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Executive Summary
Mission Creek is the largest tributary to Okanagan Lake in terms of volume and fish habitat
potential. The Mission Creek watershed is approximately 800 km2 with a main channel length of
approximately 75 km across the Okanagan Valley’s uplands and large fan adjacent to Okanagan
Lake. With construction of flood protection dikes along the main channel in the 1950s, Mission
Creek has lost more than 60% of its channel length on the fan, 80% of its spawning and rearing
habitat, and 75% of its wetland and riparian areas.
The Mission Creek Restoration Initiative (MCRI) is a multi‐phase, multi‐stakeholder partnership
formed in 2008 to restore natural hydrological and biological functions and processes to the
lower reaches of Mission Creek in the City of Kelowna, BC. The MCRI was primarily created to
address kokanee stock decline in Okanagan Lake. Consequently, the goal of the MCRI is to
improve native fish stocks that would in turn result in local recreational and economic benefits.
The Mission Creek Restoration Initiative focuses on the lower 12 km of the mainstem channel
from the East Kelowna Road Bridge to Okanagan Lake.
The Setback Dike Project was developed to improve hydrological function and connectivity, and
spawning, rearing and holding habitat for native kokanee, rainbow trout and mountain
whitefish. The proposed setback dike will be situated on a parcel of land adjacent to Mission
Creek near Casorso Road that was purchased by MCRI. This project has been undertaken in
conjunction with the MCRI, Urban Systems and LGL Limited (professional consulting firms), and
the University of British Columbia. Survey data of the section were provided by the City of
Kelowna.
The Setback Dike Project focuses on relocating a 475 m section of dike on the south bank of the
creek between Casorso Road and Gordon Drive. A setback distance of up to 5 channel widths
between the dikes will be feasible on the Mission Creek Setback Dike Project. This setback
distance of up to 150 m will result in more defined pool‐riffle‐run habitats, well‐sorted
substrates, braided channels with numerous islands, and ecological interfaces of pools and
riparian zones to provide stream‐side cover and useable energy sources for large areas of
functional fish habitat (i.e., pool, riffle and run mesohabitats with species‐specific preferred
depths velocities, substrates and cover). The proposed design includes restoring the floodplain
using overflow weirs and meander notches to encourage water onto the floodplain during most
freshets. In addition there are two overflow weirs that will allow flow from the main channel to
re‐water the existing side channel as well as four meander notches that have been strategically
located to coincide with existing point bars along the north bank of the main channel. The
upstream meander notch includes one of the overflow weirs to provide for outflow to the main
channel and access for fish at all flows. Large woody debris (LWD) cover structures will be added
to each of the meander notches. The LWD will be sourced from trees salvaged during removal of
the existing dike or during construction of the proposed setback dike. No instream work is
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scheduled during the removal of the existing dike and construction of the new dike that is
scheduled to occur between November 2105 and March 31 2016.The construction of the
overflow weirs and meander notches are scheduled for 2016 during the normal instream work
window for Mission Creek.
Design parameters, criteria and constraints with regards to the engineering design are
summarized in the table below.
Parameter
Biological

Criteria & Constraints
 Provide high quality rearing habitat for juvenile and adult rainbow trout
and mountain whitefish;
 Provide high quality holding habitat for adult rainbow trout and mountain
whitefish;
 Provide high quality spawning habitat for kokanee, rainbow trout and
mountain whitefish;
 Create side channel habitat to provide short term rearing and flood flow
refugia;
 Preferred spawning velocities of ~0.15‐0.91 m/s to accommodate kokanee
and rainbow trout during fall and spring, respectively, spawning periods;
 Preferred spawning substrate sizes of ~6‐102 mm;
 Cover that includes instream large woody debris and overhanging riparian
vegetation in pools and larger boulders in riffles; and
 Abundant and diverse floodplain vegetation.

Flow
Management
and Flood
Protection

 Accommodate a Q200 of 144 m3/s;
 Consistent with provincial dike design criteria including freeboard of 0.6 m,
crest elevation based on current data, crest width of 4 m, dike slopes of
2:1, drainage; and
 Provide equipment access for dike management.

Physical
Constraints /
Design
Limitations








Prevent impacts to the adjacent Okanagan Indian Band IR #8;
Ensure public walkway access for Mission Creek Greenway;
Suitable soils to support relocated dike;
Minimize disturbance to wildlife trees and riparian vegetation;
Incorporate bank protection; and
Minimize disturbance to adjacent private lands.

Setting back the dike and establishing a wide floodplain will serve many purposes including:
habitat restoration, erosion reduction, water quality improvements, groundwater recharge,
wildlife habitat and migration corridors, and reduction of flood hazard risks. Undeveloped,
natural floodplains provide stream energy dissipation during floods and in turn provide lower
velocity refuge areas for a variety of aquatic species. These lower velocity areas also promote
the wide dispersal and deposition of sediment and organic debris over the floodplain surface.
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It was concluded that the site conditions for the setback dike alignment within Lot EPP21089
were suitable for the construction of the setback dike. The existing dike will provide a sufficient
volume of suitable material for the construction of the new setback dike. The existing dike
material does not meet provincial specifications in silt/clay sized material but additional fine
grained material will be added as the new dike is constructed.
The setback dike design is consistent with provincial regulations and guidelines and will
accommodate peak flow conditions. Due to the project’s location, public considerations were
incorporated into both the design and construction phases. For example, the walking path was
realigned in the setback dike design to tie into the existing path connections at the Casorso Road
Bridge (east) and the existing dike (west).
If construction work is planned carefully, the existing dike can be removed in the dry with no
detrimental impacts on the water quality in the creek. Setback dike construction should be
scheduled during the low water period in Mission Creek when the groundwater levels along the
setback alignment are low. This would typically be from September – March. Instream
construction of the meander pools and large woody debris cover structures should occur during
the ‘least risk’ fisheries work window – 22 July to 24 August.
In summary, the anticipated benefits associated with the proposed setback dike project on
Mission Creek include:








a reduction in flood stage as a consequence of a wider stream valley with a central
channel and floodplain;
increased floodplain flows and thus floodplain channels, diversity and interaction
with active channel
fine sediment deposition on the floodplain during flood events;
increased stability and quality of spawning gravel in riffles and runs;
increased shading and cover with the development of riparian areas beside the
central channel;
restoration of in‐channel and floodplain refugia habitats for fish that allows them to
escape high velocities during flood‐flow events; and
increased diversity and abundance of various terrestrial and aquatic wildlife species
resulting from the establishment of riparian areas, floodplain wetlands and sloughs.

Following the spring freshet in 2016 and in subsequent years, FLNRO staff will evaluate the
effects of floods on the new floodplain to determine if additional connectivity between
mainstem and the floodplain is required to prevent fish stranding as flows recede. Any
additional instream work would be scheduled for the normal instream work window later in the
year.
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The following design report for the Mission Creek Setback Dike Project is divided into three
sections. Biological Considerations focuses on the ecological benefits associated with setting the
dike back from the channel, and identifies the preference characteristics of fish rearing and
spawning habitats for kokanee, rainbow trout and mountain whitefish which were then
incorporated as physical criteria in the design. Detailed Engineering Design provides design
information for the setback dike component of the project. Construction Implementation
Strategy provides details on the construction implementation plan including estimated
construction costs and schedule options.
Acknowledgements
The Mission Creek Restoration Initiative would like to acknowledge the following individuals for
their invaluable contributions to this project:
‐
‐
‐

Todd Cashin, Suburban & Rural Planning Manager, City of Kelowna;
Tara White, R.P.Bio., Sr. Fisheries Biologist, Fish & Wildlife Branch, FLNRO, Penticton;
Shaun Reimer, PEng., Public Safety & Protection, FLNRO, Penticton.

The Mission Creek Restoration Initiative would also like to acknowledge the work completed by
University of British Columbia Okanagan Faculty of Engineering students, Jordan Beach, Dylan de
Sousa and Jacob Paul who prepared the initial conceptual design report as part of their ENGR
499 course, and their Faculty Supervisor Dr. Bahman Naser. Much of the detail incorporated in
this report has been drawn from the students ENGR 499 Conceptual Design Report – Mission
Creek Dike Setback Design Project. A special note of thanks is given to Jacob Paul who put in a
lot of additional time to revise the design drawings after he had completed his course and
graduated. Thank you all for all your time and effort that you dedicated to this project. The fish
in Mission Creek thank you also.
Contributors
The Mission Creek Restoration Initiative would like to thank the following for their financial
contributions to the design phase of the project:
‐
‐
‐

Habitat Conservation Trust Fund
Okanagan Basin Water Board
UBCO – in‐kind

November 2015

iv

Mission Creek Setback Dike Engineered Design Report

TABLE OF CONTENTS
Executive Summary ........................................................................................................................... i
1. Introduction ............................................................................................................................. 1
1.1. Background ...................................................................................................................... 1
2. Biological Considerations ......................................................................................................... 3
2.1. Ecological Benefits ........................................................................................................... 3
2.2. Design Components......................................................................................................... 5
2.2.1.
Preference Criteria for Spawning and Rearing Habitat ........................................... 5
2.2.2.
Floodplain and Riparian Habitat .............................................................................. 6
2.2.3.
Side Channel Habitat ............................................................................................... 6
3. Detailed Engineering Design .................................................................................................... 7
3.1. Objectives and Deliverables ............................................................................................ 7
3.1. Overview of Project Work ............................................................................................... 8
3.1.1.
Design Considerations and Constraints ................................................................... 8
3.1.2.
Design Flood Elevations ......................................................................................... 12
3.2. Setback Design............................................................................................................... 12
3.2.1.
Feasibility Analysis ................................................................................................. 12
3.2.2.
Floodplain Expansion ............................................................................................. 13
3.2.3.
Setback Dike Alignment ......................................................................................... 13
3.2.4.
Setback Dike Height ............................................................................................... 14
3.2.5.
Riprap Armouring .................................................................................................. 15
3.2.6.
Geotechnical Considerations ................................................................................. 16
3.2.7.
Design Specifications ............................................................................................. 16
3.3. Summary........................................................................................................................ 18
3.4. Recommendations......................................................................................................... 19
4. Construction Implementation Strategy ................................................................................. 20
4.1. Construction Schedule................................................................................................... 20
4.2. Cost Estimate ................................................................................................................. 20
4.3. Environmental Management Planning .......................................................................... 20
5. Effectiveness Monitoring ....................................................................................................... 21
6. References.............................................................................................................................. 22
LIST OF TABLES
Table 1. Habitat preferences for kokanee, rainbow trout and mountain whitefish inhabiting
streams ................................................................................................................................... 6
Table 2. Engineering design constraints and criteria ..................................................................... 9
Table 3. Mission Creek annual maximum flows (Water Survey of Canada)................................. 10
Table 4. Cross sections used for the setback dike project with 2014 elevations ......................... 12
Table 5. Recommended Dike Fill Gradation ................................................................................. 16

November 2015

v

Mission Creek Setback Dike Engineered Design Report

LIST OF FIGURES
Figure 1. Mission Creek Setback Dike Project Area (Google Earth Pro, 12 May 2012) .................. 2
Figure 2. Typical setback dike cross section (Dike Design and Construction Guide, Best
Management Practices for British Columbia 2003) .............................................................. 12
Figure 3. Mission Creek Floodplain Map (Ministry of Environment, Water Management Branch
1984) ..................................................................................................................................... 12
Figure 4. Mission Creek Setback Dike Overview (Google Maps 2015) ......................................... 14
Figure 5. Riprap design cross section (Dike Design and Construction Guide, Best Management
Practices for British Columbia 2003) .................................................................................... 16
LIST OF APPENDICES
Appendix A. Levelton Consultants Ltd. ‐ Geotechnical Assessment Report, Mission Creek Dikes –
Phase 1 East
Appendix B. Design Drawings
Appendix C. Detailed Cost Estimate

November 2015

vi

Mission Creek Setback Dike Engineered Design Report

1.

Introduction

This report has been prepared to summarize the planning and design work that has been
completed to relocate an existing ~475 m long section of dike on the south side of Mission Creek
between Casorso Road and Gordon Drive (Figure 1). The proposed habitat improvements to
restore the floodplain include using overflow weirs and meander notches to provide improved
pool habitat and to encourage the return to more naturalized flow patterns are also described.
The Mission Creek Restoration Initiative (MCRI) acquired Lot EPP21089 adjacent to the creek.
This parcel of land offers the opportunity to remove the existing dike that is located along the
bank of the channel and to construct a setback dike that would allow this reach of the creek to
re‐establish some of its natural functions.
1.1.

Background

The Mission Creek mainstem was diked and channelized in the 1950s to provide flood protection
to adjacent private lands. As a result of these past changes, the creek’s ecosystem was severely
impacted. Elements of the creek such as: channel length, spawning and rearing habitats, as well
as wetland and riparian areas were adversely affected.
Mission Creek is Okanagan Lake’s most important kokanee producing stream. Hence, recovery
of the Okanagan Lake kokanee population, via the Okanagan Lake Action Plan, has been
considered the top priority for the Ministry of Forests, Range and Natural Resource Operations
(FLNRO) and the Region 8 Fisheries Program for more than a decade. The MCRI was formed in
2008 to address the declining kokanee populations and habitat degradation concerns in Mission
Creek noted in the Okanagan Lake Action Plan. The MCRI is a dedicated working group of
representatives from local, provincial, and federal governments; non‐profit organizations; and
First Nations. This project is being undertaken under the auspices of the MCRI.
The restoration of habitat in Mission Creek is fundamental to overall fish stock recovery. The
proposed removal of a section of the existing dike and construction of a setback dike, in
combination with creation of meander notches with pools and LWD within the Mission Creek
channel, will allow a section of the creek to return to a more natural, complex and diverse
habitat state that will assist in restoring depressed fish stocks and potentially some species at
risk. It will also restore some habitat quality and quantity, reduce flood risks, biodiversity,
cultural and recreational values. The design philosophy is to create a self‐sustaining ecosystem
by restoring natural processes, both physical and biological, and to re‐establish hydrologic
connectivity between the river channel, floodplain, riparian corridor and adjacent upland
habitat. For example, floodplain that was isolated by the existing dike will be restored
constructing overflow weirs and meander pools along the left bank of the channel to encourage
a more natural flow pattern.
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In recent years, Mission Creek peak flows have been increasing and at times have exceeded the
current capacity of the channel. The Lower Mission Creek Hydraulic Capacity Study (LMCHCS)
completed by Tetra Tech EBA (2014) for FLNRO provided an updated estimate of the
effectiveness of the current channel and dike design. The study produced an updated 200‐year
flood profile for the lower reaches of Mission Creek based on a maximum instantaneous flow of
144 m3/s and a maximum daily flow of 118 m3/s at the Casorso Road Bridge. These discharge
values were used in the design of the setback dikes. Other relevant references included:
historical hydrometric data from Water Survey of Canada for the station Mission Creek near East
Kelowna (station ID 08NM116); hydrology and hydraulic studies; Mission Creek Water Use Plan;
fish habitat assessment and restoration plans; and research by Dr. Leif Burge including Analysis
of Sedimentation and Sediment Mitigation Strategies for Mission Creek (Burge 2009) and
Mission Creek Channel and Streamway Width Assessment (Burge 2010). The City of Kelowna
engaged Levelton Consultants Ltd. to complete a geotechnical assessment of the soils in the
project area to identify the various soil layers, their depths and their capacity to support the
proposed setback dike.

Figure 1. Mission Creek Setback Dike Project Area (Google Earth Pro, 12 May 2012)

Preparing to develop a project such as this one involved a review of similar projects in the area
relative to design and construction methods and an evaluation of the effectiveness and
performance of each completed project. The City of Kelowna constructed a section of dike on
Mission Creek downstream of the project area in 2012 that helped to inform the design of the
proposed setback dike. Another similar project was the Okanagan River Restoration Initiative
(ORRI) near Oliver, BC. This project apportioned some flow through old oxbows and meanders
along reaches of the river that had been channelized in the early 1950s and restored habitat and
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diversified channel patterns. Given the similarity between the ORRI project and the MCRI’s long‐
term goals the lessons learned on that project were very useful.
The following report establishes the biological and hydrological criteria for the design, discusses
some conceptual restoration options, and provides the engineering design for the MCRI’s
setback dike demonstration project for the reach of Mission Creek between the Casorso Road
and Gordon Drive bridges.

2.
2.1.

Biological Considerations
Ecological Benefits

River ecosystems are based on interactions between the main channel and adjacent low velocity
habitats during overbank flooding (Welcomme 1989). In comparison to a natural stream, a
channelized stream with parallel diking is confined to a single thread channel with slight
sinuosity and a higher flow velocity and shear stress for a given discharge. Vegetation removal
from the area for maintenance of the diked channel is undertaken in order to decrease
roughness, increase flood conveyance, and lower flood stages within the channel. However,
these maintenance practices can exacerbate bed and bank erosion and sediment transport. For
example, increased channel bed erosion can cause channel incision and over‐steepened
streambanks, leading to accelerated bank erosion.
Diking also disconnects the floodplain from being inundated by floodwaters, inhibiting natural
geomorphic processes that allow for sediment deposition and storage on the floodplain
(Anonymous 2002). As occurs in Mission Creek, sediments produced by erosion of banks and
from upstream sediment sources that would naturally be stored on the floodplain or channel
are routed to downstream lower gradient reaches where they accumulate. The aggraded
sediments then may need to be physically removed from the channel to prevent the channel
bed (and water table) from being higher than the surrounding residential and agricultural lands.
Man’s understanding of the natural behaviour of streams has increased tremendously over the
last decade. We now realize that natural hydrologic and geomorphic processes establish the
pools, riffles, glides, point bars, undercuts and cover that fish require during the various phases
of their life history. Gore and Shields (1995) have suggested that the sustained ecosystem
function of river ecosystems is dependent upon maintenance of watershed and floodplain
integrity. Furthermore, they state that renewal of physical and biological interactions between
the main channel, backwaters and floodplains is central to the rehabilitation of rivers. The
ecological values of floodplain habitats along leveed rivers has been restored on the Danube
River in the Czech Republic by constructing new dikes more distant from the channel (i.e.,
setback dikes) (Gore and Shields 1995). The setback dikes have permitted controlled inundation
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of floodplains within their borders and allowed the river to meander within a belt‐width
prescribed by dike dimensions.
Although complete recovery of geomorphic processes and ecological functions of Lower Mission
Creek is possible by removal of the existing dikes, this would compromise flood protection for
the City of Kelowna, as well as stream‐side residents. The dikes also serve a purpose of
maintenance access and provide an important component of the Mission Creek Greenway
Project, functioning as trails for recreational access. Recovery of stream processes and functions
is still possible, however, by re‐setting the dikes where feasible as setback dikes on either both
sides or one side of the mainstem channel. Observations of the existing channel demonstrate
that even a 10 to 20 m widening of the channel, to a width of 40 to 50 m between dikes, can
result in bar formation, better pool and riffle definition, some substrate sorting to improve the
quality and quantity of spawning gravels, and the creation of a few small vegetated islands.
Setback dikes are generally constructed parallel to the stream but placed far enough from the
active channel to allow overbank flooding and some natural floodplain function. In 1938, prior
to channelization, the active channel widths (i.e., wetted and gravel bars) averaged between 60
and 80 m between KLO Road and the present‐day Regional Park (Gaboury and Slaney 2003). The
recommended degree of setback is variable, but Cowx and Welcomme (1998) suggest that the
minimum setback distance between dikes should be 7 to 10 channel widths to restore the
majority of floodplain functions. A setback distance of up to 8 channel widths between the
dikes will be feasible on the Mission Creek Setback Dike Project. This setback distance of up to
150 m will result in more defined pool‐riffle‐run habitats, well‐sorted substrates, braided
channels with numerous islands, and ecological interfaces of pools and riparian zones to provide
stream‐side cover and useable energy sources for large areas of functional fish habitat (i.e.,
pool, riffle and run mesohabitats with species‐specific preferred depths velocities, substrates
and cover). Allowing flood flows to enter historic overflow channels on the Mission Creek
floodplain will also provide additional refuge areas, and potentially short term fish rearing
habitats.
With a setback dike design, a portion of fine sediment load (sand and silt) would be deposited
on the floodplains. The increased stability of spawning gravels and reduced in‐channel
sedimentation should improve egg incubation success at riffle and pool tail‐out spawning areas
in the main channel. The gravel substrate will also be less consolidated or cemented, which will
improve spawning and incubation success for salmonids such as kokanee, who concentrate
within this section during spawning.
Setting back the dikes serves many purposes including: habitat restoration, erosion reduction,
water quality improvements, groundwater recharge, wildlife migration corridors, and reduction
of flood hazard risks. Dikes directly affect floodplain extent and connectivity with the stream
channel, which then affects habitat. Undeveloped, natural floodplains provide stream energy
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dissipation by reducing velocities and providing areas for sediment deposition including organic
debris. These low velocity areas provide refuge areas for aquatic species during floods and are
excellent habitat for a wide variety of fish and wildlife species.
Meandering channels are more stable and provide a greater variety of flow conditions and
aquatic habitat diversity than channelized streams (Keller and Brookes 1984). Meandering
channels have been reconstructed in some channelized rivers of Denmark (Anonymous circa
1997), Germany (Glitz 1983) and the U.S. (Gore and Shields 1995) over the past 20 years.
Creation of regularly spaced meander pools on the left bank of Mission Creek would improve
rearing and holding habitats for salmonids, and create more stable gravel accumulations at pool
tail‐outs. A deeper pool with instream large woody debris (LWD) cover would provide important
refugia, rearing and holding areas for trout, mountain whitefish and kokanee.
In summary, the anticipated benefits associated with the proposed setback dike project on
Mission Creek include:








a reduction in flood stage as a consequence of a wider stream valley with a
central channel and floodplain;
increased floodplain flows and thus floodplain channels, diversity and
interaction with active channel
fine sediment deposition on the floodplain during flood events;
increased stability and quality of spawning gravel in riffles and runs;
increased shading and cover with the development of riparian areas beside the
central channel;
restoration of in‐channel and floodplain refugia habitats for fish that allows
them to escape high velocities during flood‐flow events; and
increased diversity and abundance of various terrestrial and aquatic wildlife
species resulting from the establishment of riparian areas, floodplain wetlands
and sloughs.

The design for the Mission Creek Setback Dike Project will not only consider and address fish
and wildlife habitat issues but also other design and infrastructure components of the present
channelized system, including flooding and flood routing, and land drainage.
2.2.

Design Components

2.2.1.Preference Criteria for Spawning and Rearing Habitat
Habitat preferences for spawning and rearing habitats of kokanee, rainbow trout and mountain
whitefish inhabiting streams should be the basis for fish habitat criteria in the engineering
design for the Mission Creek Setback Dike Project. Habitat preference information for these
three target species have been assembled from Whyte et al. (1997) and Ennis (1995) (Table 1).
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Table 1. Habitat preferences for kokanee, rainbow trout and mountain whitefish inhabiting streams
Spawning/Egg Incubation
Rainbow Mountain
Kokanee
Trout
Whitefish
fall
spring
fall

Physical Habitat
Season

riffle, pool riffle, pool
tail‐out
tail‐out

Mesohabitat

riffle

Dominant substrate
type

gravel & gravel with gravel &
cobble
<5% fines cobble

Substrate size (mm)
Depth range (m)
Water velocity (m/s)

13‐102
6‐52
0.06‐0.46 0.18‐2.50
0.15‐0.91 0.48‐0.91

Cover

‐

‐

Rearing
Rainbow Trout
Juvenile
Adult
all
all
riffle, pool

riffle, pool

cobble & boulder
0.5‐0.8
0.3‐1.2
0.08‐0.20
0.2‐0.3

Mountain Whitefish
Juvenile
Adult
all
all
riffle, run, pool,
riffle, run,
off‐channel,
pool
backwaters
sand & gravel
gravel &
cobble

0.1‐0.4

‐

cobble & boulder (riffle);
LWD (pool); overhanging veg.

<3.0
slow to
moderate to
moderate
fast
cutbanks, LWD, aquatic
vegetation

2.2.2.Floodplain and Riparian Habitat
Floodplains provide a hydrologic function by conveying and storing major floodwaters (Sparks
1995). In comparison to the existing channel, it is estimated that a wider stream valley that
incorporates floodplains could lower the flood stage at 144 cms by ~0.15 m. A shallower flood
depth (similar to a natural river) would reduce the tractive force, increasing the stability of
spawning gravels in mainstem riffles and pool tail‐outs.
Channelized or diked streams lack the vegetated riparian buffers and floodplains that take up
nutrients and ameliorate the effect of increased nutrient‐loading of rivers, streams and lakes by
run‐off from fertilized lands (Sparks 1995). Planting of a diverse riparian area of trees, shrubs,
grasses and forbs should be included in the setback dike design option. The establishment of
riparian areas along the existing channel will:








provide diverse habitats for terrestrial and aquatic wildlife;
provide corridors for wildlife movement;
provide instream LWD cover and organic matter for watercourses;
provide overhanging cover;
stabilize the streambanks and reduce erosion;
control temperature in the watercourse through shading; and
restore the visual quality and amenity of the landscape.

2.2.3.Side Channel Habitat
Historic creek channels are currently present but dewatered behind the left bank dike on
Mission Creek. Restoring flow onto the floodplain from the mainstem would provide short term
rearing habitats and flood flow refugia for the target fish species. It is anticipated that greater
ecological benefits would accrue if portions of the floodplain were inundated at relatively
frequent flow events such as ≥1 in 2 year flows. As fish stranding may occur as flood flows
recede, it will be important to ensure that the floodplain is connected to the mainstem of
Mission Creek to allow for fish passage. Each channel inlet should also be armoured to reduce
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channel bed and bank erosion, and to maintain the discharge threshold when the channel is
inundated.
In summary, relevant physical fish habitat criteria in the engineering design should include:









3.
3.1.

Provide high quality rearing habitat for juvenile and adult rainbow trout and mountain
whitefish;
Provide high quality holding habitat for adult rainbow trout and mountain whitefish;
Provide high quality spawning habitat for kokanee, rainbow trout and mountain
whitefish;
Create side channel habitat to provide short term rearing and flood flow refugia;
Preferred spawning velocities of ~0.15‐0.91 m/s to accommodate kokanee and rainbow
trout during fall and spring, respectively, spawning periods;
Preferred spawning substrate sizes of ~6‐102 mm;
Cover that includes instream large woody debris and overhanging riparian vegetation in
pools and larger boulders in riffles; and
Abundant and diverse floodplain vegetation.

Detailed Engineering Design
Objectives and Deliverables

The objectives and deliverables for the Mission Creek Setback Dike Project were established
through discussions with Todd Cashin (City of Kelowna), Don Dobson (Urban Systems), Bahman
Naser (UBCO), and Shaun Reimer (FLNRO). The main objective of this project was to design a
setback dike alignment within a ~475 m reach of Mission Creek. The project area is located on
the south side of the creek downstream of the Casorso Road Bridge and upstream of the Gordon
Drive Bridge. The area of interest was analyzed to determine the size and location requirements
of the setback dike using the Mission Creek Floodplain Map1. Finally, an optimal floodplain area
and dike size was chosen to withstand the estimated updated 1:200 year discharge including a
factor of safety. The setback dike design was completed to both provincial and City of Kelowna
standards.
The deliverables of the Mission Creek Setback Dike Project included:
1. Preparation of conceptual design options for review;
2. Selection of the optimal design; and
3. Preparation of “For Construction” drawings of the engineered design.
The design drawings are provided in Appendix B of this report.
1 EcoCat: http://a100.gov.bc.ca/pub/acat/public/viewReport.do?reportId=1886
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3.1.

Overview of Project Work

The City of Kelowna provided Geographic Information System Database including survey
information pertaining to Mission Creek cross sections, the existing dikes (both North and South
banks), and the property lines for the purchased and adjacent land parcels. This information was
used to create a base drawing that was used for design. Flow data were obtained from the
Water Survey of Canada hydrometric gauging station Mission Creek near East Kelowna (Station
no. 08NM116).
The city arranged for material testing of soil samples collected at selected sites within Lot
EPP21089 by the Levelton Consultants Ltd. (Levelton report is provided in Appendix A). The soils
data were analyzed to determine the material layers and respective depths. This information
was required in order to determine if the soils in the proposed alignment for the setback dike
would support the dike.
The alignment for the proposed setback dike was determined based on a variety of key
elements including the availability of property to the MCRI, design guidelines and restrictions,
biological criteria such as high quality habitat preferences for salmonid rearing and spawning,
species and areal extent of riparian vegetation, and thermal and floodwater refugia, and flow
management and flood protection criteria such as the Q200, provincial dike design criteria,
vehicular access for dike management and freeboard and crest elevations. Physical project
constraints/limitations included: preventing impacts to the adjacent Okanagan Indian Band
IR #8, maintaining a walkway access, and determining the effects of soil composition on the
various design components of the setback dike project. The technical design of the setback dike
cross section was then undertaken using the Dike Design and Construction Guide, Best
Management Practices for British Columbia (2003).
The alignment and cross section of the dike was used along with the topographic survey data for
the site to calculate the required fill volume for construction. The volume of the existing dike
was calculated using the cross section data provided by the City and estimated to be
~10,450 m3. The material testing results for the existing dike were used to determine the
percent composition of these existing materials as compared to the required standards for the
new dike.
3.1.1.Design Considerations and Constraints
The design of the Mission Creek Setback Dike included the consideration of the following:
 biological criteria;
 flow management and flood protection criteria; and
 physical constraints/design limitations.
The design parameters, criteria and constraints with regards to the engineering design are
summarized in Table 2.
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Table 2. Engineering design constraints and criteria

Parameter
Biological

Criteria & Constraints
 Provide high quality rearing habitat for juvenile and adult rainbow trout and
mountain whitefish;
 Provide high quality holding habitat for adult rainbow trout and mountain
whitefish;
 Provide high quality spawning habitat for kokanee, rainbow trout and
mountain whitefish;
 Create side channel habitat to provide short term rearing and flood flow
refugia;
 Preferred spawning velocities of ~0.15‐0.91 m/s to accommodate kokanee
and rainbow trout during fall and spring, respectively, spawning periods;
 Preferred spawning substrate sizes of ~6‐102 mm;
 Cover that includes instream large woody debris and overhanging riparian
vegetation in pools and larger boulders in riffles; and
 Abundant and diverse floodplain vegetation.

Flow
Management
and Flood
Protection

 Accommodate a Q200 of 144 m3/s;
 Consistent with provincial dike design criteria including freeboard of 0.6 m,
crest elevation based on current data, crest width of 4 m, dike slopes of 2:1,
drainage; and
 Provide equipment access for dike management.

Physical
Constraints /
Design
Limitations








Prevent impacts to the adjacent Okanagan Indian Band IR #8;
Ensure public walkway access for Mission Creek Greenway;
Suitable soils to support relocated dike;
Minimize disturbance to wildlife trees and riparian vegetation;
Incorporate bank protection; and
Minimize disturbance to adjacent private lands.

Table 3 summarizes the maximum annual flows in Mission Creek since 1969. The maximum
annual flow recorded was 115 m3/s in 2013 and the minimum annual flow was 39 m3/s in 1992.
The maximum and minimum water depths recorded to date are 2.14 m and 0.53 m,
respectively. Each cross section within the design reach was analyzed separately using the
results from the LMCHCS to determine the appropriate crest elevations for the setback dike.
The floodplain volume was maximized within the given area to provide the greatest benefit for
flood risk reduction and restoration of fish habitat. To ensure the water depth and flow rate
were within allowable limits, the 200‐year flood levels were established along the reach using
the results from the LMCHCS. Crest elevations of the setback dike were determined using the
floodplain elevation values and adjustments extrapolated from the LMCHCS results to ensure a
consistent slope throughout the setback dike.
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Table 3. Mission Creek annual maximum flows (Water Survey of Canada)

Year
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991

Max Flow (m3s)
97.7
48.1
70.2
91.2
43.9
77.6
56.4
76.5
45.3
54.4
55.2
57.2
72.5
55.9
69.4
61.1
69
84.9
49.4
49
45.4
75.5
65.5

Year
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

Max Flow (m3s)
39
66.4
42.8
40.8
63.1
97.6
52.8
65.7
65.5
46.2
66.5
46.4
58.5
67.1
87.8
47.6
76.1
41.6
52.9
66.2
N/A
115

A constraint limiting the location of the dike was the restricted geographical area and ground
conditions of Lot EPP21089. If the existing sub‐soil along the proposed setback dike alignment
was not able to support the dike due to lack of stability, then an alternative option that would
restrict the volume of flows on the floodplain would be developed that involved creating slots in
the existing dike to allow a controlled flow of water through the slots. For this alternative,
narrow side channels would be constructed on the floodplain to provide fish rearing areas. The
slots would limit the flows into the side channels during freshet flows and maintain the majority
of the freshet flows in the existing main channel. Although this alternative is not the preferred
design option, it would still diversify and restore the rearing habitat along this reach.
The second design constraint was to design the project so the flow stays within the hydraulic
limits of the dike. With a varied cross section the depth of water must be calculated at every
point to ensure there will be no chance of water overtopping the dike. A decreased flow rate will
directly decrease the depth of flow within the expanded channel reach. The decrease in depth of
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flow can be accomplished by creating a wider floodplain that will allow for an increased channel
cross sectional area. For many other reasons a lower stage for a given flood flow can be
beneficial. These include reductions in required riprap armouring, decreased erosion and
transport of fine soils and gravels, and a more functional habitat for fish spawning, rearing and
holding.
The City of Kelowna has agreed to a setback of the outside toe of the new dike at 0.3 m off the
adjacent property line. According to the Dike Design and Construction Guide, Best Management
Practices for British Columbia (2003), the minimum radius of curvature for the setback dike to
prevent side bank erosion is 15 m.
There are also several minor physical constraints associated with this project. Two bridges have
recently been constructed on Mission Creek: Casorso Road Bridge (2007) and Gordon Drive
Bridge (2010). Due to the estimated design lives of these bridges, it will be necessary to leave
the alignment of Mission Creek unaltered at both bridge crossings.
In addition, there is a walking path along the crest of the existing dike that parallels the creek.
When the old section of the dike is removed and the new setback dike is installed the walking
path (Mission Creek Greenway) must be re‐instated as well. The constraint associated with this
task is determining the start and finish locations of the existing walking path and tying in the
new path with the existing path using a constant slope.
Figure 2 illustrates the typical cross section of the setback dike. Riprap armouring will be placed
along a ~150 m section of the dike adjacent to the side channel as indicated on the design
drawings in Appendix B. It is proposed to incorporate willow stakes in the toe rock of the riprap
to encourage rapid revegetation in that zone as per Figure 5. The use of cottonwood plantings in
riprap is not permitted. Riparian vegetation and large trees will be left undisturbed as much as
possible to protect the existing natural riparian and wetland habitats. The side slopes of the dike
on the creek side will be a 2.5:1. The dike will have a graveled top width of 4 m to accommodate
equipment access and a public walking path. The backside slope of the dike will be 2:1.

4m
2.3 m
2:1

2.5:1

2:1
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Figure 2. Typical setback dike cross section (Dike Design and Construction Guide, Best Management
Practices for British Columbia 2003)

3.1.2.Design Flood Elevations
Figure 3 illustrates the Mission Creek Floodplain Mapping that was completed in 1984. The same
cross sections were resurveyed in 2014 as part of the LMCHCS and were used to determine the
updated 200‐year flood elevations. The cross sections and updated elevations (including
freeboard of 0.6 m) used for this project are summarized in Table 4.
Table 4. Cross sections used for the setback dike project with 2014 elevations

Cross section ID 2014 elevation (m)
XS‐15
347.97
XS‐14A
347.61
XS‐14
347.49
XS‐13
347.14

Figure 3. Mission Creek Floodplain Map (Ministry of Environment, Water Management Branch 1984)

3.2.

Setback Design

3.2.1.Feasibility Analysis
In designing a setback dike for Mission Creek it was necessary to analyze all options that fit both
the project requirements and project constraints. A review of the project goals and constraints
led to the creation of two feasible designs. The first design option involved removing the existing
dike on the south edge of the Mission Creek and constructing a new setback dike along the
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perimeter of Lot EPP21089. This option required that the foundation conditions along the
proposed new alignment were suitable to support the dike. If it was determined that the
foundation conditions along the proposed new alignment were not suitable to support the dike,
then the second option was to leave most of the existing dike in place and construct a series of
slots in the dike that would allow a controlled flow of water through the dike to create a
network of side channels behind the dike that would restore fish rearing areas along this reach.
This was not the preferred option as it would limit hydrologic connectivity and processes as well
as the amount of new habitat created.
The Levelton Consulting Ltd. Geotechnical Assessment Report revealed that the foundation
conditions along the proposed new alignment were suitable to support the new setback dike
(Levelton 2015 – Appendix A). Therefore the existing dike could be completely removed
increasing the channel width from ~40 m to a maximum of ~150 m allowing opportunities for
the creek to create a more naturalized pattern along this reach.
3.2.2.Floodplain Expansion
The setback dike design involved the creation of an expanded floodplain through the removal of
the existing dike. The overall goal of the MCRI is to restore former habitat that existed before
the creek was constrained by dikes through restoring the floodplain and incorporating additional
channel meanders. This project is the first step in re‐establishing some of the habitat and
complexity that existed before the channel was diked. The estimated new habitat area created
by this project is estimated to be ~18,000 m2.
3.2.3.Setback Dike Alignment
The alignment of a dike follows the property lines of Lot EPP21089 with the intent to maximize
the opportunity to create new habitat area while maintaining the existing natural wetland
habitat and environmental sustainability, providing a wider floodway with increased flow
capacity, reducing peak flood levels, reducing flow velocity and bank erosion, and reducing long‐
term maintenance costs.
The setback dike design requirements were summarized in section 3.1.1. In creating the
alignment it was also necessary to consider future projects and long terms goals for the area.
The long‐term goal for this section of the Mission Creek is to have a continuous setback dike
extending from Casorso Road to Gordon Drive and incorporating all available floodplain area to
reduce the risk of flooding. The intent is to remove the existing dike and construct the setback
dike and then allow the creek to naturally develop new meander patterns in the expanded reach
over future freshets. The progress of the development of expanded habitat will be monitored
annually. Initially it is intended that the peak freshet flows would continue to flow down the
existing main stem channel while allowing for overflow and meandering into the setback area. If
it is determined that it is appropriate to assist with expanding suitable habitat, suitable designs
will be considered as required.
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The minimum offset required from the property line to dike toe is specified as 7.5 m in the Dike
Design and Construction Guide, Best Management Practices (2003). However, since the land on
which the dike will be constructed is owned by the City and since the province will have a right‐
of‐way for dike maintenance over the entire property, the setback was reduced to 0.3 m to
maximize the floodable area. Figure 4 illustrates the proposed alignment of the new dike, the
existing dike to be removed, as well as the proposed setback dike.

Figure 4. Mission Creek Setback Dike Overview (Google Maps 2015)

3.2.4.Setback Dike Height
Once the alignment was established the crest height of the setback dike was determined based
on the updated survey data and results from the Lower Mission Creek Hydraulic Capacity Study
Kelowna, BC (Tetra Tech EBA Inc. for FLNRO 2014). The standard design flood in British
Columbia is the flood with the annual probability of occurrence of 0.5%, or the 1 in 200 year
flood. The crest elevation must then be designed using the higher of 1 in 200 year
instantaneous discharge plus 0.3 m freeboard or the 1 in 200 year maximum daily discharge plus
0.6 m freeboard (Dike Design and Construction Guide, Best Management Practices for British
Columbia 2003). The design flow (maximum daily discharge) provided in the Lower Mission
Creek Hydraulic Capacity Study was 144 m3/s. The Lower Mission Creek Hydraulic Capacity Study
also provided updated dike crest elevations along the creek including the project area that were
used to guide the determination of the dike crest elevation for the setback dike. The cross
sections that are adjacent to the proposed setback dike alignment are summarized in Table 4.
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3.2.5.Riprap Armouring
As the channel adjusts and meanders into the setback area, there is a potential for flows to
impinge on the dike, especially during freshet flows. During these conditions there is a risk that
the dike face may be eroded or the toe of the dike undermined by scouring if not protected with
riprap. The outside bends of the creek can be subjected to greater hydraulic forces and are
typically more susceptible to scour or erosion. To prevent possible damage to the dike it is
proposed that riprap armouring be used. Although riprap provides the best permanent
protection against erosion during high flows in those areas subject to the direct force of the
flow, blasted rock is not particularly aesthetically pleasing and it does inhibit the establishment
of vegetation that benefits fish and other aquatic organisms. At the time of construction it is
proposed to armour ~150 m of the new dike adjacent to the side channel where erosion may
occur during freshet flows (refer to design drawings in Appendix B). Since the intent is to remove
the existing dike down to a height of ~0.5 m above the main channel bed so that initially there
will be overflow into the expanded floodplain when flows exceed the average annual flow, it is
anticipated that it will take a number of years before sections of the main channel will migrate
into the wider floodplain. As the channel does migrate across the floodplain additional sections
of the dike can be armoured as required to prevent erosion.
The sizing of riprap armouring is based on river flow velocities and bank slope angles. As an
initial guideline, assuming a design flow velocity of 4 m/s and a maximum dike waterside slope
of 2:1, Levelton Consultants Ltd. recommended a Class 250 riprap with a nominal thickness of
1,000 mm, with the average dimension of angular rock being approximately 565 mm based on
Ministry of Transportation and Infrastructure guidelines. Based on the results from similar
projects constructed on the Okanagan River, FLNRO staff recommended that riprap would be
placed along the entire length of the setback dike. A sample cross section of the riprap design
from the Dike Design and Construction Guide, Best Management Practices for British Columbia
(2003) is shown in Figure 5. As illustrated in Figure 5, the riprap armouring extends to the top of
the dike to accommodate higher flow rates, and further below the toe of the slope to prevent
scouring.

Willow stakes
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Figure 5. Riprap design cross section (Dike Design and Construction Guide, Best Management Practices
for British Columbia 2003)

3.2.6.Geotechnical Considerations
Levelton Consultants Ltd. completed soil gradations in the existing dike and nearby soil
stockpiles that might be used in the dike construction to determine if the soils were consistent
with the provincial requirements. In order to prevent seepage, a fill containing 15% of silt or clay
sized particles by weight is required. The resulting material tests of the stockpiles indicated that
the percentage of fines in the existing dike that is slightly less than required at 10.2%. As a
result, the material will have to be combined with either the stockpile material of the north
berm on site (which had a fines content of 20.5%) or an offsite material with a higher fines
content. The recommended aggregate gradation is provided in Table 5.
Table 5. Recommended Dike Fill Gradation

Sieve Size (mm)
150
75
37.5
19
4.75
0.425
0.075

% Finer Than
100
75‐100
60‐100
50‐90
40‐70
25‐50
15‐35

The Levelton testing of the soils from the auger holes along the proposed alignment determined
that the long‐term settlement of the sub‐grade soils are expected to be ~100 mm. Based on this
limited settlement it was determined that the sub‐grade soils were suitable to support the
proposed dike.
3.2.7.Design Specifications
The setback dike design will result in the removal of the existing dike down to ~0. 50 m above
the bed of the creek. A 0.50 m depth is equivalent to the approximate depth of the mean
annual flood. The material removed will be used to construct the new dike. This design will
contain the annual flood within the existing channel while allowing the south bank to be
overtopped during flows above the mean annual flood. This approach will provide an
opportunity for the creek to re‐establish a more natural channel pattern.
There is an existing side channel near the upstream end of the project area that was isolated by
the existing dike. It is proposed to construct two overflow weirs to provide flow into the side
channel. The overflow weirs would be 3 m wide and have an invert elevation slightly lower
than the average annual high water level designed to assist in restoration of the floodplain. The
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habitat will be connected to the main channel at the west end through the second meander
notch. A ~3 m wide outlet channel to the mainstem will allow fish egress from the side channel
as flood flows recede. Where possible the existing mature trees along the bank of the creek in
this section will be preserved.

It was noted during the field assessments that there are several point bars along the north side
of the main channel through the project area. These offer the opportunity to construct
corresponding meander notches with pools along the south side of the channel that would
encourage the channel to restore a more natural meander pattern. Four meander notches will
be constructed once the existing dike is removed. The first will be located adjacent to the side
channel and will include an overflow weir. The second is located immediately downstream of
the west end of the existing side channel. The third notch will be located ~100 m downstream of
the second and the fourth ~100 m downstream of the third. The notches will each be 30 m
long, extending 5 m into the bank and have a maximum depth of 0.5 m deeper than the
adjacent channel to improve pool habitat. Large woody debris (LWD) structures that are
comprised of several logs (18 m long) with root wads attached will be embedded in the bank at
each meander pool to provide instream cover. The approximate locations of meander notches
are shown on the design drawings in Appendix B.
The construction of the overflow weirs and the meander notches is scheduled for 2016 during
the normal instream work window for Mission Creek.

Following the 2016 freshet and in subsequent years, FLNRO staff will evaluate the effects of the
freshet on the new floodplain to determine if additional connectivity between mainstem and
side channel habitats is required to prevent fish stranding in the side channel as flows recede.
These works would typically be undertaken later in the year during the normal instream work
window.
There is an abundance of mature cottonwood trees and some alder clumps along the edge of
the existing channel and also embedded in the south side of the dike. The intent is to preserve
as much of the healthy trees as practical. An arborist will be engaged to recommend which trees
to save. Those trees that are over‐mature or unhealthy, or determined to be danger trees will be
either removed or stubbed as appropriate.
The existing dike will be removed down to the original natural ground level or to a level 0.5 m
above the adjacent stream bed, whichever is greater. In no circumstance will any work occur in
the wet during the removal of the existing dike. Silt fence will be installed, where necessary, to
prevent sediment from spilling into the water.
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The new dike will extend over a length of 540 m and require 9,200 m3 of material. The
recommended design will have a crest width of 4 m, with slopes of 2H:1V on the landside and
2.5H:1V on the waterside, with a potential for a steeper waterside slope with armouring. The
constructed dike material is to be compacted to a minimum of 97% with a moisture content
within 2% of optimum, which will be tested on site with standard Proctor tests. These design
criteria are consistent with the requirements in the Dike Design and Construction Guide, Best
Management Practices for British Columbia (MWLAP 2003). To facilitate the access of
equipment inside the dike area two access points will be identified near both ends of the new
dike. The easterly access point may be located near the second corner of the dike near the
revegetated area. The access point could be used as a view point with a picnic table and
information signage however it must be understood that if access is required at that site that it
may require the removal of any signage and improvements. The costs to replace the signs etc
would be the responsibility of the MCRI not the province.
Levelton Consulting Ltd. found the existing dike material contained a fine grained soil
component lower than required. Therefore, existing dike material will have to be mixed on‐site
with an engineering fill to meet the recommended dike fill gradation outlined in Table 5. Due to
the age and condition of the existing dike the variance in material properties is unknown and
therefore will require further investigation to determine the actual quantity of re‐useable
material. The existing dike also contains a larger quantity of material than is required by the
proposed dike therefore it can be assumed that a large majority of the material may be re‐used.
The excess material from the existing dike will be dealt with in one of three ways dependant on
the quality. If the material is clean gravel it may be used by the City for another project that
requires fill or the material could be hauled back to the City’s gravel pit.
3.3.

Summary
a. The site conditions for the setback dike alignment within lot EPP21089 are suitable for
the construction of the dike.
b. With the setback dike, the channel and floodplain width would be widened to ~150 m
from the existing channel width of ~40 m.
c. The floodplain area adjacent to the setback dike is suitable for creating additional off‐
channel habitat as the creek develops new channels through the area.
d. Restoration of the floodplain should be assisted by constructing overflow weirs near the
upstream end of the project area and four meander notches adjacent to existing point
bars on the north side of the channel, to encourage a more naturalized flow pattern.
e. No instream work will occur during the removal of the existing dike.
f. Instream work is scheduled for 2016 during the normal instream work window for
Mission Creek.
g. Large wood (root wads including attached tree trunks) from trees removed during
construction should be added to each of the meander notches to improve the fish
habitat.

December 2015

18

Mission Creek Setback Dike Engineered Design Report
h. There is a more than adequate material in the existing dike along the south side of the
Mission Creek channel to construct the new dike.
i. The existing dike material does not meet the provincial specifications in silt/clay sized
material but additional fine grained material can be added as the new dike is constructed.
j. The existing dike will be removed in the dry with no detrimental impacts on the water
quality in the creek. In no case will material be removed in the zone below 0.5 m above the
stream bed. Where necessary silt fence will be installed on the dike to prevent sediment
from spilling in the water during the removal phase.
k. It should be possible to complete the construction of the setback dike within the period
from September – February, assuming a mild winter.
l. Every effort will be made to retain native trees (primarily black cottonwoods) during
construction, including stripping of the existing dike to the specified elevation. In addition,
trees identified for removal will be stubbed if it does not impact design objectives and safety
requirements.
3.4.

Recommendations

The following recommendations are provided:
a. The alignment for the setback dike should follow the alignment recommended in Figure 4
and the plans in Appendix B.
b. Dike construction should be scheduled during the low water period in Mission Creek when
the groundwater levels along the setback alignment are low. This would typically be from
September – March.
c. Instream construction of the overflow weirs and meander notches including the placement
of large woody debris cover structures should be scheduled during the normal instream
work window for Mission Creek in 2016.Appropriate steps to isolate instream work areas
will be mandatory.
d. The footprint for the setback dike should be stripped to mineral soil and the stripped
material removed to a suitable storage site for future use.
e. Construction of the setback dike should commence from both the upstream and
downstream ends allowing the existing dike to be removed from the mid‐point towards each
end. This approach would allow construction to proceed faster.
f. As noted above, the existing dike material requires additional fines, i.e., sand to meet the
recommended dike fill gradation. This can be accomplished by adding 5% silt/clay to the fill
as it is placed, e.g., add one truck of silt/clay for every 10 truckloads of dike material.
g. Fill should be placed in 300 mm lifts and then compacted 97% using standard Proctor tests.
h. No frozen fill should be used.
i. Riprap should be placed after the dike structure is completed.
j. Setback dike works should be completed by no later than March 31, 2016 and instream
construction by September 2016.
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4.

Construction Implementation Strategy

4.1.

Construction Schedule

The proposed tasks and estimated start and completion dates are summarized in Table 6.
Table 6. Proposed construction tasks and schedule

Task #

Description

Start Date

Completion Date

1
2

Survey and stake new dike alignment
Live tree assessment and danger tree
assessment
Remove trees from dike and new alignment
Permitting
Strip and dispose of top soil from new
alignment
Place gravel sub‐grade on new alignment with
material from existing dike
Construct new dike
Install groundwater monitoring piezometers
Armour 150 m of dike at east end
Construct overflow weirs
Connect side channel outlet to meander 2
Construct meander notches and place LWD
Site clean up
Replace fencing
Install access control barriers
Install signage

September

October

October

October

October
October

October
November

November

December

November

December

December
December
February
July
July
July
March
March
March
March

March 2016
January 2016
February 2016
August 2016
August 2016
August 2016
March 2016
March 2016
March 2016
March 2016

3
4
5
6
7
8
9
10
11
12
13
14
15
16
4.2.

Cost Estimate

The preliminary estimated cost for the project is ~$380,000 that includes a $26,000 contingency.
For details on the cost estimates refer to the spreadsheet in Appendix C.
4.3.

Environmental Management Planning

An Environmental Protection Plan has been developed to provide regulatory direction for all
construction activities. This EPP was developed to address potential environmental impacts
during the removal of the existing dike, construction of the setback dike, and creation of
meander notches. The EPP provides site specific guidance to the contractor and onsite
environmental representatives, for the placement of erosion control materials and mitigation
measures to ensure that sediment and drainage are managed properly. This EPP also includes
guidance for water quality management, fuel spills, construction waste, material storage,
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archaeological resources and restoration and clean up procedures, and environmental
monitoring.
In regard to environmental risk associated with this project, there is a low risk of sediment being
released during removal of the existing dike since the work will be scheduled during low flows
and the excavation work will not be connected to the creek as the toe of the existing dike is
several meters away from the bank of the channel.
During the construction of the meander notches in 2016, which will occur at the water’s edge,
appropriate approvals will be in place and the work areas will be isolated from the creek using
turbidity curtains. There will be an environmental management plan prepared in advance and
approved by FLNRO as well as an onsite environmental monitor during any instream work. This
risk would be minimized by working during the normal instream work window, under low
discharges, completing the excavation of meanders and floodplains outside of the existing dikes
before connecting through the dikes, and using cofferdams or turbidity curtains as required, to
isolate the work area.

5.

Effectiveness Monitoring

Assuming construction is initiated on priority works, as outlined above, monitoring should
determine the effectiveness of the restoration works at meeting the restoration objectives.
The restoration objectives for the priority works are:










to maintain flood protection up to the design flow of 144 cms;
to maintain existing drainage networks and water withdrawal off‐takes;
a groundwater monitoring plan is being prepared that will include the installation of
piezometers at strategic locations to monitor the groundwater levels, before , during
and after construction.
to increase the quantity and quality of spawning and rearing habitat for salmonids;
to improve the stability of salmonid spawning substrates;
to improve aesthetics and wildlife habitat;
to increase and maintain biodiversity within the river corridor; and
to re‐establish some of the physical structure, and hydraulic and geomorphic processes
that are characteristic of natural rivers.

Monitoring of the proposed restoration works should occur prior to and after construction and
pertain to: the native fish populations and habitat; surface and groundwater levels; extent and
impact of flooding on lands outside of the dikes; and sediment transport and deposition. The
target fish species for the effectiveness monitoring should include kokanee, rainbow trout and
mountain whitefish. A more holistic monitoring program could also include wildlife species that
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would be affected by the restoration project along with growth and survival of riparian and
floodplain vegetation.
Monitoring parameters to determine fish utilization, particularly for spawning and rearing,
should involve spawner counts, and determining fry, juvenile and adult densities. Egg
incubation success should, where feasible, be evaluated for the target species. Egg incubation
success should be related to the characterization of the spawning habitats of kokanee, rainbow
trout and mountain whitefish. This should include velocity, depth, substrate size analysis and
slope measurements. Regular engineering level surveys of the channel and floodplain will
monitor sediment transport and deposition rates, and any changes in topography. The
evaluation of these monitoring results will guide the implementation of further restoration
activities on Mission Creek.
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Appendix A. Levelton Consultants Ltd. ‐ Geotechnical Assessment Report, Mission Creek Dikes – Phase
1 East
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Appendix B. Design Drawings
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Appendix C. Detailed Cost Estimates
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