of
Burnaby and a portion of the City of New
Westminster is now the responsibility of
the Vancouver and Districts Joint Sewer-
age and Drainage Board. In the remain-
der of the Greater Vancouver Area, the
provision and maintenance of drainage
works are the responsibility of the indi-
vidual communities. Rapid development
and growth of these communities, toge-
ther with the consequent denuding of the
forested drainage areas in some of them,
has already rendered the capacity of
certain of the natural drainage courses
completely inadequate.

Division into Drainage Areas

The three natural geographic and
topographic sections comprising the
Greater Vancouver Area, namely, the
Burrard Peninsula, North Shore, and
Richmond Sections, constitute a logical
division for drainage, as well as sewer-
age, planning. Division of the sections
into smaller areas for these purposes,
because of differing requirements for
the dispo'sai of sewage and storm water,
must of necessity be different. The sew-
erage areas have been delineated and de-
scribed in earlier chapters of this re-
port. Sewerage plans for each of these
areas have also been outlined. A division
of the sections into drainage areas has
not been attempted at this time because
the boundaries of each drainage area may
more properly be determined when the
detailed design of facilities is under-
taken. General drainage plans for each
of the three natural geographic and topo-
graphic sections are presented in the
following sections of this chapter.

Burrard Peninsula Section, The Burrard
Peninsula Section is divided topographi-
cally into numerous natural . drainage
areas. Those lying within the City of
Vancouver, the Municipality of Burnaby,
and a portion of the City of New West-
minster are administered by the Van-
couver and Districts Joint Sewerage and
Drainage Board.

The section is bounded on the south
by Fraser River. Flood control mea-
sures for this river are the responsibility
of the Federal and Provincial Govern-
ments and, therefore,are not considered
to be within the scope of this report. The
uses of the Coquitlam and Pitt Rivers
are such that responsibility for their
maintenance is not logically vested in

199
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any local governmental agency concerned
with storm water drainage. They, also,
are deemed to be outside the scope of
this survey and report.

North Shore Section. Drainage areas in
the North Shore Section are defined by
the natural topography of the ground and
are of relatively small size. Each has a
natural outlet to a river or to tidal wa-
ters. The Lynn, Capilano and Seymour
Rivers are used as sources of water
supply for most of the Greater Vancou-
ver Area and the control of these rivers
in their upper reaches is the responsi-
bility of two water supply agencies, the
Greater Vancouver Water District and
the City of North Vancouver. The im-
provement and maintenance of the lower
reaches is the responsibility of agencies
of the Provincial Government. Some of
the smaller creeks discharging to the
rivers, however, fall under the responsi-
bility of local government and the im-
provement of these creeks as storm wa-
ter drains is necessarily considered in
this report.

Richmond Section. The division of this
section into independent or separate
drainage areas is not related to any sig-
nificant extent to topography since varia-
tions in ground surface elevations are
negligible over the entire section. Exist-
ing facilities, rights-of-way, and econo-
mic considerations, rather than topogra-
phy, determine the boundaries and sizes
of the drainage areas. Independent drain-
age facilities must obviously be provided
for Sea Island and Lulu Island.

Selection of Drainage Plans for Study

For purposes of estimating costs of
major drainage facilities, a study was
made of existing drainage structures
within the Vancouver and Districts Joint
Sewerage and Drainage Board. This
study, discussed in Chapter 13, resulted
in the division of drainage structures in-
to several classifications. This was ac-
complished primarily on the basis of
topography and land use. Each section
of the Greater Vancouver Area has been
divided into zones, each of which falls
into one of these classifications. The
total cost of providing drainage for each

such section has been estimated on the
basis of the areas within the section fal-
ling into the various classifications. In
the study of drainage requirements, na-
tural rights and legal liabilities of the
several communities and their inhabitants
were considered to be of importance in
the selection of the types of drainage fa-
cilities required.

Cost comparisons between possible
alternate drainage projectst were not
made, since economic considerations will
not necessarily govern the degree of
storm water drainage which should be
provided. In the future, public prefer-
ence may demand a greater degree of
drainage than would be requisite for the
protection of the area from flooding only.
For the purposes of this report the re-
lative suitability of closed conduits ver-
sus open channels for storm water con-
veyance was decided on the basis of exist-
ing or predicted future improvements in
any given area.

The facilities proposed herein would
provide for the minimum degree of drain-
age required in any area commensurate
with the adequate protection of that area.
In many cases, furthermore, it has been
considered practicable to provide an open
channel initially and, at some later time,
to provide a closed conduit for the con-
veyance of the storm waters.

Use of Existing Facilities

In planning for the disposal of storm
water from the Greater Vancouver Area,
the existing drainage facilities must form
the basis of any comprehensive master
plan of drainage. In planning sewerage
facilities, on the other hand, distinct
economies may often be realized by com-
bining, through artificial means, two or
more natural drainage areas and con-
veying sanitary sewage some distance
for final treatment and disposal.

Most of the existing drainage facili-
ties in the Greater Vancouver Area are
adequate for present needs and may be
incorporated into an overall scheme of
drainage with a minimum of difficulty.
In some instances, however, natural wa-
tercourses are privately owned and diffi-
culty may be encountered in improving
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these watercourses to serve as major
drainage facilities. Easements or rights-
of - way along all natural watercourses
should be obtained promptly by the com-
munities in the area so that future im-
provements may be undertaken as they
become necessary.

The systems of drainage facilities
proposed in this report have been planned
to utilize all existing drainage facilities
to the fullest extent possible. The pro-
gram of works tentatively proposed con-
sists of gradual reconstruction and im-
provement of natural watercourses to
their predicted ultimate development.

Preliminary Design of Facilities

In the layout of drainage facilities,
precise information regarding local topo-
graphy and locations of individual drain-
age areas is required before even preli-
minary plans of drainage structures can
be evolved. Little information of suffi-
cient precision is readily available at
this time for any of the areas outside the
present jurisdiction of the Vancouver and
Districts Joint Sewerage and Drainage
Board. This information cannot be ob-
tained without prolonged and expensive
surveys. Such surveys are made more
properly at the time when detailed de-

signs of the necessary facilities are-un-
dertaken. For this reason an actual
layout of the drainage facilities required
was not attempted in connection with this
survey and report.

Description of Major Drainage Facilities

Figure 94 shows the drainage classi-
fications which have been assumed for
various portions of the Greater Vancou-
ver Area. Table 69 presents, for each
of the three sections, the area contained
in each classification.

The areas stated in Table 69 com-
prise the entire acreage of the drainage
areas. The major storm drainage facili-
ties to be constructed in these areas will
comprise improvements and reconstruc-
tions from the points of discharge to
predetermined locations in the drainage
areas above which major construction is
not justified or required. This is con-'
sistent with the manner in which the
costs per acre for drainage works were
derived in Chapter 13.

In those low lying portions of any
area where seasonal flooding due to
freshets or tidal action occurs, the fi-
nancing, construction and maintenance of
dyking systems necessary for the pro-
tection or reclamation of the affected

Table 69

Estimated Areas to be Served by Major Drainage Facilities
in the Greater Vancouver Area

Classification*
Area in Acres"

Burrard Peninsula
Section

North Shore
Section

Richmond
Section

Open channel:
Al •.
A2
A3

Conduit:
Bl
B2
B3

Open channel with pump:
C

Conduit with pump:
D

Total
a S e e Chapter 13 for description of classification.
b See Figure 94 for locations of zones of classification.

7,500
2,250
2,500

1,950
9,150
10, 800

1,700

2,550

3,650
47, 850

16,150

38, 400 51,500 16,150



202 GREATER VANCOUVER SEWERAGE AND DRAINAGE SURVEY

u d

I
oueo

13 60

II

.2 g.

i :1
2 o-S

on
s

ot
i

fi
e

in
v>O

O
V
OI
o

ra
in

Q

1odo.

a.
•

2
OI

iZ

c
S

•3
4J

M

'3

ir
es

3
ai

rt

i>
0)

<3
<u

H
•S
<u
6C

.3

•a
fi

st
o

o
c
0

Pr
ov

;

u

0

on
s

tt
p
0)

0

fo
i

o

1
1
a
0
c
I
•s

Vi

bo

.S

dr
a

o

oj

bo
v

rt
T3
<u

4 - 1

<u

de
l i

n

S

1

rt

a
c
'3

• 1
en

.b

eq
u:

4&"

3u

"o
(U
Q.
^>

ch
 t

he



DRAINAGE FACILITIES FOR THE GREATER VANCOUVER AREA 203

territory are not considered to be the <
responsibility of any joint drainage agen-
cy. The drainage facilities proposed
herein, therefore, do not include dyking
systems.

Burrard Peninsula Section The major por-
tion of the City of Vancouver is served
by combined sewers in which storm wa-
ter and sanitary sewage are carried in
a single conduit to a point or points of
disposal. Portions of the City of New
Westminster, the University Endowment
Lands, and the Municipality of Burnaby
are also served by combined sewers.
The problem of storm water collection
and disposal in these areas is discussed
in Chapter 14. With the exception of
these areas and the north slope of Bur-
naby, which drains to Burrard Inlet,
separate collection systems for sanitary
sewage and storm water are herein pro-
posed for all presently unsewered areas
in the Burrard Peninsula Section.

The Still Creek-Burnaby Lake-Bru-
nette River drainage area, with the ex-
ception of the portion east of North Road,
has been administered by the existing
Sewerage and Drainage Board since its
formation in 1914. Improvements have
been made in the area since that time,
but a large amount of work remains to
be done before the ultimate drainage re-
quirements of the area will be satisfied.
It is proposed that Still Creek be even-
tually enclosed in suitable conduits from
the vicinity of Renfrew Street in Vancou-
ver to the vicinity of the upper end of
Burnaby Lake. A dredged channel would
be maintained through the lake and an
open channel of suitable proportions would
be retained for Brunette River from the
outlet or eastern end of Burnaby Lake to
Fraser River. The portion of Brunette
River from North Road to Fraser River
would be realigned and improved.

The drainage areas tributary to the
Still Creek-Burnaby Lake-Brunette Ri-
ver system may be served for many
years by open channels, although the en-
closure of most of these channels may
be necessary at some time in the future.

It has been assumed that Burnaby
Lake will continue to be utilized in its
present form for drainage purposes. The
development of the lake for other than

drainage purposes is not properly a func-
tion of a drainage agency. Whatever the
ultimate character of the development of
Burnaby Lake may be, however, drainage
facilities coordinated to that use would
naturally be provided.

The north slope of Burnaby draining
to Burrard Inlet can be served with com-
bined sewers. The major drainage faci-
lities for this area will thus, of necessity,
be closed conduits. The south slope of
Burnaby and the southeast corner of Van-
couver from Marine Drive to the North
Arm of Fraser River should ultimately
be drained with closed conduits and pump-
ing stations for storm water disposal.
The area within the south slope north of
Marine Drive will probably also require
closed conduits.

The major drainage facilities in that
portion of the City of Port Moody pro-
posed to be served with sanitary sewer-
age works are assumed to consist of
closed conduits through the main resi-
dential and industrial portions of the city.
Open channels are considered to be a
satisfactory means of storm water col-
lection for the remainder of the city.

In the City of Port Coquitlam, it is
proposed that storm water runoff be con-
veyed to either the Fraser, Pitt or Co-
quitlam Rivers in closed conduits in the
developed portions of the city and in open
channels in the remainder. The drain-
age of the Municipality of Coquitlam can
be accomplished in a similar manner,
although natural watercourses can be
utilized for storm water disposal for
many years to come. Only those portions
of Port Coquitlam and Coquitlam for
which sanitary sewerage plans are here-
in proposed are included in the drainage
studies since the nature of the develop-
ment in the remaining portions cannot be
predicted with any degree of accuracy at
present.

In the University Endowment Lands,
the natural watercourses presently used
for the disposal of storm water from the
northern watershed would be preserved
for this purpose. The southern slope of
the University Endowment Lands would
be provided with closed conduits for sur-
face water disposal.

The University of British Columbia
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Courtesy Vancouver and Districts Joint Sewerage and Drainage Board

Figure 95. Still Creek Before and After Improvement as a Major Drainage Channel

The photographs, taken from almost the same location, show what can be done to a natural watercourse to improve
its ability to serve as a major drainage facility. The upper photograph, taken in 1927, shows a portion of Still Creek west
of Burnaby Lake in its natural condition, while the lower shows the creek after improvements were completed in 1935.
Such improvements increase the carrying capacity of a natural watercourse manyfold.
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is now served with major drainage faci-
lities which are considered satisfactory
for the ultimate development of that in-
stitution.

In the Municipality of Fraser Mills,
it is proposed that the major drainage
works shall be of the closed conduit type.

North Shore Section. Storm water from
most of the North Shore Section is now
disposed of in the numerous natural wa-
tercourses in the area. Many of these
traverse privately owned property and
are considered an asset to them.

The continued use of these natural
watercourses seems to be the most ap-
propriate means of transportation and
disposal of storm water in the North
Shore Section. It is proposed, therefore,
that the main drainage works should in-
clude the improvement and reconstruction
of these existing open channels together
with the enclosure of such channels under
street crossings and through highly de-
veloped commercial or industrial pro-
perty. In all cases, gravity flow in the
channels to ultimate points of disposal is
possible.

Richmond Section. The satisfactory col-
lection and disposal of storm water in
the Richmond Section is a complex prob-
lem. The existing drainage facilities
include a network of open channels and
ditches whose capacity and type are not
such as will provide satisfactory drain-
age for the predicted future development.
Increased population and industrial
growth in the Richmond Section will re-
quire the construction of a more satis-
factory drainage system. The elimina-
tion of the large open channels through
highly developed residential and indus-

trial districts, both as drainage and safe-
ty measures, will be required. It is pro-
posed, therefore, as the ultimate solution
of the storm drainage problems of Lulu
Island and Sea Island, to enclose the
existing open channels in conduits. The
conduits should also be designed to lower
the ground water table to a satisfactory
elevation.

Future developments on Sea Island
may be such that the entire island may be
devoted to the airport and associated ac-
tivities. In such an event, the provision
of major drainage facilities might pro-
perly be undertaken by the authority re-
sponsible for the development of the
island.

In those portions of the Richmond
Section which may continue to be used
solely for agricultural purposes, open
channels will continue to be a reasonably
satisfactory means of storm water col-
lection. Such areas have not been in-
cluded in the cost estimate for drainage
facilities. Pumping will be required
throughout the section to lift storm wa-
ters to Fraser River during periods of
high water or high tide.

Cost of Major Drainage Facilities

Table 70 gives the estimated con-
struction costs of the major drainage
facilities considered for the Greater
Vancouver Area from 1955 to 2000. The
estimated sequence of construction, as
presented in the table, was arrived at by
consideration of the predicted develop-
ment of the area. In most cases, it is
believed that sanitary sewerage facilities

Table 70

Estimated Construction Costs of Major Drainage Facilities
for the Greater Vancouver Area

Section

Burrard Peninsula

North Shore

Richmond

Construction Costa, Dollars

1955
1, 632,000

2, 025, 000

1960
2, 629, 000

672,000

2, 025, 000

1965
2, 340, 000

672, 000

2, 025, 000

1970
2,130,000

637,000

2, 025, 000

1975
660, 000

637, 000

1980
473,000

Total
9,864,000

2,618,000

8,100,000
a From Table 39; plus 25 percent for engineering, contingencies and administration.
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Table 71

Computed Average Annual Costs of Major Drainage Facilities for the
Greater Vancouver Area During Five Year Periods, 1955-2000

Section

Burrard Peninsula:
Bond redemption and interest*
Maintenance and operation''

North Shore:
Bond redemption and interesta

Maintenance and operation''.
Total annual cost

Richmond:
Bond redemption and interesta

Maintenance and operation''
Total annual cost

Average Annual Cost, Thousand Dollars

1955
to

1960

104
4

108

129
5

134

1960
to

1965

272
11

283

43
2

45

258
10

268

1965
to

1970

422
17

439

86
3

89

387
15

402

1970
to

1975

558
22

580

127
5

132

516
20

536

1975
to

1980

600
24

624

168
7

175

516
20

536

1980
to

1985

526
24

550

168
7

175

387
20

407

1985
to

1990

358
24

382

125
7

132

258
20

278

1990
to

1995

208
24

232

82
7

89

129
20

149

1995
to

2000

72
24
96

41
7

48

20
20

45 Year
Average

366

110c

303
a Payments on 25 year instalment debentures at 4 percent interest.
D 1 /4 of one percent of construction cost. Does not include allowance for operation of pumping stations in Type C

and D areas.
c Average for 40 years.

will be required earlier than will any
major storm drainage facilities. Table
71 gives the calculated average annual
costs for the proposed drainage facilities
for the Greater Vancouver Area by five
year periods from 1955 to Z000. Since

the numbers, locations, and capacities of
pumping stations cannot be determined
until detailed design is undertaken, the
annual costs for areas defined by Types
C and D do not include maintenance and
operation charges for pumping stations.



Chapter 18

Apportionment of Costs

Need for Equitable Apportionment Method

Preceding chapters in this report
have presentedthe recommendedprojects
for the sewerage and drainage of the
Greater Vancouver Area which the Board
of Engineers believes will most nearly
fulfill the requirements of all portions
of the area. In this chapter will be pre-
sented the methods of apportioning the
construction, maintenance and operation
costs of the proposed facilities which in
the opinion of the Board of Engineers
will be most equitable to all communities
and citizens in the area.

The Greater Vancouver Area as dealt
with in this report contains five cities,
six municipalities and three unorganized
communities. Because of geographic and
topographic factors, the area has been
divided into three sections, namely, the
North Shore Section, the Burrard Penin-
sula Section and the Richmond Section.
Each of the three sections was further
subdivided into sewerage areas, the boun-
daries of which were determined pri-
marily by economic considerations. The
sewerage areas are not necessarily co-
extensive with political subdivisions and,
in most cases, a single area contains
more than one political entity. In addi-
tion, since the condition of the waters
surrounding the Greater Vancouver Area
is of concern to each of the communities
in the area, satisfactory disposal of sa-
nitary sewage is necessarily of import-
ance to them all. Because of this inter-
relation of interest among the communi-
ties, the desirability of the formation of
a single agency to be responsible for the
provision and operation of sewerage
works to serve the entire area is evident.
Similarly, cooperative action among the
communities in providing adequate drain-
age facilities will be of value by reason
of the economies which will obtain through
such action and because of the benefits

which will accrue to the entire area
through adequate drainage. For these
reasons, formation of a single agency to
be responsible for the construction and
operation of the major sewerage and
drainage works recommended in this re-
port appears to be the most logical means
available to the communities in the area.
The principal recommended sewerage
works are shown on Figure 96, which
also shows the boundaries of the com-
munities in the Greater Vancouver Area.
Since their exact location and extent
were not determined, proposed drainage
facilities are not shown.

Once the establishment of a joint
agency is assumed, the problem im-
mediately arises as to how the costs of
construction and operation of the works
should be apportioned among the com-
munities of the area. Any method of
apportionment should be such that each
community would be charged on the basis
of benefit received. Any other method
would obviously be unfair and would in
all probability be unsuccessful. In addi-
tion, to obtain maximum value from the
formation of a single joint agency, the
apportionment should be so arranged
that general obligation bonds could be
issued by the agency.

Present Methods of Apportionment
The Vancouver and Districts Joint

Sewerage and Drainage Board is present-
ly administered under the Vancouver and
Districts Joint Sewerage and Drainage
Act. This Act is reproduced in Appendix
II. The drainage areas under the juris-
diction of the present Board are shown
in Figure 36, Chapter 10.

Distribution of the costs of the sew-
erage and drainage facilities constructed
by the Board, together with all operation,
maintenance and administration charges,
is covered in Section 35 of the Act and is
hereinafter briefly described.

207
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Figure 96. General Layout of Recommended Sewerage Plans for Greater Vancouver Area

The sewerage projects found to be the most economical and satisfactory for the Greater Vancouver Area involve the
conveyance of sewage for final disposal to eight locations. Of these, five are tributary to Fraser River, two to Burrard In-
let, and one to Strait of Georgia. At all but two of these locations, conditions are such that sewage may be discharged
to the receiving waters without treatment. Plans shown above for the Burrard Peninsula, North Shore and Richmond Sec-
tions, are described in Chapters 14, 15 and 16, respectively.

Administration Charges. The administra-
tion charges of the Board are distributed
among a l l 'members in proportion to the
total assessed valuation of the land of
each member. The assessed valuation
totals include exempt land but do not in-
clude either taxable or exempt improve-
ments .

Operation and Maintenance Charges. The
operation and maintenance charges for
facilities in each drainage area are ap-
portioned among the members in that
drainage area in proportion to the total
assessed valuation of the land of each

member in the drainage area. The as -
sessed valuation totals include exempt
land but do not include either taxable or
exempt improvements. If a drainage area
lies wholly within one community, the
entire operation and maintenance char-
ges for that drainage area are borne by
the community concerned.

Fixed Charges. Fixed charges for
bond redemption and interest are divided
into two portions. Thirty percent of the
fixed charges is distributed among all
the members in proportion to the total
assessed valuation of the land of each
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member. Seventy percent of the fixed
charges for each drainage area is ap-
portioned among the members in that
drainage area in proportion to the total
assessed valuation of the land of each
member in that drainage area. If a drain-
age area lies wholly within one commu-
nity, the entire 70 percent of the fixed
charges for bond redemption and inter-
est for that drainage area is borne by the
community concerned. As in the other
apportionments, assessed valuation totals
include exempt land but do not include
either taxable or exempt improvements.

Recommended Revisions to Present Methods of
Apportionment

The Board of Engineers believes
that the most equitable method of appor-
tioning the costs of the sewerage and
drainage facilities proposed in this re-
port is by the establishment of a new
system apart from the existing opera-
tions of the Vancouver and Districts Joint
Sewerage and Drainage Board. Since the
regional agency proposed to administer
the recommendations of this report will
include the members of the present
Board, it will be necessary to maintain
separate accounts and methods of appor-
tionment until such time as the bonded
indebtedness of the present agency is
completely retired.

At the time of formation of a new a-
gency, administration, operation, main-
tenance and capital construction would
cease to be performed by the existing
agency. However, the boundaries, sta-
tutory limitations, and legal rights and
obligations of the existing Board would
be preserved until such time as its bon-
ded indebtedness is completely extin-
guished. The Vancouver and Districts
Joint Sewerage and Drainage Act could
then be repealed and the assets trans-
ferred to the new agency.

As has been discussed in Chapter 14,
the Vancouver Sewerage Area in the Bur-
rard Peninsula Section does not include
that portion of the Municipality of Bur-
naby that is presently included in the
Copley Drainage Area of the existing
Sewerage and Drainage Board. Rather,
in the interests of ultimate economy,

this portion has been included in the Fra-
ser Sewerage Area and would not be tri-
butary to the Copley trunk sewer. Be-
cause of this, payments made by the
Municipality of Burnaby after the forma-
tion of the new joint agency toward re-
tirement of bonds used to finance the
Copley sewer should be calculated on the
basis of the amended area, rather than
on the present basis.

With the exception of the Copley
Area, present methods of apportionment
of the costs of the Vancouver and Dis-
tricts Joint Sewerage and Drainage Board
should be continued until such time as its
bonded indebtedness is retired.

Possible Methods of Future Apportionment

The Board of Engineers believes
that the fairest available method of fi-
nancing the construction of the various
works proposed in this report is by the
issuance of general obligation bonds.
These bonds have been assumed to be of
the 2 5 year instalment debenture type
bearing a four percent interest rate. The
fixed charges of bond redemption and in-
terest for the retirement of these bonds
will be assessed in some manner against
the various communities in the area.
Each community will further assess these
charges against its taxpayers in any ap-
propriate manner.

The proportioning of costs among
the communities in the Greater Vancou-
ver Area may be accomplished in numer-
ous ways. It is the opinion of the Board
of Engineers, however, that the basic
concept of the present method of appor-
tionment is logical and desirable. Under
this method, a small portion of the total
cost of each particular project is paid by
all members of the agency and by other
serviced areas, while the remainder, and
greater portion, is paid by those receiv-
ing direct benefits.

The total assessed valuation of both
land and improvements is a better indi-
cation of the worth and development of an
area than the total assessed valuation of
land alone. All calculations, therefore,
have been made on the basis of total as-
sessed valuation of land and improve-
ments within a sewerage area or com-
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munity except as noted below.
The Municipality of Coquitlam con-

tains large government institutions that
accounted for over fifty percent of its
total assessed valuation of land and im-
provements in the 1952 fiscal year.
These institutions, which consist of a
mental hospital, industrial home, and a
home for the aged, do not contribute
directly to the tax revenues of the muni-
cipality. They are supported entirely by
provincial government grants, but cer-
tain of their services and utilities are
suppliedby Coquitlam. It was considered
that the inclusion of the assessed valua-
tion of the land and improvements of the se
institutions as part of the assessed va-
luation of the municipality would place
an unfair burden upon Coquitlam. The
institutions, therefore, have been omit-
ted in the calculations of cost of appor-
tionment.

In addition, it is proposed that the
University of British Columbia be exclu-
ded from the calculations on apportion-
ment of costs. The university is a pro-
vincial government institution contained
entirely within its own political bounda-
ries. The organization is supported by
provincial grants, endowments and fees.

The Board of Engineers recommends
that the regional agency in the Greater
Vancouver Area enter into agreements
with the federal or provincial government
responsible for administration of non-
taxable institutions for the payment of
charges arising out of any institution's
participation in any sewerage or drainage
facility. Such charges should be compu-
ted in general conformity with the cost
apportionment principles outlined in this
report.

In the previous discussion on present
methods of apportionment, it has been
noted that, under the Vancouver and Dis-
tricts Joint Sewerage and Drainage Act,
separate methods are used to apportion
administration costs, operation and main-
tenance costs, and bond redemption and
interest costs among its members. The
Board of Engineers proposes that in the
apportionment of costs for facilities re-
commended in this report, costs, re-
gardless of their nature, be distributed
by one method only.

Past and Present Assessed Valuations. A study
of the financial statements of the City of
Vancouver for the period 1881-1951 indi-
cates that the average per capita total
assessed valuation of land and improve-
ments in the city has been remarkably
uniform and is about $1,300. The period
of available records of other communi-
ties is much shorter than that of the City
of Vancouver, but the per capita assessed
valuations of the surrounding communi-
ties agree fairly well with that of the
city.

Predicted Assessed Valuations. In view of
the remarkably uniform average per ca-
pita assessed valuation, a sum of $1,300
per capita has been used to estimate fu-
ture assessed valuations. This figure,
when multiplied by the predicted popula-
tion, will give the predicted assessed
valuation for any community in any given
year. While future changes may increase
or decrease the per capita value, it is
probable that the relative distribution of
assessed valuation in the communities
of the Greater Vancouver Area will re-
main the same as herein predicted.

Table 72 presents the predicted fu-
ture average total assessed valuations
of land and improvements for the com-
munities in the Greater Vancouver Area
for five year intervals between 1955 and
2000. Table 73 gives the relative percent
of the predicted future total assessed
valuation of each community. Predicted
populations are contained in Chapter 9
of the report. '

Distribution of Costs. The general me-
thod of apportionment of administration
costs, operation and maintenance costs,
and bond redemption and interest costs
believed to be the most equitable for all
communities concerned is as follows:

1. A percentage of the total cost to
be divided among all communities in the
same proportion as their respective as-
sessed valuation bears to the total ases-
sed valuation of all communities.

2. The remaining percentage of the
total cost ofwork serving each sewerage
or drainage area to be divided among the
communities within that sewerage or
drainage area. In the event that there
are two or more communities within the
sewerage or drainage area the cost would
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Table 72

Predicted Assessed Valuations of Communities
in the Greater Vancouver Area

Community

Assessed Valuations in Millions of Dollars
1955
to

1960

1960
to

1965

1965
to

1970

1970
to

1975

1975
to

1980

1980
to

1985

1985
to

1990

1990
to

1995

1995
to

2000
Cities;

New Westminster
North Vancouver
Port Coquitlam
Port Moody
Vancouver

Municipalities:
Burnaby
Coquitlam
Fraser Mills
North Vancouver
Richmond
West Vancouver

Unorganized:
District Lot 172
University Endowment Lands

Total

46.0
22.0
6.5
2.7

550.0

88.0
15.5
1.8

26.0
30.0
32.0

2.1
7.9

48.5
28.0
10.0
3.5

580.0

117.0
28.0
1.8

35.0
42.0
40.0

2.5
11.8

51.0
33.0
15.0
4.3

605.0

150.0
44.0
1.8

47.0
56.2
49.0

2.9
17.5

53.3
38.0
22.7
5.2

630.0

193.0
61.5
1.8

61.0
74.0
58.0

3.2
25.0

55.5
42.0
32.5
6.1

650.0

235.0
77.0

1.8
75.0
95.0
67.0

3.4
32.0

57.5
45.0
45.5
6.9

670.0

272.0
90.0
1.8

86.0
117.5
74.0

3.6
36.5

60.0
47.0
62.0
7.8

690.0

300.0
102.5

1.8
96.0

142.0
79.0

3.7
39.6

62.0
49.0
73.0
8.6

705.0

320. 0
115.0

1.8
105.0
165.0
83.0

3.8
41.7

64.0
50.0
81.0
9.4

720.0

335.0
125.0
. 1.8
112.0
182.0
85.0

3.8
42.7

830.5 948.1 1,076.7 1,226.7 1,372.3 1,506.3 1,631.4 1,732.9 1,811.7

be apportioned in the same proportion as
the assessed valuation of each communi-
ty within the sewerage or drainage area
bears to the total assessed valuation of
the entire sewerage or drainage area.

Costs to each community for the
works proposed in this report were in-

vestigated using three different percent-
age distributions. The first provides
that 30 percent be distributed among all
members and that 70 percent be distribu-
ted among the members directly benefit-
ing. The second provides that the dis-
tribution be 20-80, and the third for a

Table 73

Relative Assessed Valuations of Communities
in the Greater Vancouver Area

Community

Percentage of Total Assessed Valuation of the Greater Vancouver Area
1955
to

1960

1960
to

1965

1965
to

1970

1970
to

1975

1975
to

1980

1980
to

1985

1985
to

1990

1990
to

1995

1995
to

2000
Cities:

New Westminster.
North Vancouver..
Port Coquitlam
Port Moody.
Vancouver

Municipalities:
Burnaby
Coquitlam
Fraser Mills
North Vancouver .
Richmond
West Vancouver ..

Unorganized:
District Lot 172
University Endowment Lands..

Total

5.52
2.65
0.78
0.32

66.25

10.60
1.87
0.22
3.13
3.61
3.85

0.25
0.95

100.00

5.11
2.96
1.05
0.37

61.26

12.35
2.96
0.19
3.59
4.43
4.22

0.26
1.25

100.00

4.74
3.06
1.40
0.40

56.19

13.95
4.08
0.17
4.36
5.21
4.55

0.27
1.62

100. 00

4.35
3.10
1.85
0.42

51.33

15.75
5.01
0.15
4.97
6.04
4.73

0.26
2.04

100.00

4.05
3.06
2.37
0.44

47.35

17.15
5.61
0.13
5.47
6.91
4.88

0.25
2.33

100.00

3.82
2.99
3.02
0.45

44.50

18.04
5.97
0.12
5.71
7.80
4.91

0.24
2.42

100.00

3.68
2.88
3.80
0.48

42.27

18.40
6.28
0.11
5.88
8.71
4.85

0.23
2.43

100.00

3.58
2.83
4.21
0.50

40.67

18.50
6.64
0.10
6.05
9.51
4.79

0.22
2.40

100.00

3.53
2.76
4.47
0.52

39.73

18.50
6.90
0.10
6.18

10.05
4.69

0.21
2.36

100.00
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Toble 74

Bond Redemption and Interest Payments for Sewerage Facilities, 1955-2000,
30-70 Method of Apportionment

Community

Cities:
New Westminster
North Vancouver
Port Coquitlam
Port Moody.
Vancouver

Municipalities:
Burnaby
Coquitlam
Fraser Mills
North Vancouver
Richmond ,
West Vancouver .

Unorganized:
District Lot 172
University Endowment Lands ,

Total

1955
to

1960

21
7
2
1

688

138
18
4
9

32
11

1
12

944

Bond Redemption and Interest Payments
I960
to

1965

51
40
5
9

997

244
41

5
36
87
47

4
20

1,586

1965
to

1970

56
90
30
10

1,270

286
96

4
86

144
104

5
37

2,218

1970
to

1975

80
92
39
10

1,631

369
117

4
102
160
112

7
65

2,788

1975
to

1980

76
89
46
10

1,630

393
123

3
111
173
114

6
81

2,855

1980
to

1985

59
77
45

9
997

245
87

1
100
137
100

5
54

1,916

in Thousands of Dollars
1985
to
1990

34
55
44

2
711

126
61

1
76
82
72

2
41

1,307

1990
to

1995

26
12
11
1

433

86
18

1
20
23
18

1
25

675

1995
to

2000

1
7
2
1

50

8
3
1

11
7

10

1
3

105

45 Year
Average

45
52
25
6

930

210
63

3
61
94
65

4
38

1,600

10-90 division. Table 74 shows the ap-
portionment of costs on a 30-70 basis of
bond redemption and interest charges for
sewerage facilities between 1955 and
2000 for each of the communities. Each
member's share of the 30 percent was
calculated by consideration of the asses-
sed valuation figures in Table 73. The
division of the 70 percent was accom-
plished by considering separately each
project shown on Figure 96, determining
the relative total assessed valuations of
the portions of each community contribu-
ting directly to that project, and applying
those proportions to the cost of the pro-
ject.

In a similar manner, calculations
were made of the apportionment of sew-
erage costs on a 20-80 and 10-90 percent
basis of division. Table 75 shows a com-
parison of the total bond redemption and
interest payments which would be made
by each community between 1955 and 2000
on a 30^70, 30-80 and 10-90 basis.

Recommended Method of Future Apportionment

As shown in Table 7 5, total bond re-
demption and interest payments by any
one community are approximately the

same regardless of the basis of division
of the costs. Consideration of the as-
sumptions on which the cost analyses
are based, including predictions of future
population, economy and development,

Table 75
Total Bond Redemption and Interest Payments

for Sewerage Facilities, 1955-2000, 30-70,
20-80, and 10-90 Methods of Apportionment

Community

Cities:
New Westminster
North Vancouver
Port Coquitlam
Port Moody
Vancouver

Municipalities:
Burnaby
Coquitlam
Fraser Mills
North Vancouver
Richmond ,
West Vancouver

Unorganized:
District Lot 172
University Endowment Lands

Total

Total Bond Redemption
and Interest Payments in

Thousands of Dollars
30-70

2,020
2,345
1,120
265

42,035

9,475
2,820

120
2,755
4,225
2,940

160
1,690

71,970

20-80

1,870
2,375
1,050
260

42, 760

9,200
2,730

120
2,645
4,175
2,900

155
1,730

71,970

10-90

1,725
2,410
980
255

43,470

8,925
2,640

120
2,540
4, 125
2,860

ISO
1,770

71,970



APPORTIONMENT OF COSTS 213

leads the Board of Engineers to believe
that factors other than relative costs to
each community should govern the selec-
tion of the basis to be used for cost
apportionments.

After a review of all controlling
conditions, including the success of the
present method of apportionment and the
desirability of arranging the financing to
strengthen the partisanship of the re-
gional board, the Board of Engineers
concludes that the adoption of a 30-70
basis of division is the fairest and best
method of cost apportionment. The adop-
tion of this principle in future apportion-
ment is therefore recommended.

The average annual cost to each
community during five year periods be-
tween 1955 and 2000 for sewerage facili-
ties is presented in Table 76. Costs for
drainage facilities would be apportioned
in a similar manner. Because individual
drainage areas were not delineated in
detail as apart of this survey, the asses-
sed valuation of the portion of each
community which will lie within each
drainage area could not be determined.
However, to obtain an approximation of
the cost of drainage facilities to each
community, the total cost has been ap-
portioned in the following manner: 30
percent of the total annual cost was di-
vided among the communities within the
Greater Vancouver Area in proportion
to their relative assessed valuations and
the remaining 70 percent divided in pro-
portion to the estimated cost of drainage
facilities within each community. The
values thus obtained are given in Table
77.

Costs to Each Community

Table 78 presents a summary of the
total annual costs for sewerage and
drainage by five year periods from 1955
to Z000 for each of the communities. The
costs include bond redemption, bond in-
terest, and all operation and maintenance
charges, and have been calculated on a
30-70 basis of division. Table 78 also
gives the predicted populations, assessed
valuations, and tax rates in mills per
dollar of assessed valuation for the Grea-
ter Vancouver Area as a whole and for

each of the 13 communities in the area.
The average tax rate required to finance
construction, maintenance and operation
of the recommended sewerage and drain-
age facilities for the entire area is esti-
mated to vary from 1.6 mills for the first
five year period, 1955-1960, to 3.6 mills
for the five year period 1970-1975, to
0.4 mills for the five year period 1955-
2000. The average tax rate for this 45
year period, 1955-2000, is calculated to
be 2.0 mills.

Tax rates presented in this report
have been obtained by dividing the calcu-
lated annual costs for each community
by its estimated total assessed valuation
of land and improvements and are given
in mills per dollar. This has provided
a uniform basis for the comparison of
tax rates between communities. Unfor-
tunately, however, the existing basis of
assessment in individual communities is
not uniform throughout the Greater Van-
couver Area. The tax rates to be paid
by property owners in each community,
therefore, will require adjustments to
conform to the basis of assessment at
pre sent employed by individual communi-
ties. It is not considered to be within
the scope of this report, or of the agency
proposed to administer the recommenda-
tions of this report, to attempt to estab-
lish a common basis of assessment for
the communities.

In the discussion of cost apportion-
ment of the proposed facilities, the un-
organized communities of University
Endowment Lands and District Lot 172
have been treated as if they were to be
members of the regional agency. As a
practical matter, these communities may
not become members of the regional
agency, but any agreement between the
agency and the responsible governmental
body should provide for charges to the
communities as if they were members of
the agency.

City of New Westminster. Figure 97 is a
graphical representation of the predicted
figures of population, assessed valuation,
and the calculated annual costs and tax
rates in mills presented in Table 78 for
the City of New Westminster during the
period 1955-2000. As therein shown, the
tax rate required to finance the City of
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Toble 76

Computed Average Annual Payments for Sewerage Facilities
During Five Year Periods, 1955-2000

Community

C I T I E S :
New Westminster

Bond redemption and interest
Maintenance and operation

North Vancouver
Bond redemption and interest
Maintenance and operation

Port Coquitlam
Bond redemption and interest
Maintenance and operation

Port Moody-
Bond redemption and interest
Maintenance and operation

Vancouver
Bond redemption and interest
Maintenance and operation

M U N I C I P A L I T I E S :
Burnaby

Bond redemption and interest
Maintenance and operation

Coquitlam
Bond redemption and interest
Maintenance and operation

Fraser Mills
Bond redemption and interest
Maintenance and operation

North Vancouver
Bond redemption and interest
Maintenance and operation

Richmond
Bond redemption and interest
Maintenance and operation

West Vancouver
Bond redemption and interest
Maintenance and operation

UNORGANIZED:
District Lot 172

Bond redemption and interest
Maintenance and operation

University Endowment Lands
Bond redemption and interest
Maintenance and operation

1955
to

1960

21
2

23

7
1
8

2
1
3

1
1
2

688
87

775

138
8

146

18
1

19

4
1
5

9
1

10

32
2

34

11
1

12

1
1
2

12
1

13

Average Annual Payments in Thousands of Dollars
1960
to

1965

51
5

56

40
7

47

5
1
6

9
1

10

997
103

1,100

244
15

259

41
3

44

5
1
6

36
6

42

87
7

94

47
8

55

4
1
5

20
2

22

1965
to

1970

56
7

63

90
15

105

30
3

33

10
1

11

1,270
188

1,458

286
24

310

96
9

105

4
1
5

86
14

100

144
17

161

104
17

121

5
1
6

37
6

43

1970
to

1975

80
11
91

92
16

108

39
5

44

10
1

11

1,631
218

1,849

369
39

408

117
12

129

4
1
5

102
17

119

160
21

181

112
20

132

7
1
8

65
9

74

1975
to

1980

76
11
87

89
17

106

46
6

52

10
1

11

1,630
216

1,846

393
43

436

123
14

137

3
1
4

111
20

131

173
25

198

114
21

135

6
1
7

81
11
92

1980
to

1985

59
10
69

77
17
94

45
8

53

9
1

10

997
215

1,212

245
46

291

87
14

101

1
1
2

100
23

123

137
28

165

100
23

123

5
1
6

54
12
66

1985
to

1990

34
10
44

55
17
72

44
9

53

2
1
3

711
216
927

126
49

175

61
15
76

1
1
2

76
24

100

82
31

113

72
23
95

2
1
3

41
12
53

1990
to

1995

26
10
36

12
17
29

11
10
21

1
1
2

433
217
650

86
51

137

18
16
34

1
1
2

20
25
45

23
34
57

18
23
41

1
1
2

25
13
38

1995
to

2000

1
10
11

7
17
24

2
10
12

1
1
2

50
218
268

8
51
59

3
18
21

1
1
2

11
26
37

7
37
44

10
23
33

1
1
2

3
13
16

45 Year
Average

53

65

26

7

1,121

247

74

4

79

116

83

5

46



APPORTIONMENT OF COSTS 215

Table 77

Computed Average Annual Payments for Drainage Facilities
During Five Year Periods, 1955-2000

Community

C I T I E S :
New Westminster

Bond redemption and interest
Maintenance and operation

North Vancouver
Bond redemption and interest
Maintenance and operation .

Port Coquitlam
Bond redemption and interest
Maintenance and operation

Port Moody
Bond redemption and interest
Maintenance and operation

Vancouver
Bond redemption and interest
Maintenance and operation

M U N I C I P A L I T I E S :
Burnaby

Bond redemption and interest
Maintenance and operation

Coquitlam
Bond redemption and interest
Maintenance and operation

Fraser Mills
Bond redemption and interest '.
Maintenance and operation

North Vancouver
Bond redemption and interest
Maintenance and operation

Richmond
Bond redemption and interest
Maintenance and operation

West Vancouver
Bond redemption and interest
Maintenance and operation ]

UNORGANIZED:
District Lot 172

Bond redemption and interest ..
Maintenance and operation ::.

University Endowment Lands
Bond redemption and interest
Maintenance and Operation

1955
to

1960

9
1

10

2
1
3

1
1
2

1
1
2

64
2

66

61
2

63

1
1

2

1
1
2

2
1
3

90
4

94

3
1
4

1
1
2

1
1
2

Average Annual
1960
to

1965

16
1

17

6
1
7

10
1

11

10
1

11

140
6

146

129
5

134

26
1

27

1
1
2

24
1

25

183
7

190

18
1

19

1
1
2

10
1

11

1965
to

1970

23
1

24

11
1

12

19
1

20

19
1

20

186
7

193

199
8

207

53
2

55

5
1
6

47
1

48

276
11

287

35
2

37

1
1
2

21
1

22

1970
to

1975

29
1

30

14
1

15

30
1

31

20
1

21

220
9

229

272
11

283

81
3

84

9
1

10

70
2

72

372
13

385

51
3

54

1
1
2

33
1

34

Payments in Thousands of Dollars
1975
to

1980

27
1

28

15
1

16

32
1

33

20
1

21

217
9

226

282
11

293

106
4

110

9
1

10

91
3

94

377
14

391

64
3

67

1
1
2

43
1

44

1980
to

1985

21
1

22

13
1

14

33
1

34

20
1

21

162
8

170

220
11

231

124
4

128

9
1

10

89
4

93

288
15

303

61
3

64

1
1
2

41
1

42

1985
to

1990

14
1

15

8
1
9

24
1

25

10
1

11

94
8

102

149
11

160

98
4

102

9
1

10

66
4

70

194
15

209

44
3

47

1
1
2

31
1

32

1990
to

1995

7
1
8

4
1
5

13
1

14

1
1

" 2

51
8

59

77
11
88

71
5

76

9
1

10

43
4

47

99
15

114

28
3

31

1
1
2

20
2

22

1995
to

2000

1
1
2

3
1
4

2
1
3

1
1
2

13
7

20

6
11
17

44
5

49

1
1
2

20
4

24

4
15

19

13
3

16

1
1
2

O
l P

O

11

45 Year
Average

18

9

19

12

135

164

70

7

' 53

221

38

2

25
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Table 78

Predicted Population, Assessed Valuation, and Estimated Annual Cost and Tax Rate
for Communities in the Greater Vancouver Area During Five Year Periods, 1955-2000

Community

CITIES:
New Westminster

Total population in thousands
Assessed valuation, millions of dollars

Tax rate, mills

North Vancouver
Total population in thousands
Assessed valuation, millions of dollars
Annual cost, thousands of dollars
Tax rate, mills

Port Coquitlam
Total t>ODulation in thousands .
Assessed valuation millions of dollars ..
Annual cost, thousands of dollars
Tax rate, mills

Port Moody
Total population in thousands
Assessed valuation, millions of dollars ..
Annual cost thousands of dollars
Tax rate, mills

Vancouver
Total population in thousands...
Assessed valuation, millions of dollars
Annual cost, thousands of dollars
Tax rate, mills

MUNICIPALITIES:
Burnaby

Total DODulation in thousands
Assessed valuation, millions of dollars

Tax rate, mills

Coquitlam
Total population in thousands
Assessed valuation, millions of dollars . .
Annual cost, thousands of dollars
Tax rate, mills

Fraser Mills
Total population in thousands

North Vancouver
Total population in thousands
Assessed valuation millions of dollars .

Tax rate, mills

Richmond

Assessed valuation, millions of dollars

Tax rate, mills

1955
to

1960

33
46
33

0.7

20
22
11

0.5

6
6
5

0.8

3
3
4

1.3

400
550
841
1.5

85
88

209
2.4

23
16
21

1.3

0.5
2
7

3.5

23
26
13

0.5

28
30

128
4.3

1960
to

1965

36
48
73

1.5

23
28
54

1.9

8
10
17

1.7

3
4

21
5.2

430
580

1246
2.1

110
117
393
3.4

30
28
71

2.5

0.5
2
8

4.0

30
35
67

1.9

37
42

284
6.8

1965
to

1970

39
51
87

1.7

26
33

117
3.5

12
15
53

3.5

4
4

31
7.8

455
605

1651
2.7

135
150
517
3.5

38
44

160
3.6

0.5
2

11
5.5

38
47

148
3.1

48
56

448
8.0

1970
to

1975

41
53

121
2.3

29
38

123
3.2

17
23
75

3.2

4
5

32
6.4

480
630

2078
3.3

165
193
691
3.6

48
62

213
3.4

0.5
2

15
7.5

48
61

191
3.1

61
74

566
7.7

1975
to

1980

43
56

115
2.1

32
42

122
2.9

25
32
85

2.6

5
6

32
. 5.3

500
650

2072
3.2

190
235
729
3.1

58
77

247
3.2

0.5
2

14
7.0

58
75

225
3.0

76
95

589
6.2

1980
to

1985

45
58
91

1.6

34
45

108
2.4

37
46
87

1.9

5
7

31
4.4

518
670

1382
2.1

215
272
522
1.9

70
90

229
2.5

0.5
2

12
6.0

68
86

216
2.5

93
118
468
4.0

1985
to

1990

46
60
59

1.0

36
47
81

1.7

48
62
78

1.3

6
8

14
1.8

533
690

1029
1.5

240
300
335
1.1

80
102
178
1.7

0.5
2

12
6.0

75
96

170
1.8

110
142
322
2.3

1990
to

1995

48
62
44

0.7

38
49
34

0.7

56
73
35

0.5

6
9
4

0.4

545
705
709
1.0

255
320
225
0.7

90
115
110
1.0

0.5
2

12
6.0

80
105
92

0.9

130
165
171
1.0

1995
to

2000

49
64
13

0.2

38
50
28

0.6

62
81
15

0.2

7
9
4

0.4

556
720
288
0.4

263
335
76

0.2

98
125
70

0.6

0.5
2
4

2.0

84
112
61

0.5

140
182
63

0.3

45 Year
Average

42
55
71

1.3

31
39
75

1.9

30
39
50

1.3

5
6

19
3.2

491
644

1255
2.0

184
223
411
1.8

59
73

144
2.0

0.5
2
9

4.5

56
71

131
1.8

80
100
338
3.4
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Table 78 - Continued

Community

West Vancouver
Total population in thousands
Assessed valuation, millions of dollars
Annual cost, thousands of dollars
Tax rate, mills

UNORGANIZED:
District Lot 172

Total population in thousands
Assessed valuation, millions of dollars.
Annual cost, thousands of dollars

University Endowment Lands
Total population in thousands
Assessed valuation, millions of dollars
Annual cost, thousands of dollars
Tax rate, mills

GREATER VANCOUVER AREA
Total population in thousands
Assessed valuation, millions of dollars
Annual cost, thousands of dollars
Tax rate, mills

1955
to

1960

19
32
16

0.5

2
2
4

2.0

4
8

15
1.9

646
831

1307
1.6

1960
to

1965

25
40
74

1.8

2
2
7

3.5

7
12
33

2.7

741
948

2348
2.5

1965
to

1970

32
49

158
3.2

2
3
8

2.7

11
18
65

3.6

840
1077
3454

3.2

1970
to

1975

40
58

186
3.2

3
3

10
3.3

17
25

108
4.3

953
1227
4409

3.6

1975
to

1980

46
67

202
3.0

3
3
9

3.0

21
32

136
4.2

1057
1372
4577

3.3

1980
to

1985

50
74

187
2.5

3
4
8

2.0

24
36

108
3.0

1162
1508
3449
2.3

1985
to

1990

53
79

142
1.8

3
4
5

1.2

27
40
85

2.1

1257
1632
2510

1.5

1990
to

1995

55
83
72

0.9

3
4
4

1.0

28
42
60

1.4

1334
1732
1572
0.9

1995
to

2000

57
85
49

0.6

3
4
4

1.0

29
43
27

0.6

1386
1812
702
0.4

45 Year
Average

42
63

120
1.9

3
3
6

2.0

19
28
71

2.5

1044
1349
2703
2.0

New Westminster's share of the con-
struction, maintenance and operation of
the recommended sewerage and drainage
facilities is estimated to vary from 2.3
mills for the five year period 1970-1975,
to 0.2 mills for the five year period 1995-
2000. The average tax rate for the pe-
riod 1955-2000 is estimated to be 1.3
mills.

City of North Vancouver. Figure 98 is a
graphical representation of the predicted
figures of population, assessed valuation,
and the calculated annual costs and tax
rates in mills presented in Table 78 for
the City of North Vancouver during the
period 1955-2000. As therein shown, the
tax rate required to finance the City of
North Vancouver's share of the construc-
tion, maintenance and operation of the
recommended sewerage and drainage
facilities is estimated to vary from 3.5
mills for the five year period 1965-1970,
to 0.6 mills for the five year period 1995-
2000. The average tax rate for the period
1955-2000 is estimated to be 1.9 mills.

City of Port Coquitlam. Figure 99 is a
graphical representation of the predicted
figures of population, assessed valua-
tion, and the calculated annual costs and
tax rates in mills presented in Table 78

for the City of Port Coquitlam during the
period 1955-2000. As therein shown, the
tax rate required to finance the City of
Port Coquitlam's share of the construc-
tion, maintenance and operation of the
recommended sewerage and drainage
facilities is estimated to vary from 3.5
mills for the five year period 1965-1970,
to 0.2 mills for the five year period 1995-
2000. The average tax rate for the pe-
riod 1955-2000 is estimated to be 1.3
mills.

City of Port Moody. Figure 100 is a
graphical representation of the predicted
figures of population, assessed valuation,
and the calculated annual costs and tax
rates in mills presented in Table 78 for
the City of Port Moody during the period
1955-2000. As therein shown, the tax
rate required to finance the City of Port
Moody's share of the construction,
maintenance and operation of the recom-
mended sewerage and drainage facilities
is estimated to vary from 7.8 mills for
the five year period 1965-1970, to 0.4
mills for the five year period 1995-2000.
The average tax rate for the period 1955-
2000 is estimated to be 3.2 mills.

City of Vancouver. Figure 101 is a
graphical representation of the predicted
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Figure 100. City of Port Moody

The above graphs illustrate the predicted populations and assessed valuations and estimated average annual costs and
tax rates for sewerage and drainage facilities during the 45 year period 1955-2000.
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Figure 103. Municipality of Coquitlam

The above graphs illustrate the predicted populations and assessed valuations and estimated average annual costs and
tax rates for sewerage and drainage facilities during the 45 year period 1955-2000.
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figures of population, assessed valuation,
and the calculated annual costs and tax
rates in mills presented in Table 78 for
the City of Vancouver during the period
1955-2000. As therein shown, the tax
rate required to finance the City of Van-
couver's share of the construction,
maintenance and operation of the recom-
mended sewerage and drainage facilities
is estimated to vary from 3.3 mills for
the five year period 1970-1975, to 0.4
mills for the five year period 1995-2000.
The average tax rate for the period 1955-
2000 is estimated to be 2.0 mills.

Municipality of Burnaby. Figure 102 is a
graphical representation of the predicted
figures of population, assessed valuation,
and the calculated annual costs and tax
rates in mills presented in Table 78 for
the Municipality of Burnaby during the
period 1955-2000. As therein shown, the
tax rate required to finance the Munici-
pality of Burnaby's share of the con-
struction, maintenance and operation of
the recommended sewerage and drainage
facilities is estimated to vary from 3.6
mills for the five year period 1970-197 5,
to 0.2 mills for the five year period 1995-
2000. The average tax rate for the pe-
riod 1955-2000 is estimated to be 1.8
mills.

Municipality of Coquitlam. Figure 103 is
a graphical representation of the predic-
ted figures of population, assessed va-
luation, and the calculated annual costs
and tax rates in mills presented in Table
78 for the Municipality of Coquitlam dur-
ing the period 1955-2000. As therein
shown, the tax rate required to finance
the Municipality of Coquitlam's share of
the construction, maintenance and opera-
tion of the recommended sewerage and
drainage facilities is estimated to vary
from 3.6 mills for the five year period
1965-1970, to 0.6 mills for the five year
period 1995-2000. The average tax rate
for the period 1955-2000 is estimated to
be 2.0 mills.

Municipality of Fraser Mills. Figure 104 is
a graphical representation of the predic-
ted figures of population, assessed va-
luation, and the calculated annual costs
and tax rates in mills presented in Table
78 for the Municipality of Fraser Mills
during the period 1955-2000. As therein

shown, the tax rate required to finance
the Municipality of Fraser Mills' share
of the construction, maintenance and
operation of the recommended sewerage
and drainage facilities is estimated to
vary from 7.5 mills for the five year pe-
riod 1970-1975, to 2.0 mills for the five
year period 1995-2000. The average tax
rate for the period 1955-2000 is estima-
ted to be 4.5 mills.

Municipality of North Vancouver. Figure
105 is a graphical representation of the
predicted figures of population, assessed
valuation, and the calculated annual costs
and tax rates in mills presented in Table
78 for the Municipality of North Vancou-
ver during the period 1955-2000. As
therein shown, the tax rate required to
finance the Municipality of North Van-
couver's share of the construction,
maintenance and operation of the recom-
mended sewerage and drainage facilities
is estimated to vary from 3.1 mills for
the five year period 1965-1970, to 0.5
mills for the five year period 1995-2000.
The average tax rate for the period 1955-
2000 is estimated to be 1.8 mills.

Municipality of Richmond. Figure 106 is
a graphical representation of the predic-
ted figures of population, assessed va-
luation, and the calculated annual costs
and tax rates in mills presented in Table
78 for the Municipality of Richmond dur-
ing the period 1955-2000. As therein
shown, the tax rate required to finance
the Municipality of Richmond's share of
the construction, maintenance and opera-
tion of the recommended sewerage and
drainage facilities is estimated to vary
from 8.0 mills for the five year period
1965-1970, to 0.3 mills for the five year
period 1995-2000. The average tax rate
for the period 1995-2000 is estimated to
be 3.4 mills.

Municipality of West Vancouver. Figure
107 is a graphical representation of the
predicted figures of population, assessed
valuation, and the calculated annual costs
and tax rates in mills presented in Table
78 for the Municipality of West Vancouver
during the period 1955-2000. As therein
shown, the tax rate required to finance
the Municipality of West Vancouver's
share of the construction, maintenance
and operation of the recommended sew-
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The above graphs illustrate the predicted populations and assessed valuations and estimated average annual costs and
tax rates for sewerage and drainage facilities during the 45 year period 1955-2000.
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The above graphs illustrate the predicted populations and assessed valuations and estimated average annual costs and
tax rates for sewerage and drainage facilities during the 45 year period 1955-2000.
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erage and drainage facilities is estima-
ted to vary from 3.2 mills for the five
year period 1965-1970, to 0.6 mills for
the five year period 1995-2000. The
average tax rate for the period 1995-2000
is estimated to be 1.9 mills.

District Lot 172. Figure 108 is a gra-
phical representation of the predicted
figures of population, assessed valuation,
and the calculated annual costs and tax
rates in mills presented in Table 78 for
District Lot 172 during the period 1955-
2000. As therein shown, the tax rate re-
quired to finance District Lot 172 's share
of the construction, maintenance and ope-
ration cf the recommended sewerage and
drainage facilities is estimated to vary
from 3.5 mills for the five year period
1960-1965, to 1.0 mills for the five year
period 1995-2000. The average tax rate

for the period 1955-2000 is estimated to
be 2.0 mills.

University Endowment Lands. Figure 109
is a graphical representation of the pre-
dicted figures of population, assessed
valuation, and the calculated annual costs
and tax rates in mills presented inTable
78 for the University Endowment Lands
during the period 1955-2000. As therein
shown, the tax rate required to finance
the University Endowment Lands' share
of the construction, maintenance and
operation of the recommended sewerage
and drainage facilities is estimated to
vary from 4.3 mills for the five year
period 1970-1975, to 0.6 mills for the
five year period 1995-2000. The average
tax rate for the period 1955-2000 is es-
timated to be 2.5 mills.



Chapter 19

Structure of Government

Present Legislation
i

The Vancouver and Districts Joint
Sewerage and Drainage Board is the only
agency in the Greater Vancouver Area,
which presently constructs, maintains
and operates regional sewerage and
drainage facilities. The Board's activi-
ties are governed by the Vancouver and
Districts Joint Sewerage and Drainage
Act. The Act is reproduced in Appendix
II.

The territory under the jurisdiction
of this body includes the City of Vancou-
ver and the Municipality of Burnaby in
their entirety and that portion of the City
of New Westminster known as the Glen-
brook Drainage Area.

Because much, of the area to be ser-
ved by facilities proposed in this report
lies beyond the prescribed boundaries of
the existing Board, the Board, as pre-
sently constituted, cannot provide these
facilities. Therefore, new legislation is
required to establish a regional agency
with authority to finance, construct,
maintain and operate, and administer the
major sewerage and drainage facilities,
both sanitary and storm, proposed for
the Greater Vancouver Area.

Proposed Sewerage and Drainage Agency

The following sections of this chap-
ter present in general terms the conclu-
sions reached by the Board of Engineers
relative to the organization, administra-
tion, general powers, and cost appor-
tionment methods of the agency to be
charged with the provision of the major
sewerage and drainage facilities in the
Greater Vancouver Area. The name of
such an agency might well be the Grea-
ter Vancouver Sewerage and Drainage
Board.

Organization. Each of the cities and
municipalities within the Greater Van-

couver Area, as described in this report,
should be represented on the Board by
one of its elected public officials. The
Board would elect its Chairman from
among its members.

Administration. Subject to the authority
of the Board, the actual undertakings of
the Board should be directed by a Com-
missioner appointed by the Board. The
Commissioner should be a registered
professional engineer who is not a mem-
ber of the Board.

General Powers. The Board should be
empowered to finance, construct, main-
tain and operate all necessary major
sewerage and drainage facilities within
or without its boundaries. The location
and extent of the facilities to be provided
by the Board should be in general accor-
dance with the recommendations con-
tained in this report. The facilities
should be constructed according to the
time schedule suggested herein, unless
construction of a given project is reques-
ted at an earlier date by the Board mem-
ber or members of the community or
communities within which the project is
to be constructed.

The Board should have the right to
perform work requisite to its function
but not included in this report upon a
two-thirds vote of its membership and
by this same majority to amend any of
the projects herein recommended in a
manner which is not inconsistent with the
objectives of this report. The Board
should be able to finance, design and con-
struct facilities, in addition to those re-
quisite to its function, for any member,
at the sole and exclusive cost to that
member, if so requested by the member
in question.

The Board should have the power to
establish the uses to which its facilities
could be put and to prevent any person or
agency using them for any purpose ex-
cept that intended.
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To provide the facilities recommen-
ded in this report, the Board should be
empowered to borrow such sums of mo-
ney as may from time to time be required
to finance its undertakings. The total
amount of bonds issued to finance the
construction of all recommended projects
should not exceed 65 million dollars or
6 percent of the total assessed valuation
of land and improvements within the
boundaries of the Board, whichever is
greater.

Cost Apportionment. As presented in
Chapter 18, it is recommended that costs
for construction and maintenance and
operation of facilities provided by a joint
agency be apportioned in the following
manner:

1. 70 percent to the member or
members comprising the sewerage or
drainage area which the facility serves.
In the event that there are two or more
members within the sewerage or drain-
age area, the cost would be apportioned
in the same proportion as the assessed
valuation of land and improvements of
each member within the sewerage or
drainage area bears to the total assessed
valuation of land and improvements with-
in the sewerage or drainage area.

2. 30 percent to all members of the
Board, apportioned in the same proporr
tions as the assessed valuation of land
and improvements of a member bears to
the total assessed valuation of land and
improvements of all members.

Boundaries of sewerage and drainage
areas should be delineated by the Board.
The entire area tributary to one point
of outfall or disposal proposed herein for
sewage should be defined as a sewerage
area. In a similar manner, each storm
drainage area would comprise the entire
area naturally tributary to one point of
outfall. Boundaries of sewerage and
drainage areas will not necessarily co-
incide.

Provision for New Members. I t may be
found advantageous to extend operation
of the Board to include areas in com-
munities not included in the membership
of the Board proposed in this report. In
each such event, a new member should
immediately assume its share of the 30
percent cost apportionment as calculated
by the method described above and also
its proportion of 70 percent of the total
cost of facilities provided to serve a
newly delineated sewerage or storm
drainage area.

Future Status of Vancouver and Districts Joint
Sewerage and Drainage Board

Until the last of the outstanding debts
of the Vancouver and Districts Joint Sew-
erage and Drainage Board have been re-
tired, it is recommended that the charges
on the se obligations be apportioned among
the present members of the Board in the
manner prescribed in the Vancouver and
Districts Joint Sewerage and Drainage
Act. In cases where presently delinea-
ted drainage area boundaries of the Van-
couver and Districts Joint Sewerage and.
Drainage Board differ from sewerage
drainage area boundaries which will be
delineated to carry out the projects re-
commended in this report, the existing
boundaries should be changed to conform
to the new conditions.

The maintenance and operation of
all the existing facilities of the Vancou-
ver and Districts Joint Sewerage and
Drainage Board should be assumed by
the Greater Vancouver Sewerage and
Drainage Board. The costs for main-
tenance and operation of the Vancouver
and Districts Joint Sewerage and Drain-
age Board facilities should be apportioned
in the same manner as recommended for
facilities constructed by the Greater
Vancouver Sewerage and Drainage Board.



Chapter 20

Summary

The Board of Engineers submits the
following summary of the information
contained in the foregoing report. This
presentation attempts to give in clear
and concise terms the outstanding facts,
observations and conclusions set forth
in detail in the report.

Chapter 1 - Introduction

1. The Greater Vancouver Area
embraces the five cities of New West-
minster, North Vancouver, Port Coquit-
lam, Port Moody and Vancouver, the six
municipalities of Burnaby, Coquitlam,
Fraser Mills, North Vancouver, Rich-
mond and West Vancouver, and three un-
organized areas, District Lot 172, Uni-
versity Endowment Lands and the Uni-
versity of British Columbia.

2. Any adequate and proper solu-
tion of the sewerage and drainage prob-
lems of the Greater Vancouver Area
must recognize and accomplish six basic
requirements and objectives, namely:

(1) The development of an orderly,
comprehensive long - range master plan
of sewerage, sewage treatment and dis-
posal for the entire area and each of its
unit s.

(2) The investigation and evaluation
of possible methods of providing storm
water drainage for the entire area and
each of its units.

(3) The inclusion in such master
plan of all existing serviceable sewerage
and drainage facilities.

(4) The protection of shores and
shore •waters, and of inland waters from
pollution or contamination by sewage,
sewage effluent and industrial wastes.

(5) The placement and layout of fa-
cilities in such manner as shall avoid
nuisances due to odours, unsightliness or
other causes, and as shall serve effec-

tively through a sufficient period.
(6) An estimate of the cost of re-

quired sewerage and drainage works and
a determination and recommendation of
practicable schemes of financing and of
governmental organization.

3. The salt and fresh waters conti-
guous to and within the Greater Vancou-
ver Area are of inestimable value. Their
worth has controlled the planning and
conduct of the survey and to a large ex-
tent has determined its findings and re-
commendations .

4. Some of these waters have al-
ready become polluted to a dangerous
and obnoxious extent by reason of the
promiscuous discharge of crude sewage
and industrial wastes into them.

5. Extensive undertakings in terms
of sewerage and sewage treatment and
disposal works are now demanded if
existing sources of serious pollution or
contamination of shores and shore waters
of the area are to be eliminated.

6. Since many controlling phases of
the sewerage and storm drainage prob-
lems of the area are intimately associa-
ted with population, it is of vital conse-
quence that every possible effort be made
to determine the probable rates of popu-
lation growth, the total numbers, and
their distribution in each community and
throughout the area for as long a period
in the future as is reasonably predictable.

7. In 1911, in response to insistent
public demand, the Burrard Peninsula
Joint Sewerage Committee was formed
and engaged R. S. Lea of Montreal to re-
port on a suitable scheme for the sewer-
age and drainage of Burrard Peninsula.
The final report and recommendations
of Mr. Lea were submitted to the com-
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mittee in February 1913, and are repro-
duced in Appendix I of this report.

8. Based on the recommendations
of the Lea Report, the Vancouver and
Districts Joint Sewerage and Drainage
Board, hereinafter sometimes referred
to as the Board, was incorporated in
1914. The various functions and powers
of the Board are discussed in this report
and the legislative act is reproduced in
Appendix II.

9. Existing sewerage and drainage
facilities fall within two categories: (l)
those provided by and under the jurisdic-
tion of the Board, and (2) those construc-
ted by local authorities. In general the
existing facilities, particularly those of
more recent construction, have been well
built and are of adequate capacity.

10. The first public sewers con-
structed in the area were laid in the City
of Vancouver in 1890. The first sewers
constructed by the Board were laid in
1914 in conformity with the recommenda-
tions of the Lea Report.

11. The Greater Vancouver Sewer-
age and Drainage Survey herein reported
upon resulted from a proposal to have a
Board of Engineers review the Lea Re-
port of 1913 and recommend a compre-
hensive plan for the sewerage and drain-
age of a considerable part of the Lower
Mainland of British Columbia, including
the present sewerage and drainage dis-
trict. A Board of Engineers was appoin-
ted for that purpose by the Vancouver and
Districts Joint Sewerage and Drainage
Board on April 20, 1950.

12. This survey and report have
been concerned with every phase of the
sewerage problem of the Greater Van-
couver Area, including all physical, so-
cial and economic conditions which affect
or control its proper solution. Particular
consideration has been given to such
sewerage features as trunk sewers, main
pumping stations, treatment plants, ef-
fluent disposal, and outfalls, rather than
to strictly local sewerage which is not of
general significance. The report also

deals in general terms with surface and
storm water drainage.

13. The report has been made suf-
ficiently comprehensive to permit veri-
fication of the relative and absolute vali-
dity of the many statements, conclusions
and recommendations advanced therein.

14. In connection with this survey
and report, work has been conducted in
the field to acquire the facts and to de-
fine the conditions controlling certain
aspects of providing sewerage and drain-
age for the entire Greater Vancouver
Area. This work has been done by se-
veral organizations, including the Paci-
fic Oceanographic Group, the National
Research Council, the Hydrographic
Service of Canada, the University of
British Columbia, the staff of the Van-
couver and Districts Joint Sewerage and
Drainage Board, and the staff of the sur-
vey.

15. The office studies conducted by
the staff of the Vancouver and Districts
Joint Sewerage and Drainage Board, by
the survey staff, and by the Board of
Engineers have comprised the collection,
examination, evaluation and final assem-
bly of information and data as secured in
the field and laboratory, as furnished by
contributing agencies, and as derived
from other sources.

16. The Board of Engineers and its
staff desire to acknowledge and to ex-
press their deep gratitude for the in-
valuable assistance received throughout
the conduct of the survey and the pre-
paration of this report from many per-
sons, organizations and public agencies.

Chapter 2 - Geography

17. The geography of an area, as
related to sewerage and drainage prob-
lems, is of controlling significance by
reason of its influence upon population
growth and directional trends, upon in-
dustrial and agricultural development,
upon the existence and use of recreational
areas, and even upon the location, type
and required efficiency of sewerage and
drainage works.
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18. The Greater Vancouver Area,
located in the southwesterly corner of
the Lower Mainland of British Columbia,
has a total land area of almost 300 square
miles, and has a general east-west length
of 25 miles and a north-south width of
15 miles.

19. The area is bordered on the
south by the main channel of Fraser Ri-
ver, on the east by Pitt River, on the
north by the Coast Range and on the west
by the Strait of Georgia.

Z0. Fraser River, one of the prin-
cipal rivers tributary to Pacific Ocean
on the North American continent, has
peak flows of over 500,000 cubic feet per
second and minimum flows of 30,000 cu-
bic feet per second. Thirteen miles up-
stream from its mouth in Strait of Geor-
gia, Fraser River divides into two chan-
nels, the North Arm and the main chan-
nel.

21. Burrard Inlet is a large tidal
body of water extending some 18 miles
eastward from the Strait of Georgia and
includes English Bay, Vancouver Harbour
and Indian Arm.

i

22. Burrard Inlet and the North
Arm of Fraser River divide the area in-
to three geographic sections, namely, the
North Shore, Burrard Peninsula and
Richmond.

23. Present development in the
Greater Vancouver Area is largely on the
western end of Burrard Peninsula which
lies between Burrard Inlet and the North
Arm of Fraser River. The eastern por-
tion of the peninsula is developing rapid-
ly, both industrially and residentially.

24. The North Shore, occupying the
lower slopes of the Coast Range north
of Burrard Inlet, is predominantly resi-
dential at present. However, active in-
dustrial developments are taking place
along the north shore of Vancouver Har-
bour.

25. Richmond, comprising Sea and
Lulu Islands and several smaller islands,

occupies delta lands between the North
Arm and the main channel of Fraser Ri-
ver.

26. Within the Greater Vancouver
Area are five incorporated cities, six
incorporated municipalities, three un-
organized communities administered by
the Provincial Government of British
Columbia, and several areas such as
Indian and Military Reserves adminis-
tered by the Government of Canada.

27. The total population of the Grea-
ter Vancouver Area was 520,313 in 1951.
Of this total population, 66 percent resi-
ded in the City of Vancouver.

28. Recreational beaches are found
on both sides of Burrard Inlet and around
Point Grey on the western end of Burrard
Peninsula. The most highly utilized bea-
ches are on the southern and eastern
shores of English Bay. Other excellent
recreational resources, including parks,
golf courses, playgrounds, yachting ba-
sins and winter sports areas, exist in the
Greater Vancouver Area.

29. In 1949, the estimated area used
for farmingwas 22,000 acres, or slightly
less than 11 percent of the total land
area of the Greater Vancouver Area.
These areas lie generally to the east and
south of the more highly developed por-
tion of Burrard Peninsula.

30. Present industrial development
centres on the shores of Burrard Inlet,
including False Creek, and the North
Arm of Fraser River. In 1951, 38 per-
cent of the 17,300 acres estimated to be
suitable for industrial purposes was al-
ready developed.

31. The total worth of industrial
production within the City of Vancouver
is reported to have been 358 million dol-
lars in 1949. Lumber and wood products
are the most important of the many va-
ried industries which include meat pro-
cessing, petroleum refining and products,
and fish processing and canning.

32. Because it contains Vancouver
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Harbour, the major seaport on the Paci-
fic Coast of Canada, the Greater Vancou-
ver Area will benefit directly from in-
creased trade with the Far East as well
as other parts of the world. Although
shipping now centres in the harbour, ad-
ditional facilities are in use along the
banks of Fraser River which is navigable
throughout the area.

33. Passenger and freight transpor-
tation is available by air, land and sea.
The airport on Sea Island is convenient
to the metropolitan area and is served
by local, national and international flights.
Rail systems provide service to the East
and South and a connecting line is under
consideration which will provide service
between Greater Vancouver and central
and northern British Columbia. Local
and express highways exist and are being
developed as the need for them arises.
A large number of steamship lines and
shipping companies have terminals and
attendant facilities on the navigable wa-
ters of the area.

Chapter 3 - Topography and Geology

34. Topographic and geologic con-
ditions have a determinative influence
upon practically every phase of sewerage
and drainage. Specifically, this influence
is exercised on the routes and sizes of
collection facilities, the need for and lo-
cation of pumping stations, the selection
of construction methods, the design of
heavy structures, the location of treat-
ment works, and the location of outfalls
for both sewage and storm water.

35. The Greater Vancouver Area is
naturally divided into three distinct topo-
graphic sections, each of which may be
said with fair accuracy to be different in
its geological formation and structure.
The northernmost, or North Shore sec-
tion, lies north of Burrard Inlet; the
central section, Burrard Peninsula, lies
between Burrard Inlet and the North Arm
of Fraser River; and the southernmost,
comprising the Fraser River delta is-
lands, lies south of the North Arm and
north of the main channel of Fraser Ri-
ver .

36. North Shore is deeply scored by
torrential rivers, the largest of which
are the Capilano, Lynn and Seymour.
The slope, which descends from 5,000
feet above sea level southward to Burrard
Inlet in five or six miles, has been great-
ly modified by glaciation and by the de-
position of deltaic gravel and sand built
up by the streams just mentioned.

37. Burrard Peninsula is divided
into two nearly equal segments by an
east-west valley. At the valley's western
end lie False Creek and English Bay and
at its eastern end Burnaby Lake and
Brunette River. The northern segment
is a long narrow ridge marked by a suc-
cession of minor peaks while the south-
ern segment is a uniform narrow ridge
extending from New Westminster to Point
Grey with gentle slopes both to north and
south.

38. The islands of the Fraser River
delta constitute a part of a very flat
plain whose elevation is approximately
sea level. The delta of Fraser River is
in continuous process of formation and
is being extended westward by the heavy
load of sediments deposited annually.

39. Tertiary sediments, comprising
layers of sandstones, shales and con-
glomerates in various thickness dipping
gently to the south, make up the principal
superficial geologic formation in the
Greater Vancouver Area. These sedi-
ments overlie the granitic rocks- of the
Coast Range batholith and are themselves
overlain by a thick complex of glacial
and inter-glacial deposits and by delta
deposits of the Capilano, Lynn, Seymour,
Coquitlam and Fraser Rivers.

40. Along the western portion of the
North Shore, glacial and inter - glacial
deposits are found on the surface while '
along the eastern portion these deposits/
are covered by the deltas of the Capilano,'
Lynn and Seymour Rivers. Tertiary se-
diments are exposed in a few small areas
only, and granitic rocks are generally
too deeply buried to be uncovered in ex-
cavations for sewers and drains except
in the higher levels of the western por-
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tion and along the shore of the Indian
Arm of Burrard Inlet.

41. Burrard Peninsula is almost
completely covered by glacial sediments.
Only on a few steep slopes are under-
lying tertiary sediments exposed. A
sheet of boulder clay, varying in depth
from 10 to more than 100 feet, covers
most of the peninsula. The sheet usual-
ly consists of a tough blue clay with
varying amounts of sand, gravel and
boulders and exhibits corresponding va-
riations in physical properties.

42. The islands of the Fraser River
delta have been formed by the sand and
silt transported by the river and deposi-
ted when the river velocity slackened
prior to discharge into Strait of Georgia.
Several large and deep deposits of peat
are found in this section. Ground water
is also found close to the surface.

Chapter 4 - Climate

43. The principal factors which de-
fine climate are air temperature, rain-
fall, daylight and darkness, sunshine and
clouds, wind direction and velocity, and
such attendant effects as evaporation
from water surfaces and fog.

44. A complete knowledge of the
quantities and distribution of rainfall over
the area is fundamental to the proper de-
sign of all types of sewers, both separate
and combined, and of storm drains, both
closed conduits and open channels.

45. Climatological conditions are
determinative in the utilization of the
beach and other recreational facilities of
the Greater Vancouver Area. Both the
climatological data and public response
indicate that May 1 to September 30 of
eachyear lim.it the popular beach season.

46. Long-term meteorological data
have been assembled and evaluated.
These are statistically set forth in tables
and graphs in the foregoing report.

47. The climate of the area is mild
with generally moderate winter and sum-
mer temperatures.

48. The mean annual temperature
in the area is about 50°F. Extreme tem-
peratures of 0.0°F and 92.2°F have been
recorded.

49. Prevailing winds are from the
east and southeast, while the strongest
winds are from the northwest.

50. The amount of precipitation
over the area increases rapidly with in-
creasing distance north of Fraser River
and with elevation above sea level. The
average annual precipitation at Vancou-
ver Airport is 40 inches, in downtown
Vancouver, 57 inches, and at Seymour
Falls in the Coast Range, 147 inches.

51. Average monthly precipitation
in downtown Vancouver ranges from nine
inches in December to less than one and
one-half inches in July. Only 20 percent
of the total yearly rainfall occurs during
the five month period May to September.

52. Sixty - five percent of the total
annual sunlight hours occur in the May
to September beach recreational season.

Chapter 5 - Water Resources

53. The water supply ot a commu-
nity is used for domestic, industrial and
public purposes. The extent and rate of
use is influenced by availability, pres-
sure, quality, cost and climatic condi-
tions.

54. Both the total quantity of water
consumed and its rate of use are reflec-
ted in the flow of sewage. Under certain
conditions, the flow of sewage in a se-
parate or sanitary system may exceed
the draft upon the public water supply
because of ground water infiltration or
the extensive use of private sources.

55. In some areas, a scarcity of
water may be a factor limiting develop-
ment. An adequate and inexpensive sup-
ply removes this barrier. The Greater
Vancouver Area is fortunate in the pos-
session of abundant water supplies which
may be conveyed from nearby catchment
areas in the Coast Range to the use areas
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by gravity and with no treatment other
than chlorination.

56. Water supplies in the Greater
Vancouver Area are of excellent quality
and suitable for all normal domestic and
industrial purposes. The total hardness
does not exceed 7 parts per million and
the total dissolved solids are less than
23 parts per million.

57. Over 12 5 miles of supply mains
are included within the system of the
Greater Vancouver Water District. The
independent supply of the City of North
Vancouver is carried to the city through
a main six miles long.

58. The average daily water use in
the communities served by the Greater
Vancouver Water District was 70.2 mil-
lion gallons, or 139 gallons per capita,
in 1951.

Chapter 6 - Use and Condition
of Shores and Shore Waters

59. All of the communities in the
Greater Vancouver Area have boundaries
on at least one stretch of navigable wa-
ter.

60. Important industries, particu-
larly lumber, are located on the shores
of these waterways.

61. The residential popularity of the
area has been definitely enhanced by the
recreational advantages inherent in the
many miles of good beaches with which
the area is fortunately endowed.

62. Crude sewage has always been
discharged into the waters of the area
and has produced unpleasant and unhy-
gienic conditions in many places.

63. As of this date, crude sewage is
being discharged without treatment of any
kind at nearly 60 known locations, not
including contributions from ocean-going
vessels, pleasure craft or float houses.

64. A primary objective of the sew-
erage facilities recommended in this re-

port has been the production and main-
tenance of shores and shore waters free
from unsightliness and unsanitary con-
ditions.

65. The major beach areas are lo-
cated on the shores of English Bay and
on the seaward end of Burrard Peninsula.
Public beaches have an aggregate length
of about 12 miles.

66. The total attendance at the pa-
trolled beaches of the City of Vancouver
during the 1952 summer season was es-
timated by the Vancouver Park Board to
be 1,500,000 persons. This represents
an increase of 50 percent over the esti-
mate of 1,000,000 persons for the sum-
mer of 1941. In the 11 years, 1941 to
1952, the population of the Greater Van-
couver Area increased 40 percent.

67. During July and August, 1952,
the average weekday beach attendance
was estimated to be 15,000 and on Sun-
days, 70,000.

68. The bays, harbours and other
waters of the area are extensively used
by commercial fishing boats, pleasure
craft of all sorts and float houses, all of
which, together with ocean-going vessels,
contribute to the pollution of these waters.

69. Samples for bacteriological
testing to determine the extent of shore
water contamination were collected by
the Vancouver and Districts Joint Sew-
erage and Drainage Board during 1949
and 1950. These were collected at nine
shore stations and six offshore stations.

70. Results of presumptive and con-
firmed tests for coliform group organ-
isms are tabulated for each station and
are shown in this report.

71. At present, no official standards
defining permissible limits of bacterial
contamination of bathing waters are1 in
force in the Province of British Colum-
bia. A comparison of the results of bac-
teriological sampling with standards in
force elsewhere, coupled with the fact
that many of the existing crude sewage
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outfalls are located in or adjacent to im-
portant beach areas, leads to the con-
clusion that the contamination of shores
and shore waters is a serious problem.

72. Unless corrective measures
are taken to bring about more proper
disposal of sewage, the conclusion is in-
escapable that the degree of contamina-
tion will increase as the volume of sew-
age flow increases until large areas of
the beaches will no longer be safe or
even decent to use.

Chapter 7 - Principles and Functions
of Sewerage and Sewage Treatment

73. Personal and public health and
private and public comfort require that
community wastes, both liquid and solid,
be promptly removed from all premises
and disposed of in some innocuous man-
ner .

74. In the past, both the domestic
sewage and the storm waters of an area
have commonly been collected and con-
veyed in a single system of conduits
called combined sewers and discharged
without treatment. These promiscuous
discharges have all too frequently caused
obnoxious and unsanitary conditions, no
longer regarded as tolerable.

75. The public demand for clean,
unpolluted environmental waters argues
strongly for the construction of separate
systems of conduits for domestic sewage
and storm waters, since this separation
allows for the effective and economical
treatment of the sewage.

76. Sewage treatment is undertaken
for the sole purpose of making disposal
practicable and sanitary.

77. There are two general types or
degrees of sewage treatment currently
being utilized, namely, primary and se-
condary treatment.

78. Primary treatment processes,
through the removal of grit, floating ma-
terial, suspended solids, grease or fats,
and incidental amounts of organic matter,

are used to prepare an effluent suitable
to undergo secondary treatment or to be
disposed of by dilution.

79. Secondary treatment processes
provide for the biologic oxidation and
stabilization of the organic material
contained in sewage which has not been
removed by primary treatment.

80. The solids, other than grit,
separated from sewage by treatment
processes are known as sludge and are
generally transferred to sludge digestion
tanks for further treatment before ulti-
mate disposal. During the process of
digestion, complex biologic changes occur
which produce a combustible gas and a
stable, humus - like residue termed "di-
gested sludge".

81. Sewage may be disposed of sa-
tisfactorily by dilution in bodies of salt
or fresh water provided the receiving
capacity of such water mass is sufficient
to preclude the possibility of contamina-
tion or pollution. The receiving capacity
of any water mass is related directly to
its volume and to its content of available
oxygen.

82. Receiving capacity coupled with
the beneficial uses of a water mass go-
vern the degree of sewage treatment
necessary prior to discharge.

83. Public health and aesthetic bene-
fits always accrue to a community from
good sewerage and sewage disposal fa-
cilities. Direct economic benefits, on
the other hand, are rarely achieved.

84. There are three possible pro-
ducts of sewage treatment which, under
favourable circumstances, may help to
defray its cost. These are: (l)reclaimed
water for use in industry or for irriga-
tion; (2) combustible gas for use as a
source of heat or power; (3) digested
sludge for use as a soil conditioner or
fertilizer.

85. Since abundant natural water
supplies are available in' the Greater
Vancouver Area, reclamation of water



SUMMARY 233

from sewage is not economically feasible
or justifiable.

86. Sludge gas produced in the anae-
robic decomposition of organic material
during the sludge digestion process should
be utilized in the Greater Vancouver
Area to obtain heat and power for use in
sewage treatment plants.

87. In the Greater Vancouver Area,
the preparation of digested sewage sludge
for utilization as a fertilizer or soil
conditioner is not presently economically
feasible or justifiable.

Chapter 8 - Division into Sewerage Areas

88. One of the basic requirements
in planning comprehensive sewerage and
drainage facilities for an extended area
is the division of that area into more or
less independent units as determined by
topographic, economic and various de-
velopmental factors. Among the latter
are political boundaries, population and
land use.

89- The three natural sections of
the Greater Vancouver Area are: North
Shore, Burrard Peninsula and Richmond.
Each of these has been further subdivided
into a number of smaller areas designa-
ted as "sewerage areas".

90. Planning for storm drainage
facilities requires a further subdivision
into individual drainage areas. Present
purposes did not require that these be
delineated. Boundaries of the areas es-
tablished for sanitary sewerage purposes
are not necessarily coincident with drain-
age area boundaries.

Atkinson, Capilano and Seymour. Major
residential and industrial development
at present is centred in the Capilano
Sewerage Area.

93. The Burrard Peninsula Section,
lying between Burrard Inlet and Fraser
River, includes all of the Cities of Port
Coquitlam, Port Moody and Vancouver,
the Municipalities of Burnaby, Coquitlam
and Fraser Mills, the unorganized com-
munities of District Lot 172, the Univer-
sity Endowment Lands and the University
of British Columbia, and the major por-
tion of the City of New Westminster. The
section had an estimated population of
454,900 persons in 1951 and its total land
area is 94,810 acres.

94. The Burrard Peninsula Section
was divided into three sewerage areas:
Vancouver, Fraser and Coquitlam. Ma-
jor development at present is in the Van-
couver and Fraser Sewerage Areas.

95. The Richmond Section, lying
between Fraser River and its North Arm,
includes the Municipality of Richmond
and a portion of the City of New West-
minster. The section had a census popu-
lation of 21,200 persons in 1951 and its
total land area is 29,730 acres.

96. The Richmond Section was di-
vided into two sewerage areas: Sea Is-
land and Lulu Island. All air transport
facilities of the Greater Vancouver Area
are located on Sea Island. Lulu Island
is predominantly agricultural at present; .
however, future increases in industrial
and residential uses will occur.

91- The North Shore Section, lying
north of Burrard Inlet, includes the City
of North Vancouver and the Municipali-
ties of North Vancouver and West Van-
couver. The section had a census popu-
lation of 44,200 in 1951 and its total land
area is 63,080 acres.

92. The North Shore Section was
divided into three sewerage areas: Point

97. The area presently served by
the Vancouver and Districts Joint Sewer-
age and Drainage Board falls entirely
within portions of the Vancouver and
Fraser Sewerage Areas of the Burrard
Peninsula Section and includes the City
of Vancouver, the Municipality of Bur-
naby and a portion of the City of New
Westminster. The area under the juris-
diction of the Board totals 50,200 acres.
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Chapter 9 - Population

98. Competent and comprehensive
planning for the sewerage of any area
demands that the probable future growth
and distribution of population in that area
be determined with the utmost care and
skill.

99. The quantity of sanitary sewage
is directly related to the population of an
area; the rate and volume of sewage flow
fix the sizes and capacities of sewers,
pumping plants, treatment works and
outfalls.

100. The prediction of future popu-
lation requires that an inventory be made
of all controlling conditions. Ten such
conditional factors have been listed and
evaluated for the purposes of this report.

101. Some factors can cause unpre-
dictable future changes and for this and
other reasons the most carefully pre-
pared population forecasts must be re-
garded as tentative and suggestive rather
than exact.

102. A consideration of al.1 factors,
past, present and anticipated future, in-
dicates that the population growth and
ultimate development of the Greater Van-
couver Area will not be restricted in any
foreseeable material way.

103. More particularly, the definite
movement westward of population, com-
merce and industry, a well established
and pronounced urban tendency, an in-
creasing longevity and ratio of births
over deaths, together with many favour-
able local factors including a salubrious
climate, land availability .and transport
opportunities, indicate a continuous popu-
lation growth in the Greater Vancouver
Area.

104. Of eight more or less standard
methods of population prediction enume-
rated in the report, the Board of Engi-
neers considers that the logistic curve
method represents the most competent
means presently available for predicting
future populations. That method is based

upon the hypothesis that the rate of popu-
lation increase will at length become a
decreasing one and will so continue until
a saturation limit is reached.

105. The saturation population of
the Greater Vancouver Area was esti-
mated on the basis of the anticipated
ultimate population density or number of
persons per habitable acre of land.

106. A study of each community
was made for the purpose of estimating
the probable average saturation density
in terms of numbers of persons per ha-
bitable acre. The studies included the
consideration of such factors as econo-
mic opportunity, present population dis-
tribution, land use and habitable land
area, accessibility and transportation
facilities, proximity of business and in-
dustrial areas both present and probable
future, and probable types of residential
construction.

107. The past percentages of the
estimated ultimate saturation population
of each community were plotted on a lo-
gistic grid and the curves projected to
obtain the future percentages of satura-
tion. The predicted population of each
community in the Greater Vancouver
Area was then computed at 10 year in-
tervals from I960 to 2000.

108. The predicted future popula-
tions in the Greater Vancouver Area are:

1960
1970
1980
1990
2000
Saturation

680,700
889,000

1,112,300
1,297,400
1,412,900
1,650,000

109. To be of value in the planning
of sewerage facilities for any area, the
predicted future populations must be dis-
tributed over that area as logically as
can be accomplished using all of the
available information. On the basis of
population and land use data, topographic
maps, aerial photographs, and the re-
sults of field reconnaissance, the distri-
bution of the average population densities
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which may be expected in the Greater
Vancouver Area at ultimate development
was established. These densities ranged
from a maximum of 7 5 persons per acre
to a minimum of 0.5.

Chapter 10 - Existing Sewerage
and Drainage Facilities

110. In the development of-a master
plan or program of sewerage and drain-
age for a large area,, it is important that
the plan include and recognize all exist-
ing serviceable utilities. This has been
done in the present case. •

111. The sewerage and drainage
works of the Vancouver and Districts
Joint Sewerage and Drainage Board and
of each of the communities making up
the Greater Vancouver Area, as herein
considered, are described in the report.
The discussion also includes the history,
the financial situation, and the mainte-
nance and operation of the existing fa-
cilities.

112. The Board was formed in 1914
pursuant to a recommendation contained
in the report by R. S. Lea.

113. The Board owns and maintains
trunk sewers and drains in the City of
Vancouver, the Municipality of Burnaby,
and a portion of the City of New West-
minster.

114. The Board operates entirely
on yearly assessments received from
its members.

115. The City of Vancouver owns,
maintains and operates all the sewers
and drains within its boundaries except
for those controlled by the Board. Ap-
proximately 80 percent of the area of
Vancouver is presently served with sew-
ers, mostly of the combined type.

116. Sewerage and drainage facili-
ties in the Municipality of Burnaby com-
prise local collection systems draining
to trunk sewers and drains owned by the
Board. The systems are a mixture of
combined and separate sewers. About

Z0 percent of the developed area of Bur-
naby is sewered.

117. Sewerage and drainage facili-
ties in the City of New Westminster com-
prise local collection systems of separate
and combined sewers draining either to
the Glenbrook trunk sewer owned by the
Board or to individual outfalls in the
Fraser River. Approximately 7 5 percent
of the total city area is sewered.

118. The City of North Vancouver
has a local sanitary sewer system com-
prising collection systems and outfalls
into Burrard Inlet. Storm water, for the
most part, is disposed of in natural
watercourses.

119. The Municipality of Fraser
Mills has a small local sanitary sewer
system and outfall. Drainage facilities
comprise a system of culverts and dit-
ches discharging to the Fraser River.

120. Sanitary sewerage facilities in
Richmond comprise small collection
systems and outfalls for sanitary sew-
age from a residential subdivision, an
airport, and an R.C.A.F. development,
all on Sea Island. The remainder of
Richmond has no public sanitary sewer-
age facilities. Drainage facilities in
Richmond, both on Lulu and Sea Is-
lands, consist of a network of open chan-
nels, with dykes and pumps.

121. The sanitary sewerage works
in the University of British Columbia
comprise a collection system and outfall
into English Bay, while storm water is
conveyed by storm drains and open chan-
nels to the disposal site off Point Grey.

122. The presently subdivided por-
tions of the University Endowment Lands
are served with sewerage and drainage
facilities. The system includes both se-
parate and combined sewers.

123. There are no public sanitary
sewerage facilities in the Cities of Port
Coquitlam and Port Moody, or in the Mu-
nicipalities of Coquitlam, North Vancou-
ver and West Vancouver, or in District



236 GREATER VANCOUVER SEWERAGE AND DRAINAGE SURVEY

Lot 172. Storm water is conveyed, for
the most part, in natural watercourses.

1Z4. Sewage disposal in areas not
provided with public collection and dis-
posal facilities is accomplished by means
of individual septic tanks. These are
unsatisfactory in many locations because
of ground conditions not suitable for dis-
posal of the tank effluent.

Chopter 11 - Characteristics of Sanitary Sewage

1Z5. The term sanitary sewage
characteristics, as employed in the re-
port, is both quantitative and qualitative.
The quantity and strength of sanitary
sewage are determinative factors con-
trolling the planning and design of sewer-
age works.

126. To determine the typical
characteristics of the sanitary sewage,
measurements of flow were obtained by
the survey at three locations and samples
for laboratory analyses were collected
at one of these measuring stations.

127. Laboratory studies on the sam-
ples collected were confined to the de-
termination of biochemical oxygen de-
mand and suspended solids, both total
and volatile.

128. Flow measurements in and
analyses of sanitary sewage samples
collected from the EnglishBay intercept-
ing sewer in the City of Vancouver indi-
cate that the average daily per capita
contributions of flow, biochemical oxy-
gen demand and suspended solids are 98
Imperial gallons, 0.13 pound and 0.15
pound, respectively.

129- The calculated design factors,
applying to sanitary sewage in the Grea-
ter Vancouver Area, include allowances
for increased industrial and domestic
contributions, and are as follows:

Flow,
Imperial gallons per capita per day

Sanitary system 95
Combined system 110

Percent peak of average flow 150

Percent minimum of average flow 65
Biochemical oxygen demand,

pounds per capita per day 0.17
Suspended solids,

pounds per capita per day 0.20

Chapter 12 - Requirements
for the Disposal of Sewage

130. Disposal of the sewage of the
Greater Vancouver Area may be to tidal
waters of the Strait of Georgia and Bur-
rard Inlet or to Fraser River and its
distributaries.

131. The controlling factors which
dictate the location of sewage disposal
works and the necessity of prior treat-
ment before discharge to these waters
are different from those applying to the
disposal of storm water.

132. Disposal of storm water is
primarily controlled by economic con-
siderations and has as its objective the
safe, efficient discharge of surface wa-
ter runoff into the nearest adequate wa-
terway.

133. The development of science,
the protection of the public health, and
the demands of public comfort and con-
venience have all influenced the develop-
ment of sewage disposal practice.

134. Sewage disposal in British
Columbia is under the jurisdiction of
several federal and provincial depart-
ments of government.

135. It is the opinion of the Board
of Engineers that specific requirements
for sewage disposal cannot be determined
until such time as the detailed design of
a particular plan or sewerage project is
undertaken.

136. In connection with this report',
several long-range objectives are con-
sidered to be essential to the proper dis-
posal of sewage in the Greater Vancouver
Area. Foremost among these are the
requirements that beach areas shall not
be contaminated with sewage and that
disposal shall not cause nuisances due to
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odours or unsightliness.

Disposal to Tidal Waters
137. The capacity of sea water to

receive sewage and render it harmless
is directly related to its ability to dilute
the sewage, destroy the pathogenic or-
ganisms, and oxidize the organic matter
contained therein.

138. When sewage or sewage efflu-
ent is discharged below the surface of
sea water, it tends to rise immediately,
mixing with large quantities of sea water
as it does so.

139- When sewage or sewage efflu-
ent, diluted with sea water, reaches the
surface, one of two general phenomena
will occur. Either the sewage-sea water
mixture will sink under the surface, or
it will float and spread over the surface.
In the latter case, after a period of time
varying from less than one to as many as
three hours, all traces of the sewage
will normally disappear.

140. The tidal pattern of the Grea-
ter Vancouver Area is one of diurnal
inequality in which the amplitude of the
tide varies through a two-week cycle.

141. Fresh water is released into
the Strait of Georgia by Fraser River at
a variable rate during the year. The peak
discharge during freshet flows is esti-
mated to exceed 500,000 cfs and the
average winter discharge 30,000 cfs.

142. Several investigations to ob-
tain information about controlling factors
affecting sanitary sewage disposal have
been carried out by the Vancouver and
Districts Joint Sewerage and Drainage
Board alone and in cooperation with other
governmental agencies.

143. One such cooperative project,
undertaken to gather oceanographic data
descriptive of the circulation and rate of
exchange in Fraser River estuary and
contiguous waters of English Bay, was
the Fraser River Estuary Project.

144. This project involved the col-

lection and analyses of samples for dis-
solved oxygen and salinity and included
determination of temperature structure.

145. During the period November
1949 to April 1950, 52 stations in Van-
couver Harbour and English Bay were
occupied once each month. Between May
1950 and February 1951, 42 stations in
the area between Vancouver Harbour and
the main channel of Fraser River were
occupied at frequent intervals.

146. All data collected have been
compiled and published by the Pacific
Oceanographic Group under the title
"Pacific Coast Data Record, Fraser Ri-
ver Estuary Project, 1950". An analysis
of these data with respect to the move-
ment of surface water was made by the
Pacific Oceanographic Group and pub-
lished under the title "The Oceanographic
Phase of the Vancouver Sewage Problem"
by R. L. I. Fjarlie.

147. Study and evaluation of hourly
tidal currents in English Bay and Van-
couver Harbour were conducted in 1950
by the Hydrographic Service of the De-
partment of Mines and Technical Surveys
of Canada in cooperation with the Van-
couver and Districts Joint Sewerage and
Drainage Board.

148. Data were collected from 26
separate current observation stations
from Point Grey to Second Narrows.

149- The data were analysed by the
Hydrographic Service in a report entitled
"Current Investigations, Burrard Inlet -
1950", and were used in preparing Tidal
Publication No. 22, entitled "Tidal Cur-
rent Charts, Vancouver Harbour, British
Columbia" .

150. Knowledge of movement of sur-
face waters is necessary for the proper
location of sewage outfalls and in deter-
mining the degree of treatment necessary
prior to discharge.

151. Movements of water masses
from the main channel of Fraser River,
Sturgeon Bank and North Arm, as well as
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the circulation in English Bay and Van-
couver Harbour have been examined with
respect to the fulfilment of the objectives
considered to be essential to the proper
disposal of sewage in the Greater Van-
couver Area.

15Z. Observations of current velo-
cities and directions by means of floats
were conducted by the Vancouver and
Districts Joint Sewerage and Drainage
Board over a number of years.

153. These float surveys have been
studied and the results are.described in
the report.

154. Before selecting possible sites
for sanitary sewage outfalls, it is neces-
sary to determine the degree of treatment
which would be required prior to dis-
charge to various bodies of receiving
waters.

155. Sanitary sewage can be dis-
charged into the lower reaches of Fraser
River without any treatment provided
the outfall extends to the deep channel of
the river and is equipped with multiple
outlets.

156. Construction of a dam across
Macdonald Slough to prevent back flow
into the North Arm would permit dis-
charge of effluent from a high-rate pri-
mary treatment plant to a channel across
Sturgeon Bank extending to the deep wa-
ter of the Strait of Georgia.

157. Sanitary sewage discharged
into the North Arm near its mouth would
require secondary treatment, such as
would be provided by a high-rate trick-
ling filter treatment plant with effluent
chlorination during critical periods.

158. Sewage discharged into the
southern zone of English Bay would re-
quire secondary treatment such as would
be provided by the activated sludge pro-
cess. Sewage discharged into the nor-
thern zone of the bay would require a
lower degree of treatment such as would
be provided by a standard-rate primary
treatment plant. Effluent chlorination

during critical periods would be required
in both zones of the bay.

159- Sewage would require standard-
rate primary treatment with effluent
chlorination during critical periods prior
to discharge to Vancouver Harbour.

160. It is considered that the local
conditions are and will be such that crude
sewage may properly be discharged to
Burrard Inlet east of Second Narrows.

Disposal ro River Waters

161. The ability Of a river to re-
ceive sewage without unsanitary and ob-
noxious results is directly related to the
rate of flow, the concentration of dissol-
ved oxygen present, the quantity and com-
position of sewage involved, and to the
upstream and downstream uses of the
river.

162. To evaluate the capacity of
river waters within the Greater Vancou-
ver Area to receive sewage, use was
made of all available sources of infor-
mation relative to river flows, dissolved
oxygen concentrations, and water tem-
peratures.

163. Fraser River flows are mea-
sured at Hope, British Columbia, by the
Department of Resources and Develop-
ment of Canada. The department has de-
termined factors by which to estimate
flows at various downstream locations
when applied to recorded flows at Hope.

164. At New Westminster, Fraser
River divides into the main channel and
the North Arm. Approximately 15 per-
cent of the total flow goes to the North
Arm.

165. A model of the lower Fraser
River has been built by the National Re-
search Council in cooperation with the
University of British Columbia for the
Department of Public Works of Canada.
This model was utilized to determine the
velocity of flow in the North Arm under
certain imposed flow and tidal conditions.
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166. Under conditions of freshet
flow and large amplitude tide, a float
moved down the North Arm from Boun-
dary Road to the vicinity of Wreck Beach
in a time corresponding to five hours in
nature. With the Middle Arm of Fraser
River and Macdonald Slough blocked, the
time was decreased to three hours.

167. Data on water quality in Fra-
ser River are contained in the report
entitled "Water-Quality in the Fraser -
Thompson River System of British Co-
lumbia" prepared for the Dominion-Pro-
vincial Fraser River Basin Board by the
British Columbia Research Council in
1952.

168. The average daily quantity of
dissolved oxygen transported by the river
varies from nearly 3,000,000 pounds per
day in January to over 1 8,000,000 pounds
per day in May.

169- A measure of the oxygen de-
mand of sewage or any waste is its bio-
chemical oxygen demand. Based on the
quantity of sewage which may be made
tributary to various locations on Fraser
River and North Arm, the daily bio-
chemical oxygen demand loading which
might be imposed upon these waters has
been calculated.

170. Under the most critical con-
ditions and when the tributary areas have
reached ultimate development, the oxy-
gen demand of the sewage will be less
than one percent of the oxygen carried
by Fraser River.

171. Recognition of the velocities
and currents affecting the discharge of
water from the North Arm definitely
precludes the direct discharge of un-
treated sewage thereinto.

172. The present and anticipated
future uses of Fraser River coupled with
the great excess of dissolved oxygen
available for oxidizing the organic matter
in sewage indicate that sewage may be
discharged to the river without treat-
ment.

173. Sewage discharged into the
upper reaches of the North Arm would
require standard - rate primary treat-
ment with effluent chlorination during
critical periods.

174. During the summer, flows in
Brunette River are low.

175. Sewage discharged to Brunette
River or to Burnaby Lake would require
secondary treatment such as would be
provided by a high-rate trickling filter
with effluent chlorination.

Chapter 13 - Design Criteria
and Basis of Cost Estimates

176. The detailed design of the fa-
cilities is not essential in a preliminary
report on sewerage and drainage, but
each project studied must be laid out in
sufficient detail to permit a comparison
with other possible schemes proposed to
serve the same purpose and yield equi-
valent results.

177. Assuming comparable perfor-
mance, the final determination of the
most appropriate sewerage project will
rest largely upon economic considera-
tions.

178. Although the layouts of sewer-
age projects to serve the Greater Van-
couver Area, as proposed for the purpo-
ses of the survey and report, must be
regarded as somewhat tentative, plan-
ning has been accomplished in sufficient
completeness to permit the necessary
comparisons between projects with re-
spect to merit and economy.

179. The present survey of sanitary
sewerage facilities has been concerned
with the planning of trunk and intercept-
ing sewers and their appurtenant pump-
ing stations, with treatment plants, and
with disposal works.

180. The layout of storm drainage
facilities, with the exception of those
which exist in the areas presently sew-
ered on the combined system, has been
accomplished on a much more general
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basis than the layout of sanitary sewer-
age projects.

181. Storm water quantities were
calculated by the rational method which
is expressed in terms of the equation:
Q = CiA.

182. The loadings used in the layout
of proposed sanitary sewerage facilities
were determined by multiplying the per
capita quantities or contents of the sew-
age by the predicted contributory popu-
lation.

183. Wastes from industries should
be discharged into the public sewers;
however, pretreatment of some of these
wastes may be necessary prior to dis-
charge to the sewers if the crude waste
would have any deleterious effects upon
the functioning of the sewerage system.

184. Manning's pipe friction formu-
la has been used for the determination
of the diameters of all sewers planned
in connection with this report.

185. A coefficient of roughness,
"n", of 0.013 has been assumed for all
gravity trunk sewers and sanitary sew-
age intercepting sewers, 0.012 for com-
bined sewage intercepting sewers, and
0.015 for force mains, inverted siphons,
and outfalls.

186. A storm water runoff coeffi-
cient of 0.36 has been assumed to obtain
during the summer months in the Greater
Vancouver Area, and a coefficient of 0.84
during winter months.

187. A series of rainfall intensity
curves has been developed by the Van-
couver and Districts Joint Sewerage and
Drainage Board for use in the rational
method of combined sewer or storm drain
design.

188. All trunk and other sewers and
conduits were planned to have self-
scouring velocities and to have capacities
sufficient to convey the predicted peak
rates of flow.

189. Pumping stations on sanitary
sewers were generally found to be eco-
nomically justified where the depth of
the sewer approached 30 feet.

190. Pumping station structures
were planned to accommodate the equip-
ment ultimately required but the equip-
ment itself is proposed to be installed in
steps or stages as found to be necessary
or desirable in the future.

191- Four types of sewage treat-
ment, capable of meeting various sorts
of controlling conditions, were consi-
dered. The four types are: (l) high-rate
primary; (2) standard - rate primary; (3)
high - rate trickling filter; (4) activated
sludge.

192. All proposed sewage treatment
plants were assumed to treat typically
domestic sewage; to have capacities
equal to the average rates of sanitary
sewage flow predicted to occur at defi-
nite future dates; to be so arranged that
future expansion could be easily and eco-
nomically accomplished to meet addi-
tional flow requirements; to provide
maximum flexibility and ease of opera-
tion; and, if the capacity is 10 cfs or
over., to utilize sludge gas for the gene-
ration of power.

193. Suitable rainfall rate curves
for all drainage areas outside the boun-
daries of the Board are required. This
will involve installation of rain gauges
at strategic points throughout the Grea-
ter Vancouver Area.

194. The drainage works required
in the Greater Vancouver Area within the
foreseeable future were divided into se-
veral broad classifications for purposes
of selecting the type of works required
for a given drainage area and of esti-
mating its cost. The classifications are:
Type A, improved open channels; Type
B, closed conduits; Type C, improved
open channels with pumping stations and
dykes; Type D, closed conduits with
pumping stations and dykes.

195. The cost estimates presented
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must be regarded as somewhat tentative.
AU cost data are, however, comparable.
They have been gathered from many
sources and adjusted to a common En-
gineering News - Record Construction
Cost Index of 700. Unit costs employed
for all principal types of structures in-
volved under the various projects are
stated in the report.

196. In lieu of a direct allowance
for depreciation of sewerage and drain-
age facilities, the retirement of 25 year
instalment debentures has been assumed
to represent adequate provision therefor.

197. An interest rate on the bonds
of four percent was selected as repre-
senting the rate at which bonds for the
projects herein proposed could probably
be sold.

198. Annual bond redemption and
interest payments would constitute the
total fixed charges for any given year.

199. The annual cost of maintaining
and operating conduits or open channels
has been assumed to be one quarter of
one percent of the total construction cost
of these facilities.

200. Maintenance and operation
costs of pumping stations and sewage
treatment plants have been based on a
study of costs throughout California and
have been adjusted to compensate for the
British Columbia wage and price differ-
ential.

201. The calculated total annual
costs of all sewerage and drainage faci-
lities include the fixed charges of bond
redemption and interest and the main-
tenance and operation costs which are
comprised of all types of services and
supplies.

202. Unless otherwise specifically
noted, all annual costs presented in the
report are the calculated averages of
five year periods and of stated total pe-
riods.

Chapter 14 - Sewerage Plans
for the Burrard Peninsula Section

203. The Burrard Peninsula Section
is divided into three sewerage areas,
namely, the Vancouver, Fraser and Co-
quitlam Sewerage Areas. Each was con-
sidered separately for sewerage purpo-
ses.

204. Every effort was made to in-
corporate the existing facilities into the
overall program.

Vancouver Sewerage Area

20 5. The sequence of construction
of the units of the various plans studied
was determined by considerations of the
controlling requirements. Briefly sum-
marized, the suggested sequence is as
follows:

1955 - Elimination of continuous
crude sewage discharges into English
Bay.

I960 - Elimination of combined sa-
nitary and storm flow discharges into
English Bay except at specified frequen-
cies. Elimination of major portion of
continuous crude sewage discharges into
Vancouver Harbour

1965 - Elimination of all continuous
crude sewage discharges in Vancouver
Harbour.

1970 - Elimination except at certain
specified frequencies of combined sani-
tary and storm flow discharges into the
North Arm of Fraser River.

206. For the purpose of determining
the best plan of sewerage it was possible
to develop only two rational projects.
These were studied with respect to all
controlling conditions, including con-
struction and annual costs.

207. Plan A proposes the collection
of the sanitary sewage of the entire area
to a high-rate primary treatment plant
located on Iona Island. Effluent would be
discharged to the tidal waters of Sturgeon
Bank. Quantities of storm water would
be conveyed to this location but would
bypass the treatment works. These storm
water quantities have been determined
by the frequency of overflows to be per-
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mitted at the existing combined sewer
outfalls into English Bay and the North
Arm of Fraser River. Plan A is demon-
strated to be the more economical plan
for the Vancouver Sewerage Area.

208. As detailed in the report, Plan
A would effect an estimated savings of
$2,880,000 during the 45 year period
1955-2000, over the most acceptable al-
ternate plan.

Froser Sewerage Area

209- In the F.raser Sewerage Area,
it is proposed that in all presently un-
sewered areas there be provided sepa-
rate collection facilities for sanitary
sewage and storm water, except as noted.

210. The Fraser Sewerage Area is
divided topographically into four por-
tions. Plans have been laid out and
studied in detail for three of these.

211. Sewerage of the fourth portion,
the north slope of the area, has not been
included in the overall planning since it
is anticipated that individual collection
systems, possible of the combined type,
may be provided as the need arises.

212. Plan C proposes the collection
of the sanitary sewage of that portion of
the area tributary to Burnaby Central
Valley and Brunette River to an outfall
discharging into the main channel of
Fraser River east of the mouth of Bru-
nette River, and is demonstrated to be
the more economical plan for that por-
tion of the Fraser Sewerage Area drain-
ing to Still Creek, Burnaby Lake and
Brunette River.

213. As detailed in the report. Plan
C would effect an estimated savings of
$6,255,000 during the 45 year period
1955-2000, over the most acceptable al-
ternate plan.

214. Plan D proposes the delivery
of the sanitary sewage of that portion of
the area tributary to the North Arm of
Fraser River to an outfall discharging
into the main channel of Fraser River
off the easterly end of Annacis Island,

and is demonstrated to be the more eco-
nomical plan.

215. As detailed in the report, Plan
D would effect an estimated savings of
$2,720,000 during the 40 year period
1960 - 2000, over the other most accept-
able plan.

216. Plan E proposes the collection
of the sanitary sewage of that portion of
the area readily tributary to the existing
combined sewer outfall of the Glenbrook
Drainage Area. The existing outfall to
the main channel of Fraser River would
be extended.

217. No alternative has been con-
sidered for Plan E because of the rela-
tively small area served and the absence
of any other feasible method or point of
disposal.

Coquitlam Sewerage Area

218. In the Coquitlam Sewerage
Area, it is proposed that separate collec-
tion facilities be provided for sanitary
sewage and storm water.

219. The Coquitlam Sewerage Area
is divided topographically into four por-
tions. Plans have been laid out and stu-
died in detail for two of these portions.

220. The portion of the sewerage
area draining eastward to Pitt River and
the portion lying north of Burrard Inlet
were not included in the comprehensive
sewerage plans, since the nature and lo-
catio'n of developments in these portions
cannot be anticipated with accuracy at
this time.

221. Plan F proposes the delivery
of the sanitary sewage of that portion of
the area tributary to the south shore of
Burrard Inlet to an outfall located wes-
terly of the present development of the
City of Port Moody. The outfall would
discharge into Burrard Inlet. This plan
is demonstrated to be the more economi-
cal.

222. As detailed in the report, Plan
F would effect an estimated savings of
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$120,000 during the 40 year period 1960-
2000, over the alternate plan.

223. Plan G proposes the delivery
of the sanitary sewage of that portion of
the Coquitlam Sewerage Area which is
tributary to Coquitlam River to an outfall
discharging into the main channel of
Fraser River west of the mouth of Co-
quitlam River.

224. No alternative has been con-
sidered for Plan G since it is apparent
that the most economic solution to the
sewerage problem is to convey the sew-
age of the tributary area to a location
where disposal may be accomplished by
dilution without treatment.

Chapter 15 - Sewerage Plans
for the North Shore Section

225. The North Shore Section has
developed to the extent that portions of
it may be regarded as metropolitan in
nature.

226. Extensive experience has de-
monstrated the economy of cooperative
sewerage undertakings. For that reason,
only plans proposing the concentration of
sewage from relatively large areas at
one disposal point were studied in con-
nection with this report.

227. The North Shore Section is di-
vided into three sewerage areas, namely,
Capilano, Point Atkinson and Seymour.
Each was considered separately for sew-
erage purposes.

228. In the schemes contemplated
to serve the North Shore Section, every
effort was made to incorporate such
sewerage facilities as are in existence
into the overall program.

Capilano Sewerage Area

229. In the Capilano Sewerage Area,
it is proposed that all areas be provided
with separate- collection facilities for
sanitary sewage and storm water.

230. Two general schemes were de-
veloped; these were compared as to costs,

both capital and annual, and as to other
influencing factors.

231. Plan A proposes the treatment
of all of the sanitary sewage of the Ca-
pilano Sewerage Area in a standard-rate
primary plant to be located in the Indian
Reservation adjacent to the First Nar-
rows and the discharge of the effluent
into First Narrows. Effluent would be
chlorinated during critical periods. This
plan is demonstrated to be the more eco-
nomical.

232. As detailed in the report, Plan
A would effect an estimated savings of
$560,000 during the 40 year period 1960-
2000, over the alternate plan.

Point Atkinson Sewerage Area

233. Development of a metropolitan
nature is not anticipated within the area.

234. Conditions for the disposal of
sewage in bordering waters are such
that crude sewage may safely be dis-
charged therein.

235. Sewerage requirements at pre-
sent are of a local rather than general
character and are deemed to be outside
the scope of this report.

Seymour Sewerage Area

236. The extent and location of fu-
ture development cannot now be deter-
mined with sufficient assurance to war-
rant even a preliminary layout of com-
prehensive sewerage facilities.

237. The present sewerage require-
ments of the Seymour Sewerage Area are
similar to those of the Point Atkinson
Sewerage Area.

Chapter 16 - Sewerage Plans
for the Richmond Section

238. The Richmond Section is divi-
ded into two sewerage areas, namely,
Lulu Island and Sea Island. Each was
considered separately for sewerage pur-
poses.
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239. In this section, it is proposed
that all areas be provided with separate
collection facilities for sanitary sewage
and storm water.

240. Plans presented in this chap-
ter provide for sewerage of Sea Island
and the western portion of Lulu Island.
The settlement of Queen'sborough on the
eastern end of Lulu Island would be ser-
ved by the facilities proposed under Plan
D for the Burrard Peninsula Section as
described in Chapter 14 of this report.

241. Plans for sewerage of the cen-
tral portion of Lulu Island were not laid
out since the location and extent of future
developments cannot be predicted with
any assurance. If or when public sewer-
age is required, a system similar to that
laid out for the western portion of Lulu
Island could be provided.

242. Two general schemes involv-
ing three possible projects were develop-
ed for the solution of the sewerage prob-
lems of the western portion of Lulu Is-
land and of Sea Island. These schemes
were laid out and studied in detail.

243. The combination of Plan A and
Plan C is demonstrated to be the more
economical for the sewerage of the two
areas in question.

244. Plan A proposes the collection
of the sanitary sewage of the western
portion of Lulu Island and its disposal
without treatment through an outfall into
the main channel of Fraser River.

245. Plan C proposes the convey-
ance of the sanitary sewage of the Sea
Island Sewerage Area to the northwest
corner of Sea Island from where it would
be pumped to the sewage treatment plant
recommended under Plan A for the Bur-
rard Peninsula Section in Chapter 14 of
this report.

246. Plans A and C will effect es-
timated savings of $90,000 during the
45 year period 1955-2000, over the al-
ternate plan.

Chapter 17 - Drainage Facilities
for the Greater Vancouver Area

247. The fulfilment of a properly
coordinated plan for the protection of
land and improvements against damage
due to storm water will constitute a ma-
jor undertaking in financing and con-
struction.

248. The rapid development and
growth of some of the communities in
the Greater Vancouver Area has ren-
dered certain of the natural drainage
courses in the area completely inade-
quate .

249. Both direct and indirect bene-
fits will accrue to all residents of the
area through the correction of adverse
storm drainage conditions.

250. The three natural geographic
and topographic sections in the Greater
Vancouver Area, namely, the Burrard
Peninsula, North Shore, and Richmond
Sections, constitute a logical division for
storm drainage, as well as sewerage,
planning

251. The delineation of drainage
areas was deemed to be unnecessary for
the purpose of this report. Their boun-
daries more properly may be determined
when detailed design of facilities is un-
dertaken.

2 52. The Burrard Peninsula Section
is divided topographically into numerous
natural drainage areas. Those lying
within the City of Vancouver, the Muni-
cipality of Burnaby, and a portion of the
City of New Westminster are adminis-
tered by the Vancouver and Districts
Joint Sewerage and Drainage Board. The
Fraser, Pitt and Coquitlam Rivers have
been excluded from the studies.

2 53. The drainage areas within the
North Shore Section will be determined
by the natural topography of the ground
and will consist of a number of relatively
small areas each with a natural outlet to
a river or to tidal waters. The Lynn,
Capilano and Seymour Rivers have been
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excluded from the studies.

254. Existing facilities, rights-of-
way and economic factors, rather than
topography, determine the boundaries
and sizes of the drainage areas in the
Richmond Section.

2 55. The actual layout of storm
drainage facilities has not been attempted
and is deemed to be beyond the required
or proper scope of this report. Informa-
tion essential to the design of such works
is not readily available for most of the
area.

2 56. In connection with this survey
and report, the classifications of major
drainage works and their costs, as pre-
sented in Chapter 13, have been applied
to the portions of the Greater Vancouver
Area in which improved drainage facili-
ties will be required.

257. The three topographic sections
in the Greater Vancouver Area have been
studied with respect to their general
drainage requirements and the results
are presented in the report.

258. The type of facilities proposed
represents the minimum type which will
ultimately be required for adequate
drainage.

2 59- The estimated construction
and annual costs of the major drainage
facilities considered for the Greater
Vancouver Area during the 45 year pe-
riod 1955 - 2000, are also presented in
the report.

Chapter 18 - Apportionment of Costs

260. Various factors indicate that
provision of the sewerage and drainage
facilities proposed in this report for the
Greater Vancouver Area be through a
single joint agency.

261. The apportionment of costs of
the proposed sewerage and drainage fa-
cilities among the various communities
in the Greater Vancouver Area should be
such that each member in the joint agen-

cy is charged on the basis of benefit re-
ceived.

262. Distribution of costs among
the member municipalities of the exist-
ing Vancouver and Districts Joint Sewer-
age and Drainage Board is outlined in
Section 35 of the Vancouver and Districts
Joint Sewerage and Drainage Act, which
is reproduced in Appendix II of this re-
port.

263. The existing bonded indebted-
ness of the Board should be retired un-
der the present methods of apportion-
ment. A new system of apportionment
apart from the operations of the existing
Board should be initiated to finance the
facilities proposed in this report.

264. General obligation bonds are
believed to be the fairest available me-
thod of financing the construction of the
various proposed works.

265. The Board of Engineers be-
lieves that the basic concept of distribu-
ting a portion of the cost for providing
sewerage and drainage facilities among
all members of the joint agency and the
remainder among the member or mem-
bers receiving direct benefits is logical
and desirable.

266. It is considered that the total
assessed valuation of both land and im-
provements is a better indication of thve
worth and development of an area than
land alone and calculations of appor-
tionments in connection with this report
have been made on that basis.

267. For reasons given in the re-
port, it is proposed to exclude the exempt
assessed valuations of the large Pro-
vincial Government institutions in Co-
quitlam from the total assessed valua-
tion of land and improvements of the
municipality.

268. The University of British Co-
lumbia has been similarly excluded from
the calculations on apportionment of
costs.
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269. Agreements should be reached
with the responsible governmental a-
gency for the payment of charges arising
out of any exempt institution's participa-
tion in any sewerage or drainage facility
provided by the joint agency.

270. A study of "information obtain-
ed from the financial statements of the
City of Vancouver and other communities
in the Greater Vancouver Area indicates
that the average per capita assessed
valuation of land and improvements in
the Greater Vancouver Area is about
$1,300. This value was used in the pre-
diction of future assessed valuations
employed in this report.

271. The predicted future average
assessed valuations of land and improve-
ments for the communities within the
Greater Vancouver Area during five year
intervals between 1955 and 2000 are pre-
sented in the report.

272. The general method of appor-
tionment of costs of administration, ope-
ration and maintenance, and fixed char-
ges for bond redemption and interest as
proposed by the Board of Engineers is
as follows:

(1) A percentage of the total cost to
be divided among all communities in the
same proportion as their respective as-
sessed valuation bears to the total asses-
sed valuation of all communities.

(2) The remaining percentage of the
total cost of work serving each sewerage
or drainage area to be divided among the
communities within that sewerage or
drainage area. In the event that there
are two or more communities within the
sewerage or drainage area the cost would
be apportioned in the same proportion as
the assessed valuation of each commu-
nity within the sewerage or drainage area
bears to the total assessed valuation of
the entire sewerage or drainage area.

273. The costs to each community
for the works proposed in this report
were investigated on a 30-70, 20-80, and
10-90 .percent basis of division and are
presented in the report.

274. The 30-70 basis of division is
demonstrated to be the most equitable
for the conditions predicted to obtain in
the Greater Vancouver Area.

275. The average annual payments
for each community during five year pe-
riods between 1955 and 2000 for the pro-
posed sewerage and drainage facilities
were calculated and are presented in
appropriate tables.

276. The computed tax rates inci-
dent upon the construction and operation
of the recommended projects for the
communities in the Greater Vancouver
Area are discussed and presented in
Table 78 and Figures 97 to 109, inclu-
sive.

Chapter 19 - Structure of Government

277. The Vancouver and Districts
Joint Sewerage and Drainage Board is
the only agency in the Greater Vancou-
ver Area which presently constructs,
maintains and operates regional sewer-
age and drainage facilities. The Board
operates pursuant to the Vancouver and
Districts Joint Sewerage and Drainage
Act.

278. Existing legislation is inade-
quate and inappropriate for sewerage and
drainage operations in the area consi-
dered in this report.

279- New legislation is required to
establish a regional agency with authori-
ty to finance, construct, maintain and
operate, and administer the major sewer-
age and drainage facilities proposed for
the Greater Vancouver Area. Such an
agency might well be named the Greater
Vancouver Sewerage and Drainage Board.

280. Conclusions relative to the
proper organization, administration and
general powers, and to the cost appor-
tionment procedure of the agency to be
charged with the duty of providing major
sewerage and drainage facilities in the
Greater Vancouver Area are set forth in
the report.



Chapter 21

Recom mendations

Based on findings and conclusions
developed in studying the sewerage and
drainage problems of the Greater Van-
couver Area, and in view of the menace
to public health inherent in the recrea-
tional use of sewage contaminated waters
both salt and fresh, the presence of sep-
tic tank effluent in open drains, natural
and otherwise, the consequent need for
adequate sewerage in many unsewered
areas as well as the public welfare im-
plications in lack of appropriate storm
drainage, the Board of Engineers re-
commends:

For the Burrard Peninsula Sewerage Section

1. That Sewerage Plans A, C, D, E,
F and G for the Burrard Peninsula Sec-
tion be adopted and implemented.

Under Plan A, sanitary sewage from
the University of British Columbia, the
University Endowment Lands, a major
portion of the City of Vancouver, and a
small portion of the Municipality of Bur-
naby would be conveyed to a high-rate
primary treatment plant on Iona Island
in the North Arm of Fraser River.

Under Plans C, D, E, F and G, crude
sanitary sewage from Port Coquitlam,
Port Moody, New Westminster, a portion
of Vancouver, the major part of Burnaby,
Coquitlam, Fraser Mills and District
Lot 172 would be discharged at various
selected points in Burrard Inlet and the
main Fraser River.

2. That land immediately be secured
adjacent to outfalls proposed under Sew-
erage Plans C, D, F and G upon which
sewage treatment plants may be con-
structed at some later date if changes
occur in the uses of the waters of Fraser
River or Burrard Inlet that make the
proposed discharge of crude sewage un-
desirable.

3. That the areas,for which no pre-
liminary plans of sewerage are herein

presented be provided with collection and
disposal facilities for sanitary sewage
at such times as local conditions and de-
velopments warrant, in substantial ac-
cordance with the general principles of
this report.

4. That, except as noted in the re-
port, separate collection systems for
sanitary sewage and storm water be pro-
vided in all new areas sewered in the
Burrard Peninsula Section.

For the North Shore Sewerage Section

5. That Sewerage Plan A for the
North Shore Section be adopted and im-
plemented.

Under Plan A, sanitary sewage from
the City of North Vancouver and portions
of the Municipalities of North Vancouver
and West Vancouver would be conveyed
to a standard - rate primary treatment
plant in the Indian Reservation adjacent
to the First Narrows, and dispersed after
treatment into the First Narrows.

6. That, except as otherwise noted
in the report, separate collection sys-
tems for sanitary sewage and storm wa-
ter be provided in all new areas sewered
in the North Shore Section.

7. ..That, although present develop-
ment of the western portion of the Muni-
cipality of West Vancouver and the east-
ern portion of the Municipality of North
Vancouver does not justify preliminary
layouts of comprehensive sewerage fa-
cilities at this time, sewerage facilities
be constructed to serve such portions of
the areas as shall develop provided such
facilities conform with the engineering,
public health and aesthetic principles of
this report.

For the Richmond Sewerage Section

8. That Sewerage Plans A and C for
the Richmond Section be adopted and
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implemented.
Under Plan A, crude sanitary sew-

age from the western portion of Lulu Is-
land would be discharged to the main
channel of Fraser River. Under Plan C,
the sanitary sewage of Sea Island would
be conveyed to the Iona Island sewage
treatment plant proposed under Plan A
for the Bur-rard Peninsula Section.

9. That separate collection systems
for sanitary sewage and storm water be
provided in all new areas sewered in the
Richmond Section.

10. That land immediately be ob-
tained adjacent to the outfall proposed
under Plan A so that sewage treatment
facilities may be constructed if treatment
should become necessary in later years.

11. That the portions of Lulu Island
not included in Plan A be provided with
collection and disposal facilities similar
to those proposed under Plan A as re-
quired.

For Drainage of the Greater Vancouver Area

12. That development and improve-
ment of major drainage facilities be un-
dertaken at such time as requested by
the community or communities concern-
ed.

For Apportionment of Costs

13. That, until such time as out-
standing bonds are retired, the present
methods of apportionment of bond re-
demption and interest charges of the
existing Vancouver and Districts Joint
Sewerage and Drainage Board be con-
tinued.

14. That the total cost of the works
proposed in the report, together with the
future operation and maintenance charges
of the existing works of the Vancouver
and Districts Joint Sewerage and Drain-

age Board, be apportioned among the va-
rious communities in the following man-
ner:

(a) 70 percent to the members in-
cluded in whole or in part in the sewer-
age or drainage area which the facility
serves.

(b) 30 percent to all members.
15. That each member's share of

the 70 percent shall be in the same pro-
portion that the total assessed valuation
of land and improvements of the member
within a sewerage or drainage areabears
to the total assessed valuation of land
and improvements of the entire sewerage
or drainage area for which the facility
is provided.

16. That each member's share of
the 30 percent shall be in the same pro-
portion that its total assessed valuation
of land and improvements bears to the
total assessed valuation of land and im-
provements of all members.

17. That, in the case of the Univer-
sity Endowment Lands and District Lot
172, the regional sewerage and drainage
agency enter into agreements with the
Provincial Government for the payment
of annual assessments as if these com-
munities were individual members of
the proposed board.

18. That the regional sewerage and
drainage agency enter into agreements
with the Federal or Provincial Govern-
ment responsible for administration of
non-taxable institutions for the payment
of charges arising out of the institution's
participation in any sewerage or drain-
age facility.

19- That the Government of the
Province of British Columbia enact the
necessary legislation to create the Grea-
ter Vancouver Sewerage and Drainage
Board with the objects, power s, and mode
of management to carry out the recom-
mendations of this report.
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Appendix I

THE LEA REPORT OF 1913

LETTER OF TEANSMITTAL

820 New Birks Building,
Montreal.

To the Chairman and Members,
Burrard Peninsula Joint Sewerage Committee.

GENTLEMEN :—

I have the honour to submit herewith ray final report on the
Burrard Peninsula Joint Sewerage Scheme.

I was engaged by this Committee in June, 1911, to investigate
and report on a suitable scheme. Early the following July, I visited
the City to familiarize myself with local conditions and advise in
preliminary moneys and the collection of data.

This work was carried on under the supervision of the City
Engineer previous to the appointment in January, 1912, of a Resi-
dent Engineer, who took charge of the work and reported to me
direct.

Preliminary reports were submitted on January 4th and May
31st, 1912, and two interim reports embodying the main features of
the one now submitted, were presented to the Committee on Decem-
ber 12, 1912, and January 31, 1913.

May I, in transmitting this report, remark on the wisdom and
foresight shown by those who took the initiative in promoting this
scheme.

The participating Municipalities are to be congratulated upon
being, I believe, the first to voluntarily attempt united action in an
undertaking of such magnitude in advance of pressing necessity.

I wish further to acknowledge the hearty co-operation of the
Members of the Joint Committee, and the Municipal officials, who
have always shown a live interest in and an appreciation of the
importance of the problems under investigation. I feel the Com-
mittee were fortunate in securing a Resident Engineer fittingly
qualified for the position by his previous training and experience
on the staff of an engineering firm of international reputation.

Respectfully,
(Signed) R. S. LEA.

York, and the British Royal Commission, have thrown
much light on the disposal of sewage in tidal waters.

6. The most suitable points of outfall are: (a) into English
Bay on the line of Imperial Street; (b) into Burrard
Inlet at Clark Drive and other points: (c) into Eraser
River. The interception of floating matter is essential
in(a) and desirable in (b). There is a possibility of some
form of treatment being required in the future at (c).

It is essential that the English Bay foreshore should be pro-
served from pollution. The principle of the separate system is advo-
cated on the areas draining to English Bay and False Creek. Bur-
naby Lake is incapable of digesting sewage, and the separate system
is advocated on that area.

7. It is proposed to construct:
(a) An interceptor along the South shore of English Bay

from Imperial Street to Bridge Street, with the neces-
sary outfall works and trunks.

(b) An interceptor along Clark Drive from Seventh Ave-
nue to the Inlet, with the necessary outfall works and
trunks.

(e) An interceptor South of Still Creek and Burnaby Lake,
discharging to the Praser.

(d) Various trunks on the South slope of the Peninsula,
discharging to the North Arm.

(e) A West End interceptor and outfall, discharging be-
yond Brockton Point, and a trunk and outfall in Hast-
ings Townsite.

(f) Improvement works, Brunette River and Still Creek.
8. The estimated cost of construction during the next five

years is 5 1-2 million and covers the above works. The
estimated additional cost of completing the scheme to
cover the whole Peninsula is 5 1-2 million during the fol-
lowing 25 years.

9. A Joint Sewerage Board should control and carry out
the work. If the Government guarantee the bond issue
it should consist of one representative appointed by the
Government and one by each of the Municipalities inter-
ested.

820 New Birks Building,
Montreal, Que., Feb. 1st, 1913.

To the Chairman and Members,
Burrard Peninsula Joint Sewerage Committee.

GENTLEMEN,—
Before proceeding to a detail discussion of the various headings

under which this report is written, it will, I think, be well to put
before you a brief summary of the subject matter.

1. The area of the Peninsula, including New Westminster,
is 55,600 acres.

1. The annual rainfall, averaged over the last seven years,
is 56 inches, and the average number of wet days 174.

3. The present population (1912) is estimated at 182,000.
The estimated population, 1950, is 1,400,000.

4. At the present time about 6,000 acres is more or less
efficiently sewered. There is no standard basis for design
or construction.

5. The investigations by the State Board of- Health, New

TOPOGRAPHICAL
Plan No. 1 shows the natural features and Municipal Bound-

aries of the two Peninsulas. They are split up into defined drainage
areas by three main ridges—two running from East to West and
one from North to South, the height of land taking the form of a
letter H on its side, thus: 3 C

The first ridge runs roughly parallel to the shore of the Inlet
from one-quarter (Vi) to two (2) miles inland, from Port Moody to
Stanley Park.

The second ridge runs parallel to the first and also to the Fraser
River from the junction of the Brunette and Fraser Rivers to the
extreme end of Point Grey.

The third ridge, forming the cross-bar of the H, runs in a
Southerly direction from Hastings Park.

I have named the five natural drainage areas formed by these
ridges by their places of discharge, and their respective acreages
are set out hereunder, together with the areas in each Munici-
pality.
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ACREAGE OF NATURAL DRAINAGE AREAS.

Vancouver. Vancouver. Burnaby. Point Grey. Total

Burrard Inlet 2,200 2,600 4,800
False Creek 3,600 2,900 900 7,400
English Bay 1,750 4,200 5,950
Fraser River 4,800 5,500 7,300 17,600.
Burnaby Lake .... 1,700 1,200 14,100 17,000

9,250 8,900 22,200 12,400 52,750

BURRARD INLET DRAINAGE AREA.

This area comprises a strip of land along the South shore of
Burrard Inlet; the distance inland of the divide varying from one-
quarter of a mile to two miles, and the height of land ranging from
ten feet above sea level, at the narrow neck between False Creek
and the Inlet, to some twelve hundred feet in the neighbourhood of
Barnet.

FALSE CREEK DRAINAGE AREA
The limits of this area extend from one-quarter mile back from

the creek on the North, to three and a half (31/..) miles on the South-
east. As a general rule the contours run parallel to the shore line
of the Creek, and, with the exception of some few flat places, the
slope is good. The natural drainage is by numerous small creeks.

ENGLISH BAY DRAINAGE AREA.
This area lies to the South of English Bay and to the West of

the False Creek area. The Easterly half of this area is high with a
steep fall to the water. The natural drainage of the Westerly half
of this area is through a flat valley running in a South-easterly
direction to the Bay. There is a small low level area near Kitsilano
Beach.

FRASER RIVER DRAINAGE AREA.

This area includes the whole of the Southern portion of the
Peninsula. Starting from the Brunette River on the East, the ridge
runs rapidly to an elevation of four hundred feet above high water,
continuing almost due West at an elevation varying between three
and four hundred feet to Point Grey, where the ground falls abrupt-
ly to sea level. Generally speaking, the contours run parallel to the
river and the ridge, although their regularity is somewhat broken
by deep ravines.and creeks, especially in South Vancouver. There
are two low lying tracts, one lying within the bend of the river in
the South of Burnaby, and the other in Point Grey in the Indian
Reserve. Towards Point Grey the ground rises almost precipitously
from the river flats.

BURNABY LAKE DRAINAGE AREA.
This area comes next to the Fraser River area in size, and from

a drainage point of view presents the most difficulties. In shape it
resembles a large dish. Its boundaries vary in elevation from some
1200 feet above sea level, near Barnet on the North to just over a
hundred near Trout Lake. The Northern slope rises gradually to
the ridge. This has not been contoured. It is mostly uncleared.
The height of the divide from the Inlet area varies from 300 feet
to the 1200 feet elevation near Barnet. The Southern slope is more
broken than the Northern, and there are several small drainage
areas. The Westerly portion of the area is drained by a long flat
creek, known as Still Creek, which divides into two branches near
the Municipal Boundary and discharges into Burnaby Lake, to
which most of the Easterly portion drains. The outlet from the
Lake is by the Brunette River, which discharges into the Fraser
just above New Westminster.

METEOROLOGICAL.

The annual rainfall and number of wet days for the past seven
years are set out hereunder. The records have been supplied by
Mr. Shearman, the Government Meteorologist. The rain gauge is

located at 2273 Sixth Avenue.

SUMMARY OP W E T AND DRY DAYS FROM JANUARY, 1906,

TO DECEMBER, 1912.

Monti]
January ..
February
March ....
April
May
June
July
August ..
Sept
October ..
Novem. ..
Decem. ..
Totals ....

Total
Rainfall

1906
Wot

22
15
11
13
15
17

o

4
14
22
19
24

178

Dry

13
20
17
16
13
29
27
16

9
11
7

19U7

13
15
18
11

7
10
4

11
10
14
23
20

187|156

58.55 57

Dry
18
13
13
19
24
20
27
20
20
17

7
11

1908
W e t

23
20
18
14
15
7
6
7

11
19
20
20

2091180

59

Dry

13
16
16
23
25
24
19
12
10
11

1WI9
Wot

21
24
14
11
17
7

.15
7

11
18
23
17

186)185

62.69

Dry

10
4

17
19
14
23
16
24
19
13

7
14

180

58.53

W e t

22
16
18
15
10
11

3
8
9

18
23
25

178

Dr>

co
l

12
13
15
21
19
28
23
21
13

7
6

187

58.36

1911
M'ct
25
16
11
8

13
6
5
7

15
12
23
27

168

Dry

6
12
20
22
18
24
26
24
15
19
7
4

197

52.26

1912
W(;t

22
17
5

13
11
9

10
11
8

20
23
26

175

Dry
9

12
26
17
20
21
21
20
22
11
7
5

191

NOTE.—When rainfall is 0.01 inch or over, the day is con-
sidered to be wet.

It is interesting to note that although Vancouver has an annual
rainfall of more than twice that of London, England, Vancouver
has fewer wet days in the year. The actual figures-for London,
England, are:—

1909
1910

Total Rainfall.
26.75
25.08

Wet Days

190
186

Dry Days •

175
179

The gauges are old-fashioned, readings being taken only twice
a day, consequently there is no record of the short rain storms of
high intensity of the thunder storm type, the chief controlling factor
in sewer design. Fortunately, this type rarely occurs. The meteor-
ological peculiarity of the district is a continuous rate of moderate
intensity—a peculiarity common to other parts of the Pacific
Coast.

Very complete records have been kept in the past at San
Francisco and Seattle, and I am indebted to the City Engineer of
New Westminster for the records of the automatic gauge estab-
lished there at the end of 1911.

From the foregoing data and a close study of local conditions,
I have been able to formulate what should be a reliable estimate of
the maximum probable rate of rainfall for any period from five to
sixty minutes.

More information should be obtained on this question, and
I advise the establishment of ten automatic recording rain gauges
in different parts of the Peninsula.

Plate 2 shows :—

(1) Estimated maximum rate of rainfall over periods from
five to sixty minutes. The circles show the intensity of
the heaviest storms recorded during the year 1912 at
New Westminster.

(2) An analysis of the intensity of rainfall falling in one
hour, computed from the New Westminster records. It
is a noticeable fact that on only three days did over one-
quarter inch of rain fall in one hour. This point will be
referred to later.

(3) The direction of winds in English Buy averaged over the
years 1910 and 1911. The horizontal lines represent
weeks. Off shore winds, i.e., Easterly, are the prevailing
winds.
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POPULATION.

One of the chief problems an Engineer has to deal with in the
layout and design of a large sewerage scheme is of an economic
nature. To construct a sewer that becomes too small for the needs
of a district and has to be rebuilt before the loan under which it
was constructed, is repaid, is bad economics, and it is equally bad
to burden the ratepayers of to-day with a large capital outlay on a
sewer that will not be called upon to do its full duty till many
years after the completion of the payment of the loan.

The usual life of sewer construction bonds is forty years, but
there is no reason why the works should not be in as good a con-
dition and as capable of doing the work they were designed for
far beyond this period, provided the proper skilled supervision is
given in their design and construction, and proper control is exer-
cised over the expansion of the scheme to deal with the growth in
development of the outside areas. The high and low level inter-
ceptors in the Toronto Main Drainage Scheme, the largest in this
country, were designed for thirty-eight years, and I propose to apply
this figure to Greater Vancouver and design for the year 1956—or,
to be more correct—for the population which I estimate will be
resident on the Peninsula by that time.

In the case of Burrard Peninsula, Nature has fixed the limits
and areas of the different watersheds, so the problem is somewhat
simplified.

The forecasting of the growth of population in a well-developed
and settled country is not an easy matter. In a fast developing new
country such as this it becomes increasingly difficult, and really the
only logical basis on which one can found an estimate is the actual
growth of other cities in the past, in conjunction with such other
conditions as are likely to affect the City's growth.

Plate No. 3 shows the actual rate of growth of different cities
on this continent applied to Vancouver. Thus, if Greater Vancouver
grows at the same rate as Boston, the population in 1950 will be
500,000; while if it grows at the same rate as Chicago, it will be
2,000,000. There is a wide difference between these figures; and
somewhere between the two lies the true value of the unknown
quantity. Taking into consideration the awakening of the great
nations of the West, China and Japan, the construction of the Pan-
ama Canal, the railway developments in British Columbia, together
with the natural harbour facilities in and around Burrard Penin-
sula, I do not think that I am taking an exaggerated view when
I estimate the population in the year 1950 at 1,400,000, including
New Westminster. This rate of growth is between that of New
York and Chicago, and is shown on the diagram. The population
may not follow the curve shown; it may increase more rapidly at
first and drop off later.

It, is really unimportant whether the population reaches that
actual figure by 1950 or not. The scheme which I will submit to
you will be designed to deal with the sewage of a population of
1,217,000 persons within the present Municipal Boundaries of the
City of Vancouver, South Vancouver, Burnaby, and Point Grey,
together with the rainfall from the areas as then developed.

The distribution of the population is another very important
point in the problem. The table below shows the present distribu-
tion and density of population on the City of Vancouver'by wards.

These figures apply to residential population only. There is an
additional "day" population which, in the down-town business sec-
tion, may increase the above figures by several hundred per cent.
For example, the actual density per acre iu the case of the new
B. C. Electric Building amounts to 1,000, while in the Rogers Build-
ing it is estimated at 1,400.

Where the combined system of sewerage is in operation, how-
ever, once the population reaches 100 per acre the size of the trunk
sewer is not affected by any further increase, as the controlling
factor is not the actual sewage flow, but the run-off from the rain
falling on the impervious area. In other words, up to a population

of 100 per acre the surface is partly porous and a portion of the
rainfall soaks away into the ground. Above a population of 100 pet
acre, provision must be made for dealing with practically the whole
of the rainfall. These figures are, of course, used in a general sense
applying to large areas.

AREA AND POPULATION or CITY OF VANCOUVER BY WARDS.

Wa ni Popu la t inn

1 21,386
2 15,120
3 13,342
4 25,439
5 17,923
6 20,155
7 4,711
8 4,024

Total 122,100

Population per
Area Acre

670
400
440

1,100
1,260
2,040
2,980
360

9,250

31.4
38.0
33.0
23.0
14.0
10.0
1.6
n:o

13.2 average

Plan No. 4 shows my estimate of the population density in
1950. The figures given must be looked on as averages for the par-
ticular area they apply to. They give an average over the whole
Peninsula of 25.2 persons per acre. The population per acre of
other large cities on this continent are:—

New York 26 per acre
Chicago 18.6 " "
Pittsburgh 20.5 " "
Philadelphia 18.6 " "
Boston 26 " "
Baltimore 28.6 " "

EXISTING SEWER AREAS.
The areas already sewered, or provided for by trunk sewers,

are shown on Plan No. 10, hatched green. The sewers have been
designed on varying data and on different systems and forms of
construction. Many of them will have to be enlarged, or supple-
mentary sewers constructed. The City of Vancouver has already
constructed portions of the main trunk sewers, which form a part
of the scheme, at Balaclava Street, Bridge Street and China Creek;
and Point Grey has recently constructed a trunk sewer outlet at
Kaye Eoad. Burnaby has under consideration a joint scheme with
New Westminster for a small portion of the Municipality draining
naturally through that city.

T H E DISPOSAL AND COLLECTION OF SEWAGE.
The subject of predominating importance in this investigation

is the location of outfalls in the tidal bays and estuaries adjacent
to the Peninsula. I believe, therefore, that it will assist* in the
desired appreciation of the studies leading to the conclusions, if
their consideration is preceded by a discussion of the principles
underlying the theory and practice of sewage disposal, with par-
ticular regard to dilution in natural waters.

No attempt will be made to qualify the general statements
herein employed, by enumerating exceptions to which they may be
subject, but which are of rare, rather than of fundamental impor-
tance.

The dry weather sewage of a community has been defined as
its water supply after it has been used; that is to say, it is com-
posed of clean water, carrying away with it in solution and sus-
pension, a relatively small proportion of discarded wastes—scarcely
as much as one part by weight in a thousand—under prevailing and
anticipated conditions on the Peninsula. These discarded wastes
are present in the sewage, in about equal quantities of mineral and
organic matter. The one-half part of unstable organic matter is
the potentially offensive constituent in the one thousand parts of
sewage; which, as a whole, is dangerous to the public health, chiefly
because there may be some disease-producing bacteria amongst the
multitude of useful organisms it contains.
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The organic content of sewage, in common with all dead,
unstable matter, is eventually converted into the inoffensive min-
eral form by oxidation. Bacteria are the most important natural
agents at work in the accomplishment of this result, by virtue of
their activity and efficiency in converting organic matter to a readily
oxidizable form.

When this bacterial action takes place in the presence of air,
or other available sources of oxygen, the resulting products are not
offensive; but after the supply of oxygen is exhausted, the process
is accompanied by the evolution of foul-smeHing odors, noxious
gases, and other disagreeable manifestations of what has been
termed putrefaction.

About one-half of the organic content of sewage above referred
to, is present in solution, and the remainder as solid matter, which
must, however, be liquefied preliminary to its final oxidation.

In a properly constructed sewerage system, the dissolved oxy-
gen available in, or taken up by, the sewage, is sufficient to meet
the demands of the readily oxidizable matter, and the sewage
reaches the point of disposal in a fresh, and only mildly disagree-
able condition. When discharged into a body of water, the soluble
matter mixes with, and is diluted by the water to a varying degree;
the lighter solids float, some very finely divided and semi-solid mat-
ter, differing but little in specific gravity from the water itself, is
carried in suspension, while the heavier solids tend to sink to the
bottom, obviously to an extent depending on the transporting power
of the prevailing currents.

The floating solids are gradually broken up by mechanical
forces, become waterlogged, or lose their buoyancy by the escape
of entrained gases, and in a large measure sink to the bottom along
with some of the particles originally in suspension.

These settled or precipitated sewage solids are commonly known
as sludge; and when accumulated to any considerable depth on the
bottom, the activities of the bacteria and other organisms deplete
the available oxygen within the mass. Consequently, the process of
decomposition, which follows, is accompanied by the production of
foul-smelling gases. As a result of this decomposition, some of the
organic sludge is liquefied, while the major portion is changed from
its originally offensive to a stable inoffensive condition. The inten-
sity of this action is promoted by a circulation set up in the mass
of the sludge, incidental to the release of the gases therefrom;
which, in their ascent through the water, carry along with them,
and disperse, particles and masses of decaying sludge; and, in their
subsequent escape to the atmosphere, cause the bubbling that com-
monly occurs at the surface of waters overlying foul bottoms.

The liquid products of the original solids diffuse through the
water, and together with the organic matter originally in solution,
are ultimately oxidized to inoffensive mineral forms, either directly
or after conversion by the bacteria to a readily oxidizable con-
dition.

The oxygen required for these purifying processes, though
obtained to some extent by the reduction of its compounds, is de-
rived for the most part from the dissolved oxygen stored in the
water, which is replenished by absorption from the atmosphere.
There is a limit to which this dissolved oxygen can be reduced
without objectionable results. A higher percentage of residual
oxygen is needed during the warm summer weather. Should the
supply prove insufficient to maintain this safe margin of residual
oxygen, the offensive conditions peculiar to putrefaction may here
again prevail in time, and, in extreme cases, the diluting water will
become dark colored, foul-smelling, and exhale offensive odors.

The surface water discharged from storm water drains carries
large quantities of silt in suspension, which settle readily to form
deposits. Washings from streets at the beginning of storms may
be charged with considerable organic filth, also, but not to such an
extent nor of such frequent occurrence, as to give rise to the offen-
sive conditions resulting from the organic deposits of domestic sew-
age. It is possible, however, that the silt discharged from combined
sewers, may, under some circumstances, be so impregnated with
organic filth as to become appreciably offensive when accumulated

in deposits. Deposits of both organic and inorganic matter, it is to
be noted, are often responsible for the obstruction of navigable
channels.

The offensive conditions previously referred to must inevitably
result, to some extent, wherever the bacterial decomposition of
organic matter in sewage is obliged to take place in the absence of
an adequate supply of oxygen. On the other hand, when sewage is
discharged into a current of sufficient strength to prevent the depo-
sition of the heavier organic solids, or to so break up and disperse
them, that any escaping complete oxidation while in suspension
finally subside without concentration over a large area, the diges-
tion of these solids takes place without any noticeable offence.

In like manner, under favourable circumstances, no offence is
created in the further bacterial decomposition and final oxidation
of the unstable liquid products of sludge digestion, or of the organic
matter originally in solution. The essential condition to this end
is: that the demand for oxygen necessary for the destruction of
the organic content of sewage, shall not overtax the capacity of the
diluting water to furnish it. To maintain this condition, it will
not alone suffice to discharge the sewage into a body of water capa-
ble of its assimilation. Obviously, in order that the fullest advantage
may be taken of the purifying agencies and properties inherent in
the diluting water, the sewage must be brought under the influence
of these agencies. That is to say, it must be discharged where it
will be subject to such action of the currents, winds and other allied
factors, as will effect its adequate dilution in the surrounding
water.

So far reference has been made only to the grosser and more
disagreeable pollution that may result from the disposal of sewage
by dilution. There are other features of importance in this con-
nection. Apart from the presence of floating solids of sewage origin,
the discharge of a large volume of sewage into a. relative clean body
of water, is usually attended by an appreciable -turbidity and dis-
colouration, in the immediate vicinity of (and to a diminishing
extent remote from) the outlet. Another characteristic indication
of a sewer outlet is the existence of a thin film of grease or oily
sleek overlying the water.

Occasionally, where large quantities of industrial wastes are
discharged into the sewers, this discolouration may be intense and
extensive in its effects; grease and oily wastes may also accumulate
to cause very unsightly and nauseating conditions at the surface,
besides interfering with the freshening of the water by aeration.

Generally speaking, however, when the discharge is into a cur-
rent of sufficient strength to prevent local deposits of organic mat-
ter, the conditions, peculiar to the vicinity of a sewer outlet, are
not offensive to any considerable degree, and are objectionable
chiefly because of what they imply. Floating particles of garbage,
pieces of paper and fecal matter, together with the oily sleek on
the surface, are of course unsightly, and, though gradually broken
up and dispersed by the action of winds, waves and currents, may
create a nuisance when washed ashore, or to localities devoted to
bathing, boating or other forms of recreation.

So far as definite information on the subject goes, it appears
that a large majority of the pathogenic bacteria, originally present
in sewage, die within a week or ten days in natural waters. Some
of the more resistant forms may, however, survive and retain their
virulence for a much longer time. The presence of disease-producing
germs in the diluting water, constitutes a menace to the public
health to a degree depending on the uses to which the water is put.
The chief danger arises from the possible infection of water and
ice supplies and shell fish. Opportunities for the transmission of
disease are also afforded to some extent in connection with bathing,
boating, handling driftwood and logs, and in other pursuits com-

• mon to a waterfront.

There is another feature'of great importance in connection with
the subject of disposal of sewage by dilution. The presence of sew-
age in inland or tidal waters may result in the reduction and destruc-
tion of the fish life naturally abounding therein. This may be partly



•APPENDIX I 255

due to the fish leaving a neighbourhood where the environment is,
in a general way, unfavourable to them. Moreover, certain con-
stituents of sewage, particularly that of industrial origin, may exert
a direct toxic action on fish, or so affect their respiratory organs
that they die of suffocation. Usually, however, the presence of sew-
age in natural waters is prejudical to fish, chiefly because it may
be the means of depleting the supply of oxygen, below the satura-
tion value, favourable to, or even essential for, their preservation.

On the other hand, it is to be noted that sewage may serve as
the source of part of their food supply. This important service in
the economy of nature is made possible by various micro-organisms,
the lower assimilating the constituents of food value in the sewage
and serving as a food themselves for more advanced types of aquatic,
life, finally developing to a form on which young fish can feed. It
has been found also that under some circumstances the discharge
of sewage into tidal waters is responsible for the growth of certain
green seaweeds, which may become stranded on the foreshores, and
constitute a nuisance by their subsequent offensive decomposition.

The whole question of the disposal of sewage by dilution in
natural waters calls for the consideration, in the first place, of the
objectionable conditions that may be created therein, and, in the
second place, of the possibility of these conditions proving a nuis-
ance. These objectionable features have already been discussed in
detail, and may be summarized as follows:—

(1) The infection of water by pathogenic bacteria.

(2) The turbidity, discolouration and unsightly surface con-
ditions in the vicinity of, and remote from the outlet;
usually only mildly disagreeable, but occasionally decid-
edly so.

(3) The evolution of foul odors, and the unsightly appear-
ance of the water resulting from the putrefaction of
sludge deposits, or from the putrefaction of the organic
matter in solution in the water, following the exhaustion
of the oxygen therefrom.

(4) Pollution of the foreshores by the offensive decomposi-
tion of stranded sewage solids, and aquatic plants which
thrive because of the presence of sewage.

(5) The introduction into the water of substances which are
either toxic to fish or deprive them of the oxygen neces-
sary for their preservation.

(6) The obstruction of otherwise navigable channels by de-
posits of organic solids and silt.

Consequences of this nature can always be minimized, and very
often avoided altogether, by the exercise of care and judgment in
locating the outfall, and in providing facilities for the proper dis-
charge of the sewage.

It is essentially important to take the best advantage of such
factors as will insure the prompt and adequate dilution of the sew-
age by inter-mixture with the diluting water. In so far as aesthetic
nuisances are concerned, the organic solids are the hardest to deal
with.

Experience and research have gone far towards establishing
what degree of dilution may be safely regarded as adequate for the
prevention of offensive conditions. In so far as this experience
relates to the widely practiced custom of disposal in rivers, it points
to the general conclusion that a flow of six or seven cubic feet per
second of well aerated water, per 1000 people contributing sewage
to the stream, is sufficient for its satisfactory assimilation.

Assuming that a river water is, at any point in its course, free
from the elements of pollution, the quantity of sewage that can be
safely discharged at this point without creating offensive conditions,
obviously depends not only on the population already tributary to
the river below, but on the time available for the purification of the
jup-stream sewage, before it enters a zone subject to pollution from
the down-stream population.

Similarly, it is evident that a very low dilution may suffice for
sewage discharged into a river, which in a short time empties into
and merges with a relatively large body of well aerated water.

Variations in the composition of the sewage, or of the diluting
water itself, may, however, introduce mischievous complications that
are neither expected nor always clearly understood. It is still more
difficult to predetermine the efficiency of the dilution effected by
the factors favourable thereto. This is particularly true of tidal
waters since the flow past the outlet is not continuous, but is periodi-
cally checked or reversed. Other modifying factors that call for
attention in connection with the disposal of sewage by dilution in
salt or brackish waters, are:—

(1) There is a stronger tendency for the sewage to rise and
form a surface stratum in salt than in fresh water, on
account of the higher specific gravity of the salt water.
This retards the diffusion and dilution of the sewage,
and aggravates the disagreeable surface conditions in the
vicinity of the outlet.

(2) Salt water also appears to precipitate more of the finely
divided colloidal matter in sewage, to add to troublesome
sludge deposits.

(3) The decomposition of sludge deposits seems to be more
complete and offensive in salt water, and the resulting
products either directly or indirectly make a heavier de-
mand on the dissolved oxygen stored in the water.

(4) Normally, salt water contains less dissolved oxygen than
fresh water, but is capable of absorbing it at a higher
rate from the atmosphere, under similar conditions af-
fecting saturation and aeration.

The dilution required for the inoffensive assimilation of sewage
by salt water has not been so closely approximated as in the case of
fresh water. It is a matter much more difficult of determination
from observations and studies of the results of practice. It is known
that the oxidation of the sewage entering the upper reaches of some
long rivers is practically completed before it reaches other points
of pollution or finally enters the ocean. On the other hand, a por-
tion of the sewage discharged into tidal harbors and estuaries is
carried out by the tides in only a partially fermented condition;
moreover, the re-aeration of the waters remaining at low tide by the
more highly saturated waters of the rising tide, and the inflow of
varying quantities of land water add to the complexity of the.cir-
cumstances as a basis for determining either the degree of the dilu-
tion or a measure of the purification thereby effected. It would
appear, however, that fresh water has a greater capacity than salt
water for the inoffensive assimilation of sewage.

Another subject with regard to which conflicting opinions are
held by those most familiar with it, is the safe margin of residual
dissolved oxygen that must be maintained for the preservation of
fish life in either fresh or salt water. All are agreed that a higher
saturation percentage is required for the more active species, but
differ widely in an estimate of this percentage.

I do not propose to advance definite statements with respect to
a disputed subject, or to question the reliability of conclusions de-
duced from special investigations of the principles involved. How-
ever, considering the capacity of fresh water for the digestion of
sewage, and making due allowances for the effects of the dissimilar
properties of salt water, it would seem that a dilution of from one
in seventy to one in a hundred should be sufficient to prevent offen-
sive results following the discharge of sewage of ordinary strength
into well aerated sea water; and that a dilution of from one in a
hundred to one in one hundred and twenty-five should be adequate
for the protection of major fish life in fresh and salt water.

It will be understood that the previous remarks are of a gen-
eral character and do not apply to offensive conditions arising from
the putrefaction of subsided organic solids, or to those conditions
which are objectionable in appearance only.

Assuming that any or all of the objectionable features already
referred to, do prevail, the degree to which they can be said to con-
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stitute a nuisance depends on the uses to which the waters and
shores are put, and on the density of, and proximity thereto, of
human habitations. For instance, to cite an extreme case: a river
might be intensely polluted by the sewage from a community with-
out causing a nuisance, provided it flowed away to the sea through
an uninhabited country, was not navigable, nor suitable for pur-
poses of recreation, and was not, in its natural state, frequented
by fish.

Usually, however, the existence of pollution establishes a nuis-
ance, either in: (1) the hygienic sense, such as the infection by
pathogenic bacteria of water supplies, ice supplies, shell fish, bath-
ing waters, and, of less importance in this sense, the nuisances due
to the foul odors of putrefaction; or in the (2) aesthetic sense, that
is, arising from conditions that are offensive to the senses, such as
floating solids of evident sewage origin, grease, scum, discoloured
waters, and putrefactive odors; and, finally, in what may be called
the (3) economic sense, the most important of which are the destruc-
tion of fish life and the obstruction of navigable channels.

Some idea of the quantity of suspended solids discharged from
sewers can be formed from an estimate submitted by the New York
Sewerage Commission with respeat to the sewage of that city. These
Commissioners estimate that for each thousand persons tributary to
the sewers, forty-five tons of suspended solids are discharged annu-
ally. Moreover, the forty-five tons of solids, when mixed with the
harbor waters, form over 2,200 tons of wet sludge, having a bulk of
approximately 2,500 cubic yards.

When it becomes impossible, or economically impracticable, to
dispose of sewage by dilution, without creating a nuisance of some
kind, recourse must be had to such artifical treatment of the sew-
age as will eliminate the particular features and constituents respon-
sible for the nuisance.

Where the nuisances are caused by floating matters, screens and
grease interceptors are provided for their separation. When silt
is the objectionable feature, blocking the outfall pipe or channels
in the vicinity of the outlet, it can be removed by passing the sew-
age through a grit chamber with reduced velocity to allow the silt
to subside. When, as frequently does happen, the trouble is due to
sludge deposits, the sewage is passed very slowly through sedimen-
tation basins to effect the removal of all but the very finest of the
suspended organic matter; occasionally chemical precipitants are
used to assist in the sedimentation.

The necessity of keeping the sewage in a fresh state limits the
duration of the sedimentation period, and about one-third of the
organic matter, together with about the same proportion of bacteria
can be removed by plain sedimentation. The removal of the heavier
organic solids simplifies the problem of disposal with respect to the
formation of troublesome sludge deposits, and also to a less extent
with respect to the degree of dilution required for the satisfactory
assimilation of the sewage. When the available quantity of diluting
water is incapable of effecting this latter purpose, the load on the
water must be lightened by the oxidation of the organic matter in
the subsided sewage, preliminary to its final discharge. That is to
say, the sewage must be submitted to a process of so-called puri-
fication.

Broad Irrigation, or sewage farming, was one of the earliest
methods adopted for this purpose. It originated and has had its
most extensive application in England. Later, an allied method,
known as "Intermittent Filtration," came into practice in the New
England States. The natural sandy formation there permits satis-
factory treatment at a higher rate than is favourable for the culti-
vation- of most crops.

Both of these methods have been continued where large areas
of suitable land are available. Still later, Contact Beds, and more
recently, Sprinkling Filters, were developed in England and have
come into general recognition. The filtering medium in both types
consists of some such easily procurable material as broken stone.
Their method of operation, however, is entirely different.

With Contact Beds, the sewage is admitted to the tanks con-

taining the filtering medium, and is retained there for sufficient
time to permit the desired sedimentation, bacterial action and oxi-
dation; the sewage is then drained off, and further opportunity is
afforded for the digestion of the retained solids, by allowing the
tank to remain empty for a time, before re-charging. Where the
degree of purification requires it, the whole process is repeated on
secondary beds. The effluent is acceptably clear, and, more impor-
tant still, is oxidized to a stable condition. The bacteria also are
largely reduced.

In Sprinkling Filters, the sewage is sprayed over a coarser
medium, through which it freely percolates. The effluent from these
filters is oxidized to a condition of stability, and the bacteria largely
reduced. The effluent is not clear, but the solids still in suspension
are relatively stable'and readily subside with a few hours' sedimen-
tation. Preliminary clarification is favourable to the successful and
economical operation of Contact Beds, Sprinkling Filters, and to a
less extent Intermittent Sand Filters.

Sprinkling Filters and Contact Beds have largely superceded
the earlier land treatment methods, chiefly because the compara-
tively small area required has made their general adoption possible.
Sprinkling Filters are a marked improvement over Contact Beds in
this respect.

The very great disparity in the areas—it is usually found neces-
sary to provide for the various methods of purification—can be
fairly represented by stating that the sewage which would require
200 acres for its disposal by Broad Irrigation, can be treated on
25 acres by Intermittent Filtration, on two to three acres in Contact
Beds, and on one acre of Sprinkling Filters.

With respect to the character of the effluent produced, the
modern methods do not compare with the earlier land treatments.
The effluent from a well conducted sewage farm approximates the
quality of a good drinking water. The effluent from Intermittent
Filters is not quite so good, although all but one or two per cent,
of the bacteria are removed, and in appearance it is all that can
be desired.

Contact Beds and Sprinkling Filters, in conjunction with pro-
per facilities for screening and subsidence, can nevertheless produce
a stable effluent of satisfactory appearance, that is to say, there is
little likelihood of it becoming offensive to the senses, and it can
be safely discharged into a harbour or stream, without danger of
creating a nuisance in either the aesthetic or commercial sense.

Very often, however, bacterial contamination is the chief objec-
tion, and at times the sole objection to the discharge of crude sew-
age into natural waters. It has already been pointed out that sedi-
mentation and the different processes of purification are effective
to a varying degree in removing the baeteria. Moreover, subsided
sewage may be sterilized by treatment with some such disinfectant
as "Hypochlorite of Lime." This treatment may be applied, either
in conjunction with, or without, any of the processes of purifica-
tion, according as it may be necessary or expedient from economical
reasons to do so. Where the sewage is charged with trade wastes,
more elaborate clarification plants or special processes may be re-
quired for its treatment.

In short, it is possible, by artifical treatment of sewage, to
effect almost any desired degree of purification. It is largely a
question of expense.

Apart from the initial cost of the works, their successful opera-
tion requires more intelligent attention, and entails a greater ex-
pense, the further'the purification is carried. Moreover, the opera-
tion of a disposal plant in the vicinity of human habitations is sub-
ject, usually to sentimental, and occasionally to real objections.

Where inland and tidal waters are available for the convenient
disposal of sewage by dilution, obviously the logical method of pro-
cedure is to utilize the natural purifying agencies and properties
inherent to these waters in so far as it can be safely and satisfac-
torily done; resorting to artificial treatment for the removal of only
such pollution as may interfere with the accomplishment of this
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result.
The tidal bays and estuaries surrounding the Burrard Penin-

sula are destined to become by necessity and adaptability the scene
of extensive harbor developments and commercial activity. The
extent to which it can be safely planned to make use of them for
the disposal therein of sewage on the Peninsula, is limited in part
by the standard of cleanliness that should be maintained around a
busy water front.

The Metropolitan Sewerage Commission of New York has dur-
ing the past six years conducted a most exhaustive investigation,
partly for the purpose of establishing such a standard for New
York harbor. The New York Bay Pollution Commission had pre-
viously made a study of the situation on somewhat similar lines
from 1903 to 1906. At the instance of the Board of Apportionment,
an independent enquiry was undertaken in 1909 and completed two
years later.

The Metropolitan Commission had the staff, means and facili-
ties at their disposal, to carry out on a large scale many experi-
ments and tests, having an important bearing on the effects pro-
duced by the discharge of sewage into tidal waters. The five mem-
bers of the Commission were men of wide experience and of recog-
nized ability, and they had the benefit of the independent opinions
of eight experts, selected from the best in the profession, including
a leading authority on harbor pollution from the Old Country.

Considering the scope and nature of the enquiry, the views of
the New York Commission as expressed in their recommendations,
submitted a few months ago to that corporation, are worthy of the
highest consideration and will be quoted here in so far as they apply
to conditions covered by this investigation.

GENERAL RECOMMENDATIONS OF THE NEW YORK SEWER-
AGE COMMISSION AS TO THE DEGREE OF CLEANLINESS

THAT SHOULD B E MAINTAINED IN THE •
HARBOUR WATERS.
August 12, 1912.

1. Garbage, offal or solid matter recognizable as of sewage
origin, shall not be visible in any of the harbor waters.

2. Marked discoloration or turbidity due to sewage or trade
wastes, effervescence, or oily sleek, odor or deposits, shall not occur,
except in the immediate vicinity of sewer outfalls, and then only to
such an extent and in such places as may be permitted by the auth-
ority having jurisdiction over the sanitary conditions of the harbor.

3. The discharge of sewage shall not materially contribute to
the formation of deposits injurious to navigation.

4. Except in the immediate vicinity of docks and piers and
sewer outfalls, the dissolved oxygen in the water shall not fall below
3.0 cubic centimeters per litre of water. Near docks and piers there
should always be sufficient oxygen in the water to prevent nuisance
from odors.

5. The quality of water at points suitable for bathing or oyster
culture should conform substantially as to bacterial purity to a
drinking water standard.

There are two recognized systems for collecting and conveying
to the point of disposal the domestic and industrial wastes of a com-
munity, and the surface water from its drainage area.

(1) The separate system, where the domestic and industrial
waste are kept entirely separate from the surface water flow, sep-
arate channels being provided for each.

(2) The combined system, where the domestic and industrial
wastes and the surface water flow into one common sewer.

In a report to the Joint Committee on May 31, 1912, I referred
to the question with special reference to English Bay and False
Creek areas, and I expressed myself as being in favor of the prin-
ciple of the separate system for these areas, inasmuch as it permits
of fuller advantage being taken of the Main Drainage Scheme in
keeping False Creek and the foreshore of English Bay unpolluted.

In the design of a large sewerage system such as this, the
Engineer is confronted by two distinct problems:—

(a) The collection and disposal of the domestic and trade
liquid refuse of the community, defined as sewage.

(b) The collection and disposal of the rainfall running off
the paved and impervious surfaces, defined as surface
water.

In the first case, the collection is a comparatively simple mat-
ter, as the quantity of sewage from any given area can be accurately
ascertained and estimated, while the disposal of the collected sew-
age without nuisance or injury to public health is often a matter of
considerable difficulty; in the second case, the conditions are re-
versed, the collection of the surface water is the principal problem,
its disposal, as it is practically unpolluted, being a comparatively
simple matter.

The relative amounts of surface waters and sewage vary, of
course, with local conditions. On Burrard Peninsula, taking an
average area of, say, one thousand acres and a population of forty
per acre, it would be necessary to provide a channel with a capacity
of fifteen cubic feet per second to deal with the maximum sewage
flow; but to take off the maximum flow of surface water from the
same area, a channel capacity of five hundred cubic feet would be
required.

Now as to the disposal of these two liquids. The sewage, which
is of small volume and constant flow but highly polluted, and the
surface water, which is of large volume, occasional flow and com-
paratively innocuous.

It is obvious that surface water can be discharged into many
natural channels and under conditions where the discharge of crude
sewage would be highly objectionable.

Take for example, False Creek, Burnaby Lake and the many
creeks draining to English Bay and the Fraser River; all these can
be utilized for the disposal of surface water. Of course, as a dis-
trict develops, land becomes valuable and the creeks have to be
culverted and filled in. But, provided the culverts are properly
designed, there is no reason why these creeks should not continue
to carry out the functions that Nature constructed them for, that
is, the removal of surface water from their natural drainage area.

The disposal of the sewage is a very different problem, and in
the case of English Bay and False Creek areas, it is necessary to
intercept it by an expensive sewer and outfall to carry it to a point
off Imperial Street, where it can be disposed of by dilution and dis-
persion without nuisance or injury to public health. The North
Arm of the Fraser River can digest the small quantity of sewage
which now discharges there, but as the contributary population
increases, the sewage flow will increase, and a time will undoubtedly
come when either an interceptor will have to be constructed or some
form of treatment adopted.

As I stated in my previous report—modern practice where sew-
age has to be treated or carried long distances by interceptors,
favours the separate system.

The chief argument against the adoption of the separate sys-
tem is on the ground of the alleged greater expense it involves;
and, as a general proposition, it is true that, with a common outlet
it does cost more to construct a system of separate sewers and storm
water drains than to construct a combined system. What this extra
expense may amount to in any particular case, however, depends
on the extent to which local conditions may introduce modifying
factors that tend to equalize the costs. In this connection it is to
be noted that:—

(1) A system of surface water drains may be less extensive
than a system that has to provide for the removal of
sanitary sewage, depending on the gutter grades and the
intensity of rainfall.

(2) Inasmuch as the minimum depth to which surface water
drains must be laid, is governed by considerations .of
depth of cover rather than provisions for house drainage,
the excavations for these conduits may be much less
where the separate system is adopted.
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(3) Moreover, since the consequences that may follow over-
charging during excessive storms are not likely to be so
disastrous and objectionable in the case of a surface
water drain as from a combined sewer, it may not be
necessary in some instances to provide the same capacity
for surface water, where the separate system is adopted,
as might seem desirable with the combined system.

(4) A somewhat cheaper construction may be permissible in
a surface water drain than in a combined sewer, consider-
ing that the drain is not subject to the same scouring
action, that the objection to worn surfaces and leakage
are not usually so serious in a drain as in a sewer, and,
finally, that better opportunities are afforded for the
repair of a conduit in which the flow is only periodical.

It must be remembered that the previous discussion does not
take into consideration special provisions for the disposal of sani-
tary sewage.

Whilst nearly every modern Sanitarian admits that the separate
is the better system, it is looked on as somewhat of a luxury. It
must not be forgotten, however, that the luxury of to-day becomes
the necessity of to-morrow, and in considering a scheme of this
magnitude, the trend of modern practice must be taken into account
rather than the actual methods in use at the present time.

In Germany, one of the pioneer countries in sewage disposal
work, it has been largely adopted. In Boston, in 1903, an Act was
passed forcing estate owners to construct a surface water drain and
a sanitary sewer, and giving the Municipalities power to expend one-
twentieth of one per cent, of their taxable valuation, outside the
statutory debt limit, in the construction of the separate sewers. In
the new Federal Capital of Australia, the separate system has been
adopted. On the other hand, the British Royal Commission on Sew-
age Disposal expresses the opinion that the system is impracticable
for large towns. Conditions in England, however, are very differ-
ent to conditions here, and even there the trend of opinion is shown
very markedly in a recent discussion on the Glasgow Main Drainage
Works, where Maurice Fitzmaurice stated in effect that they had
nearly treble?! their original allowance per acre for storm water
during the last ten years.

It would be difficult at this time in advance of complete sub-
divisions and street profiles, to submit a reliable comparison of the
initial costs of the separate and combined systems over the whole
Peninsula, or even on those areas where the separate system is
recommended. It can be said, however, that the conditions tend to
equalize the first costs of the two systems, particularly in so far as
good grades and moderate intensity of rainfall are conducive to
this end.

There is another way in which the separate system will prove
more economical, and that is in deferring capital expenditure. The
conditions on the Peninsula are such that in many localities the
removal of surface water is not of such a pressing necessity as the
removal of the sewage, and in many cases the construction of the
surface water trunks could be deferred.

The particular advantage of the separate system in the case of
English Bay and False Creek areas is that it will prevent the pol-
lution of the foreshore by domestic sewage. A reference to the
meteorological sheet will show that, roughly speaking, rain falls
every other day, and although the proposed interceptor is designed
to take all but the heaviest storms (occurring, say, three times a
year) from the area at present drained on the combined system, the
adoption of the combined system as a whole would mean a gradual
increase in the number of occasions in which the interceptor would
not take the flow from the combined trunks, until eventually the
trunks would be discharging dilute domestic sewage on three days
out of seven.

Reference has already been made to the standards of purity
laid down by the New York experts who state the standard required
for bathing places should approximate that required for drinking
water.

STUDIES OP WATERS IN AND AROUND THE PENINSULA.
I will now put before you in detail the observations made and

the conclusions to which I have come in studying the bodies of
water in and around the Peninsula. Particulars of their areas and
depth are given in Plans Nos. 8 and 9. It will be convenient to
discuss each in detail with reference to:—

(1) Their capacity for the digestion of sewage;
(2) The standard of purity desirable;
(3) The most suitable position of point of outfall.

ENGLISH BAY.

Capacity. East of a line between Point Atkinson and Point
Grey, English Bay has a high water area of 21 square miles, with a
maximum depth of over 300 feet.

It is hardly fair to assume that the whole of this bay is avail-
able for Greater Vancouver. The North shore districts have an
equal interest, and for the purposes of my calculations I shall take
that part of the bay inside a line drawn from Point Grey to Siwash
Rock—within these limits there is an area of six square miles, with
an average depth of 40 feet, and a tidal volume on a 10-foot tide
of over 10,000 million gallons. Now, ignore altogether the perman-
ent low water volume and take into consideration only the above
tidal volume on this one-third part of English Bay which is brought
in twice a day. It will digest on the basis of a 1/100 dilution the
sewage from 2,000,000 people without nuisance or injury to fish life.
It will be seen, further on in this report, that the estimated 1950
population discharging sewage to the bay is but 270,000. With the
immense quantity of water available for dilution, the only nuisances
likely to occur would be those of an aesthetic nature, and proper
provision will be made for intercepting all floating matter.

The Fraser River has a very important and beneficial effect on
English- Bay from a sewage disposal point of view. Plan 6a shows
the pencentages of land water present in the bay at low and high
water of the Fraser River on the rising and falling tide and on the
surface and at a depth of 10 feet. It will be seen that during the
time of high water of the Fraser (i.e., the summer months) there is
a layer containing a high percentage of land water over the bay.
Experiments at New York shewed that when sewage was discharged
into a mixture of 85% land water, it was in equilibrium, that is to
say, it neither rose nor fell. I believe that this top layer of land
water will check the rise of sewage to the surface, if it does not
altogether prevent it.

There is one more point to note, and that is the possibility of
future harbour developments involving the construction of a break-
water out from the Point Grey foreshore.

Standard of Purity. The standard of purity demanded for the
foreshore of English Bay is high, owing to the presence of bathing
beaches, and the fact that it is the only shore on the Peninsula
really suitable for purposes of recreation. As before mentioned, the
standard fixed by the New York experts for waters of this class is
that it should approach the purity of drinking water.

Point of Outfall. Numerous float experiments have been made
with a view to determining the point of outfall where the best dif-
fusion could be obtained. It was found that the principal factors
giving rise to the currents in English Bay were the Fraser River
and the wind—the tides having comparatively little effect.

The Fraser River, during its high season, causes a definite cur-
rent across from Point Grey to the First Narrows at all stages of
the tide. The effect is less marked during the low season.

Between this line and the shore—there is at all times a cir-
cular clockwise movement of the water—the general run of the
surface currents during the high season of the Fraser is shewn on
Plan No. 5. The First Narrows is, of course, from a dispersion point
of view, the ideal point for discharge. Estimates of cost were care-
fully gone into, and although the actual cost of carrying an outfall
there is not prohibitive, it was considered that equally good results
could be obtained by discharging at a more accessible point.
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On the line of Imperial Street, some 5,000 feet out, was eventu-
ally fixed as the most suitable point of discharge. A large number
of floats were started from this point; their limits of travel, after
various periods, are shewn on Plan 6, which also shews the limits
of travel of floats set out from Point Grey during the high stage of
the Fraser. The possibility of the construction of a breakwater run-
ning out from the Spanish Bank has not been lost sight of, and the
interceptor is at such a level as to permit of extension to Point
Grey.

FALSE CREEK.
Capacity. False Creek has an area at high water of nearly \V2

square miles, while the area at low water is just under one-half
square mile. The amount of water entering on a 10-foot tide is
about 1600 million gallons.

At the present time False Creek is in a very undeveloped con-
dition. It is probable that eventually the upper end will be filled in
and the remainder dredged and deepened, the large expanse of mud
flats visible at low water being removed. Whatever may be done
in the future, False Creek will always remain a small, comparatively
shallow body of water in the midst of a thickly populated district—
diffusion will be poor, owing to the lack of through currents. More-
over, right out at the mouth of the creek, on either side, are the
Kitsilano and English Bay bathing beaches, and this fact alone is
sufficient to condemn it as a suitable place for the disposal of crude
sewage. False Creek can, however, play a very useful part as a
relief ontlet in times of occasional heavy storms to those areas where
the combined system is in operation. This will be referred to later.

Standard of Purity. The standard of purity desirable for False
Creek is governed by the presence at the entrance of the bathing
beaches mentioned above, and should, as in the case of English Bay,
approach to that of drinking water. It is, of course, a physical
impossibility to attain to this standard, but all reasonable means
should be taken to keep the creek unpolluted, both as regards the
discharge of sewage and the throwing overboard of garbage and
offal from vessels lying in the creek, and from the premises abutting
on it.

BUREARD INLET.

Capacity. The areas and tidal volumes of Burrard Inlet are:—
Area H. W.

Square Miles
Tidal Volume

10-root rise

Between First and Second Narrows.. 7.6 12,000 million gallons
Above Second Narrows 16.0 27,000 " "

In considering the capacity of Burrard Inlet for receiving sew-
age, the possibility of the construction of a dam at the Second Nar-
rows must be taken into account. Consequently, I prefer to take
the tidal volume between First and Second Narrows as the amount
of water available for dilution. This 12,000 million gallons will,
on a dilution of 1 to 100, effectively oxidize, without nuisance or
injury to fish life, the sewage flow from a population of 2,400,000
people. The North shore has a half interest in Burrard Inlet, so
I will divide this figure by two, and say that the tidal volume of
Burrard Inlet, between the First and Second Narrows, can digest
with proper dispersion the sewage of 1,200,000 people on the Greater
Vancouver Sewerage area.

As in the English Bay calculations, the permanent low water
volume is ignored, as is the 27,000 million gallons above the Second
Narrows which would be available unless the Second Narrows dam
was constructed.

The estimated 1950 population discharging to the Inlet is
565,000.

No sewage should be discharged into Coal Harbor on the shore
line between Brockton Point and the C. P. R. wharf, as there is
little through current in this locality, and a tendency for the water
to become stagnant. I am making provisions for intercepting the
sewer outfalls at present discharging between these points, and
carrying them across to the North-east shore of Stanley Park.

Standard of Purity. The standard of purity demanded for

Burrard Inlet is, in the absence of bathing beaches, not so high as
in English Bay, and the calculations of dilution prove that there is
an ample margin of safety. The interception of floating matter is,
of course, desirable, but is not a necessity.

Point of Outfall. There are many localities along the water
front suitable for points of outfall—the line of Clark Drive is the
most convenient for the principal outfall. There are numerous
other points where the smaller areas could discharge—the outfall
pipes should be carried beyond the pier line into deep water.

FRASER RIVER.

Capacity. The minimum discharge of the Fraser River is in the
month of March and amounts, at Hope, to about 20.000 e.f.s. The
maximum discharge, which occurs in June, is about 400.000 c. f. s.
The discharge at New Westminster will be considerably above these
figures, but in the absence of reliable records, I prefer to take 20,000
c. f. s., or about 10,000 million gallons per day.

Just below New Westminster, the North Arm strikes off the
main river. The rise and fall of the tide makes the determination
of the proportion of flow down each of these channels a difficult
matter. I estimate that the North Arm flow will, under present
conditions, never be less than 1,000 million gallons per day, which
amount, on a 1 in 100 dilution basis, will deal with the sewage flow
from 100,000 persons.

The minimum flow of the main river would, on the same basis,
oxidize the sewage flow of 900,000 people. The construction of har-
bour and dock works might necessitate the reduction of flow down
the North Arm, and I do not at the present time feel in a position
to make any more definite statement than that the Fraser River and
the North Arm will be capable of dealing with any sewage that can
be discharged there during the next five years.

Standard of Purity. The standard of purity should be such that
no ill-effects are produced on fish life, and as far as present know-
ledge goes, a 1 to 100 dilution is perfectly safe.

Points of Discharge. The outfalls should be carried well out
into the stream to obtain effective dispersion. For the Brunette
River outfall, the best point available is near the Municipal Bound-
ary, and for the North Arm area there should be some eight or ten
outfalls along the bank between New Westminster and Eburne.

BURNABY LAKE.

Burnaby Lake has a mean water area of about 430 acres, about
two-thirds square mile, with a minimum depth of seven feet. I should
place its capacity at about 70 million cubic feet, or, say, 500 million
gallons. After a spell of dry weather it is practically stagnant, and
is quite incapable of digesting any considerable amount of raw
sewage.

DESCRIPTION OF PROPOSED WORKS

It will be convenient to describe the proposed works area by
area, under the following headings:—

{&) English Bay and False Creek area.
(b) Burrard Inlet area.
(c) Burnaby Lake area.
(d) Fr,aser River area.

ENGLISH BAY AND FALSE CREEK AREA.

This area is shown in Plan No. 10 in brown. It comprises an
area of 8,650 acres with a combined population of 270,000, dis-
tributed among the different Municipalities as follows:—

Aren Estimated
in acres Population in 1950

City oS Vancouver 2,750 127,000
Point Grey 5,100 119,000
South Vancouver 800 24,000

Total 8,650 270,000
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This area is one of those for which, in my previous reports,
I have expressed a preference for the principle of the separate sys-
tem of sewerage. The advantages of this system have already been
fully discussed.

Certain areas have already been sewered on the combined sys-
tem, and, while I do not propose to interfere with these areas at
present, the combined system should be rigorously confined to its
present limits and all extensions put in on the separate system.
The English Bay and False Creek interceptor is designed so that,
notwithstanding these combined areas, the system will, in practice,
approximate, as far as its effect on False Greek or English Bay is
concerned, to the separate system, in as much as it will only be in
times of rare heavy rainfall of over a quarter of an inch per hour
that the storm water overflows will come into action.

A reference to the Meteorological diagram shows that in 1912
this would have been only three times in the course of the year.

As already pointed out, the most suitable point of discharge
for this area is some five thousand feet out from the shore on the
line of Imperial Street.

The outfall pipe (60 inches in diameter) would be carried out
at first to a distance of three thousand feet. As the population on
the area increases, extensions of this pipe would be necessary to
obtain proper diffusion of the sewage, arrangements would be made
for the interception of all the floating matter which might be liable
to be carried back to the foreshore by certain winds. The record
of winds during 1910 and 1911, given on Plate No. 2, shows that the
prevailing winds are offshore.

Several different routes have been examined tor the line of the
interceptor, and one following the foreshore, called the "Foreshore
Line," and another in tunnel through Kitsilano Hill, called the
"Tunnel Line," have been selected as the best two. The Foreshore
Route is the cheaper and has much to recommend it. There are
certain obstacles in the way of foreshore rights; these could be
easily overcome, as the sewer will be in such a position and of such
construction that it will form a protection to the property without,
in any way, interfering with its future development, either as a resi-
dential or commercial district. The sewer would be utilized as a
retaining wall, and the Marine Drive continued from Imperial Street
along the foreshore to Kitsilano Beach. The sewer would be nine
feet internal diameter, with an invert elevation 93 feet above City
datum, and the grade would be 1 in 2700. Commencing from Impe-
rial Street, the foreshore line would follow high water mark, being
carried around the small bay in front of the Jericho Club. At Bala-
clava Street the size and grade would change to eight feet and 1 in
2400, respectively. Continuing along the foreshore to Balsam Street
it would then strike across the park to the corner of Yew and Corn-
wall Streets, then up Yew to First Avenue, and along First Avenue
to the C. P. R. tracks, following the tracks under the Granville
Street bridge, and swinging round into Sixth Avenue. This por-
tion of the route is subject to the agreement of the C. P. R. There
is an alternative line in tunnel. The sewer would continue down
Sixth Avenue to Heather Street, and at this point the Bridge Street
area would be picked up.

I will now describe the alternative route on the Tunnel Line.
Starting from Imperial Street, the sewer would follow the shore
line and strike across the Government Reserve into Point Grey Road
The size would be 7' 6", one in 1,000 grade. At Balaclava Street the
size would change to 6' 6". The line would continue along First
Avenue to Yew Street, where it would swing across under private
property to the corner of Arbutus Street and Second Avenue. It
would continue along Second Avenue to Fir Street, where it would
swing round in a South-easterly direction, crossing Granville Street
and running to the junction of Sixth Avenue back lane and Birch
Street. It would then follow the back lane to Bridge Street, where
the Bridge Street area would be picked up.

Almost the whole of this line is in deep tunnel. There are cer-
tain shallow places where shafts would be sunk, from which the

tunnels could be economically driven.
This interceptor is designed to take the sewerage flow from th*

estimated population in 1950, together with the surface water of the
ordinary storms from the areas at present sewered on the combined
system. There are several trunks draining to this interceptor, and
it may be well to state here that I define a trunk as any sanitary o*
surface water sewer which deals with the sewage or surface water
flow from an area of 400 acres or over.

The main trunk sewers in this area are:—
(a) Imperial.
(b) Alma.
(c) Balaclava.
(d) Maple..
(e) Bridge.

In addition to the above, there are two low level areas, the sew-
age from which will have to be pumped up to the interceptor. They
sre:—

(f) Kitsilano Beach area, and the
(g) Low level area, Bridge and Main Streets, South of Lans-

downe Street.
IMPERIAL STREET AREA.

All of the 720 acres of this area lie to the West of Imperial
Street in Point Grey. The estimated population for 1950 is 14,400.
Commencing at the interceptor, this trunk will run South along
Imperial Street to Sixth Avenue. The area should be sewered on
the separate system.

ALMA STREET AREA.

Six hundred and eighty acres between Imperial Street and North
of the natural divide in Point Grey, and 130 acres in the City, are
included in this area. The trunk starts from the interceptor at the
East boundary of the present Jericho Club property and runs in a
South-westerly direction to the junction of Alma Street and Fourth
Avenue. The exact location to this point depends on the method
of sub-division in the Government Reserve, which is now being
cleared for sub-dividing. This area also should be sewered on the
separate system.

THE BALACLAVA AREA.

This area comprises some two thousand five hundred acres, with
an estimated population in 1950 of 93,000. Commencing from the
interceptor, the sewer will run South on Balaclava Street to Six-
teenth Avenue (a portion of this has already been constructed by
the City of Vancouver), East on Sixteenth to MaeDonald, North on
MacDonald to Eighteenth, East on Eighteenth to Trafalgar, North
on Trafalgar to Chaldecott, East on Chaldecott to Yew, and North
on Yew almost to the Bodwell Road, where the contributing area
reaches the limit of 400 acres.

The principal branches from the main trunk would run on
Broadway to Balsam Street, thence South to Tenth Avenue.

MAPLE STREET AREA.

This area is already sewered on the combined system, discharg-
ing through a four-foot sewer down Maple Street. This sewer will
be connected to the interceptor, which will take all but the heaviest
storms.

BRIDGE STREET AREA.

The Bridge Street area comprises some 2500 acres, of which
2340 acres are drained by gravitation to the interceptor. The re-
maining 160 acres is a low level area.

Parts of this Bridge Street area, both in the City and in Point
Grey, have already been sewered on the combined system, but, as
I have already pointed out, these combined areas should be confined
within their present limits.

Commencing from the interceptor at Sixth Avenue and Heather
one line of the sewer would follow the creek in a South-westerly
direction to Broadway, and then South up Laurel to King Edward
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Area
in acres

2,500

3,300

2,450

K»timared
Population In 1950

90,000 + 63,000

99,000

49,000

Avenue. The other branch would sta/t from the interceptor at
Bridge and Sixth Avenue, run South on Bridge to Fourteenth Ave-
nue, East on Fourteenth to Yukon, South on Yukon to Nineteenth
Avenue, East on Nineteenth to Columbia, and South on Columbia
to McMullen Avenue. The best site for the pumping station, to
deal with the low level area, would probably be in the neighbour-
hood of the Garbage Destructor.

BURRARD INLET AREA.

The areas discharging to Burrard Inlet are shown on the plan
in pink and blue. The greater part of these areas drain naturally
to False Creek and Burnaby Lake.

The principal outlet will be at Clark Drive. There will be
smaller outlets at Stanley Park and Hastings Park and other points
along the water front. In the event of False Creek being filled in,
I think it may be possible to drain this area also to Burrard Inlet,
together with that portion of the City lying between Pender Street
and the Creek, shown uncoloured on the plan.

CLARK DRIVE OUTFALL.

The area discharging at the Clark Drive outfall is shown in
blue, and the distribution and the estimated population of the dif-
ferent Municipalities is set out hereunder:

City of Vancouver
South Vancouver
Burnaby

As will be seen from the plan, part of this area drains naturally
to False Creek and part to Burnaby Lake. The treatment of the
former area depends entirely on what is done with that portion on
the Creek lying East of Main Street bridge. Apart from any ques-
tion of sewerage, if it is filled up it will be necessary .to make pro-
vision for dealing with the surface water, or, in other words, China
Creek will have to be continued from its present outlet, through the
fill to the open water.

In any case, it will be necessary to carry a sewer to deal with
the sewage flow across to Burrard Inlet, and it will, I think, be
better to make this sewer of such a size as will take not only the
sewage but the ordinary surface water. To put it another way, if
China Creek is to be extended, it will be better to extend it to the
Inlet rather than to Main Street bridge. Questions of economy,
however, demand that this extension should be designed to take
only ordinary storm flow, and in filling in the Creek suitable pro-
vision should be made for a relief outlet which would only come
into use should the Clark Drive outfall become gorged by a heavy
rainfall.

The cost of this Clark Drive outfall, or a proportion of it,
should be charged against the False Creek improvement, as it will
relieve that improvement of a long length of expensive culvert.

The outfall pipe would be carried well out into deep water at
the end of Clark Drive, and arrangements would be made for inter-
cepting all floating matter.

It would run South down Clark Drive to Fifth Avenue, where
it would cross under the Great Northern tracks. The area lying to
the East of the head of False Creek is already mostly sewered and
discharging into False Creek. These sewers would be cut off by
the interceptor. From Fifth Avenue the main line would swing
across into Keith Drive, running South to just past Ninth Avenue,
where it would turn into the Creek and run in a South-easterly
direction to Clark Drive and Eleventh Avenue. From this point it
would follow the Creek to Twelfth Avenue and along Twelfth to
Victoria Drive. The line would then run round the South side of
Trout Lake into Twenty-second Avenue, crossing the natural divide
just West of Renfrew Street. From this point onward only sewage
would be taken.

The main sewer would run South on Renfrew to the Municipal
Boundary, where it would cross under the B. C. Electric tracks, fol-
lowing the Creek in a South-easterly direction to the junction of
Boundary Road and Vanness Avenue, taking at this point the popu-
lation on some 450 acres in Burnaby.

There would be several important branch trunks off this .line.
The first would start from the Great Northern crossing at Clark
Drive, following the cut to Slocan Street and running East to
Boundary Road and Thirteenth Avenue. From this point it would
follow the contour of the ground in a South-easterly direction, ter-
minating at the Pole Line Road, just North of Walker Avenue,
where the contributing area would be about 400 acres. The whole
of the area dealt with by this trunk sewer drains naturally to Bur-
naby Lake, and, in accordance with the principles laid down, it
would be a sanitary sewer, taking sewage only.

STANLEY PARK OUTFALL.
This outfall would discharge into the rapid current on the

North-east shore of Stanley Park. It would run across the low
area in the Park to the North shore of Coal Harbor, crossing the
harbor in the proposed causeway to the foot of Georgia Street;
here it would divide into two branches, one running up Georgia,
intercepting the sewage, at present discharging to Coal Harbor, at
Dunsmuir Street and Gifford Street; and the other striking across
on the line of the Park limits to Beach Avenue, where the sewer at
present discharging on the East shore of Stanley Park would be
picked up.

The Georgia Street branch should be eventually extended to
Burrard Street and the dry weather flow of the existing sewer
picked up. An overflow from the present combined sewer is per-
missible at this point at the present time.

West of Burrard Street, as already mentioned, no sewage should
be discharged, and sanitary sewers should be laid and connected to
the Stanley Park outfall. The same remarks apply to the area lying
to the North of False Creek, and an interceptor should be laid along
Beach Avenue and sanitary sewers connected to it. The sewers
above discussed are relatively small and do not come within the
scope of this report (except for that part of the interceptor shown
on the plan), but the prevention of pollution of the bathing beaches
at English Bay and the foreshore of Coal Harbor is of such impor-
tance that I thought it well to refer to it.

HASTINGS PARK OUTFALL, ETC.
This outfall and trunk drain an area of 800 acres. There will

be various similar qreas along Burrard Inlet water front, but they
will fall below the limit of 400 acres, and are outside the scope of
this report. The outfall pipe should in each case be carried out to
deep water and floating matter intercepted.

BURNABY LAKE AREA.
The total area draining naturally to Burnaby Lake amounts

to some 17,000 acres, or nearly 26 square miles.
As I have already pointed out, this area resembles a large dish,

with a single outlet—the Brunette River. At the present time the
sides and bottom of the dish are covered with vegetation and soil
of an absorbent nature, which retains the rain and retards a large
percentage of the run-off. By the year 1950 the assumed popula-
tion on this area is some 200,000 people, and a considerable change
will have taken place in the nature of this covering—streets and
roofs will have taken the place of trees and undergrowth. I esti-
mate that with the heaviest storms the run-off from this watershed
will then be at least 4,000 cubic feet per second, that is to say, assum-
ing a velocity of flow of five feet per second and a depth of ten feet,
a channel 80 feet wide would have to be provided. It is of the
utmost importance that the natural drainage channels of this dis-
trict should be conserved and some sound policy of developing them
to meet the demands of the future adopted. I have included in the
estimates for "Immediate Construction" a sum of $200,000 for
improving Still Creek and the Brunette River, and providing for
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such drainage as may be necessary during the next five years.

To meet the needs of the district during the next five years for
sewerage facilities, two interceptors have been provided, one dis-
charging to Clark Drive, which has already been described, and the
other to the Praser River, near the Brunette mouth, designed, like
the previous one, to take sewage only. Commencing at the City
Boundary, it would run as shown on the plan and intercept all sew-
age from Still Creek, Burnaby Lake and Brunette River.

As to the ultimate disposal of the sewage, quite recently the
public health authorities have given permission to New Westminster
to discharge their raw sewage into the Fraser, provided no nuisance
is caused. I see no reason why permission should not be given to
discharge the sewage from this interceptor—with the same proviso:
But there may come a time when some form of treatment will be
necessary.

FRASER RIVER AREA.

The acreage and estimated distribution of population of the
area draining the North Arm of the Praser River is shown by the
following table:—

Point Grey 7,300 acres 137,000 population
South Vancouver 4,800 acres 48,000 population
Burnaby 5,500 acres 05,000 population.

At the present time the question of whether the combined or
separate system will be the better for this area, is an indeterminable
one. Under existing conditions, as previously stated, I estimate
that the North Arm of the Praser River can digest the sewage of
100,000 persons without nuisance or injury to fish life—provided
proper dispersion is obtained. The time will undoubtedly come
when either some form of local treatment will have to be adopted
or an interceptor constructed. I have made provisions for the latter
in the "Deferred Construction" estimates, and it is shown in a
broken red line on Plan No. 10—although it is quite possible that
future developments may make the former method more suitable.
To meet the needs of the district during the next five years, I pro-
pose the construction of trunks on the lines shown on plans.

ESTIMATES.

The following estimates of cost are set out under two heads, .
' ' Immediate Construction'' and '' Deferred Construction.'' The first
covers all the work shown in firm red lines on the plan, and the cost
of the trunk sewers constructed by the City of Vancouver (except-
ing the Maple Street sewer) and Point Grey, shown in green.

The sum of $200,000 is also included for the straightening and
improving Still Creek and the Brunette River. It is proposed
that these works should be constructed during the next five years.
The expenditure being five and a half million dollars.

The "Deferred Construction" estimates give the cost of the
construction that will be necessary to place the remaining area of
the Peninsula on the same footing as the area covered by the "Imme-
diate Construction" estimates, i.e., the provision of sanitary and
surface water trunks for every area of 400 acres, together with such
interceptors and outfalls as will be necessary.

These "Deferred Construction" estimates are of necessity of
an approximate nature, and the amount of expenditure and the rate
of construction required depends, of course, on the rate of growth
and development of the Peninsula.

ESTIMATES—IMMEDIATE CONSTRUCTION,
AREA DRAINING TO IMPERIAL STREET OUTFALL,

ENGLISH BAY.
(Coloured brown on Plan No. 10.)

Estimate of cost of construction of outfall, interceptor and
sanitary and surface water trunks, as shown in firm red lines:—

Outfall $175,000
Interceptor 662,000

TRUNKS (Sanitary and Surface) :—
Smith

Vancouver Point Grey Vancouver
Imperial Street area $ 58,000
Alma Road area $ 18,000 101,000
Balaclava Street area 372,000 398,000
Bridge Street area 188,000 80,000 $74,000

Totals $578,000 $637,000 $74,000
$1,289,000

$2,126,000
Outfalls to Trunks 45,000

$2,171,000

NOTE.—The cost of the portion of Balaclava and Bridge Street
trunks already constructed by the City of Vancouver is included in
above estimates.

AREA DRAINING TO CLARK DRIVE OUTFALL,
BURRARD INLET.

(Coloured blue on Plan No. 10.)
Estimate of cost of construction of outfall, interceptor and com-

bined trunks on natural area, and sanitary trunks on area draining
naturally to Burnaby Lake, as shown in firm red lines:—

Outfall $ 50,000
Interceptor 240,000

South
Vancouver Vancouver Burnaby

Trunks (Combined) $518,000 $137,000
Trunks (Sanitary only) .. 95,000 56,000 $154,000

Totals $613,000 $193,000 $154,000
$960,000

Great Northern Cut Outfall 30,000
$1,280,000

AREA DRAINING TO BURRARD INLET.
(Coloured pink on Plan No. 10.)

Vancouver
Stanley Park Outfall:

Outfall and Interceptor $ 80,000
Hastings Park Outfall:

Outfall and Trunk 40,000

Total $120,000

AREA DRAINING TO BRUNETTE RIVER OUTFALL.
(Coloured yellow on Plan No. 10.)

Estimate of cost of construction of outfall and interceptor, as
shown in firm red lines:—

Outfall and Interceptor $383,000
Still Creek, Burnaby Lake and Brunette

River improvement 200,000
Total $583,000

AREA DRAINING TO PRASER RIVER.
(Coloured green on Plan No. 10.)

South
Point Grey Vancouver Rurnaby

Trunks and Outfalls $96,000 $282,000 $420,000

$798,000

NOTE.—The cost of the Kaye Road trunk, already constructed
by Point Grey, is included in the above estimates.
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ABSTRACT OF ESTIMATES.

IMMEDIATE CONSTRUCTION (DURING NEXT FIVE YEARS).

English Bay Area $2,171,000
Clark Drive Area 1,280,000
Burrard Inlet Area 120,000
Brunette River Area 583,000
Fraser River Area 810,000

Total , $4,964,000
Add Engineering. Contingencies, etc 536,000

$5,500,000

DEFERRED CONSTRUCTION (DURING FOLLOWING 25 YEARS).

Estimates of cost of providing trunks for the sewerage and
surface water drainage of the areas shown part coloured on Plan
No. 10, the surface water drainage of portion of Clark Drive area
draining naturally to Burnaby Lake and the Kraser River inter-
ceptor :—
Burnaby Lake Area $3,400,000
Point Grey Area 1,000,000
Praser River Area 1,100,000

Total $5,500,000

CONSTRUCTION AND CONTROL OF WORKS.

It is nnusual for the construction of works covering such a
large area as these, and' lying in several Municipalities, to be car-
ried out under the immediate supervision of the Municipal Coun-
cils concerned. In cases where this has been attempted the results
have not been satisfactory. Moreover, a work of this description
should really be constructed without regard to Municipal bound-
aries. It should be looked upon as a scheme devised and carried
out with a view to placing on a sure foundation the sanitary inter-
ests of the great city which will one day cover this Peninsula. Be-
fore putting before you proposnls for the constitution and powers
of a Joint Board, it will be well to outline for your information the
constitution and powers of similar bodies which are doing excellent
work in other parts of the Empire and the United States.

MELBOURNE.

The Melbourne and Metropolitan Board of Works received its
constitution by Act of Parliament in December, 1890. The main
object of the Board's creation was to provide Melbourne and suburbs
with an efficient system of sewerage. The Board consists of a chair-
man and 39 members, who are nominated by 22 Municipalities and
who hold office for three years, the representation being on a basis
of assessment valuation. The salaried chairman, who must devote
his whole time to the duties of the office, is appointed by the Board.

The Board has complete control of all sewer work within the
Metropolitan area, and has, since its formation, spent over $30,-
000,000 on construction, which includes trunk sewers, branch sewers
and house connections as far as the street line.

It has power to make and collect taxes on all property within
its jurisdiction. The taxes are based on "net annual value." the
maximum levy being one shilling and twopence in the pound on
sewered property, and two pence in the pound on unsewered prop-
erty. This corresponds, approximately, to a tax rate of seven and
one mills to the dollar.

It is interesting to note that the Board is at the present time
seeking further powers to control the Metropolitan rivers, streams
and watercourses and sub-divisions of land.

BIRMINGHAM AND DISTRICT, ENGLAND.

The Birmingham Tame & Rea Main Drainage Board was formed

by provisional order of the Local Government Board in 1877, for the
purpose of:—

"(a) Purchasing such lands and erecting, making and main-
"taining such buildings, machinery and plant as may
"be required for the treatment at outfall works of the
"sewage of the several urban sanitary districts.

"(b) Constructing or providing such intercepting sewerage
"works as may be necessary to convey the sewage of
"the several districts and contributory places to the
"said outfall works."

The constitution of the Board is similar to that of Melbourne,
the members being elected by the constituent Municipal Councils
from among the members of their own body for a term of three
years. Neither the chairman nor members receive any salary.

The Board controls an area of over 90 square miles, with a
population of nearly one million people.

The works and expenses incurred by the Joint Board and
various Municipalities are divided into two classes:—

(a) "Outfall Works" include treatment works and all works
necessary for conveying the sewage of any Municipality
from that Municipality to its point of disposal, and all
expenses of management. The cost of these works is
defrayed out of a common fund contributed to by the
various Municipalities in proportion to their respective
populations.

(b) "Intercepting Works" include such works as may be
necessary to convey the sewage of any district to the
Outfall Works. These works, when serving one Munici-
pality, may be constructed either by that Municipality
or by the Joint Board, but where two Municipalities are
concerned, the work must be done by the Joint Board.

The cost of any intercepting work is charged to such of the
constituent authorities and in such proportion as the Board thinks
fit.

BOSTON, MASS.

The Board of Metropolitan Sewerage Commissioners was estab-
lished by Act of the Massachusetts Legislature in 1889. Its object
was to provide for the building, maintenance and operation of a
system of sewage disposal for the Myrtle and Charles River Val-
leys.

It is composed of three "able and discreet men, inhabitants of
the Commonwealth," who are appointed trienially by the Governor
with the advice and consent of the Council. Each member receives
a salary of $3,000.00 a year. The Board has powers to construct
and maintain certain defined works. The expenditure on sewerage
works since the Board's formation amounts to about $15,000,000.
The area controlled is now 399 square miles, lying in 24 Munici-
palities, and the population close on one million. To meet the ex-
penses of the Board, the Commonwealth issues 40-year i% bonds.
The interest and sinking fund requirements are apportioned among
the contributing Municipalities on a valuation basis, while the main-
tenance charges are on a population basis.

There are many other Joint Boards in operation; in England
alone there are over 40, all working along similar lines to one of
the three above mentioned.

Two very divergent views can be taken of the policy in which
this scheme is entered upon; one, that it is a joint scheme in the
sense that it is of common interest to every individual on the Pen-
insula, and the other, that the scheme is a joint scheme from the
point of view of the Municipality rather than of the individual. To
put it another way: the Peninsula can be considered as one large
Municipality with common interest, or a group of Municipalities
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each with its individual interests.
Personally, I incline to the broader view; but I quite recognize

that such a view is open to objection at the present time, as each
Municipality has its own responsibilities and bond issues, and the
interests of one may perhaps seem to clash with the interests of
another.

I will now outline my views of what the constitution and pow-
ers of the Board should be, on the assumption that the Provincial
Government will guarantee the bonds.

REPRESENTATION.

A Board composed of representatives from the Councils of dif-
ferent Municipalities, with a chairman appointed by the Lieutenant-
Governor in Council and holding office during his pleasure. The
basis of representation would be roughly on population or valua-
tion, and would give Vancouver two representatives and the out-
side Municipalities one each.

ASSESSMENT, INTEREST AND SINKING FUND CHARGES.

to be assessed on one of the following principles:—
(a) The work to be divided into two classes: (1) that of

common interest, which includes interceptors, purification
works, and all works designed for the prevention of pol-
lution of natural bodies of water; (2) that of local inter
est, which includes trunk sewers draining 400 acres or
over. The charges for (1) to be assessed over the whole
district. The charges for (2) to be borne by the Munici-
palities in proportion to the assessment valuation of the
area actually drained.

(b) The natural rights and liabilities of each Municipality
to be taken into account. The charges for all works to
be apportioned on a basis of the provision made for and

the benefits derived by each Municipality. The appor-
tionment to be fixed by the Board, with right of appeal
to the courts from its decisions.

DUTIES.

The duties of the Board would be primarily to carry out and
maintain the sewerage scheme as outlined in this report. They
would also exercise a general supervision over all the sewer con-
struction, and would take such steps as might be necessary to pre-
serve the natural' bodies of water from pollution.

They would have similar powers to a Municipality in the way
of expropriating land, and would engage their own officers, and
enter into contracts.

In concluding this report, I should like to remind the Com-
mittee that, although eighteen months have elapsed since this inves-
tigation was commenced, the time has barely sufficed for the col-
lection of indispensable data. At the inception of the undertaking
the plans of the district were incomplete and unreliable, and there
was no information available as to the elevation of the greater part
of the area. On my visit, a year ago, a considerable portion of my
time was taken up in reluctantly designing and laying out in ad-
vance of the main scheme, portions of the Balaclava, Bridge and
China Creek trunks. The success of a scheme of this description
depends very largely on the selection of the points of outfall—a
problem which involves extended and tedious float observations
through the various different conditions of the tides, the wind, and
the Fraser River.

Respectfully submitted,

R. S. LEA.

Per A. D. Creer.

PROPOSED SEWER

POSSIBLE FUTURE SEWER

Figure 110. Facilities Recommended in R. S. Lea Report

This figure was adapted from Plate 10 of the report of R. S. Lea to the Burrard Peninsula Joint Sewerage Committee
in 1913. Plates 1-9 and 11 have not been adapted for inclusion herein.
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" Sewerar* district."

" Watareourae."

" Drainage arts."

~ Land valuation."

An Act providing for a Joint Sewerage and Drainage
System for the City of Vancouver and Adjoining
Districts.

[Consolidated for convenience only, June 21st, 1947.]

H IS MAJESTY, by and with the advice and consent of the
Legislative Assembly of the Province of British Columbia,

enacts as follows:—
Short Title.

1. This Act may be cited as the " Vancouver and Districts Joint
Sewerage and Drainage Act."

Interpretation,

2. (1.) Where the following expressions or words occur in
this Act, or in any rules, regulations, or by-laws to be made under
this Act, they shall be construed in the manner following, unless
the context otherwise requires:—

" Municipality " shall include any and every municipality
now incorporated or that may hereafter become incor-
porated, whether city or district, and whether incor-
porated by special Act of the Legislature or under the
provisions of the " Municipalities Incorporation Act" :

" Sewerage district" shall mean that part of the Province
bounded on the north by Burrard Inlet, on the west by
English Bay and the Gulf of Georgia, on the south by
the North Arm of the Fraser River and the present
boundary between the Municipality of Burnaby and
the City of New Westminster, and on the east by the
present boundary between the Municipalities of Burn-
aby and Coquitlam, together with that part of the City
of New Westminster lying within the proposed Glen-
brook drainage area as shown outlined in green on the
plan of the said proposed drainage area on file in the
Land Registry Office at the City of New Westminster
numbered 14919:

" Street" shall include any highway, and any public bridge,
and any boulevard, square, mews, court, road, lane,
alley, or passage, whether a thoroughfare or not:

" Watercourse " shall include any river, stream, creek, or
lake, whether ordinarily carrying or containing water
or not:

" Drain " shall mean any artificial channel constructed for
the conveyance of surface water, and shall include any
part of a drain and any right of making or of user or
other right in or respecting a drain:

" Sewer " shall include sewers and drains of every descrip-
tion, except drains to which the word " drain " inter-
preted as aforesaid applies, and shall include any
conduit, pipe, or channel, together with its appurte-
nances, used for the conveyance of domestic sewage,
factory refuse, or any other polluting liquid; and shall
include any part of a sewer and any rights of making
or of user or other right in or respecting a sewer:

" Main sewer " shall include any sewer which shall be con-
structed, purchased, or otherwise acquired as such
under the provisions of this Act, and any existing sewer
referred to in the report referred to in section 14 hereof:

" Land " shall include all real estate, messuages, tenements,
and hereditaments, houses and buildings of any tenure,
and foreshore, lands covered with water, frontage
rights, rights-of-way, and easements, and any right,
title, or interest in land of any kind or nature what-
soever :

" Drainage area " shall mean any area of lands within the
sewerage district which is established by the Board as
a drainage area under the provisions of this Act:

" Land valuation " shall mean the valuation of any area of
lands within the sewerage district which is determined
by the Board as a land valuation under the provisions

Cha.nnftn appointed
by L.eut.-Governor
in Council.

Power* of Chair-

No member to hold
office of proflt in gift
of Board.

of this Act.
(2.) For the purposes of this Act, the City of New West-

minster.shall be included in the words " municipality within the
sewerage district" used in this Act. 1914, c. 79, s. 2; 1915,
c. 64,3.2; 1918, c. 95, s. 2; 1929, c. 66, s. 2.

Board.

3. (1.) For the purposes of carrying into execution the pro-
visions of this Act, a Board, to be called the " Vancouver and
Districts Joint Sewerage and Drainage Board," is hereby estab-
lished, and the same is hereinafter referred to as " the Board."

(2.) The Board shall be composed of a Chairman and the
Mayors, for the time being, of the Cities of Vancouver and New
Westminster, and the Reeve, for the time being, of each other
municipality within the sewerage district, and two additional
members who shall be appointed annually by the Council of the
City of Vancouver. 1914, c. 79, s. 3; 1918, c. 95, s. 3 ; 1928,
c. 53, s. 2; 1929, c. 66, s. 3.

4. The Chairman, who shall not be a member of the Council of
any municipality in the sewerage district, shall be appointed by
the Lieutenant-Governor in Council, and shall hold office during
the pleasure of the Lieutenant-Governor in Council, and shall
be paid such salary as shall be fixed by the Lieutenant-Governor
in Council, and shall devote such of his time as may be necessary
to the proper carrying-out of the objects of this Act.

5. The Chairman shall be the chief executive officer of the
Board. He shall have the general supervision and management
of the affairs of the Board, preside at all meetings of the Board,
and shall have the right at any time after the passage thereof to
intervene and return for reconsideration or to veto any by-law,
resolution, or proceeding of the Board, subject to an appeal to
the Lieutenant-Governor in Council, whose decision shall be final
and binding. 1918, c. 95, s. 4.

6. No member of the Board shall hold any office or place of
profit in the gift of the Board, or, except as to his salary or remu-
neration, be concerned or interested in any manner, whether
directly or indirectly, in any contract with the Board, or any
profit thereof, or in the profit of any work to be done under the
authority of this Act, or in any expenditure under this Act.
1918, c. 95, s. 5.

7. [Revealed. 1918, c. 95, s. 6.]

8. [Revealed. 1918, c. 95, s. 7.]

9. [Repealed. 1918, c. 95, s. 8.]

10. The Board shall from time to time provide and maintain
fit and convenient offices for holding the meetings of the Board
and transacting its business, and for the use of its offices, and
for transacting all business connected with the Board; and for
such purpose may acquire by purchase or otherwise any land
which by the Board may be-, considered necessary for such
purposes, and may erect buildings thereon.

11. (1.) The Chairman may appoint a Clerk or Secretary and
Treasurer, who shall hold office during the pleasure of the Chair-
man, and shall be paid such salary as may be fixed by the Board.
He shall not be a member of the Board or of the Council of any
municipality in the sewerage district.

(2.) The Board shall from time to time engage such solicitors,
counsel, engineers, agents, officers, and servants as it may deem
necessary for the purposes of this Act.

(3.) The Board shall meet once a month, or oftener if required
by the Chairman, and the members, other than the Chairman,
shall each receive fifteen dollars for each meeting attended by
them. 1918, c. 95, s. 9.

13. The Board shall have power to pass all necessary rules,
regulations, and by-laws for the purpose of carrying into effect
the provisions of this Act; and to enable the Board to construct,
maintain, and operate the main sewers, sewers, drains, and other
works referred to in section 14; and generally with regard to the

265
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Corporate body.

Powers or Board.

Altering or cloolBf

management and transaction of the business of the Board, includ-
ing the fixing of the necessary quorum for the transaction of
business, the mode of executing and authenticating the securities
mentioned herein, or any contract or instrument in writing as to
which no express provision is made by this Act, the persons by
whom the seal of the Board may be affixed to any deed or instru-
ment under seal, and the duties, discipline, and regulation of all
officers and servants of the board. 1914, c. 79, s. 12; 1934,
c. 68, s. 2.

13. The Board shall be a corporation under the name " Van-
couver and Districts Joint Sewerage and Drainage Board," and
shall have power to acquire and hold real and personal property
for the purposes for which it is incorporated, and to alienate
the same when no longer required for such purposes, by sale,
exchange, or otherwise; and no member of the Board shall be
liable for its debts, obligations, or acts.

Powers of Board.

14. (1.) The Board shall have power within the sewerage dis-
trict, and without such district, with the consent of the Lieutenant-
Governor in Council, at any time to enter upon any lands, without
the consent of the owner thereof, and to make all necessary sur-
veys, and to construct, maintain, and operate such main sewers,
sewers, and drains, and other works in connection therewith as
shall, in the opinion of the Board, be required for a system of
sewerage and sewage disposal and surface-water drainage within
the sewerage district, in substantial accordance with the report
bearing date the first day of February, 1913, made by E. S. Lea,
Esquire, consulting engineer, and submitted by the Burrard Pen-
insula Joint Sewerage Committee to the Provincial Board of
Health, and filed in the office of the Provincial Secretary, or in
accordance with any changes in such system that maybe made by
the Board with the approval of the Lieutenant-Governor in Coun-
cil ; and for the above purposes the Board may enter into con-
tracts with any person for the construction, maintenance, and
operation of the works aforesaid or any part thereof, or may
execute such works or any part thereof without contract, and for
such purpose may purchase materials and employ labour as may
be required.

(2.) The Board shall have end may exercise all the powers
vested in it by subsection (1) in respect of any lands which are
from time to time within the sewerage district, whether or not
the said lands are included in the system comprised in the said
report made by R. S. Lea, Esquire. 1914, c. 79, s. 14; 1929,
c. 66, s. 4.

15. The Board may from time to time enlarge, lessen, alter the
course of, cover in, or otherwise improve any main sewer, sewer,
or drain of the Board, and may discontinue, close up, or destroy
any such main sewer, sewer, or drain that has, in the opinion of
the Board, become unnecessary; but' in such case compensation,
or a main sewer, sewer, or drain as effectual, shall be provided for
any municipality having a sewer or drain connected with the
main sewer, sewer, or drain so discontinued, closed up, or
destroyed.

10. (1.) The Board may, as required for carrying out the pro-
visions of this Act, take, or enter upon and use, by purchase or
agreement, or without the consent of the owner, any land, water-
course, sewer, or drain, including all rights required for the exer-
cise of the powers contained in sections 14, 15, 17, and 19.

(2.) When the Board determines to expropriate any land,
watercourse, sewer, or drain, including as aforesaid, the Board
shall, within thirty days thereafter, cause to be recorded in the
Land Registry Office of the district in which such land, water-
course, sewer, or drain is situated a description thereof sufficiently
accurate for identification, with a statement of the estate or inter-
est therein required by the Board, if such estate or interest is less
than an estate in fee-simple; and such description and statement
shall be signed by the Chairman, or, in the absence of such officer,
by any person acting in his place under the authority of the Board,
and an estate in fee-simple in such land, watercourse, sewer, or
drain, or such lesser estate or interest therein as is set forth in
such statement, shall thereupon vest in the Board; and notice of
such expropriation shall forthwith be given to the owner as shown
by the books of said Land Registry Office of such land, water-
course, sewer, or drain. The Board may enter upon and use any
land, watercourse, sewer, or drain, including as aforesaid, and
may la.y and keep and continue main sewers, or sewers and drains,
therein without the consent of the owner and without expropria-
tion ; and may also without the consent of the owner and without
expropriation take from any land, watercourse, sewer, or drain
all wood, timber, stone, gravel, sand, clay, water, or other material
which may be required for the purposes of the Board.

(3.) The Board shall pay any purchase price or compensation
agreed upon, and in case of expropriation or of entering upon and
using without purchase, agreement, or expropriation, or of tak-

" Municipal Act "
relating to expro-
priation to apply.

Restoration the only
compensation In cate
of highway.

ing wood, timber, stone, gravel, sand, clay, water, or other mate-
rial as aforesaid, shall pay all damages that shall be sustained by
any person by reason thereof beyond any advantage which the
claimant may derive from the contemplated work; and such
damages, in default of an agreement being arrived at, shall be
decided by arbitration pursuant to the provisions of the " Arbi-
tration Act," by three arbitrators, one of the arbitrators to be
appointed by each party, and the third by the two arbitrators so
appointed, and the purchase price, compensation, or damages paid
hereunder shall be regarded as a portion of the cost of the works
authorized by this Act.

(4.) Sections 369 to 375 of the " Municipal Act " of the Statutes
of 1914 shall apply to all cases of the exercise by the Board of any
of the powers conferred by section 16; and for the purposes of the
application of said sections of the " Municipal Act " to this Act,
the word " Board " shall be substituted for the words " munici-
pality," " municipal corporation," and " Council " where .they
occur in said sections of the " Municipal Act."

Notwithstanding anything contained in this section, the only
compensation which shall be made in respect of the exercise of the
powers contained in sections 14, 15, 17, and 19 in respect of any
road, street, or other way of public travel shall be the restoration
provided for in section 18. 1914, c. 79, s. 16; 1918, c. 95, s. 10.

17. The Board may carry any main sewer, sewer, or drain
through, across, or under any street, road, railway, highway, or
other way, either public or private, in such manner as not unneces-

Kight u use water- sarily to obstruct or impede travel thereon; and may carry same
*"""• into, through, across, under, or over any watercourse, and into,

through, across, or under any lands whatsoever, and may enter
upon and dig up any such street, road, railway, highway, or other
way, watercourse, or lands for the purpose of laying main sewers,
sewers, or drains, and of maintaining and repairing the same;
and in general may do any other acts or things necessary or con-
venient and proper for the purposes of this Act. In entering

subject to municipal upon and digging up any street, road, railway, highway, or other
"*" oni" way of public travel, the Board shall be subject to such reasonable

regulations as may be made by the Council of the municipality
wherein such work shall be performed. Before entering upon

Notice. any such street , road, rai lway, highway, or other way of public
travel for the purpose of laying a main sewer, sewer, or dra in , the
Board shall give at least ninety days ' notice of such contemplated
action to such municipal i ty ; but it shall be lawful for such munici-
pali ty to waive the giving of such notice or to shorten the period
thereof.

1 8 . Whenever the Board shall dig up any road, street , or way
of public travel as aforesaid, it shall, so fa r as practicable, restore
the same to as good a condition as the same was in before such
digging began ; and the Board shall a t all t imes indemnify and
save harmless the several municipali t ies within which such roads,
s t reets , or ways a r e s i tuated aga ins t all damages which may be
recovered aga ins t them respectively by reason of anyth ing done
or omitted by the Board, and shall re imburse them for all expenses
which they may incur by reason of any defect or wan t of repair
of any road, s treet , or way caused by the construction of any of
the said main sewers, sewers, or dra ins , or by the main ta in ing or
repa i r ing of the same.

19 . The Board may close or may change the width, depth,
grade, or direction of any watercourse, and may, with the consent
of the Council of the municipal i ty within which same is s i tuated,
widen or change the location or g rade of any road, s treet , or way
of public travel crossed by any main sewer, sewer, or dra in of the
Board or in which same may be located. 1914, c. 79, s. 19; 1929,
c. 66, s. 5.

9 0 . Before any new sewer is constructed by any of the munici-
palities in the sewerage district , or any al terat ion, connection, or
extension is made by any such municipali ty to any then exist ing
main sewer or sewer, plans and par t iculars shall be submit ted to
the Board on forms supplied by the Board ; and such new sewer
shall not be constructed or any al terat ion, connection, or extension
made to any then exist ing main sewer or sewer until the Board has
approved of the plans and par t iculars submitted. Each munici-
pality in the sewerage dis tr ict shall connect its sewers now con-
structed or hereaf ter to be constructed wi th a main sewer, sub-
ject to the direction, control, and regulation from t ime to t ime
of the Board.

•a 2 1 . If any new sewer is constructed or a l terat ion, connection,
i. or extension is made by any such municipality to any then exist-

ing main sewer or sewer without the consent of the Board, the
Board may, within three months af ter such construct ion, a l tera-
tion, connection, or extension has been reported to them by its
engineer , cause notice in wr i t i ng to be given to the municipal i ty
by whom such construction, al terat ion, connection, or extension
is made, requi r ing such municipal i ty to car ry out such works as
the Board may deem necessary as a consequence of such construe-

Plam of new
municipal sewc
be furnished to
Board.

Board may requi
restoration to
original conditio



APPENDIX II 267

Or may reatore mt
expenen of default-
ing penon.

Plan to b« filed.

tion, alteration, connection, or extension, or the Board may
require such municipality to restore such main sewer or sewer to
its original condition; and if such notice is not compiled with, the
Board may do said works at the expense of the municipality in
default, and may recover from such municipality the expense
thereof in any Court of competent jurisdiction.

2tA. The provisions of sections 20 and 21 shall not apply in
respect of that part of the City of New Westminster which is
situate without the sewerage district. 1929, c. 66, s. 6.

22. Any person who shall wantonly or maliciously destroy or
injure any main sewer, sewer, or drain of the Board, or any
property owned or used by the Board for the purposes of this Act,
shall pay to the Board three times the amount of the damage done,
to be recovered at the suit of the Board in any Court of competent
jurisdiction.

2It. (1.) The Board may from time to time sell, lease, or dis-
pose of any property, real or personal, no longer needed for the
construction, maintenance, or operation of the main sewers or
sewers and drains of the Board.

(2.) Real estate so sold may be conveyed by the Board subject
to such easements, reservations, and restrictions as the Board may
deem necessary.

24. All claims for damages by reason of the expropriation or
taking, or entering upon and using, without the consent of the
owner and without expropriation, of lands, watercourses, sewers,
or drains, including the rights referred to in section 16, or by
reason of the taking of any wood, timber, stone, gravel, sand,
clay, water, or other material, shall be presented within one year
from the date of such expropriation or taking or entering upon
and using without expropriation, or from the date when the
alleged damages were,sustained or became known to the claim-
ant ; or in case of a continuance of damage, then within one year
from the time when the cause of action arose or became known
to the claimant.

2 4 A . (1.) In case of any main sewer, sewer, or drain purchased
or constructed or proposed to be constructed under this Act, the
Board may establish for the purposes of this Act a drainage area
comprising all or any of the lands within the sewerage district
which by reason of their situation with respect to the main sewer,
sewer, or drain are served or drained or capable of being served
or drained by means of the main sewer, sewer, or drain, or by
any extension or use thereof contemplated in the plan or system
under which the same is purchased or constructed or proposed to
be constructed. The Board shall have power to determine and
fix the boundaries of each drainage area, and may from time to
time alter the boundaries of any drainage area established under
this section. Every decision of the Board under this section shall,
subject to the appeal provided by this Act, be final and conclusive.

(2.) Pending the completion of the entire system of works
authorized by this Act, the Board may, for the purpose of tem-
porarily providing for the disposal of sewage from any area of
land, connect the main sewers and sewers of that area with the
main sewers of any drainage area established by the Board, and
may for that purpose maintain such connection without including
the first-mentioned area within the boundaries of the drainage
area. .1915, c. 64, s. 3 ; 1929, c. 66, s. 7.

2 4 B . The Board on establishing a drainage area shall file in the
Land Registry Office of the district in which the lands are situate
a plan showing such drainage area outlined in green, and on alter-
ing the boundaries of a drainage area shall in like manner file an
amended plan showing the drainage area as altered. 1915, c. 64,
s. 3.

SJ4c. (1.) For the purposes of this Act, the Board shall have
power annually to determine the land valuation of any area of
lands within the sewerage district, whether comprising the whole
or part of any municipality, by taking as a basis therefor the
assessed valuation of the lands within the area as ascertained
from the revised municipal assessment roll of the municipality
for the last preceding year, except that if it appears to the Board
as the result of investigation or from evidence produced that the
relation of assesesd valuation to the actual reasonable value of
the lands differs in different municipalities, the Board may for
the purpose of uniformity of valuation refer the matter to the
Provincial Assessor and Collector of Vancouver Assessment Dis-
trict, who shall thereupon determine tha land valuation of the
area upon such basis as he may deem proper and report his deter-
mination to the Board in writing. The decision of the Board deter-
mining any land valuation in accordance with the report so
obtained shall, for the purpose of constituting the basis of any
apportionment to be made by the Board under this Act, be final
and conclusive.

(2.) [Repealed. 1934, c. 68, s. 3.]
interpretation of (3.) For the purposes of this section " lands " shall mean the

ground or soil and everything annexed to it by nature, or that is
under the soil, except mines and minerals, precious or base, belong-
ing to the Crown. 1915, c. 64, s. 3.

Contracts.

Mode of contracting. 2 5 . (1.) Any contract which, if made between private persons,
would be by law required to be in wr i t ing and under seal may be
made on behalf of the Board in wr i t ing under the common seal of
the Board, and may in the same manner be varied or discharged.

(2.) Any contract which, if made between pr ivate persons,
would be by law required to be in wr i t ing signed by the par t ies
to be charged therewi th may be made on behalf of the Board in
wr i t ing signed by the Chai rman, or, in the absence of the Chair-
man, by any person ac t ing in his place under the author i ty of the
Board, and may in the same manne r be varied or discharged.
1914, c. 79, s. 2 5 ; 1918, c. 95, s. 1 1 ; 1929, c. 66, s. 9.

T«nd«ra to b« 2 6 . Except in cases of emergency, before any contract to the
d u d i amount of one thousand dollars or upwards is entered into by the

Board, three days ' notice a t the least shall be given in two of the
daily newspapers circulat ing in the sewerage district , expressing
the na tu re and purposes of such contract and invit ing tenders for
the execution of same. The Board shall not be bound to accept
the lowest or any tender, and if it accepts any tender may accept
the tender which, in view of all the circumstances, appears to it
to be most advantageous, and shall take security for the due and
faithful performance of every such contract .

2 7 . No action shall be commenced agains t the Board or any
member thereof, or any person act ing under its author i ty or under

Notice. the author i ty of this Act, unless one month 's previous notice in
wr i t ing thereof has been given to the person agains t whom such

Limitation. action is intended to be b rough t ; and any such action shall be
commenced within one year af ter the cause of action arose, and not
afterwards.

compo-notD,. 2 8 . The Board may compound for such sum of money or other
recompense, as to the Board may seem proper, with any person
who has entered into any contract with the Board, or any bond or
agreement for the faithful performance thereof, or has made
deposit for the performance of any tender in respect of any penalty
or forfeiture incurred by reason of the non-performance of such
contract or agreement, or breach of the condition of such bond, or
otherwise, or by reason of failure to carry out the terms of such
tender or to enter into contract in accordance therewith.

Borrowing Money.

Bom>wini-pow.ra. 29 . (1.) It shall be lawful for the Board, and it is hereby
empowered, after receiving the consent of the Lieutenant-
Governor in Council, to borrow for the purpose of carrying out
its objects an amount not exceeding ten million five hundred thou-
sand dollars for a term not exceeding forty years. The sum of
five million dollars may be borrowed at such time as to the Board
may seem proper, and the further sum of five million five hundred
thousand dollars not sooner than three years after the passing
of the Act repealed by this Act, or such earlier time as the
Lieutenant-Governor in Council may determine.

(2.) Except in cases otherwise specially provided by this Act,
money borrowed by the Board shall be by the issue and sale of
bonds, debentures, temporary debentures, debenture stock, or
inscribed or registered stock or other form of security approved
by the Lieutenant-Governor in Council, all of which are herein-
after referred to as " securities."

(3.) Securities of the Board may be issued subject to such con-
ditions as to call, recall, or redemption, and shall bear such rate
of interest, and shall be payable at such date or dates, and in such
currency or currencies, and at such place or places, and in such
manner as the Board by by-law or resolution may determine.

(4.) Securities of the Board may be sold for such sum, whether
the sum is the par value or less or more than the par value thereof,
and in such manner, and upon such terms and conditions as the
Board, subject to the approval of the Lieutenant-Governor in
Council, shall determine.

(5.) All proceeds realized from the sale of securities by the
Board when borrowing moneys pursuant to the authority vested
in it by subsection (1) shall be paid into a chartered bank or
banks to the credit of a special account in the name of the Minister
of Finance, to be held by him in trust for the Board, and shall
be paid out by him to the Board or its nominees as may from time
to time be required for the discharge of the liabilities incurred in
carrying out the undertakings authorized by this Act. 1915,
c. 64, s. 4 ; 1934, c. 68, s. 4.

IW). (1.) The Board shall have power from time to time—
convertible deben- (&.) To declare all or any of the bonds, debentures, or other
"""*• securities issued or authorized to be issued by the Board
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to be convertible into stock:
(6.) To authorize the issue of an equivalent amount of such

stock in exchange for such bonds, debentures, or other
securities:

(c.) To authorize the creation and issue of any stock on such
conditions as it may determine for the purpose of
redeeming any outstanding bonds, debentures, or other
securities, and of paying the expenses in connection
with such redemption.

Any such conversion of bonds, debentures, or other securities
into stock may be effected either by arrangement with the holders
of such bonds, debentures, or other securities, or by the purchase
thereof out of the moneys received by the sale of stock, or partly
in one way and partly in another.

(2.) The Board may from time to time enter into an agree-
ment with any bank, person, firm, or corporation to provide for
all or any of the following matters:—

(a.) For the issue, inscription, or registration of stock on
register to be kept at such bank or with such person,
firm, or corporation or elsewhere, and for the ap-
pointment and remuneration of a registrar thereof:

(6.) For effecting the conversion of bonds, debentures, or
other securities into stock and regulating the transfer
of stock:

(c.) For the issue of stock certificates and the signature of
the same, and for issuing stock free from stamp duty:

(d.) For paying interest on stock or the capital sums repre-
sented thereby:

(e.) For issuing stock certificates to bearer, and as often as
occasion shall arise reregistering or reinscribing the
stock represented by such certificates:

(/.) For receiving from time to time all moneys raised
under this Act, and for paying such moneys from time
to time into the account of the Board with any bank
or financial agents duly appointed in that behalf:

(g.) For the issue of allotment letters and provisional scrip
certificates to represent money paid up on account of
any stock, pending the issue of the final stock certifi-
cates :

(h.) For the transfer of stock from one place of registry to
another:

(i.) Generally for conducting all business connected with
the issue and service of the stock and the inscription,
registration, and transfer thereof.

(3.) Securities purporting to be issued pursuant to the power
contained in this Act shall be valid and binding in the hands of a
bona-fide purchaser for value, notwithstanding that any of the
requirements of this Act in connection with the issue thereof
have not been complied with. 1914, c. 79, s. 30; 1929, c. 66, s. 11;
1934, c. 68, s. B.

3OA. (1.) The Board may, subject to the approval of the
Lieutenant-Governor in Council, pass by-laws from time to time
for any of the following purposes:—

(a.) To borrow such sum or sums of money as may be
required to repay, renew, or refund any of its tem-
porary debentures or loans secured by the hypotheca-
tion or pledging of its securities, and for such purposes
to authorize the issue and sale of new securities.
When the said temporary debentures or loans are
repaid out of the proceeds of the sale of a new issue of
securities as aforesaid, the said temporary debentures
or the securities hypothecated or pledged as security
for the said loans, as the case may be, shall forthwith
be cancelled and shall not be reissued:

(6.) To borrow such sum or sums of money as may be re-
quired to repay, renew, or refund any of its securities
issued subject to conditions as to call, recall, or re-
demption by the Board,' and for such purpose to au-
thorize the issue and sale of new securities in such
amounts as will realize net the sum or sums of money
required for the purpose aforesaid: Provided, how-
ever, that the entire principal amount of such new
securities shall be payable not more than forty years
from the date of the day upon which the indebtedness
of the Board being so repaid, renewed, or refunded
was incurred, and that the securities so repaid, renewed,
or refunded shall forthwith be cancelled and shall not
be reissued.

(2.) The cancellation of all securities pursuant to this section
shall be attested by the Chairman or such other person as the
Board may direct, and the Deputy Minister of Finance or such
other person as the Lieutenant-Governor in Council may direct,
by a joint certificate in duplicate signed by them setting out the
facts for purposes of record.

(3.) A recital or declaration in a by-law authorizing the issue
and sale of securities for any purpose mentioned in this section to

the effect that the amount of the securities so authorized is
required to be borrowed shall be conclusive evidence of that fact.

(4.) The power of the Board to borrow any sum or sums of
money in pursuance of the authority vested in it by this section
shall be in addition to and over and above its power to borrow
from time to time for the purpose of carrying out its objects an
amount not exceeding ten million five hundred thousand dollars,
and in determining or arriving at the said amount no sum or sums
of money borrowed by the Board pursuant to this section shall be
taken into account. 1934, c. 68, s. 6.

3OB. (1.) Pending the sale of any of its securities (including
temporary debentures) or in lieu of the sale thereof, the Board
may hypothecate or pledge such securities for the purpose of bor-
rowing moneys on the credit of the Board, provided such hypothe-
cation or pledging is duly authorized by by-law of the Board. The
Board may make such agreement for the repayment of any such
loan and interest thereon as it may deem expedient. The proceeds
of every such loan shall be applied to the purposes for which the
securities were authorized to be issued, but the lender shall not be
bound to see to the application of such proceeds, and if the said
securities are subsequently sold the proceeds from such sale shall
be applied in the first instance in repaying the loan.

(2.) The power of the Board to borrow any sum or sums of
money in pursuance of the authority vested in it by this section
shall be subject to the approval of the Lieutenant-Governor in
Council, and shall be in addition to and over and above its power
to borrow from time to time for the purpose of carrying out its
objects an amount not exceeding ten million five hundred thou-
sand dollars, and in determining or arriving at the said amount
no sum or sums of money borrowed by the Board pursuant to this
section shall be taken into account. 1934, c. 68, s. 7.

. 3 1 . (1.) The Board, when issuing securities other than tempo-
rary debentures, shall, in the by-law authorizing the issuance
thereof, provide:—

(a.) For the apportionment thereto annually of a sum suffi-
cient, with the estimated accumulation of interest on
the investment thereof, to discharge the debt created
by such securities at maturity, and such apportionment
shall, in the case of securities payable at the expiration
of forty years from the issuance thereof, be at the rate
of one-sixtieth part of the whole amount in each of the
first ten years, one-fiftieth part of the whole amount in
each of the second ten years, one-thirtieth part of the
whole amount in each of the third ten yearB, and the
remainder of such apportionment shall be equally
divided among the next ten years; and in the case of
securities payable at a time other than- forty years from
the issuance thereof, such apportionment shall be in
like proportions; or

(6.) For the raising annually of a certain specific sum to be
such as will be sufficient, with the estimated accumula-
tion of interest on the investment thereof, to discharge
the debt created by such securities at maturity; or

(c.) In the case of securities the principal and interest of
which are combined into one sum and made payable in
equal annual payments during the currency of the
securities, for the raising annually during the currency
of the securities of a certain specific sum so as to provide
for each payment as it becomes due; or

(d.) In the case of securities the interest on which is to be
paid annually or semi-annually and the principal of
which is to be met by the payment of a certain specific
sum in each year during the currency of the securities,
for the raising annually during the currency of the
securities of a certain specific sum for the payment of
each instalment of the principal as it becomes due:

Provided that the Board shall, in determining any annual sum
to be apportioned or raised for the purposes mentioned in clauses
(a) and (6) of this subsection, estimate the rate of interest on the
investment thereof at not more than four per centum per annum,
capitalized yearly.

(2.) The amounts so provided for the purposes mentioned in
clauses (a) and (b) of subsection (1) shall be paid by the Board
to the Minister of Finance, to be held by him in trust to invest
for the purpose of extinguishing at maturity the debts created
by said securities, and such investment may be in said securities
if they are obtainable below par, otherwise in such manner as
he shall determine, subject to the approval of the Lieutenant-
Governor in Council. 1934, c. 68, s. 8.

»'$lA. (1.) The Board, when issuing temporary debentures,
shall provide that the entire principal amount thereof shall be
payable not more than five years from the issuance thereof, and
in the case of temporary debentures issued pursuant to the
authority vested in it by subsection (1) of section 30A shall pro-
vide that the entire principal amount thereof shall be payable not
more than five years from the date of the day upon which the
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indebtedness of the Board being repaid, renewed, or refunded
from out of the proceeds of the sale thereof was incurred.

(2.) No sinking fund shall be required to be set up in respect of
temporary debentures. 1934, c. 68, s. 9.

1 32. (1.) The Board may, by resolution or by-law, borrow in
the course of any year, in anticipation of the collection of its
revenue for such year, such sum or sums of money as it may
require to meet its lawful current expenditures by the issue of
promissory notes under the seal of the Board and signed by the
Chairman and countersigned by the Treasurer of the Board, or
signed or countersigned by some other person or persons author-
ized by the Board to sign or countersign the same; and each of
such promissory notes shall be valid and binding upon the Board
according to its tenor.

(2.) Any promissory note so issued may be in such form as the
Board may from time to time adopt.

(3.) Money so borrowed by the Board may be by way of a
loan from the Province of British Columbia or any person, bank,
or corporation willing to make the same, and the Province may
make any such loan in the manner that may be prescribed from
time to time by the Lieutenant-Governor in Council.

(4.) The power of the Board to borrow any sum or sums of
money in pursuance of the authority vested in it by this section
shall be in addition to and over and above its power to borrow
from time to time for the purpose of carrying out its objects an
amount not exceeding ten million five hundred thousand dollars,
and in determining or arriving at the said amount no sum or sums
of money borrowed by the Board pursuant to this section shall be
taken into account. 1934, c. 68, s. 10.

Government Guarantee.

33. The Province of British Columbia may guarantee, in the
manner that may from time to time be prescribed by the
Lieutenant-Governor in Council, the payment of both interest
and principal of all securities issued by the Board pursuant to
this Act. 1934, c. 68, s. 11.

34. {.Repealed. 1934, c. 68, s. 12.]

34A. All money borrowed by the Board shall be upon its credit
at large, and shall also constitute an indebtedness of the several
municipalities within the sewerage district, repayable by each
municipality in the proportion and manner prescribed herein,
notwithstanding the provisions of any Act limiting the amount of
indebtedness that may be incurred by any such municipality;
and in calculating or arriving at the amount of such last-
mentioned indebtedness no money borrowed by the Board shall
be included or calculated therein. 1934, c. 68, s. 13.

Annual Estimates.

35. On or before the twenty-first day of March in each year the
Board shall cause a detailed estimate to be prepared of the sums
required to meet:—

(a.) Its operating and maintenance expenses for the then
current year:

(6.) The amount required during the then current year to
pay the interest on money borrowed, to provide for its
sinking fund requirements, for the payment of serial
securities and instalments of principal on account of
securities issued, and to pay all instalments of principal
and interest on account of the purchase price of any
property, real or movable, acquired by the Board; and

(c.) Any deficit consequent upon the Board's estimate in any
former year having been less than the amount of the
expenditure required for the purposes of the Board
during such year. 1934, c. 68, s. 14.

35A. When its annual estimate is prepared, the Board shall
forthwith apportion the sums required among the several munici-
palities within the sewerage district in accordance with their
respective liabilities therefor as determined by the Board pur-
suant to this Act, and issue and deliver to each municipality a
precept under its seal and signed by the Chairman or other
person acting in his place for such purpose under the authority
of the Board, setting forth the amount determined to be paid by
such municipality to the Board. 1934, c. 68, s. 15.

35B. (1.) The respective liabilities of the municipalities with-
in the sewerage district for the sums required for the purposes of
the annual estimate of the Board shall be determined by the Board
as follows:—

(a.) For the purposes mentioned in clause (a) of section 35,
the liability of each municipality with respect to each
drainage area shall be in the same proportion to the
total amount to be raised therefor as the land valuation
of the part of the municipality situate within the drain-
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age area bears to the total land valuation of the drainage
area:

(6.) For the purposes mentioned in clause (b) of section 35,
the liability of each municipality with respect to thirty
per centum of the amount required therefor shall be in
the proportion that the total land valuation of each
municipality bears to the total land valuation of the
sewerage district; and with respect to the remaining
seventy per centum of the amount required therefor,
regard shall be had to the respective portions thereof
relating to each drainage area; that is to say, each
portion of the seventy per centum relating to a drainage
area which lies wholly within one municipality shall be
apportioned wholly to that municipality, and each por-
tion of the seventy per centum relating to a drainage
area which includes parts of two or more municipalities
shall be apportioned in the respective proportions that
the land valuation of the part of each municipality in-
cluded within the drainage area bears to the total land
valuation of the drainage area:

(c.) For the purposes mentioned in clause (c) of section 35,
the liability of the municipalities for the amount
required therefor shall be in the proportions to be
determined pursuant to clause (a) or (6) of this sub-
section, according to the nature of the deficit.

(2.) For the purposes of this section, the total land valuation
of the City of New Westminster shall be the total land valuation of
that part of the city which is situate within the sewerage district.
1934, c. 68, s. 15.

35c. The sums of money to be paid by the several municipali-
^eg within the sewerage district to the Board in any year pursuant
to this Act shall be levied and collected by each municipality in
the same way as sums of money required for other lawful purposes
of the municipality for such year may be levied and collected, and
shall be due and payable on the fifteenth day of August in such
year, and, if not paid on the due date, shall bear interest therefrom
until the date of payment at the rate of six per centum per annum.
1934, c. 68, s. 15.

35D. (1.) All money due and payable by a municipality to
the Board pursuant to this Act shall, if not paid when due, be
recoverable at the suit of the Board against the municipality in
any Court of competent jurisdiction, and the Board may also
enforce payment thereof by the appointment of a receiver of the
rates, taxes, levies, and other revenues of the defaulting munici-
pality. The powers conferred upon the Board by this section for
the recovery and enforcement of payment of money due and
payable to it by a municipality may be exercised separately or
concurrently or cumulatively.

(2.) Any such receiver may be appointed by a Judge of the
Supreme Court of British Columbia upon the application of the
Board made in a summary manner. 1934, c. 68, s. 15.

35E. Any receiver appointed pursuant to section 35D may, with
the consent of the Lieutenant-Governor in Council, examine the
assessment rolls of the defaulting municipality, and may, in like
manner as rates are struck for general municipal purposes, but
without limiting the amount of the rate, strike a rate in the dollar
sufficient to cover the amount of money due and payable by the
municipality to the Board, with such addition to same as the
receiver deems sufficient to cover interest, his own fees and costs,
and the collector's percentage up to the time when such rate will
probably be available. 1934, c. 68, s. 15.

35F. Such receiver shall thereupon issue a precept under his
hand directed to the collector of the defaulting municipality, and
shall annex to the precept the roll of such rate, and shall by such
precept, after reciting his appointment and that the municipality
has neglected to satisfy its indebtedness to the Board, and re-
ferring to the roll annexed to the precept, command said collector
to levy such rate forthwith. 1934, c. 68, s. 15.

35G. In case at the time of levying such rate the said collector
has a general rate roll delivered to him, he shall add a column
thereto headed " Vancouver and Districts Joint Sewerage and
Drainage Board Arrears Rate," and shall insert therein the
amount in such precept required to be levied on each person
respectively, and shall levy the amount of such rate struck by the
said receiver as aforesaid, and shall, with all reasonable expedi-
tion, return to the said receiver the precept with the amount levied
thereon, after deducting his percentage. 1934, c. 68, s. 15.

35H. The receiver shall, after satisfying all indebtedness of
the defaulting municipality to the Board and all his own fees and
costs, pay any surplus within ten days after receiving same to the
municipality for its general purposes. 1934, c. 68, s. 15.

35l. Any such rate struck and levied in pursuance of this Act
shall be deemed to be delinquent at such time as it would become
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so if it were a tax levied by the defaulting municipality, and each
person against whom such rate is levied shall be liable to pay the
same in like manner as if the said rate were a tax levied by the
municipality against such person, and the municipality shall
enforce the collection of the said rate in the same manner as it
may enforce the collection of its taxes, and for such purpose the
said rate shall be deemed to be a tax levied by the municipality.
1934, c. 68, s. IB.

3 5 j . The clerks, assessors, collectors, and other officers of the
defaulting municipality shall for all purposes connected with the
carrying into effect or permitting or assisting the receiver to carry
into effect the provisions of this Act with respect to the striking,
levying, and collecting of the said rate be deemed to be officers of
the Court appointing the receiver, and as such shall be amenable
to the Court, and may be proceeded against by attachment, or
otherwise, to compel them to perform their duties hereby imposed
upon them. 1934, c. 68, s. IB.

Appeal.

Appê . 3 6 . (1.) If at any time any municipality within the sewerage
district is dissatisfied with any decision of the Board regarding
the carrying-out of the general scheme of this Act, or any decision
establishing a drainage area pursuant to section 24A, or (except
as otherwise provided in section 24c) any decision determining
any land valuation pursuant to section 24c, or with any estimate,
determination, or apportionment of the Board pursuant to sec-
tions 3B, 36A, and 36B, an appeal shall lie to the Lieutenant-
Governor in Council, whose decision thereon shall be final and
binding.

Notit. o! .pp..i. (2.) Except as otherwise ordered by the Lieutenant-Governor
in Council, no such appeal shall be heard unless notice of the
appeal stating the grounds on which the appeal is based is served
upon the Board within one month after the date of the decision,
estimate, determination, or apportionment appealed from.

Coi.. (3.) In case of an appeal, the Lieutenant-Governor in Council
may order any special investigation to be made, and may employ
therein engineers and other persons, and obtain expert advice
with reference to the subject-matter of the appeal. The
Lieutenant-Governor in Council shall have the power to fix and
award costs on the appeal, including therein all expenses incurred
in connection with any investigation made or advice obtained,
and may order the costs or any part thereof to be paid by the
Board or by any municipality within the sewerage district as
may be deemed just. 1915, c. 64, s. 6; 1934, c. 68, s. 16.

Accounts.

Account, to be kept. 37. (1.) The Board shall at all times keep accurate and com-
plete accounts of its receipts, expenditures, assets, and liabilities,

Annu.i raport. and shall include an abstract of the same in an annual report to
be made by the Board to the Minister of Finance and municipali-
ties within the sewerage district.

inspection of book.. (2.) The accounts and books of the Board shall be at all reason-
able times open to inspection by any of the municipalities in the
sewerage district, by the Auditor-General, or by any person ap-
pointed by the Lieutenant-Governor in Council. 1914, c. 79, s.
37: 1918, c. 95, s. IB.

tuiartM .nd oth.r 38. All salaries or remuneration paid to the Chairman and
".n'TmT^T" other members of the Board, and to its Clerk, or Secretary and
connection. Treasurer, engineers, or any of its officials, agents, or servants,

and all costs, charges, and expenses which shall be in any way
incurred in the carrying-out of the provisions of this Act, and of
the preliminary expenses incurred by the municipalities in the
sewerage district in relation to the system referred to in section
14, shall be paid out of the moneys of the Board in the same way
as if the same were being paid in the actual construction of
works authorized by this Act. 1914, c. 79, s. 38; 1918, c. 95, s. 16.

3 8 A . It shall be lawful for the Board, from its funds:—
(a.) To aid and assist by annual money grant or otherwise,

as the Board may deem expedient, the establishment
and maintenance of superannuation or official benefit
funds for employees of the Board, for providing pen-
sions, gratuities, or retiring allowances to such em-
ployees ; and for that purpose, if the Board thinks fit,
to deduct from the salaries of the employees such
amounts as the Board may deem necessary or expe-
dient:

(6.) To contribute or pay the full amount or any portion of
any premium in respect of any benefit, accident, or
sickness or life insurance policy, or scheme of group
insurance for the purpose of insuring all or any em-
ployees of the Board against sickness, accident, or
death, as the case may be. 1926-27, c. 76, s. 2.

ltU, e.79: 1916, e.
M; 1917, e. 70; 1918,
c. 95; l m . e . 17;
1921 <2nd Sew.), c
•1 : 19IS-S7, e. T6:
•19*8. e. BS; 1929, e.
U; 1914, c. 68.

Power to walvi pay-
ment of certain
Interat by th« Cor-
poration of th«
Dbtriet of Burnaby.

e. 64;mi.
191B,c. 95;
c. 87:
&«••.)
c. 76;

1911 (
c. 61
1928,

19Z9, c, 86 ;
c. 68;1639.

,70;
919.
2nd
me-27
. 51;
914.
. 59.

Amend, a. 4.

Amend. . . 10.

Repeal and Substitution.

39. The " Burrard Peninsula Joint Sewerage Act," being chap-
ter 7 of the Statutes of 1913, is hereby repealed, and the pro-
visions of this Act are hereby substituted therefor; and the
Burrard Peninsula Joint Sewerage Board, as constituted under
the provisions of said Act, upon the passing of this Act, shall be
and become the Board established by this Act; and the property,
members, officers, and servants of the Board constituted under
the provisions of said Act shall, upon the passing of this Act, be
and become the property, members, officers, and servants of the
Board established by this Act, upon the same terms as to remu-
neration and otherwise as heretofore, and all rights, liabilities,
claims, and demands by and against the Board constituted under
said Act shall continue by and against the Board established by
this Act.

Ratification.

40. The resolution of the Burrard Peninsula Joint Sewerage
Board passed on the fifth day of September, 1913, authorizing the
obtaining of loans, and the obtaining of loans thereunder, is
hereby ratified and confirmed and declared to be valid and
binding upon the Board.

An Act to amend the " Vancouver and Districts
Joint Sewerage and Drainage Act."

[Assented to 30th November, 1939.}

H IS MAJESTY, by and with the advice and consent of the
Legislative Assembly of the Province of British Columbia,

enacts as follows:—

1. This Act may be cited as the " Vancouver and Districts
Joint Sewerage and Drainage Act Amendment Act, 1939."

2. Notwithstanding anything contained in the " Vancouver
and Districts Joint Sewerage and Drainage Act" and amending
Acts, it shall be lawful for Vancouver and Districts Joint Sewer-
age and Drainage Board to waive and forego payment by the
Corporation of the District of Burnaby of all interest owing by
the said Corporation of the District of Burnaby on the sum of
money determined by the said Board to be paid on the first day
of November, 1932, by the said Corporation as its apportionment
of the annual estimate of the said Board prepared in the year
1932, and the said Board is hereby empowered to waive and
forego payment of the said interest by the said Corporation.

An Act to amend the " Vancouver and Districts
Joint Sewerage and Drainage Act."

[Assented to 6th December, 1940.]

H IS MAJESTY, by and with the advice and consent of the
Legislative Assembly of the Province of British Columbia,

enacts as follows:—

1. This Act may be cited as the " Vancouver and Districts
Joint Sewerage and Drainage Act Amendment Act, 1940."

2. Section 2 of the " Vancouver and Districts Joint Sewerage
and Drainage Act," being chapter 79 of the Statutes of 1914, is
amended by adding thereto the following definition :—

" ' Chairman ' means the Chairman of the Vancouver and
Districts Joint Sewerage and Drainage Board appointed
under this Act."

3. Section 4 of said chapter 79 is amended by inserting after
the word " Council," in the fourth line, the words " notwithstand-
ing anything to the contrary contained in the ' Municipal Super-
annuation Act' or any other Act."

4. Section 30 of said chapter 79, as amended by section 6 of
the " Vancouver and Districts Joint Sewerage and Drainage Act
Amendment Act, 1934," is amended by striking out the last three
words of clause (i) of subsection (2), and substituting therefor
the words " transfer and cancellation thereof."

5. Section 30A of said chapter 79, as enacted by section 6 of
the " Vancouver and Districts Joint Sewerage and Drainage Act
Amendment Act, 1934," is amended by adding to subsection (1)
the following clause:—

"(c.) To borrow such sum or sums of money as may be
required to purchase all or any of its outstanding
securities, and for such purpose to authorize the issue
and sale of new securities in such amounts as will
realize the sum or sums of money required for the
purpose aforesaid, but the entire principal amount of
such new securities shall be payable not later than the
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date of maturity of the securities being purchased,
and the securities so purchased shall forthwith be
cancelled and shall not be reissued."

6. (1.) Section 31 of said chapter 79, as re-enacted by section
8 of the " Vancouver and Districts Joint Sewerage and Drainage
Act Amendment Act, 1934," is amended by inserting in subsec-
tion (1), after clause (d), the following clause:—

"(e.) In the case of an issue of instalment or serial deben-
tures, for the raising in each year of a sum for the
payment of interest and a sum to provide for the pay-
ment of the debentures as the same severally become
due."

(2.) Said section 31 is further amended by striking out sub-
section (2), and substituting therefor the following:—

"(2.) The amounts so provided for the purposes mentioned in
clauses (a) and (b) of subsection (1) shall be paid by the
Board to the Minister of Finance, to be held by him in trust to
invest and reinvest from time to time for the purpose of extin-
guishing at maturity the debts created by said securities, and
such investment or reinvestment may be in said securities, or
in such other securities as the Minister shall, subject to the
approval of the Lieutenant-Governor in Council, determine.
Securities issued by the Board and purchased by the said Minister

1014, e. 79; 1H 5,
c W ; 1*17, c 70;
1918, c H : 1919,
e. 87; 1021 < 2nd
S«H.).e.51:
1HS-27, e. 7S: 1KB,
c B8 ; 1020. e. « ;
10*4, c. 68; 10S0.
e. SB; 1040, c. SB.

shall be cancelled by him when they are no longer required for
the purposes of this section and shall not be reissued."

An Act to amend the " Vancouver and Districts
Joint Sewerage and Drainage Act."

H

Amanda t. II*.

[Assented to 28th March, 1945.]

IS MAJESTY, by and with the advice and consent of the
Legislative Assembly of the Province of British Columbia,

enacts as follows:—

1. This Act may be cited as the "Vancouver and Districts
Joint Sewerage and Drainage Act Amendment Act, 1945."

2. Section 3lA of the " Vancouver and Districts Joint Sewer-
age and Drainage Act," being chapter 79 of the Statutes of 1914,
which section was enacted in said chapter 79 by section 9 of
chapter 68 of the Statutes of 1934, is amended by striking out
subsection (1), and substituting therefor the following:—

"(1.) The Board, when issuing temporary debentures, shall
provide that the entire principal amount thereof shall be payable
not more than five years from the issuance thereof."



Appendix HI
EXISTING FACILITIES OF THE VANCOUVER AND DISTRICTS

JOINT SEWERAGE AND DRAINAGE BOARD

Facility^
Name

BALACLAVA STREET TRUNK SEWER

Strathcona Extension

Broadway Extension

Balaclava Extension

Trunks

Outfall
CAMBIE STREET TRUNK SEWER

Willow Street Extension^

Manitoba Street Extension?

Columbia Street Extension

Cambie Street Extension

Trunk and Outfallh

Heather Street Overflow

CLARK DRIVE INTERCEPTOR

Collingwood Sanitary Trunk"

Rhodes Street Sanitary Trunk

Copley Sanitary Trunk

Description*1

575 ft. of 30-in. RC at 5.40%
905 ft. of 42-in. RC at 2. 20%

1,105 ft. of 54-in. BHS at 0. 94%
1, 285 ft. of 66-in. BHS at 1. 0%
1, 515 ft. of 72-in. BHS at 0. 68%
2, 900 ft. of 96-in. BHS at 0. 30%

500 ft. of 48-in. BHS at 0. 57%
1, 150 ft. of 54-in. BHS at 0. 57%
1, 200 ft. of 42-in. BHS at 1. 50%

550 ft. of 48-in. BHS at 1. 25%
2, 800 ft. of 54-in. BHS at 0. 90%

900 ft. of 72-in. RC at 0. 33%
1, 300 ft. of 57-in. SLHS at 0. 231%
1, 000 ft. of 51-in. SLHS at 0. 559%
2, 300 ft. of 62-in. SLHS at 0. 714%

300 ft. of 96-in. BHS at 5.15%
700 ft. of 60-in. RC

1, 700 ft. of 60-in. RC at 0. 50%
1, 200 ft. of 66-in. RC at 0. 60%

500 ft. of 42-in. RC at 0. 25%
1, 500 ft. of 48-in. RC at 0. 25%
2, 400 ft. of 54-in. RC at 0.17%
1, 800 ft. of 66-in. BHS at 2. 50%
2, 000 ft. of 60-in. BHS at 0. 60%
1, 600 ft. of 48-in. BHS at 2. 20%

350 ft. of 42-in. BHS at 1. 33%
400 ft. of 33-in. BHS at 5. 00%
650 ft. of 66-in. BHS at 6. 00%
800 ft. of 72-in. BHS at 5. 69%
300 ft. of 78-in. BHS at 3. 00%
900 ft. of 48-in. BHS at 0.17%
900 ft. of 54-in. SLHS at 0. 97%
340 ft. of 96-in. BHS at 2. 00%

300 ft. of 15-in. RC at 1.77%
800 ft. of 18-in. RC at 1.77%
750 ft. of 24-in. RC at 0. 35%

5, 600 ft. of 27-in. RC at 0. 38%
1, 450 ft. of 24-in. RC at 0. 25%

890 ft. of 30-in. RC at 0. 57%
700 ft. of 34-in. x 51-in.

ESS at 0. 20%
810 ft. of 42-in. RC at 0.10%
900 ft. of 15-in. RC at 0.288%

1, 200 ft. of 18-in. RC at 0.26%
400 ft. of 15-in. RC at 0.595%
300 ft. of 18-in. RC at 0. 20%

2, 200 ft. of 30-in. RC at 0. 34%
2, 000 ft. of 33-in. RC at 0. 30%
1, 500 ft. of 36-in. RC at 0. 22%
2, 550 ft. of 42-in. RC at 0. 25%
1, 050 ft. of 30-in. RC at 0. 25%

Capacity
cfsb

95
150
200
355
365
530
113
156
128
170
195
248
526
610

1,175
2,210

186
265
50
72
82

550
210
225
117
119
875

1,090
970
62

940

1,370

7
14
13
19
11
31
31

32

3
5
5
5

24
29
31
50
21

Year(s)
Constructed

1919
to

1920

1915

1912

1912

1912

1918
1919
1927

1912

1947

1915

1950
1950

1927
to

1928

1950

Costc

408,600

205, 600

94, 800

45, 600

33,500

116,700

20, 200

125,000

25,300

95,500

52, 6001

25,200

232, 000

34,700

272
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Facility*1

Name

China Creek Extensions

Canoe Creek Trunk

Canoe Creek Trunk)

China Creek Trunk**
China Creek Overflow -
Interceptor
Outfall

HASTINGS PARK TRUNK SEWER

Hastings Extension (Sanitary)

Trunk

Outfall
Overflow

ENGLISH BAY INTERCEPTOR

Interceptor

Outfall
ALMA IMPERIAL TRUNK SEWER

Sanitary Trunk to EBI

Storm Trunk

Outfall

Description"

700 ft. of 48-in. RC at 0.187%
400 ft. of 54-in. RC at 0.147%
400 ft. of 60-in. RC at 0.140%

1, 050 ft. of 36-in. RC at 0. 51%
600 ft. of 27-in. RC at 4. 00%
700 ft. of 30-in. RC at 2.77%
700 ft. of 36-in. RC at 3. 22%
240 ft. of 42-in. RC at 1. 01%
200 ft. of 33-in. RC at 4. 01%
200 ft. of 30-in. RC at 13. 93%
680 ft. of 42-in. RC at 3.60%
900 ft. of 42-in. RC at 4. 80%

1, 100 ft. of 48-in. RC at 4.10%
4, 600 ft. of 78-in. BHS at 0. 565%
1.500 ft. of 51-in. SLHS at 0. 90%
1, 400 ft. of 54-in. RC at 2. 22%

400 ft. of 66-in. RC at 1.01%
1, 400 ft. of 24-in. RC at 1. 30%
2, 300 ft. of 42-in. RC at 0.68%

500 ft. of 48-in. BHS at 1. 67%
1, 100 ft. of 54-in. BHS at 1. 11%

900 ft. of 60-in. BHS at 0. 58%
850 ft. of 66-in. BHS at 1. 30%

3, 500 ft. of 78-in. BHS at 0. 75%
2, 600 ft. of 72-in. x 79-in.

SS at 0.75%
1, 400 ft. of 68-in. SLHS at 1. 50%

575 ft. of 51-in. SLHS
7, 500 ft. of 96-in. BHS
1,020 ft. of 72-in. BHS

675 ft. of 12-in. RC at 1.52%
3,510 ft. of 18-in. RC at 0.20%
1, 800 ft. of 20-in. RC at 0.48%

700 ft. of 22-in. RC at 0. 36%
630 ft. of 18-in. RC at 0.41%
400 ft. of 48-in. BHS at 0.75%

2, 000 ft. of 60-in. SS at 0.437%
450 ft. of 60-in. BHS at 0.12%

1, 720 ft. of 48-in. RC at 0. 88%
600 ft. of 42-in. x 54-in.

ESS at 0. 87%
1, 400 ft. of 72-in. BHS at 0. 20%
1, 300 ft. of 78-in. SS at 0. 415%

660 ft. of 72-in. BHS at 1. 24%
640 ft. of 54-in. BHS at 4. 00%

1, 200 ft. of 78-in. BHS at 0. 70%

500 ft. of 30-in. BHS
500 ft. of 78-in. BHS at 0.70%

9, 040 ft. of 54-in. BHS at 0. 141%
7, 110 ft. of 66-in. BHS at 0. 10%
3, 540 ft. of 84-in. BHS at 0. 075%
5,200 ft. of 96-in. BHS
3, 040 ft. of 66-in. RC

600 ft. of 24-in. RC at 0. 50%
960 ft. of 30-in. RC at 0. 23%
400 ft. of 30-in. RC at 0. 65%
400 ft. of 42-in. RC at 0. 60%
900 ft. of 54-in. BHS at 0. 82%
600 ft. of 72-in. BHS at 0. 30%

4, 400 ft. of 96-in. BHS at 0. 10%
360 ft. of 60-in. RC
20 ft. of 66-in. RC

Capacity
cfsb

62
76
98
48
62
68

120
101
106
155
192
223
295
420
690
296
342

26
83

200
222
210
410
480
480

2,086

4
5

10
11
7

132
180
94

141
135

200
360
500
420
460

460

83
118
191

16
20
33
78

187
245
310

Year<s)
Constructed

1914
to

1917

1914

1911

1911
1916

1916

1948

1915

1928

1929
to

1933

1930-1931

1924
to

1927

1932

Costc

300,700

179,200

15,000

83, 000
235,500

71,600

121,700

262,700

41,600

1,276,900

243, 200

253, 800
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Facilitya

Name

WEST END INTERCEPTOR

Trunk

Overflow
Outfall

MACDONALD STREET TRUNK SEWER1

Trunk

ANGUS DRIVE TRUNK SEWER
Marine Drive Extension

Trunk"1

SOUTH HILL TRUNK SEWERn

Trunk

Outfall

WILLINGDON AVENUE TRUNK SEWER

Trunk

Outfall

GLENBROOK TRUNK SEWER

McBride Extension

Cumberland Extension

Kingsway Extension

Burnaby Extension0

Trunk

TrunkP
Outfalli

Description^

1, 000 ft. of 42-in. RC
1,510 ft. of 42-in. x 54-in. SS
1, 370 ft. of 42-in. RC
1,790 ft. of 53-in. BHS
3,650 ft. of 48-in. x 60-in. SS

240 ft. of 3 3-in. RC
125 ft. of 54-in. RC

700 ft. of 28-in. RC at 10. 97%
400 ft. of 30-in. RC at 7. 87%

3,300 ft. of 60-in. RC

1, 230 ft. of 42-in. RC at 1. 30%
1,400 ft. of 48-in. RC at 0.72%

320 ft. of 48-in. RC at 4. 33%
320 ft. of 54-in. RC at 1.39%
750 ft. of 60-in. RC at 1. 88%
480 ft. of 48-in. RC at 5. 00%
625 ft. of 66-in. RC at 1.00%

630 ft. of 48-in. BHS at 1. 52%
1, 020 ft. of 54-in. BHS at 1. 48%

800 ft. of 60-in. BHS at 1. 27%
640 ft. of 54-in. BHS at 2. 11%
620 ft. of 60-in. BHS at 1.47%
900 ft. of 66-in. BHS at 0. 89%

1, 750 ft. of 6"0-in. BHS at 1. 84%
600 ft. of 66-in. BHS at 0. 99%
400 ft. of 60-in. BHS at 1.42%
755 ft. of 54-in. BHS at 4. 97%
350 ft. of 60-in. BHS at 1. 29%

2, 070 ft. of 96-in. BHS
100 ft. of 32-in. RSP

650 ft. of 48-in. RC at 1.50%
1,100 ft. of 54-in. RC at 1. 30%

470 ft. of 42-in. RC at 11. 50%
60 ft. of 60-in. RC at 1.00%

140 ft. of 54-in. x 60-in.
SS at 1. 00%

250 ft. of 30-in. RC

275 ft. of 20-in. RC at 8.94%
550 ft. of 22-in. RC at 5. 80%
240 ft. of 24-in. RC at 3.75%
650 ft. of 24-in. RC at 2.10%
350 ft. of 22-in. RC at 4. 50%
400 ft. of 20-in. RC at 8.95%
500 ft. of 24-in. RC at 9. 22%
580 ft. of36-in. RC at 1.56%
225 ft.< of 30-in. RC at 4.10%

1, 290 ft. of 12-in. RC at 2. 21%
810 ft. of 15-in. RC at 0.58%

1, 100 ft. of 30-in. RC at 0. 25%
1, 320 ft. of 48-in. RC at 0.70%

625 ft. of 41-in. RC at 1.70%
2,700 ft. of 54-in. BHS at 1. 10%
1, 350 ft. of 60-in. BHS at 0. 90%

700 ft. of 66-in. BHS at 1. 00%
5, 250 ft. of 78-in. SS

350 ft. of 102-in. SS

Capacity
cfsb

110
115

115
122
300
235
360
325
340

190
245
310
305
335
335
370
355
330
460
315

177
227
345
265
275

41
42
43
33
38
41
68
84
83
5
5

21
121
121
220
260
355

Year(s)
Constructed

1914
to

1918

1940

1912

1925

1912

1931
to

1936

1946

1931
to

1932

1952

1951

1951

1933

1930
to

1932
1914
1914

Costc

182,700

14,600

40, 300

29,900

48,100

296,700

3,900

83,400

25,000

62, 300

98, 200

114,300

96,600
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Name

MANITOBA STREET TRUNK SEWER

North of Marine Drive

Soum of Marine Drive
Outfall

BORDEN STREET TRUNK SEWER

East Extension .

West Extension

Trunk

Outfall
Lateral

WILLARD STREET
Willard Street Trunk

12th Avenue Trunk

STILL CREEK - BURNABY LAKE -
BRUNETTE RIVER

Collingwood Storm Trunk

Rhodes Street Storm Trunk

Still Creek

Permanent Culverts
Still Creek
North Branch of Still Creek

Burnaby Lake
and
Brunette River .,„

Facility^
Description^

350 ft. of 42-in. RC at 2.45%
3,000 ft. of 48-in. RC at 3.40%
1, 500 ft. of 54-in. RC at 3. 83%
1, 075 ft. of 48-in. RC at 5. 50%

410 ft. of 60-in. RC at 1.70%
225 ft. of 48-in. RC at S.60%

80 ft. of 60-in. RC at 2.07%
2,300 ft. of 91-in. BHS

200 ft. of 72-in. RC

770 ft. of 30-in. RC at 3.50%
710 ft. of 36-in. RC at 2.76%

1, ISO ft. of 42-in. RC at 3.40%
490 ft. of 48-in. RC at 1. 20%
350 ft. of 54-in. RC at 0.65%

1, 075 ft. of 60-in. RC at 0.45%
1,600 ft. of 54-in. RC at 3.50%

325 ft. of 60-in. RC at 2. 50%
550 ft. of 68-in. RC
675 ft. of 60-in. RC
340 ft. of 84-in. RC
320 ft. of 30-in. RC at 1.00%

3, 070 ft. of Open Channel
400 ft. of 36-in. Steel Culverts

2, 000 ft. of Open Channel

2,100 ft. of 72-in. BHS at 0. 37%
1,700 ft. of 66-in. BHS at 0. 37%
2, 600 ft. of 78-in. BHS at 0. 37%
2,100 ft. of 72-in. RC at 0. 324%
1, 030 ft. of 68-in. RC at 0. 585%

30,000 ft. of Open Channel, Culverts
and Bridges

300 ft. of 2-72-in. RC Culverts
3, 400 ft. of Open Channel

200 ft. of 60-in. RC Culverts
10,000 ft. of Dredged Channel

Original 10, 000 ft. of Dredged Channel
in Lake, Caribou Road Dam, and 10,000
ft. of Drainage Channel (Brunette River)

Capacity
cfsb

159
267
387
341
343
343
378
418
418

76
111
187
158
160
176
370
408

41

275
215
340
245
275

Year(s)
Constructed

1952

1952
1952

1949
to

1950

1950

1948
to

1949
1949
1950

1950

1922
to

1924

1950
1914

to 1935

1951

1951
1950-1952

1914
to

1935

Costc

208, 000

352,000
40,000

84,000

132,300

181,700

84,100
13,300

22,400

158, 200

178, 300

253,000

76,700

41,700
30, 800

114,800

a See Figure 37 for location of facilities.
b Sewer capacity calculated flowing full using 'n' of 0.013 in Manning's formula.
c Figures rounded to nearest hundred dollars.
d Lengths given to nearest 25 feet. RC indicates reinforced concrete pipe; BHS, Boston horseshoe section; ESS, egg

shaped section; SS, special section; SLHS, St. Louis horseshoe section; RSP, riveted steel pipe.
e Constructed by Vancouver and purchased by the Sewerage Board for $94, 800 in 1915.
f Constructed by Vancouver and purchased by the Sewerage Board for $45,600 in 1915.
g Constructed by Vancouver and purchased by the Sewerage Board for $33, 500 in 1915.
h Constructed by Vancouver and purchased by the Sewerage Board for $125, 000 in 1914.
\ Cost of reconstruction and lowering in 1950.
3 Constructed by Vancouver and purchased by the Sewerage Board for $15,000 in 1914.
k Constructed by Vancouver and purchased by the Sewerage Board for $83,000 in 1914.
1 Constructed by Point Grey and purchased by the Sewerage Board for $40, 300 in 1914.
m Constructed by Point Grey and purchased by the Sewerage Board for $48,100 in 1925.
n Does not include the South Hill Sanitary Trunk Sewer built in 1926 for $58,700 and leased to the City of Vancou-

ver in 1930.
° Constructed by Burnaby and purchased by the Sewerage Board for $1 in 1951.
P Constructed by New Westminster and purchased by the Sewerage Board for $96, 600 in 1928.
1 Constructed and owned by New Westminster.
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VICTOR DOLMAGE
Consulting Geologist
1318 Marine Building

Vancouver, B. C.
June 14, 1951.

SUPPLEMENT TO REPORT ON
GEOLOGY OF VANCOUVER & VICINITY

JULY, 1950.

In a report entitled "The Geology of
Vancouver and Vicinity", prepared in
July 1950, for the Vancouver and Dis-
tricts Joint Sewerage and Drainage Board,
the writer made some predictions based
on surface geology, as to the conditions
whichmight be encountered in a proposed
tunnel through Point Grey peninsula,
along the line of Highbury Street, at an
elevation close to sea level. The prog-
nostications were tentative and to be tes-
ted by drilling. Seven holes drilled along
the line of the proposed tunnel from tne
surface down to the tunnel level have now
been completed, and the present sup-
plementary report is an interpretation
of the drilling information and a correla-
tion of this information with the conclu-
sions drawn from the surface geology and
stated in the earlier reports.

On pages 14 and 15 of that report it
was predicted that the tunnel would start
in the tertiary sandstones and shales and,
excepting a short probable interval near
1st Avenue, it would continue in these
tertiary sediments for a considerable
distance, depending on the elevation to
which this formation was found to extend
in the central part of the peninsula. It.
was further stated that after passing
through the tertiary sandstones the tunnel
would probably encounter a lower boulder
clay and then enter the unconsolidated
sediments of the inter-glacial period.
As these strata lie horizontally, it was
thought that the tunnel would continue in
similar strata to near the south portal,
where it would encounter and pass through
the upper boulder clay, which mantles
the entire peninsula. It was inferred

that certain beds of fine silt and clay of
the inter-glacial sediments, seen at nu-
merous places in the cliffs surrounding
the peninsula, would probably be found by
the drilling to overlie the tunnel through
most of its length and so protect it from
serious water troubles during its con-
struction. It was, however, also pointed
out that these sediments are lenticular
in habit and that individual strata might
not be continuous throughout the length
of the tunnel and that lenses of sand
saturated with water might be encoun-
tered.

The drilling showed that the above
sequence of formations would be followed
as far as some point in the vicinity of
30th Avenue and that the tunnel would
pass out of the sandstones somewhere in
the vicinity of 24th Avenue and out of the
lower boulder clay into the inter-glacial
sediments a little further on. It would
then continue in these formations to some
point near 30th Avenue. From this point
on, instead of continuing in the inter-
glacial sediments as was expected, a

. thick bed of boulder clay appeared in
holes 6, 5, 7, and probably 4 at Marine
Drive, and the tunnel from 30th Avenue
to 41st Avenue would be either in or im-
mediately under this boulder clay. From
41st Avenue south to Marine Drive and
beyond, the tunnel would again be in the
inter-glacial sediments.

This boulder clay decreases from a
thickness of over 100 feet in hole 6 at
Memorial Park to less than 10 feet at
hole 7 at 41st Avenue.

Between 41st Avenue and Marine
Drive, there is a little doubt as to what
happens to it but the evidence is fairly
strong that it rises slightly and is inter-
sected by the upper boulder clay near
Marine Drive. The evidence for this is
(l) the double thickness of boulder clay
in hole 4, and (2) the fact that the sands
in hole 7 produced large quantities of wa-
ter, while those in hole 4 were nearly
dry.

Therefore, the original expectations
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were fulfilled, excepting, for the inter- . The boulder clay will be more dif-
ruption of this boulder clay between 30th ficult to tunnel than the unconsolidated
and 41st Avenues. sediments, but there is less danger of
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Figure 111. Geological Formations of Burrard Peninsula along Highbury Street

This figure was adapted from a report of Dr. Victor Dolmage on the geological structure along the route of Highbury
Street in the City of Vancouver. The report was submitted to the Vancouver and Districts Joint Sewerage and Drainage
Board in 1950. As described in Chapter 14, it is proposed to convey sewage from the north slope of Burrard Peninsula
through a tunnel to the south slope of the peninsula. The tentative location of this tunnel is along the route of Highbury
Street.
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encountering saturated sand lenses.
The water hazard as visualized ear-

lier has not been greatly changed by the
presence of the middle boulder clay since
it would probably be as effective a shield
against water as the stratified clays. No
water pressure was encountered beneath
the boulder clay, nor beneath the lowest
stratified clay.

The artesian water encountered in
hole 1 came from the sands and gravels
above the upper clay in the inter-glacial
formation and it probably entered this
formation through a break or gap in the
upper boulder clay at some higher eleva-
tion.

A small amount of artesian water
was encountered in hole 2 at a point just
above the lower one of two beds of stra-
tified clay in the inter-glacial sediments.
It is very probable that this water enter-
ed through a break between the upper
stratified clay and the thick boulder clay
found in hole 6.

The large flow of water in hole 7
probably entered the formation through

a similar break on the south slope of this
boulder clay. However, it is clear from
the drilling that the inter-glacial clays
are not so well developed south of hole 2,
as north of it. This is remarkable in
view of the fact that these clays are well
exposed along the cliffs bordering the
Fraser River, a short distance to the
southwest.

The two principal flows of artesian
water were below elevation 200 and while
the flow was considerable, the pressure
was low. At hole 7 a pressure of only 5
pounds per square inch was measured,
which gives an artesian head of 11.5 feet
above the hole or elevation 210.75. It is
certain, however, that the ground water
level rises considerably higher than this
in the higher parts of the peninsula. The
water which rose to the surface in hole 2
at elevation 37 5.2, came from a thin seam
of sands between two beds of clay. It is
possible that the water used in drilling
caused this to happen.

Respectfully submitted,
(Signed) V. Dolmage




