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British Columbia boasts a wide diversity of waterfowl and shorebirds that rely on

wetlands for survival. Finding a way to safeguard communities from flood
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Executive Summary

The purpose of this report is to examine the issues, challenges and opportunities associated with
flood management practices and policies in ways that protect and enhance the natural environment.
The objectives for this report are:

o to provide an overview of integrated flood hazard management;

o to outline past challenges and emerging principles and practices related to flood protection
and the environment; and

o to share experiences, lessons learned, case studies and other resource materials to guide
practitioners.

The report is intended to inform local governments, diking authorities, and other stakeholders and
organizations about recent experiences and evolving best management practices related to flood
management. It is also intended to aid in the development of policies, procedures and management
strategies in the future.

Section 1 provides an introduction and background for the report. It acknowledges that traditional
approaches to flood management have resulted in a variety of adverse environmental impacts and it
recognizes that there are growing interests and requirements to improve environmental performance.

Section 2 provides an overview of flood hazard management. It highlights the importance of an
integrated approach to management, and describes several common principles and practices, as well
as pros and cons from a flood management perspective. The section describes four primary
approaches to flood hazard management, including:

o flood hazard information and planning;
o floodplain management;
o flood protection works; and

o emergency management.

Section 3 focuses on environmental stewardship. It describes several flood management principles
and practices that are being utilized to improve environmental performance, including planning,
design, construction, operations and maintenance. The pros and cons of these alternative flood
management approaches are described from an environmental perspective.

Section 4 profiles a variety of case studies to illustrate different best practices and innovations that are
improving environmental performance, compared with traditional approaches to flood management.
These case studies include a variety of different types and sizes of communities from different parts of
British Columbia with different kinds of flood hazards.

The case studies demonstrate leadership and innovation by many local authorities, regulatory
agencies and other partners as they pursue numerous options to improve the environmental



performance of flood hazard management practices and policies. The following are some examples of
these innovations:

o environmental assessments and monitoring to improve understanding about the species,
habitats and other environmental features and functions that interact with, or are impacted by,
flood management strategies;

o broad planning processes to better understand flood risks, related environmental issues and
other community interests to inform a comprehensive analysis of recommended management
options;

o land use change to direct the development of buildings and infrastructure away from rivers and
floodways and to restore river corridors to more natural landscapes that are less vulnerable to
flood damages;

o setback dikes, which are located inland away from riverbanks and riparian habitats;

o fish-friendly pump and flood gate designs, which enable safe migration of fish between off-
channel habitat in the floodplain and habitat within the mainstem of the river;

o alternative approaches to channel maintenance such as the use of sediment ponds to limit the
footprint of sediment removal operations, and manual maintenance of vegetation within and
along streams and drainage ditches; and

o incorporating habitat restoration features, such as riparian vegetation, intertidal benches, off-
channel habitat and stormwater detention ponds, into the design of flood protection and
drainage systems.

Several Appendices have also been developed to provide additional information for the reader. These
include an overview of key legislation, a listing of relevant resource materials, flood management
terms and definitions, as well as references that were used in preparing the report.

Considerable progress has been made by some communities in recent years to improve the
environmental performance of flood hazard management policies and practices. However, across the
Lower Mainland and throughout BC, we have a long way to go to more fully implement the available
and emerging suite of environmentally sound policies and practices.

For the most part, technical designs, policies, and procedures are available. It is a matter of adapting
and adequately funding the solutions that emerge, bringing people together and building common
understanding, trust and collaborative working relations. This will increase the likelihood of success in
identifying the options that are best suited to local circumstances, are technically feasible, are
supported by public and political will, and are within the financial resources available.

Through creative problem solving, innovative design and best management practices, environmental
objectives may be achieved while maintaining a high standard of flood protection and public safety.
However, these innovations may be associated with increased costs, or may require additional
research or technical support. This can be particularly challenging for local governments with limited
capital budgets. Therefore, there is a need to develop and promote the use of environmentally sound
designs and practices that are both technically and economically viable.



There is a need for existing infrastructure funding programs to assist with environmentally sound
approaches to flood protection. There is also a need for new funding opportunities through habitat
stewardship or green infrastructure programs, which would help offset any incremental costs
associated with environmental protection. A variety of existing financial instruments have been used
by different organizations to help fund the best practices that are profiled within this report. Some
examples include:

o Infrastructure grants;

o Environmental stewardship grants;

o Collaboration, cost-sharing and in-kind contributions;
o Development cost charges;

o Diking and drainage utility fees; and

o Annual operations and maintenance budgets.

In addition, there may be a broader suite of innovative funding approaches. For example, different
financial incentives or disincentives could be developed to encourage, enable and facilitate the
implementation of best practices. There may be opportunities to refine existing policies to create a
favourable financial environment. Habitat compensation projects could be directed to improving fish
access to high quality, under-utilized off-channel habitat. This might be more effective, cost-effective
and technically viable than traditional approaches to habitat compensation, which have often relied
upon construction of new habitat features. Land trusts might be one mechanism to facilitate the return
of prime habitat along river corridors to a more natural state. There is a need to explore these and
other financial instruments to better enable the alignment of environmental protection within flood
hazard management practices and policies.

This report presents a compilation of existing guides, reports, studies and projects. It is intended as a
resource guide for practitioners to support continued discussion and collaboration so that
environmentally sound approaches to flood hazard management will be developed, adapted and
implemented long into the future.



There are threats of flooding in almost any given year in British

Columbia. Perhaps the greatest vulnerability to flood risk is in the
floodplain of the Lower Fraser River. The Fraser Valley and other parts
of the Fraser Basin have experienced two major floods of record, the

largest in 1894 and the second largest in 1948.
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1.0 Introduction

1.1 Purpose and Objectives

The purpose of this report is to examine the issues, challenges and opportunities associated
with flood management practices and policies in ways that protect and enhance the natural
environment. The report provides an overview of the adverse environmental impacts of
traditional flood management practices. It also outlines general principles and practices of
flood management as well as case studies of innovative flood management techniques that
can help communities and flood managers protect the environment while ensuring public
safety and reducing future flood damages. The report is intended to inform local
governments, diking authorities, and other stakeholders and organizations about recent
experiences and evolving best management practices related to flood management. It is also
intended to aid in the development of management strategies in the future.

The objectives for this report are:

o to provide an overview of integrated flood hazard management;

o to outline past challenges and emerging principles and practices related to flood
protection and the environment; and

o to share experiences, lessons learned, case studies and other resource materials to
guide practitioners.

1.2 Background

Many communities throughout BC, particularly along the lower Fraser River have long been
protected from flooding by dikes and related works, including pumps, flood gates/flood boxes
and erosion protection, such as riprap. The flood protection system along the lower Fraser
was significantly upgraded and rehabilitated through the Fraser River Flood Control Program,
which was implemented following the last great Fraser River flood in 1948 but was
terminated in 1995.

The historic approach to flood protection has been largely successful in protecting
communities, including residents, businesses, farmers, and utilities and other critical
infrastructure. However, it has also had various adverse impacts on the natural environment,
including the creation of barriers to fish migration from the Fraser River into Fraser Valley
tributaries, and the loss or degradation of riparian and instream habitat. The flood protection
works were designed and implemented during a time when stewardship of the natural
environment was not recognized as an important responsibility of communities and
government agencies. More recently, public interest, legislation and regulatory requirements
have evolved, challenging local governments, diking authorities and management agencies
to undertake environmental protection while maintaining a high level of flood protection for
communities.



A major flood today would result in severe social, economic and
environmental impacts, including billions of dollars in damage to
private and public property, temporary loss of infrastructure and

community services and disruption of business and trade,



2.0 Overview of Flood Hazard Management

Flooding is a common natural hazard in BC and occurs as a result of heavy rainfall (flash
floods), snowmelt (spring freshets), ice jams, log jams, debris flows, sediment deposition and
even tsunamis. Tidal cycles can also influence flood waters when storm surges coincide with
high tides or when high tides cause rivers and streams to back up. Flooding is a natural
event that replenishes the groundwater and revitalizes the soil through the deposit of
sediments.’ However, when communities settle within floodplains, flooding can cause
adverse social, economic and environmental impacts. Flood risk can be considered to be a
function of both hazard and vulnerability. This is to say that flood risk is related to the natural
sources of a flood hazard as well as the particular vulnerabilities of communities,
organizations and individuals that are exposed to flood hazards.

Because of the different types of flood hazards and risks faced by BC communities and the
significant impacts associated with flooding, an integrated approach to management is
required, including:

o flood hazard information and planning
o floodplain management
o flood protection works

o emergency management

Compiling and analyzing flood hazard information is necessary to gain an understanding of
the causes, extent, and depth of potential flooding in and around a community. This
information is also needed to inform flood management practices and policies, including
engineering works such as dikes, land use planning and floodproofing techniques, pre-flood
emergency measures and post-flood recovery efforts.

The most effective and affordable method of reducing the risk of flood damage is to employ
floodplain management (i.e., managing and limiting development on the floodplain). Land
use decisions by local governments should take into account flood risks to ensure that
development occurs on lands that are the least susceptible to flooding. Building designs and
construction practices can also help reduce flood damages.

Flood protection works, such as dams and dikes, can further reduce flood risk. These
structures are particularly relevant in protecting historic communities that were settled before
floodplain management policies were implemented. However, it is technically and
economically impossible to completely eliminate flood risk with dikes, dams and other
engineering works. During severe floods, dike failures may occur due to erosion, overtopping
or seepage.

Emergency management involves the planning and preparedness before flood events occur
to help reduce the impacts of potential flooding. This includes building an understanding of
the different vulnerabilities of people, infrastructure, buildings and other assets within the
community and developing plans to reduce those vulnerabilities. Emergency management
also includes a range of response activities such as sandbagging, urgent flood mitigation
works and evacuation. In cases where all defenses have been exceeded, disaster recovery
is necessary, which involves cleanup, repairs, and restoration of flood damages.

" www.env.gov.bc.ca/wsd/public_safety/flood/brochur3.html (accessed March 2010).




Evaluating flood hazard management alternatives requires an understanding of existing
floodplain use, a clear vision of future use, and a review of current floodplain management
practices. An evaluation of alternatives should also take into consideration the following:

o ease of implementation

o cost-effectiveness

o potential for success in solving the issue and providing public benefit
o environmental considerations

o applicable policies and regulations

(Upper Yakima Comprehensive Flood Hazard Management Plan, 2007).

2.1 Flood Hazard Information and Planning

Flood hazard information and planning is needed to inform a wide range of management
practices, policies and related decisions. Local authorities and senior government agencies
undertake technical studies to better understand specific flood and erosion hazards.
Depending on local or regional needs, this may involve calculating design flood profiles,
monitoring changes in river channels or along riverbanks, identifying areas with erosion
hazards, or quantifying erosion and sedimentation processes. In some cases, long-term river
processes such as riverbank erosion, sediment deposition, or channel shifting and avulsion
are beyond the management capabilities of local diking authorities. In these situations, it may
be necessary to pool financial resources and technical expertise on a regional scale in order
to collect sound technical information, develop management recommendations and
implement appropriate solutions. Sometimes a river management plan or flood hazard
management strategy may be developed following the completion of technical studies
(Fraser Basin Council 2001).

2.1.1 Principles and Practices - Flood Hazard Information and Planning

To fully understand flood hazards and risks, many different types of information are needed,
including:

o Hydrological Models — These models show how the characteristics of a river,
stream and/or watershed can influence streamflows, including peaks and seasonal
variations (i.e., how much water is likely to be flowing, and when).

o Hydraulic Models — These models show how a specific streamflow, such as a
design flood event, can influence water levels (i.e., for a given flow, how high is the
water likely to rise, and where).

o Flood Hazard Evaluations and Assessments — These studies help identify the
factors or circumstances that are likely to result in flood events, and they may be
used to calculate the return frequency and/or magnitude of a design flood event (i.e.,
what are the causes of flood events for a community and how significant is the
potential for a flood).

o Flood Risk and Vulnerability Assessments — These studies can enhance
understanding of how communities are vulnerable to flooding and the risks they may
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face from one or more flood events (e.g., flood damages, injury or risk to life, risk of
infrastructure disruption, or risk of disruption in the continuity of businesses or
community services).

Floodplain Maps and Flood Hazard Maps — These maps delineate the area or
extent of land that can be expected to flood and the potential depth of flooding during
a specific flood event. These maps can be used to determine appropriate setbacks
from floodways or floodplains, and flood construction levels, which can be
incorporated into land use policies and/or development practices. Floodplain maps
can also be used in the preparation of emergency plans. For example, by
understanding the predicted extent and depth of flooding, emergency response
routes and vulnerable assets can be identified.

Flood Hazard Management Plans and Strategies — Plans and strategies include all
available information about flood hazards, risks and community vulnerability, which
can be used to develop a wide range of recommended management practices and
policies.

Public Education — Public education materials and programs inform the public about
flood risks and what they can do to protect themselves, their families and their
properties. It is important that complex technical information is translated into a format
that the general public can use and understand.

2.1.2 Pros and Cons - Flood Hazard Information and Planning

For each of the different approaches to flood hazard management, there are a variety of pros
and cons to be considered. These are described in the following section.

Pros:

e}

Cons:

Flood hazard information is necessary for identifying the types and sources of flood
hazards, quantifying the extent and depth of potential flooding, considering relevant
management options, and assessing appropriate design standards and management
practices.

The financial costs of compiling and analyzing flood hazard information are relatively
low compared with actual capital works costs, flood damage costs and related
disaster recovery costs.

The development of flood hazard information requires considerable technical
expertise, including in-house staff capacity and contractors.

Flood hazard studies may require significant financial resources, but there is little
financial support for communities to undertake this type of work.



2.2

Floodplain Management

2.2.1 Principles and Practices - Floodplain Management

Floodplain management is a critical strategy for reducing or preventing injury, human trauma
and loss of life, and minimizing property damage during flooding events. Experience has
shown that regulating land development to keep people, property, infrastructure and other
community assets out of harm’s way is the most practical and cost-effective way of achieving
these goals.

Flood hazard land use management objectives have been incorporated into several aspects
of provincial legislation respecting land development, including: >

e}

e}

Community Charter — which provides for the issuance of building permits;
Land Title Act — which provides for approval of the subdivision of floodplain lands;

Local Government Act — which enables local governments to consider the impacts of
flooding in their land planning and management responsibilities, including:

o development of Official Community Plans for future land use;
o development of flood hazard bylaws; and
o adoption of appropriate floodplain building standards;

Flood Hazard Statutes Amendment Act, 2003 — which amended the Acts identified
above;

Miscellaneous Statutes Amendment Act (No. 2), 2004 — which clarifies bylaw
authority; and

Environmental Management Act — which clarifies MoE’s responsibility for the
provincial Flood Hazard Area Land Use Management Guidelines. The guidelines are
required to be considered by local governments under the Local Government Act
when making land use and development decisions in flood hazard areas.

The two most common floodplain management policies are floodplain setbacks and flood
construction levels.

Floodplain Setbacks — Setbacks are used to keep buildings, other development and
land fill away from flood and erosion hazards. These are established to avoid damages
from flooding and erosion and also to avoid restricting the flow capacity of the floodway.
Keeping the floodway clear of development can reduce the risk of damage to
neighbouring properties and reduce disruptions to natural river processes. Setbacks
are measured from the natural boundary of the river, stream, lake or other water body
unless otherwise specified.

Flood Construction Levels — Flood Construction Levels (FCLs) are the Designated
Flood Level plus an allowance for freeboard and are used to establish the elevation of
the underside of a wooden floor system or top of concrete slab for habitable buildings.

> www.env.gov.bc.ca/wsd/public_safety/flood/brochur3.html (accessed March 2010).




In the case of a manufactured home, the ground level or top of concrete or asphalt pad,
on which it is located shall be equal to or higher than the above described elevation.
These are used to keep living spaces and areas used for the storage of goods that
could be damaged by floodwaters above predicted flood levels. In some locations,
specific FCLs have been established in relation to a particular benchmark, such as the
geodetic datum. Otherwise, FCLs are typically referenced as an elevation above the
natural boundary of the water body in question. The designated flood and the
designated flood level are used in determining the FCL. In cases where the FCL has
been determined, it should be taken into consideration together with an appropriate
setback requirement.

2.2.2 Pros and Cons - Floodplain Management
Pros:

o In most cases, guiding community development outside of flood prone areas or above
predicted flood levels can provide the most effective and affordable protection against
flood hazards.

Cons:
This approach may be less practical in the following circumstances:

o Setbacks may not be palatable in communities with limited developable land outside
of flood hazard areas.

o Floodproofing poses many challenges for infill development in areas that were
previously developed without floodproofing.

o Areas with soft, compressible soils have significant challenges when implementing
floodproofing with fill.

2.3 Flood and Erosion Protection Works

2.3.1 Principles and Practices - Flood and Erosion Protection Works

Flood protection works are an integral part of flood hazard management in BC. Collectively
throughout the province, these works have likely averted hundreds of millions of dollars in
flood damages. Current approaches to management of flood protection works have been
largely successful. However, many flood protection works have not been significantly tested
by a flood event equal to, or larger than, the design flood (e.g., 1 in 200 year flood event or
flood of record).

Diking in BC started as early as 1864. Today, there are 140 diking systems in British
Columbia with a total length of over 1000 km protecting 120 000 ha of valuable land. In the
Lower Mainland area alone, over 50% of the population, together with $13 billion in
development, are dependent on the integrity of 600 km of diking, 400 floodboxes and 100
pumpstations.’

The roles and responsibilities described in the following section are excerpts from the report
Comprehensive Management for Flood Protection Works (Fraser Basin Council 2001).

> www.env.gov.bc.ca/wsd/public_safety/flood/brochur2.html (accessed March 2010)




These roles and responsibilities are in accordance with the Guidelines for the Management
of Flood Protection Works in BC under the authority of the Dike Maintenance Act.

The Inspector of Dikes, under powers conferred by the Dike Maintenance Act, regulates
dikes and diking authorities, and is responsible to establish provincial standards for the
design, construction, operation and maintenance of dikes through the provincial Dike Safety
Program. The provincial Dike Safety Program is delivered through the Deputy Inspector of
Dikes in each region. Provincial responsibilities include:

o approval of all works in and about dikes;

o monitoring and auditing the owner's dike management program;

o issuance of orders to protect public safety (where necessary); and
o regulating Diking authorities.

The following are a few examples of the relevant legislation pertaining to flood hazard
management:

o Provincial Dike Maintenance Act

o Provincial Emergency Program Act
o Provincial Water Act

o Federal Fisheries Act

BC has published several guides and reports to assist local diking authorities in carrying out
various management activities (see Appendix 6.2 and/or
www.env.gov.bc.ca/wsd/public_safety/flood/structural.html for more information or to
download relevant documents.

Flood Protection Dikes

A dike is “an embankment, wall, fill, piling, pump, gate, flood box, pipe, sluice, culvert, canal,
ditch, drain, or any other thing that is constructed, assembled, or installed to prevent the
flooding of land (Dike Maintenance Act). In some cases, dikes are located near or along
riverbanks; in other cases, they are set back some distance from the river. Dikes are
designed and constructed to meet engineering standards, taking into account the design
flood level, which is typically a 1 in 200 year return frequency. In the lower Fraser River, the
design flood is equivalent to the 1894 Fraser River flood of record.

A standard dike is a flood protection structure that meets, or has met, established provincial
dike standards as regulated by the Inspector of Dikes under the Dike Maintenance Act.
However, because of morphological, hydrological and other ongoing changes in and about
river systems, a dike may or may not continue meeting current standards. The Deputy
Inspector of Dikes office should be contacted to verify a standard dike’s current status.

A non-standard dike is a flood protection structure that has a lower level of protection than
that provided by a standard dike. Flood protection works that conform to this classification
often protect rural agricultural lands and are sometimes referred to as agriculture dikes.



Flood Pumps and Flood Gates/Flood Boxes

Dike construction and development of lowlands requires "internal" drainage behind the dikes
to be managed. For example, streamflows from tributary streams and drainage ditches that
once flowed freely into the Fraser or other rivers, must now be collected and released
through flood boxes or pumped through the dike system using pumps during high water
periods.

A flood box is a culvert or set of culverts that provides hydraulic connectivity through dikes
that separate internal drainage areas and the receiving waters. Flood boxes are located
where small watercourses intersect a dike or where estuaries have been reclaimed and
isolated from tidal influence by a dike. They are also found at most pumping stations on
larger streams. A flap gate mounted at the discharge end of the culvert allows the gravity
discharge of flow in a downstream direction only, thereby acting as a check valve by
preventing back flow from the mainstem when the mainstem water level exceeds that behind
the dike (Thomson 2005).
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Flood box with a top mounted gate. Photo courtesy of Alan Thomson

When flood gates are closed to prevent the mainstem water from passing through the dike,
pumps are used to move water from the internal drainage system through the dike into the
mainstem. Typical pumps found throughout the lower mainland are high speed vertical axle
types whose operation is automatically controlled by water level sensors on both sides of the
dike. Pumps will only turn on when water levels behind the dike reach a predetermined
elevation. If there is more than one pump at a pump station, the pumps will cycle on as
programmed and required to lower the water level behind the dike.

Pump stations are a particular challenge for both flood management and environmental
protection (See Section 3.3). There may be significant operational costs such as



hydroelectric costs of pumping water. There can also be significant maintenance costs such

as cleaning debris from pump intake screens and/or trash racks. Pumping capability is
particularly important to address seepage from the Fraser River during the freshet. A long
period of high water (e.g., several weeks) may result in water seeping through diking

systems or through the native soil profile. This water collects in drainage ditches and natural
watercourses and must be pumped back into the mainstem. Pump stations are also required

to manage drainage associated with storm events. Alternative stormwater management

practices and master drainage planning are two approaches that may mitigate the demands
on pump stations and other internal drainage infrastructure (Fraser Basin Council 2001). For
example, by increasing stormwater retention and infiltration with wetlands preservation, catch

basins, and groundwater recharge areas, less runoff enters the drainage system that is
required to be pumped over the dike.

Basic Floodgate operation (illustration courtesy of Alan Thomson)

Flap gate 7 Dike  Flood box

Flapgate remains
closed when
downstream water level
is higher than the
upstream water level.
No water discharges
through the flood box.

Downstream Upstream

_ As downstream water

Flap gate 7 Dike  Flood box level falls, or upstream
water level rises, the gate

slowly opens when
upstream water level
becomes higher than
downstream water level..
Water then discharges
through the floodbox into
the downstream
waterbody.

Water level
falling

Upstream

Downstream

As downstream water level
Flap gate / Dike  Flood box rises, or upstream water

level falls, the flapgate
closes when downstream
water level rises above
upstream water level.
Upstream water pools
behind the floodbox until
the hydraulic head is again
positive and the flapgate
opens.

Water level

rising T

Downstream Upstream
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Erosion Protection

In locations where dikes are vulnerable to erosion because of their proximity to fast flowing
rivers, erosion protection works such as riprap are used to prevent or reduce erosion and to
ensure the integrity of the dike. Significant sections of dikes have been hardened with
erosion protection. One study has estimated that “More than half of the outer banks of the
Fraser River have been hardened in one form or another in the various sub-reaches (of the
Fraser River) between Hope and Mission. The armouring ranges from 54% in the Hope sub-
reach to a remarkable 73% in the Sumas sub-reach” (Rosenau and Angelo 2007).

Channel Maintenance and Modification

In order to pass flood waters more efficiently, historically authorities and private individuals
have channelized watercourses. Channelization refers to the realignment, relocation,
levelling and deepening of natural streams. Currently, channelization is not often used as a
flood management strategy in BC as it has significant environmental implications and can
have the opposite desired affect (NOAA 2004). Channelization however does still occur in
smaller drainages in agricultural areas. In addition, in areas where localized accumulation of
gravel or sand is understood to increase flood risk, removal of the sediment can occur.
Management of river sediments must take into consideration the long-term patterns and
rates of sediment deposition — i.e., the sediment budget. Generally, sediment removal
should not exceed the average annual rate of deposition.

Channelization can cause some significant environmental and physical impacts, including:
o shortening of stream length;
o loss of wetted area;
o conversion of pool/riffle sequences into deep glides;
o loss of undercut banks;
o loss of floodplain-based habitats;
o loss of lateral heterogeneity, such as meanders and side channels;
o changes in sediment transport; and,

o channel erosion.
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Channelized watercourse in Surrey, BC. Photo courtesy of Alan Thomson

All of these outcomes reduce the availability of suitable habitat for fish (Barrett 2006) and can
destabilize the river channel, resulting in shifts in the location of the main channel and
changes in erosion and sedimentation patterns.

Straightening channels and reducing stream or riverbed roughness allows for greater
volumes of water to pass through the system more quickly. Roughness refers to the amount
of friction or resistance that the stream or riverbed applies to the flow of water in the
watercourse. Less roughness equates to higher water velocities. This results in higher peak
episodes over shorter periods of time than would occur naturally. Less water is dissipated to
underlying aquifers or evapotranspires through riparian vegetation (Lyle 2001). Heightened
flood peaks can also cause severe erosion along banks.

Sediment Management Plans are often integral components of Dike Operation and
Maintenance Manuals to ensure the conveyance of the design flood event and protect public
safety and property. The sediment management plans are prepared with input and
agreement of the environmental agencies. In the Lower Fraser River the Fisheries and
Oce