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EXECUTIVE SUMMARY

The City of Campbell River has embarked on a process to address stormwater issues within the City,
which is consistent with current guidelines published by the Province for integrated stormwater
management planning (ISMP). This effort encompasses the entire City, though the current study
addresses the City’'s Campbell River/Quinsam River Area only. The area covers about 420 hectares
along the Quinsam and Campbell Rivers and west of the downtown area (see map below). The City is
responsible for the construction, operation, maintenance and enhancement of stormwater systems in the
Campbell River/Quinsam River Area which includes ten storm sewer outfalls.

The goals of the City-wide stormwater management planning
effort are:

e  Develop stormwater management solutions and
policies that maintain, restore and enhance the
watershed and meet engineering, environmental and L e o
land use needs

e  Protect the community from flooding, erosion and
destruction of private and public property

e  Promote community development while recognizing
neighbourhood values and unique characteristics of
the area

Widis

CITY OF
CAMPBELL RIVER

e Integrate engineering, planning and environmental
solutions for the benefit of the Campbell River

The Project Team for this ISMP included engineers, planners, biologists and hydrogeologists. The
process included technical assessments by the Project Team as well as direct consultation with local
stakeholders and First Nations. A Working Group met three times to discuss the issues facing the
Campbell River/Quinsam River Area, review options presented by the Project Team and provide input to
the plan. Two Open Houses were held during the project to provide for general public consultation as
well.

Six main tasks or objectives were addressed in this plan:
e Document existing stormwater, biophysical and land use conditions

e Identify required stormwater infrastructure and land use policies to ensure protection of the
residents and property as well as protection of aquatic habitat
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e Ensure that stakeholder interests and senior environmental agency support for recommendations
is balanced with social and economic interests of the community

e Develop decision matrices that allow the City to analyze and evaluate options
e Recommend an integrated approach to achieving cost effective solutions

e  Provide the City with evaluation and recommendations that will lead to the development of
sustainable financial tools for implementation

The Quinsam River / Campbell River Area encompasses both highly urbanized areas that exhibit the
distresses to the watershed that inevitably accompany development and natural areas that provide
significant habitat for fish and wildlife. Healthy watersheds in southwestern British Columbia, including
Vancouver Island, are typified by having greater than 65% forested land and less than 10% impervious
surfaces (buildings, roads, parking lots and other hard, non-porous surfaces associated with
urbanization). Overall, the Study Area is about 39% forested and 26% impervious surface; these levels
highlight the twin challenges for the Study Area of mitigating the negative impacts of past development
while avoiding such impacts in the future.

A hydrologic and hydraulic model was developed to assist with the evaluation of the existing storm sewer
system. Using this model, several existing storm drains were identified for improvement to alleviate
nuisance flooding. The model was also used to test alternative stormwater management approaches,
including the use of regional detention ponds and implementation of various low impact, sustainable
stormwater controls. In addition the model has been configured to include the two watersheds
comprising the bulk of the study area land, Detweiler and Haig Brown'’s Kingfisher Creeks. With minimal
additional effort in the future the model can be used to further assess environmental and flood flow
conditions within the creeks themselves.

Other specific issues that were identified for the Study Area are:
e Runoff quality and attendant impacts to local and regional fisheries

e Poor or degraded fish habitat in a number of reaches of Detweiler and Haig Brown’s Kingfisher
Creeks

e Low base flows in Detweiler and Haig Brown’s Kingfisher Creeks

e  Potential continued degradation of habitat due to long-term loss of forest and wetlands within
currently undeveloped areas

e  Future potential increased flooding and erosion from new development in currently undeveloped
areas of the watersheds
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To address these issues, a set of guiding principles was formulated:

e Minimize impact of new development on runoff

o Maintain base flows to streams

o Maintain water quality in streams

o Apply sustainable stormwater controls to new development

o0 Meet specific runoff performance targets for peak, volume and quality

o Encourage use of sustainable stormwater controls to for infill and redevelopment
e Improve water quality when feasible

o Establish an environmental monitoring program

o Apply retrofit runoff treatment controls in some developed areas

The overall intent is to preserve and enhance the creek resources, accommodate the demand for growth
in the area and preserve the generally low density residential character of the currently undeveloped
parts of the Study Area.

A wide range of recommendations are made to further the guiding principles. The table on the next page
lists the recommendations, grouped as follows:

e Municipal drainage infrastructure

e Environmental

e Data Management and System Analysis

e Policy

e Public Education and Outreach

We recommend that the City take an adaptive approach to stormwater management. This includes:

e Regular updates of the plan, at 5-year intervals

e Use of pilot projects to test and provide a basis for design of new sustainable stormwater control
methods

e Allowing flexibility on the part of developers to prepare plans that meet the basic performance
targets for stormwater volume, peak and water quality control

The estimated capital cost for recommended infrastructure improvements is $12.6 million with annual
maintenance costs of approximately $424,000. These improvements are for storm drains, detention
ponds and stormwater treatment systems.
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Financing for these improvements can be through DCCs, however we strongly recommend that the City
establish a community-wide stormwater utility that can collect user fees and charges. Such a utility can
provide a long-term, sustainable and dedicated source of funds for both capital improvements as well as
for on-going operation and maintenance of the City’s stormwater system.
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Table E.1
Summary of Recommendations for Campbell River/Quinsam River Area Stormwater Management

Priority Level
1 2 3
Municipal Infrastructure [Upgrade deficient municipal drainage infrastructure (storm drains; 7 segments) X
Construct detention ponds for future developments (7 sites) X
Construct runoff water quality treatment facilities (9 locations) X
Upgrade existing catch basins with deeper sumps and trapping hoods X
Enhance street cleaning program X
Prepare operations and maintenance schedule for stormwater system, incl street cleaning X

Environmental Prepare inventory of existing commercial/industrial "hot spots” X
Develop spill containment procedures X
Install manual ditch level gages to determine base flows X
Establish long-term outfall water and sediment quality monitoring program X
Establish long-term biophyscial monitoring program at 2 or more sites X
Initiate soils property verfication program

Re-establish digital recording of continuous rainfall measurements at the airport
Enhance key habitat sites in conjunction with other City initiatives (5 key, potential sites) X

Data Management and [Obtain updated, detailed aerial contour mapping of area (supplemented by ground survey)
System Analysis Compile manhole rim, outfall invert and related infrastructure data throughout the area

Refine the current XP-SWMM model to perform extended period (continuous) simulations
Perform assessment of environmental flows using upgraded XP-SWMM model
Update GIS database
Policy Adopt performance targets for stormwater volume, peak and quality X
Adopt a single, consistent 5-year level of service for minor conveyance systems
Require the use of LID techniques (where appropriate and feasible) for new development X
Require specific stormwater quality treatment for all new commercial and industrial sites X
Develop and adopt an Erosion and Sediment Control Bylaw X
Develop and adopt a Tree Retention Bylaw
Develop and adopt a Pesticide Use Bylaw X
Adopt measureable targets in OCP for preserving tree cover and limiting impervious area X
Introduce Development Permit Area guidelines for vegetation retention and native plant use X
Update zoning bylaw for maximum parking / impervious surfaces and encourage cluster devpmt X
Update engineering design standards per City's "alternate design standards" initiative X
Require use of deep sump catch basins with trapping hoods X
Develop and adopt a stormwater utility to finance all aspects of the stormwater system X
Public Education and |Initiate a long term public eduation and outreach program

Outreach Prepare and distribute to builders an Erosion and Sediment Control Brochure

Publicize stormwater pilot projects
Develop a stewardship award for the development community X

Category Recommendation

bad Bed

Pl Bl Bl B B

x

X

XX >
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INTRODUCTION

1.1 Stormwater Management Vision for Campbell River

Over the past forty years, approaches to managing stormwater in urban and urbanizing
communities have undergone a significant and rapid evolution. Increasingly more than just basic
engineering perspectives on flood control are guiding communities as they attend to the impacts
of urban development on streams, soils and local environments. Concerns for fish habitat and
water quality are now at the fore for some communities, and stormwater runoff is coming to be
seen as a resource to manage and protect rather a nuisance to avoid or correct.

It is within this context that the City of Campbell River embarked on a five-year program to
develop integrated stormwater management plans (ISMP’s) for all areas of the City. This
program reflects the City’s desire to review and update stormwater controls within in its
jurisdiction, to better emphasize an integrated approach that applies current understandings of
urban hydrologic processes. In particular, the City wishes to incorporate policies and practices
that emphasize sustainability with community acceptance and that harmonize environmental
stewardship with traditional flood control and erosion protection.

The focus of this current ISMP is the Campbell Figure 1.1
River/Quinsam River Area of the City (see Figure General Location Map
1.1); it is the last in the series comprising the overall
five-year stormwater program. Previous ISMP’s have
been completed and approved for these drainages and
watersheds:

e Holly Hills drainage (approved April 2004) ™ —
e  Perkins Road drainage (approved April 2004)

e  Nunns Creek watershed (approved June 2005)
e  Simms Creek watershed (approved June 2005)
e  Willow Creek watershed (approved June 2005)
e  Foreshore Area (approved November 2005)

Widis

CITY OF

It is the City’s vision, which the Project Team shares, to
CAMPBELL RIVER

create living documents for each watershed, which
recommend stormwater management strategies that are
long-term, proactive and adaptable. 0

1.2 Goals and Objectives of the ISMP Studies

The Terms of Reference issued by the City for the Campbell River/Quinsam River Area ISMP
identified four main goals:
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e To establish an achievable and supportable vision for each watershed that will result in
the development of stormwater management solutions and policies that maintain,
restore and enhance the natural watershed characteristics while meeting engineering,
environmental and land use needs.

e  To protect the community from flooding, erosion and destruction of private and public
property.

e To promote community development while recognizing neighbourhood values and
unique characteristics of the area.

e To integrate engineering, planning and environmental solutions to the benefit of each
watershed.

To achieve these goals, the City outlined seven main objectives, or tasks, to be undertaken as
part of the ISMP study:

e To document the existing condition of each watershed including the stormwater
infrastructure, biophysical inventory, and existing and future land use patterns.

e Recommend alternatives to reduce maintenance costs and increase habitat values
through retrofitting, amalgamating or removing existing infrastructure.

e To identify the required stormwater management infrastructure and land use policies
necessary to ensure the protection of residents and property with protection of the
aquatic habitat.

e To ensure that stakeholder interests and senior environmental agency support for the
study recommendations is balanced with the social and economic interests of the
community.

e To develop decision matrices that will allow the City to analyze and evaluate options
that meet the multiple needs of the community.

e To recommend an integrated approach to achieving cost effective solutions which will
assist the City and its partners in establishing watershed based stormwater policies, a
stormwater infrastructure program.

e To provide the City with an evaluation and recommendation(s) that will lead to the
development of sustainable financial tools that support the City’s land use plan and
capital works program, including but not limited to the establishment of a stormwater
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1.3 Communications Strategy

To ensure that the ISMP process is a successful one, involvement and support from a variety of
interested parties are essential. Over the course of the project, the following groups were
consulted.

1.3.1 City of Campbell River

A series of meetings were held with City staff over the project duration to define and address
issues such as the scope of work, schedule and associated milestone dates, review of
submissions, public and stakeholder consultation, etc. City staff from the Engineering, Planning
and Public Works departments participated in the meetings. The project team worked closely
with City staff throughout the project to ensure that the ISMP study ultimately reflected the
vision that the City has for its watersheds.

Council was kept informed on the status of the project via discussions with City staff,
announcements in the Council’s newsletter and a project summary statement, which will be
presented to Council at the conclusion of the project.

1.3.2 Working Group

One of the objectives of the ISMP study was
the formation of a working group. This group
included representatives from a variety of
interested parties, including senior
environmental agencies, local environmental
groups and the development community.
Other interested organizations and local First
Nations were also invited and kept informed
of the Working Group’s proceedings. The
main purpose of the group was to provide
background information on the Campbell River/Quinsam
River area, as well as to review and comment on
recommendations from the ISMP study. The group met
three times over the course of the project. Table 1.1 lists
the members of the working group. Additional information
related to the group can be found in Appendix E. ‘ — A8 ¥ ...........

Working Group Meeting
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Table 1.1
Working Group Participants
Attendees
Name Organization
Barry Peters Campbell River Stewardship Advisory Council
Kathy Campbell City of Campbell River
Ron Neufeld City of Campbell River
Gary Giese Development Liaison Group (Bonaventure Development Corp)
Rick Senger DFO, Area Habitat Technologist
Shannon Anderson DFO, Habitat Biologist
Lesley Fell Discovery Coast Greenways Land Trust
Luisa Richardson Coast Greenways Land Trust
Leona Adams Estuary Protection Group
Tim Ennis Nature Conservancy of British Columbia
Dave Ewart Quinsam Hatchery
Tony Roberts Jr. The Campbell River Indian Band
Other Invitees
Name Organization
Ron Burrell Advisory Planning Commission
Allistair McLean BC Hydro
Mike Gage Campbell River Gravel Committee
Brian Kelly Cape Mudge Indian Band
Jim Van Tine Haig-Brown Kingfisher Creek
Peter Law MWLAP / Urban Biologist & Provincial Ministry of Environment
Bob Hall Ministry of Transportation and Highways
Hubert Bunce Q Coal Environmental Technical Review Committee
Dave Selent Quinsam Coal Corporation
URBANSYSTEMS.
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1.3.3 General Public

Contact with the general public was primarily made through media releases and public open
houses. Four separate media releases were published in the local newspapers as well as posted
on the City’s website over the project duration. These media releases provided updates on the
project status, contact information for City staff and the project team, and dates and times for
upcoming public open houses. Media releases can be found in Appendix F.

Two public open houses were hosted by the City to summarize the progress to date on the ISMP
and to allow the general public an
opportunity to comment and provide
input into the study. The public open
houses were held on Tuesday,
September 12, 2006, and Wednesday,
November 15, 2006. Each open house
included a brief formal presentation as
well as time for open discussion and
questions. Presentation materials, sign-
in sheets and feedback forms for both
open houses are located in Appendix F.

CR/QR ISMP’s Second Open House

1.4 Background Studies and Reports

Background studies and documents were provided to the project team at the project initiation
meeting with City staff. Additional reports and anecdotal information were also obtained from
the working group members and the public. A comprehensive list of the documents which were
reviewed by the project team is attached in Section 12.0 (List of References).

15 Project Team

An interdisciplinary project team was assembled for this ISMP study, including representatives
with engineering, planning and environmental perspectives. Each team member has extensive
experience in their related field, has prior experience in developing ISMPs and was familiar within
the Campbell River area. Team members and contact information are provided in Table 1.2.

o 05,01 | December 2006 URBANSYSTEMS.
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Table 1.2

ISMP Project Team Members

Area of Expertise

Company

Contacts

Phone Number

Stormwater Urban Systems Jeffrey Rice, P.Eng., Project Manager 604-273-8700
Management Samantha Ward, P.Eng.
Melanie Ross, Project Coordinator
GIS Urban Systems Mercedes Braun, GIS Specialist 250-374-8311

Planning / Land Use

Urban Systems

Sara Stevens, M.PI.

604-273-8700

Habitat Biology

Komori Wong Ltd.

Violet Komori, M.R.M.

250-339-7613

Hydrogeology

Piteau Associates

Andy Holmes, P.Eng.
Arnd Burgert, GIT

604-986-8551

Page 6
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2.0 STORMWATER
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There was a time when people tended to think publicly about water only during two periods:
When there was too little of it (drought) or when there was too much of it (flood). When it came
to drinking water, the former was most on people’s minds, but when it came to urban drainage,
the latter tended to rule. Since the focus was on preventing flooding and thus protecting people
and their property, efficiency in removal was the goal. The faster water could be moved away
from flood-threatened areas, the sooner people could forget about it.

For centuries, with respect to water supply, water has been treated as a resource, that is, as
something to protect and maintain. But in the latter part of the 20" century, many people began
to recognize that stormwater represents a resource as well. If treated wisely, stormwater
contributes to the well-being of the natural environment, including fish-bearing water-bodies and
groundwater resources. But if treated unwisely, stormwater can become a nuisance at best or a
serious factor in environmental degradation at worst.

The first step in accepting that stormwater is a resource is to understand the hydrologic cycle
and the implications of disrupting that cycle by urban development practices. The next few
paragraphs provide a primer on the hydrologic cycle, characteristics of a healthy watershed and
the stormwater impacts associated with urban development. A final section describes integrated
stormwater management.

2.1 The Hydrologic Cycle

Rain that falls on any piece of land, whether natural or built, can basically move in only four
directions:

e Back into the air via evaporation from surfaces and transpiration from leaves
(evapotranspiration)

e Into the surface soils via soaking where it can move slowly to streams (interflow)
e Into deep groundwater aquifers via seepage (groundwater recharge)

e Directly into streams via the land surface or built structures (surface runoff, or
stormwater)

Surface runoff from a forested or naturally vegetated watershed is very small, representing 10%
or less of rainfall volume in many cases. Except during occasional extreme rainfall events, the
flow that is observed in streams (commonly called base flow) is actually a product of /nterflow,
the slow movement of water through soils into streams. Land development alters this natural
water balance. When natural vegetation and soils are replaced with roads and buildings, less
rainfall infiltrates into the ground, less is taken up by vegetation and more becomes direct
surface runoff. Runoff volumes increase in direct proportion to impervious area — land uses with
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extensive roof and paved area create more runoff than land uses with extensive areas of
absorbent soils and forest cover (see Figure 2.1).

Figure 2.1
Typical Annual Water Balance for the Lower Mainland British Columbia
Pre- and Post-Development Conditions
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2.2 Land Use Characteristics of a Healthy Watershed

From a stormwater management perspective, two of the most significant land use factors to
consider in defining a healthy watershed are wooded (forest) area and impervious area. Recent
studies consistently show that healthy watersheds in this region of North America are
characterized by high percentages of forest area (generally >65%) and low percentages of
impervious area (generally <10-15%). Outside these ranges, streams tend to exhibit a host of
“unhealthy” conditions that are attributable to the process of urbanization, as described in the
next section.

2.3 Impacts of Urban Development

Work at the Center for Urban Water Resources (University of Washington) (Booth and Jackson,
1997) clearly demonstrates that the most important impacts of development (urbanization) on
streams, in order of importance, are:

U R BAN SYSTE M 8 1479.0009.01 / DecembeFr’aZQC;eog

2006-12-01_CRQR ISMP Final Report



o 05,01/ December 2006 URBANSYSTEMS.

2006-12-01_CRQR ISMP Final Report

City of Campbell River Integrated Stormwater Management Plan — Final Report
Campbell River/Quinsam River Area

e Changes in hydrology
e  Disturbance of the riparian corridor
e  Deterioration of water quality

e Disturbance of the physical habitat within the stream

In addition, if these impacts are not avoided, there can also be serious legal, financial and
political implications. These impacts are discussed in more detail in the paragraphs that follow.

2.3.1 Hydrology

One of the major impacts of urbanization on streams is its effect on stream hydrology.
Hydrology is defined as the study of the movement (or flow) of water in all its phases.
Understanding the water balance is essential to understanding the impact of development on the
hydrology of streams.

The water balance, as shown in Figure 2.1, is the concept that the sum total of rainfall is equal to
the amount of rain infiltrated (interflow), absorbed (deep groundwater), and evapotranspired,
plus the volume of runoff generated from the watershed. In a pre-developed setting, much of
the rainfall is absorbed by the surrounding vegetation, soil and ground cover. In a developed
setting, the water balance changes and a disproportionate amount of rainfall becomes surface
runoff.

Changes in the water balance in urban streams are exemplified by increased flood peaks,
increased frequency of bankfull flows, widening of the floodplain and decreased dry weather
flows (see Figure 2.2). Bankfull flows are simply runoff events that fill the normal channel of a
stream to the top of the banks. Bankfull flows are significant because they are the channel
forming flow condition in a stream and they are highly erosive, turbid (“cloudy”) and damaging to
the natural morphology of the stream.

Further, traditional pipe and ditch systems were designed to remove runoff from impervious
surfaces as quickly as possible and deliver it to receiving waters. With increased land
development, stormwater arrives at the receiving waters much faster, which in turn increases the
peak rate of flow.

By the time a watershed is fully developed with buildings, roads and parking lots, 15 to 20 times
more runoff can occur as compared to conditions prior to development.
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Figure 2.2
Change in Streamflow Response with Urban Development
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2.3.2 Disturbance of Riparian Corridor

Generally, most streams begin to enlarge as impervious cover exceeds 10-15% in the watershed.
The enlargement process may take up to 50 years to fully occur, but urban streams in
watersheds with more than about 10-15% impervious cover are characterized by various degrees
of stream enlargement and widening, erosion, downcutting, decreased channel stability and
embeddedness. An undeveloped watershed with less than about 5% impervious cover is
characterized by excellent stream conditions— good riparian cover, high quality substrate (stream
bottom) and wetted perimeter during low flow conditions.

Even though a developed area does not entirely encompass a watershed, the sections of a
stream that are located downstream are likely to experience these changing conditions.

2.3.3 Deterioration of Water Quality

In addition to hydrologic changes and changes to the riparian corridor of the stream, urbanization
directly impacts the quality of the receiving water. Some of the indicators of the impact of
urbanization on water quality include increased stream temperature and pollutants.

Stream temperature is a very important habitat parameter for fish and insects, and temperature
variability can dictate the growth of aquatic insects and timing of migration and molts.
Impervious cover increases air and soil water temperatures and can create an increase of 3-6°C
in urban streams.
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In addition to increased stream temperature, urbanization can increase the amount of pollutants
entering water bodies, such as sediment, nutrients, organic matter, trace metals (copper,
cadmium, lead), pesticides, herbicides and hydrocarbons, and others. During storm events, the
quality of urban stormwater declines sharply which adversely affects human and aquatic uses of
downstream waters.

The sources of pollutants in stormwater are predominately associated with impervious areas.
Impervious areas act as a collector and conveyor for pollutants that arrive from many pathways.
Pollutants can fall out of the sky during dryfall. They may also arrive in rain or snow as wetfall.
Automobiles are also sources of pollutants. Wear of tires (a known source of zinc), deteriorating
brake pads, or just leaks, drips and spills of oil and other pollutants from the car can accumulate
on impervious surfaces. Pollutants can also be blown in from adjacent pervious areas. Pollutants
land on the street where they often stay in curbs, cracks and other areas until the next rain
storm where they are washed off the surface and into the storm drain system and ultimately to
receiving streams.

Excess nutrients (such as nitrogen and phosphorous) can create eutrophic conditions that can
lead to uncontrolled algal growth that consumes oxygen in shallow, slow-moving waters and may
create fish kills, odours and other problems.

Another common pollutant in urban stormwater is sediment. Sediment can smother bottom
organisms and it can clog gills of fish and aquatic insects when it is in the water column. Sources
of sediment include streambank erosion, construction sites and the wash off from paved
surfaces.

Fecal coliform levels in urban stormwater runoff are typically 15 to 50 times the standard set for
water contact recreation. Fecal coliform can be derived from human and nonhuman sources. In
fact, research indicates that much of the fecal coliform in urban runoff is from nonhuman sources
such as dogs, cats, cattle, horses, squirrels, geese, pigeons and ducks. However, very high
levels of bacteria may also be due to leaks of human sewage from sanitary sewer overflows,
leaking septic systems, combined sewers or illicit discharge of sewage.

Stormwater hotspots are areas that produce higher concentrations of pollutants than normally
found in urban runoff. Certain areas of the urban landscape are known to be hotspots of
stormwater pollution. Examples include gas stations, parking lots and auto recycling facilities.
Generally, stormwater hotspots contribute 5 to 10 times higher concentrations of trace metals
and hydrocarbons in stormwater runoff. These hotspots merit special management and pollution
prevention activities.
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Trace metals are frequently found in urban stormwater and sometimes at concentrations that can
be acutely toxic to aquatic life. In nearly every stormwater sample, one generally will find zinc,
copper and lead. Hydrocarbons, zinc, copper, cadmium, and lead are known to accumulate in
the tissue of fish. In some cases, this may make the fish unsuitable for human consumption.

2.3.4 Disturbance of the Physical Habitat within a Stream

Along with changes in hydrology, riparian corridor and water quality, the habitat value of urban
streams diminishes with increased impervious cover. There are numerous impacts to the aquatic
habitat as well as the riparian corridor, particularly along the stream side zone.

The creation of fish barriers is another impact of urban development. Barriers can prevent the
movement of fish. In some cases, the fish barriers are created by culverts that are put in stream
crossings for roads and other urban infrastructure. As the stream erodes down with increasing
urban development, vertical barriers to fish movement are created that cut off spawning areas.
Fish that are trying to move up stream to spawn in spring will likely encounter fish barriers that
they cannot surmount.

Pipes such as culverts and storm sewers are typically much smoother than a natural stream.
Thus, they tend to produce higher velocities of water flowing through them. Further, long
culverts and storm sewers do not provide natural resting areas and cut off access to natural light.
All of these effects tend to act as barriers or restrictions to fish movement.

2.4 Integrated Stormwater Management

Integrated stormwater management is comprehensive and ecosystem-based; it attempts to take
into account the scientific and technical knowledge that has been gained over the last 40 years
concerning the impacts of land development on watersheds. As a result, stormwater
management has undergone evolutionary growth in its scope and in its perspectives. At first
focusing almost exclusively on removing runoff from developed areas quickly and efficiently, we
are now coming to know the importance of considering all aspects of the hydrologic cycle,
including understanding how land use development decisions can lead to disruption of that cycle.
Further, we are beginning to see the value of eliminating causes of stormwater problems, rather
than dealing only with the consequences of our land use decisions.

The recently released provincial guidelines for stormwater control represent one approach to
integrated stormwater management planning. The guidelines are consistent with recent thinking
across North America about urban drainage. As noted in Section 1, the City views the current
planning for the Campbell River/Quinsam River Area in the context of these provincial guidelines,
which begin with the premise that stormwater (or more precisely rainwater) is a resource to be
managed.
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Regardless of how “pristine” or how “degraded” a watershed may be initially, steps can be taken
to improve the conditions resulting from urbanization by treating stormwater as a resource.
However, communities can choose when it is best to take these steps, what level of commitment
to make towards protecting, enhancing or restoring a watershed, and how to use the various

management tools that are available.
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3.0 CAMPBELL RIVER/QUINSAM RIVER AREA DESCRIPTION

Page 15

3.1 Available Information

The City provided the project team with GIS and AutoCAD data for relevant features in the
watershed, including study area boundaries, contour information, elevation points within
developed areas, some storm sewer and culvert locations / properties, watercourse locations,
wetland and ditch locations, OCP and zoning designations, legal boundaries, street configurations
and aerial photography. Much of this information was used to complete hydrologic / hydraulic
modeling for the watershed, as discussed in Section 7. The Public Works department also
forwarded flooding complaint summary spreadsheets, which summarized resident drainage
complaints between the years 2000 to 2004. The drainage complaint summary spreadsheets are
attached in Appendix G.

Only limited background studies and documents were available for the study area. Anecdotal
information on fish habitat along the shoreline was provided by members of Working Groups.

Sources of information for the hydrogeological investigations included reports on surface
drainage, stereo aerial photography, the regional soils map, logs of drilled wells and reports on
conditions in other City watersheds and other hydrogeologically similar areas in Southwestern BC.

As with all previous ISMPs, rainfall information was obtained for the Campbell River Airport and
Campbell River Sewage Treatment Plant stations, both of which are located within the overall
study area and are the closest complete meteorological stations. While the Campbell River
Airport rain gauge station is still active, the Sewage Treatment Plant rain gauge station was shut
down several years ago. All of the above information was reviewed and incorporated, where
relevant, into the context of this report. A summary of the documents reviewed can be found in
Appendix A.

Existing conditions for this study are based on 2006 aerial photography or GIS information,
except where more current as-built drawings were available.

3.2 Field Verification and Reconnaissance

Reconnaissance and field verification formed a significant aspect of background development for
the planning process. The work consisted of a targeted habitat survey by a fisheries biologist,
general site visit by a hydrogeologist and field verification of infrastructure data by a stormwater
engineer. These are briefly described in the next few paragraphs.
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Site reconnaissance and survey were undertaken in early August 2006, to verify conflicting or
missing information in the City’s existing GIS database and to supplement general knowledge of
the study area. Several tasks were completed during the visit, including:

e  Verifying pipe sizes

e  Surveying manhole rims at critical locations

e Measuring roadside ditch cross sections and surveying invert elevations at various
locations

e  Obtaining photos of the area

e Obtaining a general overview of land use in the area

e Gaining an understanding of the overall configuration of the Campbell River/Quinsam
River Area and how runoff is conveyed within it

Fisheries biologists undertook field reconnaissance on August 18, 2006 and again on September
11, 2006. Most of the existing storm drain outfalls were visited and a general assessment of
habitat conditions was made. As well, preliminary assessments were made of many of the
streams and wetlands in the Study Area; this included taking photographs, estimating base flow
rates and, in some cases, obtaining in-field measurements of water temperature and dissolved
oxygen (D.0.) levels. Appendix B contains a complete report.

The project team’s hydrogeologist visited the study area on June 21, 2006, to confirm lithology
and hydrogeological interpretations from other reports and sources and to groundtruth the
locations of lithologic units that may present infiltration potential. Photographs were also used to
document conditions around the study area. Appendix C contains a complete report.

3.3 Catchment Area and Composition

For purposes of this ISMP, the Study Area comprises four catchments or subareas (see Figure
3.1, in Appendix A):

e  Detweiler Creek Watershed — lying on the west edge of the Study Area and extending
south into the Quinsam IR # 2 (Cape Mudge Band); the creek discharges to the
Campbell River.

e Haig Brown’s Kingfisher Creek Watershed — in the center of the Study Area; the creek
discharges to the Campbell River.

e  Campbellton Catchment — drains the most highly developed lands of the Study Area,
including the historic settlement areas along the Campbell River that now include
commercial and light industrial land use activities along with residences; nine (9)
outfalls discharge runoff directly to the Campbell River.
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e River Bank Drainages — land, generally undeveloped, or only minimally developed, that
lies along and up from the east bank of the Quinsam and the south bank of the
Campbell, and that drains directly into the two rivers

The upper reaches of Haig Brown'’s Kingfisher Creek extend into Quinsam IR #12, although the
bulk of this watershed lies within the Study Area. One particularly interesting feature in the
watershed is a diversion (or “bifurcation”) structure constructed on Kingfisher Creek. Located
just west of the highway, the structure retains low flow in the creek but diverts high flows out of
the Kingfisher Creek and into the Campbellton storm drain system. The structure was
constructed as part of a habitat compensation package for the Inland Island Highway in about
1997 along with channel improvements downstream to enhance salmon spawning habitat.

The Campbellton catchment covers some of the oldest parts of the City. The area consists of
both single family residential areas, primarily located in the catchment’s uplands but also along
the River itself, and commercial / light industrial land use activities in and adjacent to the
Campbell River floodplain. The catchment is served by an extensive system of storm drains that
discharge into the River via one of nine (9) outfalls. Some portions of the catchment have open
ditch systems.

Both Detweiler and Kingfisher Creek watersheds contain significant patches of forested land and
wetlands, along with some low density, single family residential development. Runoff is
conveyed from the watersheds via open ditch systems and culverts discharging into the creeks.
The central part of Kingfisher watershed, between the highway and older residential
development, is currently being developed as bare land strata.

Both the Quinsam and Campbell River watersheds extend far beyond the Study Area boundary
and thus hydrologic and hydraulic analysis for these areas were beyond the scope of this ISMP.

The overall Study Area boundary was initially established by the City in the study’s Terms of
Reference (Appendix K), and subsequently revised early in the project. The most significant
revision was the deletion of Baikie Island and adjacent areas of the Campbell River Estuary, as
these were previously included in the City's first ISMP for the Holly Hills/Perkins Road Drainages
in North Campbell River. The specific catchment and subcatchment boundaries were added
during the study as well. The boundaries were set using existing contour mapping (5-m contour
intervals) and storm sewer information provided by the City. The existing contour mapping was
supplemented by 20-meter Provincial Terrain Resource Information Management (TRIM)
mapping where necessary (see Figure 3.3 in Appendix A). The resultant catchment boundaries
are slightly different than originally provided by the City and also reflect the watershed
boundaries established for as apart of previous ISMPs. The Study Area, as set forth in the
project Terms of Reference, totaled 534.4 hectares (ha); this was reduced to 415.8 ha after
adjustments, as noted.
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Table 3.1 summarizes several basic parameters which are useful in measuring the extent of
urban disturbance within an area. The parameters were calculated based on the 2006 aerial
photography supplied by the City (Figure 3.2, in Appendix A). The basis for delineating the areas
is:

Drainage Area — Land that was included in the hydrologic model developed for the study. For
hydrologic and hydraulic modeling purposes the “drainage area” is different than the “study area”
for two reasons. First, Haign Brown’s Kingfisher Creek watershed extends beyond the Study
Area, into IR #12. Second, since the Quinsam and Campbell Rivers were not modeled, the River
Bank Drainages were not modeled either.

Impervious Area — Representative “blocks” of properties were randomly chosen within the
developed portion of the watershed for each land use type (residential, commercial, industrial,
etc). The total impervious area was calculated for each representative block (impervious area
included roofs, driveways, roads, sidewalks, etc). These impervious values were extrapolated for
each land use type over the entire developed area and then added together to calculate the total
impervious area for the watershed.

Wooded Area — Based on interpretation of 2006 aerial photography, blocks of contiguous tree
cover larger than 0.25 ha are included in this total. Linear stands of trees, for example along a
road, were not included.

Riparian Area — Includes all areas along watercourse corridors where the corridor appeared to
be extensively vegetated (based on the 2006 aerial photography). Limits of the riparian areas
were set based on a noticeable change in vegetation type.
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Catchment
Parameter Detweiler Kingfisher | Campbellton | River Bank Total
Creek Creek Area Drainages
Study Area (ha) 73.8 208.6 93.0 40.5 415.8
Drainage Area (ha) * 47.5 318.5 99.5 n/a 465.5
Impervious Area (ha) 6.4 47.5 56.2 n/a 110.1
Impervious Area (%) ** 8.7% 22.8% 60.4% n/a 26.5%
Wooded Area (ha) *** 43.1 94.1 3.6 22.7 162.3
Wooded Area (%) 58.4% 45.1% 3.8% 55.9% 39.0%
Stream Length (km) **** 2.54 7.38 0 0 9.92
Riparian Area (ha) ***** 18.8 54.3 0 0 73.1
Riparian Area (%) 25.5% 26.0% 0 0 17.6%
Open Cha””fllng‘;itCh) Length 1.15 3.02 2.81 0.77 7.75
Closed Pipe (Storm Sewer)

Length (km) 0 0 7.48 0 7.48

Main River Bank Length (km) 0.62 0.20 1.12 1.13 3.07

b3
k%
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As modeled (see Section 5.2); may differ significantly from “Study Area” figures

All percentages are based on the Study Area total, not the Drainage Area as modeled; the Quinsam/Campbell catchment
was not modeled and the Kingfisher Creek watershed extends significantly beyond the Study Area boundaries

Covers significant contiguous areas of forest only

Not including Quinsam and Campbell Rivers, which are listed under “Main River Bank Length”

Based on 60m corridor along identified streams (but not ditches)

As discussed in Section 2.2, healthy watersheds are typically characterised as having less than
10-15% impervious area and greater than 65% forested area. Clearly, the Campbellton Area is
severely altered by urban development and can not be considered a healthy watershed; indeed
except for ditches there are no open channel water features in this area. Stream flooding,
stream erosion and “stream health” in general are thus not issues for the Campbellton Area.
However, because of the extensive development, stormwater quality may be, particularly at
outfall locations where fish habitat may be present. These issues will be discussed further in
Section 5.9.

Even Detweiler and Kingfisher Creeks show signs of significant alteration. Flooding is generally
not an issue in these watersheds, though low base flows, erosion and water quality are. And
with increasing pressure to develop, new problems will undoubtedly arise.

1. These parameter values were prepared for the purpose of this planning study and re provided for general reference only. Site specific information must be

obtained and provided to the City to confirm the actual site conditions at any location.
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3.4 Historical Background

European settlements in the Campbell River area began more than 120 years ago, although the
First Nations people had been present in the area for a significant time beforehand. The first
European settlements were located near the mouth of the Campbell River and over time
development extended south along the shoreline as well as along the ridge between the shore
and Nunns and Simms Creeks.

3.5 Watercourse Characteristics

Figure 3.3 (in Appendix A) presents an overview of all open channel watercourses and closed
pipe systems in the Study Area.

As noted, there are two primary natural open channel watercourses within the Study Area,
Detweiler Creek and Haig Brown’s Kingfisher Creek. These are both small streams that, with
their respective watersheds, provide significant habitat for fish and wildlife. The streams vary in
elevation from near sea level at the outlets to 70 and 78 m for Detweiler Creek and Kingfisher
Creek, respectively.

Significant wetlands along the west branch of Detweiler Creek, along with smaller wetlands on
the east branch, provide habitat (especially for amphibians) and naturally stabilize flows in the
creek. Low summer base flows limit the fish values of the stream. According to the biophysical
review report (see Appendix B), fine sediments have accumulated in the lower portions of the
creek; these may inhibit fish spawning habitat.

Haig Brown'’s Kingfisher Creek has been severely manipulated by human development beginning
with railway construction and logging activity at the turn of the last century which altered the
location as well as the outlet of the lower West Branch. Since that time, infilling, ditching,
relocations and rerouting within drain pipes have continued a legacy of human alterations.
Efforts have been applied to several areas to provide access and spawning and rearing habitat
for fish.

Historically, the headwater area of the West Branch was once characterized by having extensive
bog habitat and the middle and headwater areas of the East Branch were dominated by wetland
habitat. In particular, the East Branch had a good year-round supply of flow and a natural
floodplain area where the Campbellton light industrial zone now exists. The “Pease Swamp,”
located along the west boundary of the Campbellton School playgrounds continues to provide
water retention for the East Branch. Flooding in the area of the school and the light industrial
zone led to the construction of the diversion structure, to retain some flow in the Creek as well as
divert it from the flooding areas.
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Both branches of Kingfisher Creek support significant fish habitat, though with a number of
stream characteristics that can either add or detract from that habitat, including:

e Poor instream and riparian cover in upper East Branch (through the Sequoia Springs
Golf Course)

e  Beaver activity in the middle area of the East Branch

e  Perched culverts at some locations

e  Limited summer base flows (observed in late August 2006)

e Numerous in-stream channel improvements to enhance habitat in some locations,
including channel construction, stream complexing, provision for off-channel ponds,
riparian plantings, and construction of flow control weirs

Additional comments can be found in Section 3.8.

The Campbell River is a hydro-managed system, having three dams along its lower reaches.
Base flows are maintained in the lower River to meet fisheries’ rearing and life cycle requirements
for anadromous and non-anadromous fish. The total watershed area is nearly 1,500 km?,
encompassing numerous lakes and tributary streams, including
the Quinsam River. It is the source of drinking water for the
City. Average monthly flows vary from a low of about 67 m>/s
in August and September to a high of around 130 m?/s in
November and December.

Located roughly 4 km upstream of Discovery Passage, the
Quinsam River is a significant tributary of the Campbell River.
With a watershed of about 280 m?, the river delivers average
monthly flows of just over 2 m®/s in August to near 17 m*/s in
December. Water quality is becoming an issue along the
Quinsam River. As reported in the Campbell River Watershed
Management Plan (2001), the Quinsam River is beginning to
show signs of environmental stress as indicated by water quality changes. While water quality
apparently still exceeds current guidelines for all water uses, sulphate is of some concern,
particularly in the upper reaches below the Quinsam Coal mining operations.

The DFO Quinsam River Fish Hatchery is located on the west bank of the Quinsam River about 3
km upstream of the confluence with the Campbell River and just upstream of the Study Area.
The operation counts on Quinsam River's continued good health to support significant fish
releases.
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3.6 Hydrologic Conditions

There is no known data on stream flows in Detweiler and Kingfisher Creeks. Flow data is
however available for the two large rivers, Campbell and Quinsam. The Campbell River is a
highly managed water system and thus not a reliable source for estimating either low flow or
flood conditions. Small late summer base flows, sufficient in some areas to sustain fisheries,
were observed in Detweiler and Kingfisher Creeks during the field reconnaissance work (see
Appendix B). Similarly, storm sewers in the Campbellton area exhibited small flows even in late
summer when the field reconnaissance was completed.

The two Study Area rivers are large enough that flood plain mapping has been completed for
them (Klohn Leonoff, 1989). As part of the floodplain mapping exercise flood discharges for the
Campbell and Quinsam were determined. Table 3.2 shows these estimates. Using backwater
hydraulic computations, these flows were translated into flood elevations along the rivers, as
shown in Figure 3.4 (Appendix A); the 200-year recurrence flood elevations assume a
downstream starting tidal condition of 1.9 m geodetic (Higher High Water Large Tide, see section
3.7); this includes a 600mm freeboard allowance. Although the likelihood is not great, these
flood conditions would not normally be expected to coincide with local flooding conditions on
Detweiler and Kingfisher Creeks. This is a result of the differing times for the arrival of peak
flows on small streams as compared to large river systems. As well, flows in the Campbell River
are managed for multiple purposes, including water supply, electrical generation, fish
maintenance and flood control.

Table 3.2
Estimated Flood Discharges for the Campbell and Quinsam Rivers
Location 20-year Recurrence Flood 200-year Recurrence Flood
(m3/s) (m®/s)
Quinsam River 136 233
Campbell River below Quinsam River 1,220 1,573

3.7 Tidal Conditions

Tides in Discovery Passage extend into the Study Area along the Campbell River upstream to just
beyond the Tamarac Street/Island Highway Bridge. Generally only extreme high tides would be
expected to significantly impact the functioning of storm drains in the Campbellton Area. Table
3.3 shows data previously gathered for the Nunns Creek ISMP.
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Table 3.3
Tidal Heights, Extremes and Mean Water Level for Campbell River

RECORDED
iA1= GRS () EXTREMES (m)
. . MEAN
DATUM Higher High Lower Low Highest Lowest WATER
Water Water el Low LEVEL (m)
Mean Large Mean Large Water Water
Tide Tide Tide Tide
Hydrographic Datum 4.0 4.8 1.3 0.2 5.4 -0.2 2.9
Geodetic Datum 1.1 1.9 -1.6 -2.7 2.5 -3.1 0.0

(Source: McElhanney, 2004)

3.8 Biophysical Inventory

Appendix B contains a complete report on the biophysical conditions of the Study Area. These
findings are summarized in the paragraphs that follow. 2

3.8.1 Lower Campbell River

The Campbell River is 90 km in length with anadromous habitat available within the lowermost 5
kilometers. Significant runs of pink, chum, chinook, coho, a small run of sockeye as well as
summer and winter run steelhead trout, anadromous cutthroat trout and Pacific Lamprey are
produced in the Campbell River. As well, notably large chinook salmon that has generated a
prized fishery for tyee.

The reach of the river within the Study Area provides critical spawning habitat primarily for chum
and chinook salmon as well as a small run of pinks. The right (south) bank is utilized as an
important migration corridor with deep pools providing adult holding habitat for coho, pink,
steelhead and chinook salmon as well as high quality rearing habitat for juvenile salmonids. The
Campbell River is tidal to approximately 100m upstream of Highway 19 Bridge with estuarine
conditions providing high quality nursery habitat for juvenile salmonids and invertebrates.

The Campbell River estuary supports a large nhumber of resident and migratory birds including
passerines, waterfowl, raptors, shorebirds and gulls as well as upland birds including trumpeter
swans, bald eagles and great blue herons. A study in the early 1980’s observed 125 bird species
utilizing the estuary and determined that the estuary supported a minimum of 5,689 birds in at
least one stage of their life history during the study period and includes Great Blue Heron nesting
sites. However, bird use is thought to be lower in the estuary relative to other systems of
equivalent size or smaller on the east coast of Vancouver Island, possibly limited by urban
disturbances including industrial and commercial users as well as high levels of recreational

2 References have been omitted in the text, but can be found in the full report (Appendix B).

1479.0009.01 / December 2006 U R BNN SYST E M S®

2006-12-01_CRQR ISMP Final Report




Integrated Stormwater Management Plan — Final Report City of Campbell River |
Campbell River/Quinsam River Area |

activity. The estuary also supports invertebrate species with a small amount of crab and clams
harvested in the estuary.

Rare and unique plants can be found in the sparsely vegetated sand and gravel upland habitat of
Tyee spit that occurs infrequently on the east coast of Vancouver Island. Undeveloped uplands
near Westmin facility support the only known occurrence of balsamroot on the east coast of
Vancouver Island. The lower river also supports marine and terrestrial mammals, amphibians,
reptiles including historical documentation of river otters, beaver, mink, wolves, harbour seals,
black bears, black tailed deer, Roosevelt elk and cougar.

Sediment delivery to the mainstem has been significantly modified over the past 50 years due to
construction of the hydroelectric dams that regulate water and sediment discharge. As a result,
the lower river is sediment starved. Within the study area, restoration in the Campbell River
mainstem has occurred since the late 1990’s and has included restoration of spawning and
rearing habitat through construction of the Raven spawning and rearing channel as well as
spawning platforms to offset to lack of natural gravel recruitment. Restoration works in the
Campbell River estuary have included marsh and intertidal benching, bank stabilization, marsh
and riparian planting, creation of low marsh habitat and soil remediation.

The Campbell River provides a diverse array of recreational activities and is estimated to support
the second largest sports fishery in B.C. In 1975/76 steelhead catches in the river ranked 12"
highest in B.C. On average, the Campbell River provides approximately 8-10,000 angler days
annually.

The Campbell River also provides high value kayaking, snorkeling and swimming opportunities in
addition to a network of hiking trails throughout. The Campbell River fish stocks also make an
important contribution to the commercial fishery. As well, associated fish and wildlife populations
also hold cultural and economic importance to First Nations people of the area.

3.8.2 Lower Quinsam River

The Quinsam River is a major tributary to the Campbell River and
enters the mainstem river approximately 3.4 km upstream from the
mouth. Relative to the Campbell River, the Quinsam River is
smaller with more diverse hydraulic conditions. The Quinsam River
is 45 km in length and drains an area of 283 square kilometers. . {
The lower 25.7 kilometers is accessible by steelhead and coho, B e
whereas pink and chum typically remain downstream of the rock PRCT'FD-A =
cascade at 21.7 km. The lowermost 2.2 kilometers of the river
defines the western boundary of the Study Area. The lower 10 km
has an average bankfull width of 20 m and a gradient of 0.7% with
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substrates dominated by gravel and cobble. This reach has the highest concentration of
spawning habitat between the river mouth up to Quinsam Lake.

Quinsam River supports steelhead and 5 species of salmon and provides critical spawning habitat
for coho and pink salmon where as chinook and chum generally prefer to spawn in the mainstem
Campbell River. However, chinook and chum spawners also utilize the lower 3.6 km of the river
while coho salmon spawn throughout the mainstem to km 41.5. Sockeye spawning distribution is
poorly understood but thought to occur primarily upstream of the Study Area. Other fish species
in the lower Quinsam River within the Study Area include cutthroat trout, rainbow trout, Dolly
Varden, char and Pacific lamprey. The entire lower reach is utilized by all anadromous species
for rearing.

The Quinsam River hatchery was constructed in 1974 in order to enhance chinook, coho, pink,
steelhead and sea run cutthroat trout stocks returning to the Quinsam River and adjacent
systems. Then enhancement programs release hatchery-cultured fish for emigration to salt
water as well as a juvenile outplanting program in the upper watershed.

Unstable silt banks in the lower reaches contribute fines to the channel that have been
accumulating and degrading gravel quality. Habitat restoration activities have included
construction of a dyke below the hatchery to reduce channel braiding and impingement on Cold
Creek, anchoring larger woody debris (LWD) downstream of the dyke as well as riparian planting
to stabilize an eroding bank 1 km upstream of the hatchery.

Intact forested habitat in the lower Quinsam River also provides an important wildlife migration
corridor as well as providing residence to a number of species as listed for the lower Campbell
River. There are high recreational values including hiking trails from the Elk Falls park trails
between the hatchery and the confluence area. Quinsam fish stocks make an important
contribution to the commercial marine fishery as well as both marine and freshwater sports
fisheries

3.8.3 Detweiler Creek

Detweiler Creek produces coho salmon and cutthroat trout with an average of less than 12 coho
spawners annually. Known distribution for coho extends up the east branch for approximately
800-1000m to the ponds immediately upstream of the Quinsam Road crossing. Further
distribution of coho and trout in Detweiler Creek as well as location of spawning habitat is
currently unknown. In general, fish production is thought to be limited by summer low flows and
corresponding suitable summer rearing habitat.

One of the most valuable ecological features of the Detweiler watershed is the presence of
wetland habitat that has provides high quality habitat for amphibian species with the potential to
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provide rearing habitat for salmonids. Wetlands also provide water storage opportunities and
naturally stabilize the effects of high flows, particularly to low gradient reaches downstream. In
1991, the provincial Sensitive Ecosystems Inventory group identified a unique 2.1 ha wetland
(S0342) in the Detweiler Creek West branch immediately downstream of Quinsam Road (Figure
3.5 in Appendix A). The location and extent of additional wetlands was interpreted from 1995
aerial mosaics but should be considered a starting point.

Another important ecological feature of Detweiler Creek is the presence of undisturbed forested
land that provides one of the few remaining migration corridor for wildlife species. In 1991 the
Sensitive Ecosystem Inventory group identified an ecologically sensitive, 6.1 ha high value
riparian forest between the lower Detweiler Creek and the Quinsam (S0347D). Recreational
values are also notable in the area and include hiking and fishing opportunities.

Overtime, sediment has naturally accumulated in the lower gradient reaches with restoration
opportunities to include channel complexing and addition of spawning gravels. At this time,
access by coho adults is limited to higher fall flows.

3.8.4 Haig Brown'’s Kingfisher Creek

Haig Brown Kingfisher Creek (HBKC) is a physically diverse system encompassing 281 ha with 2
main drainages referred to as the East and West Fork in this report. Due to significant historical
and environmental values, there has been land set aside in the lower creek for ecological
significance. In 1975, the Roderick Haig Brown property along Highway 28 became a Provincial
Greenbelt Reserve with the 7.7 ha riverside property set aside to be managed for public
education and fisheries enhancement.

The stream channel has been severely manipulated by human development since the 1890’s
when railway construction and logging activity altered the location as well as the outlet of the
lower West Branch. Later, streams flows from the upper East Branch were rerouted down a
storm drain pipe for approximately 400 m and entered the Campbell River between the Island
Highway bridges at outfall CR 7 (Figure 3.5 in Appendix A). Sections of the original channel were
infilled starting in 1957 and the East and West Branches separated into 2 systems and their
confluence with the Campbell River relocated at least twice more. Access to a portion of the
west tributary was eliminated by fish screen. The middle branch of Haig Brown Creek was
groundwater fed but destroyed by infilling and ditching. In 1984, the west branch was diverted
down a new channel with coho using the channel the first fall it was open but summer low flows
limited suitable rearing habitat for coho within the West Branch.

However, much of the watershed remains forested though 23% of the watershed is currently
considered to have an impervious surface. The majority of streams and wetlands have naturally
vegetated riparian habitat. The most significant degree of development to date includes the light
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industrial zone in the lower East fork as well as development of low density rural residential in
the upper East fork. The west fork had undergone a lower degree of development with single
family residential development in the lower river and the Quinsam Crossings development within
IR #12 in the headwater area. Urban development is increasing in Haig Brown Kingfisher
watershed with an established storm drain system and commercial development in the lower
reaches as well as proposed urban residential development north of the Sequoia Springs golf
course.

The headwater area of the West Branch was once characterized by having extensive bog habitat
while the middle and upper reaches of the East Branch were once dominated by wetland habitat .
Historically, the East Branch of Kingfisher Creek had a good year round supply of stream flows
with a natural floodplain area where the Campbellton light industrial zone now exists (Stearns
1996). Water continues to be retained year round in the 26 acre wetland known as “Pease
swamp” located along the west boundary of the Campbellton School playground. The wetland
and riparian area provide ideal wildlife habitat with extensive mud bottom ponds, seasonal
channels with an abundance of overhead shrubs intermixed among deciduous trees. In 1991, a
1.4 ha wetland (S0341-R) located in the West Branch was identified as having ecologically
significant value.

Coho and trout production in HBKC is thought to be limited by summer low flows and
corresponding availability of summer rearing habitat. Historically, the E branch was reported to
have a good year round water supply. During late August 2006, after a period of extended dry
weather, seepage flows in both E and W branches were sustaining a very limited amount of
summer rearing habitat, inferring that limited groundwater seepage flows continue to feed both E
and W branches. Salmonid fry were observed in pool habitat fed by subsurface seepage flows
with suitable water quality measured in the lower reaches of the West Branch as well as upper
and lower reaches of the East Branch.

Historical flooding issues in lower HB Creek
within the natural floodplain area into
Campbellton  Elementary school and the
Campbellton light industrial zone have been
documented since 1974. Flooding issues
precipitated restoration works in 1998 that
involved construction of a bifurcation structures
that re-routed flows from a storm drain pipe into
almost a kilometer of an excavated stream
channel connecting the East Fork with the west

fork (see photo). Bifurcation (diversion) structure in Kingfisher Creek

o 219,01 | December 2006 URBANSYSTEMS.

2006-12-01_CRQR ISMP Final Report



Integrated Stormwater Management Plan — Final Report City of Campbell River
Campbell River/Quinsam River Area . |

At the same time, the 300 m of the lower West fork was restored with improvements to fish
access as well as to increase spawning and rearing habitat through LWD and boulder complexing,
riffle construction and gravel placements, off channel ponds, flow control weirs for flood control
and riparian planting undertaken in both forks. In 1995, a groundwater fed settling/rearing
channel was constructed in an East Branch tributary immediately downstream of the Island
Highway ROW as part of the habitat compensation requirement for highway construction.
Monitoring results in 1999-2001 confirmed high fish use by coho and trout juveniles as well as
good riparian recovery.

Kingfisher Creek typically supports 200-300 coho spawners on average annually as well as a few
chum spawners downstream of the Highway 28 crossing. Cutthroat trout are produced in the
upper reaches of both the east and west branches. Known distribution of coho spawners in the
East fork extends 500 m upstream of the Inland Island Hwy after which, the East fork is incised
into a steep ravine (Fig 3.5 in Appendix A). In 2001, coho fry were captured 50 m upstream of
the Inland Island Highway culvert. Cutthroat trout are distributed through the Sequoia Spring
golf course with potential residence further upstream during seasonal higher flows.

The main branch of the West fork originates in IR#12 and ascends down a moderately sloped
sidehill through private land. In 1995, as part of the Vancouver Island Highway Project (VIHP),
coho and cutthroat fry were captured at the toe of the slope in groundwater fed ponds,
approximately 25 m downstream of the ROW. The extent of known coho distribution coincides
with the ISMP study boundary. Known fish distribution in the west branch of the West fork
includes the reach that runs parallel to Nursery Road. Cutthroat trout are thought to be
distributed upstream of anadromous reaches throughout the headwater area of HBKF Creek.
The low gradient marsh habitat throughout the middle reaches provide good potential summer
rearing habitat with coho spawners sighted in gravel reach adjacent to hatchery road.

Beaver dams in the middle watershed area may limit coho distribution in HBKC. However, adult
access through the dams is annually facilitated by a crew who partially breaches the dam
features during periods of anadromous fish migration. Fish access issues in HBKC east also
includes stranding at culvert at Stat 1+850 (culvert at forestry road is impassable as u/s end is
stranded at moderate flows, with majority of flow running through fill surrounding the culvert.

HB Greenways Property has historically provided habitat for cougars, black bear, blacktail deer,
mink, raccoon as well as many bird species. The property continues to provide an important
migration corridor for these species with critical wetland habitat also providing habitat for
amphibian species (likely presence of red tailed frogs) as well as foraging habitat for bears and
various bird species.

Through the Sequoia Springs Golf Course, the East Branch has poor instream and riparian cover.
Three water storage ponds were excavated for irrigation purposes but also function as runoff
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detention features. There are cutthroat trout in the channel downstream of the detention ponds,
and likely rainbow trout as well.

3.8.5 Campbellton Light Industrial Area

The Campbellton Light Industrial Zone represents approximately 25% of the Study Area. Surface
waters are conveyed through a well established storm drain system with no natural streams
present anywhere in the area. Within the central core of the light industrial area is a modest
residential neighborhood where the stormwater flows through a series of culverts with
intermittent open vegetated ditches (Appendix B).

Historical flooding issues in lower HB Creek
within the natural floodplain area into
Campbellton Elementary school and the
Campbellton light industrial zone have been
documented since 1974. Streams flows from the
upper East Branch were rerouted down a storm
drain pipe for approximately 400 m and entered
the Campbell River between the Island Highway
bridges at the Enns property (Outfall CR7). In
1996, post diversion and channel construction in & 2 2 i
the East Fork, adult coho continue to migrate up the Campbellton storm drain (OutfaII CR 7)
Flooding issues precipitated restoration works in 1998 that involved construction of a bifurcation
structure that re-routed flows from a storm drain pipe into almost a kilometer of an excavated
stream channel connecting the East Fork with the west fork.
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Table 3.3

o
City of Campbell River
L] |

Summary of Campbell River/Quinsam River Reconnaissance Study Results

Site
(Qutfall #)

Site Characteristics

Ground Water
Flow (Est)

Photos

Photos

CR1

Maple St

Open cement culvert,
perched at low tide,
amongst rip-rap along RB
outside bend pool.
Adjacent to Myrt
Thompson Trail

None

CR2

Petersen Rd

Staff gauge and tide gate
over outlet. Potential
rearing habitat at
confluence with river,
shallow shelf that would
provide refuge habitat
between two wharves

None

CR3

CR Lodge

New 16" outfall pipe with
outlet cover recently
installed, old one still in
place with metal cover and
staff gauge. Good rearing
adjacent to outfall area and
good off channel rearing
habitat observed at these
flows.

None

CR4/5

Redwood St

Outfall not observed from
foreshore area, commercial
building no manhole or
obvious access observed
from road.

Unknown
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Site . L Ground Water
Site Characteristics Photos Photos
(Qutfall #) Flow (Est)
CR6 Heavy brush, outfall not Unknown
observed would require
Spruce St clearing riparian shrubs to
access or water
access
CR6.5 Fish access possible at 1L/sec

Downstream side

very high tide and high
river flows i.e. 2 m higher

of H19 north than today’s level at 3:50
bound (Tamarac pm Sept 2, 06
Street) bridge.
CR7 2133 mm CMP with 2L/sec year round
cement outfall curtain flows
Between H19 constructed under house,
bridges low gradient outfall,
concrete box culvert.
Reported access by adult
and juvenile salmonids into
storm drain system. Old
creek location.
CR8 Perched twin 12" CMP, > 3
Upstream side of | m above existing water 5
H19 southbound level, likely no fish access N .’u',:msa '
bridge or utilization along

Willow St bridge

shoreline
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3.9 Geology

From regional surficial geology maps, the upland portions of the CR/QR study area are underlain
primarily by glaciomarine deposits consisting of mainly silts and clays. Based on field evidence,
layers of silty till-like deposits were noted within a sequence of fine marine sediments. In the
lower eastern terraces, materials are variable, with silty, till-like deposits interspersed with sand
gravel. The northern lowland, along the Campbell River, is covered by recent alluvial deposits.

The marine deposits may be 16-65 m in thickness, depending on location, and are further
underlain by either sedimentary bedrock or more likely glacial outwash sand (called Quadra
Sand). The marine deposits can be considered to have low permeability while Quadra Sand unit
is moderately permeable.

There are very few shallow dug wells within the study area and only one deep drilled well from
which to develop a more complete picture of the area’s geology. The single drilled well, at the
Quinsam Seed Orchard, was about 115 m deep. Depth to water in this well was 35 m and the
reported yield was only 0.75 L/s (12 GPM).

A fuller discussion of general geologic conditions in the Study Area is included with the
hydrogeological report which is reproduced in Appendix C. Figure 3 (Appendix C) in the report
shows a typical geological cross section through the Quinsam River extending northeast to the
Campbell River.

3.10 Surficial Soils

The dominant soils type of the CR/QR area, covering roughly 75% of the Study Area, is the
Fairbridge soil. Fairbridge consists of silty loam to silty clay materials, with relatively low long
term saturated flow potential of only about 3 mm/hr. Cassidy sandy loam soils, which
predominate in the lowland areas along the Campbell and Quinsam Rivers, have a somewhat
higher infiltration potential (on the order of 6 mm/hr), but seasonal high water tables in the low
lying areas may limit use for stormwater infiltration. A very limited area of Dashwood soil
(marine sand and gravel) is found in the eastern part of the Study Area; this soil is associated
with marine sands and gravels and thus with very rapid infiltration rates of about 250 mm/hr.

Figure 2 in the hydrogeological report (Appendix C) delineates the soils limits; Figure 3.6
(Appendix A) reinterprets the data with respect to areas of higher or lower long term potential
infiltration rates.

3.11 Groundwater Conditions

Some of the precipitation falling on areas outside the Study Area, to the south and west, seeps
into the ground and likely flows along the top of the restrictive layers of marine clay or bedrock.
This subsurface flow will either find a place where it can seep through the restrictive layers into
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deeper permeable layers of material (such as the Quadra Sand), or discharge to the surface at
springs and seeps or directly into local streams, where it supports base flows. Precipitation
falling within the Study Area similarly contributes to recharge of shallow sediments, and can
discharge to the surface at springs, seeps and streams as base flow.

The Study Area presents potential for infiltration of stormwater in certain areas (see Figure 3.5).
Areas with Dashwood and Cassidy soils offer the best potential, but careful use of other areas
may allow infiltration practices to be returned to the local hydrologic cycle (as it was before
development occurred). The low long-term potential infiltration rates certainly restrict the use of
large scale, concentrated (i.e., centralized) infiltration of stormwater, for example, through
neighbourhood infiltration basins. However, with proper design precautions, even soils with low
infiltration rates can often support more diffuse infiltration practices. Significant design issues
that must be considered for each application include slope stability, especially along scarps (for
example, immediately south of Spruce Street), depth to local water table, need for perforated
underdrains, and provision for proper pre-treatment before infiltrating the stormwater. Swales,
rain gardens, soak-away systems and shallow infiltration trenches are example source control
systems that are available for use. Other options include “leaky” (perforated) storm sewers and
deep well vertical infiltration systems.

3.12 Baseflow Conditions

No firm data was available to quantify base flow conditions for Detweiler and Kingfisher Creeks,
however, the hydrogeological report prepared for the Nunns, Simms and Willow Creek
watersheds (Piteau, 2005) may offer some insight into local conditions. For those three creeks,
base flows were estimated to be between 0.2 and 4.0 L/s/km?, depending on location within the
watershed. The report noted that this range is generally lower than that found on other
Vancouver Island streams, and attributed this to the effects of urban / suburban development in
the City. During the biophysical field reconnaissance, base flow was observed at several
locations, including the East Branch of Kingfisher Creek just below the diversion / bifurcation
structure and at two outfalls. The estimated low flows at CR6.5 and CR7 yield about 0.9 L/s/km?,
within the range found for the other watersheds in Campbell River. In the absence of other data,
Detweiler and Kingfisher Creeks can be assumed to exhibit similar base flow conditions.

The base flow for Quinsam River was listed as 11.3 L/s/ km? (Piteau, 2005), which is much more
consistent with other largely undeveloped watersheds in the area.

Undoubtedly, groundwater discharging as springs and seeps north of the highway play a role in
supporting the sizable wetland and pond complex of the middle parts of Kingfisher Creek.
Development upstream of here, to the extent that it relies on interception of stormwater into
closed conduits, will likely reduce the volume of infiltration which now flows as groundwater
months later.
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3.13 Municipal Drainage Infrastructure

Much of the Study Area is low density residential or
rural in character, being served by roadside ditches and
culverts, as needed. The exception is the Campbellton
catchment which is heavily storm sewered (see Figure
3.7 in Appendix A). Here there are eight (8) storm
drain networks, with nine (9) outfalls, partially
interconnected as will be discussed below, serving the
lower lying areas along and just up from the Campbell
River (Campbellton area). These networks include
storm sewers constructed as part of the Island Highway project as well as older systems of
unknown age.

The outfalls for these networks vary in size from 300mm diameter to a 2100 X 2100mm box
conduit that discharges underneath a private home on Enns Road. At least two of the outfalls
(CR2 and CR3) were observed to have flap gates. It is assumed that CR4 through CR6 also do,
although they could not be accessed during field reconnaissance. A separate storm drain
network serves a portion of the development on top of the hill, near the Sequoia Springs Golf
Course, although much of the area has ditches and culverts. Runoff from the entire upper
terrace area is conveyed down the hill and into the sewer networks serving Campbellton proper.

According to the City’s GIS database there are no
stormwater detention ponds in the Study Area. All piped
stormwater is discharged directly to the Campbell River
with no attenuation or treatment, except as will be
described in the next section. According to City Staff, a
pond to serve parts of new development between the
highway and Treelane Road will serve to reduce peak
flows from the bare land strata development currently
underway; this area is in the Kingfisher Creek watershed.

Outfall #CR 7

3.14 Stormwater Treatment

Minimal stormwater treatment is currently provided within the four catchments. Current City
standards for catch basins require that a 600 mm sump be provided, to catch gross solids (coarse
sand and larger), but does not include a hood on the outlet to skim oil and grease. All catch
basins constructed within the last 20 years or so should meet this standard, but earlier
construction may not have. If not frequently cleaned, solids that collect in catch basins are easily
washed out in heavy rains.
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City GIS records show two oil/water separators® installed on storm sewer mains in the
Campbellton area, while a third was recently installed near 19" and Tamarack (see Figure 3.6).
The systems have been installed “on-line,” that is, all runoff that enters the sewers must pass
through the separators. Unfortunately, one difficultly often encountered with on-line treatment
systems is that high intensity rainfalls washout the sediments, oils and greases that have been
trapped previously.

Undoubtedly some commercial enterprises have stormwater treatment systems for their private
sites; for example, most gas stations have systems to capture spills. The extent or prevalence of
such treatment systems is unknown.

Ditches that are well maintained are grassed and have reasonably shallow profile slopes (such as
the east/west ditches in the residential areas in the upper, southerly areas of Campbellton
catchment) will provide some runoff treatment by allowing solids to settle and enhancing contact
between soil and runoff.

A water quality pond was constructed as part of the
Island Highway project in the late 1990’s; it is located
in the median as the highway splits towards
northbound Tamarac Street and southbound Willow
Street, near 14™ Avenue. This pond is intended to
treat runoff from the highway only, however no
design computations were available to verify this nor
were computations available to establish the design
parameters for the pond. From the available
construction drawings, the pond has a surface area of
about 630 m?> with permanent and high water pool
depths of 1.0 and 1.9 m, respectively.

Water Quality Pond at 14" Ave. & Willow St

The City also has an irregular street cleaning program, which utilizes a 10-year-old Model 605
Vacuum Sweeper by Johnston Sweepers. This cleaner will remove trash, leaves and gross solids
from City streets. This is good, but likely does not remove the smallest particles which are
generally associated with most harmful pollutants, for example, heavy metals.

On balance, highly developed areas such as the Campbellton Area are unlikely to be receiving
any significant treatment of the runoff generated within its subcatchments. The pollutants
generated in the area are conveyed by the runoff into the Campbell River and Estuary.

3 Underground tanks or vaults, generally constructed with baffles or other passive means for capturing free oil and grease, which floats on top of the
stormwater. The structures will also trap coarse sediments, to which oil and grease have attached. On-line systems may be subject to wash-out during high
intensity rainfalls.
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3.15 Land Use

3.15.1 Existing Land Use Pattern

The existing land use pattern within the Campbell River/Quinsam River catchment is largely
determined by the City of Campbell River's Zoning Bylaw No. 2700, which regulates land use
within the City (see Figure 3.8 in Appendix A). As shown on Figure 3.8 most of the existing
development is residential or commercial.

Existing commercial development is limited to the north-eastern portion of the study area, in the
Campbellton neighbourhood. Most of the existing commercial area falls within the Commerecial
Three (C-3) Zone, which provides for service uses (including service stations) and warehousing
uses. The C-3 Zone requires a minimum lot area of 750 m? for new commercial lots, and 400 m?
for existing residential lots, and imposes a maximum lot coverage restriction only for motels
(maximum lot coverage of 65%). This area of the study area also includes light industrial uses
such as heavy equipment service and repairs, and warehousing.

Most of the existing residential development falls within the Residential One (R-1) Zone,
which permits one single-family residence per lot. The minimum lot size in the R-1 Zone is
450 m?, and the maximum lot coverage of all buildings, including driveways and parking areas, is
35%. Aerial photographs show that all of the land zoned for this use in the study area has
already been developed.

As shown on Figure 3.9, (Appendix A) a significant portion of the study area (39%) is forested.
Much of this area falls within the Rural One (Ru-1) Zone, which permits residential and rural
uses on one hectare lots, or the Rural Two (RU-2) Zone, which allows residential uses and
uses requiring large parcels on four hectare lots.

The southernmost portion of the study area is zoned for Residential Infill One (R1-1), which
allows residential uses up to 5 units per hectare, and Residential Infill Three (RI1-3), which
allows medium density residential uses up to 60 units per hectare. While both of these zones
allow for urban residential development, the current land use is rural.

While residential and commercial uses are the predominant land uses, the study area also
includes a variety of other land uses, including light industrial uses, the Sequoia Springs Golf
Course (located east of the Inland Island Highway near the southern boundary of the
watershed), public assembly uses, and greenways, including the Haig Brown Conservation Area.
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3.15.2 Future Land Use Pattern

The area’s future land use pattern is primarily determined by the City's Official Community Plan
(OCP), which provides the overall direction for future development in the City. The future land
use designations within the OCP are shown on the Official Community Plan map (see Figure 3.10
in Appendix A). The most significant future land uses within the study area are:

e Residential
The Residential OCP designation encourages residential infill, and supports cluster
housing near Environmentally Sensitive Areas. Most of the residential development is
expected to be low density (up to 30 dwelling units per hectare); however, the
Campbellton area and the southeastern corner of the study area are designated for
future medium density residential development (31 to 65 dwelling units per hectare).

¢ Commercial
The Campbellton area is designated for future commercial development. This
commercial designation promotes existing highway commercial, service commercial, and
tourist commercial uses.

e Park/Natural Areas
The OCP also designates a significant area of the study area near Kingfisher Creek as a
Park/Natural Area. This designation supports the establishment of a system of linked
parks, natural areas, and greenways, and protects environmentally sensitive areas.

e Rural
A sizeable portion of the Campbell River/Quinsam River study area is designated for
future Rural uses. The Rural OCP designation encourages the preservation of larger lot
sizes, supports the conservation of lands in the Agricultural Land Reserve, promotes
preservation of forested lands, and allows outdoor recreational uses such as golf
courses.

The Campbell River/Quinsam River study area also includes land use designations to provide for
institutional uses and water uses.

Sequioa Springs/Kingfisher Conceptual Development Plan — The OCP contains the
Sequioa Springs/Kingfisher Conceptual Development Plan, which outlines a more detailed
development plan for approximately 80 hectares of land through the middle of the study area
straddling the Inland Island Highway. The plan calls for the development of between 600 and
800 low to medium density residential dwelling units over at least 10 years. Approximately 40%
of the plan area is designated for greenways, including parks areas and proposed expansion of
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the golf course, as well setbacks along Kingfisher Creek to protect environmentally sensitive
areas.

Urban Residential Containment Boundary — The OCP contains an Urban Residential
Containment Boundary (URCB) to control residential development and prevent urban sprawl.
With the exception of the ALR land immediately north of Quinsam IR No. 12, the Study Area falls
within the URCB, which means the City plans to direct future residential development to this
area.

Environmentally Sensitive Areas — The OCP includes a chapter on Environmentally Sensitive
Areas (ESAs), which puts forward policies to protect the environment, minimize pollution, and
conserve the quality and quantity of groundwater and surface water. ESAs are defined as “any
parcel of land, large or small, under public or private control, that provides, contains, or includes
productive, rare or sensitive habitat, ecosystems or landforms,” which includes watersheds,
watercourses and their associated aquatic habitats. To control development in these areas, the
OCP designates these areas as Environmental Development Permit Areas. All lands within the
Riparian Assessment Area falls within the Environmental Development Permit Area.

The development permit guidelines for streamside areas protect waterways, drainage areas, and
wetlands through a variety of policies, including:

e  Requiring development setbacks from watercourses (as identified in the Zoning Bylaw)

e  Encouraging the planting of appropriate vegetation to restore riparian areas

e  Encouraging the registration of covenants to protect streamside areas

e Requiring (in some cases) the provision of works (e.g. fencing) to protect or enhance
environmentally sensitive areas

e Requiring that the discharge of stormwater not negatively impact adjacent water quality

Environmentally sensitive areas within the Campbell River Estuary are further protected by the
Campbell River Estuary Management Plan, which contains policies to guide land development
adjacent to the Estuary Plan Area and supports the restoration of aquatic, riparian, and upland
areas to improve fish and wildlife habitat. The Estuary Management Plan was developed to be
consistent with the policies contained in the City’s OCP regarding Environmentally Sensitive
Areas.

3.15.3 Short Term Development Potential

The study area is expected to experience significant residential development in the short term.
Over the next ten years, up to 800 low-to medium density units are expected to be developed in
the Kingfisher Creek catchment as per the Sequia Springs /Kingfisher Conceptual Development
Plan. A 60 to 70 unit townhouse development on Charleville Road near the northern border of the
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study area is also anticipated, and there may be potential for the development of a mobile home
park at the old Rod & Gun site, though plans have not yet been developed. A 119-unit bareland
strata development is currently under construction just north of the Sequoia Springs Golf Course,
and a further 200 patio homes are slated for development in this area.

In terms of commercial development, the Campbell School site (the school is currently closed) on
Campbell River Road will likely be redeveloped for service commercial uses. As well, residential
uses in the historic town centre are expected to convert to commercial uses over time.

3.15.4 Special Land Use Designations

In general, local governments have the authority to regulate land use through their Official
Community Plan and Zoning Bylaw. However, local governments must respect special land use
designations imposed by the provincial and federal governments. As such, the City cannot
regulate development (or in some cases has only limited ability to do so) on land within these
special land use designations. Identification of these special types of land use is important
because each designation has a different impact on stormwater management. The Campbell
River/Quinsam River catchment includes the following special land use designations:

e Agricultural Land Reserve — the Agricultural Land Reserve (ALR) is a provincial land
use designation that protects agricultural land and encourages agricultural activity.
Only very limited development is permitted on land within the ALR. Local governments
are able to apply OCP designations and zoning on ALR land, but the Agricultural Land
Commission Act supersedes any local government policy. Agricultural land can be
removed from the ALR if the Agricultural Land Commission (ALC) approves the
exclusion. However, since the ALC's mandate is to protect agricultural land, it is
generally difficult to exclude land from the ALR.

The Campbell River/Quinsam River study area contains 44.4 ha of ALR lands,
constituting 10.7% of the land within the watershed (see Figure 3.9). Since the ALR
designation protects agricultural land and limits development, the ALR designation
generally has a positive impact on stormwater management as long as logging or other
activities are properly managed. For example, replanting of logged areas usually results
in a positive impact on stormwater management; however, ditching associated with
access road building tends to be detrimental as it often short-circuits interflow from
reaching the creek.

¢ Haig-Brown Conservation Area — The Campbell River/Quinsam River catchment also
includes the Haig-Brown Conservation Area, which is owned by the Province. The City
leases the heritage properties within the Conservation Area and is currently negotiating
a second lease arrangement jointly with the Greenways Land Trust and the Province for

o 321901 December 2006 URBANSYSTEMS.

2006-12-01_CRQR ISMP Final Report



.-
Integrated Stormwater Management Plan — Final Report City of Campbell River |
Campbell River/Quinsam River Area - n
the other parcels within the Haig-Brown Conservation Area. In addition to the heritage
properties, the Conservation Area also contains a forest trail system. Land uses within
the Haig-Brown Conservation Area are restricted to fish and wildlife uses and

conservation uses.
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4.0 CURRENT STORMWATER MANAGEMENT TOOLS

The City currently has a number of policy, management and regulatory “tools” available to
address stormwater issues in the Campbell River/Quinsam River Area. These include the broad
principles adopted in the Official Community Plan (OCP), as well as the City's various land use
and development bylaws and engineering standards. In addition, management of stormwater is
also addressed in and through provincial and federal laws and guidelines. In the following
paragraphs, some of these tools are briefly discussed, highlighting potential avenues for better
stormwater resource management. Of particular interest in this regard is the provincial
“Environmental Best Management Practices” document described in Section 4.2.4; this document
provides a much fuller and more complete discussion than can be provided in this brief chapter.

4.1 Municipal Level

4.1.1 Bylaws

Through its authority under the Local/ Government Act (see next section), the City has adopted a
number of bylaws which have a direct impact on stormwater. While the OCP provides a
framework for some aspects of stormwater management within the City, these bylaws regulate
implementation on a routine basis. Critical bylaws include:

e Building Bylaw — regulates design and construction of structures within the City
e Subdivision Bylaw - regulates development within the City
e Zoning Bylaw — regulates the use of land and structures within the City

e Frontage Improvement Bylaw - Requires certain improvements to serve
developments

e Storm Drain System Connections Bylaw — requires connection to storm drains,
where available

The financing of stormwater improvements such as storm drains and regional detention ponds is
also addressed in several City bylaws:

e  Development Cost Charges Bylaw

e  Frontage Improvement Bylaw

e  Stormwater Management Parcel Tax Bylaw
e  Local Improvement Charges Bylaw
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The Stormwater Management Parcel Tax is an especially important tool for the City as it
generates revenue that is designated exclusively for use in stormwater management. The tax is
$12 per non-exempt parcel and was initially assessed for only a period of five years (2001-2005),
but has since been extended through the year 2010. The tax was renewed for an additional five
years in September 2005. With approximately 10,000 parcels in the City, the tax generates
about $120,000 per year for stormwater management purposes.

4.1.2 Land Use Policies

The previous section of this report discussed the OCP in detail. One basic environmental
principle is that in order for the “natural life support systems to remain healthy [the City] must
reduce [its] negative impact on them.” Several guiding principles for general community
decision-making and governance outlined in the OCP may impact the way stormwater planning is
approached:

e Balance between development and conservation
e cooperation between public and private sectors
e  Proactive management of change

e Involved citizenship

4.1.3 Design Standards and Specifications

The City’s Engineering Design Standards and Specifications are appendices to the Subdivision and
the Frontage Improvement Bylaws. Together, they set standards for design and construction of
infrastructure including roads and storm drains. For example, new roads in residential areas
must have minimum pavement widths of 9.0 metres.

In addition, the City maintains a list of “approved products,” such as manholes, catch basins and
pipe that can be used to meet storm drainage needs of the area.

The City is in the process of developing “alternate” subdivision design standards. The alternate
standards are a way of addressing the environmental impacts of urbanization by requiring
development that is customized to site and land use conditions. The Phase 1 report (Lanarc,
2005) on use of alternate design standards include the use of narrower road pavements,
pervious pavement, bio-swales and other low impact stormwater BMP’s; a draft set of alternate
design standards is currently under review by the City. The recommendations of the Campbell
River/Quinsam River Area ISMP and the alternate design standards project should be mutually
compatible, with a focus on long-term sustainability.
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4.2 Provincial Level

4.2.1 Riparian Areas Regulation

The Provincial Riparian Areas Regulation (RAR), enacted in July 2004, calls for local governments
to protect riparian areas during urban development by ensuring that proposed activities are
subject to a science-based assessment. The assessment is to be conducted by a Qualified
Environmental Professional (QEP), serving as the consultant for the land developer. RAR is
managed by the Ministry of Water, Land and Air Protection (MWLAP).

The RAR is intended to provide protection for the features, functions and conditions that are vital
to the natural maintenance of stream health and productivity. This includes such things as:

e Large organic debris (fallen trees and tree roots)

e  Areas for stream channel migration

e Vegetative cover to moderate stream temperature

e  Provision of food, nutrients and organic matter to the stream

e  Stream bank stabilization

e  Buffers to prevent excessive introduction of silt and runoff pollution

The assessment methodology for streamside protection and enhancement areas are set forth in
the RAR. The RAR does not apply to agriculture, mining or forestry-related land uses and
saltwater areas. Riparian protection for these activities is under separate initiatives.

The previous Memorandum of Understanding (MOU) among the City, MWLAP, and Fisheries and
Oceans Canada (DFO) dealing with activities in the riparian area has recently expired. The City
now protects riparian areas through the RAR, which has been implemented though the City’s
Official Community Plan.

4.2.2 Stormwater Guidelines

The Province recently released guidelines for stormwater control that encourages the use of an
integrated approach to management planning. The guidelines are consistent with recent thinking
and practice across North America about urban drainage. The guiding principles for integrated
stormwater management, as set forth in the document “Stormwater Planning: A Guidebook for
British Columbia” (May 2002), are:

e  Agree that stormwater is a resource
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e  Design for the complete spectrum of rainfall events

e Acton a priority basis in at-risk drainage catchments

e  Plan at multiple scales — regional, watershed, neighbourhood and site
e Test solutions and reduce costs by adaptive management

With respect to the second principle, the general approach advocated by the Guidelines is to:

e  Capture rainfall from small storms on site for surface runoff volume reduction and water
quality control

e  Control runoff from larger storms to provide surface runoff rate reduction

¢ Manage flood risk from extreme storm events by providing peak flow conveyance

In the past stormwater management has focused almost exclusively on this final item, extreme
event risk management. But from the standpoint of fisheries, for example, it is the small,
frequent storms and water quality that are of much more interest.

One of the tools subsequently developed by the province (in partnership with the Fisheries and
Oceans Canada and private sector participants) to assist with implementation of the guidelines is
the so-called “Water Balance Model,” or WBM. The WBM is a planning tool that can show the
impacts on runoff of unmanaged development. It allows various on-site controls to be tested
based on site conditions such as soils type.

4.2.3 Local Government Act and Community Charter

In British Columbia, local governments acquire their powers from two pieces of provincial
legislation: the Local Government Act and the recently introduced Community Charter. The
Community Charter, which came into force on January 1, 2004, is intended to eventually replace
the Local Government Act. However, at this time, the Community Charter contains only the core
municipal provisions, while other provisions such as those related to planning and land use
remain within the Local Government Act.

The Local Government Act and Community Charter allow local governments to enact various
bylaws and policies that can affect stormwater management. Under the Local/ Government Act
and Community Charter, municipalities have the power to enact the following types of policies:

e Regional growth strategies
e  Official Community Plans
e Policies to prohibit pollution

URBANSYSTEMS.

2006-12-01_CRQR ISMP Final Report



Page 45

|
City of Campbell River Integrated Stormwater Management Plan — Final Report
Campbell River/Quinsam River Area

e  Soil deposit and removal controls (erosion control)
e Zoning

e  Environmental policies

e Runoff controls

e lLandscaping requirements

e Development permit area policies

e  Subdivision servicing requirements

The Local Government Act and Community Charter also gives municipalities a number of other
powers to manage stormwater less directly, through a variety of regulatory tools and policies
such as building standards, development cost charges, development works agreements and tree
protection bylaws.

4.2.4 Environmental Best Management Practices

In June 2004, MWLAP published a comprehensive guide to environmental practices for land
development in British Columbia. The document, “Environmental Best Management Practices for
Urban and Rural Land Development,” is intended to provide guidance for sustaining
environmental values during the land development process throughout the province. In
overview, it discusses and provides links to the full range of provincial resource and
environmental laws, regulations and guidelines for planning, implementing, reviewing and
approving land development in BC. In addition, it also cross references many related federal
level laws, regulations and guidelines.

Taking both a community and site level perspective, “"Environmental Best Management Practices”
describes objectives, requirements and best management practices for development with respect
to such topics as:

e  Environmentally sensitive areas

e  Special wildlife and species at risk
e  Aguatic and riparian ecosystems
e  Pollution prevention

The section on pollution prevention includes discussions of water quality, spill containment and
reporting, liquid waste, pesticides and groundwater, all of which have application to stormwater
management.

1479.0009.01 / December 2006 U R BNN SYST E M S®

2006-12-01_CRQR ISMP Final Report



i
Integrated Stormwater Management Plan — Final Report City of Campbell River LJ
Campbell River/Quinsam River Area @

Special areas of land development — mining, forestry and commercial agriculture in Agricultural
Land Reserves — are specifically not covered, although many of the BMP’s discussed in the
document can also apply in these areas.

4.3 Federal Level

4.3.1 Land Development Guidelines

Fisheries and Oceans Canada (DFO) has recently updated their previous “Land Development
Guidelines for the Protection of Aquatic Habitat” (originally issued in 1992 jointly with the BC
Ministry of Environment, Lands and Parks, now MWLAP), with a guidelines document entitled
“Urban Stormwater Guidelines and Best Management Practices for Protection of Fish and Fish
Habitat” (draft, October 2004). Issued within DFO’s broader mandate under the Federal
Fisheries Act, these guidelines emphasize the critical role of source control and runoff reduction
on protecting fish and fish habitat. It specifically notes the roles of several mechanisms for
reducing the impact of urban runoff:

e  Minimizing impervious areas
e  Retaining runoff by infiltration (or long-term storage)
e  Encouraging evapotranspiration through vegetation

It also notes the importance of minimizing or removing contaminants and pollutants from runoff.
To this end the DFO recommends a hierarchy of three site-based BMPs:

e Reduce the volume of runoff — Impervious area runoff from the 6 month 24-hour post-
development storm event is not to be discharged; can be accomplished by:
0 Minimizing impervious area
o Infiltration to ground
o Evapotranspiration via vegetation, and/or
o Long-term storage

o Improve water quality of runoff — Collect and treat the volume of the 24-hour
precipitation equalling 90% of the total rainfall runoff from impervious areas; can be
accomplished by:

o Infiltration to ground, and/or
o Treatment in constructed wetlands

e Control runoff from larger storm events — Restrict runoff from developed areas to match
the volume, shape, and peak instantaneous rates of pre-development runoff for the 6-
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month, 2-year and 5-year 24-hour recurrence storm events; can be accomplished
through detention and controlled release

Though site-based, DFO recognizes that all site-based BMP implementation must be placed in the
context of watershed-wide planning in order to maintain and enhance overall watershed health.

4.3.2 Fisheries Act

The Federal Fisherfes Act provides the basis for Fisheries and Oceans Canada (DFO) to carry out
protection of fish and fish habitat. The Actitself addresses three primary areas of concern:

e  Management and control of fisheries
e  Conservation and protection of fish and protection of fish habitat
e  Prevention of pollution

The Act applies to all fisheries waters throughout Canada, including private property in every
province and territory. The Act applies both to waters with fish present as well as those that
provide food and nutrients to fish-bearing streams. Specifically, Section 34 defines fish habitat as
“spawning grounds and nursery, rearing, food supply and migration areas on which fish depend
directly or indirectly to carry out their life processes.”

The key habitat protection provision of the Act (Section 35) states that “[n]o person shall carry
on any work or undertaking that results in the harmful alteration, disruption or destruction of fish
habitat” without proper authorization. Authorization can be given by the Minister or through
regulations under the Act.

Clearly, urban development that impacts streams by, for example, altering flow regimes,
introducing pollutants to streams or causing significant stream siltation fall could generate
concern from the perspective of the Fisheries Act. For that reason alone, stormwater
management takes on a critical function within local development process. The BMP guidelines
described in Section 4.3.1 were developed as part of DFO’s mandate under the Act.
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4.4 Jurisdictional Issues

The Federal and Provincial governments share jurisdiction over activities in harbours and
marinas. The Federal government, through the Federal Fisheries Act, has the power to prohibit
the deposit of deleterious substances to waters frequented by fish, while the Provincial
government, through the Provincial Environmental Management Act has jurisdiction over
pollution abatement and prevention (but not restricted to pollution having an adverse impact on
fish).

The Federal responsibilities for enforcing those provisions of the Fisheries Act related to pollution
prevention have been delegated to Environment Canada. Environment Canada has two main
programs to fulfill its mandate: the Environmental Emergencies Program (to respond to spills of a
deleterious substance) and the Environmental Protection and Enforcement Program (to conduct
inspections and investigations to ensure compliance). On the provincial level, the Provincial
Ministry of Environment develops regulations and guidelines for industrial and municipal
operations regarding discharges, hazardous waste, pesticides and other pollutants. The Ministry
of Environment also develops pollution-prevention programs.

4.5 Land Use Policy Gaps

To be most effective, stormwater management policies should be implemented at the regional
(watershed), neighbourhood, and site planning scales. Land use policies contained within the
Official Community Plan and Zoning Bylaw have the most direct impact on stormwater
management.  The Official Community Plan controls development at the regional and
neighbourhood and at times, even watershed levels, while the Zoning Bylaw controls
development at the site level.

To support an Integrated Stormwater Management Plan, municipal bylaws, regulations, and
policies should include provisions to:

e  Limit sprawl

e  Protect natural areas

e  Reduce and/or disconnect impervious area
e  Protect environmentally sensitive areas

This section reviews the City’s OCP and Zoning Bylaw to identify land use policy gaps relevant to
stormwater management within the Campbell River/Quinsam River study area.
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4.5.1 Official Community Plan

In general, the City’'s OCP policies reflect integrated stormwater management principles. Most
importantly, the City has imposed an Urban Residential Containment Boundary (URCB) to limit
sprawl and concentrate residential development in areas that are in close proximity to public
services. While the URCB supports integrated stormwater management city-wide, because the
Campbell River/Quinsam River study area falls entirely within the boundary, the Study Area will
not derive any of the environmental benefits of being outside it.

The OCP also includes provisions to protect Environmentally Sensitive Areas by requiring
Development Permits in specified Environmental Development Permit Areas, which encompasses
watersheds, watercourses and their associated aquatic habitats. These provisions help ensure
that inappropriate development does not encroach upon sensitive environmental areas, thereby
supporting and promoting integrated stormwater management principles. Furthermore, the OCP
protects natural areas by supporting residential infill, and encouraging cluster development near
Environmentally Sensitive Areas.

While the OCP is, in general, supportive of integrated stormwater management practices, the
document fails to include measurable targets for preserving open space or limiting impervious
area. The introduction of well defined measures (e.g. percentage of impervious area targets)
could promote better stormwater management practices within the Campbell River/Quinsam
River study area. The OCP could also include more detailed landscaping guidelines (as
Development Permit Area guidelines) that would more specifically support stormwater
management principles. For example, a guideline could be included to require the preservation
of natural vegetation within commercial, industrial, and residential Development Permit Areas.

4.5.2 Zoning Bylaw

Like the OCP, in general, the City’s Zoning Bylaw supports integrated stormwater management
principles. The Zoning Bylaw helps limit impervious area by setting maximums for lot coverage
and, in some zones, requiring a minimum amount of open space (which must be pervious). In
terms of parking requirements, the City requires only one off-street parking space for single-
family residences, which is a relatively low requirement and should help minimize impervious
area. In addition, the Zoning Bylaw protects ESAs by prohibiting development within any
streamside protection or enhancement area.
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While the Zoning Bylaw includes several provisions that support integrated stormwater
management, the City may consider improving its Zoning Bylaw by imposing more specific
requirements to limit impervious area and protect open space. For example, the City could set
maximums as well as minimum parking standards to limit the amount of impervious area, or
require the use of pervious materials for off-street parking. The Zoning Bylaw could also extend
impervious area limitations to all zones by including impervious areas in the calculation of lot
coverage. *  For example, the Rural One Zone could include a maximum impervious area
provision (currently this zone does not include such a requirement). Notably, the residential infill
zones include a requirement for a minimum amount of open space, which cannot be impervious.
The Zoning Bylaw could also specify density averaging options within select zones to promote
cluster development.

Table 4.1 provides a summary of the City’'s OCP and Zoning Bylaw and identified gaps related to
stormwater management within the Campbell River/Quinsam River study area.

4.5.3 Strata Developments

The new bareland strata subdivision in the Kingfisher area just north of the golf course raises an
interesting issue for the City regarding the applicability of its Subdivision Bylaw. Section 938 (3)
of the Local Government Act specifically excludes strata development from the requirements in
the Subdivision Bylaw. Consequently, it may be difficult to require the installation of specific
stormwater management facilities within strata developments. In certain instances, the City may
be able to obtain an agreement with the developer to abide by the Subdivision Bylaw. It may
also be possible for the City to set performance standards related to the connection of private
systems to the public system. It is recommended that the City consult its solicitor to confirm the
legality of such requirements.

4.5.4 Other Bylaws

As permitted by the Community Charter, municipalities have the power to adopt a bylaw to
regulate, prohibit and impose requirements in relation to trees. While these powers are subject
to certain limitations, a tree protection bylaw can be an effective component of an integrated
stormwater management plan. Protecting trees can prevent increases in stormwater flow,
flooding, and erosion due to development. In general, a tree protection bylaw specifies

4 In the District's Zoning Bylaw, “lot coverage” is defined as the area of a lot covered by buildings and structures, dirveways and parking areas, expressed as a
percentage. However, most zones include a provision that reads: “ The maximum lot coverage of all buildings is x%". Where “buildings” is defined as any
structure intended to support any use including the shelter of people, animals, or property. Given the definitions of “lot coverage” and “building”, it appears
that the provision regulating lot coverage within each zone contains a redundancy, or the term “lot coverage” is not strictly interpreted as per its definition in

the Zoning Bylaw. Notably, the District does have zones that explicitly regulate the lot coverage of buildings as well as impervious surfaces.
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circumstances in which trees may not be removed, and typically sets out requirements for
obtaining a tree cutting permit. The City may consider adopting a tree protection bylaw to
support their integrated stormwater management plan. Examples of tree protection bylaws are:

e the City of Nanaimo’s Tree Protection Bylaw, No. 4695, which can be found at:
http://www.nanaimo.ca/uploadedfiles/Bylaws/4695.pdf

e the City of Kelowna's Tree Protection Bylaw, No. 8041, which can be found at:
http://www.kelowna.ca/CityPage/Docs/PDFs%5CBylaws%5CTree%20Protection%20Byla
W%20N0%2E%208041.pdf

Municipalities also have the power to make regulations in relation to the protection of the natural
environment. To promote water quality, the City may consider adopting a bylaw that limits the
private and public use of pesticides for “cosmetic purposes.” According to the Coalition for a
Healthy Ottawa, 124 municipalities across Canada currently regulate the use of pesticides on
private property. Examples of bylaws that prohibit the use of certain types of pesticides are:

e The City of Port Moody’s Pesticide Use Control Bylaw No. 2575, which can be found at:
http://www.cityofportmoody.com/NR/rdonlyres/9802B0F9-7420-424F-AQF1-
837BD12D2C5B/46882/PesticideUseControlBylaw.pdf

e The District West Vancouver’s Pesticide Use Control Bylaw No. 4377, which can be found
at: http://www.westvancouver.ca/article.asp?a=3831&c=692

In addition to a bylaw controlling pesticides, the City may also consider adopting regulations to
prevent pollutants generated by commercial or industrial activities from entering the stormwater
system. For example, the City of Victoria recently adopted Codes of Practice under their
Stormwater Bylaw to regulate pollutants generated by certain specific commercial activities such
as construction and development, automotive and parking lot operations, recreation facilities, and
outdoor storage yard and recycling operations. The Codes of Practice regulate what is permitted
to enter the system and the type of controls and monitoring that is required at each location.
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The City may also consider adopting an erosion and sediment control bylaw to further protect its
watercourses. These bylaws typically contain sediment and erosion control guidelines (for use
during construction), set specific criteria for excessive solids discharge, and impose fines of up to
$10,000 for offences. Examples of such bylaws are:

e The District of West Vancouver’s Watercourse Protection Bylaw No. 4364, which can be
found at: http://www.westvancouver.ca/article.asp?a=4051&c=692

e The City of North Vancouver’s Stream and Drainage System Protection Bylaw No. 7541,
which can be found at: http://www.cnv.org/bylaws/bylaws/7541.doc

e The Township of Langley’s Erosion and Sediment Control Bylaw, No. 4381 (not available
online)
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Table 4.1

Campbell River/Quinsam River Area

Study Area Watershed — Gaps in Land Use / Development Policies

Provisions Supportive of
Stormwater Management

Identified Policy Gaps

e Purpose (applied within the Campbell River/Quinsam River Study (recommended improvements)
Area)
Official To direct future Designation of residential densities discourages intense e OCP does not include measurable targets for

Community Plan

development in the
watershed.

residential development in forested areas

Designation of Development Permit Areas for streamside areas
protects ESAs — development permits require setbacks, planting
of vegetation, registration of restrictive covenants, provision of
works to protect ESAs, and requirement that discharge of
stormwater not negatively impact adjacent water quality
Residential land use designation supports cluster development
The residential land use designation permits some medium
density development and infill development

preserving open space or limiting impervious
area

Landscaping specifications (as Development
Permit Area guidelines) could more
specifically support stormwater management
principles. For example, a guideline could be
included to require the preservation of
natural vegetation within commercial,
industrial, and residential Development
Permit Areas

Zoning Bylaw

To regulate the current
use of land, at the site
level, within the
watershed.

Most zones set maximums for lot coverage of all buildings

Some zones include minimum requirements for usable open
space

Parking requirements — one off-site space for each single-family
residence (low requirement decreases impervious area)
Development within any streamside protection and enhancement
area requires compliance with BC Riparian Areas Regulation.

No maximums on parking requirements
Impervious area measures should extend to
all zones (e.g., lot coverage should include
impervious area)

Landscaping specifications could be more
specific to support stormwater management
principles

Not all zones directly encourage cluster
development

Tree Protection
Bylaw

To retain trees

n/a (no such bylaw currently adopted)

A bylaw to protect trees should be adopted.

Pesticide Use
Control Bylaw

To control the use of
pesticides

n/a (no such bylaw currently adopted)

A bylaw to control pesticide use on public
and private property should be adopted.

Codes of To prevent pollutants n/a (no such bylaw currently adopted) e Codes of practice to regulate pollution should
Practice to from entering the consider developing guidelines.
Regulate drainage system from
Pollution specific land use

activities
Erosion and To prevent the n/a (no such bylaw currently adopted) e A bylaw to control erosion and sediment
Sediment discharge of solids into should be adopted.

Control Bylaw

the drainage system
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5.0 HYDROLOGIC /7 HYDRAULIC MODELING AND ANALYSIS

51 Rainfall Analysis

Precipitation in Campbell River is typical of Vancouver Island and the Lower Mainland, with most
falling in the form of rain. The average annual rainfall is 1335 mm per year, with snowfall
averaging only about 110 mm/year. The monthly distribution of this rainfall over the course of a
year is shown below in Figure 5.1. From 36 years of record at the Campbell River Airport (1965
through 2000), the Mean Annual Rainfall (MAR) storm event is 55 mm per day. Rainfall events
tend to be of long duration but relatively low intensity. Over the period of record, about 95% of
all rainfall events in the City yielded total rain amounts of less than half the MAR, or 27.5 mm,
while only 0.4% exceeded the MAR (See Figures 5.2 and 5.3). This is not unusual for areas
within coastal British Columbia.

Figure 5.1
Typical Annual Rainfall Pattern — Campbell River
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The rainfall record is of insufficient length to firmly estimate the most extreme storm event
conditions, such as the 100-year recurrence storm°. However, based on the records at the
airport, Table 5.1 shows the estimated peak 1-hour, 12-hour and 24-hour rainfall depths for
various recurrences.

5  The 100-year recurrence event is a storm anticipated to occur on average once in 100 years or, put another way, it is a storm with a 1% chance of occurring

in any year. Similarly the 2-, 5- 10- and 25-year recurrence events have 50%, 20%, 10% and 4% chances, respectively, of occurring in any year.
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Figure 5.2
Typical Annual Volume Distribution of Rainfall
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Table 5.1
Design Storm Rainfall Depths for Campbell River Airport

Recurrence 1-Hour Rainfall Depth 12-Hour Rainfall Depth 24-Hour Rainfall Depth
(Year) (mm) (mm) (mm)

2 11.5 41.5 59.3
5 15.0 49.7 69.4
10 17.2 54.8 75.6
25 20.1 61.5 84.0
50 22.3 66.6 90.3

100 24.4 71.4 96.3

5.2 Model Development

As in previous ISMP Studies, the hydrologic and hydraulic modeling for this study was done using
the XPSWMM software package®. This package is able to model the multiple outfalls and
backwater conditions present in the Campbell River/Quinsam River study area. It can be
calibrated to available pipe and stream flow data (flowrate and depths) and used to simulate
both “event storm” and “extended period simulation” conditions. At this time, event storm
simulations were performed on most of the Study Area. While extended period simulation
modelling is within the capabilities of the software package, the lack of continuous synoptic
rainfall and flow data limits the value of such simulations.

Base hydrologic parameters such as sub-catchment area, impervious levels, widths, and slopes
were calculated using the following information provided by the City:

e  Contour and supplementary elevation information
e  TRIM Mapping
e 2002 aerial photography

Impervious levels were calculated for representative “blocks” of each land use which were then
extrapolated to cover the entire study area.

Infiltration parameters were based on either a well drained clay loam or poorly drained silty clay
soil type. The locations of both types of soils in the watershed were based on the
hydrogeological results from this IMSP study. A nearly saturated soil state was entered as the
initial condition in the model to simulate winter conditions. The groundwater module in XPSWMM

6 XPSWMM" is XP Software’s version of the U.S. Environmental Protection Agency’s “Stormwater Management Model,” a well documented and commonly used (in

North America) hydrologic and hydraulic model
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was not used in the simulation, as there are several parameters in the groundwater module
which require extensive monitoring and testing to ascertain.

The following Municipal drainage infrastructure information was provided by the City:

e Sizes, slopes, lengths, invert elevations, material types and locations for most existing
storm sewers

e Locations and some invert elevations of manholes

e  Locations of culverts

e Locations of roadside ditches

e  Locations of watercourses and tributaries

The following information was missing from data provided by the City:

e As-built information for some storm sewers (size, inverts, grade)
e  Manhole rim elevations

e Inverts of all culverts, and some sizes

e  Geometric data for all open channel watercourses.

A skeletonized, or simplified model was developed for the Campbell River/Quinsam River
catchments. This process simplifies the system by eliminating smaller pipes but does not
compromise the quality of the overall results. The main criteria used when skeltonizing the
model are summarized below:

e storm sewers 300 mm @ and smaller were not modelled

e where there are limited runs of conveyance (pipe, ditch) or only a single catch basin to
one outfall, they were not modelled

e where a culvert serviced a relatively small portion of highway runoff, it was not
modelled

As a result of this skeltonization process, 8 outfalls have been included in the model. A model
schematic can be found in Appendix D.

The river bank areas draining directly into the Quinsam and Campbell Rivers were not modeled at
this time.

5.3 Model Assumptions

A number of assumptions were made in the development of the XPSWMM model, including the
following key assumptions:

URBANSYSTEMS. 1475,0005.01 ) Decembi o
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e Manhole rim elevations were either measured directly, estimated from contour data,
field survey, or were assumed to be 1.5 metres above the storm sewer invert at the
manhole junction

e In the absence of other data, Highway 19A cross culverts were assumed to be at 1%
grade with outfall inverts at 0.0 m geodetic

e In the absence of other data, Highway 19A cross culvert sizes were estimated on the
capacity of the immediate upstream pipe size

e Manning’s roughness factors for pipes were widely using literature values of:

o 0.014 - concrete
o 0.011-PVC
o 0.024 -CsP

e  Sub-catchment boundaries were based on available contour information, the
configuration of the storm sewer network, and lot boundaries

e  While there are commercial and industrial land uses dotting the shoreline, the detail
required to model these single lot uses was not available nor was it believed essential to
an evaluation of the entire system as a whole.

54 Sensitivity Analysis

The sensitivity analysis is a tool used to understand the reliability of the model output and to
identify those parameters most critical to the modeling process. The former is especially
important since at this time we are not building calibrated models and are only using "event
storm" simulations, not “continuous” modeling.

For the sensitivity analysis, both hydrologic and hydraulic parameters were varied by plus and
minus 20%. Each parameter was varied in isolation (i.e. all of the other parameters were kept
constant) so that the true sensitivity to each individual parameter could be determined. The
hydrologic parameters were run under a “winter” regime, assuming that the soils were essentially
saturated under winter conditions.

The base conditions values, where applicable, for some of the hydrologic and hydraulic
parameters are summarized in Table 5.2. The sensitivity analysis for hydrologic parameters is
shown in Table 5.3 for winter conditions. Tables 5.4 and 5.5 summarize the sensitivity analysis
for hydraulic parameters for residential areas and for the downtown business district,
respectively.

o 59001/ December2006 URBANSYSTEMS.
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Table 5.2
Base Condition Values of Hydrologic / Hydraulic Parameters
. Base . Base
Hydrologic Parameter value Hydraulic Parameter value
Impervious Depression Storage (mm) 0.5 Pipe Roughness Coefficient (Concrete) 0.014
Pervious Depression Storage (mm) 2.0 Pipe Roughness Coefficient (PVC) 0.011
Impervious Manning’s “n” 0.011 Pipe Roughness Coefficient (CMP) 0.024
Pervious Manning’s “n” 0.2 Open Channel Roughness Coefficient 0.045
Average Capillary Suction (mm) 200 Contraction / Expansion Loss Coefficient 0.2
Initial Moisture Deficit (m/m) 0.050 Entrance / Exit Loss Coefficient 05/1.0
Saturated Hydraulic Conductivity 6.0 Boundary Water Surface Condition at 1.4
(Cassidy Soils) (mm/hr) ’ Discovery Passage (m) ’
Saturated Hydraulic Conductivity 250 ) )
(Dashwood Soils) (mm/hr)
Saturated Hydraulic Conductivity 3.0 ) )
(Fairbridge Soils) (mm/hr) )
Saturated Hydraulic Conductivity 1.0 ) i
(Tolmie Soils) (mm/hr) '
Table 5.3
Sensitivity Analysis on Hydrologic Parameters (Winter Condition)
Total Flow Peak Flow Degree of
Parameter Sensitivit
+20% -20% +20% -20% 4
Total Area (ha) 21.0% | -20.7% | 22.3% | -21.9% High
Impervious Area (%) 18.8% | -18.9% | 17.0% | -17.4% High
Catchment Width (m) 0.8% -0.9% 1.9% -2.3% Low
Catchment Slope (m/m) 0.4% -0.5% 1.0% -1.2% Low
Impervious Depression Storage (mm) -0.7% 0.7% 0.0% 0.0% Low
Pervious Depression Storage (mm) -2.5% 3.4% -3.9% 4.3% Medium
Impervious Manning’s “n” -0.1% 0.1% -0.7% 0.7% Low
Pervious Manning’s “n” -0.6% 0.9% -1.2% 1.6% Low
Average Capillary Suction (mm) -3.3% 5.6% -5.7% 8.0% Medium
Initial Moisture Deficit (m/m) -4.4% 11.3% -8.2% 15.1% Medium
Saturated HYdraUIiC CondUCtiVity -3.3% 5.6% -5.7% 8.0% Medium
(mm/hr)
Page 60
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Table 5.4
Sensitivity Analysis on Hydraulic Parameters for Residential Area
Change to Peak Flow Degree of
Parameter S itivit
+20% -20% ensitivity
Pipe Roughness Coefficient -4.8% +2.8% Medium
Contraction / Expansion Loss Coefficient 0.0% +0.7% Low
Entrance / Exit Loss Coefficient 0.0% +0.7% Low
Boundary Water Surface Condition (m) +0.3% +0.4% Low
Table 5.5
Sensitivity Analysis on Hydraulic Parameters for Business District
Parameter Change to Peak Flow é)egr.e.e pf
+20% -20% ensitivity
Pipe Roughness Coefficient -13.28% +17.6% High
Contraction / Expansion Loss Coefficient -0.2% +0.4% Low
Entrance / Exit Loss Coefficient -1.4% +1.4% Medium
Boundary Water Surface Condition (m) -14.8% +15.6% High

A winter condition analysis is generally useful for sizing drainage infrastructure because the most
intense storms in the area occur in the winter. A summer analysis was not run because there are
no streams in the study area, only storm sewer systems. Further monitoring and analysis on
hydrologic parameters that exhibit a medium or high degree of sensitivity should be undertaken
in the future as they could have an appreciable impact on the overall model results.

The hydraulic sensitivity analysis was run in two different areas. One area represented a typical
large residential catchment and the second represented the business district of the Downtown
Catchment. The results from this analysis show that the residential area is insensitive to
hydraulic parameters, while the Downtown area is comparatively more sensitive. The downtown
area, as will be discussed in a following section, is subject to complex backwater and tidal
conditions and therefore requires a higher degree of detail in study. Unfortunately, this area of
the Downtown Catchment was also the area with the least available information on the existing
storm drain system.

5.5 Existing Conditions Hydrology

Using the “base condition” hydrologic and hydraulic parameters, the XPSWMM model was run
with a variety of storm events. Table 5.6 presents aggregate runoff volumes and peak flows for
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each catchment area. As a comparison, the same data is listed for Willow, Simms and Nunns

Creek.

presented in Appendix D rather than here.

Due to the large number of outfalls, more detailed results of the model runs are

Table 5.6
Aggregate Peak Flow for Each Catchment Area (Existing Conditions)
_ Unit Discharge Flowrate Unit Discharge
Catchment Discharge Volume Volume 3 Flowrate
(m*/ha) (/) (L/s/ha)
(Sriég 2-Year 5-Year | 2-Year | 5-Year | 2-Year | 5-Year | 2-Year | 5-Year
Outfall
1 (Maple Street) 2.6 900 1,100 346 423 0.027 0.032 10.4 12.3
2 (Petersen Street) 7.3 2,600 3,100 356 425 0.079 0.093 10.8 12.7
3 (19" Avenue) 0.5 200 200 400 400 0.005 0.006 10.0 12.0
4 (Redwood Street) 52.4 14,700 17,700 281 338 0.458 0.554 8.7 10.6
5 (Redwood Street) 2.5 1,000 1,100 400 440 0.028 0.033 11.2 13.2
6 (Spruce Street) 1.3 600 700 462 539 0.016 0.019 12.3 14.6
7 (Enns Road) 33.2 15,700 20,000 473 603 0.617 0.756 18.6 22.8
8 (Willow Street) 0.5 300 300 600 600 0.007 0.008 14.0 16.0
9 (Kingdfisher Creek) 318.5 23,100 26,400 73 83 0.512 0.577 1.6 1.8
10 (Detweiler Creek) 47.5 3,600 4,200 76 89 0.107 0.126 2.3 2.7

Note: Duration for all storms is 24 hours.

URBANSYSTEMS.

The hydrologic impacts of urban development are well illustrated in Table 5.6. For example, the
high volumetric unit discharges for the storm sewered areas (1-8), as compared to the two
relatively undeveloped watersheds, reveal the impact of significant tree cover losses
accompanied by significant areas of impervious surface coverage. Similarly, higher unit discharge
rates, 4 to 8 times those found in the two undeveloped watersheds, are also seen for the storm
sewered catchments. Again, this is a result of high impervious surface coverage in watersheds,
which delivers more runoff more quickly (and thus at higher rates) to outfalls.

5.6 Performance of Existing System

After reviewing the results of the existing conditions simulation, storm drain systems were
systematically upsized as required to meet City level of service standards. The level of service for
the municipal drainage system is currently set by one of two design criteria. The service level for
residential areas is the 5-year recurrence rainfall event, while for commercial and industrial areas
it is the 10-year recurrence rainfall event.
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Tables 5.7 and 5.8 list the pipes and locations that were determined to be undersized (i.e.,
surcharging). As shown on the tables, in cases where a surcharging pipe was also found to be
causing surface flooding, an upgraded pipe size was determined to meet current City design
criteria. In some cases, upsizing one pipe merely causes the flooding location to relocate within
the storm drain system. Thus, on the tables, downstream pipes are also shown as upsized in

some cases.
Table 5.7
Undersized Pipes and Locations — Commercial and Industrial Areas
(10-year Level of Service)
Surcharged . Ex. Flooded | Upgrade | Recc.
] Location ) Length . ]
Pipe # Size ? Pipe # Size
1691%* Petersen Street and 16 Avenue 450 95.2
1692* Petersen Street 610 50.7
1693* Petersen Street 610 48.5
1694* Petersen Street and Island Highway 610 36.4
19A
1695* Petersen Street (Outfall CR2) 610 109.2
1696 Redwood Street and 14 Avenue 685 86.5 v 1696 900
1697 Redwood Street and 15 Avenue 760 102.0 v 1697 1050
1698* Redwood Street and 16 Avenue 760 129.7 v 1698 1050
1699* Redwood Street and Island Highway 915 110.8 v 1699 1200
19A
1700* Redwood Street and 19 Avenue | 850 86.7 1700 1200
(Outfall CR4)
1701* Redwood Street and Island Highway 600 71.1
19A
1702* Redwood Street and Island Highway 600 57.9
19A
1704 Spruce Street and Pease Road 610 82.0
1705 Spruce Street and 14 Avenue 610 88.6
1709 14 Avenue and Marwalk Crescent 380 15.9
1726 16 Avenue and Spruce Street 380 86.6
1727 16 Avenue and Redwood Street 380 85.7
1746 14 Avenue and Spruce Street 610 99.9 v 1746 675
1747 14 Avenue and Redwood Street 610 65.4 v 1747 750
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Surcharged . EX. Flooded | Upgrade | Recc.
Pipe # Location Size Length ? Pipe # Size
1793 Tamarac Street and Island Highway | 610 39.9
19A
1795 Island Highway 19A and Willow Street | 525 80.3
1796 Island Highway 19A and Willow Street | 375 147.5
5005* 19 Avenue and Petersen Street | 300 85.0
(Outfall CR3)
5006* Redwood Street and 19 Avenue | 600 52.3
(Outfall CR5)
5009* Redwood Street and 17 Avenue 600 78.3
5010 Spruce Street and Pease Road 450 16.5
5011 Spruce Street and Pease Road 600 17.3
5024 Tamarac Street and Island Highway | 610 5.6
19A
* Surcharged due to high tidal conditions
Table 5.8
Undersized Pipes and Locations — Residential Areas
(5-year Level of Service)
Surcharged . EXx. Flooded | Upgrade | Recc.
Pipe # Location Size Length ? Pipe # Size
1686* Maple Street 525 89.4
1687* Maple Street (Outfall CR1) 610 101.5
1767 Fairway Drive 375 86.9
1768 Fairway Drive 375 89.6
1772 Cheviot Road 450 118.4
1773 Cheviot Road 450 54.9
1774 Easement between Cheviot Road and 450 111.8
Bear Place
1775 Bear Place 525 8.7
1776 Bear Place 525 56.7
LINK 236* | Detweiler Road (Outfall CR10) 700 100
* Surcharged due to high tidal conditions
URBANSYSTEMS. o 2006
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5.7 Future Development Hydrology
As discussed in the land use section of this report, the Study Area is likely to undergo significant
changes of the type and intensity of land use activities that will in turn affect stormwater runoff.
Pressure to develop the “Sequoia Springs” area west of the highway in Kingfisher Creek
watershed could produce significant residential development in and around what is now wetlands
and forest.
The Campbellton Catchment will be affected the least over time since it is largely developed
already. However, potential redevelopment from single family residential to commercial or light
industrial could change the character of contaminants that may be washed off during storms.
This is discussed further in Section 5.9, below.
Table 5.10 shows the overall impact of the anticipated land use changes and growth, assuming
that no stormwater controls other than traditional collection and conveyance are applied.
Table 5.9
Aggregate Peak Flow for Each Catchment Area (Future Conditions - Unmanaged)
Unit Discharge Flowrate Unit Discharge
Catchment Discharge Volume Volume (m%/s) Flowrate
(m°/ha) (L/s/ha)
(Sr:ze) 2-Year 5-Year | 2-Year | 5-Year | 2-Year | 5-Year | 2-Year | 5-Year
Outfall
1 (Maple Street) 2.6 900 1,100 346 423 0.027 | 0.032 10.4 12.3
2 (Petersen Street) 7.3 3,100 3,700 425 507 0.093 0.109 12.7 14.9
3 (19" Avenue) 0.5 200 200 400 400 0.005 0.006 10.0 12.0
4 (Redwood Street) 52.4 16,100 19,400 308 371 0.499 0.603 9.5 11.5
5 (Redwood Street) 2.5 1,000 1,100 400 440 0.028 0.033 11.2 13.2
6 (Spruce Street) 1.3 600 700 462 539 0.016 0.019 12.3 14.6
7 (Enns Road) 33.2 20,600 25,900 621 781 0.820 0.997 24.7 30.0
8 (Willow Street) 0.5 300 300 600 600 0.007 0.008 14.0 16.0
9 (Kingdfisher Creek) 318.5 33,300 38,000 105 120 0.760 0.867 2.4 2.7
10 (Detweiler Creek) 47.5 8,000 9,500 169 200 0.243 0.285 5.1 6.0

Note: Duration for all storms is 24 hours.
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5.8 Impacts of Management Strategies

5.8.1 Municipal Sewer Upgrades under Future Conditions (Unmanaged)

No additional pipes are surcharged in residential areas under future conditions beyond those
shown on Table 5.8. Five additional pipes surcharged in commercial / industrial areas under
future conditions beyond those shown on Table 5.7; these are shown on Table 5.11 below. No
additional pipes changed from surcharged to flooding under future conditions beyond those
shown on Table 5.7, however pipes 1699 and 1700 had to be upsized from 1200 (as
recommended in Table 5.7) to 1350 to eliminate flooding under future condition scenario.

Table 5.10
Undersized Pipes and Locations — Commercial and Industrial Areas
(10-year Level of Service, Future Unmanaged Conditions)

Surcharged . Ex. Flooded | Upgrade | Recc.
] Location ) Length . ]
Pipe # Size ? Pipe # Size
1699* Redwood Street and Island Highway 915 110.8 v 1699 1350
19A

1700%* Redwood Street and 19 Avenue | 850 86.7 1700 1350
(Outfall CR4)

1718 Tamarac Street and Island Highway 900 46.3
19A

1793 Tamarac Street and Island Highway 610 40.0
19A

5024 Tamarac Street and Island Highway 610 5.6
19A

5030 Island Highway 19A and Enns Road 525 48.6

5031 Island Highway 19A and Enns Road 600 12.3

* Surcharged due to high tidal conditions

5.8.2 Detention Facilities

To assess potential stormwater management features that could be used to mitigate the effects
of future development, detention storage requirements were estimated for areas in Kingfisher
and Detweiler Creeks. Detention targets were set to reduce the 2-year recurrence event to 50%
of pre-development conditions and reduce the 5-year recurrence event to the pre-development
flow rate. The storage results, shown in Table 5.12, vary from about 120 m3/ha of contributing
area to around 330 m3/ha. The major disadvantage of using detention ponds without other
stormwater source controls is that only the peak flow, and not the volume of runoff, is reduced.
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The result is generally that erosion in downstream receiving channels can still worsen, even
though flooding may be controlled. Creek erosion can not only cause property losses but can
yield fish habitat losses.

Table 5.11
Target Release Rates and Required Storage Volumes for Proposed Detention Facilities
(Future Conditions)

Development Catchment Area Target Release Rates (m°/s) Required
(ha) Active Storage
50%b of 2 Year 5 Year Flow -
Volume (m~)
Flow Rate Rate

Kingfisher Creek

1 Upper Reach 42.8 0.306 0.491 5,100

2 Middle Reach 6.2 0.008 0.019 1,300

3 Middle Reach 12.4 0.005 0.014 4,000

4 Lower Reach 6.9 0.003 0.008 2,200

5 Lower Reach 5.2 0.002 0.006 1,700
Detweiler Creek

6 Upper Reach 12.2 0.020 0.033 3,000

7 Lower Reach 7.7 0.020 0.046 1,200

5.8.3 Low Impact Development

As an alternative to the use of conventional detention ponds to reduce post-development peak
runoff, the use of low impact development methods was also evaluated. When compared to
detention ponds, LID can reduce runoff volumes as well as contribute to reduced peak flows.
Table 5.13 shows the results, which assume full application of LID to retain’ on site all runoff
from storms up to and including one half the Mean Annual Rainfall amount (the results can be
compared with those listed in Table 5.6). For this assessment, the use of LID was applied only to
areas where significant “green field” development could potentially occur; LID can be used
whenever new or re-development occurs though the benefits may be greatest in newly
developing areas.

7 In this context, “retain” means to capture rainfall on site for infiltration, evaporation and transpiration, rather than being allowed to runoff as surface flow.
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Table 5.12
Peak Flows under Future Conditions using an LID Approach

Peak Flow (m3/s)
e 2 Year 5 Year
Unmanaged LID Unmanaged LID
7 (Enns Road) 0.820 0.506 0.997 0.743
9 (Kingdfisher Creek) 0.760 0.612 0.867 0.773
10 (Detweiler Creek) 0.248 0.208 0.285 0.275

Note: LID approach applied to new development in Kingfisher Creek and Detweiler Creek
catchments only; Duration for all storms is 24 hours.

5.9 Land Uses and Runoff Pollutants

In order to assess the potential pollutant loads associated with stormwater runoff and identify
potentially significant land uses for runoff contamination in the Campbell River/Quinsam River
Area, a preliminary computation was performed using a method developed by the Center for
Watershed Protection (CWP) (Center for Watershed Protection, 2003). The method requires
minimal input:

o Drainage area

e Impervious cover

e Annual precipitation

e  Pollutant concentrations

The first three items were already determined as part of the modeling process. Pollutant
concentrations are based on extensive data gathered across the U.S. in the 1980's as part of the
“National Urban Runoff Pollution Program”, and summarized in the CWP’s pollutant load
computation method.

The method uses four basic land use categories for which typical pollutant concentrations are
presented. For purposes of this analysis, local land use was placed in four broad categories:

e Category 1 — Open Spaces and Public Uses
Category 1 land uses, by definition, generate smaller amounts of runoff pollutants than any
other land use category. Land uses included in this category typically have minimal
impervious area and relate to activities that generate relatively few pollutants (i.e., pollutant
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exposure is relatively low). Land uses in this category include open space, park space,
greenways, and rural recreation.

e Category 2 — Low Density Residential
Category 2 includes land uses that generate more runoff pollutants than those in Category 1,
but compared to Category 3 and 4, still generate relatively low runoff pollutant loads. This
category includes single-family residential and duplex developments, which are both estimated
to have lots with roughly 40% impervious area, but are not associated with activities that
generate much in the way of point or non-point source pollution. (However, lawn fertilization
and household-pesticide use can be a concern.)

e Category 3 — High Density Residential and Commercial

Category 3 includes multiple-family developments — typically ground-oriented townhouses and
mid-rise apartments — which generally have higher site coverage both in building footprint and
paved area relative to those residential uses in Category 2. This category also includes retail
and office development, which are both likely to have substantial land area used for parking,
and therefore, a relatively high percentage of impervious area (approximately 90%). While
these uses are not typically associated with “hot spot” polluting activities, the substantial
impervious area contributes to increases in runoff pollutant loads over Categories 1 and 2.

e Category 4 — “High Risk” Commercial and Industrial
This category includes a range of uses that generally have a greater impact on runoff quantity
and quality. In general, these uses cover large portions of their sites with buildings or
impermeable surfaces, and are likely to exhibit greater exposure to activities or materials that
generate pollutants.

Roads are also included under each of the four categories. While roads are estimated to have
relatively high pollutant loads, the scale and scope of this analysis does not permit a detailed
investigation of roads as a separate land use; however, the runoff coefficients used in the
analysis do account for the existence of roads.

In general, the categories for use in the analysis of existing conditions were developed as per the
zones listed in Table 5.14. However, all undeveloped areas were designated as Category 1
regardless of zoning, and certain residential developments were classified according to density
rather than zone. Figure 5.5 (Appendix A) shows the distribution of these hydrologically-
significant land uses within the Study Area for existing conditions.
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Table 5.13
Hydrologically Significant Land Uses — Existing
Category 1 Category 2 Category 3 Category 4
Zones/ e Greenways e Rural Two e Residential One e Industrial One
Land Use ¢ All undeveloped e Low density ¢ Residential e Industrial Three
land residential Multiple 1 e Roads
development e Commercial Three
e Mobile Home Two
e Golf course
e Schools

In general, the categories for use in the analysis of future conditions were developed as per the
OCP designations listed in Table 5.15. However, residential developments were classified
according to anticipated future residential density rather than OCP designation as the Residential
OCP designation encompasses a wide range of densities. Figure 5.6 (Appendix A) shows the
distribution of these hydrologically-significant land uses within the Study Area for future
conditions.

Table 5.14
Hydrologically Significant Land Uses — Future

Category 1 Category 2 Category 3 Category 4
OCP e Park/Natural e Low density e Medium / High e Industrial
Designation/ Areas residential (<30 density e Roads
Land Use e ALR land upha) residential (>30
upha)

e Commercial

¢ Schools

¢ Golf course

URBANSYSTEMS.

While the above categories are helpful for understanding the overall relationship between land
use and pollutant loads, it should be noted that this analysis is developed using zoning and OCP
as a proxies for land use. Of course, the actual land use may vary somewhat from that defined
in the Applicable Bylaws.
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Using the Center for Watershed Protection’s (CWP) suggested typical pollutant concentrations,
annual loadings for the following pollutants were estimated:

e  Total Suspended Solids (TSS)

e Nitrogen

e  Phosphorous
e Zinc

o  Copper

e Lead

The results, by catchment, are shown in Tables 5.15 and 5.16, for existing and future conditions
respectively.

Quinsam IR #12 contributes runoff, and any pollutants conveyed by the runoff, to Haig Brown'’s
Kingfisher Creek. Development is currently mostly residential with some new commercial and
institutional development on about 24 hectares of land just west of the Willis Road and Island
Highway intersection. Future growth will primarily be in the same categories, with particular
emphasis on additional commercial development to supplement what has already been
constructed (Anderson, 2003, and Anderson Civil, 2006). The loading values shown in Tables
5.15 and 5.16 do not include contributions from IR #12. The loads could be expected to be
roughly 20-30% higher if the reserve’s contributions were included. As with the areas within
Campbell River, to the extent that stormwater controls are applied to runoff from IR #12, the
impacts of future growth can be minimized.

Stormwater quality is a highly variable subject to a myriad of factors including time since last
rainfall, duration and intensity of rainfall, site specific land uses, layout of storm network,
presence of water quality structures, etc. As such, without local data, this analysis should be
viewed as an order of magnitude estimate of the potential pollutant loading from Campbell
River/Quinsam River lands.

While the quantity of pollutant is directly related to the land area in question, such that the
predominant land use (residential) is responsible for the greatest quantity of pollutant, the
pollutant per unit area (kg/Ha), is greatest in the two highest pollutant load category land uses.

As shown in Table 5.15, low density residential areas (Category 2) contribute the greatest total
pollutant loads (in kilograms). This is not surprising given that Category 2 represents over 50%
of the land in the Campbell River/Quinsam River catchments. What is equally interesting are the
pollutant loading rates (in kilograms per hectare), by category. Again as shown in Table 5.15, in
all cases except for phosphorus (P), Category 4 has the greatest loading rates. This suggests
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that, if runoff water quality treatment is desired in the Campbell River/Quinsam River Area, a cost
effective approach will likely focus first on commercial areas with high potential for runoff
contamination.

Two sets of pollutants are notably absent from the analysis presented here. First, pesticides and
herbicides have not been included, due to the large number of potential contaminants and the
general lack of data to support inclusion at this time. In qualitative terms, these pollutants can,
however, exhibit loading rates by land use category that are contrary to the others listed in
Table 5.15 and 5.16. Areas with large open space and lawns, such as low density residential,
golf courses and other public and institutional open spaces, may actually yield very high loadings
in runoff. This is due to their often heavy use to maintain thick, green lawn areas.

Bacteriological indicators, specifically fecal coliforms, are also not included in Tables 5.15 and
5.16. Coliform levels in runoff are notoriously variable and can be due to both anthropogenic and
“natural” causes. In areas with significant human contact with open water, such as at public
beaches, it is important to monitor fecal coliform levels from a public health standpoint. But
predicting the actual loading or contaminant level is beyond the preliminary nature of the current
analysis.

It is instructive to compare these pollutant loading results with those that occur with municipal
wastewater, which the City fully treats at its wastewater treatment facility in North Campbell
River. Thus, for example, in the year 2001 the Study Area contributed an estimated 71,500 Kg of
Total Suspended Solids (TSS) to the City’s sanitary sewer system; this load was reduced by about
95% at the City’s wastewater treatment plant so that only 3,220 Kg was discharged to Discovery
Passage over the course of the year®.

8 Based on information provided in “District of Campbell River, Long Term Sewage Treatment Study, Final Report,” Stantec, October 26, 2004.
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Table 5.15
Runoff Pollutants by Major Land Use Categories (Existing Conditions)
Total Quinsam River/Campbell River - Potential Runoff Pollutant
Pollutant Loading Estimate (Existing) TSS P N Zinc Lead Copper
Land Use Area (Ha) Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha
Open and Park Space 201.1 22892 114 92 0.5 504 2.5 57 0.3 60 0.3 17 0.1
Low Density Residential 46.9 23041 491 92 2.0 507 10.8 57 1.2 60 1.3 18 0.4
High Density Residential / Non-Polluting Retail 92.6 65466 707 262 2.8 1440 15.6 162 1.8 171 1.8 50 0.5
Commercial / Industrial 75.2 58120 773 155 2.1 1550 20.6 192 2.6 203 2.7 59 0.8
Total Area 415.8 169520 408 601 1.4 4001 9.6 468 1.1 494 1.2 144 0.3
Breakdown by Watershed
. Pollutant
Detweiler Creek Watershed Only TSS B N Zinc Tead Copper
Land Use Area (Ha) Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha
Open and Park Space 51.1 5817 114 23 0.5 128 2.5 14 0.3 15 0.3 4 0.1
Low Density Residential 7.0 3439 491 14 2.0 76 10.8 9 1.2 9 1.3 3 0.4
High Density Residential / Non-Polluting Retail 7.2 5090 707 20 2.8 112 15.6 13 1.8 13 1.8 4 0.5
Commercial / Industrial 8.5 6569 773 18 2.1 175 20.6 22 2.6 23 2.7 7 0.8
Total Area 73.8 20916 283 75 1.0 491 6.7 57 0.8 60 0.8 18 0.2
Haig Brown's Kingfisher Creek Watershed Onl Pollutant
9 9 y TSS P N Zinc Lead Copper
Land Use Area (Ha) Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha
Open and Park Space 120.2 13683 114 55 0.5 301 2.5 34 0.3 36 0.3 10 0.1
Low Density Residential 30.1 14788 491 59 2.0 325 10.8 37 1.2 39 1.3 11 0.4
High Density Residential / Non-Polluting Retail 29.3 20714 707 83 2.8 456 15.6 51 1.8 54 1.8 16 0.5
Commercial / Industrial 29.0 22413 773 60 2.1 598 20.6 74 2.6 78 2.7 23 0.8
Total Area 208.6 71598 343 257 1.2 1680 8.1 196 0.9 207 1.0 60 0.3
. Pollutant
Campbellton Drainage Only TSS P N Zinc Toad Copper
Land Use Area (Ha) Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha
Open and Park Space 8.4 956 114 4 0.5 21 2.5 2 0.3 2 0.3 1 0.1
Low Density Residential 1.8 884 491 4 2.0 19 10.8 2 1.2 2 1.3 1 0.4
High Density Residential / Non-Polluting Retail 49.1 34712 707 139 2.8 764 15.6 86 1.8 91 1.8 26 0.5
Commercial / Industrial 33.7 26046 773 69 2.1 695 20.6 86 2.6 91 2.7 26 0.8
Total Area 93.0 62599 673 216 2.3 1499 16.1 177 1.9 186 2.0 54 0.6
. . Pollutant
River Bank Drainages Only TS P N Zinc Toad Copper
Land Use Area (Ha) Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha
Open and Park Space 21.4 2436 114 10 0.5 54 2.5 6 0.3 6 0.3 2 0.1
Low Density Residential 8.0 3930 491 16 2.0 86 10.8 10 1.2 10 1.3 3 0.4
High Density Residential / Non-Polluting Retail 7.0 4949 707 20 2.8 109 15.6 12 1.8 13 1.8 4 0.5
Commercial / Industrial 4.0 3092 773 8 2.1 82 20.6 10 2.6 11 2.7 3 0.8
Total Area 40.4 14407 357 54 1.3 331 8.2 38 0.9 40 1.0 12 0.3
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Table 5.16
Runoff Pollutants by Major Land Use Categories (Future Conditions)
Total Quinsam River/Campbell River - Potential Runoff Pollutant
Pollutant Loading Estimate (Future w/o Controls) TSS N Zinc Lead Copper
Land Use Area (Ha) Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha
Open and Park Space 98.1 11167 114 45 0.5 246 2.5 28 0.3 29 0.3 8 0.1
Low Density Residential 130.6 64162 491 257 2.0 1412 10.8 159 1.2 168 1.3 49 0.4
High Density Residential / Non-Polluting Retail 115.6 81726 707 327 2.8 1798 15.6 203 1.8 214 1.8 62 0.5
Commercial / Industrial 71.5 55261 773 147 2.1 1474 20.6 183 2.6 193 2.7 56 0.8
Total Area 415.8 212316 511 776 1.9 4929 11.9 572 1.4 603 1.5 175 0.4
Breakdown by Watershed
Detweiler Creek Watershed Only Pollutant i
TSS N Zinc Lead Copper
Land Use Area (Ha) Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha
Open and Park Space 18.7 2129 114 9 0.5 47 2.5 5 0.3 6 0.3 2 0.1
Low Density Residential 42.3 20781 491 83 2.0 457 10.8 52 1.2 54 1.3 16 0.4
High Density Residential / Non-Polluting Retail 4.4 3111 707 12 2.8 68 15.6 8 1.8 8 1.8 2 0.5
Commercial / Industrial 8.4 6492 773 17 2.1 173 20.6 21 2.6 23 2.7 7 0.8
Total Area 73.8 32513 441 121 1.6 746 10.1 86 1.2 91 1.2 26 0.4
Haig Brown's Kingfisher Creek Watershed Onl Pollutant i
TSS N Zinc Lead Copper
Land Use Area (Ha) Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha
Open and Park Space 66.9 7616 114 30 0.5 168 2.5 19 0.3 20 0.3 6 0.1
Low Density Residential 62.5 30705 491 123 2.0 676 10.8 76 1.2 80 13 23 0.4
High Density Residential / Non-Polluting Retail 52.3 36975 707 148 2.8 813 15.6 92 1.8 97 1.8 28 0.5
Commercial / Industrial 26.9 20790 773 55 2.1 554 20.6 69 2.6 72 2.7 21 0.8
Total Area 208.6 96086 461 357 1.7 2211 10.6 255 1.2 269 1.3 78 0.4
Campbellton Drainage Only Pollutant -
TSS N Zinc Lead Copper
Land Use Area (Ha) Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha
Open and Park Space 3.1 353 114 1 0.5 8 2.5 1 0.3 1 0.3 0 0.1
Low Density Residential 6.0 2948 491 12 2.0 65 10.8 7 1.2 8 i3 2 0.4
High Density Residential / Non-Polluting Retail 52.8 37328 707 149 2.8 821 15.6 93 1.8 98 1.8 28 0.5
Commercial / Industrial 31.1 24036 773 64 2.1 641 20.6 79 2.6 84 2.7 24 0.8
Total Area 93.0 64665 695 227 2.4 1535 16.5 180 1.9 190 2.0 55 0.6
River Bank Drainages Only Pollutant -
TSS N Zinc Lead Copper
Land Use Area (Ha) Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha Kg Kg/Ha
Open and Park Space 9.4 1070 114 4 0.5 24 25 3 0.3 3 0.3 1 0.1
Low Density Residential 19.8 9727 491 39 2.0 214 10.8 24 1.2 25 1.3 7 0.4
High Density Residential / Non-Polluting Retail 6.1 4313 707 17 2.8 95 15.6 11 1.8 11 1.8 3 0.5
Commercial / Industrial 5.1 3942 773 11 2.1 105 20.6 13 2.6 14 2.7 4 0.8
Total Area 40.4 19052 472 71 1.8 438 10.8 51 13 53 1.3 15 0.4
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ISSUES AND CHALLENGES

As a result of the field reconnaissance, review of existing background material, analysis of land
use issues and the modeling efforts, a number of issues and challenges to integrated stormwater
management in the Campbell River/Quinsam River Area can be named. Some of these are also
issues and concerns raised by residents at the open houses and by members of the Working
Group.

6.1 Issues from Consultation Process

A significant issue for the Campbell River / Quinsam River Study Area is the lack of public
participation in the process. Attendance at the open houses for the City’s previous ISMPs to date
has been spotty, sometimes generating significant interest and other times very little. The first
open house for this current ISMP was attended by only two residents. A challenge for the City as
it completes this ISMP and moves into the implementation phase for all the City’s ISMPs is to
develop a program of public information that adequately prepares people (including developers,
designers and contractors) and generates their support for the changes in stormwater
management that will be taking place in the City over time.

As might be expected from a largely technical group, the Working Group suggested a nhumber of
specific and general issues that could be addressed within the context of the ISMP. Focusing on
the four main streams included in the Study Area, the group identified these issues:

e Detweiler Creek

Heavily impacted by development already

Creek has limited habitat value

Limited opportunities for restoration

Need for a wildlife corridor

Desire for access for enjoyment and recreation
Fish-bearing stream, which needs to be protected

O O O O o ©O

e Haig Brown'’s Kingfisher Creek
o Heavy development pressure in the upper watershed, including in and around the
golf course
High erosion potential in some areas
Low summer base flows
Need for wildlife corridor
Desire for access for enjoyment and recreation
Fish-bearing stream, which needs to be protected

O O O O o
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e Quinsam River

Erosion and bank stability

o Development pressure

o Fish-bearing stream, which needs to be protected

o Size of river — much can happen outside the jurisdiction of the City

o

e Campbell River

Erosion and bank stability

Property acquisition and protection

Fish-bearing stream, which needs to be protected
Nutrient-rich runoff

Invasive aquatics

Development pressure

Acts as a wildlife corridor

O O 0O 0 0 O

Some more specific suggestions included:

e Maintain year round flow in Haig Brown Kingfisher Creek

e Maintain +30m minimum of natural vegetation surrounding streams

e Investigate greater use of swales and ditches (including retaining existing ditches in the
area) instead of storm sewers

e Require catch basins to keep polluted runoff out of streams (but only if can be sure they
don’t become mosquito breeding areas)

e Provide oil/water separation before discharge of runoff to streams

e Monitor water quality

e Require use of stormwater infiltration where feasible

e Require use of alternate design standards to reduce effective impervious surface to <
10%.

e Undertake effective impervious surface mapping

e Maintain the natural flow regimes and water quality in the streams

e Restore riparian areas for all streams in the area

e Ban use of pesticides

e Adopt better development controls on private lands

e Develop further improvements to logging practices to protect streams

e Change homeowners/business owner’s attitudes towards their contributions to runoff
pollution

e Provide improvements to flood-prone areas

e Replace culverts with bridges

URBANSYSTEMS. 1475,0009.01 ) Decembi g
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The Working Group identified two primary obstacles to implementing a more sustainable
stormwater management approach in Campbell River. The first is cost, both initial and long-term
operation and maintenance. The second is really a cluster of issues around developing
knowledgeable public support for stormwater management that allows people to set aside
narrowly focused attitudes and interests in favor of long-term sustainability.

6.2 Primary Issues and Challenges

Through consultation with the City, and accounting for input from the working group and the
open houses, the following key issues were carried forward:

a) Maintaining in-stream water quality through runoff treatment

b)  Establishing/maintaining year-round baseflows in outfalls and streams
c) Need for stormwater controls in new developments

d) Need to address impacts of redevelopment, especially in Campbellton
e) Determining adequacy of existing drainage systems

f)  Protecting and maintaining riparian corridors.

g) Requiring erosion and sediment controls during construction

h)  Enhancing public education and outreach

i) Identifying tools for predicting and mitigating impacts of future development on runoff
and for monitoring the progress of stormwater management in the Study Area

j)  Adopting a sustainable means for funding stormwater management

o 7205.01 / December 2006 URBANSYSTEMS.
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SUSTAINABLE STORMWATER CONTROLS

Communities and regions around North America have increasingly applied stormwater “best
management practices” (BMP’s) to mitigate the effects of land development on watersheds.
Initially this was primarily done to reduce stormwater runoff peak rates, generally to a level
occurring prior to development. More recently, broader objectives have been assigned to BMP's.
Specifically, the current ideal is to fully mimic the natural hydrology of an area and protect water
quality as well. Thus BMP’s may serve to reduce the peak rate of stormwater runoff, reduce the
total volume of stormwater runoff, improve the water quality of the stormwater runoff or,
typically, meet more than one of these objectives.

The realization among stormwater practitioners that it is important to control runoff at its source
as well as deal with consequences of runoff has led to the development of a philosophy called
Low Impact Development (LID). Although sometimes used nearly interchangeably, LID and BMP
are not quite the same thing. They can, however, be complementary ways to address
stormwater management. Some BMP’s fit well within an LID approach and use of LID can
reduce the size or need for large, often public, BMP’s such as regional detention ponds. For
purposes of this discussion, LID methods are included within the list of BMP’s discussed below.

In this chapter an overview of BMP’s is provided, followed by discussion of significant issues for
BMP use in the Campbell River/Quinsam River Area.

7.1 Best Management Practices

A large body of best management practices has been developed over the last several decades,
covering a variety of application scales and complexities. Various schema have been proposed to
provide categories for the various BMP’s. For the purposes of this ISMP, BMP’s can generally be
grouped into four broad categories:

e  Site adaptive planning

e  Source controls

e  Structural controls

e  Non-structural practices

Site adaptive planning includes a variety of site design practices that can be used to reduce the
impervious surface coverage on a wide range of land uses. These practices include reducing
roadway widths, reducing building footprints, reducing parking standards (number of parking
spaces provided per dwelling unit), limiting amount of surface parking, building compact
communities and preserving natural features such as wetlands, forests and soils.
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Source controls are those practices intended to reduce runoff volume by retaining or enhancing
infiltration and evapotranspiration; these practices supplement the site adaptive planning BMP’s
that directly reduce impervious surfaces in a watershed. These source controls are typically
applied to an individual building site, such as a single house, apartment complex or shopping
mall. Examples of source controls include absorbent landscaping (amended soils), surface (“rain
gardens”) and subsurface (such as soak-away pits) infiltration facilities, pervious paving (pavers,
concrete and asphalt), pervious decks, green roofs (“eco-roofs”), rain barrels and disconnected
roof leaders. Detailed discussions of these source controls is presented in a recent GVRD
publication entitled, “Stormwater Source Control Design Guidelines 2005.”

Structural controls are probably the most well-known type of stormwater treatment practices.
About 40 years ago, a humber of communities began constructing detention ponds to attenuate
the affects of peak runoff from developments. Other structural BMP’s include underground oil
and grease traps, constructed wetlands and sand filters. A properly designed and constructed
roadside ditch, called a vegetated or bio-filter swale, is another structural BMP°. The City’s
oil/water separators in the Campbellton Catchment and the water quality pond along the Island
Highway are examples of structural controls.

Finally, non-structural practices focus both on maintaining the long-term usefulness of structural
BMP’s and source controls, as well as reducing the likelihood of stormwater causing problems in
the first place. In this category are street cleaning, detection and containment of contaminant
spills, maintenance of vegetation in rain gardens and bio-swales, catch basin cleaning, public
education programs and best practices for handling potential pollutant-generating materials. This
latter example of a non-structural BMP is particularly critical at hot spots where commercial or
industrial activities may expose harmful materials to rainfall for potential pickup in runoff.

BMP’s can also be considered either temporary or permanent. Temporary BMP’s are used during
construction to control the acute conditions that occur when vegetative cover is removed and
large areas of soil are directly exposed to rainfall. These BMP’s generally focus on controlling soil
erosion at the site and preventing subsequent downstream deposition of the sediments.
Permanent BMP’s are intended to remain in working condition for extended periods of time (i.e.,
years). They can fulfill multiple functions including reducing the rate and volume of runoff as
well as improving the quality of the runoff.

7.2 Application for the Campbell River/Quinsam River Area

The City’s current engineering design standards indicate a preference for the use of
neighbourhood or regional wet detention ponds, designed in accordance with stormwater

9 In an example of the fluidity of the BMP categories, bio-filter swales could also be considered a source control since they are primarily intended to reduce the

total volume of runoff from a site, in this case a roadway.
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management plans. Where such facilities (existing or proposed) are unavailable, dry detention
ponds, pipe-based detention or parking area and roof-top detention may be used. As an
alternative to, or in conjunction with, these traditional types of facilities, various other BMP’s
could be used. Table 7.1 provides a lengthy list of potential BMP’s for use in Campbell River.
The paragraphs that follow provide discussion of several aspects of BMP implementation unique
or especially applicable to the Study Area.

7.2.1 Alternative Road Design Standards

The City’s current practice for roadway urbanization is to infill the existing roadside ditches and
install a storm sewer system. Runoff generated on the road surface is directed to the curb and
gutter, where it then flows into a catch basin which is connected to the new storm sewer. The
underlying intent of a “traditional” urbanized roadway design is to convey runoff away from the
road as soon as possible. This efficient method of drainage capture and conveyance has a
detrimental impact on downstream watercourses, as both peak flows and volumes of runoff are
significantly increased over the un-urbanized condition, where runoff had an opportunity to
infiltrate or be attenuated in the roadside ditches. Stormwater quality also suffers as plants and
soil no longer have an opportunity to filter out contaminants prior to discharge of runoff offsite.

Most of the roads in the Campbellton Catchment have already been constructed with standard
urbanized cross section. However, there are opportunities to convert existing urbanized roads to
a road using alternative standards and to incorporate an alternative road design in future
developments. In general, it is preferable to use ditches than to use storm drains to convey
roadway runoff. And, further, it is preferable to use properly designed swales than to use simple
ditches to convey roadway runoff. The former (swales, also called infiltration swales, bio-swales,
dry or wet swales, etc.) provide opportunities for runoff attenuation and treatment that are not
provided by standard ditches and enclosed pipes.
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Table 7.1
Potential Stormwater Issues and BMP Options for Various Land Uses
Scale Primary Issue(s) Addressed
Best Management Practice ; Neighbour |\t ershed Regional Volume wQ Peak Erosion
Sl e -Lhe?/(()-:‘(lj Level Level Control Control Control Control
Adaptive Site Planning
Disconnect Impervious Areas X X X
Narrow Pavement Street X X X
Maintain Riparian Corridors X X X X
Preserve Natural Drainage Features X X X X X X X
Protect/ Retain Wetlands X X X X X
Retain Trees at Building Sites X X X
Source Controls
Biofiltration Swale (Bioswale) X X X
Downspout Splashpads X X
Amended Soils (w/min. depth) X X X
Grass Swale X X X
Green Roof X X X X
Infiltration Trench X X X X
Infiltration Basin X X X X
Planter Boxes X X
Porous Pavement X X X
Rain Barrel X X
Rain Garden X X X
Rock / Soakaway Pit X X X
Underground Infiltration System X X X X
Structural Controls
Bioengineering Techniques X X
Biofiltration Swale (Bioswale) X X X
Constructed Wetlands X X X X
Dry Detention Pond X X X X
Green Street X X X
Infiltration Trench X X X X
Infiltration Basin X X X X
QOil / Grit Separator X X
Perforated Storm Sewer X X X
Rip Rap X X
Sand Filters X X
Turf Reinforcement Mats X X
Underground Infiltration System X X
Underground Tank / Vault X X
Vegetative Filters X X X X
Non-Structural Practices
Early Revegetation of Cleared Sites X X
Minimize Soil Compaction X X X
Public Education Programs X X X X X X
Street Sweeping X X X
URBANSYSTEMS 5006
®

1479.0009.01 / December 2006
2006-12-01_CRQR ISMP Final Report




|
i City of Campbell River Integrated Stormwater Management Plan — Final Report
[ | Campbell River/Quinsam River Area

7.2.2 Roof Leader Disconnection

The soils mapping provided by the hydrogeological report indicates that infiltration of stormwater
runoff may be possible in some parts of the Campbell River/Quinsam River Area. However the
specific applicability must be established on a localized or site level. Modeling efforts in previous
ISMP’s indicated that a peak flow reduction on the order of 33% is possible within catchments
where all or most of the properties can disconnect roof leaders. Moreover, this practice would
provide a modest level of preliminary treatment of runoff. For example, roof downspouts from
individual homes would be discharged onto splash pads and grassed areas rather than be
connected directly to the municipal storm sewer system, which is the City’s current standard.

Table 7.2 provides the results of modeling done for a 70 ha future development in the southern
part of the City.!® Similar results can be expected for any development in Campbell River, if
properly designed and maintained. The table shows the impact of both disconnecting roof
leaders and placing 300 mm of amended soils in yards before they are seeded or sodded (see
Section 7.2.3 for discussion).

Table 7.2
Stormwater Management Alternatives for Future Ocean Grove Development

Existing UnmEE e Roof Leader Amended . Rz Lez_ader
Conditions AL Disconnected Soils DIEGENEETEN £
Conditions Amended Soils
Flow (m%/s) Flow (m%/s) Flow (m%/s) Flow (m%/s) Flow (m%/s)
2-year 0.40 0.82 0.63 0.76 0.49
5-year 0.64 1.1 0.91 0.92 0.56
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7.2.3 Absorbent Landscaping

Absorbent landscaping may offer some of the most cost effective BMP’s for use in both retrofit
and new development applications. In urbanizing areas, it is common practice to strip a site of
all topsoils and replace them with only a thin layer (often 50 mm or less) of imported topsoil.
During the time between the stripping and the replacement, the underlying soils are often
severely compacted by building activities. This process yields lawns that are nearly as impervious
as some asphalt surfaces.

This situation can be easily mitigated by careful construction practices that avoid soils compaction
(or mitigate what does occur) and by providing 300 mm or more of landscaped absorbent (or

10 Computations were done for the Foreshore Area ISMP (2005)
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“amended”) soils*. This thick layer of amended soil, especially when coupled with on-site tree
retention (or replacement), can virtually eliminate runoff from lawns, even for very wet winter
conditions with low hydraulic conductivities for underlying soils. Another significant benefit of
deeper organic soils on lots is healthier stands of grass with deeper roots that are more resilient
to drought conditions.

Enhancing lawns with additional absorbent soils and fuller tree canopies can do the same thing
for lawns in existing developments. Requiring this is difficult, but encouraging residents to
upgrade their lots could be done.

As discussed previously, Table 7.2 shows one potential beneficial impact of the use of amended
soils in developments.

7.2.4 Infiltration / Recharge Potential

Design Concepts and Justification

In many parts of the study area, ground infiltration systems could be incorporated into
landscaping and engineering plans, to direct water towards points where ground infiltration is
feasible. Areas with the highest potential for infiltration were shown previously on Figure 3.6.

Systems that collect stormwater runoff for infiltration need to include landscaping to channel
water to the infiltration system, adequate storage to allow slow infiltration after the rainfall event,
and a clarification system to eliminate suspended sediments and floating detritus. A regular
(annual or 10-year) clean out of some structures should be anticipated.

It is better to have a wide distribution of infiltration systems introducing the water into different
areas and strata, rather than a few concentrated areas discharging into one strata. This will
reduce the potential for water table mounding, and in some areas, the potential for slope
instability.

It is important to appreciate that all ground infiltration systems will not be effective for very long
if suspended solids and bacteria are not adequately removed from surface runoff, prior to
discharge into the ground. This can be accomplished with properly designed, constructed and
maintained vegetated swales or other similar BMP’s,

Shallow Infiltration Systems

Shallow infiltration systems could be designed to infiltrate runoff into many areas within the well
drained units, such as the Dashwood and Qualicum soils. These soils cover extensive areas in

11 To optimize infiltration, the absorbent soils should have high (10 to 25%) organic content and otherwise meet the requirements of BC Landscape Standard

for medium or better landscape soil.

URBANSYSTEMS. 1475,0009.01 ) Decembi g

2006-12-01_CRQR ISMP Final Report



Page 85

City of Campbell River Integrated Stormwater Management Plan — Final Report
Campbell River/Quinsam River Area

the catchments and have potential infiltration rates of 250 mm/hr and 10 mm/hr respectively.
Examples of shallow infiltration enhancement systems include: soak-a-way pits, seepage basins,
shallow infiltration wells and seepage trenches.

The hydraulic conductivity of the subsurface soils in the study area is likely quite variable, due to
the presence of localized permeable sand and/or gravel seams, or interbeds, in the middle of
relatively low permeability loamy soils. For this reason performing infiltration tests in linear
trenches in representative areas will be required, prior to development of more detailed plans for
stormwater infiltration. For example, infiltration tests performed in soils similar to Dashwood
indicated infiltration rates to a 0.6m wide trench in the range from about 2 to 4 L/s/m length of
trench.

Vertical Infiltration Wells

Clean stormwater that cannot infiltrate into shallow soils in the upland areas could be discharged
into the Quadra Sand Unit below the low permeability till-like unit. The concept for this method
is illustrated in Figures 4 and 5 of the hydrogeology report (see Appendix C). While no tests
have been conducted in the study area, the results of tests run in hydrogeologically similar areas
suggest that short term inflow rates of between 0.5 to 2 L/s per well may be feasible in the
upland parts of the study area. The actual infiltration rate for an individual well will depend on a
number of factors including: well depth, depth to static water level, formation permeability and
continuity of the aquifer.

7.2.5 Peak and VVolume Controls

Two unique characteristics of the Campbellton area may strongly influence the recommended
approach to controlling runoff volumes and peaks there. First, Campbellton is largely developed
and already has an extensive storm drain system with capacity to safely convey storm flows'?. In
fact, as noted in Section 5.7, this existing system generally can also handle future increases in
runoff due to infill and redevelopment. From this perspective, there may be no need for new
detention to manage either existing or future runoff.

Secondly, the current storm sewer systems discharge directly to the Campbell River via numerous
outfalls that do not, by definition, cause flooding and erosion in the receiving water as might be
experienced in a small, natural stream receiving stormwater runoff'>. This is so due to the sheer
size of the river compared to the outfalls as well as to the significant river velocities that can
carry runoff away quickly. Again, from this perspective, there may be no need for new detention
to handle either existing or future runoff.

12 With some exceptions, as noted in the evaluation of the existing municipal conveyance infrastructure (Section 5.6).
13 Some of the outfalls do exhibit scour holes at the outlet. As long as this scour doesn't threaten adjacent property or the outfall itself, it can be considered

relatively minor.
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As noted previously, earlier approaches to stormwater control often emphasized the reduction or
attenuation of peak runoff rates as a way to minimize flooding of property. On balance, this
seems unnecessary for the developed portions of Campbellton and thus, barring significant
deviations in future land uses from the OCP, BMP’s for reduction in peak runoff are not required.

The situation is entirely different for the remaining developable “green field” areas in Detwieler
and Kingfisher Creek watersheds. To avoid future degredation of the stream systems, runoff
peak and volume controls are essential. In their absence erosion and sedimentation will be
significant. (Obviously subject to the extent of development that actually occurs.) This in turn
will lead to reduction in ecological value of the systems.

7.2.6 Stormwater Quality

As previously discussed, urban runoff typically can carry a variety of potentially harmful
pollutants. The biophysical inventory identified the variety of fish and wildlife that depend on the
presence of healthy streams and rivers, specifically on high quality water, in the Study Area.
While anecdotally there have been episodes of runoff contamination in the Campbellton Area
(specifically discharging through Outfall CR7), at this time, there is no specific runoff, receiving
water or ambient sediment quality data that suggests there is a problem in the Study Area.
However, it seems prudent to confirm the findings of this study’s preliminary pollutant loading
analysis by determining the extent of runoff contamination and subsequently applying water
quality treatment BMP’s as appropriate.

If water quality improvement becomes a primary stormwater management objective, additional
work will be required to determine the extent of the problem and provide a basis for treatment
controls. This additional work should include a sampling and testing program to determine
pollutant characteristics of runoff, receiving water and sediments at and near outfalls.

Table 7.3 (Appendix A) provides a list of the most common structural stormwater treatment
systems in use today. The table also provides a general evaluation of the capabilities of these
systems.

7.3 Public Versus Private Facilities

Some BMP’s are best owned and maintained by the public, that is, the City. This can guarantee
that the facility is properly maintained, repaired or upgraded as needed. Detention ponds serving
large tracts of land are an example of a publicly-owned stormwater facility. Similarly, street
sweeping is an activity generally suited for handling by a public agency (e.g. public works
department).
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Other BMP's are better suited for private construction and ownership, often because they are
located on private property or are designed to serve only a small land area. Examples include
roof-top gardens and bioretention areas. Sometimes a combination works, for example, a pond
may be built by a private developer, but later maintained by the City.

7.4 Erosion and Sediment Control Practices

The current state of erosion and sediment control (ESC) practices on construction sites has been
a recurring topic mentioned by the City, the stakeholders and the public. While, in general,
developers are fairly diligent about implementing and operating ESC works, the function of these
facilities tends to diminish once the land has been transferred to individual builders. The City has
some grounds to enforce ESC on the developer through the maintenance period in their contract,
however, it is often difficult to enforce to the same standard on the builders themselves. Long-
term maintenance of ESC works, restoration of disturbed areas and lack of enforcement appear
to be the main issues and minimization of cleared areas, source control measures and timing of
implementation of ESC works within the construction framework could be stressed by the City.

7.5 Operation and Maintenance

BMP’s will fail to meet runoff flow and water quality objectives unless they are maintained. Once
incorporated into a community’s budget and departmental work loads, public facilities can be
regularly inspected and maintained as needed. On the other hand, privately-owned source
controls may not necessarily receive the same attention, thus risking failure. For example, a
buyer of a home may not even be aware that a subsurface infiltration system is already present
on the lot and that it may need attention. Or the soils in the rain garden intended to provide a
location for infiltration may become plugged, yielding merely a standing pool of water rather than
a stormwater benefit. Fortunately, because on-site controls are diffuse, failure of a few will not
seriously impact the overall stormwater control provided by the BMP’s. Nonetheless, it will be
important for the City to adopt a program for suggesting, encouraging or requiring maintenance
of on-site BMP’s.

The City currently cleans catch basins, ditches and pipes periodically. As well it provides street
cleaning. These practices could be reviewed and enhanced as necessary to improve their
contribution to overall stormwater management in the City.

7.6 Retrofitting Existing Neighborhoods with BMP’s

It can be challenging to retrofit on-site control BMP’s in existing highly developed areas. For
example, within commercial districts and urban residential areas street widths are already set,
with curb, gutter and storm drains in place. Replacing these with narrow streets, bio-swales and
other similar low impact BMP’s can be expensive and some or many residents can be resistant to
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losing what is perceived as chief amenities of an urban environment, namely curb, gutter and
storm drains. Urban and suburban dwellers have also often come to view removing rainfall from
their lots as quickly as possible as an important aspect of development. Despite its benefits,
absorbent landscaping that retains rainfall on site can be viewed as a negative by some
residents, especially if the lawn is “soggy” in more then just the winter.

As a result, retrofitting BMP’s in existing areas may only be feasible on a neighborhood level,
using publicly owned and maintained systems. These include systems such as extended
detention ponds (for flow and quality treatment), engineered underground sediment removal
structures and sand filters. Availability of land (space) for large, surface BMP’s such as ponds
and wetlands may also be limited in developed areas. Thus flow control may be nearly
impossible to achieve in developed areas, although as noted previously water quality is likely the
overriding stormwater concern in areas such as Campbellton.

One particularly promising non-structural practice for use in existing urban areas is street
cleaning, which can pick up solids-based pollutants even before they become a combination of
suspended solids and dissolved contaminants in runoff. In fact, Minton and Sutherland (1998)
have argued that in many cases street cleaning is the most cost effective long-term solution to
urban stormwater quality issues. They also point out that most current street cleaning programs
are inadequate to provide any meaningful water quality benefit. Specifically, their concerns are
the frequency of cleaning (not often enough) and the efficiency of the equipment (too low,
leaving behind the smallest sediment particles that in fact may be associated with most
contaminants). They strongly suggest the use of high efficiency vacuum cleaners to obtain the
full benefit of a street cleaning program. Frequency of sweeping should be determined by an
analysis of the sediments being produced in a neighborhood or at a site.
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ALTERNATIVE STORMWATER MANAGEMENT STRATEGIES

General

Within the direction provided by the City’s ISMP goals and objectives (see Section 1), the City
may approach the unique stormwater issues of the Campbell River/Quinsam River Area a number
of different ways. These range from an essentially “leave it alone” approach for some existing
low density developed areas to full application of on-site controls throughout the Campbell
River/Quinsam River Area. Some of the questions to be considered are:

Should the use of stormwater BMP’s be voluntary or required? If voluntary, should the
City encourage their use or merely provide “educational” materials to developers?

Should performance targets be set for runoff peak flows and volumes? Should these be
applied to all areas or only new developments?

What conditions should trigger the requirement for stormwater quality treatment?
Should specific receiving water quality targets be set? For which pollutants?

Should performance targets be set for stormwater quality? For which pollutants?

Should residents and businesses in existing developed areas be expected or required to
retrofit for runoff quality treatment? If not, should publicly owned neighborhood-based
systems by installed instead?

Should the City differentiate between new development and infill/redevelopment with
respect to stormwater control requirements?

It is known that stormwater “hot spots” can generate significant or even toxic runoff
pollution. How should the City determine which businesses or industries fall into this
category? Should the City require hot spot operations to install and maintain treatment
systems?

The recommendations of earlier ISMP’s in Campbell River have generally done the following:

Set performance targets for stormwater flows (peak and volume)
Set minimal performance targets for stormwater quality

Allowed developers to choose which BMP’s best meet the performance targets and are
suited to the site

Required all new development as well as commercial/industrial redevelopment to meet
the targets, while simply encouraging residential infill development to do so

Used a mix of on-site controls and public infrastructure improvements (detention
ponds) to control stormwater in new development areas
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8.2 Runoff Peak and Volume

Traditional stormwater management, at least since around 1970, has focused on detention of
runoff in order to attenuate, or reduce, peak runoff flows into streams. This has had the effects
of reducing storm drain trunk pipe sizes and, depending on the downstream conditions, perhaps
alleviating flooding in some cases. However, the lack of specific runoff volume controls has
generally contributed to erosion in receiving streams and consequent reduction in habitat values.
This is due to a shift in the flow-duration relationship in streams that leaves them carrying
elevated (though not necessarily extreme) flows for longer periods of time which in turn triggers
stream bed degradation and bank erosion. Thus it is important to address post-development
reductions in both runoff peaks and volumes.

In areas that are currently serviced by storm drain systems and for which there are no other
apparent downstream flooding or erosion issues, reductions in runoff volumes and peaks are
unnecessary. This is the case of the Campbellton area. With only modest upgrades of the
existing storm drains, the existing system can adequately handle runoff without any significant
loss of instream values. However, in areas that are currently undeveloped, stream health will be
greatly enhanced by applying controls to limit both runoff peaks and volumes, especially for the
high frequency storm events (such as those less than or equal to the MAR). The less frequent,
but larger, storm events may still require reductions in their peaks to avoid flooding or other
downstream impacts and the full arsenal of peak and volume strategies should be considered to
reduce these impacts. These strategies include low impact stormwater sources controls, but also
neighbourhood or regional based detention and retention ponds, as required.

For extreme storm events (those exceeding the 5-year recurrence event, for example), generally
the best option is to provide safe passage of flood flows. Attempts to provide control facilities,
for example, detention ponds, can become quite expensive as the facilities become increasingly
larger to accommodate the last increment of runoff associated with extreme flood events.

8.3 Water Quality

The City's Foreshore Area ISMP report (2005) offered a rationale for providing stormwater quality
treatment, but not control of stormwater peak and volume, for highly urbanized areas situated
along large water bodies. That plan focused on the City’s main downtown area, but the same
reasoning essentially applies to the Campbellton Area. First, to reiterate the Foreshore rationale,
there are no freshwater stream systems to protect from high volumes of Campbellton runoff.
The corollary is that the Campbell River which is a large river (when compared to the stormwater
discharges) does not require protection from flooding or stream bed and bank erosion resulting
from Campbellton runoff. Thus, in general, stormwater detention to attenuate peak flows is
unnecessary in the Campbellton Area.
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Second, highly urbanized areas such as Campbellton tend to generate significant volumes and
concentrations of pollutants in runoff, the more so when an area has heavy commercial and/or
light industrial land uses present. While there are no local streams to protect, there may be
concern for receiving water quality and sediment contamination at and below the outlets to the
nine storm drain outfalls that line the river. Given the high value of the Campbell River (fisheries,
etc.) and the role it plays in the community’s identity, it stands to reason that its protection and
enhancement is critical. Thus, in general, stormwater quality issues are of greater concern in the
Campbellton Area than stormwater volume and peak issues.

Retrofitting site adaptive planning and on-site controls in highly urbanized areas can be very
challenging. In particular proactive methods such as limiting the footprint of buildings and
parking areas can be difficult to implement in the Campbellton’s commercial core. Among other
things, this is due both to resident and business community resistance, as well to technical
challenges and costs of replacing existing infrastructure. Thus, publicly-owned and maintained
neighborhood or watershed level systems (i.e. “end of pipe” systems) may be the preferred, or in
some cases the only, option for meeting stormwater objectives. Since it has already been
suggested that runoff peak and volume need not be the primary focus for stormwater
management throughout the Campbellton Area, this applies primarily to runoff quality treatment.

When developing initiatives for water quality treatment in Campbellton, a cost-benefit analysis
should be employed such that the greatest benefit to the receiving waters is derived for the
money spent. The application of a specific treatment measure must be carefully evaluated to
ensure the greatest benefit. The variety of available techniques will permit the selection of the
most appropriate for the funds available, pollutant target, and other dependent constraints; there
is not any single treatment technique that is a best-fit for all areas. Some techniques are
applicable across a wide-ranging area (a street-sweeping program), while others are very site
specific (oil-grit separator).

Basic stormwater quality treatment systems could be constructed at the end of every outfall
along the Campbell River. Assuming these were all underground treatment systems, the
construction cost for providing this treatment would be on the order of $1.3 million (see
Appendix H). Enhanced treatment that specifically targets metals and/or other pollutants will
cost significantly more, the cost being a function of the target pollutants and the level of
treatment desired.

As noted in Section 7.6, an alternative approach to runoff water quality control in highly urban
areas is the application of high performance street cleaning. This requires purchasing expensive
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equipment (approximately $340,000'*) and performing the cleaning on a very frequent basis, up
to weekly or more often in some areas. Annual O&M costs are variable, depending in part on
frequency of use, but may run $30,000 to $40,000. (See Appendix H for cost estimate.) Over a
30-year analysis period, this amounts to a present worth investment of about $1.1 million
dollars®® for the downtown core area only, compared to the $1.5 million noted above. As noted
previously, high performance cleaning is likely to be more efficient at picking up the smaller,
more contaminating particles than the sediment removal structures discussed above. To get
comparable results from an engineered treatment system requires the addition of filtration or
other advanced treatment processes to the basic sediment removal structure. Of course, street
cleaning by the City does not remove pollutants from private property, only that which is lying on
City streets and parking lots.

While this section has focused on the already developed Campbellton area, attention to
stormwater quality in other parts of the Study Area is critical to improvement and maintenance of
water quality in both the Detweiler and Kingfisher Creek systems. Most of the future
development envisioned for these watersheds is residential, which readily allows the application
of low impact stormwater sources controls to address runoff quality issues. Non-residential
developments should be required to address stormwater quality on-site.

8.4 Fish Habitat Enhancements

As a result of the biophysical review, a number of potential stormwater and habitat
protection/improvement opportunities were identified. Some of these reinforce the various points
made in the previous paragraphs. The selection of opportunities took into account factors such
as:

e Presence (or absence) of base flow
e Presence of existing habitat features, e.g., pools and channels
e Presence of fish, e.g., salmonids

The in-stream and riparian enhancement opportunities include planting native vegetation, stream
complexing, application of bioengineered bank protection, creation of spawning and rearing
habitat, improving fish passage, and preservation of existing high quality habitat for fish and
other wildlife. Table 8.1 (Appendix A) provides information on these sites.

14 A top-of-the-line high performance street cleaner costs approximately US$280,000, or about CND $340,000, depending on exchange rates, but not including
shipping the vehicle to Campbell River.
15 The Foreshore ISMP also included a recommendation that the City consider use of street cleaning in lieu of sediment removal systems. The capital cost for

purchasing a high performance system should be compared against passive treatment systems as described both here and in the Foreshore report.
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With respect to these fish habitat enhancement opportunities, these could be done as “stand
alone” projects, however, the City has in the past indicated a preference for linking such projects
to other efforts. Some on-going City programs that could be used as a trigger for an associated
shoreline fish habitat enhancement are:

e  Construction of “end-of-pipe” stormwater quality treatment facilities resulting from ISMP
recommendations
e  Park purchase or set aside

8.5 Monitoring

There are a number of reasons to perform environmental monitoring within the Campbell
River/Quinsam River Area:

To provide data to calibrate and verify the hydrologic / hydraulic model (base and storm
flows)

e To obtain data to identify areas that likely contain stormwater “hot spots”

e To establish background conditions at storm drain outfalls (flow and quality), in the
associated outlet channels and pools (water and sediment quality), and in Detweiler
and Kingfisher Creeks (flow; water and sediment quality)

e To determine performance of overall stormwater management strategy once
implementation

If the City were interested, runoff quality data can also be used as the basis for a water quality
model that would update the preliminary pollutant load computations performed for this ISMP.
Specifically, the data could be used to add a water quality component to an extended period
(“continuous”) simulation model in XP-SWMM.
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RECOMMENDATIONS

9.1 Guiding Principles

It is the vision of both the City and the project team to ultimately create a living document for
the Campbell River/Quinsam River Area, which is expected to be updated and revised, as
necessary, as the recommendations described below are implemented and monitored. The
primary goal is to recommend stormwater management solutions for the Study Area which are
realistic and practical to achieve, and which are adaptable should conditions change as future
information on the watershed is obtained.

While a significant portion of the Study Area is essentially fully developed, other parts will
increasingly feel development pressure. Redevelopment potential in the Campbellton Area will
present opportunities to redress past inattention to stormwater quality, while new development
in both the Detweiler and Haig Brown’s Kingfisher Creek watersheds has the potential to negate
or undo past attempts to protect the fish and wildlife values of these areas.

As a filter for formulating, evaluating and implementing stormwater management options within
the Campbell River/Quinsam River Area, we have used the following guiding principles:

e  Minimize impact of new development on runoff
o Maintain base flows to streams
o Maintain water quality in streams

o Apply sustainable stormwater management controls on new development,
including minimizing vegetation removal and minimizing effective impervious area

o0 Meet performance targets

o Encourage use of sustainable stormwater management controls for infill and
redevelopment

¢ Improve water quality when feasible
o Establish an environmental monitoring program
o Apply retrofit runoff water quality treatment controls
Table 9.1 (Appendix A) provides a summary list of the recommendations that are discussed in the

paragraphs that follow. Figure 9.1 shows the general locations for various infrastructure and in-
stream improvements.
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9.2 Performance Targets

We recommend that the City adopt stormwater performance targets for runoff volume, quality
and peak that are generally consistent with Provincial and Federal guidelines and that will
support the City’s desire to continue to provide a consistently high level of service throughout the
community. We recommend the following specific, post-construction performance targets:

e Small Storm Goal: No discharge from impervious surface areas for storm events with
rainfall depths up to one half the 24-hour Mean Annual Rainfall (MAR)'®

e Large Storm Goal: The post-development runoff for the 2-year recurrence 24-hour
storm shall be 50% of the pre-development runoff and the post-development runoff of
the 5-year recurrence 24-hour storm shall not exceed the pre-development runoff

e Extreme Storm Goal: For storm events exceeding the 5-year recurrence, safe
conveyance of runoff

e  Water Quality Goal: Treat runoff from impervious surface areas for all storm events
less than or equal to the MAR, with a minimum 80% annual average removal of Total
Suspended Solids (TSS) for particles greater in size than 50 microns; for commercial
and industrial developments, oil and grease shall also be removed in order to limit
discharge to concentrations less than 10 mg/L.

While these targets will be generally applicable to individual residential sites, in some or even
many cases it will not be feasible to meet them. Thus the targets should be applied more strictly
to entire new developments (or phases of development) with developers and builders given the
option of finding an appropriate mix of onsite and neighbourhood best management practices for
each development. The targets should however be applied to all commercial and industrial
development.

In conjunction with this, we recommend the City revise its current design frequency for minor
storm conveyance systems to provide the same level of service to all areas, regardless of land
use. We recommend that the level of service be the 5-year recurrence runoff event, after taking
account of the on-site performance targets noted above, if applicable. The major storm
conveyance system level of service should remain the same, namely the 100-year recurrence
runoff event.

With respect to stormwater quality, as listed above, we recommend that the City require removal
of 80% of the annual average Total Suspended Solids (TSS) load (for particles > 50 microns)

16 The Mean Annual Rainfall (MAR) is 55 mm in 24 hours.
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conveyed by runoff from all new development.’” (This standard would be supplemented during
construction by application of an approved ESC plan; see Recommendation 9.11). Further,
properly installed and maintained BMP’s or the use of low impact development methods could be
presumed to satisfy this target when approved as part of a development application / building
permit process. For commercial and industrial developments, we also recommend specifically
requiring removal of oil and grease before discharge to storm systems or the creek.

With respect to infill development and redevelopment, we recommend that the City consider
each development application on a case by case basis to determine the need for rigid application
of these performance targets. At the least, residential in-fill development should attempt to
include on-site BMP’s or low impact methods and commercial / industrial redevelopment must
incorporate measures to control runoff water quality.

In all cases, private landowners should be responsible for maintaining on-site BMPs, including
oil/water separators. We recommend that the City consider establishing enforcement
mechanisms (such as fines) for those who do not maintain their stormwater systems; this could
be done as part of a stormwater utility (see Section 9.16).

The current, draft version of the City’s new “alternate design standards™® (Lanarc, 2006),
proposes the use of performance and prescriptive stormwater standards. The former would be
applied to large or complex developments and would allow the developer to determine the
appropriate mix of BMPs to meet specified performance targets (as listed above). For smaller
projects, the standards prescribe the use of specified BMPs, thus reducing the engineering effort
needed to design stormwater controls. The use of performance and prescriptive standards is
fully compatible with the recommendations made in this section.

9.3 Municipal System Upgrades

As described in Section 5, some storm drains were identified as having insufficient capacity to
meet existing servicing criteria. In some cases, upsizing these pipes results in the problem being
transferred to another part of the storm drain system. Therefore, we recommend upgrades to
seven (7) pipe segments, as listed in Tables 5.7 and 5.10. The total estimated construction cost
for these upgrades is $1.2 million (see Section 10; full details in Appendix H).

17 Provision for skimming of oil and grease should always be part of sediment removal systems, whether an aboveground pond or an underground manufactured
unit. However, in most cases, oil and grease in urban runoff is in fact typically at or below the level that can be achieved by most treatment systems (“oil/water
separators”). Commerical parking lots, industrial sites and other potential hot spots should specifically target oil and grease for removal, as noted in the proposed
water quality goal.

18 Consistent with the other recommendations of this ISMP, we urge the City to consider using “alternate” design standards for all new (re)development; thus,

perhaps a more appropriate name for these new standards would simply be “sustainable design standards” or “low impact design standards.”
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As discussed in Section 5, it appears that, except as noted in the previous section, the existing
drainage infrastructure has sufficient capacity to maintain level of service for “full build-out” of
the Campbell River/Quinsam River Area, as delineated in the draft OCP. Therefore no new trunk
storm sewers are recommended at this time.

Detention ponds, to provide additional stormwater control for large storms (see Section 9.2), are
recommended for seven (7) areas slated for future development in Detweiler and Haig Brown’s
Kingfisher Creek watersheds (see Figure 9.1 for general locations). The total estimated
construction cost for these ponds is $10.1 million (see Section 10; full details in Appendix H).

We recommend upgrading the current City design standard for catch basins to include a deeper
sump sized (with a recommended 1200 mm minimum depth compared to the current 300 mm
minimum) and a trapping hood to retain floatables and some oil and grease. As existing storm
drains are replaced, the associated catch basins should all be upgraded to this new standard at
the same time.

Water quality treatment facilities are discussed in Section 9.4.

9.4 Stormwater Quality Treatment Facilities

It is clear that significant runoff pollution potential is present in the Campbellton Area. The area
is highly developed, and includes land uses with high risk of runoff contamination (commercial
and light industrial land). Further, the areas is likely to undergo redevelopment that will convert
the existing residential area to commercial or light industrial as well. The City has installed three
(3) oil/water separators in the area (outfalls CR3, 5 and 7). The oil/water separators have been
installed “on-line,” that is, all flow in the storm sewers must flow through the units. As previously
noted, this may be problematic, yielding poor treatment performance due to washout of
pollutants. The Ministry of Transportation included a permanent water quality control pond in its
construction of the Inland Island Highway, however neither the design criteria nor the
performance of this facility is known. Thus we recommend that the City construct new
stormwater treatment facilities on all Campbellton storm sewer outfalls. These facilities would be
designed to meet or exceed the water quality performance target set forth in Section 9.2,
namely, average annual removal of 80% of the total suspended solids (TSS) load from runoff,
down to the 50 micron particle size, as well as oil and grease capture capacities. In order to
minimize the loss of open space to treatment facilities, these treatment systems could be
constructed underground, using one of several available proprietary technologies for the removal
of sediment solids. As a basis for preliminary assessment, construction of nine (9) vortex-based
sediment removal systems can meet the performance target for an estimated cost of about $1.3
million; estimated annual O&M is about $47,000. Sizing is based on the 2-year recurrence storm
event, which varies from 6 L/s to 617 L/s for the outfalls. The treatment systems can be
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expected to remove about 40% of the annual average heavy metal contaminant load along with
the suspended solids that are removed.

Prior to proceeding with implementation, we recommend that the City undertake a more
thorough assessment of the existing treatment systems and an evaluation of the use of high
performance street cleaning in lieu of structural BMPs. Specifically, for the former, we
recommend the City undertake a performance review (including runoff quality field sampling) of
the existing oil/water separators and the highway water quality pond. The protocols for sampling
and analysis can be developed at the time the study is ordered, but should follow guidelines
prepared for inclusion in the “International Stormwater Best Management Practices (BMP)
Database,” which is sponsored by a coalition of U.S.-based federal agencies such as EPA and
private industry groups (http://www.bmpdatabase.org/ ).

The latter assessment should include comparing life cycle costs for street cleaning versus those
for the water quality treatment facilities recommended here and in the Foreshore Area ISMP.
The assessment should also consider the purchase of a high performance vacuum street cleaner
for use in highly commercialized areas such as the downtown core. This street cleaner would
supplement the use of the City’s current sweeper. A top-of-the-line high performance street
cleaner will cost approximately $340,000.

Assuming that the Campbellton water quality treatment facilities proceed (rather than purchase
of the high-end street cleaner), it should be accompanied by:

e An environmental monitoring program (see Section 9.5)

e An enhanced program of street cleaning using existing City-owned equipment
e  Program to identify specific hot spot commercial or industrial enterprises

e  Spill containment procedures

A first step towards identifying stormwater hot spots is to simply generate an inventory of
commercial and industrial enterprises, based on field reconnaissance and keyed to lot locations
(in order to allow coupling to the City’s GIS database). A preliminary list of potential “pollutants
of concern” can be developed for each enterprise based on the stormwater quality literature.
After this first step, the City may wish to perform water quality testing at individual hot spots to
determine more accurately the pollutant contributions of a specific land use activity. Longer
term, the City may wish to adopt “codes of practice” for specific commercial and industrial
activities.
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9.5 Environmental Monitoring Program

Previous ISMP’s have recommended continuous flow monitoring to develop (among other things)
the data necessary for extended period simulation modeling. The previous ISMP’s have also
recommended concurrently establishing a network of manually read ditch water level staff gages
to monitor base flow conditions in watersheds. The latter could certainly be implemented in the
Study Area, however the former (automated continuous stream flow metering) should be
coordinated throughout the City's watersheds in order to optimize useful and meaningful data
collection.

A primary purpose of flow monitoring is to provide data to calibrate and verify the hydrologic
modeling completed in this ISMP. This will allow upgrading the models to perform “continuous,”
extended period simulations which can be used to assess environmental stream flows and to
more accurately predict system behavior with stormwater source controls in place.

We recommend establishing a two-pronged environmental monitoring program. One prong
focuses on water and sediment pollution, while the other focuses on the actual biophysical
characteristics of representative areas within the area. A water quality and sediment quality
testing program at storm drain outfalls, similar to the Capital Regional District’s testing program,
should be implemented. Testing should focus on total suspended solids, fecal coliforms, metals
and polycyclic aromatic hydrocarbons (PAH’s), along with standard parameters such as
temperature, salinity, conductivity, dissolved oxygen and pH.

As a minimum, sampling frequency and locations should be:

e  First year, sample each major outfall (CR4, CR6.5 and CR7) twice

e  Second and subsequent years, sample on a semi-annual basis the major outfalls

Sampling locations and frequencies should be coordinated with that being implemented under
the City’s other ISMPs.

In preparation for design of the proposed stormwater treatment facilities (or implementation of a
program of high performance street cleaning in the downtown core), we recommend performing
particle size and chemical analysis on street sediments in the Campbellton area.

The second prong of the environmental monitoring program is to establish periodic biotic
inventories of several areas in Detweiler and Kingfisher Creeks and at the major Campbellton
outfalls. This could be done by the City alone or in conjunction with a local organization such as
the Greenways Land Trust, if properly trained and funded.
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There is a rain gauge currently in operation at the Campbell River Airport, however, Environment
Canada (EC) apparently records only daily precipitation amounts. Upon request from the City, EC
could reactivate recording the continuous data. This in turn can be used to update the City’s IDF
curve at regular intervals, say every five years. The Quinsam River Fish Hatchery also has a rain
gauge which could perhaps be upgraded to a full recording station, if the City desired. In this
case, the City would need to work cooperatively with DFO to fund and operate the weather
station.

9.6 Field Verification of Soil Infiltration Properties

Consistent with previous ISMP’s, we recommend that the City develop a soils database to update
the general information gathered at this time. The soils infiltration properties of the database
can be used in upgrading the hydrologic modeling in the City and in further identifying potential
areas for infiltration-based BMP’s.

The City should require a soils report be submitted with a development application that discusses
in-situ testing undertaken at the site to establish infiltration rates. This report would assist both
the developer and the City in selecting and evaluating different types of best management
practices which may be appropriate for that particular site to mitigate the impacts of the
development. Over time, the City should also use this information to build a database of soil
infiltration properties for the area.

Alternatively, if the rate of future development applications is slow, we recommend that the City
implement a test pit program in the watershed to obtain the necessary soils information for the
model. A total of three to six test pits could be dug at various around the Study Area to confirm
soil infiltration properties. Preliminary costs for infiltration tests and test pitting are included in
Section 10.

9.7 Topographic Database Updates

Previous ISMP’s have recommended the City update its overall contour mapping throughout the
City, especially since some areas only have 20-m contour information available. We continue to
commend this to the City. To supplement this, we recommend ground survey of the
Campbellton core which can be integrated with the aerial mapping. To keep the cost reasonable,
aerial mapping only needs 1- to 2-m resolution contouring. However, this is insufficient for use
in the flat downtown core area, thus the need for additional detailed, ground survey.

Finally, we recommend that the City conduct a long-term program to review storm sewer as-built
information and compile manhole rim and outfall invert elevation data. Elevation data found to
be missing should then be surveyed in the field and elevation data should be updated accordingly
in the model and in the City’s GIS database.
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9.8 Continuous Modeling

We understand that it is the City’s intent to use the XPSWMM maodel prepared for this study as a
base model, which will be developed and refined over time as additional information on the
catchments become available. We recommend that the City implement the recommendations
listed in Sections 9.5 to 9.7 above so that the XPSWMM model can be expanded from an event
based model to a continuous simulation model.

There are several benefits for the City in moving from an event based model to a continuous
simulation, besides sizing municipal drainage infrastructure and determining detention
requirements. A continuous simulation provides an indication of the magnitude of base flows
which can then be correlated to fish habitat. Continuous simulations also allow the City to model
infiltration, evapotranspiration and groundwater recharge processes more accurately, so that
their benefits can be accounted for when designing BMP / LID facilities.

A model which is calibrated based on actual data can be used to more accurately understand the
response of the watershed to rainfall and interstorm events, as well as to evaluate the impact of
potential development proposals. This type of analysis will assist the City when providing
direction to developers on the stormwater management requirements for their site, as well as the
types of features that would be well suited to the individual characteristics of their site.

Finally, the XP-SWMM model can be enhanced by adding a pollutant washoff component to it.
When used with a continuous simulation, annual loadings for TSS or other pollutants can be
refined from the preliminary estimates developed for this ISMP.

9.9 Operations and Maintenance Schedule

The City’s council policy manual has a chapter which outlines the Public Works department’s
operation and maintenance schedule. The manual outlines a timeline for inspection and
maintenance, as well as recording and action procedures to rectify inadequacies, for several
types of drainage facilities in the City including roadside ditches, catch basins and storm sewers.

We recommend that the City include street cleaning in its O&M schedule, setting frequency has
high as possible in Campbellton and other areas with high potential for runoff contamination.
Generally to gain full benefit of the cleaning, it should be at least 25-30 times per year (see
further discussion in Section 9.4). Similarly, we recommend that detention ponds also be added
to the O&M schedule.
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9.10 Habitat Protection, Restoration and Enhancement Opportunities

We recommend that opportunities for habitat protection, restoration and enhancement be
coupled with other on-going initiatives within Campbell River. The priority opportunities listed
previously in Table 8.1 can be used as a screen to determine locations where funds and effort
may be best utilized. The sites are also shown on Figure 9.1 (Appendix A).

To supplement the projects the City may undertake over time, we recommend that the City
explore use of an incentive program for preserving environmental values on developing
properties. This could be coupled with the tree protection bylaw recommended in Section 9.14.3,
as well as with the stormwater utility recommended in Section 9.16.

9.11 Erosion and Sediment Control Practices on Construction Sites

We recommend that the City adopt a new Erosion and Sediment Control Bylaw. This bylaw
would clearly outline the City’s requirements for ESC practices on construction sites and would
also state the penalties and/or fines for not meeting the requirements of the bylaw. A
comprehensive ESC bylaw may require that the applicant do one or more of the following:

e Prepare and submit an ESC plan for the site prior to the start of construction, which
would indicate the location and function of all proposed ESC facilities, as well as the
location of any nearby watercourses or other sensitive areas

e Designate an ESC supervisor for the site, who would be responsible for the construction,
operation and maintenance of onsite ESC facilities

e Qutline a reporting structure for the ESC supervisor on their inspection of ESC facilities,
where the reports may or may not need to be submitted to the City

e Outline a timeline for inspections by the ESC supervisor, which may be weather
dependent

e Establish the City’s right to enter the site at any time to inspect ESC facilities and issue
warnings / fines for non-compliance as necessary

e Allow the City to undertake any remedial works necessary to correct non-compliance
issues and bill the applicant

e Limit the times of year when certain construction activities could take place, or require
more stringent controls during the winter season

e Limit the amount of area that can be cleared at any one time
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The performance targets, as specified by the BC Ministry of Environment, for construction-related
ESC should be:

e During dry conditions: runoff TSS shall not exceed 25 mg/L above receiving stream
levels

e During wet conditions: runoff TSS shall not exceed 75 mg/L above receiving stream
levels

e In spawning areas: runoff TSS shall not exceed the receiving stream levels

If the City chooses to implement a new ESC bylaw, it should be recognized that additional staff
and or re-training of existing staff may be necessary to ensure that the bylaw is properly
enforced. It will also be important to develop public (i.e., contractor) education and information
opportunities, such as ESC workshops or pamphlets. It is our understanding that the
Environmental Advisory Commission plans to discuss the implementation of an ESC bylaw in
2008.

The City’s draft “alternate design standards” includes erosion and sediment controls. The draft
standards should be reviewed in light of these recommendations.

9.12 Public Outreach and Education Initiatives

Recent studies and reports consistently note the necessity of strong public education and
outreach initiatives for successful stormwater management plan acceptance and implementation.
Consistent with previous ISMP’s we continue to recommend that the City develop and implement
such a program for Campbell River. This program can include public recognition of positive
stewardship, clean-up days, tree planting programs, storm inlet labeling, additional open houses
and other opportunities for face-to-face conversation about stormwater issues, brochures, and
public service announcements. One innovative example of public outreach is the web-based
videos developed for the Perkiomen Creek Watershed in Montgomery County, Pennsylvania
(http://www.greenworks.tv/stormwater/index.htm). The videos cover a variety of stormwater-
related topics, such as riparian buffers and vegetated bio-swales.

Public outreach should also include consultation with and education of the development
community, including developers, contractors, building material suppliers and design
professionals.

Pilot projects (see Section 9.13) can be excellent opportunities for publicizing stormwater issues.
For example, Seattle, Washington, uses its website, local media and signs at the sites to keep the
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public informed about its “Street Edge Alternative” (SEA) pilot project in Northwest Seattle
(http://www.seattle.gov/util/About SPU/Drainage & Sewer System/Natural Drainage Systems/
Street Edge Alternatives/index.asp).

9.13 GIS Database

Several new GIS layers were created during the ISMP study to assist the project team in their
analysis of the watershed. We recommend that the City incorporate the following new layers into
their GIS database:

e Revised catchment boundaries
e  Sub-catchment boundaries (used for model development)
e  5m contours for partial project area

We also recommend that the City continue to expand and supplement their GIS database as
more information becomes available. Other parameters that would also be useful to reference in
the GIS database include:

1. Outfall Attributes — each outfall could have attributes associated with it, such as
invert elevation, size, material, data on outlet structures (if present), photos of each
outfall and surrounding area, any related erosional or fisheries habitat improvement
works present or scheduled for the future, and environmental monitoring results (see
Section 9.5).

2. Soils Attributes — a new soils layer could be developed based on the hydrogeological
information from this ISMP study, which could then be refined in the future as
additional in-situ and drill testing is conducted and as new development provides
additional data.

3. Rainfall Data — the Campbell River Airport rain gauge location and associated rainfall
data (including the IDF curve) could be added to the GIS database.

9.14 City Bylaw and Policy Revisions

As noted in Section 4.5 on Land Use Policy Gaps, the City’s land use bylaws (the Official
Community Plan and Zoning Bylaw) are, in general, supportive of integrated stormwater
management. However, as outlined in Table 4.1, a number of land use policy gaps remain. The
City may wish to consider the following revisions to ensure its land use policies fully promote
integrated stormwater management within the Campbell River/Quinsam River Area.
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9.14.1 Official Community Plan

The OCP could be revised to include measurable targets for preserving open space or limiting
impervious area. While the OCP already includes provisions to encourage the preservation of
open space, setting well-defined targets would help the community more accurately determine
whether broader goals are actually being met. For instance, the City may consider setting a goal
to preserve a certain percentage of the City for open space. The OCP could also support policies
to obtain open space (e.g. policies to support reclaiming brownfield lots for greenspace). This
would allow the City to consider the cumulative impact of all types of development as opposed to
the impact of each type of development separately, which is addressed in the Zoning Bylaw.

The OCP could also be modified to include more detailed landscaping policies (as Development
Permit Area guidelines) that more specifically support stormwater management principles. For
example, a guideline could be included to require the preservation of natural vegetation within
commercial, industrial, and residential Development Permit Areas. The City could also choose to
supplement these Development Permit Area guidelines by adopting a separate bylaw that deals
exclusively with landscaping requirements. Section 909 of the Local/ Government Act enables
local governments to require, set standards for, and regulate the provision of landscaping for
screening purposes, preventing hazardous conditions, and to protect the environment. With
these powers, the City could adopt a separate bylaw to encourage the use of native species of
vegetation and relevant Best Management Practices (e.g. preservation of natural landscaping at
the time of development) where appropriate, to support integrated stormwater management.

9.14.2 Zoning Bylaw

The City could make its Zoning Bylaw more supportive of integrated stormwater management
principles by:

e Introducing maximum parking requirements (in addition to the existing minimum
requirements)

e  Extending maximum impervious area limitations to all zones

e Directly encouraging cluster development by allowing density averaging in all residential
zones

e Including impervious areas such as driveways, sidewalks, and any other hard surfaces
in the calculation of lot coverage to limit impervious area

9.14.3 Tree Protection Bylaw

We recommend that the City should consider adopting a tree protection bylaw, which could
specify retention and planting requirements for both new development and re-development of
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existing parcels in the City. It is our understanding that the Environmental Advisory Commission
will be discussing the implementation of a tree protection bylaw in the near future.

9.14.4 Pesticide Use Bylaw

A recently released study by the U.S. Geological Survey points to the challenges of pesticide and
herbicide use. The study found widespread and persistent presence of pesticides (and
degradates resulting from transformation of pesticides in the environment) in streams and
aquifers. More than 90% of the time, water samples from streams with agricultural, urban or
mixed land-use watersheds contained two or more pesticides or degradates, and about 20% of
the time, they had ten (10) or more. Given the risks associated with pesticides, it is prudent to
consider managing them better, especially in urban environments.

We recommend that the City adopt a bylaw to limit the use of pesticides and herbicides, and it is
our understanding that the Environmental Advisory Commission will be addressing this issue in
2008.

9.15 Updates to City Engineering Standards and Specifications

We recommend that the City revise its Engineering Design Standards and Specifications to
include sustainable best management practices, including LID practices that are consistent with
the goals, objectives and guiding principles of this ISMP. The City’s alternate design standards,
which are currently in a draft form, will satisfy this recommendation.

The updated standards should include a provision for deeper sumps and trapping hoods on catch
basins (see Section 9.3). They should also encourage the use of bioswales, in place of standard
ditches, whenever possible.

9.16 Funding Mechanisms

We recommend that the City establish a stormwater utility as a mechanism to generate dedicated
funds for construction, operation, maintenance and administration of all publicly-controlled
components of the stormwater system. The stormwater system would likely include:

e Streams and ditches

e  Culverts

e  Storm sewers and appurtenances

e Regional detention ponds, wetlands and infiltration facilities

e Regional “engineered” water quality structures (such as oil / sediment removal systems)
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The utility would have enforcement authority to require, for example, stormwater management
plans from new development. Further, the utility would be able to collect stormwater user
charge fees on a common and fair basis.

While there are many methods of determining user charge rates, we recommend adoption of the
fairly simple approach of basing rates on either land use classes or on actual impervious area on
each property. The latter is preferred, as it is the single most important determinant of runoff
peak and volume from any developed property in an urban area. However, establishing actual
impervious area is not always straightforward or easy. In any case, the basis must be fair and
must be based on the actual service provided, in this case stormwater removal and treatment
and environmental protection®®. Credit could be given for the upkeep and use of approved runoff
reduction methods (BMP’s / LID methods) on existing properties. Consideration may also be
required for new development which is required to meet the recommended performance targets
for stormwater control. There were more than 40 stormwater utilities operating in the Pacific
Coast states of the U.S. as of the year 2001 (NRDC, 2001); these and other examples can be
reviewed as the user charge system is developed.

19 The concept is similar to water and sanitary sewer utilities, which charge user fees for services provided, namely delivering clean drinking water and treating

sanitary wastes, respectively.
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Table 9.1
Summary of Recommendations for Campbell River/Quinsam River Area Stormwater Management
Category Recommendation 1 PI’IOI’It%/ Level 3
Municipal Infrastructure |Upgrade deficient municipal drainage infrastructure (storm drains; 7 segments) X
Construct detention ponds for future developments (7 sites) X
Construct runoff water quality treatment facilities (9 locations) X
Upgrade existing catch basins with deeper sumps and trapping hoods X
Enhance street cleaning program X
Prepare operations and maintenance schedule for stormwater system, incl street cleaning X
Environmental Prepare inventory of existing commercial/industrial "hot spots” X
Develop spill containment procedures X
Install manual ditch level gages to determine base flows X
Establish long-term outfall water and sediment quality monitoring program X
Establish long-term biophyscial monitoring program at 2 or more sites X
Initiate soils property verfication program X
Re-establish digital recording of continuous rainfall measurements at the airport X
Enhance key habitat sites in conjunction with other City initiatives (5 key, potential sites) X
Data Management and [Obtain updated, detailed aerial contour mapping of area (supplemented by ground survey) X
System Analysis Compile manhole rim, outfall invert and related infrastructure data throughout the area X
Refine the current XP-SWMM model to perform extended period (continuous) simulations X
Perform assessment of environmental flows using upgraded XP-SWMM model X
Update GIS database X
Policy Adopt performance targets for stormwater volume, peak and quality X
Adopt a single, consistent 5-year level of service for minor conveyance systems X
Require the use of LID techniques (where appropriate and feasible) for new development X
Require specific stormwater quality treatment for all new commercial and industrial sites X
Develop and adopt an Erosion and Sediment Control Bylaw X
Develop and adopt a Tree Retention Bylaw X
Develop and adopt a Pesticide Use Bylaw X
Adopt measureable targets in OCP for preserving tree cover and limiting impervious area X
Introduce Development Permit Area guidelines for vegetation retention and native plant use X
Update zoning bylaw for maximum parking / impervious surfaces and encourage cluster devpmt X
Update engineering design standards per City's "alternate design standards" initiative X
Require use of deep sump catch basins with trapping hoods X
Develop and adopt a stormwater utility to finance all aspects of the stormwater system X
Public Education and |Initiate a long term public eduation and outreach program X
Outreach Prepare and distribute to builders an Erosion and Sediment Control Brochure X
Publicize stormwater pilot projects X
Develop a stewardship award for the development community X
496,000 URBANSYSTEMS.
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10.0 COST ESTIMATES
Several recommendations for the Study Area were presented in Section 9, however, some of
these recommendations are policy related (e.g. bylaw amendments) or “soft” solutions (e.g.
public outreach and education), therefore it is difficult to assign a cost to them. Thus, the costs
outlined in this section are related to “well-defined” recommendations presented in the previous
section, namely:
e Municipal storm sewer upgrades to service existing and future development conditions
e  Stormwater quality treatment facilities
e  Topographic mapping and aerial photography updates
e  Flow monitoring program and water quality sampling
e Infiltration test pit program
Costs outlined in this section are representative of a Class D cost estimate and include a 35%
contingency and 15% engineering allowance. Details on the cost estimates can be found in
Appendix H. GST has not been included in these estimates.
10.1 Municipal Storm Sewer Upgrades
Municipal upgrade requirements to service existing and future development conditions were
summarized in Section 9.3. Table 10.1 itemizes the costs associated with these upgrades
(including capital costs and operations / maintenance costs). Costs assume that any existing
manholes will not require replacement.
Table 10.1
Costs for Recommended Municipal Storm Sewer Upgrades
Proposed Pipe . , Present Worth
Model 1D Location size P'pi Cost "e('r‘T?)th Capital Cost O‘E‘$M/ C:)’St of 0&M Cost
(mm dia.) Gty @) Y )
1696 Redwood Street and 14 Avenue 900 885 86.5 92,200 1,000 14,600
1697 |Redwood Street and 15 Avenue 1050 1040 102 124,500 1,300 18,900
1698 |Redwood Street and 16 Avenue 1050 1040 129.7 158,300 1,600 23,300
1699 Redwood Street and Island Hwy 19A 1350 1355 110.8 170,100 1,800 26,200
1700 Redwood Street and 19 Avenue 1350 1355 86.7 133,100 1,400 20,400
1746 14 Avenue and Spruce Street 675 665 99.9 84,500 900 13,100
1747 14 Avenue and Redwood Street 750 745 65.4 k: 60,500 700 10,200
Sub-Totall 823,200 8,700 126,700
+35% Contingency] $ 288,200 3,100 44,400
+15% Engineering] { 123,500
Total | $ 1,234,900 | $ 11,800 | $ 171,100
Notes: Grand Total (Capital + O&M)| $ 1,406,000

1 Pipe cost includes manholes at 155 metre spacing.
2 Capital cost assumes road removal and restoration for top of trench width (width based on 1.5 m cover on sewer and 1.5:1
excavated side slopes on trench).

3 Present worth based on 30 year life with 5.5% interest rate
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10.2

Detention Facilities

City of Campbell River

Stormwater detention ponds are recommended in seven locations to attenuate flows from large

storm events; locations are shown on Figure 9.1.

ponds, including capital costs and operations / maintenance costs.

10.3 Water Quality Treatment Facilities

Stormwater quality treatment facilities are recommended for the Campbellton Area.

Table 10.2 summarizes the costs for these

The

estimated costs of these facilities are based on a review of manufacturer’s prices for vortex-based
sediment removal systems as well as final costs for two similar systems installed in the City of
Victoria. Table 10.3 summarizes the capital and O&M costs for the facilities.

Table 10.2

Stormwater Detention Facility Costs

Active Storage | Perimeter Capital Cost Present Worth of
Development Catchment Area (ha) Volume (m?) (m) * ($) 2 O&M Cost ($/yr) 0&M Cost ($)°
1 Kingfisher Creek (Upper Reach) 42.8 5,100 240 $ 1,854,000 | ¢ 74,200 | $ 1,078,500
2 Kingfisher Creek (Middle Reach) 6.2 1,300 120 $ 477,000 | ¢ 19,100 | ¢ 277,600
3 Kingfisher Creek (Middle Reach) 12.4 4,000 210 $ 1,455,750 | § 58,300 847,400
4 Kingfisher Creek (Lower Reach) 6.9 2,200 160 $ 804,000 | § 32,200 | ¢ 468,000
5 Kingfisher Creek (Lower Reach) 5.2 1,700 140 g 622,500 24,900 361,900
6 Detweiler Creek (Upper Reach) 12.2 3,000 180 $ 1,093,500 43,800 636,600
7 Detweiler Creek (Lower Reach) 7.7 1,200 120 $ 441,000 | ¢ 17,700 257,300
Sub-Total] ¢ 6,747,750 | $ 270,200 3,927,300
+35% Contingency| $ 2,361,800 ] $ 94,600 1,374,600
+15% Engineering] § 1,012,200
Total | $ 10,121,750 | $ 364,800 | $ 5,301,900
Notes: Grand Total (Capital + 0&M) *| $ 15,424,000

1 Perimeter calculation assumes a square pond at 1.5 metre depth
2 Capital cost assumes a 3 metre wide riparian planting buffer around perimeter of pond.
3 Costs assume a dry pond, i.e. no additional storage volume for a permanent pool.
4 Present worth based on 30 year life with 5.5% interest rate
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Table 10.3
Costs to Treat Runoff at Campbellton Outfalls
. Present Worth
Outfall(s) Name Capital Cost O&M Cols t of O&M Cost
%) ($/yr) (%)
CR1 $ 66,700 | $ 2,700 ] $ 39,300
CR2 $ 80,000 ] $ 3,200 1 $ 46,600
CR3 $ 66,700 | $ 27001 $ 39,300
CR4 $ 193,300 | $ 7,800 ) $ 113,400
CR5 $ 66,700 | $ 2,7001$ 39,300
CR6 $ 66,700 | $ 2700 1$ 39,300
CR6.5° $ 130,000 | $ 5,200 | $ 75,600
CR7 $ 130,000 | $ 52001 $ 75,600
CR8 $ 66,700 | $ 2,700 | $ 39,300
Sub-Total $ 866,800 | $ 34900 | $ 507,700
+35% Contingency $ 303,400 1 $ 12,300 | $ 177,700
+15% Engineering $ 130,100
Total $ 1,300,300 | $ 47,200 | $ 685,400
Grand Total (Capital + O&M)| $ 1,990,000

Notes:
1.  O&M Cost based on 4% of construction cost, to cover required sediment removals and cleanings

2. Present worth based on 30 year life with 5.5% interest rate
3. Total at CR7 has been split 50/50 with CR6.5

10.4 Topographic Update

As noted previously, topographic information in the Study Area (as throughout the City) consists
of a mix of 5-metre contour intervals in some areas and 20-metre TRIM mapping for the others.
Due to the nature of the terrain in the Campbell River, a refined contour interval would be
desirable in order to verify the watershed boundaries. Contour intervals of 1 to 2 metres can be
prepared through an aerial survey of the watershed.

For ease of discussion, costs to update topographic information and aerial photography were
prepared assuming that this work would be undertaken in conjunction with mapping throughout

the city.
Table 10.4
Topographic Information and Aerial Photography Costs

Item Cost ($)
Topographic Mapping with 1 metre contours for select areas, $30,000
including photo targeting and GPS control survey. !
Topographic Mapping with 1 metre contours, including photo $65,000
targeting, GPS control survey, and colour air photo. !
Colour orthophoto with 20 cm pixel resolution for the entire city $10,000
Additional ground survey in downtown core $25,000
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10.5 Environmental Monitoring Program

Table 10.5 provides preliminary costs to implement the recommended environmental monitoring
program. Water quality sampling and staff gauges could be added as needed and as desired by
the City. Note that these costs would be somewhat lower should a volunteer program be
implemented to download data and maintain the equipment. As noted previously, the biotic
inventories could be undertaken by local group(s), such as Greenways Land Trust. Also, the City
can anticipate a 10-20% discount for large volumes of analytical testing.

Table 10.5
Environmental Monitoring Costs

Item Cost ($) / year
Ditch Staff Gauges (4) ($500 each to install) $2,000
Water & Sediment Quality Sampling and $2,000 per site

Analysis at Outfalls

Biotic Inventories $5,000 per site

10.6 Infiltration Test Program

Conducting one infiltration test per soil type per 5 hectares could be used as a guide for
preliminary planning. This program could be modified if the results show a relatively high degree
of consistency. A typical cost for constructing a test trench, running an infiltration test, analyzing
the results and preparing a report for ten pits typically costs between $400 and $600 per pit.

Two to three 30-metre deep test holes could also be drilled to assess the feasibility of the deep
infiltration method. A well typically costs about $9,000 and an infiltration tests cost in the range
$1,800 to $3,500 depending of the availability and cost of a water source, such as a fire hydrant
or tanker truck. Engineering and interpretation costs would typically cost an additional $4,000 to
$5,000 per well. These well should be located in areas where development is planned, and
where there is not much data on deep drilled wells. Selected wells can also be used for long
term monitoring of groundwater levels and water quality. Water level monitoring is best
performed using an electronic data logger that can be set to record water levels at intervals such
as 15 minutes and run off a battery for several months. A data logger costs about $1,000 and
typically runs for about seven years on a non renewable battery.
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11.0 IMPLEMENTATION

11.1 Enforcement of Policies and Standards

For the recommendations outlined in this report to be successful, three elements must be
present:

e Education — For both the City and developers, so that the development process and
expectations for stormwater management in the watershed are clearly defined and
understood by all parties

e Enforcement — Of new policies and standards by the City, particularly in the area of
erosion and sediment control

e Dedication — By the City, to be willing to test out innovative techniques which may not
always be entirely successful

Most importantly, support from all parties (City and City staff, stewardship groups, development
community, environmental agencies) is needed for the ISMP process and its outcomes to be a
true success. The City has established an excellent basis for this to happen during this ISMP
process, through the working group meetings and the open houses. The City may wish to
undertake in-house training for those City staff that will be at the “front lines” of implementation,
namely, staff involved in the various aspects of development, from the planning stage, through
engineering and building permit approvals, to long-term maintenance of facilities.

11.2 Measuring Success

Measuring success can happen in a variety of ways, some based directly on scientific evidence,
others based on general feedback from residents and others. Some of these are:

e Increasing biodiversity at monitored sites

e Improving water quality at monitored sites

e  Evidence that new development(s) are meeting performance targets

e Increasing support from development community

e  Participation of residents and local groups in public education events, the biotic surveys,
etc.

The recommendations outlined in this report should provide an opportunity to determine changes
to the above noted mechanisms, either anecdotally or through actual field measurements.

11.3 Integration with Other ISMP’s

The recommendations of this ISMP must be integrated with those of the City’s other ISMP’s. In
particular, the City will want to review all capital improvement recommendations and then set
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priorities among all the possibilities. Also, environmental monitoring can become expensive, thus
the requirements for flow monitoring and water quality monitoring should be coordinated among
the various watersheds.

11.4 Future Adaptation

As mentioned previously, it is the intent of both the City and the project team to ultimately create
a living document for the Campbell River/Quinsam River Area, which is expected to be updated
and revised, as necessary, as the recommendations described below are implemented and
monitored. The primary goal is to recommend stormwater management solutions for the area
that are realistic and practical to achieve, and that are adaptable as conditions change and as the
City learns more over time.

With that said, the City will need to be diligent in monitoring the impacts of any implemented
works so that the true effect of that improvement is known. The City may wish to pass
monitoring duties to developers; however, the City must have the appropriate number of staff
with adequate training to ensure that monitoring is in fact being done and that accurate results
are being produced. The City should also review the environmental monitoring program on a
frequent basis and ensure that the program is providing useful data.

Finally, as this ISMP study is meant to be a living document, the City should review and update it
every five to seven years.
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