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1.2

Introduction

Background

The Douglas Creek watershed is a 5.5 km® urbanized watershed in the eastern part of the District of
Saanich (see Figure 1-1). Historically, the watershed had about 7 km of stream channel draining the
watershed which extends south from Mount Douglas Park to about McKenzie Avenue near Gordon
Head Road. Now only about 800 m of the original stream channel remains within the lower reaches of
the channel in the Mount Douglas Park and about 80 km of stormwater sewers draining the remaining
watershed. The combination of increased impervious area and increased using sewers for drainage in
the watershed has significantly increased the speed with which rainfall is transferred to the stream. This
has increased peak flows in the open channel downstream which has led to channel erosion and
damage to stream habitat.

The urbanization in the watershed has also led to reduced water quality and changed baseflows in the
natural stream channel. Sources of the water pollution include both non-point source such as grit and
oil from street runoff, as well as point sources such as furnace oil leaks, and illegal dumping of
deleterious materials into stormwater sewers such as paint, used oil and other household chemicals.
An inverted weir structure has been installed near the main outlet of the stormwater sewer system to try
to address water quality issues. However, as the structure was only designed for smaller discharges it
becomes overwhelmed during large winter storms resulting in carrying over the pollutants and poor
water quality in the channel downstream.

Since 1995, the Friends of Mount Douglas Park Society (FMDPS) and the District of Saanich, in co-
operation with Department of Fisheries and Oceans (DFO) and Ministry of Environment (MoE) have
work hard to improve the lower reaches of Douglas Creek to help improve habitat quality. The FMDPS
have installed large woody debris (LWD), riffles, spawning gravel, riparian planting and carcase
fertilization all in an effort to improve habitat for Chum and Coho salmon. Fry have been released into
the creek and a small number of adults have returned. However, these returns have been low and
sporadic. This is believed to be partially the result of poor incubation conditions unstable spawning
habitat due to high winter flows and low survival rates for juveniles as a result of poor water and rearing
habitat quality.

The focus of this study is to review both the condition of the lower reaches of Douglas Creek as well as
the watershed as a whole to develop both short term and longer term solutions to water quantity and
water quality issues. By developing options to address the water quality and water quantity issues at a
watershed scale rather than at a local reach scale, it is hoped that stream habitat can be improved to
help support a healthy aquatic ecosystem and fish population.

Previous Studies and Reports

Several past studies have been completed for both the Douglas Creek watershed as well as the lower
natural reaches of the creek in Mount Douglas Park; A list of the primary reports reviewed and
referenced in this study are listed below.
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Douglas Creek Stormwater Retrofit Project prepared by Murdoch Landscape Planning and
Design Ltd. in 2005.

This study prepared by Murdoch Landscape Planning and Design Ltd. outlines the current condition of
the watershed and provided recommendations on source control approaches such as rain gardens, and
bio-swales to treat stormwater runoff to improve. The report compares both effective impervious area
and drainage density for both historical conditions and current land-use for the watershed as a whole as
well as for each of the sub-basins. The report also estimates potential pollution loading in the
watershed. Finally, examples of source controls to reduce effective runoff and improve water quality are
discussed including design approaches. This report provides the primary basis for summarizing current
watershed conditions which have helped guide recommendations in this study.

The Management of Hazardous Waste Hydrocarbons on the Douglas Creek Watershed, M. Cooke
et. al., University of Victoria, 2005.

This study outlines the impacts to aquatic habitat and human health from pollutants in the Douglas
Creek watershed as well as the results of water quality sampling completed in the Douglas Creek
watershed. In particular, focus on impacts motor oils on human health and aquatic ecosystems as well
as a summary of the legislation which prohibits discharge of deleterious substances into water bodies.
Water samples taken throughout the watershed over a two week period indicate that concentrations of
Polycyclic Aromatic Hydrocarbons (PAH) were higher than those recommended in the BC Water Quality
Guidelines for the protection of Aquatic Life. Longer term sampling would be required to estimate the
day to day concentrations exceed the Water Quality guidelines. In addition, the Capital Regional District
(CRD) stormwater sampling program has indicated that sediment samples taken from the mouth of
Douglas Creek exceed the Canadian Council of Ministers of Environment (CCME) Sediment Guidelines
for copper concentrations with other heavy metal concentrations near the recommended maximums.
Although the spilling of hazardous waste onto watershed and subsequently into a water body is
prohibited by legislation, enforcement of the legislation is lacking because of complex pathways that
pollutants can enter water bodies, difficulty in re-tracing and locating sources and limited resources
available for enforcement. The primary recommendation for this study is increased public awareness of
impacts of hazardous materials on water courses through public education.

Douglas Creek Salmon Habitat Assessment, S. Hocquard, University of Victoria, 2005

This study provides a summary of the results of a stream habitat assessment for Douglas Creek carried
out using the methods described in the Urban Salmon Habitat Program Assessment Procedures for
Vancouver Island (Michalski et. al., 1998). The procedure includes surveying the stream to measure
physical habitat types and identify stream reaches, evaluating in-stream habitat including pools, cover,
and substrate composition, measuring water quality using pH and dissolved oxygen (DO) meters,
describing riparian habitat quality using standard classification and terminology then comparing the
results with established standards. The three upper reaches of Douglas Creek were assessed from
downstream of the Ash Road culvert to the weir. The results of the assessment indicate that pH (6.5),
temperature (10.9 °C) and DO (10.7 mg/l) were good during the site visit completed in October 2005.
Habitat areas rated as good include pool area (avg. 56%) and cover in pools (avg. 24%). Poor habitat
parameters included erosion sites (avg. 24% of reach length, crown cover (avg. 24%), off-channel
habitat (0) and in-stream habitat from vegetation (avg 2% per reach).

Detention Options for Douglas Creek, Bocksei et. al., 2003.

This is a comprehensive study looking at detention options within the sub-basins with a focus on
reducing the 10-year event peak flow. The study provides background information on watershed
condition and involved estimating hydrological estimates for peak-flows in the watershed. The report
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reviews various types of Stomwater BMPs and water quality control practices. Site specific detention,
infiltration options are outlined. Seven stormwater management areas are identified within the
watershed for detention using wetlands or dry-ponds/swales. The options indicate reduction in flows
during the first half-hour and hour of 10-year event. However, they do not provide any information on
reduction in peak flows or storage requirements to reduce peak flows to pre-development conditions.

In addition to these reports, the FOMDS have collected biological, water quality and water quantity data
intermittently along the lower reaches of the Mount Douglas Creek. Although the data does provide a
good overview of the stream conditions, significant gaps in the data limit the usefulness for analytical
study.

Monitoring Restoration Success in Douglas Creek, Brown et. al., 2003.

This report assesses stream health of Douglas Creek using biological and biophysical variables
including benthic macro-invertebrate populations and fecal coli form levels. The report compares
Douglas Creek conditions with reference site in Colquitz Creek. The report identifies evidence of bed
scouring, unstable banks and low summer flows. Insect populations indicate that Douglas Creek
pollution levels are higher than those at the Colquitz Creek reference site. However, biota indicators
may show that water quality is better downstream of Ash Road crossing in compared with the reaches
upstream of Ash Road. Fecal coli form numbers are highest near the upstream end of the creek in
comparison with downstream reaches. It is likely that the improvement of water quality downstream is
the result of mixing, dilution, and filtering of water as it passes downstream.

Project Team and Stakeholders

Kerr Wood Leidal (KWL) and Murdoch deGreeff Landscape Architects (MDI) were retained by The
Corporation of the District of Saanich (District) to complete the Douglas Creek Study. The study was
lead by staff from the Planning, Engineering and the Parks departments. A summary of the project
team is included in Table 1-1.

Table 1-1: Project Team

Corporation / Company Team Member Role
The Corporation of the District of | Dwayne Halldorson, Engineering | Project Manager
Saanich Michael Roth, Planning

Corry Manton, Parks

Rae Roer, Parks

Kerr Wood Leidal Associates Ltd. | Craig Sutherland Project Engineer
David Lee Hydrologic/Hydraulic Modeller
Murdoch deGreeff Inc. Scott Murdoch Landscape Architect / Stream
Biologist
Paul deGreeff Landscape Architect / Planner

On September 8, 2011, the project team met with members of the FOMDS and representative from the
Department of Fisheries and Oceans (DFO) to review past work completed in the watershed and
discuss potential options to resolve water quantity and water quality issues. The meeting was followed
by a short field visit to Douglas Creek to review previously completed stream restoration work and
discuss future plans.
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2. Study Area

2.1 Douglas Creek Watershed

The Douglas Creek watershed is a 5.5 km® urbanized watershed in the eastern part of the District of
Saanich. The watershed drains an are roughly bounded by Blair Ave, Larchwood Drive, and McKenzie
Ave to the south, Gordon Head Road, San Juan Ave, Hill Crest Ave, and Tyndal Ave to the east, Mount
Douglas and the ridge to the west, and Ash Road to the north of Cedar Hill Cross Road. The
watershed is divided into eight subcatchments based on stormwater drainage network. Most of the
subcatchments (Tyndall, Lambrick, Blair, Parkside, and Shelbourne) drain to the stormwater main along
Shelbourne Street while the remaining catchments (Ash, Mount Douglas, and Ravine) drain directly to
the natural channel flowing through Mount Douglas Park. A detailed map showing the watershed and
sub-basin boundaries are shown in Figure 2-1.

Historically the watershed was forested with Douglas Fir and Gary Oak meadows (Lea, 2002). In the
late 1800s, the land was cleared for agriculture. Photos from the 1920s show that the predominant land
cover in the watershed was still agricultural; However, starting in the 1950s the watershed was
developed for housing and is now almost entirely suburban residential development with some
commercial development along the Shelbourne Street corridor. Photos of the watershed taken from
Mount Tolmie to Mount Douglas are shown in Figure 2-2.

Existing development in the watershed consists primarily of single-family residential lots (51.4%) with
some multi-family development (8.1%) and commercial development (0.5%). The majority of the multi-
family and commercial development is concentrated along the southern boundary of the watershed and
along the Shelbourne Street corridor. The remainder of the area are natural parks (15%) as well as
urban parks and other public lands such as schools (4.9%). Road surfaces make up a large percentage
of the watershed area (20%). Figure 2-3 shows the existing landuses in the watershed.

Surface soils in the watershed have been heavily disturbed by development with very little of the
surficial forest soils remaining in the watershed upstream of Mount Douglas Park. These disturbed and
compacted surficial soils are underlain by native parent soils including Vashon Tills, Capilano
Sediments, and Colquitz Gneiss formations (Muller, 1983). A soils map showing approximate areas of
surficial sand/silt, clay and bedrock is shown in Figure 2-4.

Development of the watershed has led to increase in impermeable area. Recent aerial photography
interpretation completed by Caslys Consulting Ltd based on 2009 aerial photography was used to
calculate total impermeable surfaces in the watershed. The total percentage of impermeable area has
been estimated to be about 37.6%, including Mount Douglas Park. For the watershed area upstream of
the park, the total impervious area has been estimated to be about 41%.

Interestingly, the total impervious areas calculated using the aerial photography interpretation is higher
than estimated in previous studies (see Table 2-1). Previous estimates where based on typical
impervious area values for various land-use types. Using the percentage of landuse types in the
watershed, the total impervious area was calculated. In comparison, the impervious areas calculated
for this study are based on impervious areas measured from aerial photography. This difference is
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partially as a result of the difference between total impervious area and effective impervious area® as
well as the result of increases in impervious cover on properties. This increase is due to larger homes
being built on properties resulting in increased imperviousness but not increased housing density.
These increases in lot coverage may not be accounted for in estimates of percentage impervious areas
for various land-uses used in previous studies.

Within the developed area, a total of about 60% of the impervious area are public roads with the
remaining area being roofs, driveways, parking lots and patios. A breakdown of the impervious areas in
each of the sub-basins is shown in Table 2-1. A map showing the impervious and pervious areas within
the watershed is shown in Figure 2-5.

Table 2-1: Impervious Area Estimates for Douglas Creek Watershed
Source Percent Impervious Area

Kerr Wood Leidal, 2011 37%°
Murdoch Landscape Planning and Design, 2005 32%°
Bocskei et. al., 2003 31%"
Notes:

a — based on total impermeable area measured from aerial photography interpretation completed by Caslys Consulting
Ltd using 2009 aerial photography.

b - based on area-weighted average of typical % impermeable surfaces for each landuse type in the watershed calculated|
using landuse/zoning data from District of Saanich.

Douglas Creek Channel

The Lost Streams of Victoria maps complied by Suthrest (2003) indicate that historically the watershed
was drained by a small network of creek channels totalling about 7 km in length (see Figure 2-6). During
development of the watershed, the majority of these creek channels were in-filled and drainage was
converted to a network of stormwater sewers. The total length of stormwater sewers in the catchment is
approximately 80 km. In general the stormwater sewers the sub-catchments in the east of the
watershed to the main trunk sewer which runs along Shelbourne Street. The only exception is the Ash
Road sub catchment that drains to a 750 dia. stormwater sewer that discharges to the Douglas Creek

Only about 800 m of the historical creek network that runs through Douglas Creek is still in the natural
channel. Upstream of the Ash Road culvert, the channel has a relatively flat slope and consists of
several riffle pool sequences. The reaches upstream of the Ash Road crossing could provide good
physical habitat for Coho provided downstream access issues, peak flow and water quality issues could
be addressed. Downstream of the culvert the stream slope steepens and is showing signs of down
cutting and bank erosion. In some places, almost the entire granular bed load has been eroded to
expose the underlying consolidated silt/sand glacial till. It is within this lower section of the channel that
FMDPS have focussed the majority of their stream restoration efforts. These efforts will be discussed in
more detail in Section 3 below.

! Effective Impervious Area are impervious surfaces directly connected to the stormwater system such as roads, sidewalks, driveways and
roofs with connected drain leaders.
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2.3 Douglas Creek Water Quality

The land-use change in the watershed has led to increased impervious surfaces increasing the amount
of rainfall running off the land surface and an increase in drainage conveyance (pipes, ditches and open
channels) increasing the speed with which both water and pollutants are carried to the stream. The
CRD have carried out annual storm water quality monitoring for selected stormwater outfalls across the
region to review impacts to marine receiving water quality. The last sampling at the outlet of Douglas
Creek was carried out in 2007. As part of the CRD Stormwater Sampling program, the following
standards are used to assess water quality conditions for stormwater outfalls in the CRD:

1. comparison of fecal coliform testing with public health bathing standard of 200 fecal coliform per
100 ml; and
2. comparison of chemical contaminants to the Marine Sediment Quality Guidelines (Washington

State Department of Ecology).

Recorded fecal coliform concentrations from 2003 to 2007 indicate levels typically indicate higher
concentrations in winter and lower concentrations in summer. Most values are higher than the 200 per
100 ml standard at the mouth with the highest concentration recorded on Jan 30, 2007 at a
concentration of 1,100 per 100 ml. This results indicate a moderate public health concern similar to
Bowker Creek

The MSQG was selected for sediment sampling as it is well validated and has been reviewed by a
scientific panel (Reid Crwother. 1998) as well as relative ease of use compared with other systems.
The results of the analysis are shown in Table 2-2

Results for Douglas Creek — Outlet #0559
CRD Marine BC Freshwater

Table 2-2: CRD Stormwater Quality Monitoring

Recorded Value

Sediment Sediment
Parameter nglity nglity
Guidelines Guideline
1993-11/16 ~ 1997/07/03 2000/07/10 2006/06/21 vaiuel (uglg)  Value?
(ng/g)
Arsenic 1 1 5 3 57 5.9
Cadmium 0.1 0.1 0.1 0.2 5.1 0.6
Chromium 17 24 35 19 260 37
Copper 22 21 33 24 390 36
Lead 8 8 13 14 450 35
Mercury 0.08 0.02 0.02 0.02 0.41 0.174
Silver 0.0 0.1 0.1 0.1 6.1 0.5
Zinc 54 75 110 124 410 123
LPAH 0.2 0.1 0.1 0.1 5.2 0.1
HPAH 1 0 0 0 12 1
Notes:
1 — Standard values for based on Marine Sediment Quality Guidelines (Washington State Department of Ecology)
2 — Adapted from the Canadian Council for Ministers of Environment (CCME) Canadian Sediment Quality Guidelines
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Based on these values the contaminant rating at the mouth of Douglas Creek was rated as low for
marine receiving water. However, it is interesting to note that sediment sampling taken from upstream
within the watercourse in 1997 resulted in a moderate contamination rating. This is indicating that
pollution loads may be decreasing as water travels along the water course. This is a similar finding to
the other water quality sampling done in the watershed.

Other studies suggest that water quality is impacting Douglas Creek biota (Browne, J, et. al. 2003).
Examples include:

e Aquatic insect population data suggests pollutions levels are higher in Douglas Creek than in
the Colquitz Ck. reference site.

- Biota statistics suggest water quality is better downstream of Ash Rd. (may be due to dilution
of pollutants or filtering and cleaning of the water as it moves downstream).

e Fecal coli form numbers are highest at the head of the creek and decrease as the stream
nears the ocean.

Landuse conditions in 2004 were related to potential pollution loads to the stream (Murdoch 2005).
Sub-basins that potentially have the greatest water quality impact to the stream are the Shelbourne and
Blair sub-basins followed by the Ash and Tyndal sub-basins (see Figure 2-7). Pollutants that were
assessed were sediment, zinc, BOD, and nitrogen loading. The existing weir structure will hold back
some contamination during low flows but is easily overwhelmed with only a moderated increase in
stream flow. Maintenance on the form of sediment removal would also be required to avoid re-
suspention of sediment and contaminants during moderate to high flow events.

With or without conclusive water quality data, the overall risk to the aquatic ecosystem is high given the
high level of drainage connectivity in the watershed. Oil spills for example have occurred in the
watershed and resulted in contamination of the stream. In terms of developing a sustainable fish
population in the watershed, this level of connectivity must be reduced especially for species that
permanently (e.g. Aquatic insects, Cutthroat trout, etc.) or have long term residence periods in the
stream (e.g. Coho salmon, Sea run Cutthroat trout).
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Mount Douglas Creek Aquatic Habitat

Overview

Aquatic habitat in the open channel portion of Douglas Creek was reviewed to determine existing
aquatic habitat conditions, and to assess opportunities and constraints as it relates to salmon habitat
and fish production. The section of open channel was divided into two reaches based on channel
morphology. The lower reach extends from the marine environment to Ash Road and the upper reach
extends from Ash Road to the end of the channel where it meets the stormwater sewer.

The lower reach is steeper with grades of 3 to 5 and is characterized by a confined channel situated at
the bottom of a ravine. Salmonid habitat in the lower section is poor condition as a result of high flows
and channel degradation (evident by bank erosion and exposed till on the channel bottom). Tables 3.1
and 3.2 below summarize aquatic habitat conditions for the upper and lower reaches. In general, the
lower section of stream is relatively steep. Although it could support small pockets of spawning habitat
and rearing habitat during low flow conditions, it best described as a transition section of stream. In
other words, fish would typically migrate through this section of stream on their way to better habitat
conditions upstream. The offspring of fish that spawn in this reach face the difficult challenge of not
being carried into the marine environment during moderate and high flow conditions. There is no refuge
habitat in this reach.

The upper reach is less steep with grades of 2 to 4%. The stream banks are moderately sloped,
although the channel is incised due to bed degradation. This type of channel would typically support
riffle-pool channel morphology. The habitat complexity in the upper reach is poor, due to lack of pools
and riffles, in stream and over-stream cover, and potential poor water conditions. Although it has
potential for fish production, the odds of a catastrophic event (such as a pollutant spill, warm water/low
DO during summer low flow conditions, etc.) are very high. Species with life stages that must remain in
the stream for a year or greater are, therefore, more at risk than species that leave their natal streams
immediately after emerging from the reed (e.g., Pink and Chum salmon).

Opportunities and Constraints

The opportunities and constraints were assessed based on the assumption that water quality and
volume control BMP’s were implemented such that water quality and flow volumes were ideal for fish
production in the 800 metre section to stream. Under these ideal conditions, we would expect to
develop more stable channel morphology with increased habitat complexity (see Figures 3.1).

The stream has the potential to support a small population of Cutthroat trout and Coho salmon. The
habitat potential is higher in the upper reach, due to reduced gradients and higher habitat complexity
potential. There are several constraints that would need to be addressed in order for the stream to
support a viable population of salmon. The potential population of fish will be small, given the small size
of the stream. Assuming a channel width of 5 m during spawning flows with roughly 5 to 10% of the
area is suitable for spawning there could about 200 to 400 m? of spawning habitat. This could support
20 to 40 spawning pairs of Coho salmon based on spawning habitat requirements of 11.7 m? per
spawning pair (Bjornn and Reiser 1991) By comparison, the Colquitz River, a significantly larger
stream, supports a population of anywhere from 50 to 300 adult Coho salmon. These numbers are
based on fish fence counts on the Colquitz River. It should be noted that the Colquitz River is not
producing to its full potential, as it is also an urban stream.
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Lower Reach Constraints

The lower reach is constrained by the physical landform of the ravine setting. There is no opportunity to
develop off-channel habitat within the lower reach. This significantly reduces the potential for this reach
to support Coho salmon. The lack of gravel and cobble sediment loads to the channel will be a long
term constraint, because the stream has been disconnected from the upper watershed by the
stormwater sewer system. Gravel supplements will be required on an annual basis to replenish lost
material to the marine environment. Additions of LWD will be required to enhance in-stream and over-
stream cover. Although it is not a constraint in the long-term, natural vegetation will require time to
colonize eroded banks.

Upper Reach Constraints

The upper reach is constrained by the lack of refuge habitat, in the form of off-channel habitat. The
structural form of the channel is poor (poorly defined riffles and pools), as is in stream habitat
complexity. Lack of gravel and cobble sediment loads to the channel will be a long- term constraint,
because the stream has been disconnected from the upper watershed. Gravel supplements will be
required on an annual basis to replenish losses to the downstream reach.

Lower Reach Potential and Opportunities

The lower reach has the potential to support a small population of Cutthroat Trout and juvenile Coho
Salmon. With moderated flows, there were will be more opportunities to increase LWD complexity
within the channel - without the risk that it will be dislodged by high flows.

Upper Reach Potential and Opportunities

There is more potential for fish production in the upper reach. This section of stream could support
good pool-riffle habitat, provided the peak flows are moderated. The addition of LWD and in stream
boulders would provide in stream habitat complexity (see Figure 3-1). There may be opportunities to
develop off-channel habitat, provided there is access from the degraded channel. A long-term strategy
will be to raise the bed of the channel, by supplementing long- term sediment throughout the reach.
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4. Hydrology and Hydraulics
4.1 Hydrologic/Hydraulic Modelling
The stormwater sewer system in Douglas Creek watershed has been modelled using the InfoSWMM
stormwater modelling package by Innovyze®. This model integrates the EPA-SWMM stormwater
model into the ESRI ArcGIS environment. This allows models to be easily updated using underlying
Geographical Information System (GIS) data without the need to import data from other sources.
The District’s stormwater sewer GIS database for the Douglas Creek watershed was reviewed and
missing data was identified. Where pipe invert elevation data was missing in the database, elevations
where assumed using linear interpolation between known invert elevations or by assuming that pipe
inverts where 1.5 m below ground surface where data was not available. A map showing the locations
where data is missing is shown in Figure 4-1. The model should be updated after the missing invert
elevations have been surveyed.
The hydrologic runoff component of the model has not been calibrated because of the lack of reliable
stream flow measurements in the watershed. However, calibrated model parameters used for the
Bowker Creek watershed immediately to the south of the study area have been used in this model. A
summary of the parameters used in the model is included in Table 4-1
Table 4-1: Summary of InfoSWMM model parameters
Parameter Value
Impervious area Manning’'s n 0.05
Pervious area Manning’s n 0.40
Impervious Area Depression Storage 2mm
Pervious Area Depression Storage 4 mm
Infiltration Model Green-Ampt
Capillary suction 178 mm
Conductivity 3.5 mm/hr
Initial Deficit 0.05
Routing Model Dynamic wave
Flow routing 100% to outlet
Only the existing land-use and drainage condition has been modelled. A review of the OCP and zoning
mapping indicates that limited development is planned for the area and that future total impervious area
is not expected to change significantly.
4.2 Hydrologic/Hydraulic Results

The 2-year, 10-year, 25-year and 100-year design storms have been simulated using the model. The
rainfall hyetographs have been developed using the SCS Type 1A storm using the District’s Intensity-
Duration-Frequency data shown in Standard Municipal Drawing DES 10 last updated in October 2003.
A copy of the hyetographs is shown in Figure 4-2.
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The peak design flows for each of the sub-catchments is shown in Table 4-2.
Table 4-2: Sub-basin Results

Max. Discharge (m®/s)

Sub-basin
Name 10-yr 25-yr |

Ash 1.02 1.2

Tyndall 1.97 2.54

Lambrick 2.99 3.26

Blair 1.25 1.25 Pipe backwatered

Parkside 0.934 1.26

Includes Lambrick, Blair, Parkside and Shelbourne Sub-

Shelbourne 6.61 7.68 basins

As shown in Table 4-2, the peak discharges at the Ash Road culvert estimated with the InfoSWMM
model are higher than those estimated in the Historical Discharge Estimates for Douglas Creek report
(Rham, 2002). These estimates were based on flood frequency analysis of six years of synthesized
stream flow data. Recorded stream flow data on Douglas Creek for the period from April 16, 2000 to
December 31, 2001 was compared with stream flow data for the Sandhill Creek watershed, which has
longer period of record. A linear regression of the data from the two stations was used to extend the
Douglas Creek dataset over the entire period of record for the Sandhill Creek station.

The estimated peak flows using the recorded data are likely lower than the modelled results as Sandhill
Creek is located in a semi-rural area with large percentage of the watershed in agricultural landuse with
some commercial and residential development. In addition, Sandhill Creek remains an open stream
throughout its entire length with some ponds along the main stem. This would result in Sandhill Creek
having a less flashy response to streamflow in comparison to Douglas Creek, which would likely result
in reduced peak flow estimates using the regression approach.

The model has been used to review the network capacity and identify any pipes that are undersized.
The model results have been compared with design criteria from the District's standard specifications
(Subdivision Bylaw 7452 — Schedule H), which specify that no surcharging of pipes shall occur during
peak flows for the:

1. 10-year return period storm event for pipes less than 900 mm diameter; and

2. 25-year return period storm event for pipes greater than 900 mm diameter.
Figure 4-3 shows the pipes within the network that do not meet the municipal design criteria.
A full set of the model output is included in Appendix A.

The results indicate that in general the storm sewer network meets the municipal standard. However,
the model results indicate that existing storm sewer system may be over-capacity in some locations.
The most notable locations are along the Shelbourne corridor from , this also appears to cause some i.
The other location is the main storm sewer flowing from the Lambrick sub-basin through Lambrick Park.

Although the modelling of the system has identified some deficiencies, testing of alternative storm sewer
upgrade solutions was outside the scope of this study.
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5. Stream Protection and Water Quality Improvement Options

Stream Protection and Water Quality Improvement Practices

A multitude of options exist to reduce peak flows for protection of physical stream habitat and improve
water quality to protect health of fish present in Douglas Creek. These can be broadly categorized into
one of the five categories:

Regulatory/Policy

This comprises of federal and provincial regulations and guidelines as well as District by-laws and
standards of practice (zoning, development, stormwater quality by-laws, etc.). These are usually
implemented on a District-wide scale. However, specific by-laws at a watershed scale can be
implemented. Regulations and policies provide direction and certainty for new development or
redevelopment in the watershed. They can be used to implement best management practices within
private lands. However, they are usually only implemented as the opportunity arises as part of new
development or re-development in the watershed. As such, they can often require a long period of time
to result in any significant change at a watershed scale.

Public Awareness / Education

This includes public awareness education programs at city or regional level as well as local or
neighbourhood initiatives and stewardship programs such as Friends of Mount Douglas Park Society.
Public awareness and education allows for public engagement and a sense of ownership which can
lead to improved practices at an individual or family level. They should form a part of any future plans in
the watershed but can not achieve the stream protection and water quality improvement objectives
alone.

Source Controls

These are usually stormwater best management practices or low impact development techniques that
are initiated as part of new development or re-development in the watershed. They can either be
initiated by private development or as part of retrofitting of public facilities. They focus on treating
stormwater at the source. Similar to regulatory or policy options, implementation of on-site source
controls on private lands often requires significant periods of time before significant improvements are
made at a watershed scale.

Regional Stormwater Facilities

These are larger scale stormwater management projects which manage stormwater at sub-watershed
or watershed scale. They often involve large public capital projects which can have large up-front costs
and often require large undeveloped areas in the watershed for construction. However, because they
treat stormwater from a large area this can often result in achieving outcomes faster than through on-
site source controls.

Operation and Maintenance

On-going operation and maintenance of facilities is key to the success of the project. Both on-site
source controls as well as public stormwater management projects require maintenance to operate
effectively. Having secured on-going funding for maintenance is important in implementing the plan.
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Examples of the various approaches for each of the five categories are outlined in Table 5-1.

Table 5-1: List of Example Stormwater BMPs

Scale of
Implementation

Category Type of BMP Best Management Practices

Riparian Zone/Preservation

Zoning/Landuse - Impervious Area
Reduction/Restrictions District Wide /

Stormwater Quality By-laws / Sediment Watershed
and Erosion Control By-laws

Site Design Standards

Regulatory / Policy | Non-structural

Public Education District Wide /
Public Awareness Watershed
. Non-Structural -
Education Local Stewardship Groups Watershed /
Neighbourhood

Vegetated Swales / Grass Channels
Structural  |Rain Gardens
(Low Impact In-filtration trenches / pits Individual Lot or Small
Development) - .
Roof Downspout Systems / Rain Barrels neighbourhood

Porous Pavements
Green Roofs
Structural Oil/Grit Separators

Source Controls

s Individual Lot or Small
(Traditional) |Catch-basin Filters neighbourhood

Engineered Wetlands
Wet Detention Ponds / Vaults

Regional Dry Detention Ponds / Vaults Sub-watershed or
- Structural
Stormwater Facilities Diversions watershed

Mechanical Treatment (Vortex) Systems
Mount Douglas Park Inverted Weir / Baffle|

Design/Construction/Inspection/Enforcem
ent

Spill Identification and Response
Street Cleaning / Catchbasin Cleaning

Operation and Operation and |Maintenance of Stormwater and Sanitary District Wide /
Maintenance Maintenance |Sewer Systems Watershed

Detection and removal of cross
connections

Water Quality / Quantity Monitoring
Complaint Reporting and Response
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5.2 Stream Protection and Water Quality Improvement Criteria

In order to compare the options, a common set of criteria have been selected by which to compare the
tested options. These include detention criteria for stream protection/erosion control as well as
stormwater treatment criteria for improving water quality.

Stream Protection/Erosion Control Criteria

The most common stream protection/erosion control criteria used in stormwater management is to
reduce the more frequently occurring larger events to pre-development levels, such as the 2-year return
period event and the 5-year return period event. However, determining pre-development amounts is
often not consistent as estimation is often based on professional judgement. The District has adopted
standard peak unit flow rates to be used in development.

The District Engineering Specifications (Schedule H to Bylaw 7452, Subdivision Bylaw) requires
detention be provided in new development such that peak flow of the 2-year return period event is
reduced to 5 L/s/ha or 10 L/s/ha for Type | and Type Il watershed respectively. Type | watersheds are
those that require higher standards for environmental protection and include Colquitz River/Elk and
Beaver Lakes, Tod Creek and Prospect Lake, Hobbs Creek/Mystic Vale and Gorge Waterway. Type |l
watersheds are typically those that drain directly to the ocean. Currently, Douglas Creek is designated
a Type Il watershed. It should be noted that Bylaw 7452 is currently under review and the Type | and
Type Il watershed designations may be either changed or removed completely.

Stream Water Quality Improvement Criteria

In addition to physical habitat requirements, salmonids also require a constant supply of clean, cool
water. The basic water quality requirements for typical salmonid life stages are outlined in Table 5-2.

Table 5-2: Stream water quality criteria for salmonid life stages.
Life Stage Parameter Ideal Range

Spawning Adults Water Temperature Coho 4.4-9.4 degrees C.
Cutthroat Trout 6.1-17.2 degrees C.
Dissolved Oxygen >8 mg/L
Suspended Sediments Migration stopped at loads of 4000 mg/L (Bell 1986)
Egg Incubation Water Temperature Coho 4.4-13.3 degrees C.
Dissolved Oxygen Coho >8 mg/L
Suspended Sediments Depositon of fine sediment on the redd can
adversely affect egg survival rates by decreasing
DO levels and impeding emergence of fry.
Rearing Water Temperature 12 to 15 degrees C.
Dissolved Oxygen 8 mg/L or greater
Growth rate declines as levels fall below 5 mg/L
Suspended Sediments Normally not a problem
Negative impact at levels >14-15 mg/L

Water quality guidelines for aquatic habitat have been established by the BC Ministry of Environment
(http://www.env.gov.bc.ca/wat/wag/wqg_guidelines.html). These reports establish criteria based on
ambient water quality for various contaminants. However, since there is little available data for Douglas
Creek it is not possible to comment on specific contaminant level criteria for Douglas Creek.
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5.3

Receiving Water Quality Improvement Criteria

As previously discussed, the CRD use the public health criteria for fecal coliform and the MSQG
sediment quality guidelines to monitor contamination of receiving water. The CCME marine sediment
contamination guidelines also could be used for assessing receiving water quality.

Comparison of Stream Protection and Water Quality Improvement
Options

A review of the potential stormwater BMP approaches with a particular focus on the Douglas Creek
Watershed was undertaken. This review involved development of a multiple accounts evaluation (MAE)
or a decision matrix approach to identify the positive and negative attributes of each potential BMP
approach. This involves selecting criteria by which to measure and compare the various options and
then assigning values to each of these criteria such that the options can be compared. Unlike cost-
benefit analysis, the MAE approach allows for a variety of criteria to be compared rather than solely a
cost-benefit ratio. It also eliminates the need to assign a single quantitative value to the benefits of the
project which can often be difficult to determine. The BMP options selected for review were based on
discussions during the meeting with District staff and stakeholders as well as discussion between
members of the design team members. The criteria were measured qualitatively based on professional
judgement and expertise of the project team. In order to account for any bias or preconceptions in the
project team that may effect the assessment, the results were independently reviewed by the project
technical reviewer and adjustments were made accordingly.

The criteria selected to compare the options include:

Peak flow reduction: Does the option reduce peak flows in the lower reaches of the watershed to
protect stream habitat from erosion (10 L/s/ha or 5 L/s/ha), based on DoS Specifications.

Baseflow quantity: Does option maintain current baseflow conditions in the watershed?
Baseline water quality improvement: Does option improve water quality to meet established targets?
Spills: Does option allow identification, capture and clean-up of potential spills in the watershed.

Implementation time: In what time frame can the option be fully implemented such that significant
improvements are made at a watershed scale?

Ease of Implementation: What external constraints exist to implementation, if any (public
perception/concerns, community support, technical challenges, implemented by the district or
implemented by others, etc)?

Relative Costs: Comparison of capital costs to funders. Costs considered only include public costs and
do not include costs associated with private development. Time scales for costs considered with
projects having higher up-front costs considered to have higher costs in comparison with smaller
projects that could be implemented over-time but may have the same total costs than the larger single
project.

The options compared include:

1. Implementing source controls on public lands including public roads and public facilities
(schools, recreation facilities, etc.)

2. Implementing source controls on private lands as part of development or re-development
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3. Distributed Stormwater Management Facilities includes construction of Ponds/Vaults/Wetands
throughout the watershed.

4. Single pond/wetland near the head of Douglas Creek channel to detain larger events and
provide water quality management.

5. Mount Douglas Park Diversion includes construction of stormwater sewer to by-pass large flow
events around lower reaches of Douglas Creek and discharge directly to the ocean.

6. Engineered Water Quality Treatment Facility (i.e. Vortecnix Unit) includes installation of one or
two engineered stormwater treatment facilities at the head of Douglas Creek channel and within
the Ash Road watershed prior to discharge to the creek.

7. Upgrades to Inverted Weir/Baffle/Skimmer include upgrading existing inverted weir to reduce
occurrence of discharge of collected contaminants during large runoff events.

8. Baseflow augmentation through storage and slow release of stormwater or construction of
ground water channel to collect ground water runoff from Mount Douglas slopes.

The results of the assessment are included in Table 5-3.

Option 1 — Single Engineered Stormwater Management Facility

The first option investigated to improve water quality and reduce peak flows involves use of two
engineered water quality treatment facilities and construction of a large diameter diversion sewer to
divert high flows around the lower reaches of Douglas Creek through Mount Douglas Park (shown in
Figure 5-1).

This option would involve installation of two engineered stormwater treatment facilities to provide
mechanical treatment of stormwater to meet water quality objectives. The larger facility would be
installed near Robinwood Drive near the outlet of the 1,775 mm diameter stormwater sewer main at the
head of the Douglas Creek channel. This system would be designed to treat runoff from the majority of
the watershed. A smaller unit would be installed in the Ash Road watershed to treat runoff from this
area. The system proposed is multi-stage treatment system with a vortex style separator which traps
suspended solids, and a baffle-weir system which traps floatables. These systems are also capable of
capturing major spills, provided they are cleaned and maintained regularly. The City of Victoria has
installed similar systems at Rock Bay and James Bay to help improve water quality in the Inner Harbour.

This option would also involve diverting high stormwater flows around the lower section of the creek
through a new 1,200 mm diameter stormwater sewer. The proposed alignment for the sewer would be
to run from the existing inverted weir near the head of the , along the existing trail which runs near the
eastern boundary of Mount Douglas Park to Ash Road, east along Ash Road to Durling Place. The
diversion would then follow Durling Place and the existing stormwater sewer alignment which flows
down to Cordova Bay from the end of Durling Place. Besides eliminating the need to construct a pipe
alignment through Mount Douglas Park to the north of Ash Road, this alignment would allow flow from
the Ash Road sub-basin to be diverted away from Mount Douglas Creek.

The primary advantage of this option is that it could be implemented relatively quickly and would allow
for nearly instant improvements to water quality and reduced peak flows in the channel. It can also be
designed such that water quality and stream flow could be achieved under most storm conditions.
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The engineered stormwater treatment facilities would be designed to capture up to 80% of total
suspended solids during the 6-momth event and up to 60% during the 2-year event. This meets both
the City of Victoria stormwater criteria as well as the Washington State stormwater quality criteria.
However, these systems only separate sediments from the stormwater and capture floating
contaminants such as oils that are not in suspension. The systems do not provide any treatment for
contaminants in solution or those not attached to sediments.

It has been assumed that flow in excess of the capacity of the 1,200 mm dia. pipe would be returned to
Douglas Creek. Itis estimated that the capacity of the 1,200 mm dia. diversion pipe would be sufficient
to carry flows in excess of the 2-year event up to the 25-year event. Additional flow in excess of the 25-
year event flow would be returned to the creek.

The capital costs for this project are estimated to be about $4.6 Million, including engineering and a
25% contingency. Detailed breakdown of the conceptual costs are included in Appendix B.

Option 2 — Upgraded Weir and Single Wetland/Detention Area

This option would involve upgrades to the existing weir to improve its efficiency at trapping floatable
debris and pollutants and to construct a detention/wetland area upstream of the weir to provide water
quality treatment and reduction in peak runoff flows (see Figure 5-2).

The existing inverted weir near the head of the Douglas Creek channel in Mount Douglas Park provides
limited water quality management for the reaches of the stream downstream of the stormwater sewer. It
operates by trapping floatable debris and pollutants in a small pond area upstream of the weir. Flow
passes though the weir in a series of 200 mm diameter pipes sloping from the bottom of the weir on the
upstream side to near the crest on the downstream side. This allows water to be siphoned from the
bottom of the pool without allowing the floatable debris to pass. It works reasonably well under
baseflow conditions; however, during high flow conditions the capacity of the small pipes through the
weir is exceeded and water passes over the weir carrying any collected pollutants with it. As it is difficult
to access the pond to remove any collected debris prior to storm events occurring, most of the debris is
carried downstream during larger rainfall events. Under baseflow conditions the storage behind the weir
is limited because water levels only need to rise about 300 mm before flowing over the weir.

Raising the weir to increase freeboard and storage behind the weir is possible. Preliminary review of
hydraulics indicates that raising the weir more than about 500 mm could impact the capacity of the
1,775 mm diameter stormwater sewer upstream. A baffle could be installed upstream the weir to help
capture floating contaminants but still allow water to flow over the weir. A more detailed review of the
hydraulics for the upgrades to the weir should be completed as part of design after relative elevations of
the weir and pipes can be confirmed.

As previously discussed, it is difficult to access the pond upstream to provide regular maintenance to
remove contaminants collected during low flow period. One option to assist with maintenance may be
to install a small diameter by-pass pipe around the weir structure with an in-line oil water separator. At
the upstream end of the pipe, an overflow weir could be installed near the water surface level which
would allow the top surface of the layer to be skimmed from the pond. This would be similar to the
simmers used in swimming pool design. A vertical sluice gate could be installed over the opening to
prevent water from flowing through the oil-water separator during high flow. Maintenance would involve
opening the sluice gate during low-flow period, letting flow pass through the oil-water separator for a
period of time to allow the surface water to be skimmed and then removing collected material from the
oil water separator.
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Retrofitting the weir and excavating a small pond upstream could provide about 1,000 m® of storage for
detention without a significant impact to the park. However, a detention volume of only 1,000 m? for the
entire watershed is not nearly enough to reduce peak flows by any significant margin. An analysis of
detention pond sizing requires that approximately 5,000 m3 of detention storage would be required to
meet the 10 L/s./ha peak 2-year return period criteria. To meet the more stringent Type | watershed
criteria (5 L/s/ha) more than 20,000 m3 of detention storage would be required. Providing this amount
of storage in Mount Douglas Park would have likely have significant impacts to the current habitat in the
park, and may be impractical because of the topography in the park.

The cost to upgrade the weir and construct small pond (~1,000 m°®) is estimated to be approximately
$400,000 including engineering and 25% contingency. A detailed breakdown of the costs is included in

Appendix B.

Option 3 — Distributed Stormwater Management Facilities and Source

Controls

This option involves implementation of stormwater management facilities and source controls distributed
throughout the watershed. The Development of Detention Options for the Douglas Creek Watershed
report (Bosckei et. al., 2003) identified seven potential locations for stormwater management facilities in
the watershed. These include a 3,000 m® wet detention pond at Lambrick Park, a 700 m® dry detention
pond at Tyndall Park and a 1,250 m® detention pond in Mount Douglas Park near Ash Road and Durling
Place which proved to be the most practical options for storage.

The location of these facilities is shown in Figure 5-3.

The options were selected based on a review of the stormwater sewer network, available open
undeveloped areas or areas of limited use in parks where facilities could be constructed, and the
feasibility of connecting stormwater sewers to these areas. The options previously identified have been
reviewed and the options with the largest detention potential have been selected to be re-evaluated as

part of this study. The results are shown in Table 5-4.

Table 5-4: Detention Results

Pre-detention

Post-detention

Flow

Detention Volume Peak 2-yr Return Peak 2-yr Return = Difference Tar_get
Pond/Wetland md) Period Flow Period Flow (mds) using
3 3 10/s/ha
(m°/s) (m°/s) (m¥s)
Tyndall 700 0.189 0.0644 -0.125
Blair 1,000 0.38 0.203 -0.177
Lambrick 3,000 0.41 0.058 -0.352
Total Upstream of Ash Road 5.0 4.35 -0.654 4.17
Ash ‘ 1,250 0.65 0.38 -0.27
Total Downstream of Ash Road 5.6 4.68 -0.924 5.06

The results indicate that installing the proposed detention ponds could reduce 2-year return period peak
flows in Douglas Creek by about 13.0% upstream of Ash Road and about 16.5% downstream of Ash
Road. These detention ponds could provide sufficient detention to allow the peak 2-year return period
discharge within the stream to be close to the 10 L/s/ha reduced peak flow criteria set out in the DoS
Engineering Specifications. However, additional storage would be required to meet the 5 L/s/ha

requirements for Type | watersheds.
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In addition to stormwater management facilities distributed throughout the watershed, this option would
also involve implementation of stormwater source controls throughout the watershed. These would
provide retention of smaller storm events (up to the 6-month event) and natural flirtation to improve
water quality. On private lands, the source controls would be implemented as opportunities arise as part
of private development or redevelopment. However, a large portion of the impermeable surfaces in the
watershed are managed by the District including roads, public buildings and other improvements in
parks (such as parking lots and tennis courts). Table 5-5 summarizes the percentage of private and
publically controlled impermeable surfaces in the watershed.

Table 5-5: Percentage of Impermeable Areas
Fraction of

Watershed Impervious

Sub-basin - “poq (ha)  Area (ha) :;azri\:gss gf; ds
Ash 49.3 42.3% 42 4% 57.6%
Tyndall 79.3 46.2% 39.3% 60.7%
Lambrick 96.5 48.6%

36.2% 63.8%
Blair 93 45.1% 38.8% 61.2%
Parkside 475 29.1% 43.3% 56.7%
Mount 68.1 1.3%
Douglas 3.6% 96.4%
Shelbourne 101.6 46.6%

41.4% 58.6%
Ravine 22 4.7% 5.6% 94.4%
Total 557.3 37.6% 39.2% 60.8%

This would involve a long term source control implementation strategy throughout the watershed. A
typical treatment surface area ratio of 5% rain garden to impervious area would be required to treat
stormwater from the publically controlled surfaces in the watershed. Municipal roads for example
(having a total impervious area of 111 ha.) would require 55,500 m? of rain garden to manage pollution
loads and runoff from a 6 month rain event. It is estimated that at an average rate of approximately
$350,000 a year, all of the publically controlled impermeable road surfaces with curb and gutter could
have source controls installed within approximately 25 years. The total estimated cost about $8.3
Million not including inflation.

Treatment of all the public surfaces may not be feasible because of constraints such as traffic
requirements on roads, limited areas within public lands for source control areas, lack of community
support for projects and geographical site constraints such as slope or underlying bedrock. However,
construction of source controls on at least half of the publically controlled impervious surface would
reduce the directly connected impermeable surfaces in the watershed to about 26% from 37%. It would
also provide opportunities for public awareness of stormwater management issues and provide a model
for private development to follow.

Providing both source controls and distributed stormwater management facilities would improve both
stormwater quality and would help to reduce peak flows during larger storm events. However,
implementation of this option alone would not likely meet the same level of water quality improvement
and flow reduction as Option 1.
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Preferred Option

Because of the complex nature of the stormwater management issues in the Douglas Creek watershed,
no clear preferred option is apparent. Land-use in the watershed has changed over the past 100-years

to create the water quality and peak flow impacts to stream habitat. Therefore, a single quick solution to
the issues is not likely possible.

Option 1 provides a feasible solution which can meet some of the stormwater quality and quantity
criteria for protection of stream habitat and fish health. The systems are designed to remove sediment
load and floatable pollutants. Removing sediment can reduce other pollutant loads such as heavy
metals, fecal coliform and other pollutants which can be attached to sediment particles. However, they
will not likely provide improvements to fecal coliform, BOD or temperature criteria. Option 2 would
provide only minor improvement to water quality and no significant reduction in peak flows. Finally,
implementing Option 3 could eventually meet the stormwater quality control targets but peak flow
reduction targets would not be fully met. This option also has the risk of not being fully implemented
because of constraints with construction of source controls in some areas and not being able to secure
long-term funding for the source control implementation strategy.

In the end, a combination of the options selected by the stakeholders will be the most likely course of
action. This will require an on-going adaptive management style of planning approach.
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Implementation Plant
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7. Recommendations and Submission

7.1 Recommendations

Based on the outcome of this study, we recommend that:

1.

Missing stormwater system data identified in the analysis be collected and input to the
InNfoSWMM model be updated to reflect actual as-built conditions in these locations;

The existing Douglas Creek weir be upgraded to increase containment capacity and improve
maintenance as well as excavating a small pond/wetland area to provide some additional water
quality benefit for the stream;

A stormwater source control program for public lands within the watershed be developed and
implemented starting with treating runoff from potential heavy pollution loads (such as high
volume roads, and parking lots) then moving to lower potential pollution loads.

Further detailed investigation of the district detention/wetland facilities at Ash Road, Tyndall
Park, Lambrick Park, and Blair Park identified in the study;

The proposed revisions to the stormwater bylaw be adopted to require stormwater source
control as part of any re-development not only during subdivisions.

Develop and implement a maintenance program to improve stormwater quality including street
sweeping, catch basin cleaning, wetland/pond maintenance including the Douglas Creek weir,
and spill response.

Develop and implement a monitoring program both within Douglas Creek channel and at key
locations in the watershed to monitor success of implementation.
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7.2 Report Submission

Prepared by:
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MURDOCH DeGREEF DESIGN INC.

Craig Sutherland, M.Sc., P.Eng.
Water Resources Engineer

Reviewed by:

Bruce Kenning, P.Eng.
Technical Review
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Landscape Architect/Biologist
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Statement of Limitations

This document has been prepared by Kerr Wood Leidal Associates Ltd. (KWL) for the exclusive use and benefit of The Corporation of The
District of Saanich for Douglas Creek Study. No other party is entitled to rely on any of the conclusions, data, opinions, or any other
information contained in this document.

This document represents KWL's best professional judgement based on the information available at the time of its completion and as
appropriate for the project scope of work. Services performed in developing the content of this document have been conducted in a manner
consistent with that level and skill ordinarily exercised by members of the engineering profession currently practising under similar
conditions. No warranty, express or implied, is made.

Copyright Notice

These materials (text, tables, figures and drawings included herein) are copyright of Kerr Wood Leidal Associates Ltd. (KWL). The
Corporation of The District of Saanich is permitted to reproduce the materials for archiving and for distribution to third parties only as
required to conduct business specifically relating to Douglas Creek Study. Any other use of these materials without the written permission of
KWL is prohibited.

Revision History

Revision # Date Status Revision Author

0 Nov 2011 Submitted | Draft Report for Review CSs
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Appendix A

INfoSWMM Hydrologic/Hydraulic Model
Output
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Appendix B
Conceptual (Level-D) Cost Estimates
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