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The Cowichan Valley Regional District (CVRD), in partnership with Cowichan Tribes, the
City of Duncan and the District of North Cowichan (DNC), retained Northwest Hydraulic
Consultants (NHC) to update existing floodplain mapping and to develop an Integrated Flood
Management Plan for the Lower Cowichan-Koksilah River floodplain, including inajor
tributaries. Funding for this program was built by a partnership of supporting funds fi.0111 the
following organisations: Union of BC Mullicipalities Innovations Fund, Cowichan Tribes
and the BC Provincial Emergency Program as well as substantial in-kind contributions from
local government organisalions.
Given the vely broad nature of the study, NHC recommended that a phased approach be
adopted so that the project goals and objectives could be refined over the course of the
project. The main outputs of the project are suinmarized in four documents:
Volume 1 - Scoping Repoll
Field investigations and base map development, including substantial field
reviews and GIS analysis
Literature review of local and international flood management practices
Volun~e2 - Technical Investigations
Technical investigations related to hydrology, hydraulics, sedimenlation and
channel hazards
Detailed assessments of the capacity of existing flood control structures using
~lu~nerical
models
Environmental investigations including habitat and fisheries values, threats
and oppollunities
Volume 3 - Integrated Flood Management Plan (this report)
Summaly of findings kom Volunles 1 and 2
Mapping tools for flood hazard, channel erosion and habitat value
Analysis of flood management best management practices
Project goals, guiding principles and proposed actions (priority and long-term)
Summary Paper

RiverIKoksilah River system are located in the lugged
The headwaters of the Cowicha~~
mountains of southern Vancouver Island. The Cowichan River has its headwaters in
Cowichan Lake, and then flows in an easterly direction into Cowichan Bay. The smaller
Koksilah River joins the south branch of the Cowichan River approximately 1 km upstream
of Cowichan Bay. The lower slopes and floodplain of the river system contain significant
areas of agricultural land as well as mral, urban and industrial development. Dikes have been
built along both banks of the Cowichan River to protect the developed urban core of the City

of Duncan and the extensive agricultural and i~ldustrialzones downstream. Dikes have also
been constructed on lands of the Cowichan Tribes at various tiines including along the
Koksilah River
The Cowichan River is designated as a Heritage River and recognized for its highly valuable
and productive fish habitat. The river supports seven species of salmon and trout includiilg
impollant stocks of chinook, coho, chum, steelhead trout, brown trout, rainbow trout and
cuttlxoat trout. The mainsten1 Cowichan River supports a unique run of summer iun chinook
that is considered by Fisheries and Oceans Canada (FOC) to be one of the highest value
stocks on Vancouver Island based on conseivatioll concerns and rebuilding effoi-ts. The
Cowichan River also suppolls a highly valued wild winter run of Steelhead trout whose
status is also a conselvation concern with active stock rebuilding efforts undertaken by the
BC Ministly of Environment (MOE).
The valley has experienced many flood events resulting from high flows in the Cowichan
Kiver and its tributaries, and from ponding in low-lying areas during heavy rain events.
Large flow events in the Cowichan River were documented in 1979,1986 and 2007. The
most recent flood event of 2007 resulted in the closure of the Island Highway as well as the
evacuation of 17 families living on the floodplain.
The flood management area extends along the Cowichan River from below the Catalyst
water intake down to the ocean and along the Koksilah River from just below Bright Angel
Park down to the ocean. Also included in the project area are Somenos Creek and Somenos
Lake. In order to assess the hydrology, sedimentation processes and factors affecting channel
e~.osionand debris hazards, the investigations have extended beyond the limits of the flood
mangement area. These related studies have been conducted at a watershed scale and extend
over the Cowichan River basin downstream of Cowichan Lake and portions of the Koksilah
basin.
The City of Duncan, with a population of approxin~ately5,000 lies at the centre of the
floodplain. The Cowichan Tribes has about 3,800 members, many of whom live on the
floodplain. In addition to residential areas, there is urban and agricultural development in the
floodplaiil as well as significant critical infrastructure. To date, land-use planning has not
controlled the establishment of houses and other critical infrastructure from being developed
on the floodplain.

PROJECT
TOOLSAND RESULTS
This present study has provided technical information and a range of new inanageinent tools
(GIs-based flood, erosion and habitat maps), that can be used as a road map for
implementing Integrated Flood Management in the Cowichan-Koksilah basin. However, it
will take various stakeholders, local organizations and participating agencies to build and
implement a long-term sustainable program.
Over the course of the project, two major technical tools were developed to help in the
planning process. A two-dimensional hydraulic model was developed to assess the

tnagnitude and extent of flood hazards in the study area. The development of this model is
detailed in Volume 2 -- Technical Investigations. 111addition, a comprehensive GIs database
that includes habitat sensitivity and flood hazard mapping was developed. Mapsheet 1 shows
flood hazard areas established from the hydraulic models and erosion hazard assessments.
Two hazard zones have been defined, where areas in the "floodway" are expected to
experience deeper and faster flows, and therefore more hazardous conditions, during a flood
event. By con~parisonthe "flood fringe" represents the portion of the floodplain that may be
subject to inundation and ponding but only contributes marginally to conveying the flood.
Extensive background studies were made using the models and mapping to assess the
magnitude and extent of the flood hazards in the study area. Results of the analysis showed
none of the existing dikes have adequate freeboard for a 200-year flood over their entire
length. Key conclusions i5om the hydraulic analyses are as follows:
None of the existing dikes have adequate freeboard for a 200-year flood over their
entire length. Portions of the City of Duncan are vulnerable to flooding due to
overtopping or breaching of the JUB lagoon dike, as well as from backwater flooding
from Somenos Creek in the Lakes Road area. Critical infrastructure such as the JUB
sewage lagoons and outfall are vulnerable to damage from flooding and bank erosion.
Under 200-year flood conditions, large spills occur along both banks of the Koksilah
River, resulting in overtopping of the Trans-Canada Highway. Deep and fast flow
conditions occur on the floodplain, which could pose high erosion hazards to
buildings or other stluctures on the floodplain.
Flooding and bank erosion can be aggravated by log jams and sediment deposition, so
that the most severe potential flood damages may not necessarily arise from the most
severe hydro-meteorological events. The log debris and sediment originate in the
headwaters of the watersheds, upstream of the flood management planning area.
Flood levels and flood spills over the entire floodplain area are vulnerable to
alterations in dike crest levels. Furthermore, raising roads on the floodplain can have
a similar effect as raising dikes. Raising or extending a dike or road at one location
may raise flood levels farther upstyeam. It appears many local dikes were constructed
without assessing their effect on adjacent areas. Further raising or extension of dikes
should not be permitted unless it can be demonstrated there will be no net water level
rise at other locations.
The Cowichan River has been artificially straightened, re-located and confined by
riprap dikes, producing a canal-like appearance over much of its length. This
produces high velocities and scour through narrow sections, together with localized
gravel deposition and channel instability in wider sections. This type of channelized
river generally requires regular maintenance and repair. Also, it adversely impacts
fisheries habitat by reducing complexity.
Cun.ently simulated 200-year flood levels on portions of the Cowichan River,
portions of Koksilah River upstream of the Trans-Canada Highway, and all of
Solllenos Creek and Somenos Lake are generally higher than those predicted in
earlier studies. Most of the bridges in the study area appear to have inadequate

clearance under open water conditions, and are therefore susceptible to trapping logs
and floating debris and potential structural failure.
The habitat sei~sitivitypilot project completed as part of this study is iilteilded to be an
iterative product that will be rcviewed and updated with collection of new data or integration
with other mapping products. The intent of the pilot mapping tool is to provide a starting
point as a tool for land and resource management that illustrates known fisheries and wildlife
habitat values and conceptual habitat restoration opportunities.
Several different types of flood mapping products were produced in this study.
Updated Floodplairt Maps: showing 200-year flood constluction levels, flood extent, and a
higher hazard "floodway" zone. The floodway classification is intended to differentiate the
higher hazard (deeper and faster flood water) areas on the floodplain from the lower hazard
(shallow or low velocity) "flood fringe" zone.
Flood Scenario Maps: are intended to assist in emergency response planning since they
show a number of hypothetical flood spills and inundation zones during future events. The
information is available in three formats - printed copies, digital GIs output and as digital
output that can be displayed via the intelnet using Google Eatth.
Habitat Seiisitivi@ Maps: A habitat ranking system has been developed and applied to the
study area using a GIs-based mapping system to support strategic planning and operational
investigations related to habitat and restoration.

Integrated Flood Management (IFM) is a relatively new concept, emerging out of broader
water management policies that promote the development and management of water, land
and related resources without compromising the sustainability of vital ecosystems. The
defining characteristic of IFM is integration, expressed simultaneously in different foinls: an
appropriate mix of strategies, location of interventions, types of interventions (stluctural or
non-structural), and a palticipatoly and transparent approach to decision making patticularly in terms of institutional integration.
Improving integrated flood management in the region will be a challenge. Fortunately, there
is a strong base of community stakeholder involvement through the Cowichan Round Table
and a Water Management Plan has already been prepared. The overall strategy and goals of
the plan are consistent with the aims and general direction in the new BC Living Water Smart
initiative.
The overall goals of this study, as stated in the Call for Proposals, are as follows:

Goal 1
The plan should aim to reduce flood risk to all comrnu~iitieson the floodplain, while
protecting aquatic and riparian habitat and addressing the cultural values of the rivers.

Goal 2
The plan should promote innovative methods of flood hazard management to minimise
short and long-term economic, environmental and social costs and where possible,
provide an increase in the environmental and social capital of the region.

In addition to these two explicit goals, the scope has also been broadened to incorporate new
information and lessons-learned fiom other integrated flood managelnent planning
organizations.
Goal 3
The plan should be achievable and should be supported by project stakcl~oldcrsand the
community at large. And, tools and recommended actions should be sustainable in the
long-term.

The following nine guiding principles have been followed in preparing preliminary concepts
and initiatives in support of the plan and the goals outlined above.
Return the rivers to a more naturalised state. The Cowichan River has been
artificially straightened and confined by riprap and dikes. This type of channelized
river generally requires a high degree of maintenance and repair. In the Cowichan,
some of the dikes are the responsibility of local government or individuals who may
not have the resources to maintain them. Channelization also adversely impacts
fisheries habitat by reducing habitat complexity. Therefore, restoring the river to a
more "naturalized" channel configuration that has room to convcy water within a
broad floodway should be a part of a long-term strategy.
Sustain the natural state of existing floodplain. Remaining undeveloped floodplain
areas should be sustained in a natural state. Initiatives should be compatible or be
integrated with programs that protect and enhance aquatic and riparian habitat.
Site future development in areas with low flood hazard and low habitat
sensitivity.
Ensure new or upgraded flood protection structures do not adversely increase
the overall flood hazard. Based on past experience along the river, a "no-net adverse
impact" flood level policy for future developn~entson the floodplain, including future
diking and flood protection works, is needed. Constructing new dikes or extending
existing ones should not increase the risk of flood damage in other vulnerable areas.
Mitigate impacts of bigh flows on mainstem. Impacts of high flows (erosion) on
mainstem should be mitigated by facilitating flow through suitable off-channel
habitat.
Maintain channel conveyance. Consider and maintain sites of debris jams and
debrislgravel accumulation. An "adaptive" lnaintenance approach that incorporates
habitat enhancement as pall. of channel maintenance is needed.
Create accessible and sustainable tools for flood management. New tools
developed for the project need to be designed so they can be used interactively and

dynamically for emergency management, improved land-use planning, public
awareness and education.
Pron~otebasin-wide planning initiatives. Basin-wide planning is in~potlant,
pasticnlarly since most of the flood water, sediment and debris originates upstream of
jurisdictional boundaries in the basin headwaters.
Monitor and maintain flood management program. Monitoring and maintenance
are essential conlponents of a flood management program. This should not just apply
to dikes or bank protection works, but the channel as a whole. This is particularly
important when considering the unknown future implications of climate change that
may affect hazard levels in the region.

A portfolio of planning and structural (engineering) measures was developed as part of the
flood plan. Key structural projects are shown in Figures 8.1 and 8.2. Twenty specific projects
that promote the guiding principles (above) and include habitat enhancement as a project
component are also outlined in this report and include:

Dike upgrades or new dike const~uction(two priority projects are described below)
Channel maintenance and improvement programs
Gravel removal and maintenance programs
Log jam removal and modification programs
Selective vegetation removal
Set-back dike construction
Upstream sediment and debris control
Road modifications
Bridge replacements
projects
Recommended compensatio~~
The existing flood protection around critical infsast~uctureand higher density populated areas
in Duncan should be upgraded as soon as possible. In particular, the existing dikes around the
JUB sewage lagoon should be raised and provided with erosion pmtection and tied in to the
Cowichan (City of Duncan) Dike. A design review of the lagoons should be carried out as
part of this work.
The Koksilah Village Dike is vulnerable to overtopping and erosion and local residences are
exposed to a higher flood risk than most other locations on the floodplain. Given the deep
and fast flow conditions after a dike breach, floodproofing the residences is not a practical
option. Discussions should be held with residents 011options for dike strengthening and
raising versus re-settlement.

Idand use planning instruments including the use of floodproofing and a two-zone flood map
are described in this report. These are in addition to further policy inshu~nentsincluding
public education, flood warning ~nechanismsatid emergency response planning.
Finally, consideration was given on ways to promote integrated flood management in the
region and assisting in its in~plementation.Forming a Basin Council (modelled on the Fraser
Basin Council) would be one option for promotirig integrated, basin-wide sustainable water
management. The Council would still require existing authorities for implementing major
projects. Forming a Basin Water Board (modelled after the Okanagan Board) would provide
powers for raising h n d s and implementing programs directly. The two organizations are not
incompatible.

The results of this study are intended to assist tlie communities with developing strategies
and plans to address mutual flood hazards over the next decade. The measures include both
structural flood control and non-shuctural flood mitigation initiatives in addition to providing
resources for future planning. The aim is to help provide a "road map" leading to more floodresistant communities and a more natural, ecologically productive and sustainable river
system. This approach requires that floodwaters and floodways be seen as a resource and
opportunity rather than simply a management issue, and that habitat enhancement is car~ied
out as part of the flood protection work, rather than simply trying to mitigate environmental
impacts from new flood infrast~ucture.Ultimately, the stakeholders, local governments and
Cowichan Tribes will need to frame their own goals and objectives in order to implement the
final plan.
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