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Dear Sirs:

Re	 Royston/Union Bay
Sewage Collection, Treatment and Discharge Study, Final Report

We are pleased to submit six copies of our draft report entitled "RoystonlUnion Bay
Sewage Collection, Treatment and Disposal Study." The report has been updated to
reflect the draft report comments and based on the response during the June public
meetings.

The tindings of the study are:

Discharge to ground for soil based treatment is not considered feasible due to
poor soil conditions, and a lack of readily available, large parcels of land.

> Discharge to ocean by a marine outfall into Bayries Sound (Option A) or the
northeast side of Denman Island (Option B) is technically feasible, but is
anticipated to meet strong resistance from the public and the aquaculture
industries, This option is not recommended.

Connection to the Comox Valley Water Pollution Control Centre has the lowest
construction cost of any option. As you are aware however, this can not be
achieved without Royston/Union Bay joining either the City of Courtenay or the
Town of Comox, or by forming of a new municipality.

Discharge to land or one of the several watercourses in the areas, including the
Trent River, will require treatment to the Municipal Sewage Regulation
Unrestricted Reclaimed Water Use standard.

Even though treatment to the Unrestricted Reclaimed Water Use standard has a
higher construction cost that ocean discharge, it appears to be the most suitable
option as it is expected to meet public support and provide the greatest flexibility
for discharge options including opportunity for the reuse of water within the
community,

A .Mein her of Consulting Engineers of British Columbia

bc	 and Association a! Consulting Engineers of Canada
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Regional District of Comox-Strathcona
Mr. Graeme Fans

We have enjoyed working on this important study. •We look forward to assisting the
Regional District in furthering the development of this project in preparation of the
February 2006 referendum.

Yours truly,

KOERS & ASSOCIATES ENGINEERING LTD.

Chris Holmes,
Proj ect Engineer
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EXECUTIVE SUMMARY

Over the past several years, the Regional District of Comox-Strathcona has been
assisting the communities of Royston and Union Bay undertake a process to identify a
sewage collection, treatment and discharge system. This report is the culmination of the
activity to date.

The study reviewed three types of collection systems: a gravity system which requires
eight (8) municipal pumping stations, a Septic Tank Effluent Pump (STEP) system, and a
grinder pump system•.. Both the STEP and grinder systems require 5 municipal pumping
stations The gravIty system has the highest construction cost, followed by the gnnder
pump system and .. ..he STEP system at $22,340,00O,$i8,5 10,000, and $18,360,000,
respectively. Annual operation and maintenance costs are estimated at $177,000,
$286,000, and $293,000, respectively.

The area to be served should be phased, with an initial area representing mainly lands
already subdivided into small lots; typically between the E&N railway and the foreshore
of Baynes Sound. The initial area encompasses 1,362 lots. The ultimate service area
incorporates the Urban Containment Boundary in Royston, the higher developed areas
within the Union Bay Local Area Plan Boundary and lands presently owned by
Kensington Lands between Royston and Union Bay. The inclusion of the Kensington
Lands does not imply that their development, which has been talked about on an ongoing
basis for the past decade, would or should be approved, only that the area has the
potential for development.

Three discharge sources were investigated; land, ocean, and freshwater.

Discharge to ground for soil based treatment is not considered feasible due to poor soil
conditions and a lack of readily available, large parcels of land.

Discharge to the ocean is technically feasible to inside Baynes Sound (Option A) or the
northeast side of Denman Island (Option B), but is anticipated to meet strong resistance
from the public and the aquaculture industries.

Discharge to freshwater will require treatment to the Municipal Sewage Regulation
Unrestricted Reclaimed Water Us.e standard. This can be achieved by a Sequencing
Batch Reactor (SBR) or a Mehtbrane Bioreactor (MBR), both requiring UJraviolet
treatment. They have an estimated construction cost of $7,400,000 and $8,200,000,
respectively. Annual operation and maintenance costs are estimated at $1 Q,Q0.0....and
$230,000, respectively.

Treatment of effluent to the unrestricted reclaimed water use, though it carries the
highest capital and O&M costs, is anticipated to be acceptable to the public because of
the highest level of treatment and the availability for beneficial reuse of water in the
community.

Two treatment sites were identified; a northern site near the boundaries of the Royston
and Union Bay Improvement Districts, and a southern site near the mouth of Washer
Creek. Regional District staff has identified the northern site as the preferred location.

KOERS & ASSOCIATES ENGINEERING LTD.



The northern site has the potential for surface discharge to one or more of the adjacent
drainage courses, with Argyle Creek being the closest and therefore the most probable.

. It is recommended that a gravity collection system with a Membrane Bioreactor be
advanced for registration under the Municipal Sewage Regulations.

Construction cost estimates quoted in this report are class 1C estimates and are based on
anticipated costs as of May 2005. Because of the recent and anticipated ongoing
pressures for increasing construction costs, we recommend that one month prior to the
proposed referendum, the total project cost estimate be reviewed and updated as
necessary.

U
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I	 Iii

AUTHORIZATION

The Regional District of Comox-Strathcona (RDC-S) in their letter dated April 26, 2004
accepted the consortium proposal from:

.> Koers & Associates Engineering Ltd.,
Anderson Civil Consultants Inc.,

' .Komex International Ltd., and
> Payne Engineering Geology Ltd.

to carry out a sanitary sewer collection, treatment, and discharge study servicing the
Royston and Union Bay areas. The work was to be carried out in accordance with the
Koers proposal of January 14, 2004.

2	 TERMS OF REFERENCE

The RDC-S requested Koers & Associates Engineering Ltd. and Anderson Civil
Consultants Inc. work together in undertaking a study to identify the most appropriate
sewage collection, treatment, and discharge system to jointly service the communities of
Royston and Union Bay. Koers & Anderson were invited by the RDC-S because of their
previous work in the Liquid Waste Management Plans (LWMP) for both areas, They
were instructed to assemble a team capable of capitalizing on the extensive work done to
date in the Royston/Union Bay area.

The study was to replace the continuation of the Royston and Union Bay LWMP's that
were being undertaken separately. A combined study for the area has been proposed on
the underlying premise that a single servicing study would be more effective than
proceeding with Stage 2 and 3 of the Royston LWMP and addressing the outstanding
issues of the Ministry of Water, Land and Air Protection (MWLAP) for Stage 2 and 3 of
the Union Bay LWMP.

It is recognized that the point of discharge and level of treatment required will be a key
issue for the study. Discharge to land, freshwater and the ocean are to be considered,
and the level of treatment required by the receiving environment addressed when
identifying the treatment system options.

3	 STUDY OIUECTWE

Upon completion of the study, including public consultation meetings, and subject to
public approval, a sewage collection, treatment and disposal system will be identified for
registration under the Municipal Sewage Regulations.

1l
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4	 BACKGROUND INFORMATION

4.1	 Roysto.n

Royston is located near the mouth of the Trent River and adjacent to Gartley Point in the
southwest corner of Comox Harbour. It is a rural, semi-urban community made up of
farmland, a small commercial strip along Highway 1 9A, and a growing residential area.
The downtown area boasts an elementary school, a conununity hail, two gas stations,
store, and restaurant. The population is estimated at approximately 2,200. The Royston
Improvement District (RID) operates the local water system with the Village of
Cumberland's Allen Lake as source. The RID supplies water to more than 820
households and businesses.

Sewage treatment and disposal is by on-site systems, the majority of which are septic
tanks with gravity tile fields. Some newer systems include package treatment plants with
pressurized disposal fields. Royston Elementary, with a capacity to handle 265 students,
is serviced by a package treatment plant owned and operated by Hydroxyl Systems. The
64 room Kingfisher Oceanside Resort and Spa is serviced by a membrane treatment
plant. However, in some areas the hydraulic capacity of the soils is being exceeded,
resulting in the failure of the disposal fields. Partially treated sewage draining into
ditches has been reported in parts of Royston.

It is estimated that 273,000 m3 of wastewater is generated and discharged annually in to
the ground in Royston. An estimated 590 m3 of septage is pumped and hauled each year
to the Comox Valley Water Pollution Control Centre for treatment and disposal.

Stage I of the Royston Liquid Waste Management Plan (LWMP) has been completed.
The document indicated that the environmental impact on Baynes Sound for existing
levels of development is severe as a result of poorly performing on-site sewage systems.
The development of a collection, treatment, and disposal system for the denser urban
area was identified as essential for environmental protection. On-site systems could
continue in the lower density rural areas, beyond the Urban Containment Boundary.

4.2	 Union Bay

The downtown core of Union Bay is located approximately 8 km south of Royston. Like
Royston, Union Bay is an oceanside community containing farmland, residential, and a
small section of commercial development along Highway 1 9A. The downtown core area
includes an elementary school, community hall, local store, restaurant, pub, post office,
and bank. The population is estimated at approximately 1,500 people. The Union Bay
Improvement District operates the local water system with Langley Lake as the source.

Sewage treatment and disposal is by on-site systems. It is estimated that 186,000 m 3 of
wastewater is generated and discharged annually in to the ground in Union Bay. An
estimated 400 m3 of septage is pumped and hauled each year to the Comox Valley Water
Pollution Control Centre for treatment and disposal.

There is a history of failing septic systems in Union Bay area, where almost 40% of the
systems are more than 30 years old, as recorded by the Comox Valley Citizens for

1-2
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Action on Recycling and the Environment (CVCARE). The failing systems contaminate
the intertidal areas along Baynes Sound.

Stages 1 and 2 of the Union Bay LWMP have been carried out. Stage 1 has been
accepted by MWLAP, but not Stage 2. The LWMP process was begun in 1999 by the
Union Bay Liquid Waste Management Committee. It concluded with the identification
of a sewage collection, treatment, and disposal system based on a "waste to wealth"
concept to service lands from the downtown area north to the Royston improvement
District boundary. It consisted of a gravity sewage collection system with septic tank
effluent pumps (STEP) for waterfront properties as well as for properties on the low,
south side of the road on the steep hill in the downtown area. The gravity mains would
discharge to municipal pump stations which would convey effluent to the sewage
treatment plant to be located on the northwest side of Hart (Washer) Creek and west of
Highway I 9A. The treatment system proposed was a Sequencing Batch Reactor (SBR)
followed by a constructed wetland with disposal into the mouth of Hart Creek.

In November 2002, a referendum to approve the construction of the system was rejected
by the residents for various reasons. Some indicated that they wanted a gravity and not a
STEP service connection. Others indicated that the "waste to wealth" concept added too
much cost. However, the general indication was that something still needed to be done
to address the continuing failure of septic fields and to revitalize the downtown area of
Union Bay.

In place of continuing with the formal Stages 2 and 3 of the LWMP process, the RDC-S
proposes to join the Royston and Union Bay study processes. The rationale being that
one joint study would be more cost effective than four separate studies, and the
construction, and operation and maintenance of a single collection, treatment and
disposal system would be more cost effective than two separate systems.

4.3	 Baynes Sound

Baynes Sound produces approximately 50% of the province's cultured shellfish. In
2001, an estimated 3,360 tonnes of shellfish was harvested, and the areas five major
shellfish processing plants processed approximately $17.6 million of product. The
shellfish industry employs 225 people on farm sites, with most working full..time.

Since 1994, all levels of government, the industry and the local community have been
working to remediate water quality in Baynes Sound. Leakage from septic systems in
Royston and Union Bay is reported to have caused eutrophication of the intertidal areas
fronting concentrated development, it is estimated that the industry is operating at an
estimated 60% capacity due to the closure of some of the shellfish leases.

Development of the collection, treatment, and disposal system must acknowledge the
environmental sensitivity and economic benefit of Baynes Sound. It must also consider
that Baynes Sound is the ultimate receiving environment from discharges to land or
freshwater and that improving water quality and cleaning up the foreshore for public use
and commercial benefit is a priority..

1-3
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4.4	 Effluent Discharge

Based on discussions with RDC-S staff, it is evident that the key issue of this study is the
identification of the most appropriate point of discharge and the treatment level required
by the receiving environment. It is acknowledged that the public may demand a higher
level of treatment, based on the strong environmental sensitivity prevalent in the Comox
Valley. For this reason, all three potential points of discharge; namely land, freshwater,
and ocean will be reviewed.

5 WORK PLAN

The work plan adopted for this study, as outlined in our proposal of January 16, 2004, is
as follows:

Gather and Review Information

> Identify Study Areas

Determine Design Flows
) Identify Collection Systems Options

> Carry out Site Visit

> Review Treatment System and Site Location Options

> Assess Effluent Disposal Options

Land Discharge

Ei)	 Freshwater Discharge

iii)	 Ocean Discharge

Prepare Base Plan Drawings

Prepare and Submit Draft Report

Prepare and Submit Final Report

Assist with Public Consultation

6	 ACKNOWLEDGEMENTS

Koers & Associates Engineering Ltd. on behalf of the project team acknowledges with
thanks the assistance provided by the Regional District of Comox-Strathcona staff during
the course of the data collection, analysis and preparation of the report.

In particular, we wish to thank Mr Graeme Fans, General Manager-Operational Services
and Mr. Russ Hotsenpiller, Operations Planning Analyst for their assistance in co
ordinating and facilitating meetings, providing access to reports and drawings, and
technical input/review throughout the study.

We thank Jim Argue, Roger Walker, Barry Bowen, Joe Lidster, and Brenda Fisher for
their input during the course of the study. In addition, we thank Area A Director,
Suzanne Murray, for her enthusiasm and service to the public throughout this project.

1-4
KOLRS & ASSOC TATLS F NGINLERING 1 1 D



K()ERS & ASSOCIATES ENGINEERING LTD.



f.

[LUii[].1YV

SEWAGE COLLECTION,
TREATMENT AND DISCHARGE
STUDY

I] ii

NDER
	 FiLe: 2103

Cn uftant I
	 August 19, 2005



Regional District of Comox-Strathcona	 Final Report
Royston I Union Baywage Collection, Treatment & Discharge Stuy 	 August 19, 2005

TABLE OF CONTENTS

	1.0	 INTRODUCTION...............................................................................................................I

1.1	 Scope of Work............................................................................................................I

	

2.0	 WASTEWATER FLOWS...................................................................................................3
2.1	 Projected Population...................................................................................................3

	

2.1.1	 Union Bay.............................................................................................................3

	

2.1.2	 Royston................................................................................................................6

	

2.1.3	 ElectoralArea"A".................................................................................................9

	

2.1.4	 Design Population ..............................................................................................10
2.2	 Estimated Wastewater Quantities.............................................................................10

	

3.0	 DISCHARGE TO FRESHWATER ..................................................................................16
3.1	 Introduction...............................................................................................................16
3.2	 Municipal Sewage Regulations.................................................................................16
3.3	 Freshwater Discharge Options .................................................................................18
3.4	 Design Flows ............................................................................................................20
3.5	 Trent River Condition................................................................................................21
3.6	 Hart Creek Condition ................................................................................................21
3,7	 Shoulder Season Discharge .....................................................................................21
3.8	 Treatment Required..................................................................................................22
3.9	 Conclusion................................................................................................................23

	

4.0	 SUMMARY AND CONCLUSIONS...................................................................................24
4.1	 Wastewater Flows ....................................................................................................24
4.2	 Discharge to Fresh Water.........................................................................................24

Appendix A:	 Figure 21O31-1

AndersonCivil Consultants Inc. 	 Page i



Regional District of Comox-Strathcona 	 Final Report
Royston 1 Union Bay Sewage Collection, Treatment & Discharge Study 	 August 19, 2005

1.0 INTRODUCTION

In 2003 the Regional District of Comox-Strathcona requested that AndersonCivil
Consultants Inc. collaborate with Koers and Associates Engineering Ltd. to
undertake a study of the collection, treatment and discharge options for a combined
service area from Royston to Union Bay including parts of Electoral Area A.

Our proposal was prepared in October 2003 and presented with the overall team
proposal in January 2004. The proposal from AndersonCivil included the following
components:

• Participate as part of the project management team.

• Identify the service areas and population densities, and prepare preliminary
projections of the wastewater flows.

• Identify the limitations and requirements for discharge to fresh water.

• Coordination with Payne Engineering Geology in their investigation of
alternatives for discharge to land.

Participate in editing for the final report.

• Coordinate the public consultation and information programme. [The scope
of required services under this section has been significantly reduced, as the
management of this section has been undertaken by the RDC-S.]

1.1 SCOPE OF WORK

The scope of work for the determination of service areas and design flows included:

• Review of the existing Union Bay and Royston Local Area Plans.

• Review of the existing Liquid Waste Management Plans and background
information for both Union bay and Royston.

® Identification of preliminary service areas and population densities

• Preparation of preliminary projections of sanitary and 1&I flows.

• Preparation of an interim report.

• Liaison with Koers and RDC-S.

• Review, revision and completion of final report.

The scope of work for the fresh water discharge sections of this study include:

• Review of Union Bay and Royston Liquid Waste Management Plans and
background reports.

• Preliminary review and assessment of the impact of discharge.

AndersonCivil Consultants Inc.	 Page 1
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• Summary of the Municipal Sewage Regulation (MSR) issues and implications
for this discharge.

• Identification of the limitations and requirements for discharge to fresh water.

• Preparation of an interim report identifying the issues and potential.

• Liaison with Koers and RDC-$.

• Review, revision and completion of final report.

This report covers the results of the investigation and study on these two issues.

AndersonCivil Consultants Inc.	 Page 2
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2.0 WASTE WATER FLOWS

2.1 PROJECTED POPULATION

The study area (Drawing 21 031 -1, Appendix A) has been divided into three
geographical areas. These are identified as Union Bay, Royston, and Electoral Area
"A" (the portion of land between Royston and Union Bay). In addition, the estimated
populations for the areas have been shown separately for two periods, existing, and
future. The population projections are based on the Local Area Plan for Royston
(2001) and for Union Bay (1998).

The service areas have been divided into Initial Service Area and Ultimate Service
Area. These are shown in detail on Koers Figures 1 and 2 (Gravity Collection
System - Pump Station Service Areas). Populations and design flows are detailed
below.

2.1.1 Union Bay

a)	 Existing Population

Currently the land contained within the Union Bay Rural Settlement Area (UBRSA)
is zoned as one of the following:

1) Residential
2) Public Use

3) Commercial
4) Industrial
5) Rural

The majority of the existing land is comprised of either residential or rural land uses.
Table 2.1 shows the current land use percentages for the UBRSA:

Table 2.1 - Existing Land Uses - Union Bay

Land use	 Area (ha)	 %Of Total
Residential	 39.56 ______	 17.12
Public Use	 3.48	 1.51
Commercial	 287	 1.24	 ____
Industrial	 11.13	 4.82
Rural___________	 167.20	 7228
Miscellaneous	 6.76	 2.93
Total:	 231.0	 ____________________

AndersonCivil Consultants Inc.	 Page 3
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These land uses, in conjunction with population densities and average lot sizing,
form the basis for the existing population estimate. When population densities and
lot sizing were not available, similar municipalities were referenced. Table 2.2
shows the estimated existing population for the Union Bay area.

Table 2.2 Existing Population Estimates - Union Bay

A	 Average Average # of Population
Land use	 Density	 Lot Size L ts

	
Density	 Population

' '	 (unitsl(ha)	 (ha)	 ______ (person/lot) ___________
Existing_______ __________ ______ ______ ___________ __________
Residential	 39.56	 7.0	 ______	 277	 2.5	 692
PublicUse	 348	 ______ N/A ______ ___________ 	 0
Commercial 2.87 _________ 0.112	 26	 2.5	 64
Industrial 11.1 3 _________	 N/A	 ______ __________	 0
Rural 167.20 __________ N/A ______ ___________ 	 0
Misc.6.76 __________ N/A ______ ___________ __________
Total:	 231.0 _________ ________ ______ __________ 	 757

The Local Area Plan (1998) identified the current population in 1998 as 650
persons. With a 2%, increase per year (average annual rate of growth in the Comox
Valley) the current 2004 population estimate would be 732 persons. This indicates
that the existing population estimate (757 persons), based on land use and density
is consistent for the area.

b)	 Future Porulation

The land use zoning becomes more detailed for future development of Union Bay.
However, the zoning can still be categorized as one of the five zonings listed above.
Table 2.3 shows the future land use:

Table 2.3 Future Land Uses - Union Bay

Land use	 Area(ha)	 %Of Total
Residential	 93.31	 40.44
Public Use	 95.87	 41.50
Commercial	 18.94	 8.20
Industrial	 Outside UCB*	 0

_____________	 0	 0
Miscellaneous	 22.60	 9.78
Total:	 231	 1

* UCB - Urban Containment Boundary

AndersonCivil Consultants Inc. 	 Page 4
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As above, population densities and average lot sizing were used to estimate the
future population. Table 2,4 shows the estimated future population.

Table 2.4 - Future Population Estimates - Union Bay

Average Average # of Population 
EstimatedAreaLand use	 Density	 Lot Size	 Density	
PopulationLots(ha) Units (ha)	 (ha)	 ______ (person/lot) ____________

Future_______ __________ _________ ______ ____________ ____________
Residential_______ _________ _________ ______ ___________ ___________
RS	 56.66	 12.0	 ________ 680	 2.5	 1,700
RM	 25.5	 20.0	 ________ 510	 2.5	 1,275
CR1	 11,4 ________ 0.40	 29	 2.5	 71
CR2___ 0.0 ______	 2)	 0	 25	 0
Cornmerc____ ______	 _____	 ______
CN	 0.90 _________ 0.0560	 16	 2.5	 40
CG	 6.58 ________ 0.1115	 59	 2.5	 148
TH	 4.34 _________ 0.0560	 78	 2.5	 194
TD	 5.49 ________ 0.1115	 49	 2.5	 123
MC	 1.63 ________ 0.0275	 59	 2.5	 148
PublicUse & Open Space ________ _____ ___________ __________
WO18.35 ________ N/A _____ __________ __________
VO________ 63.52 ________ NIA _____ _________ _________
NP0.0 _______	 N/A	 - _________
CF	 14.0 ________ 0.1115	 126 -2.5	 314
Other_______ __________ _________ ______ __________ ___________
IL0.0 ________ 0.1115	 0	 2.5	 0
IC0.0 _________	 2.0	 0	 2.5	 0
TW0.0 _______ N/A _____ _________ _________
Misc.22.60 _________ N/A ______ ___________ __________
Total _____ 231.0 _________ ________ _____ _________ 4013

The future population is considered the maximum population that can be sustained
inside the Urban Containment Boundary (UCB) based on future zoning
requirements. It is difficult to predict the time of "build out" for Union Bay. The LAP
suggests the historical rate of growth has been 1 % per year, this rate would mean a
"build out" time of approximately 167 years. At the average recent local Comox
Valley rat.e of 2%, the "build out" time would be approximately 84 years.

AndersonCivil Consultants Inc.	 Page 5



Regional District of Comox-Strathcona	 Final Report
Royston I Union Bay Sewage Collection, Treatment & Discharge Study 	 August 19, 2005

2.1.2 Royston

a)	 Existing Population

The current Local Area Plan was developed in 2001 and has divided the
development into the following 3 categories:

1) Phasing: 5-10 years
2) Phasing: 15 years
3) Phasing: 25 years

To estimate the existing population, the "Phasing 5-10 year" zoning was used to
represent the present (2004) state of zoning for the area. The zoning for the
Royston area has been divided into several specific categories. Table 2.5 shows
the existing land use and percentages for the UCB.

Table 2.5 - Existing Land Uses - Royston

Land use	 Area (hal	 %Of Total
Agricultural Land Reserve 	 33.83	 5.22
Commercial	 3.4	 0.52
Environmentally Sensitive Area	 7.09	 1.09
lndustrial	 28.14	 4.34
Industrial Live/Work	 3.85	 0.59
Mixed-Use	 1.05	 0.16
Park	 2.09	 0.32
Public/Cultural	 4.22	 0.65
Residential-Existing	 250.75	 38.69
Residential-Multi-Family 	 0.74	 0.11
Residential-Conservation	 14.17	 2.18
Residential-New Single Family	 23.55	 3.63
Forest Land Reserve	 0	 0
Undeveloped	 253.02	 39.04
Miscellaneous	 22.11	 3.41
Total ________	 648	 ________________
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The existing Royston popuIatons were calculated in the same manner as Union Bay
using population densities and average lot sizing. Table 2.6 shows the estimated
existing population for the Royston area.

Table 2.6 - Existing Population Estimates Royston

Population
Land use	 Area (ha) Average Lot fi of Lots	 Density	 Population

____________________ _________ ____________ _________ (person/lot) ___________

Phasing 5-10 years (Existing) ___________ ________ _________ __________
Agricultural Land
Reserve	 33.83	 1.0	 34	 2.5	 85
Commercial	 3.40 -	 0.25	 14	 2.5	 34
Environmentally
Sensitive Area	 7.09	 tO	 7	 2.5	 18
Industrial	 28.14	 015	 37	 2.5	 94
Industrial Live/Work	 3.85	 015	 5	 2.5	 13
Mixed-Use	 1.05	 N/A	 _____	 __________ 0
Park2.09	 N/A	 ________ __________ 0
Public/Cultural	 4.22	 N/A	 _________ ___________ 0
Residential-Existing	 250.75	 0.6	 418	 2.5	 1,045
Residential-Multi-
FamiIy	 0.74	 0.30	 3	 2.5	 6
Residential-
Conservation Design 14.17	 0.70	 20	 2.5	 51
Residential-New
jgle Family	 23.55	 0.30	 78	 2.5	 196

Forest Land Reserve 0.0	 N/A	 ________ __________ 0
Undeveloped____ 253.02	 N/A	 ________ _________ 0
Miscellaneous	 22.11	 N/A	 ________ _______	 0
Total648	 __________ ________ _________ 1,542

The Royston Local Area Plan predicted an existing population in 2004 of
approximately 2320 persons.

b)	 Future Population

The future zoning is consider to be the "Phasing: 25 year" category shown above.
This phasing is considered the "build out" zoning within the UC8, which may or may
not occur in 25 years. Table 2.7 shows the future land use and Table 2.8 shows the
future population estimates:
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Table 2.7 - Future Land Uses - Royston

Land use	 Area ha	 % ®f Total
Agricultural Land Reserve 	 69.00	 10.64
Commercial	 3.40	 0.52
Environmentally Sensitive Area 	 7.09	 1.09
Industrial	 54.16	 8.35
Industrial Live/Work	 11.55	 1.78
Mixed-Use	 5.70	 0.87
Park	 2.09	 0.32
Public/Cultural	 4.22	 0.65
Residential-Existing	 241.89	 0.37
Residential-Multi-Family	 6.27	 0.96
Residential-Conservation	 184.77	 28.51
Residential-New Sing Family	 44.01	 6.79
Forest Land Reserve	 0	 0
Undeveloped	 0	 0
Miscellaneous	 13.86	 2.13
Total	 648

Table 2.8 - Future Population Estimates - Royston

Area	
Average	 # of	 Population

Land use	 (ha)	 Lot Size	
Lots	

Density	 Population
(ha)	 (personllot)

Phasing 25 years (Future)
Agricultural Land
Reserve	 69.0	 1.0	 69	 2.5	 172
Commercial	 3.40	 0.250	 14	 2.5	 34
Environmentally
Sensitive Area	 7.09	 1.0	 7	 2.5	 18
Industrial	 54.16	 0.750	 72	 2.5	 181
Industrial Live/Work	 11.55	 0.750	 15	 2.5	 38
Mixed-Use	 5.70	 NIA	 0
Park	 2.09	 NIA	 0
Public/Cultural 	 4.22	 N/A	 0
Residential-Existing	 241.89	 0.60	 403	 2.5	 1,008
Residential-Multi-Family	 6.27	 0.30	 21	 2.5	 52
Residential-
Conservation Design	 184.77	 0.70	 264	 2.5	 660
Residential-New Single	 rn

Famii	 w	 44.01	 0.30	 147	 2.5	 367
Forest Land Reserve	 0.0	 NIA	 0
Undeveloped	 0.0	 NIA	 0
Miscellaneous	 13.86	 NIA	 0
Total	 64$	 2,530
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Based on Table 2.8 the time to "build out" of the UCB is approximately 25 years
provided there is a consistent 2% per year growth increase. The Royston LAP does
not project the population past the year 2010. However, their population projections
are calculated with a 2% growth increase per year. To continue their trend the
population for 2020 would be 3,186 persons.

2.1.3 Electoral Area "A"

a) Existing Population

Electoral Area 'A" covers the region of land from Courtenay to Mud Bay. However,
for this study, the designation is applied to the area which lies between Royston
UCB and Union Bay UBRSA and a small portion south of the UBRSA. The exisUng
zoning for this area is exclusively rural with the exception of a small portion zoned
for Marine Industrial.

With no population densities for the area, the existing lots were counted and a
population density of 2.5 persons per lot was used. This produced an existing
population of 843 persons. This approach includes vacant and nonvacant lots;
however it is considered a reasonable estimate . for this analysis.

b) Future Population

The future land use zoning remains rural for the area. It is assumed that only 70%
of the available land can be used for development. Therefore, the future population
was projected using an average lot size of 0.4 ha and 2.5 persons/lot. A future
population of 2,148 persons is projected for the area.

c) Kensington Lands

Within Electoral Area A there is a development proposal by Kensington island
Developments. This development represents an increase over the basic
assumptions for Area A, but particularly a redistribution of planned population.

The future population projections area included in preliminary public information by
Kensington Island Developments dated 10 May, 2005.

Table 2.9 - Union Bay Resort Development

Type	 Number	 Equivalent
Population__________________ _____________ Population_/_unit ________________

Single Family	 1,180	 _____ 2.5	 2,950
Senior Housipg	 480	 2	 960
Timeshare Condo	 130	 2	 260
Hotels	 265	 1	 265
Total___________ ____________ ____	 4,435
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2.1.4 Design Population

The Initial Service Area has been concentrated in the existing areas of higher
density along the shore of Baynes Sound. From anecdotal evidence presented at
LWMP meetings in Royston and in Union Bay, the highest density of problems with
on-site discharge are located in these areas.

The estimated present population for the Initial Service Area and future population
for the entire Study Area are tabulated below.

Table 2.10 — Design Populations

Present Population	 Future Population
(Initial Service Areas) 	 (Stud Area)

Royston
PS#1	 288	 567
PS#2	 810	 1,174
PS#3	 443	 789
Area "A"
PS#4	 555	 937
PS#5	 115	 304
PS#6	 50	 753
PS#8	 123	 _	 154
Union Bay
PS#7	 757	 4,013
Totals	 3,141	 8,691

Please note that Kensington lands are not tabulated in the above table. The
estimated populations and subsequent flows would need to be divided amongst PS
# 4, 5 and 8. The Future Population totals are not significantly different
(Table 2.11).

2.2 ESTIMATED WASTEWATER QUANTITIES

The wastewater water entering the proposed collection system includes two
components:

1) Municipal Sanitary Sewage
2) Inflow & Infiltration

a)	 Municipal Sanitary Sewage

For Union Bay, Royston, and Electoral Area "A" the population numbers will
generate the municipal sanitary sewage. As above, the estimated flows will be
calculated for two conditions, existing and future. A per capita flow is used to predict
the wastewater flows generated for the areas.
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Based on the analysis in the Royston LWMP Stage 1 (Anderson Civil Engineering,
2002), a value of 310 lcd was used. Due to the similarities of the remaining two
areas this value was also implemented for the entire project. In order to estimate
the maximum hydraulic conditions that might occur, peaking factors were applied.
The peaking factors were based on the Harmon Formula which is commonly used
by municipalities on Vancouver Island.

The peaking factor applies to flows arriving at the pump stations. Some attenuation
may take place through the process of pumping and forcemains. For design
purposes we recommend that the peak flows should be used at the inlet to the
Treatment Plant. Discharge flows from the Treatment process will have lower
peaks, depending on the process selected.

Table 2.1 Ia show the Average Dry Weather Flows (ADWF) and Peak Dry Weather
Flows (PDWF) for the project areas with normal development. Table 2.11 b shows
the future flows with the development of Kensington lands.

Table 2.11 a Municipal Wastewater Quantities (Dry Weather)

Excluding Kensington Development

Description	 Design	 ADWF (mId)	 Peaking	 PDWF (m3/d)
_________________ Population ________ ____ Factor _____________
Existing___________ ____________ ___________ _____________
Union Bay	 757	 235	 3.87	 909
Royston	 1,541	 478	 3.67	 1,753
Electoral Area "A" 	 843	 261	 3.85	 1,005

Total	 3,141	 974	 3.42	 3,336
Future_________ ______________ _________
Union Bay	 4,013	 1,244	 3.33	 4,145
Royston	 2,530	 784	 3.50	 2,748
Electoral Area "A"	 2,148	 666	 3.56	 2,372

Total	 8,691	 2,694	 3.01	 8,122

Table 2.1 lb - Municipal Wastewater Quantities (Dry Weather)

Including Kensington Development

Description	 Design	 AbWimii	 Peaking	 PDWF (m3/d)
________________ Population _____________ Factor _____________
Future
Union Bay	 757	 235	 3.87	 909
Royston	 2,530	 784	 3.50	 2,748
Electoral Area "A"	 843	 261	 3.85	 1,005
Kensington Lands	 4,435	 1,375	 3.29	 4,527

Total	 8,565	 2,655	 3.02	 8,021
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b)	 Inflow & Infiltration

Inflow is generated from stormwater reaching the sewers through roof leaders,
manhole lids, storm services, and directly connected catchbasins in the streets.
Infiltration is generated from leakage into pipes, manholes and structures from
underground water.

Historically, some communities have solved storm drainage problems by connection
to the sanitary system. These are referred to as combined sewer system, and do
not meet the intent of the MSR. Stormwater connections must not form part of new
systems, and Royston and Union Bay should implement controls so that stormwater
connections are not made to the sanitary sewer system in the future.

Inflow and infiltration (l&I) rates can be high for municipalities with aging collection
systems. The l&l rate for Cumberland, BC as documented on flow charts is
15 m 3/ha/d. The Greater Vancouver Regional District has set a goal to reduce their
rate to 11 m 3/ha/d. Rates into newly constructed systems are more modest. Two
municipalities on Vancouver Island, the District of North Cowichan and the City of
Campbell River, specify 5.2 m 3/ha/d in their subdivision bylaws.

The Master Municipal Construction Documents Association published the Design
Guideline Manual in February 2005. The Guideline value for l&l is 14.7 m3/ha/d
(0.17 I/s/ha). The Guideline acknowledges that for lower density development the
rate should be based on length of sewers and services, however no alternate rate is
provided.

The MSR imposes limits on l&l to reduce impacts on the environment because:

•	 Groundwater regimes are altered.

•	 Treatment is often bypassed, or its effectiveness reduced.

•	 For discharge to freshwater, fluctuations in the watercourse flow regime
increase.

•	 For discharge to ground, soil treatment capacity will be altered, and the
ground water table raised.

•	 Sewers that leak groundwater in, can also leak out sewage directly to the
environment.

Operation and maintenance and capital costs increase with increased l&L Pipes,
pumps and treatment plants require larger hydraulic capacity to collect and treat l&l
in addition to the sanitary sewage. With larger volumes, power costs are higher,
and maintenance is more complex.

Although it might be possible to construct and maintain a gravity collection system
with very low l&l potential, it can be expensive to maintain and "police" such a tight
system. A target value of 5.0 m3/ha/d has been applied in this study. This value is
one of the lowest in current municipal standards on Vancouver Island.
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The l&l rate is applied to the total area of land serviced. In the cases of low density
development this generates high flows which are considered conservative. Because
of the mechanisms for l&I, a more detailed analysis might use actual length of
collection system piping, and number of individual connections. There is very little
historical data to support this type of analysis.

c)	 Desin Flows

A conservative approach is recommended for design flow projections. A uniform
rate for l&l is assumed for all service areas. Actual flow data should be collected
from the first stage systems during use. This can be used for design of future
stages, with the potential to reduce capital and operational costs.

Table 2.12a and 2.12b detaUs the short-term and future design flows. Individual
elements of the system, e.g. pipes, pumpstations, must be designed for the
appropriate condition. Much of the peaking factor will have been smoothed out by
the point of final discharge.

Table 2.12a- .ewage Design Flows

Excluding Kensington Development

Description	 Design	 I & I..............l..ow 	 ADWF... . AWWF PDWF PWWF
Population	 Area	 &

(ha)	 Infiltration

757	 42
1,541	 258

843	 95
3,141	 395

Union Bay
Royston
Electoral
Area "A"

Total
Future
Union Bay
Royston
Electoral
Area "A"

Total

4,013
2,530

2,148
8,691

149
570

304
1,023

212
1,290

475
1,977

746
2,850

1,520
5,116

235
478

261
974

1,244
784

666
2,694

447
1,768

736
2.951

1,990
3,634

2,186
7,810

909
1,753

1.005

1,121
3,043

1,479
5,313

	

4,145	 4,891
2,748 5,598

	

2,372	 3,892
8.122 13.238

On the Kensington Lands, the contributing areas for l&I do not include the proposed
golf course or public open spaces.
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Table 2.12b Sewage Design Flows
Inctuding Kensrngton Development

[5cription	 Design	 I & I	 Inflow	 ADWF AWWF PDWF PWWF
Population	 Area	 &

(ha)	 Infiltration
Future

Union I

Electoral
Area A"
Kensington
Lands

Total

	757	 42	 212	 235

	

2,530	 570	 2,850	 784

	

843	 95	 475	 261

	

4,435	 145	 725	 1,375

	

8,565	 852	 4,262	 2,655

	

447	 909	 1,121

	

3,634	 2,748	 5,598

	

736	 1,005	 1,479

	

2,100	 4,527	 5,252

	

6,947	 8,021	 113,137

All flows are m3/d
l&l at 5.0 m3/hald
ADWF at 310 l/cap/d
Peaking Factor:	 Harmon

d)	 Flow Reduction
There are a number of alternatives to reduce the design flows shown in Table 2.12.

The sanitary flows (ADWF, PDWF) are directly related to the water consumed by
each residence. If the water consumption can be reduced, there will be less volume
of sewage generated, There are several well-established ways to reduce domestic
water consumption:

• Installation of water meters typically results in reduced consumption by as
much as 50%. Although some of the reduction is as a result of identifying
leaks, and some as a result of less irrigation in summer, reduction in
sewage flows will result;
Voluntary or legislated installation of low consumption fixtures directly
reduces the sewage flow. Since one of the largest uses of water in a
house is for toilet flushing, installation of modern low-flow toilets wiil
reduce flows.

• Consumer education has a large potential to reduce flows. Activities such
as shorter showers, full loads of laundry and similar behaviour changes
can significantly reduce the sewage flow generated.

Since the l&l ,as described above, is generated from leaking joints, manhole lids
and illegal connections, each of these can be reduced by design or investigation.
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Gravity collection systems will always be subject to the typical leakage of l&l, even
though rigorous construction and maintenance standards are applied.

Some improvement can be achieved by the use of STEP or grinder systems. Each
of these uses pressure pipe, and has no manholes to permit the ingress of surface
water. Both these systems are reported to generate negligible l&l components of
flow.

Extra l&l will always remain from illegal connection of drains and roof leaders. In
gravity systems these are often detected by smoke testing. This involves isolating a
section of sewer between manholes and blowing in smoke under pressure. In
normally functioning systems this will only escape through the roof vents of the
plumbing in each house. If there are illegal or inappropriate connections, the smoke
will escape through roof leaders or area drains.

With STEP and grinder systems the installation will be tight as far back as the pump
•	 on private property. In the initial installation the connection to the house can be

verified, and replaced where necessary. Subsequent checking for illegal
connections on private property is harder, although monitoring of pump running
hours will highlight high sewage flows.

Whichever collection system is installed, it is important to annually budget for a
monitoring programme to identify and locate any excess flows into the system.
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3.0 DISCHARGE TO FRESH WATER

3.1 INTRODUCTION

The goal of this study is to identify a sanitary collection, treatment and discharge
system which complies with the Municipal Sewage Regulation (MSR), BC
Regulation 129199.

This chapter addresses the alternative of discharge to a freshwater environment.
Other alternative discharges are addressed elsewhere.

3.2 MUNICIPAL SEWAGE REGULATIONS

Although most parts of the MSR are applicable to a discharge to freshwater, only
those sections relevant to a recommendation and decision will be addressed here.

MSR Schedule 3 sets out the criteria required for discharges to water. For
discharge to streams and rivers, criteria for alternative dilutions greater than 40:1
and greater than 10:1 are given. For a dilution greater than 10:1, the following
effluent quality is required:

Table 3.1 - Municipal Sewage Regulations Freshwater Discharge for
>10:1 Dilution

Where a dilution of 10:1 cannot be achieved, the only permitted discharge is under
MSR Schedule 2 as Reclaimed Water. This can be used for Stream Augmentation
or discharge to Natural Wetlands. The standards are different:
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Table 3.2 - Municipal Sewage Regulations for Reclaimed Water Discharge
(Unrestricted Public Access) including Stream Augmentation

Parameter	 Requirement
Treatment	 Secondaryrn
Chemical addition	 filtration, or 50 day storage
BOD 5	10 mgll
TurbidJy	 2 NTU, or TSS 5 mgll

Reduced levels of nitrogen and phosphorous as determined
Nutrients	 by EIS
Disinfection	 Yes, 2.2 1100 m. coliform
Emergency storage 20 days, or 2 days with redundant treatment
EIS	 Required

Table 3.3 - Municipal Sewage Regulations for Natural Wetland Discharge
(Restricted Public Access)

Parameter	 Requirement
Treatment	 Secondary
BOD5	45 mgll
TSS	 45 mg/1
Disinfection	 Yes, 10001 100 ml coliform
EIS	 Required

In the case of wetlands, the discharge downstream from the wetland must be
addressed in the Environmental Impact Study. The higher standards downstream
are likely to required higher quality initial discharge to the wetland than shown in the
table above.

Additional interpretation and explanation of the MSR requirements is included in the
Code of Practice for the Use of Reclaimed Water — A Companion Document to the
MSR (May 2001).

Additional Information on the expectations for the EIS are included in the
Environmental Impact Study Guideline — A Companion Document to the MSR
(December 2000).

In summary, the MSR requires a high quality effluent with nutrient reduction and
disinfection for all discharges to fresh water.
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3.3 FRESHWATER DISCHARGE OPTIONS

The proposed Royston I Union Bay service area is crossed by a number of rivers
and streams. These all flow in an easterly or north-easterly direction into Baynes
Sound. From north to south the named watercourses are:

•	 Roy Creek

Trent River

• Copeman Creek

•	 Beacon Creek

•	 Argyle Creek

•	 Hart/WasherCreek

Roy Creek is fed from springs east of the Inland Island Highway The overall
catchment is small, and the springs probably sustain reasonable summer low flows
as a fraction of Mean Annual Discharge (MAD). No flow gauging records are
available from Roy Creek. This creek, and tributaries, has been identified as a
fishery reserve.

The Trent River, and tributaries, rises on the east side of the Vancouver Island
mountain range. The flows are significant in winter from rain and snow precipitation.
Typical of all east coast rivers, there is little deep groundwater reserve, and low
precipitation in summer results in extremely low flows.

The Trent River is the only local river for which flow records are available.

Extensive analysis on the available flows in the Trent River is included in the Nile
Creek to Trent River Allocation Plan, MELP, January 1995. The following
information is summarized from the Water Allocation Plan:

Precipitation in the region is low during the summer months and high
during the winter months.

•	 Lack of precipitation in the summer months, coupled with high
evaporation rates and the rain shadow effect tends to create an annual
moisture deficit.

•	 The Trent River catchment is shown as 66.9 km 2; however the plan does
not show the watershed extending to include the Maple Lake Creek
catchment.

•	 Water survey of Canada Hydrometric Discharge information for the Trent
River is only available between 1971 and 1976. The discharge rate for
the Trent River during this period is recorded at only approximately 25%
of that recorded for other rivers. The only explanation provided is that the
Trent River lacks supporting aquifers and wetlands that are present in the
other river catchments.
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•	 The Trent River shows mean monthly discharge (MMD) less than 10% of
the mean annual discharge (MAD) during July, August and September.

•	 The seven-day average low flows occur predominately in August or
September, with rare occurrences in July or October. The seven-day
average low flow projections for the Trent River are extremely low at
approximately 10% of MMD.

•	 For the Trent River, the MMD in August falls below 5% of MAD. The
MWLAP in-stream fisheries requirements indicate that less than 5% MAD
will result in severely degraded spawning and rearing habitat. Where fish
are present, the minimum flow required to sustain fisheries resource for
poor spawning and rearing habitat is 5 - 10% of the MAD.

The projected mean monthly discharges for the Trent River are shown in the
following table. The low flows in May to September are based on the very short
period of gauging between 1971 and 1976. Trent River shows particularly low flows
in relation to its catchment when compared to other adjacent rivers to the south.
This is discussed in the Water Allocation Plan.

Seven-day average low flows are also given for the period 1971 to 1976, and range
between 0.5% and 58% of the mean monthly low flow. The flow augmentation with
effluent would have a larger impact on maintaining the seven-day average low flows,
than on the monthly low flows.

Although the flows are derived from all data 1971 - 1976, it should be noted that
1976 was not typical. Generally this was a very low flow year, although the summer
flows were much higher than usual. An alternate analysis, or longer records, might
show lower than average summer flows. The contribution from effluent discharge
would be even more significant.

Table 3.4 - Trent River Mean Monthly and Mean Annual Discharge t'^

Jan	 Feb Mar April May Junejily Aug Sept Oct INov	 Dec TMA[
7279 12} 7022 6080 3480 3730 1410 420	 199 324 5010 7665 8221 428;

18.2	 15.8 9.0	 9.7	 3.7	 1.1	 0.5	 0.8	 13.0	 19.9	 21.3	 11.1

Percent of MAD	 3T 3%n
	

8% 4.6% 7.6%
Volume deficit to 10%
MAC}
	

02 10.59 10.27
	

x106 m31mo

Total Volume deficit	 (July - Sept)
	

©.89
	

x106 m3	 (885,427 m3)

Note: (1) from Nile Creek to Trent River- WaterA!location Plan, MELP, 1995
(2)1/s
(3) x 108 m31mo
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The established goal for east Vancouver Island rivers to maintain fish habitat is to
have a minimum flow of 10% Mean Annual Discharge. The critical period of deficit
is the month of August.

The three smaller unnamed creeks have very small catchments. Although some are
fed through wetlands, they lack reliable spring sources to sustain summer flows.

Hart Creek is fed from upland areas, generally west of the Island Highway. Langley
Lake is tributary to the creek and might provide an opportunity for increased storage.
The flows in winter are significant, but during the summer the flow is minimal and
frequently below the surface in the lower reaches. No flow gauging records are
available for Hart Creek. Flow ratios are expected to be no better than those
developed for the Trent River. A brief assessment of the potential to use Hart Creek
for discharge was made during the Union Bay Liquid Waste Management Plan,
Stage 2 process.

3.4 DESIGN FLOWS

The design population and flows are discussed in Chapter 2. Although the
immediate discharge needs are small, the ultimate potential design flow from the
designated service area is approximately 8,000 m3/day.

The service population is distributed over the entire service corridor, with higher
concentrations at the Royston village centre, and the Union Bay village centre.
Each of these is located adjacent to one of the larger watercourses.

Based on the probable flows in Roy Creek and the other 3 small unnamed creeks, it
is not considered economical to create discharges to these creeks.

If the ultimate design flow is divided equally between the Trent River and Hart
Creek, the discharge to each would be approximately 4,000 m 3/day (AWWF) in
winter and 1,400 m3/d (ADWF) in summer.

Based on the 10:1 dilution required by the MSR, winter river flows of 40,000 m3/day
(580 us) would be required at each discharge. This is available in the Trent River
from October to June ((Nile Creek to Trent River- Water Allocation Plan, MELP,
1995). It is not available in July to September.

Although no flow records are available for Hart Creek, a 10:1 dilution may be
available from October to May. This assessment is based on a review of the flow
distribution in the Trent River, and assuming the distribution in Hart Creek is similar.

Summer river flows of 14,000 m 3/day (162 l/s) would be required for each discharge.
This is available in the Trent River throughout the year. Although there are no flow
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records for Hart Creek, due to the smaller catchment this dilution flow will not be
available.

Without adequate dilution, discharges between April I May and October would need
to meet the Standard.s for Reclaimed Water for streamflow augmentation.

3.5 TRENT RIVER CONDITION

A discharge of highly treated effluent to the Trent River might be possible due to
available dilution.

Unfortunately, the Village of Cumberland already discharges effluent into Maple
Lake Creek and this flows into the Trent River near the Inland island Highway. The
effluent contains high levels of phosphorous, and this has a significant impact on the
Trent River in summer. Under the Village of Cumberland, Liquid Waste
Management Plan, Stage 2, January 2003, a programme to eliminate this impact is
under way. However, full implementation may take up to 25 years to compIete

Until the upstream discharge of phosphorous is below the impact threshold, it is
unlikely that any further discharge of phosphorous could be allowed. Although the
MSR would allow discharge of reclaimed water for streamflow augmentation, an
Environmental Impact Study must show that there is no negative impact. This is not
likely without total removal of phosphorous. This is not considered practical.

36 HART CREEK CONDITION

Although winter flows may be high enough for 10:1 dilution, summer flows are
observed to be extremely low. Without dilution, the quality of effluent must be
suitable for streamf low augmentation.

Hart Creek may be able to accept reclaimed water. Hart Creek does not appear to
have any upstream source of phosphorous and may be able to tolerate an effluent
containing moderate levels. The dense tree cover will limit sunlight on the creek and
may avoid algae levels above the aesthetic threshold. The phosphorous would be
carried downstream and discharged to Baynes Sound without impact.

A detailed Environmental Impact Study will be required to assess the level of
nutrients acceptable in Hart Creek.

3.7 SHOULDER SEASON DISCHARGE

During the winter, both Trent River and Hart Creek may have flows high enough for
dilution of effluent.
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It may be possible to use ground discharge (refer to separate report by Payne
Engineering Geology) in the summer, and supplement this with discharge to the
rivers in winter. The difficulty arises in the spring. River flows are reduced in April in
response to less rainfall. However, the groundwater table remains high until longer
into the dry season.

Design flows remain intermittently high in spring due to l&l, and are close to the
AWWF values. In the transition period, mostly in the spring and less in the fall, it is
important that the ground discharge be able to accept most of the flow.

Designing and obtaining approval for a hybrid discharge system is complex and
requires significant redundancy in each system capacity.

3.8 TREATMENT REQUIRED

As developed above, discharge to freshwater would have to meet Reclaimed Water
Standards for at least part of each year. The treatment process would have to be
designed with the technology and capacity to. meet the standards (Section 3.2
above).

The treatment process for reclaimed water includes:

•	 high quality secondary

•	 chemical addition for flocculation and precipitation
•	 filtration

*	 disinfection

redundant / duplicate plant

emergency storage

This is the highest quality treatment for any alternative discharge considered in this
report. This level of treatment is far higher than for discharge to land, and it will only
be required at this level for part of each year. This will incur high capital cost, and
seasonally high operating costs.

With discharge to both the Trent River and Hart Creek, two separate collection and
treatment systems may be needed. A detailed analysis of costs would determine if
this is less expensive than pumping effluent up to 5 km from one treatment plant to
two discharges. There may be a small saving in the collection system if two
treatment plants are used. There will be an increase in overall cost of treatment
when basic infrastructure is built at two locations.

If discharge is only to Hart Creek, a single treatment plant is required and an
extensive linear collection system.
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39 CONCLUSION

• Effluent discharge with dilution of 10:1 would be possible in winter to both the
Trent River and to Hart Creek.

• Discharge of Reclaimed Water to the Trent River in summer will not be
possible without complete removal of phosphorous.

• Discharge to Hart Creek is expected to be possible with very low levels of
phosphorous.

• A detailed Environmental Impact Study for Hart Creek is required to establish
the required seasonal nutrient characteristics for the effluent.

• The capital and operating costs are expected to be high for a treatment
process to remove phosphorous to minimum values.

AndersonCivil Consultants Inc. 	 Page 23



Regional District of Comox-Strathcona	 Final Report
Royston I Union Bay Sewage Collection, Treatment & Discharge Study 	 August 19, 2005

4M SUMMARY AND CONCLUSIONS

4.1 WASTEWATER FLOWS

The wastewater flows are generated from three areas: Royston, Union Bay and part
of Electoral Area "A" lying between Royston and Union Bay.

In Royston the study area includes all the land within the Urban Containment
Boundary (UCB). This area includes all the proposed medium and higher density
development. Areas lying to the west of the UCB are not included in the study as
they are planned for much lower density development.

The study boundary in Union Bay includes all lands within the Urban Boundary.
Lands to the west and south of this boundary, and within the Union Bay Rural
Settlement Area (UBRSA), are intended for large acreage and are not included in
the proposed sewer service area.

Lands in Electoral Area "A" between Royston and Union Bay generally includes
areas of existing development as well as the large section of undeveloped property
currently identified as Kensington Lands.

Based on the definitions contained within the Local Area Plans, populations
densities were assigned to each of the individual land uses and overall populations
projected for the service areas. The sanitary sewer flows based on previous Liquid
Waste Management Planning were applied to the projected populations. Dry
weather design flows are detailed in Chapter 2.

An appropriate allowance for inflow and Infiltration (l&i) is discussed in Chapter 2.
Reliable guidelines exist for the allocation of I&I to areas of high development.
Similar guideline criteria are not available for lower density serviced areas where
dwellings may be a considerable distance apart, although requiring large lengths of
sanitary sewer to service. Typically, l&l is projected as a flow rate per hectare per
day. Although projections in Chapter 2 are based on a uniform distribution
throughout the entire service area, it may be more appropriate to use a reduced
value for the lower density areas.

4.2 DISCHARGE TO FRESH WATER

The Municipal Sewage Regulation (MSR) identifies a num her of alternative criteria
for discharge to the environment. These include requirements for discharge to fresh
water, generally depending upon the dilution available.

In Chapter 3 a number of potential discharge points were evaluated, and it is
concluded that only the Trent River and Hart (Washer) Creek would have sufficient
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capacity to accommodate any discharge. Both of these watercourses have
significant flow in the winter, but tend towards negligible in the summer. In the case
of summer discharge, the only potential category under the MSR is as Reclaimed
Water for Stream Flow Augmentation. Typically this requires a high level of
treatment, and the discharge of phosphorous into either creek is of concern. Due to
the limitation of the high existing phosphorous loading in the Trent River, t is not
considered practical to discharge any further sewage to that river.

Hart Creek may be able to accept the discharge of a high quality effluent during the
summer and use it beneficially for streamfiow augmentation.

The principle potential identified for both the Trent River and Hart Creek is for use in
combination with discharge to land. It may be possible to discharge to the water
courses at times of high precipitation and runoff when discharge to the land might
be unsuitable. During dry periods the capacity of the lands could be sufficient to
accept all the discharge.

To use F-tart Creek for a core year-round discharge of sewage with the volumes
developed in Chapter 2, extremely high levels of treatment will be required in
summer. Lower treatment levels in winter may be acceptable when dilution is
greater than 10:1
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In this 2-page report, Payne Engineering Geology (PEG) evaluates the viability of soil-based treatment
of wastewater from Royston and Union Bay, British Columbia. This report is subject to the attached
Statement of General Conditions (Appendix 1).

1.1 Background and Context

Royston and Union Bay are two small, unincorporated communities on the east shore of Vancouver Island,
located south of the small but growing cities of Courtenay and Comox. The recent rapid growth of
retirement communities on the east coast of Vancouver Island is part of the problem, in that this creates
growth pressures on small communities.

These two communities were established decades ago, and reflect the style and approach to building of the
•	 time. Wood frame houses with septic systems were built on small lots, typically less than 1,000 square

metres or 0.1 ha. As most of the homes were built before the BC Sewage Disposal Regulation of l95,
• septic systems were built without any analysis of the soils, percolation tests, or sewage permits. We can

safely predict that many of the septic systems are aging or undersized. The soil and ground water
conditions compound the situation, because much of the urban-suburban parts or Royston and Union Bay
consists of a thin veneer of fine-grained soils.

We commonly hear anecdotal reports of hydraulic failures of septic systems, although this review found
little documentation of the reported problems. It is commonly believed that hydraulic and treatment
failures of septic systems contribute most of the contamination of shellfish beds in Baynes Sound.
Although this hypothesis has not been thoroughly tested, it is clear that these two communities have many
lots that are too small for constructing economical sewage systems that conform with current standards,
considering site constraints. The design of an onsite system is site-specific, but a typical Type 2 treatment
plant and drainfield would require a parcel that is larger than 1,000 square metres. As a result, several
homeowners have recently constructed relatively expensive Type 3 treatment systems.

Earlier wastewater studies commissioned by the Regional District considered a range of potential solutions
for Union Bay and Royston. Generally, proposed solutions involve a combination of:

(I) a municipal sewage system serving the higher density core areas (more than 10 lots per hectare)
(2) onsite sewage systems continuing to serve the outlying rural areas (less than 2 lots per ha)
(3) a combination of approaches for the medium-density neighbourhoods, often with a focus on cluster

sewage systems.

The current Royston and Union Bay Sewage Project focusses on the first aspect of the solution, the design
and construction of a municipal sewage solution serving the higher density areas. One of the first problems
to be solved is the eventual discharge or reuse of the treated sewage. The main options include:

a a deep ocean outfall pipe
discharge fresh water body, normally a river

a soil-based treatment, or ground discharge
reuse of reclaimed water, for example, for irrigation

a a combination of the above methods
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The main purpose of this study is to review the feasibility of the options listed above, and develop a
conceptual approach for the collection, treatment, and discharge or reuse of wastewater.

The Regional District of Comox - Strathcona hired Koers and Associates Engineering Ltd to coordinate
this study. Anderson Civil Consultants Inc has evaluated the feasibility of discharge to fresh water; Komex
International has reviewed ocean discharge options; and Payne Engineering Geology has evaluated
prospects for ground discharge. 	 . ....

1.2 Other Relevant Reports

Appendix 2 is a summary of previous reports of relevance. This includes preliminary Liquid Waste
Management Plans for Union Bay and Royston. Although this review follows from those earlier studies,
the current study is the first to include substantial physical evaluation of sites and their constraints for soil-
based treatment. The current study is not part of a Liquid Waste Management Plan, as defined under the
Municipal Sewage Regulation.

1.3 Objectives of this Report

This PEG report meets the following objectives:

1) Identify land parcels with potential for large scale soil-based treatment, based primarily on property
size, mapped soil conditions, proximity to the sewage collection area, and property access.

2) For properties meeting these criteria, evaluate specific site conditions with respect to requirements
of the BC Municipal Sewage Regulation.

3) For properties meeting requirements of the Regulation, estimate the hydraulic and treatment capacity
of the property.

4) For those sites with a suitable hydraulic capacity, evaluate environmental impacts, identify site
constraints, and recommend design and construction solutions to those constraints.

5) Based on existing soil and ground water information, evaluate the feasibility of using cluster systems
for existing and new areas with moderate housing density.

The Regional District asked PEG to review the feasibility of large scale discharge of wastewater from the
combined populations of Royston and Union Bay. PEG did not evaluate specific sites for smaller-scale
wastewater systems, such as individual onsite systems or cluster systems serving, for example, 5 to 500
lots.
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1.4 Sewage Discharge Versus Sewage Reuse

In BC, community sewage systems are regulated under the Municipal Sewage Regulation. The regulation
draws a distinction between discharge of sewage versus reuse of treated sewage, called reclaimed water
in the Regulation. Under the Regulation, a sewage system must be defined as resulting in either a discharge
to the environment, or a beneficial reuse of reclaimed water. However, in practice, most systems that reuse
reclaimed water will also discharge to the environment during part of the year, or in emergencies.

The Royston and Union Bay Sewage Project has focussed on feasible and economical methods for
discharge of treated wastewater. Methods of discharge considered during this study, and in related studies,
have included:

a deep ocean outfall (Komex International's report)
direct discharge to a fresh water wetland or river (AndersonCivil Consultants' report)
discharge to ground using infiltration basins or trenches (this report)

Each of these discharge methods is compatible with the reuse of reclaimed water in situations that require
a backup discharge method. The Regulation requires basins for seasonal storage of treated wastewater, or
an alternative seasonal discharge method. It also requires either emergency storage or an emergency
discharge method, as a backup during repair of the sewage treatment system.

As a result, systems for beneficial reuse of reclaimed water will require careful planning. For example,
consider landscape or forest irrigation as a type of reuse. On the southeast coast of Vancouver Island, the
irrigation season is about four months long. An irrigation system provides no opportunity for beneficial
reuse of reclaimed water during the remaining eight months. The same is true of stream or wetland
enhancement. For large sewage systems, it is not economical to store treated sewage for 8 months.
Therefore, most systems that irrigate with sewage will require a seasonal discharge system that can handle
the full design discharge during the part of the year when reclaimed water cannot be reused beneficially.
A hypothetical solution might include: (1) summer irrigation with reclaimed water; (2) winter discharge
to a river; and (3) spring and fall storage in reservoirs. The reservoirs may also be used as emergency
storage in winter and summer.

1.5 Relative Advantages of Soil-Based Treatment and Discharge

Soil-based sewage treatment has several advantages over other methods, provided that a suitable site can
be found, and can be secured at a reasonable cost. At the same time, this method has several complications
or limitations, as outlined below.
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Tab'e 11
Advantages and Disadvantages of Wastewater Discharges to Ground

As opposed to discharge to water

Advantages or Benefits	 Disadvantages or Limitations

Indirect aquifer recharge,	 For larger coastal communities, ocean discharge is often

Direct or indirect reuse of water and nutrients,

Economical for small to medium size systems.

• Potential for very favourable removal of pollutants

• Often helps avoid costly sewer construction.

Preservation of green space.

Table based mostly on US EPA manuals.

less expensive.

May require more extensive pre-treatment.

Large land requirements.

• Site investigations are extensive.

• Risk of polluting ground water or surface water when

improperly sited, designed, or operated.

• Large but finite capacity for phosphorous treatment.
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2.1 Regional Setting and Design Wastewater Flows

Royston and Union Bay are about 8 kilometres apart, on the east coast of Vancouver Island. Each
community consists of a compact, high density area, some medium density housing, and a large low-
density, rural surrounding area. In planning for a municipal sewage system, Koers and Anderson Civil
Consultants have considered alternative service areas incorporating the higher density cores and parts of
the immediately surrounding medium-density housing, with plans for future community growth.

From information provided by Koers (Holmes, 2005), and using supporting information from Anderson
Civil Consultants, PEG has based its analysis on the following:

• initial design population of 3,500 in year 2005
® ultimate design population of abort 7,000 at year 2040
® design sewage flow of 310 to 360 litres per day per capita, on average
® average wet weather inflow and infiltration (I&1) of 1,600 to 6,700 cubic metres per day (cmpd) for the

whole collection system, depending on the method used to estimate I&I.
® a total design flow, for ground discharge planning, in the range of 2,700 to 9,200 cmpd

The design flow for ground discharge is different than the design flow for the collection system and the
treatment system. Hourly and daily peak flows will be attenuated before they influence the soil system, so
the ground discharge system is designed more on the weekly and monthly peak flows.

For future planning, water conservation measures, including low-flow fixtures, should be considered.
Experience elsewhere in BC has shown this can reliably reduce average sewage flows to below 150 litres
per day per capita.

The project estimates of inflow and infiltration (1,600 to 6,700 cmpd) are based on information provided
to PEG during the course of our site evaluation. We understand that the range is wide because actual I&1
is difficult to predict ahead of time. With the higher estimate of 1&I of 6,700 crpd, the sewage collection
pipes become predominantly a ground water collection system, collecting twice as much ground water as
sewage. A leaky collection system would, in practice, present a risk of contaminating water wells with
sewage leaking from sewer lines in summer. As a result, concerted measures should be taken during
design, construction, and operation, to reduce or minimize inflow and infiltration.

Payne Engineering Geology	 File: CSR-1



Regional District of Comox-Strathcona	 Page 6 of 28	 30 July 2005
Royston and Union Bay Sewage Project 	 Feasibility of Soil-Based Treatment of Wastewater

2.2 Existing Water and Sewage Systems in Royston and Union Bay

Table 2-1: Existing Water and Sewage Systems

Region	 Water System and Source	 Sewage

Royston
	

Urban-Suburban Community water system operated by Royston Improvement 	 Septic systems
District and drawing water from Alfen Lake.

Rural Areas	 Wells
	

Septic systems

Union Bay Urban-Suburban Community water system run Union Bay Improvement District. 	 Septic systems
Source: Langley Lake.

Rural Areas	 Wells
	

Septic systems

2.3 Terrain and Siting Constraints of the Study Area

Typically, the topography of the study area is gently to moderately rolling, with slopes mostly 5% to 15%,
except for steeply cut river banks. While the study area is large enough to have varied soils and geology,
much of the area (80 to 90%) is underlain by shallow till, bedrock, or fine-grained marine sediments. This
limits this region's suitability for large-scale sewage treatment, because these soils lead to a shallow,
perched water table during the wet season. The few exceptions are the areas with deep deposits of river
sands and gravels, or marine sand, as shown on Drawings 1 and 2 in Appendix 6. Some of these gravelly
soils have been mined on a large scale, particularly near Maple Lake, northeast of Cumberland, and may
not be available or suitable for sewage treatment works.

Appendix 3 is a list of the parcels that were considered as potential discharge sites. No rock outcrops were
noted on the parcels. At this stage of review, water wells were not considered to present a constraint on
the sites we viewed because these were undeveloped properties larger than 6 hectares that provided room
for setbacks of 100 metres from neighbours properties where needed.

In this region, land ownership is a major constraint to locating sites for ground discharge. As discussed
below, most of the land of interest is privately owned, and most of the owners had no interest in allowing
access for a communal sewage system, regardless of the terms of the potential sale or lease.

2.4 Results of Site Reconnaissance

Appendix 4 is a summary of our site reconnaissance, listing those parcels we were allowed to access, and
Work conducted on those sites.

Eventually, we were only allowed access for test pits on one of these parcels, Site UB1, Section 31, in
Union Bay (See Dwg 6, Appendix 6). The following table summarizes soil and ground water conditions
found on Site UB1.

Payne Engineering Geology	 File: CSR-1



•	 Regional District of Comox-Strathcona 	 Page 7 of 28	 30 July 2005
Royston and Union Bay Sewage Project 	 Feasibfty of Soil-Based Treatment of Wastewater

Table 2-2
Soil and Ground Water Conditions Observed

at Site UBI, Section 31, McLeod Road, Union Bay, Feb - Apr 2004

Soil type at depth 0.9 m	 Flow	 Measured
-- ....•-_.- ....•••-. ........- ............--•-••-••... Land 	 restrictive	 Depth of soil	 Root	 depth of	 Estim.	 Pit

Test	 Structure and Coarse slope	 layer	 mottling	 depth	 water table SHWT depth
pit	 Texture	 consistency gravel	 %	 metres	 metres	 m	 m	 m	 m

sbk2
TP-1	 Loamy sand	 2%	 8%	 1.15	 1,15	 1.40	 0.2- 1.0	 0.50	 3.1

VFR

sbk2
TP-2 Loamy sand	 1%	 14%	 1.20	 1.40	 1.50	 1.0- 1.5	 1.10	 2.75
__________	 FR	 ______________________________________

TP-3 Loamysand	 sbk2	
40%	 4%	 1.05	 1.20	 1.60	 1.4-2.3	 1.90	 3.1

______ Very cobbly 	 FR to VFI

	

Loamysand sgotosbkl 	
5%	 13%	 None	 None	 1.70	 >28	 >2.8	 29

Gravelly	 FR

Sand	 sbkl to sgO
TP-5	

Gravelly	 (compact)	
20%	 15%	 None	 None	 2.50	 > 3.0	 > 3,0	 3

SHWT - Seasonal High Water Table, defined as the highest water table that is sustained for more than 7 consecutive days.

Abbreviations
sbkl - weak subangular blocky soil structure
sbk2 - moderate subangular blocky structure
sg0 - single grain structureless soil
VFR - very friable
FR - friable
VFI - very firm
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3.1 Discussion of Methods of Soil-Based Wastewater Treatment

Although several methods may be used for soil-based wastewater treatment, all are similar in concept. The
common methods involve trenches or basins, excavated below the ground surface. Basins are left open,
while trenches or beds are backf fled with a combination of distribution pipes, chambers, and drain gravel.
The variation between the methods is mainly in the dimensions of the excavations and the method used to
distribute pre-treated wastewater into the excavations. In soil-based treatment, wastewater seeps into
unsaturated soil where natural soil bacteria consume viruses and convert the sewage to carbon dioxide,
water, and nitrogen gas. Many complex processes occur in the soil system, including vegetative uptake of
nutrients and chemical oxidation and precipitation. However, research shows that microorganisms are the
critical ingredients in the soil system.

The main methods of ground discharge are:
® drainfields, using parallel infiltration trenches, with chambers or drain gravel
® infiltration beds, which are excavations in the shape of'a bed or mattress, hence the name
® infiltration basins, which are normally larger and deeper, and are left open
a drip irrigation, which uses shallow narrow trenches, with low pressure distribution lines or drip lines

Each of these approaches has advantages and disadvantages, depending on the project and the site
conditions. No approach is best for all circumstances. For the exploration phase of the Royston and Union
Bay Sewage Project, we looked for sites considered suitable for infiltration basins. The reason is that
infiltration basins use much less land, and it soon became apparent that our greatest challenge would be
in finding large parcels of land with suitable soils and a land owner willing to provide access.

Under BC regulations, drip irrigation is considered reuse of reel aimed water if the wastewater is pre-treated
to a high standard and if the irrigation is restricted to the summer growing season. Otherwise, drip
irrigation is considered an alternative method of ground discharge.

3.2 Land Areas Required for Soil-Based Treatment Alternatives

The following table lists Iand areas required for different methods of ground discharge.

Table 3-1
Summary of Area Requirements for Ground Discharge

Calculations are for planning purposes only and are not suitable for design

Case

Initial design

Future (yr 2040)

Design flows in cmpd

Design	 Average Wet weather Total
population sewage	 inflow &	 design

flow	 infiltration	 flow

	

3,500	 1,085	 9,600	 2,685

	

7,000	 2,520	 6,700	 9,220

Estimated Total Area Required in hectares

Infiltration	 Infiltration
Drainfield basin	Irrigation	

beds

27	 3	 90
	

93

92	 9	 307
	

46
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R3-3 -. 8.9 ha	 As above.

R3-4 —41.1 ha As above,

R3-5 - 5.7 ha	 As above.

Site not suitable. No access,

Site not suitable. No access.

Site not suitable. No access.
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HLR N draulic Loading Rates used for Total Area Calculations
a, Drainfield (infiltration trenches): 10 mm per day on a total area basis (100 mm per day for the operating trench)
b, Rapid Infiltration Basin: 100 mm per day (300 mm per day for the operating basin)
c. Irrigation: 3 mm per day average rate (Season rate varies from 0 to 8 mm per day)
d. Infiltration Beds: 20 mm per day on a total area basis (100 mm per day for the operating bed)

3.3 Evaluation of Land Parcels for Soil-Based Treatment

The following table evaluates the suitability of 19 land parcels identified as having potential for soil-based

treatment and discharge. For locations, refer to drawings in Appendix 6. Appendices 3 and 4 contain more

details on the 19 sites. The table below does not list sites with favourable geology that are located more
than S km from expected sewage sources.

Table 3-2: Site Evaluation

Site information and Summary of Field Notes
Site and Area
	

Field Dates: Sep 2004 to Apr 2005
	

Evaluation

Royston Sites

R1-1 - 2.7 ha	 Potential for sandy soils. No access allowed. 	 Site not suitable. No access.

R1-2 -4.4 ha	 Potential for sandy soils. No access allowed. 	 Site not suitable. No access.

R1-3 -. 42  ha	 Access allowed. Site reconnaissance in Sep 2004. Forested property Site not suitable. Poor soil
(2 parcels)	 with several small buildings. Slope < 5%. Largely covered by spring-fed drainage.

wetlands and poorly drained soils with minor areas of moderately drained
soils. No auger holes or test pits.

R1-4 -1.8 ha	 Potential for sandy soils, No access allowed. 	 Site not suitable. No access.

R2-1 - 84 ha	 Gravel and sand terrace. Access allowed, Site reconnaissance in Sep Site not suitable. Poor soil
Sect 29	 2004. Recently logged property with no buildings. An abandoned railway drainage.

right-of-way, now privately-owned, runs through the site, Slope less than
5%. Property is poorly to moderately drained, with a few small wetlands.
One auger hole. No test pits.

R2-2 - 321 ha Access allowed. Site reconnaissance in Sep 2004. Recently logged
Block 79 property with no small buildings. Slope mostly less than 10%, except for

steep banks of Trent River. Soil drainage varies from moderately to
excessively drained. Large, shallow gravel pit noted on the old railway
r-o-w, near the north boundary of Block 79. Two auger holes. Soil
includes sand and gravelly sand. Estimated seasonal high water table
1.2 to 2.5 metres, Difficult to get permission and access for test pits.

Site not suitable, at this time.
Multiple physical,
administrative, and legal
barriers to entry,

R3-1 -11,8 ha	 Potentially well drained gravelly sandy loam or sandy clay loam overlying Site not suitable. No access.
bedrock. No access allowed.

R3-2 - 7.5 ha	 As above.	 Site not suitable. No access.
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Site Information and Summary of Field Notes
Site and Area
	

Field Dates: Sep 2004 to Apr 2005
	

Evaluation

Union Bay Sites

US 1 - 33 ha	 Access allowed. Site reconnaissance in Sep 2004. Forested property, no Site potentially suitable for a
Section 31	 buildings, several tracks and trails. Moderately rolling with slope typically smaller design population

2% to 30%. Includes wetlands, poorly drained soils, moderately drained (less than 3,000).
slopes, and a few well to excessively drained areas. No auger holes.
Five test pits excavated and logged in Feb 2005. See Appendix 5.

UB2 -190 ha	 The part of the property located near to Hart Creek and the E&N Railway Site not suitable. Generally
DL 28	 had been mapped as a gravelly loam terrace. Access allowed. Site poor soil drainage.

reconnaissance Sep 2004. Forested property, no buildings, several old
tracks. Slope mostly < 10%, Poor to moderate soil drainage. No auger
holes or test pits.

U83-1 -10.7 ha Silty gravel and sand delta, includes coal fill in places. Access allowed
for site reconnaissance in Sep 2004. Partly forested with several tracks
and trails, no buildings, some old wooden and concrete structures, coal
fll in places. Slope < 5%. Mostly well drained soils. Three shallow hand
auger holes. Soil a mix of gravelly sand and coal fill of gravel and sand
size fragments. Estimated depth of water table 0.9 to 1.4 metres. No
access allowed for test pits.

UB3-2 - 9.5 ha As above. Sites UB3-1 and UB3-2 assessed together.

UB4-1- 6.4 ha Crown land sites U84-1 to UB4-4 previously mapped as a loamy sand or
gravelly loam overlying till, Access allowed for site reconnaissance in
Sep 2004. Forested property, no buildings, trails along BC Hydro right-of-
way, Slope less than 5%, except on banks of Hart Creek. Soil mostly
poorly drained, a few areas with moderate soil drainage. A few small
wetlands. Standing water in ditches. No auger holes or test pits.

U84-2 - 6.3 ha As above.

U84-3 - 8.0 ha As above.

U134-4 -12.1 ha As above.

Site not suitable. No access
for test pits. Presence of fill
complicates future site uses.

As above.

Sites 4-1 to 4-4 are not
considered suitable.
Generally poor soil drainage.
Shallow till is a flow restrictive
layer.

Site not suitable.

Site not suitable.

Site not suitable.

Payne Engineering Geology	 File: CSR-1



Regional District of Comox-Strathcona	 Page 11 of 28	 30 July 2005
Royton and Union Bay Sewage Project 	 Feasibility of SoilBased Treatment of Wastewater

4,1	 Potentia' Properties for Large Scale Soil-Based Treatment

In consultation with the Regional District, PEG identified several land parcels in the study area with
potential for large scale treatment of municipal wastewater. Each site selected must meet the following
criteria:

Close enough to the sewage pump station, for this project, a distance of less than 5 kilometres
Favourable soils and geology, typically sandy soils with a deep water table
Land parcels of at least 6 hectares, individually, or combined with adjoining parcels
Current owner will allow access to the land, at least for initial site evaluation

PEG first identified nine large areas with favourable geology and soils, four in Royston (Dwg. 1) and five
in Union Bay (Dwg. 2). These nine areas range in size from 30 to 300 hectares, and each includes several
land parcels of varying sizes.

Then, we confirmed which areas lay within 5 km of the expected sewage pump stations. Seven of the nine
areas met this criterion (See Dwgs 1 and 2). The two areas that were too far away were:

the area of gravel pits located south and east of Maple Lake, near Cumberland (Area R4)
large forested parcels located north of the Tsable River, near the Inland island Highway (Area UB5)

PEG then identified 19 large parcels of land located within the remaining seven areas. The Regional
District contacted the 12 owners; some owned two or more adjoining properties. Of the 12 owners, four
agreed to allow the Regional District access to their land parcels to evaluate site conditions (Dwgs 3,4, and
5). These four owners were:

Wyman family, one parcel west of Royston, Parcel RI -3
Timberwest Forest Corporation, two parcels southwest of Royston, Parcels R2-1 and R2-2
Kensington Properties, four parcels in Union Bay, Parcels UB1, UB2, UB3-1, and UB3-2

• Government of BC do Land and Water BC, four parcels west of Union Bay, Parcels UB4-1, UB4-2,
UB4-3, and UB4-4

In September 2004, Michael Payne of PEG conducted a site reconnaissance on the 11 parcels listed above.
This included aerial photograph review, hip-chain and compass traverses, logging of exposed soils in road
cuts, and hand auger holes. The purpose was to identify the well-drained portions of each parcel.

Based on site observations, particularly vegetation types, PEG found well-drained soils on parts of four of
the 11 parcels. These are Sites R2-2, UBI, UB3-1, and UB3-2 (See maps in Appendix 6). Much of the

• land on the other 7 parcels was poorly or imperfectly drained. Imperfectly drained soils tend to develop
a perched water table for at least part of the year; such conditions are not suitable for large scale wastewater
treatment.

PEG then asked for permission to dig test pits on the four parcels with well-drained soils (Dwgs 3 to 5):

• Royston Site R2-2, Block 79, owned by Timberwest
=	 Union Bay Site UB 1, Section 31, Kensington Properties
H	 • Union Bay Sites UB3-1 and UB3-2, adjoining sites on Union Point, Kensington Properties

Payne Engineering Geology	 File: CSR-1
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The owner of Site UBI provided unrestricted access for an excavator. Kensington Properties was unable
to allow access to Sites UB3-I and UB3-2 for test pits. We did eventually obtain permission to access Site
R2-2, Block 79, with a small excavator for a limited test pit program, but with several conditions and
access limitations. In February 2005, the Regional District considered these conditions of access, and
decided not to dig test pits on Site R2-2.

PEG then conducted an initial subsurface evaluation on Site UB I, Section 31, near McLeod Road in Union
Bay (See Section 4.2 below).

4.2	 Evaluation of Section 31, Nelson District, Union Bay

The evaluation of Section 31, Site UB 1, involved hip-chain and compass traverses, identifying wetlands
and seepage zones, excavating and logging test pits, measuring seasonal changes in the water table, and
estimating the area available with suitable soils. Appendix 5 shows results of the field program.

The field program attempted to identify an area of 3 to 9 hectares (based on Table 3-1) with well-drained
soils suitable for large scale wastewater treatment. Hip-chain traverses identified poorly or imperfectly
drained soils over much of the property, excepting the centre portion. Therefore, PEG directed the
excavator to dig in this area, using test pits about three metres deep and 100 metres apart.

This program identified an area of perhaps I to 3 hectares, near the centre of Section 31, with sandy soils
and a deep water table. This area is bounded by wetlands to the northwest and southeast, by the banks of
Hart Creek to the north, and by moderately or imperfectly drained soils to the southwest.

4.3	 Estimated Sewage Treatment Capacity of Section 31, Nelson District, Union Bay

For planning purposes only, the favourable centre portion of Section 31, Site UB I, can be estimated at 1
to 3 hectares. This size of area has hydraulic capacity for a sewage system, using infiltration basins, serving
perhaps 800 to 2,500 people. This estimate is subject to confirmation through detailed site evaluation,
environmental impact studies, and registration under the Municipal Sewage Regulation.

The design population for this project, considering future growth in the service area, is 3,500 for the
immediate future, and 7,000 to year 2040 (from Holmes, 2005). Using typical design criteria, a series on
infiltration basins serving a population of this size would require an area of 3 to 9 hectares. Therefore, the
portion of Site UB I with suitable conditions is not large enough for this project.

4.4	 Feasibility Review for Sewage Systems With SoH-Based Treatment

in conclusion, ground discharge is not considered feasible as a solution for the entire service area
encompassing Royston and Union Bay, with a design population of 3,500 to 7,000.

Payne Engineering Geology 	 File: CSR-1
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However, within the Royston and Union Bay region, there are several areas with potential for cluster or
small community sewage systems with soil-based treatment. The following areas have potential to serve
a population of perhaps 200 to 2,000 people each:

forested lands located southwest of Royston, between Royston Road and the Trent River, potentially
including Block 79 (Site R2-2, Dwg 4)
farm land located west of Royston, between Royston Road and Minto Road (Sites 3-1 to 35, Dwg 4)
other large parcels of land located at higher elevations, particularly near the high voltage power lines
(Dwg 2)
properties at higher elevations near Maple Lake, including existing gravel pits (Dwg 3)
Site UB 1, Section 31, as discussed above (Dwgs 5 and 6)
District Lots 33G, 35G, and 36G, near Buckley Bay, north of the Tsable River (Dwg 2)

For a cluster development, it is often economical to pump treated sewage 500 to 2,000 metres to a
drainfield area. This can be feasible using small diameter, low pressure sewers. Before any land parcels
can he considered for sewage treatment, site conditions would need to be evaluated by a qualified
professional engineer or geoscientist.

Report prepared by:

Payne Engineeri

1.	 -
Th,

OE

Michael Payne, PEng,

Report distribution list
Russ Hotsenpiller, Regional District of Comox - Strathcona
Chris Holmes, Koers and Associates Engineering Ltd, Courtenay
Douglas Anderson, Anderson Civil Consultants, Nanaimo
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Appendix I
Statement of Genera! Conditions

Scope of this Report
This report provides our professional opinion based on a review of information provided and site reconnaissance on the parcels noted. This
report satisfies only those objectives stated in the introduction. Payne Engineering Geology (PEG) has not conducted a Site investigation,
Hydrogeology Study or Environmental Impact Assessment.

Use of this Report
This Payne Engineering Geology (PEG) report pertains only to a specific project. If the project is modified, then our client will allow us to
confirm that the report is still valid. PEG prepared this report only for the benefit of our Client and those agencies authorized by law to regulate
our Client's activities, No others may use any part of this report without our written consent. To understand the content of this report, the
reader must refer to the entire, signed report. PEG cannot be responsible for the consequences of anyone using only a part of the report, or
referring only to a draft report. This report reflects PEG's best judgement based on information available at the time. Any use of this report,
or reliance on this report, by a third party is the responsibility of that third party. PEG accepts no responsibility for damages, if any, suffered
by a third party as a result of decisions made or actions taken based on this report.

Reliance on Provided information
PEG has relied on the accuracy and completeness of information provided by its client and by other professionals. PEG is not responsible
for any deficiency in this document that results from a deficiency in this information.

Logs of Test Holes and Subsurface interpretations
Ground and ground water conditions always vary across a site and vary with time. Test hole logs show subsurface conditions only at the
locations of the test hole. The precision with which this report shows subsurface conditions depends on the method of excavation or drilling,
the frequency and methods of sampling and testing, and the uniformity of subsurface conditions. PEG selected the spacing of test holes to
meet the needs of the project, within constraints of budget and schedule.

Descriptions of Geological Materials and Water Wells
This report includes descriptions of natural geological materials, including soil, rock, and ground water. PEG based these descriptions on
observations at the time of the study. Unless otherwise noted, PEG based the report's conclusions and recommendations on these observed
conditions. Construction activities on the site or adjacent sites may change or alter these geological materials.

Changed Conditions
Conditions encountered by others at this site may differ significantly from what we encountered, either due to natural variability of subsurface
conditions or construction activities. Our client will inform us about any such changes, and will give us an opportunity to review our
recommendations. Recognizing changed soil and rock conditions, or changed well conditions, requires experience.

Standard of Care
We exercise a standard of care consistent with that level of skill and care ordinarily exercised by members of the profession currently practising
under similar conditions.

Payne Engineering Geology	 File: CSR-1
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Labels	
Area in Legal description

on map hectares

R1 - 9	 2.7	 Plan 551, S. 31, Nelson LD (Land District) PID 000-088-463

R1 - 2	 4.4	 Plan 14662W, S. 31, Nelson LD, PlO 005-649-544

R1 -3	 13.2	 Plan 551, S. 31, Nelson LD, PID 000-112-151

R1 -4	 1.8	 Lot B, Plan 11052, S 36, Comox LD, PID 001-888-013

R2 -1	 84	 Plan 1923, S. 29, Nelson LD, PID 003-925-102

Access

Owner

No

No

Yes

Wyman

No

Yes

Timberwest

Yes 1 No
Timberwest

No

No

No

No

No

NA*

.NA '* ---

NA *

NA *

R2-2

R3-1

3 -2

R3-3

R3-4

R3-5

R4-1

_R4-2

R4-3

R4-4

Block 79, Nelson LD, PID 003-931-323

Lot B, Plan 2968, DL 16, Nelson LD, P1  006-231-152

Lot C, Plan 2968, DL 16, Nelson LD, PID 000-029-840

DL 16, Nelson LD, PlO 009-938-699

Plan 551, S. 30, Nelson LD, PIt7 008-996-849

Lot 6, Plan 1928, S. 29, Nelson LD, PID 006-722-709

Lot C, Plan 11052, S. 25, Comox LD

Lot C, Plan 11052, S. 25, Comox LD

Unknown

Plan 552H, S. 26, Comox LD

321

11.8

7.5

8.9

41.1

5.7

134

40

41

11
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Appendix 3 — Comparison of Prospective Land Parcels
Royston Prospects for Ground Discharge

Site	 Location	 Geology and soils maps 	
Distance

Elev.

R 1	 Royston area, near Cumberland Gravel and sand terrace, 	 5 km
---	 gravel pits, east of Small Road rapidly drained	 100 m

Timberwest lands between 	
4 km

R2	 Trent River and Royston Road, Gravel and sand terrace.	
100 m

near BC Hydro power fine

Norti^ of Royston Road near Sandy clay loam and very
	

3 km
R3	 No rth line	

gravelly loamy sand, overlying 	
l 00 m

bedrock.

Cumberland gravel pits, located Gravel and sand, glacio-
	 5 - 6 kmR4	 north, east, and south of Maple fluvial, terraced.

	 100 m
Lake

Yes f No — Access allowed for site reconnaissance or walkover, but not allowed for test excavations.
NA *	 Not applicable because property is more than 5 km from the anticipated sewage pump station.

Payne Engineering Geology	 File..._GSR-1 ._



Silty gravel and sand delta or	 <1 km
UB3	 Union Point (Coal Hills)

fan, includes coal fill in places. 	 10 m

UB4 South of Hart Creek, on east side Veneer or blanket of loamy 	 2Jcffl
of BC Hydro power line,	 sand or gravelly loam.	 100 m

District Lots 33G, 35G, and 36(3, Terraced river deposits; very	 7km
U85 north of Tsable River, near gravelly loamy sand; rapidly 	

80 mBuckley Bay	 drained

Access
Owner

Yes
34083 Yukon

Yes
34083 Yukon

Yes I No
34083 Yukon

Yes/No

Yes
Crown-LWBC

Yes

Yes

Yes

NA *

NA *

NA *
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Union Bay Prospects for Ground Discharge

	Distance	 Labels	
Area in Legal descriptionSite	 Location	 Geology and soils maps 	

EFev,	 on map hectares

Union Bay, south of Hart Creek, Gravelly loam terrace, may
	 <1 km	

UB1	 32.6	 S. 31 Nelson LD, PID 006-674-763UBI	 west and east sides of railway, include silt and clay. 	 30 mnear the community hall.

UB2 North of Hart Creek and west of Gravelly loam terrace, may	 isin	 UB2 - 1	 190	 Plan 379841 I, DL 28, Nelson LD, PID 006-671-233railway	 include silt and clay.	 40 m

U83 1	 107	
Plan 20 RW, S 32, DL 28, Nelson LD, PID 006-719-139, 006--	
719-317

UB3 - 2	 9.5	 DL 154, Nelson LO, PID 006-639-194

UB4 - 1	 6.4	 Lots 1 - 7, Plan 1927, Block 6, Nelson LD, PID (Footnote 1)

UB4 . 2	 6 3	
Lots 4 & 5, Plan 1927, Block 1, Nelson LD (and others). PFD
006-707-742, 006-707-785, 006-707-815

UB4 3	 8	
Lots 1 - 7, Plan 1927, Block 6, Nelson LD, PID Same as UB4
-1

UB4 -4	 12 1	
Lots 4 & 5, Plan 1927, Block 1, Nelson LD (and others)
PID Same as U84 -2

U85 - 1	 204	 S. 2A, DL 33G, Nelson LD, PID 008-745-978

UB5 - 2	 70	 S. 2A, DL 35G, Nelson LD, PID 008-745-994

UB5 -3	 23	 S. 2A, DL 36G, Nelson LD, PlO 008-746-00 1

NA *	 Not applicable because property is more than 5 km from the anticipated sewage pump station.
1. Seven P1 0 numbers: 006-709-109, 006-709-133, 006-709-141, 006-709-648, 006-709-834, 006-715-559, and 006-71 5-621.
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Appendix 4
Summary of Site Reconnaissance for 19 Sites

Site *	 pytQn1tes	 Union Bay Sites
	RI-i R1-2 R'l-3 RI-4 R2-i R2-2 R3-1 R3-2 R3-3 R3-4 R3-5 UBI 	 UB2 UB3-1 UB3-2 UB4-1 UB4-2 UB4-3 UB

Size of parcel in hectares	 2.7	 4.4	 13.2	 1.8	 84	 321	 11.8	 7.5	 8.9	 41.1	 5.7	 32.6	 190	 '10.7	 9.5	 6.4	 6.3	 8	 12.1

Permission to access site 	 No	 No	 Yes	 No	 Yes Yes	 No	 No	 No	 No	 No	 Yes Yes Yes Yes Yes Yes Yes Yes

Total traverse metres **	 0	 0	 1,100	 0	 1,400 2,100	 0	 0	 0	 0	 0	 2,000 2,200 1,300 500	 200	 200	 200	 500

#of hand augerholes	 0	 0	 0	 0	 1	 2	 0	 0	 0	 0	 0	 0	 0	 3	 0	 0	 0	 0	 0

Drainageclass	 na	 na	 P-M na	 P-M M-E na	 na	 na	 na	 na	 P-E P-M M-W M-W P-M P-M	 P	 P-M

Site potentiafly suitable?	 na	 na	 No	 na	 No	 Yes	 na	 na	 na	 na	 na	 Yes	 No	 Yes	 Yes	 No	 No	 No	 No

Permission for test pits	 na	 na	 na	 na	 No	 No	 na	 na	 na	 na	 na	 Yes	 na	 No	 No	 na	 na	 na	 na

#oflestPits	 0	 0	 0	 00	 0	 0	 0	 0	 0	 0	 5	 0	 0	 0	 0	 0	 0	 0

Conclusions:

	

	 Of the 19 sites, we were allowed access to 11. Of those II, none are considered suitable for soil-based treatment for a design population of 3,500 to
7,000. The best site explored, Site UBI-1, has 1 to 3 hectares of potentiaVy suitable land, with a capacity for perhaps 500 to 2,000 people.

na - not applicable
*	 Initial site selection based on: (1) Sites less than 5 kilometres from the anticipated sewage pump station: (2) Favourable geology (sand, gravel); (3) Parcel size larger than 6 ha,

individually, or combined with an adjacent parcel.
** Site reconnaissance, hip-chain traverses, and initial site evaluation in September 2004.

Drainage Conditions
p - Poorly Drained - The soil is wet at shaFlow depths periodically during the summer or remains wet for long periods. The water table is shallower than 50 cm in winter.
M - Moderately Well Drained - The water table is commonly 50 to 100 cm deep. The soil commonly has a flow restrictive soil or rock layer within 1 metre of the surface,
W - Well Drained - Water is removed from the soil readily. The water table is typically deeper than 1 metre.
E - Excessively Drained - Water is removed from the soil very rapidly. The water table is commonly deeper than 1.5 metres. The soils are commonly sandy or gravelly.
Based on US Dept of Agriculture Field Book For Describing and Sam,ollng Soils (Schoeneberger, 2002).
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(m)

0.00	 0.20

	

0.20	 0.80

	

0.80	 1.15

	

1,15	 3.1
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Appendix 5
Subsurface Data for Site UB1

Section 31, Nelson Land District, McLeod Road, Union Bay
Excavation Logs

General Information

File:	 CSR-1	 Site:	 McLeod Rd, Union Bay (Section 31 Nelson Land District)

Date:	 23 February 2005 	 Excavator: John Deere 190 track excavator

Weather: Sunny, cold to mild 	 Logged by: Ml. Payne, PEng, PGeo

Locations: Site sketch in Appendix 6. 	 Standpipes installed in pfts: open-bottom, slotted, 25-mm diameter PVC pipe. -

Standard	 edfrsoil descriptions
1. Soil classification is based on the US Department of Agriculture Field Book for Describing and Sampling Soils

(Schoeneberger, 1998).
2. Codes shown in brackets refer to Munsell Soil Colour Charts (2000).
3, Coarse gravel (%) is defined as portion of soil consisting of particles larger than 19 mm (3/4 inch).
4. Consistency classifications (in brackets) of very soft, soft, firm, hard, and very hard are based on ASTM D-2488.
5. Density classifications (in brackets) of very loose, loose, compact, dense, and very dense, are based on Table 5.3 of

Foundation Engineering (Peck at al, 1974).

Test Pit Logs

Abbreviated Soil Description	 Moisture

Black loamy sand (topsoil), 2% coarse gravel, strong granularstructure, very friable, many Moist
fine roots.

Yellow brown loamy sand, 2% coarse gravel, moderate subangular blocky structure, very Moist
friable, common coarse roots.

Olive brown loamy sand, 5% coarse gravel, moderate subang ular blocky structure, firm, few Wet - saturated
medium roots.

Mottled yellow brown to olive sandy loam and loam, 2% coarse gravel, weak angular blocky Wet-saturated,
to massive, firm to slightly rigid, few fine roots to 1.40, common prominent mottling below seepage depth
1.15m.	 0.9-1.Om

BOTTOM.3.1
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Depth (m)

From To

0.00	 0.15

0.15	 0.90

0.90	 2.90
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TP-2
Depth (m)

From	 To Abbreviated Soil Description 	 Moisture

0.00	 0.15 Dark brown to black loamy sand (topsoil), 1% coarse gravel, strong granular structure, Moist
friable, many fine roots.

0.15	 1.20 Dark yellow brown to olive loamy sand, 1% coarse gravel, moderate subangular blocky Moist
structure, friable, common coarse roots.

1.20 2,75 Olive to yellow brown sandy loam and loamy sand, 1% coarse gravel, moderate angular Wet-saturated,
blocky to massive structure, very firm to extremely firm, few fine roots from 1.2 to 1.5 m seepage at
depth, common faint mottles below depth 1.4 m, many prominent mottles at 2.0 to 2,7 m. depth 1.9 m

2.75	 BOTTOM.

TP-3
Depth (m)

From	 To Abbreviated Soil Description	 Moisture

0.00	 0.15 Black loamy sand (topsoil), very cobbly, 40% coarse gravel, strong granular structure, Moist
friable, many medium roots.

0.15	 1.05 Brown to yellow brown loamy sand, very cobbly, 40% coarse gravel, moderate subangular Moist
blocky to massive structure, friable to very firm, common coarse roots.

1.05 3.10 Olive to yellow brown loamy sand and sandy loam, gravelly, coarse gravel 15% above depth Moist-
2.0 m and 2% below 2.0 m, massive, very firm to slightly rigid, few coarse roots to depth 1.60 saturated,
m, few distinct mottles below 1.20 m. 	 seep at 2.4 m

3.1	 BOTTOM.

Abbreviated Soil Description	 Moisture

Dark brown to black loamy sand (topsoil), gravelly, 5% coarse gravel, strong granular Moist
structure, friable, many medium roots.

Yellow brown loamy sand, gravelly, 5% coarse gravel, single grain to weak subangular Moist
blocky structure, friable, many medium roots.

Olive to yellow brown loamy sand to sandy loam, moderate angular blocky to massive Moist
structure, very firm to firm, few coarse roots to depth 1.70 m.

BOTTOM.2.9
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TP-5
Depth (m)

From	 To Abbreviated Soil Description	 Moisture

0.00	 0.10 Black loamy sand (topsoil), gravelly, 20% coarse gravel, strong granu'ar structure, Moist
(compact), many fine roots.

010	 0.90 Yellow brown sand, gravelly, 20% coarse gravel, single grain to weak subangular blocky Moist
structure, (compact), many medium roots.

0.90	 2.30 Olive grey to brown coarse sand, extremely gravelly, 15% coarse gravel, well graded, single Moist
grain structureless, (compact to dense), few medium roots.

2.30	 2.7 Lense or interbed of olive grey to olive loamy sand, massive, extremely firm, (dense), few Moist
coarse roots to depth 2.5 m.

3.0	 BOTTOM.

Depth of Water Table Measured in Stand pipes

Water Levels 2005	 File No.: CSR-1

yRon McMurtrie,	 Location: Section 31, McLeod Road, Union Bay

Site
	

Date:
Mar4

TP-1
	

0.91

TF-2
	

1.35

TP-3
	

2.14

TP-4
	

>2.82

TP-5
	

>3.03

Date:
Mar 10

0.86

1.34

2.20

>2.82

>3.03

Date:
Mar18

'1.01

1.46

2.27

>2.82

>3.03

Date: *
Mar29

0.50

1.11

1.90

>2.82

>3.03

Date: *
April 4

0.20

0.96

1.38

>2.82

>3.03

Date: **
April 15

0.37

1.07

1.42

>2.82

>3.03

Depth of Length of
Pire (m'j	 Pire

	

2.90
	

3.40

	

2.75
	

3.20

	

2.93
	

3.33

	

2.82
	

3.27

	

3.03
	

3.63

Stickup

JL
0.50

0.45

0.40

0.45

0.60

All water levels reported in metres below ground surface. Measured according to ASTM 0 4750, Procedure B.
* March 29 to April 4: Air rotary rig drilling an observation well for Prov. Govt. just downslope of TP-1 at intersection
of trails.
**April 15: Drill rig gone. 150mm steel welt cased and capped.

=	 Payne Engineering Geology 	 File: CSR-1
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1. Map Showing Royston Areas With Favourable Geology
2. Map Showing Union Bay Areas With Favourab'e Geology
3. Royston Sites R I and R 4
4. Royston Sites R 2 and R 3
5. Union Bay Sites UB I through UB 4
6. Site UBI Field Sketch

Payne Engineering Geology 	 File: CSR..1
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Notes	 Scale 1:50,000 approx,
1 To accompany report to Regional Djstrict of

Comox - Strathcona, July 2005.
2. Base taken from RDC-S map (2005).

Payne Engineering Geology

Payne Engneerng Geo'ogy

Royston and Union Bay Sewage Project

Map Showing Royston Areas With Favourable Geology
________ FHe: CSR-1	 Djo. I

Fle: CSR-1
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1 To accompany report to Regional District of

Comox Strathcona, July 2005.
2. Base taken from RDC-S Imap (2005).

Payne Engineering Geology

Payne Engineering Geology

Royston and Union Bay Sewage Project

Map Showing Union Bay Areas With Favourable Geology
Fe: CSR-1	 Dwg. 2

File: CSR-1
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____	 As showfl (approx)
1 For legal descriptions, refer to Appendix 3.
2. To accompany report to Regional District of Comox

Strathcona, July 2005.
3. Base taken from RDC-S lmap (2005)

Payne Engineering Geology

Payne Engineering Geology

Royston and Union Bay Sewage Project

Map Showing Royston Sites Al arid R4
File: CSH-1	 Dwg. No. 3

File: CSR-1
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1. For lega descriptions, refer to Appendix 3.
2. To accompany report to Regional Distct of Cornox -

Strathcona, July 2005.
3. Base taken from RDC-S Imap (2005). __________________

Payne Engineering Geology

Payne Engineerng Geology

Royston and Union Bay Sewage Project

Map Showing Royston Sites R2 and R3

File: CSR-i	 Dwg. No. 4
File: CSR-1
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Nt	 shown (approx)
1. For legal descriptions, refer to Appendix 3.
2, To accompany report to Regional District of Comox -

Strathcona, July 2005.
3. Base taken from RDC-S map (2005). 	 ________

Payne Engineering Geology

Payne Engineering Geoogy

Royston and Union Bay Sewage Project

Union Bay Sites UB1 through U84

File: CSR-1	 Dwg. No. 5
File: CSR-1
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EXECUTIVE SUMMARY

The Regional District of Comox-Strathcona (RDC-S) is in the process of exploring options for sewage

collection, treatment, and disposal in the Royston/Union Bay area of the regional district. Komex has

prepared this study outlining the feasibility of different marine disposal options available to the

Royston/Union Bay area.

The marine disposal feasibility study considers the following three potential locations for marine disposal

in the Royston/Union Bay area:

	

H	 Option A: Disposal to the north end of Baynes Sound

Option B: Disposal to the deeper waters of Georgia Strait, beyond Denman Island

Option C: A submarine connection to the sewage collection system at Comox and utilization of the

existing Courtenay/Comox wastewater treatment facilities for including discharge from

	

.	 the Cape Lazo Ouffall

The anticipated average flow rate from the Royston/Union Bay servicing area is 4,000 m 3/day. A peak

hour flow rate from the serviced area was estimated at 12,000 m 3/day, and was used during the

feasibility analysis.

The oceanography and hydrometeorology of the study area were summarised based on historical data

relative to the marine disposal options. The data recovered were sufficient to allow conceptual designs

for the three options to be prepared, and to allow dilution modelling to be conducted. All three options

are feasible from an engineering and water quality perspective. Capital cost estimates for the three

options are as follows: Option A: $570,000; Option B: $1,665,000; Option C: $1,820,000.

Preliminary consultation of local regulatory agencies and shellfish growers was conducted over the course

of the feasibility study. Option C was identified by those stakeholders contacted as the most feasible

option from the standpoint of minimising impacts to the marine environment.

A matrix comparing the social, environmental, engineering and economic factors to be considered moving

forward is presented.

Prior to the selection of an optimal marine disposal option for Royston/Union Bay further investigations

that should be conducted include: increased stakeholder consultation that includes local First Nations and

a holistic cost benefit analysis that factors in the aspects of the sewage collection and treatment. Future

studies should also include a detailed oceanographic study of the marine disposal area selected and

receiving environment monitoring.

Komex International Ltd. 	 Page ii
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iW1IIi'i I1Ii*P(si:l

The Regional District of Comox-Strathcona (RDC-S) is in the process of exploring options for sewage

collection, treatment, and disposal in the Royston/Union Bay area of the regional district. As part of this

process the RDC-S contracted Koers & Associates Engineering Ltd. (Koers) to prepare a study

investigating the feasibility of sewage collection, treatment, and disposal options in the Royston/Linion

Bay area. Komex International Ltd. (Komex) is one of the consulting firms working together with Koers

to assemble the feasibility study. Komex was retained to prepare a study outlining the feasibility of

different marine disposal options available to the Royston/ Union Bay area.

The marine disposal feasibility study considers the following three potential locations for marine disposal

in the Royston/Union Bay area:

Option A: Disposal to the north end of Baynes Sound

Option B: Disposal to the deeper waters of Georgia Strait, beyond Denman Island

Option C: A submarine connection to the sewage collection system at Comox and utilization of the

existing Courtenay/Comox wastewater treatment facilities including discharge from the

Cape Lazo Outfall

The location of the Royston/Union Bay area is shown on Figure 1 and the locations of the three potential

marine disposal locations are shown on Figure 2.

Li	 SCOPE OF WORK

The scope of work for the marine discharge feasibility study is as follows:

1) Acquire and review available oceanographic information relative to marine disposal in the study

area

2) Assess the characteristics of the marine environment relative to the three potential disposal

locations

3) Consult with local stakeholders regarding the viability of each marine disposal option with respect

to potential impacts to the marine ecosystem

4) Develop and model a conceptual design option for each marine disposal location

5) Identify the treatment levels required to meet the receiving water quality objectives for each

option

6) Develop probable cost estimates for the marin.e outfall component of the options identified

	

Komex International Ltd.	 Page 1
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12	 OB)ECTIVES

The objectives for the marine disposal feasibility study are as follows:

•	 Quantify the oceanographic environment in the three potential marine disposal areas

•	 Identify the uses of the marine environment in the area that could be impacted by the

discharge of treated wastewater

Acquire feedback from local regulatory and marine industry representatives to identify

concerns regarding potential impacts to the marine ecosystem

•	 Identify mitigation scenarios that would be acceptable to Fisheries and Oceans Canada should

marine disposal be implemented

•	 Produce three concept level marine disposal designs for Royston/Union Bay

•	 Complete discharge models for each of the three disposal scenarios and identify wastewater

treatment levels required to meet regulatory requirements

Produce Class C cost estimates for the different disposal designs

•	 Summarise the results of the investigations in a stand-alone report suitable for use in a

decision making process

1.3	 RECEIVING WATER QUALITY OB3ECflVES

Both the federal and provincial governments are mandated with a responsibility to maintain water quality

in the marine environment.

Federally, Fisheries and Oceans Canada (FOC) under the Fisheries Act is responsible to ensure that

deleterious substances are not discharged to the marine environment. This can be defined as ensuring

that marine discharges pass an acute 96-hour toxicity test using rainbow trout.

Provincially, the Ministry of Water, Land and Air Protection (WLAP) specifies water quality standards for

marine discharges in the MunicaI Sewage Regu/at/oii (MSR). The standards are based on flow rates

and whether or not the discharge location is embayed. The standards outlined below for maximum daily

flows in excess of 50 m 3/day apply to the marine discharge options considered. The standards presented

for ammonia are based on the British Columbia Approved Water Quality Guidelines for the protection of

marine life (MWLAP, 1998). The values were calculated using a salinity of 20 gjkg, temperature of 20 °C,

and pH of 8.6. The combination of salinity, temperature, and pH used to calculate applicable ammonia

standards represent a conservative estimate for the ammonia standard based on historical data collected

in the area (Crean & Ages, 1968).

/(jj International Ltd.	 Page 2
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Tab'e 1: Municipal Sewage Regulation - Discharge Standards

Embayed	 Open
Portion of Effluent being Discharged

	

	 Parameter
marine waters marine waters

Treatment requirement: Daily flows up to
Sdar	 Secondary

Effluent quality for daily flows up to 2.0 	 45 mg/L	 45 mg/L	 BOD5 (S-day Biochemical

times ADWF	 Oxygen Demand)

45 mg/L	 45 mg/L	 TSS (Total Suspended Solids)

6.0 to 9.0

1.0 mg/L

0.5 mg/L

1.9 mg/L'

0.28' mg/L

6.0 to 9.0	 PH

-	 Total phosphorus

-	 Ortho phosphate

1.91 mg/L	 Ammonia (Maximum)

0.28' mg/L Ammonia (5-30 day average)

Interim treatment requirement for daily	
Primary	 Primary

It should be noted that the ammonia standards in the case of a marine outfall discharge apply at the

boundary of the initial dilution zone (IDZ). The IDZ in the case of the proposed marine disposal locations

is a cylindrical volume centred on the outfall terminus. The height of the volume extends from the

seabed to the water surface and the radius is 100 m. The allowable ammonia concentration at the

terminus of the outfall is calculated based on the dilution characteristics and the allowable JDZ

concentrations.

The MSR also regulates the allowable concentration of fecal coliforms discharged depending on the use of

the receiving environment. Two uses that are indicated in the MSR are recreational usage and shellfish

hat-vesting. Shellfish waters are defined in the MSR as fl ... waterbed/es that have or could have sufficient

she//fish quantities that recreational or commercial harvesting would take p/ace... ' For discharges to

shellfish waters, the median number of fecal coliform organisms outside the IDZ must be less than 14

MPN2/100 mL with not more than 10% of the samples exceeding 43 MPN/100 mL (Canadian Food

Inspection Agency, 2004).

'Guideline to be met at the boundary of the IDZ. Allowable end-of-pipe concentrations are back-calculated based on

dilution predictions.
2 MPN: Most Probable Number

Komex International Ltd	 Page 3
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Recreational waters are defined as those waters for primary contact activities, such as swimming,

windsurfing, and waterskiing, and for secondary contact activities, such as boating and fishing (Health

and Welfare Canada, 1992). For discharges to primary contact recreational use waters the number of

fecal coliform organisms outside the IDZ must be less than 200 MPN/100 mL (WLAP, 1998) For

discharge to secondary contact recreation waters a water quality guideline for fecal coliform organisms is

not specified by WLAP (WLAP, 1998).

1.4	 LIMITATIONS

This feasibility study has been developed as a desk study". Historical data were gathered in order to

quantify the marine environment in the area of Royston/Union Bay. Information regarding marine

receptors in the study area and potential mitigation scenarios was gathered through interviews. Site-

specific data were not gathered during the course of this study.

The information provided by others is believed to be accurate, however cannot be guaranteed.

Interpretations have been made based on historical data and computer modelling. These techniques are

limited by the amount and quality of information gathered. Reasonable skill, care and diligence have

been exercised to assess the information acquired and models created during the preparation of this

report. The amount of information gathered has been judged to be sufficient to allow interpretation.

Komexlnternationa/Ltd.	 Page 4
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2.0 STUDY AREA

2.1	 LOCATION

The Royston/Union Bay area is south of Courtenay on the east coast of Vancouver Island. The locations

of Royston and Union Bay and the proposed servicing area are shown on Figure 2.

2.2	 ANTICIPATED FLOW RATES

The anticipated average flow rate from the Royston/Union Bay servicing area is 4,000 m 3/day. This

estimate is based on the following assumptions:

•	 A design population of 6,500, assuming the entire population will be serviced by the sewage

treatment, collection, and disposal system

• A design sewage flow rate of 360 L per capita per day

•	 An infiltration and inflow allowance of 1,600 m3/day

Peak hour flow from the serviced area is estimated to be 3.1 times average flow based on the equation

developed Harman (1918). This peaking factor has been rounded to 3 as treatment facilities generally

dampen the flow variation. Therefore, the peak hour flow rate from the treatment facility to the disposal

facility is estimated at 12,000 m 3/day (140 Us) assuming a peaking factor of three.

Komex International Ltd. 	 Page 5
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3.0 LOCAL MARINE ENVIRONMENT

3.1	 MARINE RESOURCE USAGE

Baynes Sound, which fronts the Royston/Union Bay area, is one of the most productive marine

ecosystems on the east coast of Vancouver Island. The Sound is home to over a hundred shellfish farms

as shown on Figure 3. Indigenous clam beds surrounding the Sound have been mapped by FOC as

shown on Figure 4. Geoduck clam beds are reported to exist in the vicinity of both the A and B discharge

locations considered (see Figure 2) (Mitchell, pers. corn.).

The portion of Georgia Straight being considered for marine disposal supports various fisheries including

groundfish, salmon, bivalves, geoducks and sea urchins (Colodey, 1984).

3.2	 BASELINE WATER QUALITY

Marine water quality in the vicinity of the three potential marine discharge locations has been measured

over the last four decades (Waldichuk, 1962; Holnian et al, 1981; Colodey, 1984, 1986; Joughin, 2001;).

The three locations considered for marine disposal have different baseline water quality levels associated

with each of them.

3.21 WATER QUALITY NORTH END OF BAYNES SOUND

Water quality in the north end of Baynes Sound has been poor enough to warrant shellfish closures of

portions of the Sound during the periods from 1994 to 1998 and 1999 to 2001 (Joughin, 2001). The

shellfish closures have been put in place due to the high fecal coliform concentrations measured. The

source of the microbiological contamination is thought to be largely from non-point source pollution.

Sources of the non-point source pollution in the Sound that are considered important are: failing septic

systems, agricultural run-off, stormwater drains, and boater waste.

Information regarding baseline water quality data in Baynes Sound for chemical constituents was not

recovered during the historical data retrieval.

3.Z.2 WATER QUALITY: GEoRGI STRAIGHT

Water quality in portions of Georgia Straight being considered for marine disposal have been measured

historically, mostly with respect to the existing outfall at cape Lazo. Baseline and post discharge

monitoring programs were conducted at the Cape Lzo Outfall Site by Environment Canada (Holman et

a!., 1981; Colodey, 1984, 1986). Nutrient concentrations (Total Phosphate, NO 3, NO2 NH3) were

measured during the baseline and post discharge sampling programs.	 Increased ammonia

Komex International Ltd.	 Page 6
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concentrations were measured below 25 m during the post discharge monitoring programs, but at levels

1000 times below those considered hazardous to marine life (Colodey, 1984). The installation of the

Cape Lazo Outfall was determined to have no significant impact on water quality after one year of

discharge (Colodey, 1986).

The Cape Lazo Dutfall is the only marine discharge in the vicinity of the Straight of Georgia disposal

locations considered. Considering that impacts on water quality due to the outfall were considered

insignificant in 1986, it is likely that water quality at the Straight of Georgia disposal locations continues

to be typical for the waters of Georgia Straight.

3.3	 PHYSICAL OCEANOGRAPHY

The physical oceanography in the vicinity of the marine disposal locations considered has been reviewed

historically (Waldichuk, 1962; Waldichuk et al., 1968). A summary of the site-specific historical studies as

well as other regional physical oceanographic data is presented.

3.3.1	 TIDES

Tides in the Baynes Sound, Cape Lazo area are mixed mainly semi-diurnal. The recorded tidal range at

Comox, which is typical of the study area, is summarised in the table below:

Table 2: Tidal Range at Comox

Tidal Condition
	 Height above	 Elevation above

Hydrographic Datum (m) Geodetic DaturJ_

Higher High Water Large Tide (HHWLT) 	 5.4	 2.1

Higher High Water Mean Tide (HHMLT) 	 4.7	 1.4

Mean Sea Level (MSL)	 3.3	 0

Lower Low Water Mean Tide (LLMLT) 	 12	 -2.1

Lower Low Water Large Tide LLWLT 	 0.1	 -32

3.3.2 CURRENTS

Currents in the coastal regions of the ocean are generally driven by three different factors: tides, winds

and run-off. Each of the three factors can dominate oceanic current regimes at different locations. Run-

off can be a dominant .factor at the mouths of major rivers. Winds, can be a dominant factor within the

top layers of the ocean in areas where there is sufficient fetch to allow wind forces to transfer to the

ocean. Tides in general are the dominant force for the remainder of the coastal region.

IKomex International Ltd
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Currents at the Baynes Sound in the vicinity of Option A, are considered to be primarily driven by tidal

forces (Waldichuk, 1962). Within Baynes Sound, flooding tides bring surface water from Georgia

Straight, across Comox Bar, and southward into Baynes Sound (Waldichuk, 1962). During ebbing tides

this pattern reverses to some extent with some surface water moving back across Comox Bar to Georgia

Straight and some moving southward into Baynes Sound (Waldichuk, 1962). Figures 5 and 6 show

sketches of these tidally driven circulation patterns relative to the disposal locations considered. The

measured velocities of these Currents are between 0.5 and 0.75 rn/s.

Subsurface currents within Baynes Sound are most likely driven by tidal flux in a similar fashion to the

surface currents. The locations of historical subsurface Current measurement stations are shown on

Figure 7. The magnitude of subsurface currents measured in the north end of Baynes Sound varied

between 005 and 0.5 m/s (Waldichuk, 1962, Waldichuk et al., 1968). The direction of subsurface

currents measured in the north end of Baynes Sound was primarily southward into Baynes Sound, with

some currents observed to be easterly across Comox Bar (Waldichuk, 1962).

The Georgia Straight disposal locations considered (Options B & C) will also be subject to currents that

are primarily tide-driven. Wind will also have a more significant effect as compared with inside Baynes

Sound due to the larger fetches within Georgia Straight. The current magnitude and direction at Options

B and C were estimated using the TideView model. The model predicts that tide-driven currents in the

absence of wind will be on the order of 0.15 rn/s at the Option B and C locations. When the average

wind speed (12.5 km/hr from the southeast, see Section 3.4.3) is added to the model the current

magnitude increases to approximately 0.25 rn/s.

3.3.3	 DENSITY PROFILES

Density stratification in the ocean occurs when less dense surface waters overlay denser subsurface

waters. This occurs when fresh river water discharges to the ocean. The river water is less dense than

the ocean water and will tend to float on top of the ocean water. The river water mixes with the ocean

water and forms a brackish surface layer that overlies a saline subsurface layer. Density stratification in

Georgia Straight and Baynes Sound is largely influenced by the freshwater inputs from rivers. The

Courtenay River influences the density stratification of Baynes Sound and the Fraser River has a

significant impact on the density stratification in Georgia Straight (Thomson, 1981).

Density stratification has a major influence on effluent dilution as it is discharged to the marine

environment. Therefore, information regarding density profiles at proposed disposal Jocations is crucial

to being able to accurately predict the dilution of discharged effluent.
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Density profiles are not measured directly but are calculated from measurements of conductivity and

temperature versus depth (CID) profiles. CTD profiles have been measured historically in the vicinity of

the marine disposal locations considered (Waldichuk, 1962, Waldichuk et aL, 1968; Colodey, 1984, 1986)

at the locations shown on Figure 7. Graphical summaries of the historical density profile information are

shown on Figure 8. These density profiles were used as inputs to the dilution modelling discussed in

Section 5.0.

Density profiles in northern Baynes Sound (Option A) reveal the correlation between rainfall/runoff and

density stratification. The density profiles measured in January and May show that the surface waters

are much less dense than the underlying water column. This is due to the increased runoff from the

Courtenay and the other rivers around the perimeter of Baynes Sound during the winter and spring (see

Sections 3.4.2). The May and January profiles shown on Figure 8 have a sharp breakpoint in the density

profile between the 5 and 10 m depth, This breakpoint is called the pycnocline. Below the pycnocline

densities increase more slowly at an almost linear rate.

The August density profile shown on Figure 8 for northern Baynes Sound shows that the pycnocline

depth is deeper than the January and May profiles at a depth of approximately 15 m. Also the surface

layer is denser in summer since runoff to Baynes Sound is lower during the summer months.

The density profiles recorded in and around the Cape Lazo Outfall show a reverse trend to those

recorded in Baynes Sound. The Cape Lazo density profiles have pycnoclines at depths between 10 and

15 m and surface waters are less dense in summer and denser in winter. This is attributed to the Fraser

River freshet input to the Georgia Straight, which has the effect of lowering surface layer densities in the

summer to fall due to the increased fresh water input.

The density profiles recorded historically at Cape Lazo were used to model both Options B and C.

3.4	 HYDROMETEOROLOGY

The hydrometeorology of the region around Royston/lJnion Bay influences the physical oceanography of

the adjacent coastal waters. Specifically, local rainfall patterns have an impact on temporal and spatial

runoff distributions from the coastline around the disposal locations considered. Local and regional runoff

distributions influence oceanic density profiles differently (see Section 3.3.3). This leads to variations in

the dilution scenarios for effluent discharged to the marine environment. Finally, wind influences ocean

currents, which in turn define effluent transport vectors.

rKomex International Ltd. 	 Page 9



Koers & Assooates Engineering Ltd.	 File No. V17510300
Marine Disposal Feasibility Study Royston/Union Bay	 December 20, 2004

3.4.1	 RAINFALL

Rainfall data for the study area were accessed from the Meteorological Service of Canada data archive for

the Comox weather station. Rainfall normals for the Station are summarised in the table below:

Table 3: Rainfall Normals for Comox Weather Station

Precipitation	 J	 F	 M	 A	 M	 J	 J	 A	 S	 0	 N	 D	 Year

Rainfall (mm)	 142.9 121.0 99.8 61.0 46.6 44.2 29.7 34.8 45.0 120.4 194.2	 160.7	 1100,3

Snowfall (cm)	 22.8	 10.6 10.6 0.6 0.0 0.0 0.0 0.0 0.0	 0.2	 8.0	 21.2	 74.0

Extreme Daily Rainfall (mm) 	 77.0 80.2 66.8 40.9 29.2 39.4 37.3 69.1 42.2 59.4 78.8 	 113.0

Extreme Daily Snowfall (cm)	 60.2 27.7 56.2 15.2 0.3 0.0 0.0 0.0 0.0 	 3.3	 35.8	 59.7	 -

Extreme Daily Precipitation (mm) 	 77.0 80.2 66.8 46.5 29.2 39.4 37.3 69.1 42.2 65.5 	 78.8	 113.0	 -

Extreme Snow Depth (cm)	 63.0 460 37.0 0.0 0.0 0.0 0.0 0.0 0.0 	 0.0	 21.0	 71.0	 -

Seasonal rainfall data for the Comox weather station are likely typical for the region. Precipitation in the

region is maximal in the winter months and minimal in the summer months.

3.4.2 RUNOFF

Local runoff in the Royston/Union Bay area is dominated by the Courtenay River, which has the largest

catchment area of the local rivers. The largest tributary of the Courtenay River is the Puntledge River,

which has a dam on it. Dams have the effect of reducing the variation of the discharge levels in the

downstream river. The mean annual discharge from the dam is 34-43 m 3/s. (BC Hydro, 2004).

Two nondammed rivers in the Courtenay River watershed, Brown River and Tsolum River, have flow

monitoring stations on them maintained by Environment Canada. The average flow in the Brown River is

5.56 m3/s and average flow from the Tsolum River is 10.6 m 3/S. The hydrographs from these flow-

monitoring stations are indicative of the natural runoff that occurs in the area. A table summarising the

monthly flows from the Brown River is shown below and a graphical depiction of the hydrograph is

included as Figure 9. The hydrograph for the Tso!um River is similar to the Brown River hydrograph.

Table 4: Brown River Hydrograph

Flow	 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean

Mean (ms/s) 7.49 5.75 5,4 7.42 10.2 7.15 2.12 0.884 0.766 5.49 8.06 6.99 5.56

Max(m3/s) 16.4 16.6 11.9 13.2 17.7 18.6 16.6 4.63 5,82 17.8 17.6 20.6 8.25

Mm (mfs)	 1.31 1.26 1.37 2.64 2.76 0.851 0.231 0.051 0.075 0.121 1.74 1.54 3.98
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It is apparent from the hydrograph for the Brown River, that run-off in the in the study area peals in the

winter months during the heaviest rainfall period, peaks in spring during freshet, and is minimal in the

summer when rainfall is at its lowest.

143 WINDS

Wind data for the study area were accessed from the Meteorological Service of Canada data archive for

the Comox weather station. Wind normals for the station are surrimarised in the table below:

Table 5: Wind Normals for Comox Weather Station

Wind:	 J	 F	 M	 A	 M J	 J	 A	 S	 O	 N	 D	 Year

Speed (km/h)	 12.7	 13.4	 13.7	 12.8	 12.4 12.3 11.8 10.9 9.9	 11.5	 13.8	 14.3	 12.5

Most Frequent Direction	 SE	 SE	 SE	 SE	 SE SE NW NW W SE	 SE	 SE	 SE

Maximum Hourly Speed (km/h)	 77.0	 84.0 81.0 67.0 63.0 64.0 56.0 56.0 64.0 69.0 93.0 	 81.0

Direction of Maximum Hourly Speed SE	 E	 E	 SE	 SE SE SE SE SE SE	 SE	 SE

Maximum Gust Speed (km/h)	 113.0 114.0 133.0 106.0 90.0 93.0 97.0 78.0 97.0 159.0 129.0 121.0

Direction of Maximum Gust	 SE	 E	 E	 E	 SE SE E	 SE E	 SE	 SE	 SE

Winds at the Comox weather station are likely representative of winds for the region. Wind speeds are

generally faster in the winter and slower in the summer. The most frequent direction of wind is from the

southeast for the majority of the year, and from the northwest or west July through September. The

maximum speed winds are all generated from the southeast or east.

The winds experienced at Comox will have a larger effect on ocean currents for disposal locations in

Georgia Straight (Options B & C), than for a disposal location in Baynes Sound. This is because Baynes

sound is more protected from wind activity than Georgia Straight. The effect of the wind directions

recorded in the area (southeast and northwest) will tend to move surface waters subparallei to the

Georgia Straight coast in the study area as opposed to onshore.

S
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4O BIOLOGICAL STAKEHOLDERS CONSULTATION

Input was solicited from regulatory and marine industry stakeholders in the vicinity of the Royston/Union

Bay study area as part of the feasibility study. Information was gathered through interviews in person

and by telephone as well as through email correspondence. The three potential marine disposal locations

were presented. The treatment level of the disposed effluent was discussed as being a minimum of

secondary treatment with disinfection. The possibility of tertiary treatment was also discussed. A list of

the organisation representatives that were contacted during the course of the consultation is presented

below, along with their phone numbers:

Fisheries and Oceans Canada

Environment Canada

Ministry of Food and Fish

BC Shellfish Growers Association

Fanny Bay Oysters Ltd.

Scott Northrup/Rob Russell

Bert Kooi

Phil Wong

Bill Harrower

Pam Parker

Dave Mitchell

250-756-7275

604-924-2582

604-666-2699

250-897-7547

250-741-0404

250-335-0125

4.1
	

FISHERIES AND OCEANS CANADA

Inquiry with Fisheries and Oceans Canada (FOC) identified that while there are fish habitat and resource

values in the area the discussion on the three options did not turn up any major concerns. Depending on

the details of the outfall/pipeline routing there would be more or less habitat disruption and associated

compensation. FOC advised that the shortest route may not be the best nor exhibit the smallest short-

term disruption of habitat. Assuming the effluent treatment is sufficient to meet applicable guidelines

and regulations, FOC indicated that there would appear to be more of an aesthetic concern than one of

direct toxicity and habitat impact. Specifically, local stakeholders may object to the concept of

discharging effluent to the ocean regardless of the level of treatment.

Specific comments made by FOC staff during the interviews are included below:

1) The sand bar just south of Cape Lazo on the north end of Denman Island is a very dynamic area.

The constant shifting and movement of sediments in this area could pose a problem to the

sewage outfall by way of moving the pipeline itself if installed and hence possibly causing

structural damage or failure.

2) Around the foot of the Willemar Bluffs approaching Cape Lazo, the Regional District of Comox-

Strathcona has a sewage force main. Local residents report that the shoreline in the vicinity of

0
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the force main has been subject to increased erosion since the installation of the pipeline

approximately 25 years ago.

3) The topic of optimal location of the proposed discharge site was discussed with the FCC

representatives. They advised that the shortest route may not necessarily the optimal route due

to proximity to shellfish beds.

4) FOC personnel confirmed that the Baynes Sound area is a seasonal spawning and rearing ground

for both herring and cod. With respect to herring, seasonal fishing activity was also discussed.

5) FOC personnel suggested that the predominant flows into Baynes Sound from the north are

proximal to the banks of Cape Lazo. They also indicated on the plan that there was extensive

eefgrass meadows along the west shore of Baynes Sound particularly around Gartley Point and

off Royston.

6) Option A: In reviewing the three proposed locations with FOC, the shortest pipeline and

discharge terminus (Baynes Sound proper) would appear to have the least direct habitat impact

and might be preferable in certain respects. It was thought that in the event that the outfaD was

placed in the closest location to Royston (i.e. between Sandy Island and Royston); there may be

more public concern due to the aesthetics of the discharge into Baynes Sound - even though

there is general acceptance to implementing a sewage treatment system. It was suggested that

a number of groups have been working toward getting an improved wastewater treatment and

disposal system (rather than septic systems) for the area over a number of years.

7) Option B: The offshore pipeline and discharge beyond Denman Island to Georgia Strait was

considered to have the highest potential for habitat disruption. The pipeline would transit a high

current and active sand zone through an area the local First Nation is interested in.

8) Option C: Connection to the Cape Lazo Outfali by means of a pipeline crossing Comox Harbour

may present a shorter marine component but there are some significant habitat values in

eelgrass and fish use (ling cod) in this area that would have to be mitigated. The interests of the

local First Nation in this area would also have to be addressed.

9) It was also noted that the level of sewage treatment (Le. secondary or tertiary) will be a factor in

where the outfall is best located.
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4.2	 ENVIRONMENT CANADA

Environment Canada staff (EC) indicated that the key EC issue for this project is the protection of

shellfish resources. Specific comments from Environment Canada are hsted below:

1. The potential disposal location for Baynes Sound (Option A) will definitely be met with great

resistance from the shellfish growers in Baynes Sound, While the proposal includes some form of

tertiary treatment the optics for Baynes Sound are sensitive. Furthermore, there is an initiative

to designate Baynes Sound as a "no discharge zone.

2, The potential disposal location on the northeast side of Denrnan Island (Option 8) appeared to be

a positive option according to EC staff, but the Comox Bar/White Spit through which the pipe

would have to be entrenched is suspected to be susceptible to a shifting ocean floor. EC staff

noted that the bar/spit area is also susceptible to heavy wave action during the winter months

and suggested that an oceanographic review and assessment would clarify this aspect. Through

personal experience during the winter months it was noted that the area gets very rough during

southeastern winds and that waves build up in the spit area due to its shallow nature.

3. EC staff suggested that the best option may be for the system to hook up to the treatment works

at Cape Lazo via Comox Harbour (Option C).

4. EC staff advised that the Comox First Nation now has a shellfish lease at the end of White Spit

and suggested that they may have some objections to aspects of the outfall proposal.

4.3	 MINISTRY OF FOOD AND FISH

Information was sent to Ministry of Food and Fish but no response was elicited.

4.4	 BC SHELLFISH GROWERS ASSOCIATION

Information was sent to the BC Shellfish Growers Association (BCSGA) regarding the potential disposal

options and it was presented to the association board, The BCSGA board did not have any concerns with

the potential disposal options.

4.5	 FANNY BAY OYSTERS LTD.

Fanny Bay Oysters Ltd. (FBOL) is the largest shellfish producer in Baynes Sound and is not a member of

the BCSGA. FBOL was contacted regarding the potential disposal options as part of the consultation
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process to ensure that input from local shellfish growers was included in the feasibility report. Comments

relative to the potential disposal options provided by the FBOL representative are listed below:

1. Disposal of effluent in Option A and B, regardless of the level of treatment, was indicated to be

unacceptable for the FBOL representative. Therefore Option C was the preferred disposal option.

2. Geoduck clam resources were indicated to exist in the vicinity of both the Option A and B

locations. The potential that geoduck farming could become viable at these locations was also

indicated.

3. Algal blooms had been observed to occur in Baynes Sound.

4. Current nutrient levels in Baynes Sound were thought to be sufficient for shellfish farming. Any

potential for an increase in nutrient levels was considered unacceptable with respect to potential

negative impacts on shellfish stocks.

5. Failing septic fields around the perimeter of Baynes Sound were considered to be an important

source of water quality degradation along with stormwater and hinterland drainage.
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5.0 CONCEPTUAL DESIGNS

5.1	 OPTION A NORTHERN BAYNES SOUND

The conceptual design developed for discharge into the north end of Baynes Sound is based on a 2000 m

long outfall discharging at a depth of 33 m below hydrographic datum. A sketch of a plan and profile for

the conceptual design is shown on Figure 10. The outfall pipe would require protection and/or burial

through the intertidal and shallow subtidal to a depth of approximately 10 m below hydrographic datum.

The details of the protection/burial will need to be developed in conjunction with FOC, to develop a

habitat compensation plan that ensures FOC policies are complied with.

The conceptual design utilises butt-fused High Density Polyethylene (HDPE) pipe. I-IDPE pipe is less

dense than seawater and therefore must be weighted to ensure stability. Concrete cylinder weights are a

weighting system that has been utilised successfully for HDPE outfalls and are included in the conceptual

design.

The outfall terminus for the conceptual design consists of a single port terminated in a variable orifice

(duck-bill) valve typically a Tideflex® valve. This type of valve prevents saltwater and/or marine life from

intruding into the outfall. More sophisticated terminus configurations can increase the dilution of

discharged effluent. Should this option be selected by the RDC-S, an optimal terminus configuration

would be developed in the detailed design phase.

Preliminary sizing of the outfall diameter was conducted through hydraulic analysis. The Hazen-Williams

equation was used to calculate friction losses in the outfall pipe. Wall thickness used in the conceptual

design was taken as DR 17, which is considered rugged enough to withstand the rigours of installation.

Three pipe diameters were considered in the hydraulic analysis. A summary table outlining the details of

the hydraulic analysis is included below

Tab'e 6: Hydraulic Analysis for Option A

Item	 Value	 Units

FlowQ	 140	 Us

Hazen Williams C	 140	 -

Outfall Length	 2000	 m

Minor Loss Coefficient k 0.50 	 -

Terminus Depth (LL W) 38.3
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Hydraulic Analysis 	 18" 16" 14" Units

Outfall Diameter	 0.40 0.36 0.31	 m

Outfall Velocity 	 1.11 1.41 1.84 m/s

Frictional Fleadloss	 5.14 9.07 17.51 m

Outfall Minor Losses	 0.03 0.05 0.09 m

Density Head	 0.58 0.85 0.88 m

Tideflex Loss	 0.60 0.60 0.90 m

Total Headfoss	 6.65 10.60 19.38 m

The diameters used in the hydraulic analysis are 14, 16, and 18-inch DR 17 FIDPE. Any of the three

outfall diameters could be used in the construction of the outfall for Option A. The 18-inch diameter pipe

would likely be able to discharge by gravity, provided the treatment plant is constructed at a suitable

elevation. The use of larger diameter pipe also allows for future capacity increases without having to

build an additional outfall. For the purposes of the dilution analysis and cost estimate the 18-inch

diameter pipe dimension is used. A life-cycle cost analysis would be required to determine the optimal

pipe diameter for Option A.

5.2	 OPTION B — EAST OF COMOX BAR

The conceptual design developed for discharge to the east of Comox Bar is based on a 5160 m long

outfall discharging at a depth of 30 m below hydrographic datum. A sketch of a plan and profile for the

conceptual design is shown on Figure 11. The outfall pipe would require protection and/or burial through

the intertidal and shallow subtidal to a depth of approximately 10 m below hydrographic datum at the

landing location on the west side of Baynes Sound as well as across Comox Bar. The details of the

protection/burial will need to be developed in conjunction with FOC, to develop a habitat compensation

•	 plan that ensures FOC policies are complied with.

A venting structure would need to be constructed at the highest elevation point on the Comox Bar. This

structure would allow any air that accumulates in the high point of the outfall line to be vented,

preventing an airlock from developing. The structure would need to be designed to withstand storm

forces, and would also require substantial footing works to ensure stability. A structure of this type

would pose some level of a hazard to navigation and would require approval from the Canadian Coast

Guard.

The outfall would be weighted along its length similar to that described for Option A. A terminus that

incorporated a variable orifice valve would also be required similar to Option A.
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Preliminary sizing of the outfall pipe for Option B was conducted through hydraulic analysis, similarly to

Option A. HDPE Pipe with a DR 17 waIl thickness was used in the analysis. Three pipe diameters were

considered in the hydraulic analysis. A summary table outlining the details of the hydraulic analysis is

included below:

Table 7 hydraulic Analysis for Option B

Item	 Value	 Units

Flow 0	 140	 LIs

Hazen Williams C	 140	 -

Outfall Length	 5160	 m

Minor Loss Coefficient k 1.50 	 -

Terminus Depth (LLW) 35.3 	 m

Hydraulic Analysis 	 18" 20" 22" Units

Outfall Diameter	 0.400 0.445 0.489 m

Outfall Velocity	 1.11 0.90 0.75 m/s

Frictional Headloss	 13.25 7.89 4.98 m

Outfall Minor Losses	 0.09 0.06 0.04 rn

Density Head	 0.81 0.81 0.81	 m

Tideflex loss	 0.60 0,60 0.60 m

Total Headloss	 14.76 9.36 6.44 m

The diameters used in the hydraulic analysis are 18, 20, and 22-inch DR 17 HDPE. Any of the three

outfall diameters could be used in the construction of an outfall for Option 8. While the large diameter

pipes result in lower friction losses in the pipe 1 they also result in lower velocities in the pipe. Velocities

in excess of 0.60 rn/S are required to ensure that deposition of solids is prevented. In situations where it

is unfeasible to constantly maintain velocities above 0.60 rn/s, it is necessary to ensure that velocities in

the outfall pipe exceed 1.0 rn/s regularly to flush out any solid deposits. The 18-inch diameter pipe

would likely be able to provide the necessary flushing velocity more consistently than the large diameters.

Therefore, this pipe diameter has been used for the purposes of the dilution analysis and cost estimate.

Given the head requirement to discharge the effluent for the 18-inch pipe, it might be necessary to

construct a pump chamber for Option B. However, situating the treatment works at a high enough

elevation that the outfall could discharge by gravity could also be feasible. A detailed cost-benefit

analysis comparing gravity discharge, pumped discharge, and treatment works location would be

necessary to ensure the most economical option was selected. A pump chamber has not been included

in the cost estimates for Option B.

I
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53	 OPTION C - SUBMARINE CONNECTION TO COMOX TREATMENT PLANT

The conceptual design developed for Option C is based on a 1600 m submarine force main from Gartley

Point to Goose Spit. A force main of approximately 2000 m would be necessary to carry effluent to a

connection point at a valve chamber along the Courtenay-Comox force main that feeds the treatment

plant. A sketch of a plan and profile for the conceptual design is shown on Figure 12. The outfall pipe

would require protection and/or burial through the intertidal and shallow subtidal to a depth of

approximately 10 m below hydrographic datum at the landing locations at Gartley Point and Goose Spit

The details of the protection/burial will need to be developed in conjunction with FOC, to develop a

habitat compensation plan that complies with FOC policies.

The submarine portion of the force main for Option C would be weighted along its length in a similar

fashion to that described for Option A.

Venting structures would be required at the first landfall and at isolated high points on Goose Spit. These

structures would allow any air that accumulates in the force main to be vented, preventing an airlock

from developing

Preliminary sizing of the force main for Option C was conducted through hydraulic analysis, similar to that

described for Option A. Since the conceptual design includes connection to a force main it would be

necessary to pump effluent to the connection point. The hydraulic analysis has been developed based on

this scenario. HDPE Pipe with a DR 17 wall thickness was used in the analysis of the submarine portion

of the force main and DR 21 wall thickness was used for the remainder. The DR 17 wall thickness is

strong enough to withstand the rigours of marine construction and DR 21 wall thickness is sufficient for

standard trench installation. Three pipe diameters were considered in the hydraulic analysis. A summary

table outlining the details of the hydraulic analysis is included below:

Table 8: Hydraulic Analysis for Option C

Item	 Value
	

Units

FlowQ	 140
	

L/s

Hazen Williams C	 140

Submarine Force Main

Pipe Length

Minor Loss Coefficient k

Pipe Diameter

Pipe Velocity

Frictional Headloss

PiDe Minor Losses

10"	 12"	 14"	 Units

1600	 m

1.0	 -

0.239	 0.283	 0.297	 m

3.12	 2.23	 2.02	 m/s

50.51	 22.18	 17.53	 m

0.50	 0.25	 0.21	 m

S
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Trenched Force Main	 10"	 12"	 14"	 Units

Pipe Length	 2000.00	 m

Minor Loss Coefficient k 0.50 	 -

Pipe Diameter	 0.245	 0.291	 0.305	 m

Pipe Velocity	 2.97	 2.11	 1.92	 m/s

Frictional Headioss	 55.96	 24.20	 19.25	 m

Pipe Minor Losses	 0.22	 0.11	 0.09	 m

Total Headloss	 _ 107.19	 46.75	 37.03	 .m^ .

The 12-inch pipe diameter provides sufficient head that a pump could be sized to operate optimally for

this option while keeping velocities in the pipeline below the 3 m/s at peak design flow. A detailed cost-

benefit analysis would be required to optimise the combination of pipe diameter and pump selection for

Option C. The cost-benefit analysis should be based on net present worth over the life-cycle of the

installation. Construction cost estimates for Option C have been prepared based on using 12-inch

diameter pipe.

The addition of the Royston/Union Bay flows will impact the capacity and hydraulics of the (Courtenay-

Comox) wastewater collection/treatment/disposal system. As part of the feasibility study the manager of

the treatment system was contacted to assess the capacity available in the treatment system. The

treatment plant is currently operating near capacity and the Cape Lazo Outfall is approaching the limit of

the effluent it can pass by gravity. An expansion of the treatment system is in the planning stages and

the addition of a pump chamber to the Cape Lazo Outfall will be constructed.

A table outlining the existing and proposed future capacity of the Courtenay-Comox treatment system is

included below:

Table 9: Courtenay-COmox Treatment System Capacity

Item	 Current Capacity 	 Future Capacity

Average Dry Weather Flow

(m /day)

	

13,200	 19,$00

Peak Dry Weather Flow
{m3lday)	 33,000	 46,600

Peak Wet Weather Flow

(m^/da ^^	
^^ 52,700 	 74$C70

W
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The addition of the Royston/Unton Bay flows to the system would be an addition of approximately 4,000

m3/day. This would comprise a substantial portion of the proposed future capacity of the plant.

The hydraulic capacity of the Cape Lazo Outfall has been previously investigated by Komex (2001). At

that time it was calculated that the outfall would pass 41,000 m 3/day by gravity and 75,000 m3/day with

the addition of a 140 kPa (20 psi) pump. The addition of the Royston/ Union Bay flows to the treatment

system would increase future flows to the Cape Lazo Outfall by up to 12,000 m 3/day to a total of 86,800

m3/day. A hydraulic analysis of the Cape Lazo Outfall including the original Komex (2001) analysis is

presented below:

Table 1O Hydraulic Analysis of Cape Lazo Outfall

Max Stage 2 +
Item	 Max Gravity Max Stage 2	 .	 Units

RoystonlUnion Bay

FlowQ	 41,000	 74,800	 86,800	 m3/day

Flow Q	 474	 866	 1000	 L/s

l-Iazen Williams C	 130	 -

Terminus Depth	 65.1	 m

Density Head	 1.50	 1.50	 1.50	 m

Onshore Main

Onshore Main Length	 2844	 m

Onshore Main Diameter 	 0.895	 m

Minor Loss Coefficient k 	 1.50	 -

Onshore Main Velocity 	 0.75	 1.38	 1.60	 rn/s

Onshore Main Friction Headloss	 1.60	 4.87	 6.41	 m

Onshore Main Minor Losses	 0.04	 0.14	 0.19	 m

Outfall Pipe

Outfall Pipe Length	 2823	 m

Outfall Pipe Diameter	 0.845	 m

Minor Loss Coefficient k 	 0.5	 -

Outfall Pipe Velocity 	 0.85	 1.55	 1.79	 rn/s

Outfall Pipe Friction Headloss	 2.11	 6.42	 8.45	 m

OutfallPipeMinorLosses	 O.O20)60.08m

Diffuser

Diffuser Length	 175	 m

Diffuser Diameter	 0.591	 m

Max Diffuser Velocity	 1.64	 3.01	 3.50	 rn/s

Total Diffuser Losses	 0.32	 1.21	 1.64	 m

Total Headloss	 5,59	 14.20	 18.28	 m
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Should the Royston/Union Bay flows be added to the Cape Lazo Outfall along with the predicted future

(Stage 2) flows a pump that provides 180 kPa (26 psi) would be required to ensure that the outfall would

discharge under all conditions. However, this will result in velocities in the outfall diffuser exceeding 3

rn/s (see Table 10). During the 2001 Komex investigation of the Cape Lazo Outfall it was noted that the

outfall had a "gash on the side of the pipe" and separation of some of the outfall pipefittings. The

combination of very high flow velocities and previous damage may warrant repair work prior to the

addition of the flows anticipated.

Dilution analysis for the Cape Lazo discharge including the Royston/Union Bay flows was conducted

based on the peak wet weather flow for Stage 2 from the Courtenay-Comox treatment system plus the

peak hour flow from Royston/lJnion Bay.
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6.0 DILUTION ANALYSIS

6.1	 INTRODUCTION

Dilution of effluent discharging to the marine environment occurs through three processes:

1. Initial dilution due to turbulent mixing as buoyancy and momentum equilibria are established

2. Dispersion, in which the effluent is mixed with the receiving water due to ambient turbulence

(Brownian motion)

3. Bacteria decay which occurs as a result of predation, flocculation, sedimentation, and deactivation

due to ultraviolet right

Dilution analysis was conducted to predict the concentration of effluent as it is transported away from the

outfall terminus. Modelling was conducted using the U.S. Environmental Protection Agency (USEPA)

computer model UM3 which is based on the model UM (Baumgartner et al. 1 1994). This model

incorporates the three dilution processes. The dispersion component uses algorithms developed by

Brooks (Ficher et al., 1979).

The historical density profiles for summer and winter (see Figure 8) were used as inputs to the model.

The dilution model for Option A utilised the historical density profiles measured in Baynes Sound The

historical density profiles measured at the Cape Lazo Outfall were used in the dilution modelling for

Options B and C.

The UM3 model uses Chick's Law to predict the rate of bacterial die-off (Velz, 1984). The key variable in

the bacterial die-off algorithm is T90, which is the time it takes for 90 percent of the bacteria to die off. A

conservative T90 value of 8 hours was used for the modelling, This value is appropriate for the trapping

depths indicated by the dilution model. General parameters that were used in the modelling are

summarised below:

Table 11: Dilution Modelling Parameters

Para meter	 Option A	 Option B	 Option C
Flow (Lfs)	 140	 140	 1000
Effluent Salinity (psu)	 000	 0.00	 0.00
Effluent Temperature (°C) 	 10.00	 10.00	 10.00
Aspiration Coefficient	 0.10	 0.10	 0.10
Minimum Terminus Depth (m) 	 33	 30	 60
Terminus Elevation off Seafloor (iii)	 0.30	 .0.30	 0.60
Terminus Angle off Seafloor (degrees)	 90	 90	 30
Farfield Dispersion Coefficient (m 213/s)	 0,000453	 0.000453	 0000453
Contraction Coefficient	 1.0	 1.0	 0.61

4p
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6.2	 TRAPPING DEPTH

Once initial dflution processes have terminated, the effluent plume will no longer rise in the water

column. The depth this occurs at is referred to as the trapping depth. To evaluate the shallowest

trapping depth (worst-case scenario), initial dilution models for the three disposal options were created

using a hypothetical stagnant velocity condition and the historical density profiles for summer and winter.

Trapping depths were modelled at the peak flow rates for each option, which results in the shallowest

trapping depth.

The shallowest trapping depths were modelled for all options using the historical density profile for winter

since it has the shallowest pycnocline depths. (The pyconcline is the portion of the density profile where

density changes most rapidly.) For all three options the effluent plume was predicted to trap below the

surface of the water. The table below shows the minimum trapping depth for the three disposal options.

Table 12 Dilution Modelling Results

Minimum Trapping Depth (rn)	 10.4	 5.3	 21.1

Minimum Physical Dilution at IDZ (#:1)	 572	 595	 943

Minimum Bacteria Dilution at IDZ (#:1) 	 592	 613	 971

Minimum Physical Dilution at 1000 m (#:1) 	 1275	 1210	 1499

Minimum Bacteria Dilution at 1000 m (#:1)	 1439	 1364	 1706

6.3	 PHYSICAL DILUTION

The most conservative physical dilution predictions generally occur when currents at terminus locations

are maximal. Physical dilution modelling for each option was conducted utilising the maximum current

velocities recorded in the study area (0.75 rn/s see Section 3.3.2) and the historical density profiles for

winter and summer. Physical dilution is applicable to the conservative constituents of wastewater

(ammonia, nitrates, phosphorous, etc...). The minimum dilution values modeed at the IDZ and at 1000

m from the outfall terminus for each disposal option are shown on the table above. A graphical depiction

illustrating the increase in physical dilution with increased distance from the discharge point for the three

options is shown on Figure 13.

The predicted physical dilution is greatest for Option C due to the combination of greater flow volume

and increased discharge depth. The predicted physical dilutions for Options A and B are similar, with

Option A achieving slightly better physical dilutions.
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6,4	 BACTERIA DECAY

The decay of viable pathogenic organisms was modelled for all three options using fecal coliforms as an

indicator parameter. An arbitrary initial fecal coliform concentration value of 100 MPN/100 mL was used

in the model to facilitate comparative analysis to the physical dilution predictions. The minimum bacteria

dilutions predicted at the boundary of the IDZ and at 1000 m from each terminus are listed in the table

above. A graphical depiction illustrating the increase in bacteria dilution with increased distance from the

discharge point for the three options is shown on Figure 13,

The equivalent bacteria dilutions are slightly greater than the physical dilution since the UM3 model takes

into account the reduction of bacteria viability using Chick's Law (see Section 6.1) Again predicted

bacteria dilution results are greater for Option C and similar in magnitude for Options A and B.

6.5	 REQUIRED TREATMENT LEVELS

The dilution modelling results can be used to estimate treatment levels required for the three disposal

options, Both Options A and B would likely be considered discharge to shellfish waters and would require

that the diluted effluent meet shellfish guidelines at the boundary of the JDZ. A 300 m shellfish

harvesting closure would also be put in place around the terminus of outfalls by Environment Canada.

The waters in and around the Cape Lazo Outfall would likely be considered secondary contact recreation

waters. There are no water quality guidelines specified for secondary contact recreation waters. In the

absence of a criteria for secondary contact, the primary contact recreation guidelines have been applied.

There are clam resources mapped at the head of Cape Lazo (see Figure 4), however these are over 2.5

km from the Cape Lazo Outfall terminus and would not be impacted by diluted effluent from the Cape

Lazo Outfall.

The table below outlines the effluent quality that would be required to meet various water quality

guidelines (MWLAPJ 1998, 1999) based on the predicted minimum dilutions for each option.
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Table 13: Required Effluent QuaUty

Water Quality Guideline	 Value	 Option A Option B Option C

Fecal Coliforms (MPN/100 mL)
200	 n/a	 n/a	 194200

çi

Fecal Coliforms (MPN/100 mL)
14	 8300	 8600	 n/a

Shellfish Harvesting

Ammonia (mgfL)
028	 160	 170	 260

Saftwater Aquatic Life

Total Phosphorus (mg/L)
LO	 n/a	 n/a	 n/a

Orthophosphate (mg/L)
0.5	 n/a	 n/a	 n/a

Municipal Sewage Regulation

Given the higher predicted dilution at the Cape Lazo Outfall, Option C would require the lowest level of

treatment to meet the applicable water quality guidelines. All three options investigated would be

considered as discharging into open marine waters, therefore the phosphorus and orthophosphate

guidelines are inapplicable.

The Municia/ Sewage Regulation (MWLAP, 1999) specifies that for the flow volumes considered for

Royston/Union Bay the minimum level of treatment must be at least secondary for flows up to twice the

average dry weather flow (ADWF). For flows beyond this level only primary treatment is specified,

however the above effluent quality guidelines must still be met at the point of discharge to ensure that

water quality guidelines are met at the boundary of the IDZ.

0
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7,0 COST ESTIMATES

Class "C' cost estimates have been developed for the three marine disposal conceptual designs presented

in this feasibility study. A table outlining these cost estimates is included below. The costs presented are

in 2004 Canadian dollars.

Table 14: Class "C" Cost Estimates

Item	 Option A Option B Option C

Materials	 $250,000 $680,000 $770,000

Construction Costs	 $110,000 $380,000 $390,000

Contractors Overhead and Profit (25%) $90,000 $265,000 $290,000

Subtotal $450,000 $1,325,000 $1,450,000

Engineering and Contingencies (25%) 	 $120,000 $340,000 $370,000

Total $570,000 $1,665,000 $ 1 ,820,000

Developing quantitative operation and maintenance (0&M) costs for the three options is beyond the

scope of the feasibility study. However, the conceptual designs presented for each of the three disposal

options have O&M costs that can be assessed qualitatively, O&M costs for all three options would include

annual receiving environment monitoring, and inspection every five years. There will be O&M costs

associated with the pump stations for Option C and Option B should it be required. The venting

structures required for Options B and C would also have 0&M costs associated with them. Since the

venting structure for Option B would be offshore the O&M costs will likely be higher than for Option C

where the pump stations are on land. A table summarising the different 0&M cost components is shown

below:

Table 15. Operation and Maintenance Casts

_Option^ T . Monitoring ____ STYear Inspection	 Pum^ir^ _ Additional _N

A	 Yes	 Yes	 No

8	 Yes	 Yes	 Maybe	 Offshore vents

C	 Yes	 Yes	 Yes	 Onshore vents
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8.0 CONCLUSIONS

The feasibility of each of the three marine disposal options is based on a variety of factors including

environmental, social, engineering, and economic parameters. A comparison of these parameters in a

tabular form is presented below based on the conclusions that can be drawn from the material presented

herein.

Table 16 Feasibility Comparison of Marine Disposal Options

Parameter	 Option A	 OponB	 Opon C

Environmental	 _____

Closest proximity
Proximal to	 Shellfish resources

	

Shellfish resources	 to shellfish
geoduck resources over 2.5 km away

resources

	

Other marine resources	 Known to exist -- Known to exist 	 Known to exist

Shellfish closures
Water quality	 Water quality

	

Baseline water quality	 have been
considered normal considered normal

npiemented -.-. ................
Less eetgrass	 Less eelgrass	 More eelgrass

meadows known	 meadows known	 meadows known
Foreshore habitat

	

to exist at	 to exist at	 to exist at

- ....................................................................Jreshoe crossing 	 foreshore crosng	 foreshore crossing

	

Lowest	 Largest	 Medium

	

Construction impacts 	 (one foreshore	 (foreshore +	 (two foreshore

	

crossing)	 .	 ComoxBar)_crossings)_

Improved through Improved through Improved through

Future water quality in the elimination of	 the elimination of 	 the elimination of

	

Baynes Sound	 failing septic	 failing septic	 failing septic

	

systems	 systems	 systems

Minimum effluent plume
10	 5	 20

rpp!•g•••d.epth(ni)

	

Treatment requfrernents	 Most st	 t	 More stringent	 Least strinj
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Social

Shellfish guidelines Shellfish guidelines 	
Primary rec.

	

Regulatory	 guidelines may
must be met at	 must be met at

	

Requirements	
IDZ
	 IDZ	 need to be met at

IDZ

Local First Nations

have acquired

First Nation issues 	 shellfish leases in	
Local First Nation

First Nations	 has interests in
not identified	 the vicinity of

this area

Shellfish growers

will be resistant to

Shellfish growers	 disposal in this

area regardless of

treatment level

Comox Bar

crossing

Shellfish growers
Shellfish growers

will be resistant to
indicate this is the

disposal in this	
most acceptable

area regardless of
option to them

treatment [eve!

Negotiation will be

required with

	

Other stakeholders	 None identified	 None identified	 Courtenay-Comox

to permit

Con nection

En In@eri11

Eomox Bar
Requires a pump

crossing presents
station and two

	

Relative complexity 	 Simplest design	 significant
foreshore

engineering
crossings

__..__..	 _.._.._	 challenges

Marine navigation	 Venting structure	 Marine navigation
Marine navigation

	

hazard	
hazards not	 will pose	 hazards not

	

identiiaed	 navi ation hazard	 identified

Economic

	Estimated capital costs	 $570,000	 $1,665,000	 $1,820,000

Operation/Maintenance

	

Lowest	 Higher	 Highest
costs
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9& RECOMMENDATIONS

Prior to the selection of an optimal marine disposal option for Royston/Union Bay further investigations

should be conducted.

Increased stakeholder consultation

o The stakeholder consultation conducted during the preparation of the feasibility study

was sufficient to gather preliminary information specifically targeting marine resource

impact. Local First Nations were highlighted as being important stakeholders to be

contacted prior to proceeding.

o Furthermore, if either Option A or B were selected considerable effort may be required to

get buy-in from local shellfish growers and/or regulatory agencies.

• Holistic cost benefit analysis

o The conceptual designs and costs presented in this report are sufficient to allow a

comparison of the feasibility of each of the three options. A detailed cost benefit analysis

that includes the other aspects of the project should be conducted to permit the

quantification of the selected disposal option when considered in conjunction with the

other components of the project.

Should a marine disposal option for the Royston/Union Bay area be selected for wastewater disposal,

several future studies will be required at the pre-design/design stages. These studies will include the

following:

• Detailed oceanographic study of the proposed construction area

o This study should be designed to allow the selection of an optimal submarine pipeline

alignment. Furthermore, baseline receiving water quality data should be gathered at the

point of discharge. Site-specific physical oceanographic data (density profiles, currents

etc...) should be collected at the discharge point to increase the accuracy of the dilution

modelling.
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11.0 DISCLAIMER

The information presented in this document was compiled and interpreted exclusively for the purposes

stated in Section 1.2 of the document, Komex International Ltd. provided this report for Koers &

Associates Engineering Ltd. solely for the purpose noted above

Komex has exercised reasonable skill, care and diligence to assess the information acquired during the

preparation of this report, but makes no guarantees or warranties as to the accuracy or completeness of

this information. The information contained in this report is based upon, and limited by, the

circumstances and conditions acknowledged herein, and upon information available at the time of its

preparation. The information provided by others is believed to be accurate but cannot be guaranteed.

Komex does not accept any responsibility for the use of this report for any purpose other than that stated

in Section 1.2, and does not accept responsibility to any third party for the use in whole or in part of the

contents of this report. Any alternative use, including that by a third party, or any reliance on, or

decisions based on this document, are the responsibility of the alternative user or third party.

Any questions concerning the information or its interpretation should be directed to the undersigned.

Report reviewed by:
	

Report prepared by:

Ivo Van Bastelaere, P.Eng. 	 Ian Dyck, M.Sc., P.Eng.

Senior Review Engineer
	

Project Engineer

Idlbmex International Ltd.	 Page 33



REGONAL D STRCT DF
CC MOX-STRATHCCNA

STUDY SITE

,

p1

---	 -.-..-..
-	 C1\ F	 '1F H1

REGIONAL DISTRICT OF COMOX-STRATHCONA W 
KOMEX INTERNATIONAL LTD.

VI 7510300	 ENVIRONMENTAL AND ENGNEEPJN CONSUL TANTS

KJM	 NOU. 2004

fPPROWD:	 FU/0RWrI

1
•	

RE SL1 FOR ThE tE	 OUR
	

9PORF. FlO REPTOQF OF fl	 r'-
PD IS • MDE 10 OTHER IWFTIES

	
rIOT ENTERED INTO A CQNTRPCT.



/.4.

I

EXISTING WASTEWATER GRAVITY MAIN 	 /

EXISTING WASTEWATER FORCEMAIN 	
©

PROPOSEDFORCEMAIN \ \
t.	 TRENCHED PORTION	 EXISTING CAPEPORTION \

	 EXISTING wASTEWA:: OUTFALL
TRMENT PLANT

ROYSTON I UNION BAY
SEWER SERVICE AREA

0	 2	 4	 6

L_••-
SCALE IN KILOMETRES

1:100000
Map Source. Canadian Hydrographic Service Marine Chad 351301 I200T) Strait of Georgia

REGIONAL DISTRICT OF COMOX-STRATHCONA 	 KOMEX iNTERNATIONAL LTD.
VI 7510300	 ENVIRONMENTAL AND ENGINEERING CONSULTANTS

DRAWN BY: EDITED BY: DATE:

JM	 DEC 2004

POTENTIAL MARINE DISPOSAL LOCATIONS	
APPROVED:	 FICURE/DRAWG:

2

PREPARED SOLELY TOP ThE USE OP OUR CLIENT OS SPECIFiED N THE ACCED4PAOD1NG REPORt NO PRESENrATK7N Of OPT
KIND 5 MiIDE TO OTHER PAR1IES Wl114 WHICH KOMEX INTERNATIONAL LTD HAS NOT ENTERED INTO A CONTRACT

	
A\I 751- I77D\v17n1o5ce\po.I \flSLJRE Lde

(

0



./

I
Demmam

C

COURTNEY	 -.	 - -

COMOX
	

N

4
	 I

iIaT)0r

UNION
AY

V	 Js?4mcL
VnccnLver	 -

	

LEGEND	
I.lam	 •-	 j ..

Lakes

	

Rivers	 .	 - -	 \	
I	

Jstand
...Major Roads •• ...

Finfish Farm	 .

ShellfishFarm	 •••	 •-• ....	 .•.	 ..
2-

Freshwater Farm	 •••	 . -

Shellfish Hatcheries	
.•

* Licensed Processors	 .	 .
H0	 3.0.	 6.0	 9.0	 •....-

SCALE IN KILOMETRES	 •.• -

	

1:15O,OOO	 •-

/

Mop Soure: MIrIsty of A HEulluTe, Toad ond Fshedos and FioNeries end Oceans Canada AcacuIfure Wzard

REGIONAL DiSTRICT OF COMOX-STRATHCONA 	 KOMEX INTERNATIONAL LTD.Vi 7510300	 ENVIRONMENTAL AND ENGINEERING CONSULTANTS

DRAWN DI: EDITED SI: DATE:

NJM	 NOV. 2D04

AQUACULTURE ACTIVITY IN BAYNES SOUND	
APPRDVED	 F FIOURE/ORAWINO:

PREPARED SOLELT FOR THE USE OF OdO CLIENT dO SPECIFiED IN THE A000HPATITIND REPORT. NO HEPRES SOON OF ONE
RIND IS PACE TO OTHER PARTIES WITH WHOH KOMEX INTERNATIONAL LTD HAS NOT ENTERED NTCI A CEINTRACT.



1

r

COMOX

COURTNEY

•1;

r1 Tr O'U7

c

ROYSTON -

CUMBERLANO
I

UNION:
BAY

J^

Et

Der. rcLr.

	

TTa^I OUVeT	 is! andJ
Island

,T

^ ,	 f ^ n rn.^ •z^

- _	 J	
^	 Isltt^r^,cl

f

LEGEND

CLAM HABITAT

I

0	 3.0 	6,0	 9: 0

SCALE [N K1LOM'ETRES
1:7504UG

Map Source: Fisheries aisd Oceans Canada Mapster v 2.0 - OFO Clam Atlas

REGIONAL DISTRICT OF COMOX-STRATHCONA 	 KOME( INTERNATIONAL LTD.
V17510300	 ENVIRONMENTAL AND ENGINEERING CONSULTANTS

DRAWN BY: EDITED BY: DATE:

KJM	 NOV. 2004

MAPPED CLAM DISTRIBUTION IN BAYNES SOUND 	 APPROVED:	 F,OURE/DRAW,NG:
4

PREPARED SOLELY FOR THE USE OF OUR CLIENT 55 SPECIFIED IN THE ACCOMPANfNC REPORT. NO REPRESENTATION OF ANY	 IHLE
KIND IS IIt°OE 70 OTHER PARTIES WITH WHICH KOMEX lIITERNATONAL LTD. HAS NOT ENTERED I 1400 A CONTRACT.	 +\375i-3 775\vnshn^0P\wnrinq^vb5uRE 4.dw5



T /
r\ 7 — 4/,

;

7 •	 \\ \;

_	 AGQos Spit
COMOX	 S

4A- .-' ' '

-

t	 i2 ///
\	

F /

(1	 I /	
:;s

	

1 71	 4
•	 0	 400	 800	 1200

I	 I

	

SCALE IN METRES	 f
1:20000

UIrcUatIan ln?ocmatIcn aoapted fern Oneanographic CharectodsEne of Cnrnoe Harboer and Apprei 	 sPoil ci Sea Disposal of Sewage - Fiaheneil Research BOard af Canada 1962)
•	 Map Sfarce Canadian Hydro9raphic Servinre Marhie Chart 252701 2001)

REGIONAL DISTRICT OF COMOX-STRATHCONA ' KOMEX INTERNATIONAL. LTD.
Vi 751 0300	 ENVIRONMENTAL AND NGINEEFING CONSULTANTS

DRAWN BY: EDITED BY: DATE:

KJM	 DEC 2004

SURFACE CIRCULATION DURING FLOOD TIDES	
ATiPROVED:	 EIDURE/DRAWIND:

5

PREPARED SOLELY Foil ThE JSE or OUR CLiENT s SPECIFiED IN TIlE ACC0PAWIND REPORT. NO REPRESENTATION OF fRY
KIWI? IS tEADE TO OTHER PARDES WEre WHICH KOMEX INTERNATIONAL LTD. HAS NOT ENTERED INTO A CONTRACT.



I

i	 I/-
'2	 \__

i
-	 /

tFI

•	 ,-(Gcoe sp

COMOX
-

HAR500F?

t..	 Y7	 .	 .
'2	 -

I•.
r

I' ..
O	 400	 800	 1200

_i—_
SCALE METRES	

/
Circuauun r,formapoo uctapted 1r pm 005 riogruph C Chacacterrutics of Comae Harbour aha Approu 	 km to See Otupasal ol Sewage - Fisheneu Research Board of Canada (1562)
Map Source Casadias Hydrographic Service Masse Chart 352701 2001)

REGIONAL DISTRICT OF COMOX-STRATHCONA 

I 1 KOMEX INTERNATIONAL LTD
V1751 0300	 ENVIRONMENTAL AND ENGINEERING CONSULTANTS

DRAWN	 I EDITED 	DAIE

JCIM	 DEC 20D4

SURFACE CIRCULATION DURING EBB TIDES
APPROVED:	 ] FIDURE/EtRAWlNl3

6

PROPARED 5(IEL1 FOR ThE USE OF OUR CLIENT AS SF'ECtflEO Sf THE ACCOMPANYING REFVRT. NO REPRESENTATION OF 	 FILE
tONI) IS MSDE 10 OTHER PARIIES Will-I WHICH KOMEX IRTERNATIONAL LTD HAS NOT ENTERED INTO A CONTRACT. 	 \t75tt775\7510)05\,\flm U5fse



LEGEND

JANUARY 1958
MAY 1961
JUNE 1984
NOVEMBER 1979
AUGUST 1962

;	 f

1. \>

5

I,.	 /	 -
s

/	 .4

0	 2	 4	 6

/

	

SCALE IN KILOMETRES 	 •
:100DO0

Mp Surco: Codan Hydrographuc Srvic Mariae CAaul 351301 (2001)

REGIONAL DISTRICT OF COMOX-STRATHCONA ' 	 KOMEX INTERNATiONAL LTD.
V1751 0300	 ENVIRONMENTAL AND ENGINEERING CONSULTANTS

DRAWN	 : EDITED El: DATE:

KJM	 DEC 2004

OCEANOG RAPH I C MEASUREMENT LOCATIONS 	
APPROVED:	 FIDURE/DRAWINO:

7

PREPARED SCLEL FOR IHE USE OF OUR CLIENT S SPECUFIED 4 THE A00OMPAFfflNO REPORT. NO REPRESENTAFUOW OF ojqy	 1L
UOND IS MADE TO OTHER PARTIES 1TH WI4CII EOMEX INTERNATIONAL LTD. HAS NOT ENTERED INTO A CONTRACT. 	 175\Si11arouu5,\FU5J

4 .



Historical Density Profiles in the Study Area
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igma T is the seawater density minus the freshwater density in
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Sigma I va'ue of 22.0 corresponds to a seawater density of
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5	 SERVICE AREA & COLLECTiON SYSTEMS

INTRODUCTION

The service area boundary for this study was developed to include the more densely
developed areas of Royston and Union Bay together with the intervening section of
Electoral Area "A". The coastal strip with the highest level of development also has the
smallest existing lot sizes. Both the age of the existing development and the small size
of the existing lots present the greatest challenges for continuing with onsite discharge of
sewage.

The study area boundary has been reviewed by Regional District staff and has been
presented at earlier public meetings for discussion.

Within the overall study area boundary, servicing has been phased, with an initial area
representing those lands already subdivided into smaller lots. The majority of the lots
area located within the narrow corridor of land bounded by the Baynes Sound foresbore
to the east and the E&N Railway to the west. Expansion of the collection system to
service the other lands within the study area boundary, the remainder of the Urban
Containment Boundary, would occur as the future needs arise.

1.1	 Royston

Land use planning for the Royston area was completed with the adoption of Bylaw
#2366 in October 2001 for the Royston Local Area Plan (LAP). Although the LAP
covers a large area, it clearly identifies an Urban Containment Boundary (UCB). The
UCB provides direction to maintain the rural character of the community, while
permitting additional residential growth and densification in the downtown core area.
Lands to the west and above the UCB were intended for low density of development and
generally will remain rural. Although some of the lands within the UCB were identified
as "Residential-Conservation Design" with clustered development the Royston LWMP
Stage I found that the soils in this area are generally poor for onsite discharge. Within
the area of Royston, the service area boundary for this study follows the Urban
Containment Boundary of the LAP.

1.2	 Union Bay

Land use planning for Union Bay was completed with the adoption of Bylaw #2193 in
January 2000 for the Union Bay Local Area Plan (LAP). The LAP did not clearly
identify an Urban Containment Boundary. The study boundary has been selected to
include those areas of higher density development including the Village Small Lot,
Village Mix, Commercial Uses and institutional. Excluded areas include 5-acre lots
(Country Residential), Open Space, Cottage Industry, Light Industrial, and Timber Wood
Lots. Generally these areas include much larger lots, are more likely to have ground
suitable for onsite discharge, and are much further removed from Baynes Sound.

5-1
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1.3	 Kensington Lands and Other Areas

A section of Area A lies between the Royston and Union Bay planning boundaries. The
study boundary in Area A includes those areas already developed with smaller lots, such
as the Spindrift, Kilmamock, David, Spence, Beaufort, and Washer Road subdivisions,
together with the larger areas of land (Kensington Lands).

The potential development of the former Kensington Lands continues to be an issue.
The scope of the project is unclear at this time but appears it would consist of
approximately 1,200 home sites, a 27 hole golf course, marina, and waterfront
commercial centre. The volume of sewage generated from this development would be
significant. However, numerous steps must be undertaken before the project could
become a reality. These include: public hearings, land rezoning, development permit
approvals, and confirmation of sufficient water supply. For the purpose of the sewage
collection, treatment and discharge study, the potential development of these lands was
acknowledged when assessing various options. This does not imply that the project
would or should be approved.

The study area boundary also extends a short distance south of Union Bay to include the
Garvin Road area which has already been divided into small lots immediately on the
foreshore.

2	 DESIGN CEITERIA

2.1	 Genera'

Alignments for sewer mains are to be installed within existing roadways as much as
possible, minimizing statutory rights-of-way or easements on private property.
Municipal pump stations are to be installed within existing road allowances wherever
possible. Approval from the Ministry of Transportation (MoT), which owns and
maintains all roadways within the study area, is required in order to install facilities
within road allowances.

Mains are to be sized to accommodate existing populations and future growth.

Ministry of Health requires a minimum 3 m horizontal separation between watermains
and sewer and storm mains, and a minimum 0.5 m vertical separation where the mains
cross, preferably with the watermain above the sewer or storm main.

Forcemains are installed below the frost line (about 1.0 metre below the surface for
coastal B.C.) and follow the ground contours. Air release valves will be required at high
spots to allow for the release of any gases that collect in the forcemains. The released
gases can have an unpleasant odour, depending on residence time of sewage in the
forcemains. Odour control measures at air valves and at the discharge end of forcemains
may need to be addressed during detailed design.

K()ERS & ASSOCIATES ENGINEERING LTD.



2.2	 Gravity Systems

Providing gravity service to waterfront lots can be achieved by constructing gravity
sewers:

- along the foreshore,
between houses and the foreshore, and

- within the road allowance with sewer line depths in excess of 3.5 m deep.

Each of these options have unique challenges including foreshore environmental
concerns, feasibility of obtaining Rights-of-Way from numerous property owners,
construction constraints from existing structures, landscape features, mature trees, fences
and other obstacles within rear yards, and deeper sewer excavation requirements along
road allowances. For this study it has been assumed that gravity sewer mains required to
be greater than 5 m deep are to be avoided.

Providing gravity service to properties along the Mcleod Road hill in Union Bay will
require constructing a gravity sewer main in the rear yard of the properties on the low
side of the road.

Systems with long forcemains are subject to odour problems at air release valves and
when sewage cascades into the gravity sewer sections. This will need to be addressed in
the detailed design stage.

2.3	 Pumped Systems

Both S.T.E.P. and grinder pump systems were analyzed in this study. Brief descriptions
detailing the components of each are presented below.

S.T.E.P. (Septic TankEffluent Pump) System
A STEP system consists of a septic tank, a pump with an electrical control panel, and
a sewer service connecting to a forcemain conveying primary treated effluent,
consisting mostly of liquids, to the treatment site. Periodic and routine pumping of
the septic tank is required to remove the build-up of sludge and scum, which is
hauled to the regional sewage treatment plant for treatment and disposal.

Grinder Pump System
A grinder pump system consists of a pump installed in pump chamber, an electrical
control panel for the pump, and a service connection to the forcemain which conveys
the effluent to the treatment site.

The grinder pump is buried below ground in a small pump chamber about 1.5 m high
and 0.75 m in diameter (5 feet x 2.5 feet). The incoming waste is ground and
pumped into a forcemain via a small diameter service connection. The outlet from
the pump as well as the forcemain may have a slightly larger diameter (perhaps one
size larger) than a S.T.E.P. system in order to transport solids along with the liquids..

The electrical panel for S.T.E.P. or grinder pump systems can be mounted within the
home or outside in a weather proof enclosure.

K()ERS & ASSOCIJVIES ENGINEERING LTD.



3	 COLLECTION SYSTEMS

3.1	 Gruvity/Forcemain System

The conceptual layout for the gravity/forcemain collection system for Royston and
Union Bay are presented on drawings 0348-01 and 0348-03, respectively.

Rights-of- Way
Locations where Rights-of-way are required as shown on the drawings with the longest
runs being within private property along the foreshore. Construction along the foreshore
is to be avoided where possible to minimize the number of approvals needed from
federal and provincial agencies, such as Department of Fisheries and Oceans and
Ministry of Environment.

Within Royston rights-of-way are required in at least 12 locations. The longest, at 1,700
m is between Gartley Road and Ebbtide Road consisting of 35 waterfront properties.
The second longest is 440 m. It consists of 6 waterfront properties between Marriott
Road and Chinook Road. A statutory rights-of-way is required across 17 backyards on
the low side of Laurel Drive, for a total length of 430 m.

Within Union Bay rights-of-way are required in at least five areas. The longest, at
approximately 2 kms covers more than 80 waterfront properties between Ebbtide Road
and south of Brolin Road. Rear yard rights-of-way are required along 8th Street to 2'
Street properties on the low side of the road. Construction within the foreshore is
required between Seymour Street and downtown Union Bay, as there is not sufficient
room to install the gravity sewer within the rear yards of the properties.

Pump Stations
Eight pump stations will be required. Three in Royston and five in Union Bay. Their
locations have been selected to keep gravity main excavation depths to less than 5 rn.
The exception being the gravity main entering Pump Station #1 at Chinook Road, where
a depth of 5.7 m is anticipated.

The initial and ultimate catchment service areas for the Royston and Union Bay pump
stations are presented on Figures 1 and 2, respectively. The combination of the figures is
presented on drawing 0348-05.

it is anticipated that electrical kiosks, with a transfer switch and emergency power
connection port will be provided for pump stations nos. 1, 5, and 9 as their catchnient
areas are small. The remaining pump stations will include a control building and an
emergency power generator as they service much larger areas and/or receive flows from
other stations.

All pump stations would contain submersible duplex pumps, a separate valve chamber,
run-hour and flow meter, and instrumentation capable of generating automatic alarm
callout during a system failure.

KOERS & ASSOCIATS N(ENEERING LTD.



3.2	 S.T.E.P. & Grinder Pump System

The forcemain route for a S.T.E.P. or grinder pump system will be the same for either
system. The Royston and Union Bay collection systems are presented on drawing no.
0348-02 and 0348-04, respectively.

The collection system will be made up of individual pumps on each lot, which will pump
into a small diameter forcemain, joining together with other forcemains without looping.
No statutory rights-of-way are required.

Five municipal pump stations have been planned to manage the operating head of the
system forcemains, thereby reducing the maximum head requirements for the
homeowners STEP or grinder pump. Two pump stations are required for Royston and
three for Union Bay. These stations would contain submersible duplex pumps, a
separate valve chamber, run-hour and flow meter, instrumentation capable of generating
automatic alarm callout during a system failure.

Pump station 1 would consist of an electrical kiosk, with a transfer switch and
emergency power connection port. The remaining four stations will include a control
building and an emergency power generator as they service much larger areas and/or
receive flows from other stations.

All pump stations would contain submersible duplex pumps, a separate valve chamber,
run-hour and flow meter, and instrumentation capable of generating automatic alarm
callout during a system failure.

3.3	 Advantages & Disadvantages

Each of the three collection systems reviewed has advantages and disadvantages for use
in each of the three zones identified. The general advantages and disadvantages of each
system are summarized below:

3.3.1 Gravity Sewer System
Advantages

- Houses are provided with gravity sewers.
- There are no mechanical or electrical components required for sewage to be

conveyed from the home.
- During power outages sewage can still flow away from the home.
- Should have less power costs than a S.T.E.P. or grinder pump system.
- Existing septic tanks can be eliminated.

Disadvantages
- Sewers will generally need to be 2 m or more deep resulting in more surface

disturbance than shallow depth forcemains, used in S.T.E.P. or grinder pump
systems.

- Manholes are required at regular spacing, which add to capital costs.
- Sewage odours can escape at manholes.
- Stormwater inflow and infiltration (I/I) occurs in gravity systems.
- Manholes are confined entry spaces (WCB Regulations).
- Collector pump stations with emergency back-up power generators will be

required at several locations, adding to capital costs.
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There will be surface disturbance as property owners construct a gravity service
connection from their septic tank to their property line at the road. The service
connection will generally be in a straight ilne and deeper than a pressurized line,
which does not have to be in a straight line and can be at a shallow depth.
Potential concentrated odour generation at the end of long forcemains, where the
sewage from the forceniain cascades into the gravity section.

3.3.2 S.T.E.P, System
qçgç
No inflow or infiltration of groundwater or surface water into the forcernain
collection system, unless it occurs at the septic tank.
Sewers can be installed at shallow depths (+/-1 .0 m cover) and follow the ground
topography, making them easier to install.

- Excavation is minimized because of the small diameter forcemain and the
shallow depth.

- Service connection from the septic tank to the property line at the road can be
shallow and does not have to follow a straight line.

- A portion of the total sewage treatment is provided on-site, reducing the
requirement at the central treatment location.

Disadvantages
- Each property will need a septic tank.
- If a new septic tank is required, a large excavation in the homeowner's yard is

required.
- Storm water inflow can occur if gutter downspouts or perimeter drains are

connected into the septic tank.
- Storm water infiltration can occur in older gravity service connections between

the house and the septic tank and at older and inadequately sealed septic tanks.
- Routine pump outs of septic tanks are required along with hauling of the septage

to a sewage treatment plant for treatment and disposal.
- The potential for generating sulfide gases ("rotten egg smells") at septic tanks, in

forcemains and at the treatment plant because anaerobic conditions exist.
- Generally, all properties will require a pump unless they are elevated high

enough above the system to allow for gravity flow into the forcemain collection
system.
If a new pump is required, excavation of the pump chamber in the homeowner's
yard is required.

- A power line (below ground) from the home to the pump is required.
- Upgrading of electrical panels in some instances may be required if the electrical

panel in older homes is at capacity.
- Pumps will need routine maintenance.
- Each property will have direct electrical power costs.
- During power outages, there is limited storage capacity in the septic tank and the

pump chamber.
- Potential odour generation at air valves.
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3.3.3 Grinder Pump System
Advantages
- No inflow or infiltration of groundwater or surface water into the forcemain

collection system.
- Sewers can be installed at shallow depths (+/-1.0 m cover) and follow the ground

topography, making them easier to install.
- Above ground excavation is minimized because of the small diameter forcemain

and the shallow depth.
Septic tanks are not required.

- Service connection from the pump chamber to the property line at the road can
be shallow and does not have to follow a straight line.

Disadvantages
- All properties will require a pump and a pump chamber.
- Storm water infiltration can occur in older gravity service connections between

the house and the pump chamber and at pump chambers if they are insufficiently
sealed.
Storm water inflow can occur if gutter downspouts or perimeter drains are
connected to the pump chamber.

- The potential for generating sulfide gases ("rotten egg smells") in forcernains
and therefore at the treatment plant do exist because of anaerobic conditions, but
generally to a slightly lesser extent than for S.T.E.P. systems.

- A power line (below ground) from the home to the pump is required.
- Upgrading of electrical panels in some instances may be required if the electrical

panel in very old homes is at capacity.
- Pumps will need routine maintenance.
- Each property will have electrical power costs, which will be slightly higher than

a STEP pump, which only pump liquid and therefore require smaller hp motors.
- Grinder pumps are slightly more expensive than STEP pumps because they also

pump solids thus requiring greater hp motors.
- During power outages, there is even less storage capacity in the pump chamber

than for S.T.E.P. pump systems.
- Potential odour generation at air valves.

4	 ECONOMIC ANALYSIS

4.1	 Basis for Cost Estimates

Capital cost estimates shown in this report are a preliminary Class C' estimate. An
allowance of 25% has been included for contingencies and engineering services over and
above the unit prices presented. No allowance is made for 7% GST, administration,
legal, financing or land acquisition costs.

Construction cost estimates are based on recent sanitary sewer extension projects carried
out within the City of Courtenay and Town of Comox to service areas with failing septic
fields, and from discussions with suppliers and contractors. A summary of the unit costs
for gravity sewers and forcemains, as well as for the supply and installation of septic
tanks, and residential S.T.E.P and grinder pump systems, is given in Table 1.

5-7
KO[ R & ASS()C JAFFS ENGIN} LRINEc LID



Table 1 - Schedule of Unit Prices *

Sewer Main Line Unit Price
With Native Backfill	 ______	 With Import Backfill

Diameter ________ De th	 Diameter ___________ Dej
(mm)	 (1.5 - 2.5 m) (2.5 - 5 m)	 (mm)	 (1.5 - 2.5 m) _m)

150	 $300/rn	 $330/rn	 150	 $360/rn	 $420/rn
200	 $315/rn	 $345/rn	 200	 $375/rn	 $435/rn
250	 $ 335/rn	 $ 365/rn	 250	 $ 395/rn	 $ 455/rn -

Gravity System Forcemain Unit Price
_______________ (Native Backfill in Gravy Main Trench)	 ____

Diameter (mm)	 Depth ( - 2m)	 Diameter (mm)	 Depth (1 - 2m)
75	 $ 60/rn	 200	 $ 100/rn
100	 $ 70/rn	 250	 $ 120/rn
150	 $ 85/rn	 300	 $ 145/rn

S.T.E.P./Grinder Forcemain Unit Price
________________	 (Native Backfili)	 __________________

Diameter (mm)	 Depth (1 - 2m)	 Diameter (nia)	 Depth (1 - 2m)
75	 $ 145/rn	 200	 $ 200/rn
100	 $ 155/rn	 250	 $ 220/rn
150	 $ 180/rn	 300	 $ 245/rn

	

Other_Items	 _____________________________
Description	 ($/ea)
Gravity service connection** , 100 - 150 mm dia. 	 $ 2,200
STEP/Gravity service connection, 50-75 mm dia 	 $1,400
Septic Tank (1,000 ig) 	 $ 2,400
S.T.E.P. pump & chamber 	 $ 5,100
Grinder pump & chamber 	 $ 6,200

*	 Excluding allowances for engineering, contingencies, GST, administration, legal,
financing or land acquisition.

** From the house to the property line.

The gravity sewer pipe per metre cost includes allowances for manholes every 125 m,
service connection from the main to the property line including 50 mm thick asphalt road
restoration, and asphalt driveway and minor boulevard restoration.

The cost for the S.TE.P. pump system per unit cost includes the supply and installation
of an electrical control panel and a pump with an effluent filter and a small diameter
service connection from the house to the property line.

The grinder pump system per unit cost includes the supply and installation of an
electrical control panel, a pump and chamber, a small diameter service connection from
the house to the property line, and filling in of the existing septic tank.
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The cost estimates i.or the S.T.E.P. and grinder pump systems do not account for any
discounts based on volume purchases of pumps and control panels. If 100 - 200 units
are purchased at a time, it is reasonable to anticipate a 10% discount on the purchase
price. A 15% discount maybe expected on more than 400 units.

Some lots may have pumps and the homeowners may want to continue to use them in
order to save the cost of purchasing the new pump package if a STEP or grinder system
were to be used. For the purpose of this study, it has been assumed that each lot in a
STEP or grinder system will be provided with a new pumping system, as the suitability
of any existing pump system to connect to a municipal collection system cannot be
determined at this time.

It is assumed that construction will occur in the dry summer months, minimizing the
need for trench dewatering and allowing for native backfill in trenches outside of
traveled surfaces. Imported granular trench backfill would be required under all traveled
surfaces such as road and driveway crossing. It has also been assumed that rock will not
be encountered during construction.

Some commercial establishments may require source controls for mandatory pre-
treatment of high-strength, toxic or special wastewater. The cost for installing these
source controls has not been budgeted for, as it is unknown at this time what, if any,
controls may be required. The cost of source control treatment would normally be the
responsibility of the individual business.

Service connection costs from the home to the property line are based on an average
length of 14 m per borne. This consists of 7 m for properties on the high side of the road
where septic fields are anticipated to be in the front yard and 21 m for properties on the
low side of the road where septic fields are anticipated to be in the rear yard.

4.2	 Capital Costs

Table 2 presents the total estimated cost to install each of the three collection systems for
discharge to each of the three sewage treatment plant sites. A detailed breakdown of
costs for each zone is provided in Appendix A.

Table 2 - Capital Costs for Sewer Systems

Cost	 No. of
Description	 Estimate	 Lots	 Cost/Lot

_________________________ ______________________ 	 __ (#)	 ($/Lot)*

Gravity System	 $22,340,000 1,362	 $ 16,400
STEP System "i'	 $ 18,360,000 1,362	 $ 13,500

GrinderPump System	 ______________ $ 18,510,000 1,362 $ .13,600

* Includes engineering and contingency at 25%. Does not include 7% GST.
** Based on replacement of 49% of all septic tanks. If 100% replacement required, $1,530 increase
to be added to Cost/Lot.
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The cost estimates in Table 2 are based on construction during the dryer summer months,
minimizing the need for trench dewatering and allowing for the use of native soils in
trenches outside of travelled surfaces.

4.2.1 Gravity Sewer System
For gravity sewers the construction cost is based on the depth of the sewer mains
not exceeding 4 m.

4.2.2 S. T.E.P. System
For the S.T.E.P. system it has been assumed that at least one-half of the septic
tanks will need to be removed and replaced with a 4.5 in3 (1,000 ig) septic tank.
The replacement of septic tanks would be decided by age, suitability and
condition; which would be determined by an initial mandatory on-site
inspection/certification, prior to connection.

The supply and installation of a control panel and a small diameter service
connection from the pump to the forcemain in the municipal road way has been
included in the cost estimates. The cost to upgrade the electrical panel of
individual houses, in the event that they are already at capacity has not been
budgeted for, as it is unknown at this time if any upgrading is required.

4.2.3 Grinder Pump System
The grinder pump system costs are based on each septic tank being left in place
but filled in with soil and abandoned, and a pump chamber with a grinder pump
installed near the septic tank. The supply and installation of a control panel and
a small diameter service connection from the pump to the forcemain in the
municipal road way has been included in the total cost estimates. The cost to
upgrade the electrical panel of individual houses, in the event that they are
already at capacity has not been budgeted for, as it is unknown at this time if any
upgrading is required.

This ability to repair and upgrade an on-site system is based on the assumption
that a permit to reconstruct the disposal field can be obtained from the Ministry
of Health. It may be that in some situations such as extremely small lots with
failed systems a permit can not be issued, resulting in no other choice than to
pump and haul. The estimated annual cost for pumping and hauling is in the
range of $l8O00. + GST.

4.3	 Operation & Maintenance Costs

The estimated annual operation and maintenance cost per lot for each of the three sewer
systems are presented in Table 3. The cost estimates are based on 0 & M costs in other
municipalities on Vancouver Island as well as information provided by suppliers of
S.T.E.P. and grinder pump systems.
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Table 3 - Annual Operation & Maintenance Costs

Description	 Estimated Annual 0 & M Costs per Lot
($/Lot, GST extra)

Gravity System	 $130
S.T.E.P. System	 $215
Grinder Pump System	 $2 10

4.3.1 Gravity Sewer System
The gravity system per lot cost estimate is based on the operation and
maintenance of the gravity sewer mains, municipal pump stations, and
forcemains.

Typically for the gravity sewer lines, annual operation and maintenance tasks
consist of routine inspection and general maintenance of manholes, service
connections and sewer lines to stop stormwater inflow and infiltration, and the
flushing of sewer lines to remove grease and debris build-up. Flushing is
generally restricted to sewer mains which have been installed at grades less than
0.5% or mains serving restaurants or heavy industry which generate a lot of
grease or debris-laden effluent.

For municipal pump stations, 0 & M tasks generally consist of:
- daily maintenance and inspections Monday - Friday,
- monthly routine maintenance,
- annual routine maintenance, and
- pump removal, servicing, and replacement every 10 - 15 years.

For forcemains, 0 & M tasks consist of:
- monthly maintenance such as working of air release valves or checking

cathodic protection system (only if the forcemain is made from metal)
- annual maintenance of isolation valves.

Of the three components, forcemains require the least 0 & M, followed by
gravity sewers and then by pump stations which required the greatest 0 & M.

4.3.2 £T.E.F. System
The S.T.E.P. system per lot cost estimate is based on the operation and
maintenance of the septic tank (including pump out costs), the pump and control
panel (including electrical power Costs) on each lot, and the forcemain, which
will deliver the sewage to the treatment plant.

Under average conditions, a home with three people and a 3.4 m3 or 4.5 m3 (750
or 1,000 ig) tank, should have the septic tank pumped out every 3 or 5 years. If a
home has a garburator, more frequent pumping is needed. As part of the 0 & M
of the septic tank, the depth of sludge and scum should be recorded on an annual
basis and the tank pumped out when necessary. If tanks are not monitored and
the sludge depth begins to reach the pump, the sludge will be discharged into the
forcemain. This can lead to a reduction of the pump's performance or more
serious problems such as plugging of the service connection or forcemain and/or
damaging the pump itself. For the purposes of estimating 0 & M costs in this
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study, a pumping frequency of 5 years has been used based on an average of 2.5
people per home, equating to a cost of approximately $48 per year for a sinking
fund cost with an interest rate of 4%.

Generally, individual pumps and control panels do not require frequent check-
ups and are not high maintenance items. It is estimated that on average, 0 & M
requirements would be approximately 4 - 8 hours a month per 100 pumps.

The life expectancy of each pump and control panel is estimated to be 20 years
provided the sewage system is well designed, quality equipment is used and
installed correctly, and properly maintained. The electrical power cost to
operate a S.T.E.P. pump for a typical residential home is expected to be around
$27 per year.

Small diameter forcemains would be constructed out of High Density
Polyethylene (FIPDE) and associated 0 & M tasks would be:
- monthly maintenance of Air Release Valves,
- annual maintenance of isolation valves, and
- cleaning of the forcemain once every 5 - 10 years.

4.3.3 Grinder Pump System
The grinder system per lot cost estimate is based on the operation and
maintenance of the pump and control panel (including electrical power costs) on
each lot, and the forcemain, which will convey the sewage to the treatment plant.
Individual grinder pumps and control panels do not require frequent checkups
and are not high maintenance items.

The life span of each pump and control panel is expected to be 20 years provided
the sewer system is well designed, quality equipment used and installed
correctly, and properly maintained. The grinder pump should require servicing
on average once every 5 7 years provided the pump float switches are anti-
fouling or pressure switches. If they are not, regular routine maintenance at 4
month intervals (approximately 12 hours per month per 100 pumps) may be
required to remove fat and grease build-up on the floats. For the purposes of this
study, it has been assumed that a grinder pump that utilizes anti-fouling or
pressure float switches will be installed.

The duration of a service call will depend on the nature of the problem but
should range between 20 minutes to 3 hours. Most service calls are likely to be
electrically or pump related problems. The most common electrical problems
are float or pressure switch malfunctions, circuit breaker trips, or blown fuses
and malfunctions with splices in the electrical junction boxes. The most
common pump problems are jamming or clogging of impellers and air locks.

The electrical power cost to operate a grinder pump for a typical residential
home in is expected to around $38 per year.

Small diameter forcemains would be constructed out of High Density
Polyethylene (FIPDE) and associated 0 & M tasks would be:
- monthly maintenance of Air Release Valves,
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- annual maintenance of isolation valves,
cleaning of the forcemain once every 5 - 10 years.

43.4 Private vs Public 0 & M of Septic Tanks and/or Pumps an Private Property
As part of the design process for a S.T.E.P. or grinder pump system, the pumping
characteristics (pumping rate versus head, efficiency, horsepower, etc.) of the
individual pumps is used in the forcemain design process. As a result, the final
detailed design of the collection system should include the type of individual
pump required, which will probably be limited to one or two pumps. Purchasing
the pump(s) in mass may result in a 10 15% cost savings versus individual
purchases. The pump and the control panel (and septic tank for a S.T.E.P.
system) will be located on private property and the ownership and/or
maintenance of these items can be either private or public.

As with any mechanical or electrical systems, maintenance is a key component
to extending the life span and should result in lower 0 & M costs. As detailed in
the earlier sections, individual pumps and control panels are anticipated to
require 4— 8 hours per month per 100 pumps.

If the sewer authority maintains the pumps, control panel and septic tanks (for
S.T.E.P. systems only), they will keep in stock spare parts and pumps ready for
installation as required. They will develop a detailed knowledge of the pumps
and control panels that can benefit every property owner and which should result
in shorter down times, better care for the system and extend the operational life
of the pumps and the forcemain. For septic tanks this should ensure that they are
pumped out on a regular basis. This would be especially true for property
owners who purchase a home after the system is installed and are not informed
of the maintenance that they are required to carry out. Access agreements would
be required to allow sewer authority staff or their agents onto private property to
inspect and service the septic tanks and pumps.

For some property owners, a centrally maintained system may result in higher 0
& M costs than if they maintained their septic tank and/or pumps themselves on
an as-required basis.

If the homeowners own and maintain their pumping systems or enter into a
maintenance contract with a pump supplier, they may be more conscious of what
they put in to the system, to ensure they do not overload the septic tank or plug
the pumps, with rags or disposable diapers, etc. The disadvantage of individual
ownership for S.T.E.P. systems is that homeowners may not pump out their
septic tank when necessary, resulting in solids being pumped into the collection
system. Alternatively, they may choose to install a grinder pump in their septic
tank so as to avoid the cost of pump-outs. This may result in odour or
maintenance problems along the forcemain at high points and at the outlet
discharge point. Therefore, for a S.T.E.P. system it would be advantageous to
ensure that the pumping out of septic tanks on a regular basis is mandatory,
regardless of who maintains the systems.

Experiences from existing S.T.E.P and grinder pump systems on Vancouver
Island are presented below:
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Protection Island, Nanaimo

On Protection Island in Nanaimo, a S.T.E.P. system was installed in 1975 to
service a 350 lot subdivision. The property owners are responsible for installing
and maintaining their septic tank and pump, and the City of Nanaimo is
responsible for maintaining the forcemains. In recent years City maintenance
staff have noticed solids in the wastewater and odour problems have occurred at
the outlet of the forcemain. As a result, they commenced an odour control
program by adding natural enzymes to the header tank into which the forcemain
discharges.

City staff note that the forcemain system is almost worry free, with very little
maintenance. From time to time they do receive maintenance calls from
property owners, which they respond to. The majority of the problems end up
being with the septic tank or pump which is the responsibility of the property
owner.

District of Tofino

In the District of Tofino, the southern end of the sewage collection system
consists of a low pressure grinder pump system with a 5 km long 150 - 200 mm
diameter forcemain discharging into a gravity sewer line in the northern end of
the system. The system was installed around 1984 and has approximately 100
grinder pumps. Property owners are responsible for the O & M of their systems.

District staff indicate the forcemain has very few maintenance requirements.
Some service connections, which were installed using poor quality materials,
have had to be replaced. Service connections, which are dead-ended, become
plugged with sludge and need to be cleaned out when being brought into service.
There is an odour problem where the forcemain discharges into the lower part of
the system. An odour control program consisting of injecting Bioxide® into
system has been started. The largest maintenance item for the District is the
municipal pump stations.

Hyde Creep Mt. Waddington Regional District

In the Hyde Creek subdivision in the Mount Waddington Regional District on
the north end of Vancouver Island, a grinder pump system was installed in 1997.
The system is designed to service an 80 lot subdivision. Each property owner
owns and maintains their grinder pump system. A package modular treatment
plant system with ocean discharge was installed and O & M is carried out by the
supplier.

Fairwinds Nanoose

In the :Fairwinds subdivision in Nanoose on Vancouver Island, a grinder pump
system was installed around 1987 to service portions of the development that
could not be sewered by gravity. The pressure system serves approximately 44
lots of which the majority are developed. Each property owner owns and
maintains their own pumps. One repair was required where a service connected
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into the forcemain, but otherwise the system has been maintenance free.
Periodically, Regional District of Nanaimo staff receives the odd call from a
property owner when there is a problem with a grinder pump. The RDN staff
refer them to local suppliers who can service the pumps.

5	 CONCLUSIONS

The following are the principal findings of the study:

A gravity system will require eight pump stations, Three stations would be kiosk
style. The remaining five would each include the construction of a control
building with emergency power generation.

2.	 Rights-of-way are required in various areas for a gravity system.

3 A STEP or grinder pump system will require five municipal pump stations to
manage the operating head experienced at individual properties. One will be a
kiosk style. The remaining will include a control building with emergency
power generation.

4. A gravity system is the most costly to construct. A S,T.E.P. system has the
lowest capital cost, followed closely by the grinder system. These cost estimates
are based on construction during the dryer summer months, minimizing the need
for trench dewatering and allowing for the use of native soils in trenches outside
of travelled surfaces.

5. Annual 0 & M costs for each of three collection systems are expected to be very
similar. With the S.T.E.P. and grinder pump systems these will be largely
directly borne by the individual home owners.
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RoytonfUnton Bay Sewage Co11ecion, Treatmeut, aiid Dieharg Study

Royston Area Sewage Collection System

	1,000 Tank Cost: $1,200	 STEP Pump Cost:	 S39OO	 Grinder System Cmt: $5,000
	installation: 	 00	 Inallation:	 $100	 fnstflation: $1,600

Gravity ervce from PL to home:	 $2,200	 1,000 ig Tank thstalled (and old romovod): $2400 	 STEP Pump InstatEd: 	 $5,500	 2rindr Pump InstaRed: $6,600

Optn A - Gravity and Forcematu	 ________ __________	 Option B - STEP Sytein	 Option C - Giinde Pump System ________________ __________

	

______ ______ Gravity _________ ________________ 	 Fotceman	 ________ Pump	 Fwcemsin	 SeptLcTaiikssnd Pumps ________	 ______	 Furceinsin_______ Pumps _______
Unit	 Pipe	 Gravity Connects 	 Unit	 Pipe	 Station	 Tutal	 Unit	 Pipe	 No uf	 No. f	 Total •	 Unit	 Pipe	 No.	 Pump	 Total

Street name	 Length	 Bbs.	 Coal	 Cost	 No. of	 Cost	 Length Dia.	 Cost	 Cost	 Cost	 Cost	 Length Dis. Cost	 Cost	 Tauls	 Pumps	 Coat	 Cost	 Length Dia,	 Cost	 Cost	 of	 Cost	 Cost
_____________________________________________	 (m)	 (mm)	 (5)	 __!)	 (#)	 ($)	 _Q2_	 (5)	 (5)	 (5)	

__L_	 ()	 -.--	 (#)	 (5)	 (5)	 (m)	 (mm)	 ()	 (#)	 (5)	 (5)
Pump Station #1 (Chinook Road)
{proper0os enteiog frosi t10 othwet roo) 	 (25% Tzk koplacement)	 42	 $100,800	 $100,500
Fraser Roast
BuddingtosiHwy19A	 235	 200	 315	 574,025	 6	 $13,200	 $87,225	 235	 50	 135	 $31,725	 6	 533,000	 $64,725	 235	 75	 145	 $34,075	 6	 539,600	 573,675I{ihway 19A

Beachwood Fraser	 365	 150	 300	 $109,500	 12	 526,400	 $135,900	 400	 75	 145	 $58,000	 12	 566,000	 $124,00	 400	 75	 145	 555,000	 12	 $79200	 $137,200
Millard Roasi

Hwy 19A - Raifrood Co. P1W	 140	 200	 315	 544,100	 5	 $1 1,000	 $55,100	 140	 50	 135	 515,900	 5	 $27,500	 $46,400	 140	 75	 145	 $20,300	 5	 $33,000	 $53,300Sandiuer Drive
cul-de-sac end - MiLlard 	 250	 150	 300	 $84,000	 10	 $22,000	 $106,000	 280	 50	 135	 537,800	 10	 555,000	 592,800	 210	 75	 145	 $40,600	 10	 $66,000	 5106,600Foresisore/RaDway 11/W
Millard - Dachwood	 420	 200	 345	 $144,900	 14	 530,500	 5175,700	 14	 $77,000	 $77,000	 14	 $92,400	 $92,400

BeischwoosJ Road
E&N RailwayRw- Buddiogton 	 120	 200	 315	 $37,S00	 S	 $17,600	 $55,400	 120	 75	 145	 $17,400	 S	 $44,000	 $61,400	 120	 75	 145	 $17,400	 8	 552,800	 570,200

Bsiddiuton Road

Fraser- Eloachwood	 250	 150	 330	 $52,500	 18	 $39,600	 $122,100	 300	 50	 135	 $40,500	 18	 $99,000	 $139,500	 300	 75	 145	 $43,500	 18	 $111,800	 5162,300Buddingtun-H19A	 160	 200	 315	 $50,400	 7	 $15,400	 $65,800	 160	 75	 145	 $23,200	 7	 $35,500	 $61,760	 160	 75	 145	 523,200	 7	 $46,200	 $69,400
llialwsy 19A
130 m southeastofBeachwood - I3eacbwood	 830	 150	 300	 $39,000	 4	 $8,800	 $47,800	 260	 75	 145	 $37,700	 4	 $22,000	 $59,700	 260	 75	 145	 $37,700	 4	 $26,400	 $64,100

H'y 19A Foreshore/Ra0way 14/W	 100	 200	 345	 $34,500	 $34,500	 60	 50	 135	 88,100	 $5,100	 60	 75	 145	 51,700	 $5,700Beachwood Marriott	 200	 250	 365	 $73,000	 2	 $4,400	 $77,400	 2	 $1 1,000	 $11,0O0	 2	 $13,200	 $13,200Marriott Road
Christie Parkway - Hwy 19A 	 115	 150	 300	 $34,500	 3	 $6,600	 $41,100	 115	 50	 135	 $15,525	 3	 $16,500	 $32,025	 I 15	 75	 145	 516,675	 3	 $19,800	 $36,475
Hwy 19A - Eoresliore/RnilwayR/W	 275	 200	 345	 594,875	 6	 $13,200	 $108,075	 170	 50	 135	 $22,950	 6	 $33,000	 $55,950	 170	 75	 145	 $24,650	 6	 $39,600	 $64,250Marriott- Pump Station#1	 450	 250	 365	 $164,250	 9	 $19,800	 __________ __________	 $184,050	 9	 $49,500	 $0 _______	 __________	 9	 $59,400	 $59,400

(properUeo ente'iog from the wost ron)
Christie Parkway
100mnorthofChjnook-Chjjook	 100	 150	 330	 $33,000	 3	 $6,600	 $39,600	 100	 50	 135	 $13,500	 3	 $16,500	 $30,000	 100	 75	 145	 $14,500	 3	 519,800	 $34,300ChinookRoad
ChristieParkway-Hwy lilA 	 80	 150	 330	 $26,400	 3	 $6,600	 $33,000	 80	 50	 135	 $10,800	 3	 $16,500	 $27,300	 80	 75	 145	 $11,600	 3	 519,800	 $31,400

Hwy 3M
250 msouth ofMooallrie - Monoltrie	 250	 150	 300	 $75,000	 3	 $6,600	 $81,600	 80	 50	 135	 $10,800	 3	 $16,500	 $27,300	 80	 75	 145	 $1 1,600	 3	 $19,800	 $31,400

Mna1trie
80 rn soutb ofHy 19A - Hwy 19A	 SO	 200	 315	 $25,200	 I	 $2,200	 $27,400	 10	 75	 145	 $1 1,600	 1	 55,500	 $17,100	 SO	 75	 145	 $11,600	 I	 $6,600	 $18,200

Mooaltrie4'srk Law	 130	 200	 315	 $40,950	 2	 $4,400	 $45,350	 130	 75	 145	 $18,850	 2	 $11,000	 529,550	 130	 75	 145	 518,850	 2	 $13,200	 $32,050PaCkLSne
Park Lane -Hwy 19	 150	 50	 300	 545,000	 6	 $13,200	 $58,200	 150	 50	 135	 $20,250	 6	 $33,000	 $53,250	 150	 75	 145	 $21,750	 6	 $39,600	 $61,350

PsrkLaneChinook	 140	 200	 315	 $44,108	 $44,100	 140	 75	 145	 520,300	 520,300	 140	 75	 145	 520,300	 $20,300
Hwy 19A -Pump StationPl 	 175	 200	 315	 $55,125 _______ _________	 __________ _________ 	 $55,125	 175	 75	 145	 525,375	 _______ _________	 $25,335	 175	 75	 145	 $25,375	 ________	 $25,375(properties COtSuog 1'r	 000thesst ruo)
flllswav ISA
Lince Rd - BeaehTerrsce	 210	 150	 300	 $63,080	 2	 $4,400	 $67,400	 250	 50	 135	 533,750	 2	 $1 1,000	 544,750	 250	 75	 145	 $36,250	 2	 $13,200	 $49,450

8i1f_h Terrace
50 niwestofHwy 19A Hwy 19A 	 50	 150	 300	 $15,000	 1	 52,200	 $17,200	 50	 50	 135	 $6,750	 I	 $5,508	 $12,250	 50	 75	 145	 $7,250	 1	 56,600	 $13,850BeachTe- Hilton	 108	 200	 315	 $31,500	 I	 $2,200	 $33,708	 100	 50	 135	 $13,500	 I	 $5,508	 $19,OQO	 100	 75	 145	 $14,500	 I	 $6,600	 $21,100

Thomson Rd - Hilton Rd 	 210	 150	 300	 $84,000	 5	 $1 1,000	 555,088	 4 10	 50	 135	 555,350	 5	 $27,500	 $82,850	 410	 75	 145	 $59,450	 5	 $33,000	 $92,450HiltOfl Road
Hwy i9ABreokwsterEsp1anade	 220	 200	 315	 $69,300	 $69,300

Llnedlload
LineeForoshore	 40	 150	 300	 $12,000	 2	 $4,400	 $16,400	 2	 511,000	 $11,00Q	 2	 $15,200	 $13,200Foreshore
Lince Hilton	 310	 150	 330	 5102,300	 8	 $17,600	 5119,900	 280	 75	 145	 $40,600	 8	 544,000	 $84,600	 280	 75	 145	 $40,600	 I	 $52,500	 $93,400Breakwater Esplanade

Hilton - Thomson	 430	 200	 345	 $148,350	 11	 $24,200	 $172,550	 438	 75	 145	 $62,350	 1 1	 $60,500	 $122,558	 430	 75	 145	 562,350	 1 1	 $72,600	 $154,950
HoasRoad	

I	 I	 j	 I	 I	 I	 I	 I300 meast ofThomson 150 m estt otittomson 	 150	 150	 300	 $45,000	 2	 $4,400	 I	 $908	 150	 50	 135	 520,250	 2	 $1 1,000	 $31,25	 150	 75	 145	 521,750	 2	 513,200	 534,958
[Sot A Required Backyard Stat Right-of-Way	

I
Lot 4 - Middle oftht A	 50	 150	 300	 $15,000	 I	 52,208	

I	 $17,200	 1	 55,500	 $5,50)	 1	 $6,600	 $6,600LoIA-MiddleofLotA	 50	 150	 330	 $16,508	 I	 $2,200	 $15,708	 I	 $5,508	 55.5W)	 1	 $6,600	 $6,600
Lot 2 Required Side yard Stat RlSht-flf-Way 	 I	 :	 I
LotA- Hans	 40	 150	 330	 $13,280	 1	 $2,200	 I	 $15,408	 I	 $5,500	 $5,500	 I	 $6,600	 56,6001l58rnoastofThouson- Thomson	 150	 150	 300	 $45,000	 1	 52,200	 547,280	 150	 50	 135	 520,250	 1	 55,500	 $25,75t	 150	 75	 145	 521,750	 1	 $6,600	 $28,350

50 zo west of' Hoes - Hess 	 50	 150	 300	 $15,000	 2	 $4,400	 I	 $19,400	 50	 58	 135	 $6,750	 2	 $13,008	 $17,7Q	 50	 75	 145	 $7,250	 2	 $13,200	 $20,4501
Haas-BreskwatorE.splsnade 	 50	 150	 330	 516,500	 I	 $16,500	 50	 58	 135	 56,750	 56,750	 50	 75	 145	 57,250	 57,2501Breakwater Esplanade

Thomson- Pump Station #1	 420	 200	 345	 5144900	 9	 $19,880	 I	 $164,788	 420	 75	 145	 560,900	 9	 $49,500	 $1 10,I.0t	 420	 15	 145	 560,900	 9	 559,400	 $1283001Gravity Syatom PS #1 (clw alectrirasi kiosk) to Ross Avenue 	 169	 1,720	 150	 85	 $146,280	 $1 50,0801	 5296,280	 .	 169	 ISTEP/Cr'ides-PS 1 ( we1ectnca1kiosH to Re Ave 	

I	

720 - 15o JSo	 l29 Soft	 t125	 I 93	 '''9600__________ _5125 
OOO	

$254



RystoWUnion Bay Sewage Cifltion, Treatmeut, uid Discharge Study

Royston Area Sewage Collection System
	1,000 Tank Cost: S I ,200	 STEP Pump Cost: 	 $3 9O	 Grinder System Cost: 5,QQO

	

In11atiou: $,2OO	 Julllation	 $1,6O	 Installation: $1,600
Gravity servici from PL to home: 	 $2,200	 I 000 ig Tank Installed (and old removed): $2,400	 STEP Pomp Installed:	 $5,500	 Giixider Pump lnst1led: $6,600

-	
Option A - Gtavity andFommain	 ________ __________	 Opthin B - STEP System	 __________	 OptionC - GrindeE Prnp System _______________ __________

_______ ______ &avlty _________ ________________	 Porcemain	 ________ ?ump	 Forcemahi	 Sepik Tauksnd Pumps ________	 _Fqain_______	 _______
Unit	 Npe	 Gravity Connects 	 Unit	 Pipe	 Stafton	 Total	 Unit	 Pipe	 No. of	 rio. of	 Total	 Unit	 Pipe	 No.	 Pump	 Total

Street name	 Length	 Dia.	 Cost	 Coat	 No, of	 Cost	 Length Dia, Coat	 Cost	 Cost	 Cost	 Length JMa,	 Cost	 Cost	 Tanls	 Pumps	 Cost	 Cost	 Length Dia.	 Cost	 Cost	 of	 Cost	 Cost
________________________________________________	 (m)	 mm)	 ($)	 (5)	 (#)	 (5)	 (m) (mm) ($/m)	 ($)	 (5)	 ($)	 (m)	 (mm) (S/rn)	 (5)	 (#)	 (#)	 (5)	 (S)	 (in)	 (mm) (5/rn)	 (5)	 (#)	 (5)	 ($)

Pump Station #2 (Hayward Avenue)
{prspsm eooriug from the Ooothwest nn) 	 (50% Taflk Replacoment)	 20 1	 $482 400	 $482,400
Roy Creek Road
mid ofCulde-Sac - Hyland 	 300	 150	 300	 $9000O	 14	 ¶30,800	 5120,800	 300	 50	 135	 $40,500	 14	 $77,000	 $1 17,500	 300	 75	 145	 543,500	 14	 $92,400	 $35,900
Hyland Road
RoyCreok-Warron	 85	 200	 315	 $26,775	 6	 513,200	 ¶39,975	 85	 50	 135	 $11,475	 6	 $33,000	 $44,475	 85	 75	 145	 512,325	 6	 $39,600	 $51,925
Wsrren Road
Hyland-Livingotone	 265	 200	 345	 $91,425	 10	 $22,000	 $113,425	 265	 50	 135	 $35775	 10	 $55,000	 $90,775	 265	 75	 145	 $38,425	 10	 566000 •	 $104,425
Livillastone Road
Warren Ruyston	 160	 200	 345	 $55,200	 5	 $1 1,000	 $66,200	 160	 75	 145	 $23,200	 5	 527,500	 550,700	 160	 75	 145	 $23,200	 5	 $33,000	 $56,200

ROyston Road
Hyland-Livingstone	 210	 200	 315	 $66,150	 13	 $28,600	 $94,750	 210	 50	 135	 $28,350	 13	 571,500	 $99,850	 210	 75	 145	 $30,450	 13	 $85,100	 $116,250

1iviogstoneHoward 	 110	 200	 345	 $37,950	 4	 $8,800	 $46,750	 110	 75	 145	 815,950	 4	 522,000	 $37,950	 110	 75	 145	 $15,950	 4	 $26,400	 $42,350
Howard AveriuC
Wsrreo-Royton	 110	 150	 330	 $36,300	 4	 $8,800	 $45,100	 110	 75	 145	 $15,950	 4	 $22,000	 $37,950	 110	 75	 145	 $15,950	 4	 $26,400	 $42,350

Howard-Hwy 19A	 90	 200	 315	 $28,350	 3	 56,600	 $34,950	 90	 75	 145	 513,050	 3	 516,500	 529,550	 90	 75	 145	 $13,050	 3	 519,100	 532,858
H1fjway 19A

Ross Avenue
E&N RR - Hwy 19A	 90	 150	 300	 527,000	 5	 $1 1000	 $38,000	 90	 50	 135	 $12150	 5	 $27,500	 $39,650	 90	 75	 145	 513,050	 5	 533,000	 $46,050

Ross-Warren	 130	 250	 335	 $43,550	 2	 $4,400	 $47,950	 130	 150	 180	 $23,400	 2	 $11,000	 $34400	 130	 150	 180	 $23,400	 2	 513,200	 $36,600
Warren Avenue
11owsrd - Hy 19A	 90	 150	 300	 $27,080	 S	 $1 1,000	 $31,000	 90	 50	 135	 $12,150	 5	 $27,500	 $39,650	 90	 75	 145	 $13,050	 5	 533,000	 546,050

Werron-Royston	 158	 250	 335	 550,250	 4	 $8,800	 $59,050	 150	 150	 180	 $27,000	 4	 $22,008	 $49,000	 150	 150	 188	 $27,000	 4	 526400	 553,400
Royston-Flanison	 245	 300	 365	 519,425	 2	 $4,400	 $93,125	 245	 150	 180	 $44,100	 •	 2	 511,000	 $55,100	 245	 iSO	 180	 $44,100	 2	 513,200	 557,300

Harrison PIae
Harrisoo- Hwy LIlA	 30	 150	 300	 59,800	 3	 $6600	 $15,600	 30	 50	 135	 $4,050	 3	 $16,500	 $20,550	 30	 75	 145	 $4350	 3	 519,800	 $24,150

Harrison-Wellington	 210	 300	 365	 $76,650	 9	 $19,808	 $96,450	 170	 150	 180	 $30,608	 9	 $49,500	 $80,100	 170	 150	 180	 538,600	 9	 $59,480	 $90,000
Meredith Drive
5omoasiot'Vsiorio-Wellington	 330	 200	 345	 5113,850	 26	 $57,200	 $171,050	 210	 50	 135	 $28,350	 26	 $143,000	 $171,350	 210	 75	 145	 $30,450	 26	 $171,600	 5-202,050

WeJ1lntou Road
Mereditls-Lairol	 110	 200	 345	 $37,950	 2	 $4,400	 $42,350	 2	 $11,000	 511.000	 2	 $13,200	 $13,208

Valerie Road
50 msouth of 1aui-o1 Leure1	 50	 150	 300	 515,000	 3	 56,600	 $21,600	 100	 50	 135	 $13,500	 3	 $16,500	 $30,000	 100	 75	 345	 $14,500	 3	 519,800	 $34,300
Laurel Drive
Valerie-Wellington	 280	 200	 345	 $96,600	 13	 $28,600	 $125,200	 560	 50	 135	 $75,600	 13	 $71,500	 $147,100	 560	 75	 145	 $81,200	 13	 $85,100	 $167,000
Meredith Drive
SOmwestofWellington-Wellington 	 430	 200	 345	 $148,350	 34	 574,800	 5223,150	 480	 50	 135	 $64,800	 34	 5117,000	 5251,800	 480	 75	 145	 $69,600	 34	 $224,400	 $294,000

Laurel - Hwy 19A	 140	 200	 345	 548,300	 2	 $4,400	 $52,700	 140	 75	 145	 $20,300	 2	 $11,000	 $313130	 140	 75	 145	 $20,300	 2	 $13,200	 $33,500
Welliiigton-Hsyward	 340	 200	 315	 $107,100	 13	 $28600	 $135,700	 340	 75	 145	 $49,380	 13	 571,500	 $120,800	 340	 75	 145	 549,300	 13	 $85,800	 $135,100

Athey Road
110 m west of Cul-de-Sac - Laurel	 250	 200	 345	 $86,250	 10	 522,000	 $108,250	 10	 $55,000	 555,000	 10	 $66,000	 $66,000

LauTel Drive
SOns east of Valerie - Athey 	 200	 150	 300	 $60,000	 8	 $17,600	 $77,600	 8	 $44,000	 $44,000	 8	 $52,600	 $52,100

Side yard Ri2htof-Wtty
Laurel Cul-de-Sac -65 mnorthast 	 65	 200	 315	 $20,475	 2	 $4,400	 524,875	 2	 511,000	 $11,000	 2	 $13,200	 $13,200

Rear yard RIht-uf'Way
150 m east of Wellington - Side yard Right-of-Way	 430	 350	 300	 5129,000	 18	 539,600	 $168,600	 18	 $99,000	 $99,000	 18	 5118,808	 $118,800

Rear yard Right-of-Way-- Hwy 19A 	 70	 200	 315	 $22,050	 2	 $4,400	 $26,450	 2	 $11,000	 $11,000	 2	 $13,200	 $13,200
Carey - Side yard Right-of-Way 	 50	 150	 330	 $19,800	 2	 $4,400	 $24,200	 60	 150	 180	 $10,800	 2	 511,000	 521,800	 60	 150	 180	 510,800	 2	 $13,200	 $24,000
Side ysrd Right-of-Way-Hayward	 235	 200	 345	 $11,075	 8	 $17,600	 $98,675	 235	 150	 180	 542,300	 8	 $44,000	 $863130	 235	 150	 180	 $42,300	 8	 $52,800	 $95,108
llsiyward Avenue
Hwy 19A -130 mnorth 	 130	 375	 365	 $47,450	 4	 $8,800	 $56,250	 130	 150	 180	 $23,400	 4	 522,000	 545,400	 130	 150	 180	 $23,400	 4	 $26,400	 $49,800

Carry PIe

30 m north of Hwy 19A - end ofCul-de-sac 	 120	 150	 300	 536,000	 10	 $22,000	 558,000	 120	 50	 135	 $16,200	 10	 $55,000	 571,200	 120	 75	 145	 517.400	 10	 $66,800	 $83,408
Backyard Riaht-sf-Way
CareyCul-de-sac-MouthofSiottgh 	 250	 I	 200	 315	 $78,750	 3	 $6,600	 $85,350	 3	 916,500	 516,5001	 3	 $19,800	 $19,800
SkIe yard RiCht-of-Way	 I	 I	 I
MouthofSlough-Hayward 	 290	 200 [	 345	 $100,050	 3	 $6,600	 $106,650	 3	 $16,500	 $16,500	 3	 519,800	 $19,800

130 m north of Hwy 19A - Pump Statioll #2 	 20 1 375 J	 1	 $2,200	 $2,200	 I	 $5,500	 $5,500	 1	 56,600	 $6,600



RoystonfUnon Bay Sewage CU1Ietion, Treatment, and Discharge Study

Royston Area Sewage Collection System
	1,000 Tank Cost: $1,200	 STEP Pimp Cast	 $3,900	 Grinder System Cost $5000

	

Installation: $,200	 htallation:	 $1,600	 insfalltion: $1,600

	

Gravity setvice froso PL to homer 	 $2,200	 1,000 ig Tank Installed (and old removed): $2,400	 STEP Pnnp Installed: 	 $5,500	 Grinder Pump hsstalled: $6,600

_____________________________________________	 Option A - Gravity and Forcema ju	 _________ ___________	 Optkrn B - STEP System	 Option C - Grmd Pump System _________________ ___________

	

_______ _______ Gravity __________ ________________ 	 Forcemain	 ________	 Pump	 Fotcniaiis	 Septic Tauksand Pumps	 Forcemabi________ Pumps _______
Unit	 Pipe	 tlkavity Connt	 Unit	 Pipe	 Station	 Total	 Unit	 Pipe	 N. of	 No. of	 Total	 Ualt	 Pipe	 No.	 Pnmp	 TotalStiaat name	 Length	 Dia.	 Cost	 Cost	 No. of	 Cost	 Length Dia. Cost	 Cost	 Cost	 Cost	 Length Din.	 Cat	 Cost	 Tanks Pumps	 Cost	 Cost • Length Na.	 Cost	 Cost	 of	 Cost	 Cost_________________________________________________	 (Ta)	 (mm)	 (5)	 (S)	 (#)	 (5)	 (us) (mm) (S/rn)	 (5)	 (5)	 (S)	 (m)	 (mm) ($/ni)	 ($)	 (#)	 (#)	 (5)	 ($)	 (m)	 (mm) (S/rn)	 ($)	 (#)	 (5)	 ()

(lropertios ooteriog from tht weSt run)
Marine Drive
I 10 m southwest ofnorth esd ofMartne - Marine 	 110	 150	 300	 $33,000	 5	 $1 1,000	 $44,000	 110	 50	 135	 $14,150	 5	 $27,500	 $42,350	 I 10	 75	 145	 $15,950	 5	 $33,000	 $48,950100 m northwest ofRos Ross 	 [00	 150	 300	 830,000	 3	 86,600	 $36,600	 100	 50	 135	 $13,500	 3	 $16,500	 $30,000	 100	 75	 145	 $14,500	 3	 $19,800	 $34,300Ross Avenue

30mnorthofHwyi9AMarjne	 235	 150	 300	 $70,500	 19	 $41,800	 $112,300	 235	 50	 135	 831,725	 19	 $104,500	 $136,225	 235	 75	 145	 834,075	 19	 $125,400	 $159,475Ross - Warroa	 140	 200	 315	 844,100	 4	 $8,800	 $52,900	 140	 50	 135	 $18,900	 4	 822,000	 540,900	 140	 75	 145	 520,300	 4	 $26,400	 $46,700Warren Avenue
30 rrinorth ofHwy ISA - Sidoyard RightoCWay	 35	 150	 300	 $10,500	 3	 $6,600	 $17,100	 35	 50	 135	 $4,725	 3	 $16,500	 $21,225	 35	 75	 145	 85,075	 3	 $19,800	 $24,875Side yard Rinht-of-Way

65 in east ofWarris - Warron	 65	 150	 330	 $21,450	 5	 $1 1,000	 $32,450	 $27,500	 $27,500	 $33,000	 $33,000Side yerd Right-of-Wsy- Msrine 	 245	 150	 330	 $80,850	 21	 546,200	 $127,050	 245	 50	 135	 $33,075	 21	 $1 15,500	 $148,575	 245	 75	 145	 $35,525	 21	 8138,600	 $174,125WarroRoyston	 110	 200	 315	 $34,650	 2	 $4,400	 $39,050	 110	 50	 135	 $14,850	 2	 $11,000	 $25,850	 ItO	 75	 145	 $15,950	 2	 $13,200	 $29,150Royston Road
45 tnnorth ofllwy 19A - Sideyard Right-of-Way	 30	 150	 300	 $9,000	 2	 $4,400	 $13,400	 30	 50	 135	 $4,050	 2	 $1 1,000	 $15,050	 30	 75	 145	 $4,350	 2	 813,200	 $17,550Side yard Riht-of..Way

25 so east ofRoyston - Royston	 25	 150	 300	 $7,500	 2	 $4,400	 $1 1,900	 2	 $1 1,000	 $1 1,001)	 2	 $13,200	 $13,200
Side yard Rig1stofWay Mathie 	 250	 150	 300	 $75,000	 20	 $44,000	 $1 19,000	 250	 50	 135	 $33,750	 20	 $1 10,000	 $143,750	 250	 75	 145	 $36,250	 20	 $132,000	 $168,250Royston-Ronald	 115	 200	 345	 839,675	 3	 $6,600	 $46,275	 I 15	 75	 145	 $16,675	 3	 $16,500	 $33,175	 115	 75	 145	 $16,675	 3	 $19,800	 $36,475RonalilAvenue
Z5mnortlsofHwyl9A.Marine	 210	 150	 300	 $63,000	 19	 $41,800	 $104,800	 210	 50	 135	 $28,350	 19	 $104,500	 $132,850	 210	 75	 145	 $30,450	 19	 $125,400	 $155,850Ronald-Fordo	 120	 200	 345	 541,400	 3	 $6,600	 $48,000	 120	 75	 145	 $17,400	 3	 $16,500	 $33,900	 120	 75	 145	 817,400	 3	 $19,800	 $37,200Fsirdr Avenue
60 so west of}lwy 19A - Side ysrd RightoCWay 	 20	 1 50	 300	 $6,000	 3	 86,600	 $12,600	 20	 50	 135	 $2,700	 3	 $16,500	 $19200	 20	 75	 145	 $2,900	 3	 $19,800	 $22,700Side yard Rihtof-Way

55m east fForde - Forde 	 55	 150	 300	 $16,500	 4	 52,800	 $25,300	 4	 $22,000	 $22,000	 4	 $26,400	 $26,400Sideyardkight-of-Way-Mathie	 .	 90	 150	 331)	 $29,700	 3	 56,600	 $36,300	 90	 50	 135	 $12,150	 3	 516,500	 521.650	 90	 75	 145	 $13,050	 3	 $19,800	 $32,150FordeGreig	 190	 200	 345	 $65,550	 6	 $13,200	 $78,750	 190	 75	 145	 827,550	 6	 $33,000	 $60,550	 190	 75	 145	 527,550	 6	 $39,600	 $67,150
riAvenue

30 nt isorth ofllwy 1 9,4 - Marine 	 65	 1 50	 300	 $19,500	 1	 $2,200	 $21,700	 95	 1 50	 180	 $17,100	 1	 $5,500	 $22,601)	 95	 150	 180	 $ 17, 100	 1	 $6,600	 $23,700Greig-Bayward	 325	 200	 345	 8112,125	 14	 830,800	 $142,925	 325	 150	 180	 $51,500	 14	 $77,000	 8135,500	 325	 150	 180	 $58,500	 14	 $92,400	 $150,900140 meastofflayward- Pump Stalion#2	 140	 150	 330	 $46,200	 6	 813,200	 * __________ __________	 $59,400	 140	 50	 135	 $11,900 _______	 6	 $33,000	 $51,900	 140	 75	 145	 $20,300	 6	 $39,600	 $59,900
t3eavity System I'S #2 (control building clw emergency power gesseTator) to I3artlry Road 	 401	 1,000	 200	 100	 $100,000	 $250,000	 $350,000	 401
STEP/GrinderPS -2 (control hui1dhi nw mreency power nwrtnr)u PS -3 	 _________	 -	 -	 -- .-... ________ _________	 940	 200	 _______	 _______	 $20!,000	 $200,000	 940	 200	 _______	 20O,000	 $200,000

Pump Station #3 (Lnr	 .

(prupertkn entering t a the w I Un)	 (50% Tank Replacement) 	 90	 $216,000	 $216,00b
Heroudale Road
20nteassofE&NRailway-Hwyl9A	 190	 200	 315	 $59,850	 13	 $28,600	 $88,450	 190	 50	 135	 $25,650	 13	 $71,500	 $97.15ö	 190	 75	 145	 $27,550	 13	 $85,800	 $113,350Hiahway 19A
Herondale 120 m northwest (south boundaiy ofKingfisher)	 120	 200	 315	 837,800	 3	 $6,600	 $44,400	 120	 50	 135	 $16,200	 3	 816,500	 $32,700	 120	 75	 145	 817,400	 3	 $19,100	 $37,200
120 as northwest -210 m northwest (north boundary ofKfislt 	 90	 200	 345	 831,050	 1	 $2,200	 $33,250	 90	 100	 155	 $1 3,950	 1	 $5,500	 $19,45O	 90	 100	 155	 813,950	 1	 $6,600	 $20,550Briardaie Road

230 misorthwestofBrookdstle - Thomcroft 	 170	 150	 330	 $56,100	 9	 $19,800	 $75,900	 170	 50	 135	 $22,950	 9	 $49,500	 $72,450	 170	 75	 145	 824,650	 9	 $59,400	 $14,050Thornrft Place
End of Cul-de-Sac - Briardate	 40	 150	 300	 812,000	 4	 $8,800	 $20,800	 40	 50	 135	 $5,400	 4	 $22,000	 827,400	 40	 75	 145	 85,800	 4	 $26,400	 $32,200Thorncroft-Brookdaie	 50	 150	 330	 $16,500	 3	 86,600	 823,100	 140	 50	 135	 ¶18,900	 3	 $16,500	 835,400	 140	 75	 145	 820,300	 3	 $19,800	 $40,100Brookdsdc Crescent

Briardssle- End of Cul-de-Sac 	 190	 200	 345	 $65,550	 8	 817,600	 $83,150	 190	 50	 135	 825,650	 8	 $44,000	 $69,651)	 190	 75	 145	 $27,550	 8	 $52,800	 $80,350Side yard Riaht-of-Way
End of Brookdsle Cul-de-Sac-Hwy 19A 	 70	 200	 315	 $22,050	 I	 $2,200	 $24,250	 I	 $5,500	 85,500	 1	 86,600	 86,600

2l0nsnorthwestnf}lerondalr-LoorRoad	 100	 200	 345	 $34,500	 2	 84,490	 $38,900	 100	 100	 155	 $15,500	 2	 $11,000	 $26,500	 100	 1130	 155	 815.500	 2	 $13,200	 $28,700Lpor Road
Buy 19A-Purnp Statinn#3	 120	 200	 345	 $41,400	 1	 $2,200	 _. ________ ________	 $43,600	 * ______________	 ______	 $5,500	 $5,500 ______ * * ________	 1	 86,600	 86600



Ryton1Unou Ba Sewage Cl1etin, Tretitment, awl Diharg Study

Royston Area Sewage Collection System
	1,008 Thnk Cost: $1,200	 STEP Pump Cost: 	 $3,900	 Grindr System Cost: $5,000
	Intallatio: $1,200	 lustaflation:	 $1,600	 IustaIIatou: $1,600

Gravity ervic from PL to home: 	 $2,200	 1,000 ig Tank liutalled (aiid old romovd): $2,400 	 STEP Pump 1ns0d1ed	 $5 500	 lirinder Pump InsaUed: $6,600

__________________________________________ 	 Option A Gravity aud Forceman	 ________ __________	 Option B - STEP System	 __________	 Option C - Grindj Pump System ________________ __________
_______ _______ Gravity __________ _________________ ___Foreeinain 	 _________ Pump	 Forcemaisi	 Septic Tanks and Pumps _________	 =	 _Forcetssin_________ Pumps ________

Unit	 Pipe	 Gravity Conoects	 Unit	 Pipe	 Station	 Total	 Unit	 Pipe	 No. of	 No. of	 Total	 Unit	 Pipe	 No.	 Pump	 Total
Street name	 Length	 Dia.	 Cost	 Cost	 N. of	 Cost	 Length Dia. Cost	 Cost	 Cost	 Cost	 Length Din. Cost	 Cost	 Tanks Pumps	 Cost	 Cost	 Length Din, Cost	 Cost	 of	 Cost	 Cost

_________________________________________________	 (m)	 (mm)	 (5)	 (5)	 (8)	 (5)	 (rn) (mm) (S/rn)	 (5)	 (5)	 (5)	 (ns)	 (mm) (S/rn)	 (5)	 (8)	 (8)	 (5)	 (5)	 (m)	 (mm) (S/rn)	 (8)	 (8)	 (5)	 (5)
(proporlies Onteriog from 11w north ross)
Hiaiuway 18 A
80 sit northwest ofLoor -240 to northwest of Loor	 240	 150	 300	 $72,000	 4	 $8,800	 $10,800	 320	 100	 155	 $49,600	 4	 $22,000	 $71,600	 320	 100.	 155	 $49,600	 4	 $26,400	 $76,000

Backyard Riaiit-of-Way
in southeast of Glendale - Glendale 	 180	 150	 300	 $54,000	 7	 $15,400	 $69,400	 7	 $38,500	 $38,500	 7	 $46,200	 $46,200

Side yard Riht-of-Wny
End of Glendale - Hwy 19A 	 80	 150	 300	 $24,000	 $24,000

240 to northwest of four - Gartley Road 	 550	 200	 315	 $173,250	 10	 $22,000	 $195,250	 200	 100	 155	 $31,000	 10	 $55,000	 $86,000	 200	 100	 155	 $31,000	 10	 $66,000	 $97,000
Briardale Road	 =
280 to touth east of Glendale - Glendale 	 280	 150	 300	 $84,000	 12	 $26,400	 $110,400	 170	 50	 135	 $22,950	 12	 $66,000	 888,950	 170	 75	 145	 524,650	 12	 879,200	 $103,850
Glendale -Htton	 370	 200	 315	 $1 16,550	 7	 $15,400	 $131,950	 370	 50	 135	 $49,950	 7	 $38,500	 888,450	 370	 75	 145	 $53,650	 7	 $46,200	 $99,850

Hattun Road
30 to east ofE&N -Brisrdale	 135	 200	 315	 $42,525	 4	 $8,800	 $51,325	 135	 75	 145	 $19,575	 4	 $22,000	 $41,575	 135	 75	 145	 $19,575	 4	 826,400	 $45,975

Hatton-H'oy 19A	 240	 200	 315	 $75,600	 3	 86,600	 $82,200	 240	 75	 145	 $34,800	 3	 $16,500	 $51,300	 240	 75	 145	 $34,800	 3	 $19,800	 $54,600
Gartley Road
Hwy 19A - Gartley Point Rd 	 260	 375	 365	 $94,900	 3	 $6,600	 $101,500	 260	 50	 135	 $35,100	 3	 816,500	 851,600	 260	 75	 145	 837,700	 3	 $19,800	 $57,500

Gartley Point Road
North end of Gartley Point Gariley Rd	 510	 200	 345	 $175,950	 42	 892,400	 $268,350	 510	 50	 135	 $68,850	 42	 8231,000	 $299,850	 510	 75	 145	 $73,950	 42	 $277,200	 $351,150

GartleyPointRd - Foreshore	 110	 375	 365	 $40,150	 3	 $6,600	 846,750	 110	 50	 135	 814,850	 3	 $16,500	 $31,350	 110	 75	 145	 $15,950	 3	 $19,800	 $35,750
Foreshore
Gsrtiey Point Rd - Side yard Right-of-Way 	 110	 375	 365	 540,150	 1	 $2,200	 842,350	 1	 $5,500	 $5,500	 1	 $6,600	 $6,600

Side yard Rialit-of-Way
130 to west offoreshore - foreshore	 130	 150	 300	 $39,000	 1	 82,200	 $41,200	 1	 $5,500	 $5,500	 1	 $6,600	 $6,600

Side yard Right-of-Way- Slaney 	 230	 375	 365	 $83,950	 4	 $8,800	 $92,750	 4	 $22,000	 822,000	 4	 $26,400	 $26,400
Slaney - Pump Station#3 	 300	 375	 375	 $112,500	 7	 $15,400	 __________	 $127,900	 _________	 7	 $38,500	 $38,500	 __________	 7	 $46,200	 $46,200
(properties entering from the south rOss)
highway 19A
180 to northwest Deller - Deller 	 180	 150	 300	 $54,000	 4	 $8,800	 $62,100	 360	 50	 135	 $48,600	 4	 522,000	 $70,600	 360	 75	 145	 $52,200	 4	 $26,400	 $78,600
Deller - Ebbtide	 220	 200	 315	 $69,300	 3	 $6,600	 $75,900	 220	 50	 135	 529,700	 3	 $16,500	 $46,200	 220	 75	 145	 $31,900	 3	 $19,800	 $51,700
Ebhtlde Road
Hwy 19A Forehore	 240	 200	 315	 $75,600	 $75,600	 240	 50	 135	 532,400	 $32,400	 240	 75	 145	 $34,800	 $34,800
Forehore
Ebbtide-Deiler	 375	 200	 345	 $129,375	 5	 811,000	 $140,375	 5	 $27,500	 $27,501)	 5	 $33,000	 $33,000
Deller-StLima	 350	 200	 345	 $120,750	 7	 $15,400	 $136,150	 7	 $38,500	 $38,500	 7	 $46,200	 $4t,200
S1Lima-PunspStation#3	 340	 200	 345	 $117,300	 7	 $15,400	 ________	 $132,700	 - _______	 7	 $38,500	 538,50*	 ________	 7	 $46,200	 $46,200
Gravity System PS #3 'ntrol building nw emergency power aenerstor	 -	 179	 8250.0(10	 .8750 000	 179

._L___ _._.__.__. _______ -	 .	 I k. - .4. ______ .	 :' -.---	 ---



Roystonf(Jnion Bay Sewage CoUetian. Ireatment, and Dischnrge Study

Union Bay Area Sewage Collection System
	1000 Tunk Cost S I 2OO	 STEP Pump Cost: 	 $3 ,90Q	 grinder System Cost: 5,OQO

	

Intaflation; 1,2OO	 Inst11atio:	 1GOO	 Insta1Iatio: $1,600

	

Gravity service frcm PL to home: 	 $2,200	 L000 g Tau1 installed (ood old romovod) $2,400	 STEP Pump 1otol1ed: 	 $5,500	 Griodor Punp installed: $6,600

_____________________________________________	 Optrn A Gruvity and Forcmain	 .	 Ojton B - STEP System	 ___________	 Option C Grinder Pump System	 ___________
______ ______ Grsvity _________ _______________ - 	 Foreemain_______ Pump	 _____ Foreemsin	 ______ STaiiks and Pnmps	 Foteema!n	 _______	 Pumps

Description (Street Name)	 Unit	 Pipe	 Gravity Connects 	 Unit	 Fpe	 Station	 Tota'	 Unit	 Pipe	 No. of	 No. of	 Total	 thilt	 No.
Length	 Dia.	 Cost	 Cost	 No. of	 Cost	 Length Uta.	 Cost	 Cost	 Cost	 Cost	 Length Dia.	 Cost	 Cost	 Tanks Pumps	 Cost	 Cost	 Length Dia	 Cost	 Cost	 of	 CoOt	 Cost

_____________________________________________	 (m)	 (mm)	 (S/rn)	 ($)	 (#)	 (5)	 (m) (mm) (S/rn)	 (5)	 (S)	 (5)	 (m)	 (mm) (S/rn)	 ($)	 (#)	 (#)	 ($)	 ($)	 (00)	 (mm) (S/rn)	 (5)	 (#)	 (5)	 (5)
Pump Station P4 (Saudbons Road)
KiJmarnoc1 Dre Subdtvisioj	 (3 3% Tank Replacenient)	 75	 $1 10,000	 180,000
tpn)per!e otoring nOrth ron)
Ensin Road

EbbtideRd-KiimarnockDr	 320	 150	 300	 $96,000	 13	 828,600	 5124,600	 320	 50	 135	 843,200	 13	 $71,500	 $114,700	 320	 75	 145	 846,400	 13	 $85,800	 $132,200
Soindrift Road
Hwy 19A -KilmamockDr	 260	 200	 315	 881,900	 20	 844,000	 8125,900	 260	 50	 135	 $35,100	 20	 81 10,000	 8145,100	 260	 75	 145	 $37,700	 20	 $132,000	 $169,700

Kilmarnock Drive
SpindriftRd-JnvemessRd	 180	 200	 345	 $62,100	 6	 $13,200	 $75,300	 180	 50	 135	 $24,300	 6	 $33,000	 $57,30	 180	 75	 145	 $26,100	 6	 $39,600	 $65,700

Inverness Road

Mootros Dr- KibnnmockDr 	 220	 200	 315	 $69,300	 11	 $24,200	 $93,500	 220	 50	 13$	 $29,700	 11	 $60,500	 $90,200	 220	 75	 145	 $31,900	 11	 $72,600	 $104,500
1oveniosRd-AnonRd	 400	 200	 345	 $138,000	 14	 $30,800	 $168,800	 400	 14	 $77,000	 $77,000	 400	 14	 $92,400	 $92,400

Arrankoad
1nvemesDr-Kilmamorlcflr	 330	 150	 300	 $99,000	 18	 539,600	 $138,600	 330	 50	 135	 844,550	 18	 $99,000	 $143,550	 330	 75	 145	 847,850	 18	 $118,800	 $166,650

ArranRdSanbornRd	 100	 200	 315	 $31,500	 4	 $8,800	 $40,300	 100	 75	 145	 $14,500	 4	 $22,000	 $36,500	 100	 75	 145	 814,500	 4	 $26,400	 $40,900
'oreshoro (north of Sandbornl
EbblideRdAmberWay	 300	 200	 345	 $103,500	 13	 $28,600	 $132,100	 13	 $71,500	 $71,500	 13	 $85,800	 $85,800
Ambor Woy Hatby Rd	 230	 200	 345	 $79,350	 6	 $13,200	 $92,550	 6	 $33,000	 $33,000	 6	 $39,600	 $39,600
HarbyRdKaimsrRd	 230	 200	 345	 579,350	 8	 517,600	 $96,950	 8	 $44,000	 $44,000	 S	 $52,800	 $52,800
Kaboarkd- Sathornkd	 265	 200	 345	 591,425	 8	 $17,600	 __________ _________ 	 $109,025 _______	 ________ _______	 8	 $44,000	 $44,000	 __________	 8	 $52,800	 $52,800
(1ropnrie rotoring from 5Ontl roll)
South end ofKilmarnock - Argyle Rd 	 300	 200	 315	 $94,500	 11	 $24,200	 $118,700	 300	 50	 135	 $40,500	 I 1	 $60,500	 $101,000	 300	 75	 145	 $43,500	 I I	 $72,600	 $116,100
ArgykRd-MontroseDx	 410	 375	 365	 $149,650	 12	 $26,400	 $176,050	 410	 50	 135	 555,350	 12	 $66,000	 $121,350	 410	 75	 145	 $59,450	 12	 $79,200	 8.138,650

Montrose Drive
hivemss Rd - Kilmarnock Dr	 630	 200	 315	 $198,450	 31	 $68200	 $266,650	 630	 50	 135	 585,050	 31	 $170,500	 $255,550	 630	 75	 145	 $91,350	 31	 $204,600	 $295,950

MootroseDr- SandbomRd	 100	 375	 365	 836,500	 2	 $4,400	 $40,900	 100	 75	 145	 $14,500	 2	 811,000	 $25,500	 100	 75	 145	 $14,500	 2	 $13,290	 $27,700
Sandliorn Road
KilxnsrnockDr-Pumphouse 	 40	 375	 365	 S4,600	 2	 $4,400	 $19,000	 2	 $11,000	 $11,000	 2	 $13,200	 $13,200

'oreshore {south of Sandbornl
220 m south offlrolin Rd - flrolio Rd 	 220	 200	 315	 $69,300	 6	 $13,200	 $82,500	 6	 833,000	 533,000	 6	 $39,600	 $39,600
BroiinRdArgy1e	 360	 200	 345	 5124,200	 19	 541,800	 $166,000	 19	 $104,500	 $104,500	 19	 $125400	 $125,400
Argyle Rd Sandbom Rd	 475	 200	 345	 $163875	 22	 $48,400	 __________ __________	 $2 12,275 _______	 _________ _______	 22	 $12 1,00	 $12 1,000	 __________	 22	 8145,200	 $145,200
Gravity System Sandbom Road Pump slation PS#4 (control building nw omergency power genorator) 	 $250,000	 $250,000
STFT'( nl,'r Syteu Argvr' P"ad Pomp station PS-4 r'ntr h.ii1d 1n c/w nr'encv power or P'itor	 °90	 8225.000	 8225.000

,	 _______	 ___ ___	 ___ ___ ___	 L	 -.
Pujii1 'tation #5 (Glove k'

David Road and Spence Road Subdlvkious 	 (50 h Tank Rep]acrment) 	 25	 $60,000	 $60,000
(props) ir OOteri))9 north r-
Dorothy Road
DavidRdForeshorr	 60	 150	 300	 $18,000	 2	 54,400	 $22,400	 190	 50	 135	 $25,650	 2	 $11,000	 $36,650	 190	 75	 545	 $27,550	 2	 $13,200	 $40,750

oeshore (north olGlover Road)
140 m oorth ofDoothyRd - Dorothy Rd	 140	 200	 315	 $44,100	 6	 $13,200	 .	 $57,300	 90	 50	 135	 812,150	 6	 533,000	 845.150	 90	 75	 145	 $13,050	 6	 839,600	 $52,650
DoliyRd - (31ovr Rd	 530	 200	 345	 $182,850	 20	 $44,000	 __________ __________	 $226S0 _______	 _________ _______	 20	 $1 10,000	 $110,000	 __________	 20	 $132,000	 $132,090
(propertir entering sooth Ton)
Foreshore (smith of Glover Road)

EmmitRdG1ovrRd	 230	 200	 345	 579,350	 7	 5:15,400	 $94,759	 7	 $38,500	 $38,500	 7	 846,200	 $46,200
Spence Road
270 mnorthot'GlovnrRd - Glovorkd	 270	 200	 345	 $93,150	 13	 $28,600	 $121,759	 520	 50	 135	 $70,290	 13	 $71,500	 $141,700	 520	 75	 145	 $75,400	 13	 $85,800	 $161,200

Glover Road
SpenceRdi'orethnre	 70	 200	 345	 $24,150	 1	 $2,290	 __________ _________ 	 $26,350	 170	 75	 145	 $24,650 _______	 I	 $5,500	 $30,150	 170	 75	 145	 $24,650	 1	 $6,600	 $31,250
Purn ta6c"#5 (" /we1ec0icn!H'"toT1w'.' 1°	 .	 .	 130	 150	 85	 11 059	 $).099	 7650	 . .	 .	 .

Pump Station #6 (Washer Creek) 	 . .
Beaulort Road and Washer Road Suisdivisions	 (50% Taok Replacement) 	 Ii	 $26,400	 $26,409
Besufort Road	

I	 .	 '	 I70 junorih of LoggingRd -Logging Rd 	 70	 200	 315	 $22,050 . 3	 $6,609	 $28,650	 3	 816,500	 815,5091	 3	 $19,800	 $19,800
Logging Rd - Rangoon Rd 	 300	 200	 3.15	 $94,590	 8	 $17,600	 8112,100	 8	 $44,000	 $44,Oi30	 8	 $52,809	 $52,800
RangoonRd -400 mouth ofRagoon Rd 	 400	 200	 315	 $126,000	 2	 54,400	 j	 $130,400	 2	 $11,900	 811,0091	 2	 $13,200	 $13,290
400 m south ofRgoon Rd - Washer Rd 	 390	 200	 315	 $94,500	 1	 $2,200	 $96,799	 1	 $5,500	 I	 $6,600	 $6,600
Washer Road	 I	 I	 . I
North end-Hwy 19A	 240	 200	 315	 $75,600	 7	 $15,400	 I	 $91,090	 240	 50	 135	 $32,400	 7	 838,500	 $ ° 9°I 249	 75	 145	 $34,800	 7	 $46,200	 $81,000
Rilst-of-Way to Foreshore	 I
HWy19A-Foreshore	

':""	

270	 300	 365	 $98,550	 -	 ..	

.j .	.-	

$98550	 .	 -
P 'r 900 -6' nlol F oldie'	 o	 powo 'wnerator) to Arovle Road	 1 co	 599	 155I)	 14S 00	 35() 1590	 $3° (19(J



Total
Cost

No.
of	 Cost

8
	

$52,800

4
	

$26,400

5
	

$33,000

5
	

$33,000

6
	

$39,600

i
	

$6,600
4
	

$26,400

5
	

$33,000

3
	

$19,800

5
	

$33,000

t
	

$6,600
5
	

$33,000

6
	

$39,600

4
	

$26,400

3
	

$19,800

1
	

$6,600
6
	

$39,600

5
	

$33,000

6
	

$39,600

6
	

$39,600

I
	

$6,600
6
	

$39,600
3
	

$19,800

$7,250

$62,650
$5,800

$33,000
$7,250

$47,500

$39,600

$6,600
$46,700

$5,800

$33,000
$7,250

$7,250

$19,800

$6,600
$59,900
$5,800

$33,000
$5,800

Description (Street Name)

Pump Station #7 (Boat Launch Area)
(properties entering from Mel_,ead Road)
McLeod Road (west of raitwayl
8th St - 50111 east

Backyard Right-of Way (between 6th and 71h1
Douglas - McLeod

50 in east of 8th- 7th St
7th Street
Douglas - McLeod

7th St -40 in east
Backyard Right-of-Way (between 7th and 6th)
Douglas - McLeod

40 m east of 7th - 6th St
6th Street
Nelson - Douglas

Backyard R-i ht-of-Wa(between 7th and 6th
Nelson - Douglas
Douglas Street
50 m west of 6th St- 6th St

Douglas - McLeod
6th St - 40 m east

Backyard Right-of-way (between 6th and 5th)
Douglas - McLeod

40 m east of 6th - 5th St
5th Street
Nelson - Douglas

Backyard Right-of-Way (between 6th and 5th)
Nelson - Douglas
Douglas Street
50 m west of 5th St - 5th St

Douglas - McLeod
5th St - 40 m east

Backyard Bi t-of-Wav(between 5th and 4th1
Douglas - McLeod

40 as east of 5th - 4th St
4th Street
Nelson - Douglas

Backyard Right-of-Way (between 5th and 4th)
Nelson - Douglas
Douglas Street
50 in west of 4th St - 4th St

Douglas - McLeod
4th St - 40 m east

Backyard Ri t-of-W a (between 4th and 3rd
Douglas - McLeod

40 in east of 4th - 3rd St
3rd Street
Nelson - Douglas

Backyard Right-of-Way (between 415s and 3rd)
Nelson - Douglas
Douglas Street

50111 west of 3rd S€ - 3rd St+D161
Douglas - McLeod

3rd 81- Hwy 19A

Royston/Union Bay Sewage Collection, Treatment, and Discharge Study

Union Bay Area Sewage Collection System
	1,000 Tank Cost: $1,200	 STEP Pump Cost:	 $3,900	 Grinder System Cost: $5,000

	

Installation: $1,200 	 installation:	 $1,600 	 Installation: $1,600
Gravity service from PL to home:	 $2,200	 1,000 ig Tank Installed (and old removed): $2,400	 STEP Pump Installed: 	 $5,500	 Grinder Pump Installed: $6,600

	

Option A - Gravity and Foreemain	 Option B - STEPS stem	 Option C - Grind
GravityPorcemain	 Pump	 Porcemain	 Se tic Tanks and Pum s	 Forcemain

Unit	 Pipe	 Gravity Connects	 Unit	 Pipe	 Station	 Total	 Unit	 Pipe	 No. of	 No. of	 Total	 Unit
Length	 Dia.	 Cost	 Cost	 No. of	 Cost	 Length Dia,	 Cost	 Cost	 Cost	 Cost	 Length Dia.	 Cost	 Cost	 Tanks Pumps	 Cost	 Cost	 Length Dia.	 Cost	 Cost

($!m)	 (S)	 (6)	 (5)	 (m)	 (mm) ($/m)	 (5)	 (5)	 (8)	 (m)	 (mm) ($!m)	 (8)	 (6)	 (6)	 ($)	 (5)	 (m)	 (mm) (Slur)	 (5)

(75% Tank .Replacement)	 201	 $482,400	 482,400

50
	

150
	

300	 $15,000	 $15,000	 180	 75	 145	 $26,100	 $26,100	 180	 75	 145	 $26,100

120
	

150
	

300	 536,000	 8	 817,600	 853,600	 8	 844,000	 $44,000
50
	

150
	

300	 $15,000	 $15,000	 50	 75	 145	 $7,250	 $7,250	 50	 75	 145	 $7,250

90
	

150
	

300	 $27,000	 4	 $8,800	 $35,600	 250	 50	 135	 $33,750	 4	 $22,000	 $55,756	 250	 75	 145	 $36,250
49
	

150
	

300	 $12,000	 $12,000	 40	 75	 145	 $5,800	 $5,800	 40	 75	 145	 85,800

10(
	

150
	

300	 $30,000	 5	 $11,000	 $41,000	 5	 $27,500	 $27,500
50
	

150
	

300	 $15,000	 $15,000	 50	 75	 145	 $7,250	 $7,250	 50	 75	 145	 $7,250

lot
	

150
	

300	 $30,000	 5	 $11,000	 $41,000	 100	 50	 135	 $13,500	 5	 $27,500	 $41,000	 100	 75	 145	 $14,500

IOC
	

150
	

300	 $30,000	 6	 $13,200	 843,200	 6	 $33,000	 $33,000

50
	

150
	

300
	

$15,000	 1
	

$17,200
	

1
14(
	

150
	

300
	

$42,000	 4
	

$50,800	 140
	

135	 $18
	

4
	

140	 75	 145	 $20,300
40
	

150
	

300
	

$12,000
	

$12,000	 40
	

145	 $5
	

40	 75	 145	 $5,800

lit
	

150
	

300
	

$33,000	 5
	

$1
	

$44,000
	

5
	

$27,500
50
	

150
	

300
	

$15,000
	

$15,000	 50
	

145	 $7
	

50	 75	 145	 $7,250

90
	

150
	

300
	

$27,000	 3
	

$33,600	 90
	

135	 $12
	

3
	

$16,500
	

90	 75	 145	 $13,050

90
	

150
	

300
	

$27,000	 5
	

$1
	

5
	

$27,500

50
	

150
	

300
	

$15,000	 1
	

$
	

$17,200
	

1
	

$5,500
14€
	

150
	

300
	

$42,000	 5
	

$1
	

$53,000	 140
	

135	 $i$,900
	

5
	

$27,500
	

$46,400	 140
	

75	 145	 $20,300
40
	

150
	

300
	

$12,000
	

$12,000	 40
	

145	 $5,800
	

$5,800	 40
	

75	 145	 $5,800

95
	

150
	

300
	

$28,500	 6
	

$41,700
	

6
	

$33,000
50
	

150
	

300
	

$15,000
	

$15,000	 50
	

145	 $7,250
	

$7,250	 50
	

75	 145	 $7,250

70
	

150
	

300
	

$21,000	 4
	

$29,800	 100
	

135	 $13,500
	

4
	

$35,500	 100
	

75	 145	 $14,500

70
	

150
	

300
	

$21,000	 3
	

$27,600
	

3
	

$1
	

$16,500

50
	

150
	

300
	

$15,000	 1
	

$17,200
	

$5,506
14€
	

150
	

300
	

$42,000	 6
	

$55,200	 140
	

135	 $18,900
	

6
	

$51,904	 140
	

75	 145	 $20,300
40
	

150
	

300
	

$12,000
	

$12,000	 40
	

145	 $5,800
	

$5,806	 40
	

75	 145	 $5,800

90
	

150
	

300
	

$27,000	 5
	

$1
	

$38,000
	

5
	

$27
	

$27,500
40
	

150
	

300
	

$12,000
	

$12,000	 40
	

145	 $5,800
	

$5,800	 40
	

75	 145	 $5,800

11(
	

150
	

300
	

$33,000	 6
	

$1
	

$46,200	 130
	

145	 $18,850
	

6
	

$51,850	 130
	

75	 145	 $18,850,

lit
	

150
	

300
	

$33,000	 6
	

$46,200
	

6
	

$33,000

50
	

150
	

300
	

$15,000	 1
	

$17,200
	

1
	

$5,500
	

$5,500
14(
	

150
	

300
	

$42,000	 6
	

$55,200	 140
	

145	 $20,300
	

6
	

$33,000
	

$53,300	 140
	

75	 145	 $20,300,
17(
	

150
	

300
	

$51,000	 3
	

$57,600	 170
	

145	 $24,650
	

3
	

$16,500
	

$41,150	 170
	

75	 145	 $24.6501



RoysftrnfUnkrn Bay Swag Cllectiou, Treatment, and Discharge Study

Union Bay Area Sewage Collection System
	I 000 Tank Cast: 1 200	 STEP Pump Cost: 	 $3,900	 Grinder System Cost $5000

	

Installation: $1200	 thstallation:	 $1,600	 InstaThition; $1,00
Grviy service from P1 to home:	 $2200	 I 000 ig Tank Imthllcd (and old mmovd) : $2400 	 STEP Pump 1nsta1im:	 $5,500	 Grindur Pump installed: $6600

_____________________________________________	 Option A - Gravfty and Forcemalu 	 _____________________________ _________ ___________ 	 Option B - STEP System	 Option C . Grinder Pump System	 ___________
______ ______ Gravity _________ ________________ __________Forcemani_______ 	 Pump	 ______ Fwcen1n	 _______ Sjauks and Pumps	 ______ Forcemiin	 ________	 Pumps

Dmeriptun (Streut Name) 	 TJjt	 Pipe	 Gras'itvtCo&inects	 Unit	 Pipe	 Statirn	 Teil	 Unit	 Pipe	 No. of	 No. of	 TtaI	 Unit	 N.	 Tutal
Length	 Lila.	 Cost	 Coet	 No. of	 Cost	 Leagth Dia.	 Cost	 Cost	 Cost	 Cost	 Length Din. Cost	 Cost	 Tanks	 Pumps	 Cost	 CoCL	 Length Dia.	 Cost	 Cost	 of	 Cost	 Cost

.._________________________________________________	 (in)	 (rum)	 ($/m)	 ($)	 (#)	 (5)	 (rn) (mm) ($/m)	 (5)	 ($)	 (S)	 (as)	 (mm) (S/rn)	 ($)	 (#)	 (#)	 ($)	 (5)	 (m)	 (mm) (S/rn)	 ($)	 {#)	 ($)	 ($)
(pIopEtim ente.dug from outh Excluding MLoU)	 -
llhEkwy 19A
LyttonSt Lnudowue St 	 130	 150	 300	 $39000	 7	 $15,400	 $54,400	 130	 75	 145	 $ii,gso	 7	 $38500	 $57,350	 130	 75	 145	 $18,i50	 7	 $46,200	 $65,050

Landuwne Street
30 mwest ofijwy iSA - Hwy 19A 	 30	 150	 300	 $9000	 I	 $2,200	 Si 1,200	 1	 $5,500	 $5,500	 1	 $6,600	 $6,600

Lansdown StNe1sonSt 	 250	 200	 315	 $88,200	 6	 $13,200	 $101,400	 2S0	 75	 145	 $40,600	 6	 $33,000	 $73,600	 260	 75	 145	 $40,600	 6	 $39,600	 $80,200
Market Street
Lausdowne StRicharcI	 100	 150	 330	 $33,000	 3	 $6,600	 $39,600	 100	 75	 145	 814,500	 3	 $16500	 $31,000	 100	 75	 145	 $14,500	 3	 $19,800	 $34,300
iligliStreet
Richard-Nison	 130	 150	 338	 $42,900	 S	 $11,000	 $53,900	 130	 75	 145	 $18,850	 5	 $27,500	 $46,356	 130	 75	 145	 $18,850	 S	 $33000	 $51,850

Neian St - Dougia St 	 140	 200	 315	 $44,100	 1	 52,200	 $46300	 140	 75	 145	 $20,300	 1	 $5,500	 $25,800	 140	 75	 145	 $20,300	 1	 56,600	 $26,900
Nelson Street
S0mwmtof2ndSt-2ndSt	 50	 150	 300	 515,000	 2	 $4,400	 $19,400	 100	 50	 135	 $13,500	 2	 $11,000	 $24,500	 100	 75	 145	 514,500	 2	 $13200	 $27,700
tad Struet
Nelstm St - Douglas St	 125	 200	 315	 $39,375	 4	 $8,800	 $48,175	 60	 50	 135	 $8100	 4	 $22,000	 $30,100	 60	 75	 145	 58,700	 4	 $26,400	 $35,100
Utmalas Street
2ridSu-ett-Hwy 19A	 90	 200	 315	 $28,350	 I	 $2,200	 $30,550	 50	 50	 135	 $6,750	 1	 55,500	 $12,250	 50	 75	 145	 $7,250	 1	 $6,600	 $13,850
First Street
Nelton St- Douglat St	 1 10	 200	 315	 $34,650	 8	 $17,600	 $52,250	 110	 50	 135	 $14,850	 8	 $44,000	 $58,850	 110	 75	 145	 $15,950	 8	 552,800	 $68,750

Dougiat st MuLeod Rd	 140	 200	 315	 $44,100	 3	 $6,600	 :	 $50700	 140	 75	 145	 $20,300	 3	 $16,509	 $36,800	 140	 75	 145	 $20,300	 3	 519,800	 540,100
McLeod Rd 95 m mu-th lo Sideyard Right-of-Way) 	 95	 200	 3 15	 $29,925	 8	 $17,600	 $47,525	 95	 100	 155	 $14,725	 8	 $44,000	 $58,725	 95	 100	 155	 $14,725	 8	 552,800	 567,525

Rome Street
McLeudRd lowspotatnortbend	 100	 iSO	 300	 $30,000	 5	 $11,000	 $48,000	 180	 50	 135	 524,300	 5	 $27,500	 $51,800	 ISO	 75	 145	 $26,100	 5	 $33,000	 $59,100
TappinRdiowspotutnsrt1tend 	 45	 150	 300	 $13,500	 3	 $6,600	 $20,100	 360	 50	 135	 $48,600	 3	 $16,500	 $65,100	 360	 75	 145	 852,200	 3	 $19,800	 $72,000

Sidryard Rightof-Way illume Rd iTwv 19A)
TappinS1midb1okLne	 50	 200	 315	 515.750	 1	 52,200	 $17,950	 1	 $5,500	 $5,500	 1	 56,600	 56,600

Lane Between Home St - Hwy IPA1
McLumIRd-SideyardEiglit-of-Way	 130	 150	 300	 $39,000	 8	 517,600	 $56,600	 .	 8	 544,0110	 544,000	 8	 552,800	 $52,800

Lone - Hwy 19A	 50	 150	 300	 515,000	 1	 $2,200	 $17,200	 i	 ss,soo	 $5,5o)	 1	 $6,600	 $6,600
Sideyurd Right-oS-Way-Pump Station#7 	 100	 200	 345	 534,500	 1	 52,200	 $36,700	 100	 100	 155	 515,500	 1	 $5,500	 $21,000	 100	 100	 155	 515,500	 1	 $6,600	 $22,100

Poreehore (south ofMrLeod Roadi
SeyinoiirSt-PurijuSiatjon#7	 1200	 250	 365	 $438,000	 36	 $79,200	 _________ _________	 $517,200 _______	 ________ _______	 36	 $198,000	 $198,000	 __________	 36	 $237,600	 $237,600

(propertiet utering (rum nort6)
Iiiahway !9A
Jciuet St Russell Si	 180	 200	 345	 $62,100	 7	 $15,400	 $77,500	 180	 100	 155	 $27,900	 7	 ¶38,500	 566,400	 180	 100	 155	 $27,900	 7	 546,200	 $74,100

Russell Street
50 m wmt ofTappin St - Tuppiu St	 50	 200	 3 1 5	 5 1 5,750	 1	 52,200	 5 1 7,950	 50	 100	 1 55	 $7,750	 1	 $5,500	 S 13,25)	 50	 1 00	 155	 $7,750	 1	 ¶6,600	 S 14,350

Tapin Street
JonetSt-RusellSt	 110	 150	 300	 533,000	 10	 $22,000	 $55,000	 130	 100	 155	 $20,150	 10	 $55,000	 $75,15	 130	 100	 155	 $20,150	 10	 $66,000	 $86,150
90 msouth ofkutsull St - Russell St 	 90	 150	 300	 .	 $27,000	 3	 56,600	 $33,600	 190	 100	 155	 $29,450	 3	 $16,500	 $45,950	 190	 100	 155	 $29,450	 3	 519,800	 $49,250

TappinSl-Hwyl9A	 110	 200	 315	 534,650	 2	 54,400	 $39,050	 110	 tOO	 155	 $17,050	 2	 511,000	 528,050	 110	 100	 155	 517,050	 2	 513,200	 $30,250
Russell St - Sideyard StatutoiyRight.-ofWay 	 230	 200	 345	 $79,350	 6	 $13,200	 $92,550	 230	 100	 155	 $35,650	 6	 533,000	 568,650	 230	 100	 155	 $35,650	 6	 839,600	 $75,250

130 m south ofRussell - midblock	 150	 200	 315	 $47,250	 S	 517,600	 564,850	 8	 $44,000	 $44,009	 8	 552,800	 $52,800
65 muorthc,fHorne-midblock	 240	 200	 315	 $75,600	 12	 526,400	 5102,000	 12	 566,000	 $66,000	 12	 579,200	 579,200

Statutory Rigjit-ofWav
Tappiu Sf- ReuryardRight-of-Way	 40	 200	 315	 $12,600	 I	 $2,200	 $14,800	 I	 $5,500	 $5,500	 I	 $6,600	 $6,600

Rearvard Right-of-Way
170 m south - Sidyard Right-of-Way	 170	 200	 3 15	 553,550	 7	 515,400	 $68,950	 7	 $38,500	 $38,500	 7	 $46,200	 $46,200

ReaiysrdRight-o5-Wuy-Hsy 19A 	 40	 200	 345	 $13,800	 $13,800
SideyardkightofWay-PumpStation#7	 250	 200	 345	 586,250	 8	 $17,600	 ________ ________	 $103,850	 iso	 ioo	 iss	 $38,750	 S	 $44,000	 sso	 250	 100	 555	 $38,750	 8	 552,800	 591,550
Gravity System PS #7 (control buildiug c/w mrgency power gtnemtor) to Washer Road 	 500	 150	 8 S	 42,500	 $300,000	 $342,500
STEP/GrinderPS5 fo .olhuildixi wern-0.vpnwo 00mtor) to 4ry6' Rood 	 -	 1800	 200	 205 5''1)pfl"	 52cQo0Q	 $1M2Q 000	 .9flU	 200	 05	 no 01)0	 53501)90 - $ 1,029,000

Pump Station #8 t(ars'in Road Subdivision)	
I

GarvinRoad	
I	 I	 (50%TankReplacootent)	 25	 $6O,0O0	 ,Cai-de-Sc -BrayRd	 400	 200	 345	 513S,000	 28	 861,600	 5199,609	 400 1	 1351	 $54,000	 28	 $154,000'	 5209,0031 400	 75	 $58,000	 28	 $184,600	 $242,800

BrayRd- Callis Rd	 300	 200	 345	 $103,500	 17	 537,400	 $140,900	 300	 50	 135	 $40,500	 17	 593,500	 5134.0001 300	 75	 1451	 $43,500	 17	 $112,200	 $155,700
Ca11isRd-Hy 19A	 90	 200	 345	 $31,050	 I	 $2,200	 $33,250	 90	 50	 135	 $12,150	 1	 $5,500	 517,6501	 90	 75	 1451	 513,050	 1	 $6,600	 $19,650
Itarwood Road	 I	 I
Cul-de-Sac - Bray Rd	 100	 150	 300	 $30,000	 3	 $6,600	 $36,600	 100	 50	 135	 $13,500	 3	 $16,500	 530,0001	 100	 75	 1451	 $14,500	 3	 819,800	 $34,300
Pmntststiou#tt tcfwe,,Irirulkiosk)t,-, vn,ourStreer	

1	
710 . 100	 70	 49.700	 '100.00O	 5149.700	 910	 "	 145	 8171.990iti oso	 910	 m	 ij	 $131,950	 $'1i.950
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___________	 6	 TREATMENT

1	 INTRODUCTION

It is recognized that the point of discharge and level of treatment required is "the" key
issue for this study. The goal is to identify a treatment system which complies with or
exceeds all aspects of the Municipal Sewage Regulation (MSR).

Extensive work reviewing treatment system options was carried out as part of the Union
Bay LWMP in the Review of Secondary Wastewater Treatment Technologies for Union
Bay, by Leslie Consultants Ltd. and Motherwell & Associates Engineering Ltd. In
addition, a detailed assessment of sewage treatment and disposal options for the
Saratoga\Miracle Miracle Beach area is being carried out by Associated Engineering
Services Ltd. The information that follows is derived from these two studies.

2	 MUNICIPAL SEWAGE REGULATION REQUIREMENTS

The discharge of treated effluent from a municipal wastewater treatment plant is
governed by the Municipal Sewage Regulation, (MSR) which is regulated by the
Ministry of Environment. The level of treatment required is dependent on the discharge
source. Table 1 presents the minimum level of treatment required for discharge to ocean,
fresh watercourse, land, and reuse.

Table 1 - Municipal Sewage Regulation for Various Discharge Sources

Open	 Creek/Stream Creek/Stream 	 Ground	 Restricted Unrestricted
Parameter	 Marine	 Dilution	 Dilution	 Discharge	 Reclaimed	 Reclaimed

_______________	 Waters	 ^40:1	 ^IO:i	 Class C (1) Water Use	 Water Use

Treatment Level	 Secondary	 Secondary	 High	 Secondary	 Secondary,	 (2)
_____________	 ______	 _________ Secondary __________ Disinfection ___________

BOD5 (mg/L)	 45	 45	 10	 45	 45	 -	 ^10

TSS (mg/L)	 - 45	 45	 10	 45	 45	 ___________

Turbidity (NTU)	 n/a	 n/a	 n/a	 n/a	 n/a

j	 6to9	 6to9	 óto9	 n/a	 6to9	 6to9

Fecal Coliform

(per 100 mL)	 14	 200 --	 200	 n/a	 200	 2.2

Total Phosphorous
(mg/L)	

1.0 (3)	 1.0 (3)	 n/a	 n/a	 n/a

Ortho-phosphate

(m/L)	 n/a	 0.5 (3)	 0.5 (3) -	 n/a	 n/a	 n/a

Ammonia	 (4)	 (4)	 (4)	 n/a	 (4)	 (4)
Notes:

n/a Not Applicable.
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INUS
(1)

(2)

(3)

(4)

(c

(6)

(7)

(1) Based on no drinking water well within 300 m and a subsurface travel time not
less than 10 days before reaching property boundary.

(2) Secondary Treatment, with Chemical Addition, Filtration, Disinfection, and
Emergency Storage.

(3) May be waived or reduced, subject to an environmental impact study
(4) Maximum allowable effluent ammonia concentration to be determined by a back

calculation from the edge of the initial dilution zone (IDZ).

3	 TECHNOLOGY OPTIONS & COST ESTIMATE

Six treatment systems, three from the Review of Secondary Wastewater Treatment
Technologies for Union Bay study and three from the Saratoga\Miracle Beach study
were reviewed. The quality of effluent obtainable from each, the resulting available
discharge sources, land requirements, construction costs and annual O&M costs for each
are presented in Table 2 below.

Table 2 - Treatment Options and Cost Estimates

Open	 Ground	 Treat River	 Unrestricted Land Area	 Annual
Treatment	 Marine Discharge	 or Smaller	 Reclaimed	 Required	 Construction	 O&M

System	 Waters ______	 Water Courses	 Water Use	 (ha)	 Cost Estimate	 Costs

__________ _______	 ExeeedIngcondarj (25 mgIL BOD5 , 25 mgfL TSS) ________	 ____________

SBR(1)	 Yes	 Yes(7)	 no	 no	 0.3	 $5.8M(8)	 $ 140,000(9)

RBC (2)	 Yes	 Yes (7)	 no	 no	 0.32	 $ 6.6 M (8)	 $ 140,000 (9)

00(3) _______	 Yes	 Yes (7)	 no	 no	 0.34	 $ 6.0 M (8)	 000L
_______________	 Unrestricted Reclaimed Water Use (1O mg/L BODgTSS)	 _________

SBR-	 Yes	 Yes	 Yes	 Yes	 0.68	 $ 7.4 M	 $ 160,000

FF,UV (4)

SBR-	 Yes	 Yes	 Yes	 Yes	 0.68	 $ 7.7 M	 $160,000

DBUCBSF,UV (5)

Yes	 Yes	 Yes	 Yes	 0.54	 $ 8.2 M	 $ 230,000 (!

SBR - Sequencing Batch Reactor

RBC Rotating Biological Contactor

OD - Oxidation Ditch

SBR-FF,UV - Sequencing Batch Reactor, Fabric Filter, Ultraviolet Irradiation
Disinfection

SBR-DBUCBFS,UV - Sequencing Batch Reactor, Deep Bed Upflow Continuous
Backwash Sand Filter, Ultraviolet Irradiation Disinfection

MBR,UV -. Membrane Bioreactor, Ultraviolet Irradiation Disinfection

While the level of treatment meets the MSR requirement, ground discharge is
not considered feasible as a solution for the entire Royston/Union Bay service
area, as per the findings of the Land Discharge Section of this study.
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(8) Includes outfall construction cost of $1.7 M for Option B - East of Comox Bar
(north and east of Sandy Island). For Option A - Northern Baynes Sound
Outfall, the total construction cost for each would decrease to: $4.7 M, $5.5 M
and $4.9 M, respectively.

(9) Excluding Outfall O&M costs.
(10) Includes an allowance of $70,000 for membrane replacement on a 7 year cycle.

The sewage treatment plant construction cost estimates include a 40% allowance for
engineering and contingencies but is exclusive of GST, administration, legal or financing
and land costs. The outfall construction cost estimate includes a 25% allowance for
engineering and contingencies.

The estimates are for a treatment plant capable of servicing a population of 4,400. This
is larger than the population estimate of 3,141 for the initial service areas as reported in
Section 2, Table 2-11 a of this report. Based on an atmual population growth rate of 2%,
the treatment plant would be able to accommodate the population increase for 17 years.

4	 SITE LOCATIONS

Two site locations have been identified, as shown on Figure 3. Regional District staff
has identified the northern site as the preferred location.

4.1	 Northern Site

This site is located at the boundary between the Royston and Union Bay Improvement
Districtts. It is based on the potential location for a marine outfall as per the findings of
the Ocean Discharge Section of this study. It also has the potential for surface discharge
to one or more of the adjacent drainage courses, with Argyle Creek being the closest and
therefore the most probable.

To eliminate the need for an outfall pumping station for Option A - Northern Baynes
Sound and Option B - East of Comox Bar, the treatment plant would be constructed at
approximately 14 m and 22 m geodetic elevation, respectively. This precludes land on
the east side of Highway 1 9A.

For Option C - Submarine Connection to Comox Treatment Plant, there are no site
elevation constraints as a pumping station will be required. This option, however,
requires Royston!Union Bay to join the City of Courtenay or to become a new
municipality. The ability to join the City of Courtenay is considered to be remote for the
near future based on the expansion boundary agreement established by Courtenay and
Comox in the fail of 2004. Creation of a new municipality is being studied, but is in the
early stages. The potential for presentation to the public for approval via referendum is
expected to be several years away.

Three phase power, telephone and cablevision service is located along the highway.
Municipal water can be obtained from the Royston or Union Bay Improvement District
water systems.
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4.2	 Southern Site

This site is locate in the vicinity of the mouth of Hart (Washer) Creek, and is based on
work previously done under the Union Bay Liquid Waste Management Plan (UBLWMP)
in 1999.

Three phase power, telephone and cablevision service is located along the highway.
Municipal water can be obtained from the Union Bay Improvement District water
system.

The 1999 UBLWMP did identify a third site at the top of McLeod .Road. This site has
not been reviewed further because of its more than 70 m geodetic elevation.

5	 DISCHARGE POINTS

Though technically feasible, a marine outfall into Baynes Sound (Option A) or the
northeast side of Denman Island (Option B) is anticipated to meet strong resistance from
the public and the aquaculture industries. See Section 2 - Ocean Discharge for a review
of comments from various biological stakeholders.

Discharge to Argyle Creek, Washer Creek, or any of the other small creeks/drainage
courses in the area will require treatment to Unrestricted Reclaimed Water Use as noted
previously in Section 2 - Wastewater Flows and Freshwater Discharge. Treating to this
level provides the opportunity for the beneficial reuse of the water in the community.
This could include, among other things, irrigation, stream flow augmentation, and reuse
in toilets and urinals. The Kingfisher Inn and Huband Elementary school are two
facilities in the Comox Valley that recycle water.

Treatment of effluent to the unrestricted reclaimed water use is anticipated to be
acceptable to the public because of the highest level of treatment and the availability for
beneficial reuse of water in the community.

6	 CONCLUSIONS

Based on the findings, the following conclusions are made:

An SEW, RBC or OD system are capable of producing an effluent quality that
exceeds the MSR requirements for ocean discharge.

2. An enhanced SBR or MBR are capable of producing an effluent quality meeting
the MSR requirements for unrestricted reclaimed water use. This level of
treatment is required for Royston/Union Bay if discharge is to be to land or
freshwater.

3. The ocean discharge option has the lowest construction and operating cost,
excluding connection to the Comox sewage treatment plant which requires
Royston/Jjnion Bay joining the City of Courtenay or forming a new
municipality.
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4. A marine outfall into Baynes Sound (Option A) or the nort:heast side of Denman
Island (Option B) is anticipated to meet strong resistance from the public and the
other stakeholders.

5. Discharge to land or freshwater has the highest construction and operating cost.

6. Two potential treatment sites have been located. The northern site is located
near the intersection of the Royston and Union Bay Improvement District
boundaries. The southern site is located near the mouth of Washer Creek.

7. The northern site is the preferred location.

8. Power, telephone, cablevision and municipal water are near both sites.

9. Treatment of effluent to the unrestricted reclaimed water use, though it carries
the highest capital and O&M costs, is anticipated to be acceptable to the public
because of the highest level of treatment and the availability for beneficial reuse
of water in the community.
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7	 CONCLUSIONS & RECOMMENDATIONS

7..!	 CONCLUSIONS

Based on the findings of this report, the following conclusions can be made:

Freshwater Discharge
1). Discharge to any one of the freshwater creeks or rivers between Royston and

Union Bay will require treatment to an unrestricted reclaimed water use level as
adequate dilution is not available year round.

2). The Trent River and Washer Creek, both experience significant flows in the
winter and may be able to accommodate the discharge of secondary treated
effluent for a ?40:1 dilution but only during a portion of the year.

3),	 The Trent River already has a high phosphorous loading and is not able to accept
additional loading during the summer months.

4). Washer Creek runs dry during the summer months and thus can only accept
unrestricted reclaimed water.

Ground Discharge
5). Of the nine potential sites for large scale treatment and discharge of effluent that

were identified, unrestricted site access could be obtained for only one.

6). During the site investigation, an area of approximately I - 3 hectares was
identified as potentially suitable. This area might be able to support a population
of 800 to 2,500.

7). Soil based treatment is not considered feasible for servicing the entire
Royston/Union Bay service area.

Ocean Discharge
8). Three outfall options were identified. Each is considered as discharging into

open marine waters.
Option A - North end of Baynes Sound, is the shortest route, has the lowest
construction cost, and would require the highest level of treatment. This
option may be technically feasible but may meet considerable public and
political resistance.

) Option B - Into the Strait of Georgia (north and east of Sandy Island), this is
the longest route, has the second highest construction cost and includes the
technical challenge of crossing near Comox bar requiring an air release
valve.

> Option C - Connection to the Regional Sewer System near Goose Spit,
requires permission from the municipal members of the Sewerage
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Commission and will require upgrading works at the Comox Valley Water
Pollution Control Centre and to the existing outfall system.

9). Each of the sites achieves the required MSR dilution.

10). Preliminary hydraulic analysis determined that the outfall total headloss for
Options A, B and C, would be approximately 6.65 m, 14.76 m and 46.75 m,
respectively. Pumping would be required for Option C, but can be avoided for
Options A and B with the sewage treatment plant being constructed at an
appropriate elevation to overcome the headloss.

11). Future work will require further consultation with all affected agencies and users
of the receiving waters. Extensive public consultation will also be required.

12). Environment Canada staff have indicated that there is an initiative to designate
Baynes Sound a "no discharge zone" for marine craft.

13). Though technically feasible, a marine outfall into Baynes Sound (Option A) or
the northeast side of Denman Island (Option B) is anticipated to meet strong
resistance from the public and the aquaculture industries.

Service Area
14). The study area incorporates the more densely developed areas of Royston and

Union Bay with the intervening section of Electoral Area "A".

15). The servicing area has been phased, with an initial area representing mainly those
lands subdivided into small lots; typically between the E&N railway and the
foreshore of Baynes Sound. The initial area encompasses 1,362 lots. The
ultimate service area incorporates the higher elevated lands to the west.

Collection Systems
16). For this study, it has been assumed that gravity sewer mains greater than 5 m

deep are to be avoided.

17). Numerous rights-ofway and construction along a portion of the foreshore in
Union Bay, below the high water line, will be necessary.

18). Providing gravity service to all properties will require eight pumping stations.
Three would be electrical kiosks, with an emergency power connection port. The
remaining five would include a control building, with emergency power
generator as they service larger areas.

19). The construction cost for a gravity system is estimated at $16,400 per lot,
including an allowance to install the service connection from the home to the
property line.

20). The Construction cost for a STEP system is estimated at $13,500 per lot.

21). Construction cost for a grinder pump system is estimated at $13,600 per lot.
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22). Though the gravity system has the highest per lot cost, it is anticipated to be
approved by the public based on the failure of the Union Bay November 2002
referendum.

Treatment Options
23). Discharge to Ocean can be achieved by a Sequencing Batch Reactor (SBR),

Rotating Biological Contactor (RBC), or Oxidation Ditch (OD) system, each
capable of producing an effluent treatment quality exceeding the Municipal
Sewage Regulation (MSR) requirements. The SBR has the lowest estimated
construction and operating cost at $5.8M and $140,000, respectively, based on
discharge beyond Sandy Island. This system requires approximately 0.3 ha of
land.

24). Discharge to land or freshwater requires treatment to unrestricted reclaimed
water use. The lowest estimated construction and operating cost is $7.4 M and
$160,000, respectively, based on a SBR with Fabric Filter and Ultraviolet
Disinfection. This system requires approximately 0.68 ha of land. The highest
estimated construction and operating cost is $8.2 M and $230,000, respectively
for a Membrane BioReactor (MBR) and Ultraviolet Disinfection.

25). The construction cost estimates are for a treatment plant capable of servicing a
population of 4,400. This is larger than the population estimate of 3,141 for the
initial service areas as reported in Section 2, Table 2-1 la of this report. Based on
an annual population growth rate of 2%, the treatment plant would be able to
accommodate the population increase for 17 years.

26). Treatment of effluent to the unrestricted reclaimed water use, though it carries
the highest capital and O&M costs, is anticipated to be acceptable to the public
because of the highest level of treatment and the availability for beneficial reuse
of water in the community.

Treatment Sites and Points of Discharge
27).	 Two potential site locations were identified:

> A northern site along Highway 19A near the boundary between Royston and
Union Bay Improvement Districts. This Site is based on the potential
location for a marine outfall as well as the potential for surface discharge to
one or more of the adjacent drainage courses; with Argyle Creek being the
closest and therefore the most probable.

) A southern site in the vicinity of Washer Creek, based on work previously
done under the Union Bay Liquid Waste Management Plan.

28).	 Three phase power, telephone, cablevision, municipal water, and site access are
close by both sites.

29). Regional district staff has identified the northern site as the preferred location and
propose to carry out a referendum in February 2006 for the creation of a
community sewage collection, treatment and discharge system.
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7.2 RECOMMENDATIONS

Based on the conclusions reached in this report, it is recommended that:

1). A sewer collection system be constructed in stages, with the first being the initial
service area shown on drawing 0348-05.

2). The sewer mains in the initial service area be sized to accommodate future
growth to the boundaries of the ultimate service area shown on drawing 0348-05.

3). A gravity collection system be constructed. The estimated cost to service the
initial area, containing 1,362 lots, is $22,340,000,.. or $16,400 per lot. This
includes an allowance of 25% for engineering and contingencies. The annual
O&M costs are project to be $177,000 per year or $130 per lot.,

4).	 The northern sewage treatment plant site be pursued.

5). Sewage be treated to the Unrestricted Reclaimed Water Use Standard and
opportunities for water reuse capitalized upon: The estimated cost to construct
the treatment plant is $8200,000,.-or $6,020 per lot. The O&M costs are
projected to be $230,000 per. year, Or $170 per lot.

6j.	 The Regional District continue to advance the project by:
- Continuing consultation and dissemination of information to the public

and other stakeholders in advance of the upcoming February 2006
referendum.

- Assess potential water reuse options.
- Undertaking a pre-registration meeting with the Ministry of Environment

for registration of the collection, treatment and discharge system under
the Municipal Sewage Regulations.

- Undertake an Environmental Impact Assessment Study for the northern
site.

7).	 One month prior to the referendum, review and update, as necessary, the total
project cost estimate for the collection, treatment and discharge system.
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