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EXECUTIVE SUMMARY
1.0 Introduction

This Master Drainage Planwas commissioned by the District of Summerland to:

e | dentify projects that s h o wapidal works plams onvithurespedt toi n t h e
improving stormwater management.

e Evaluate the impacts of projected development with respect to drainage, and to provide guidance
for the development review process.

e Develop and recommend appropriate strategies for managing runoff from anticipated
development.

The work was commissioned in two phases:

Phase 1  Preparing a MDP for the Prairie Creek basini completed in 2006.

Phase 2  Preparing a MDP for the remainder of the basins (Bentley Road, Eneas Creek, Front Bench,
Giants Head, Kevin Brook, and areas bordering Okanagan Lake and Trout Creek) i
completed in 2009.

This document was structured to allow the documentation for the Phase 2 basin plans to be added to the
Master Drainage Planas they were completed. For the most part, this has been accomplished. There are
some differences in style and content between the Phase 1 and 2 drawings and tables. These are due to:

e an effort to improve the clarity of the information shown,
o use of different modeling software (resulting in different types of output data), and

e development of unit runoff rates to simplify the development review process.

In addition to collecting information about existing drainage, computer modeling was conducted to help
qguantify potential impacts of projec ted development. Existing conditions were first modeled to ensure
that the models reflected historical conditions reasonably accurately, then future conditions were
analyzed using both low-impact development (LID) as well as conventional techniques for managing
rainfall runoff.

URBANSYSTEMS.
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2.0 Issues, Policies, and Guiding Principles

Several key issues which are complementary to the Master Drainage Planare included for information
and discussion purposes. It is hoped that if not already policy, the associated recommendations would be
considered for adoption by the District of Summerland as part of its overall stormwater management
strategy. These are as follows:

e Since the long term Ministry of Environment plan is to regulate stormwater discharge to receiving
waters, the District should encourage and support the use of structural Best Management
Practices where feasible. Planning and policy documents should also promote stormwater
management systems that improve runoff quality. Failure to initiate these practices may result in
significant future upgrade costs.

e The District should ensure that the Riparian Area Regulation (RAR) process is applied in all
stormwater management activities where applicable.

Note that in a February 6, 2006 memo to Mayor & Council from the D irector of Development
Services, a recommendation was made to amend the Zoning Bylaw to include Okanagan Lake to
the list of watercourses requiring minimum setbacks. This indicates that Council and Staff are
aware of, and support the RAR process.

o If a prop osed development is located, even partially, within an area with a known or suspected
high groundwater table, a site-specific groundwater investigation should be required as part of
the development application review process. This investigation should identify groundwater
conditions and recommend specific measures to mitigate potential problems.

e Where conditions appear favorable to implement in-ground stormwater disposal systems, a site-
specific hydro-geological investigation must be completed by a Professional Hydro-geologist as
part of a developmentds Stormwater Management Pl an
ground disposal system should be designed and constructed based on the recommendations of
the hydro-geological report. The report should address projected life span and maintenance costs

of the proposed system.

e Whenever in-ground stormwater disposal systems are considered for use within a development,
or whenever there is potential for significant amounts of surface water to be concentrated pr ior
to infiltration, the issue of groundwater -induced slope instability should be adequately addressed
as part of the development application review process.

e The District should revise the subdivision bylaw to include more specific requirements for a
detailed lot grading plan. It should also revise the building permit process to include compliance
with the lot grading plan as a requirement of the building permit.

e The District should develop an immediate plan to proactively address Priority 1 deficiencies
Priority 2 deficiencies should be proactively addressed when and if they are impacted by
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proposed development. Priority 3 deficiencies could be proactively addressed as part of other
capital works projects, or reactively addressed if and when conditions require action.

Develop a policy which defines the conditions under which mitigative measures should be
implemented. Also develop and implement a systematic plan to address the following for each
identified unplanned emergency drainage route:

- evaluate risk in terms of design flow, frequency, and potential damage

- identify mitigative options

- assign priorities

- include highest-priority works in the annual maintenance budget

- develop a method of collecting funds for this specific maintenance issue

District Staff should develop the habit of consulting the Master Drainage Plan whenever a
triggering event (development applications, routine maintenance by the District, planned road or

utility upgrades, or mitigation of persistent or significant system failures) occurs. T hey should
also use the Master Drainage Plan to define projects for capital expenditure and annual

maintenance plans. The Master Drainage Plan should be considered as a current reference
document. It is formatted to facilitate continual updating, and shoul d be updated whenever new
information develops. Completed projects should be noted as such.

Key guiding principles upon which the Master Drainage Planhas been developedare as follows:

The District of Summerland uses dual drainage systems i the minor system for convenience
purposes, and an emergency system for protection when the minor system fails. In the Master
Drainage Plan primary emergency drainage routes (also known as overland flood route) and
associated structures are identified. Future development should respect these routes and
incorporate them into their plans. Where the primary emergency drainage system within a
developed area proves to be inadequate, the Master Drainage Planidentifies and recommends
appropriate corrective actions.

In the Magter Drainage Plan, piped emergency drainage routes are proposed only when surface
drainage routes are not feasible.

In addition to protecting life and property, stormwater management should also ensure that
natural water resources are protected from erosion, sedimentation, pollutants, and source
depletion.

Low impact stormwater management strategies should be used wherever feasible. Conventional
drainage systems should be allowed only when low impact methods prove unfeasible. However, if
conventional systems are to be implemented, appropriate measures should be taken to mitigate
potential negative downstream impacts.
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e The impacts of introducing irrigation water to a new development , or initiating irrigation on
previously dry land, should be identified. Where there is a high potential for this to negatively
impact downstream properties, mitigative measures should be incorporated into the development
design. In the case of newly-irrigated agricultural land, an irrigation management plan should be
prepared to minimize potentially negative impacts.

3.0 Design Criteria and Assumptions

Of the many design criteria and assumptions outlined in Section 3 of this document, the definitions used
to classify project priorities are of particular importance with respect t o items referenced within this
Executive Summary. These are as follows:

Priority 1 This priority applies to proposed projects which are considered necessary to prevent
significant damage to both public and private property and/or danger to the public from
runoff generated under existing development conditions.

Priority 2 These proposed projects are considered necessary to prevent:

e inconvenience or annoyance from runoff generated under existing development
conditions, or

e significant damage to both public and private property and/or danger to the
public from runoff generated under future development conditions.
Priority 3 These proposed projects are considered necessary to meet identified standards, but

failure to meet these standards is unlikely to cause:

e significant inconvenience from runoff generated under existing development
conditions, or

e significant damage to both public and private property and/or danger to the

public from runoff generated under future development conditions.

Proposed works classfied as a Priority 3 may be postponed until future development
occurs.
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4.0 Analyses

Three sets of analyses were completed for each of the primary drainage basins as follows:

e Existing development with existing drainage systems. This is to identify existing deficiencies and
develop a baseline for evaluating impacts by future development.

e Proposed development with low impact drainage systems. This allows the District to consider the
effectiveness and benefits of employing low impact stormwater management methods.

e Proposed development with conventional drainage systems. This is to determine the level of
upgrades and new works necessary to service projected development if conventional stormwater
management methods only were considered. This information provides a basis for comparison to
potential low impact stormwater management methods.

An analysis of the unit runoff rates for areas under both existing and low impact development (LID)

conditions was also conducted. It was found than under existing conditio ns, even with the 100 year
design storm, runoff from natural, undeveloped areas often is zero. Under LID conditions, the average
100 year unit runoff for the selected areas was just under 1 Lps/ha. Therefore, the following unit rates

were recommended establishing allowable discharge rates from future development sites:

e 0.5 Lps/ha for the minor system discharge (up to the 10 year design rainfall event), and

e 1.0 Lps/ha for the major system discharge (up to the 100 year design rainfall event).
5.0 Basin Drai nage Plans
In the Master Drainage Plan this section presents the interpretations, options, proposed works, and
estimated capital costs associated with each of the primary drainage basins within the study area. This
extensive information is summarized below except for the capital costs. These are summarized in the

following section.

Prairie Creek Basin

Area: 1390 ha

Description: The second largest drainage basin in the District, Prairie Creek basin is comprised of
almost equally of natural landscape, agricultural lands, and a mix of residential,
commercial, and industrial development. Dispersed throughout the agricultural land is
rural residential development.
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Drainage:

Projects:

Several large development sites have been identified in the western and northern part of
the basin, as well as some smaller developments to the south off Victoria Avenue. In
some areas, development proposals have already been submitted.

Prairie Creek forms the primary major drainage route for this basin. Much of its base flow

is generated by leakage from the Trout Creek water reservoir. The channel is well

defined and stable, but becomes severely constricted by development after it crosses
Prairie Valley Road at Phinney Avenue. Approximately 1.6 km of this stream is piped
through the low er half of the basin. Only portions of the downtown area are serviced by

urban-section roads and associated storm sewer systems which eventually discharge to
Prairie Creek. Most of the residential development is serviced by ruralsection roads with
no drainage infrastructure. This ensures that Prairie Creek is relatively unaffected by
runoff from rainfall events.

Analysis indicates that Prairie Creek does not have the hydraulic capacity to
accommodate increased runoff from the projected developments, and because much of it
has become somewhat naturalized, it is not considered feasible to increase the channel
capacity. These capacity issues are exacerbated by winter ice buildup, which is an on-
going operational issue. Since the capital cost of constructing several kilometers of trunk
storm sewer to service these development areas is considered too expensive, significant
on-site controls for runoff up to the 100 year conditions will be required.

Eleven capital projects and a geotechnical study were recommended. Two projects are
Priority 1, nine are Priority 2, and one is Priority 3.

Project PV5 consists of piped bypass on Prairie Valley Road from Phinney Avenue to
Brown Street. It is a high priority because the existing Prairie Creek channel has
insufficient capacity to accommodate existing 100 year peak flows.

Project PV8 is comprised of a geotechnical study to evaluate the risks of and impacts
associated with the failure of the silt bluff along Prairie Creek between Highway 97 and
Butler Street.

The Priority 2 projects were recommended because of potential impacts from future
development. The single Priority 3 project addresses drainage for an area west of the
downtown which might eventually redevelop, but is not currently considered a
development area.
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Bentley Road Basin

Area:

Description:

Drainage:

Projects:

290 ha

The Bentley Road Basin consists primarily of undeveloped and agricultural land. It is
almost bisected by Highway 97, with a significant intersection at Bentley Road. A pocket
of industrial development is located near this intersection. The rest of the existing
development, however, consists of rural residential and a portion of a golf course with
low density residential.

The western half of the catchment contains most of the residential develop ment
projected on Rattlesnake Mountain. One other small development within the southern
part of the basin is also identified, but it is already being constructed.

A piped system drains the Bentley Road and Highway 97 intersection. It also forms the
major drainage route for the portion of the basin located on the western side of the
highway. This system discharges into a natural ravine which contains a small wetland on
private property. The ravine then drains to Okanagan Lake via a pipe at the we st end of
N. Lakeshore Dr.

Analysis indicates that the existing piped drainage system has sufficient hydraulic
capacity to accommodate projected peak flows from potential development, but not
without severe impacts to the natural ravine and wetland. It i s recommended that future
development implement on-site controls for up to the 100 year conditions .

Two Priority 3 projects were recommended to improve major drainage route definition
and connectivity.

Lakeshore Basin

Area:

Description:

Drainage:

209 ha

The Lakeshore Basin is comprised mostly of agricultural land, with pockets of residential
and industrial development in the Jones Flat area. It also contains relatively unstable silt
bluffs along the lake shore.

No development was projected within this basin. However, twelve projects were
identified.

This basin is a collection of many smaller catchments which drain directly to Okanagan
Lake between the Bentley Road Basin outlet and Eneas Creek. Natural topography forms
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Projects:

the major drainage rout es, but these are intersected by several rural roads. Except for a
few culverts across N. Lakeshore Dr. and Highway 97, there is little other existing
drainage infrastructure within this basin. In general, this has not been a problem.

However, poor runoff control on a recently constructed vineyard did cause runoff to
cascade over the silt bluffs and through several existing homes along the lake shore in
July, 2007.

Twelve Priority 3 projects were recommended for this basin to improve major draina ge
route definition and connectivity.

Eneas Creek Basin

Area:

Description:

Drainage:

Projects:

2770 ha

Eneas Creek is a perennial creek flowing from an overflow control flow structure at
Garnet Lake. Although this is the largest basin in Summerland, it is comprised mostly of
natural and agricultural lands. Low to medium density residential development is located
just west of Highway 97 and along the lake shore. There is a pocket of industrial
development near Logie Road, and commercial development along the western side o
the highway. The rest of the existing development is comprised of rural residential.

Several small infill developments are projected within the lower portion of the basin, but
a large potential residential development is located on Rattlesnake Mountain.

Eneas Creek forms the major drainage route for this basin. However, urban-section
roads, rural ditches, and natural ravines are tributary to it. The creek channel becomes
constricted by existing development just west of Garnet Avenue, and remains so until it
passes under Highway 97. On the east side of the highway, the creek flows within a deep
ravine until it enters Okanagan Lake. While it passes through many private properties
within this lower reach, the channel is relatively well defined, s table due to vegetation,
and serviced by relatively large-diameter culverts.

There is a significant amount of storm sewer infrastructure within the area east of the
highway, bordered by Eneas and Prairie Creeks. These discharge to Okanagan Lake in
four locations. Most of the existing culverts are located either on Eneas Creek or along
the highway.

Fifteen projects were identified for this basin i one Priority 1, six Priority 2, and eight
Priority 3. The Priority 1 project is EC-06, and is comprised of installing a piped drainage
route from the cul -de-sac on Bristow Road to Eneas Creek. This project, along with three
of the Priority 2 projects, address drainage system failures which occurred during the
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July, 2007 rainfall event. The rest of the projects address either minor deficiencies or
proposed development.

In addition to these specific projects, on -site controls for the 10 year runoff conditions
should be adequate for the infill developments. The Rattlesnake Mountain development,
however, should control up to the 100 year runoff conditions in order to protect the
Eneas Creek channel from erosion. Also, The four existing drainage systems which
discharge to Okanagan Lake, should be equipped with units to improve stormwater
quality. This can be done as part of the annual capital expenditure program.

Front Bench Basin

Area: 266 ha

Description: The Front Bench Basin is bounded by Giantés Hea
the north and east, and a drainage divide to the south. It is comp rised of a mix of natural
landscape, some agriculture, and a significant amount of low density residential
development.

Most of the anticipated future development within the basin was under construction
during preparation of the Master Drainage Plan

Drainage: Most roads within this basin have rural cross sections, but a few of the developments
have curb & gutter. Therefore, several storm sewer systems exist. These are relatively
short, however, and were constructed primarily to direct runoff to a rura | ditch or natural
ravine. A few may have also been constructed to drain areas subject to ponding.

Despite the existence of these systems, runoff seems to infiltrate into the ground before
it reaches the silt bluffs along the western side of Highway 97. As long as roads remain
rural, and no further development occurs, this should be fine.

The area identified as future development (Walters Road) will be required to install a
piped system that must ultimately be extended to the base of the silt bluffs.

Projects: Twelve projects were identified for this basin T one Priority 1, three Priority 2, and eight
Priority 3. The Priority 1 project FB-05, a storm sewer from Jewel Place to the ditch along
Highway 97, is urgent because of flooding experienced during the July, 2007 storm. The
capital cost of this project would be shared with future development along Walters Road.
Two Priority 2 projects are also recommended to address deficiencies revealed by this
rainfall event, but their implementation is less urgent .
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The Priority 3 projects are recommended to improve major drainage route definition and
connectivity.

Giants Head Basin

Area: 209 ha

Description: The Giants Head Basin is located on a plateau above the silt bluffs west of Highway 97.
It is comprised of the steep, rocky slopes of Giants Head Mountain, a significant amount
of agricultural land, and pockets of low -density and rural residential development.

A small amount of development is projected along the base of Giants Head Mountain.

Drainage: Thi s basin is drained by a series of |l arge ravi
Gulch. It ultimately discharges to Okanagan Lake via a 600mm culvert that crosses the
highway. Drainage infrastructure consists of culverts and short lengths of pipe which
either cross roads or drain low points subject to ponding.

The July, 2007 storm caused damage to an existing property located on a major, but un -
recognized drainage route across Giants Head Road. This issue must be addressed prior
to allowing the upstre am development to occur. It is also recommended that future
development implement on-site controls for up to the 100 year conditions .

Projects: Nine projects were recommended for this basin. Three are Priority 2 while six are Priority
3.

Project GH05 is recommended to improve the major drainage route impacted by the
July, 2007 storm. It was not classified as a Priority 1 since the impacted property owner
has already made some provisions for future flows. Half of the capital cost of this project
could be allocated to future development. The other Priority 2 project (GH -08) also
addresses deficiencies revealed by the July, 2007 storm.

The Priority 3 projects are recommended to improve major drainage route definition and
connectivity.

Lake Front Basin

Area: 185 ha
Description: Predominantly flat, and bisected by Highway 97. Some commercial development is

located along the highway, but the basin contains mostly agricultural land with pockets
of low-density residential development. The lake shore is now fully developed (including

URBANSYSTEMS.
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Drainage:

Projects:

current construction) into low -density residential. No other future development was
identified.

Although most rainfall infiltrates into the ground, runoff from the western half of the
basin would flow to the highway v ia numerous, poorly-defined routes. Two culverts cross
the highway, but there is no evidence of active drainage routes downstream of them.
The roads mostly have rural cross-sections, but there are two small piped drainage
systems which, presumably, were constructed to drain areas of ponding.

Only two Priority 3 projects were identified. Both are related, and are located along
Gartrell and Arkell Roads. They were recommended to address undersized culverts and
poorly-defined ditches. In addition, t he existing piped drainage systems should be
equipped with units to improve stormwater quality since they discharge directly to the
lake. This should be done as part of an on-going annual program.

East Trout Creek Basin

Area:

Description:

Drainage:

Projects:

65 ha

Entirely flat, this basin is bisected by Highway 97, bordered by Trout Creek to the south,
and Okanagan Lake to the east. Some commercial development is located along the
highway, but the western half is mostly agricultural land while the eastern half is almost
all low-density residential. Two pockets of future single family and medium density
residential development have been identified.

If and when surface runoff occurs within the western half of the basin, it will either drain
directly to Trout Creek, or to the ditch along the highway, which also drains to Trout
Creek. Within the eastern half of the basin, all of the roads have rural cross sections.
There are four small storm sewer systems that discharge directly to the lake, which
presumably, were installed to address ponding issues.

A small portion of a proposed development area on Giants Head could drain into this
basin, however, the anticipated impacts are small.

No specific projects were recommended for this basin. With adequate on-site controls,
runoff from the projected developments should be able to utilize existing systems. The
four existing drainage systems, however, should be equipped with units to improve
stormwater quality. This should be done as part of an on -going annual program.
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South Trout Creek Basin

Area:

Description:

Drainage:

Projects:

136 ha

This basin forms a high-plateau fan from the base of Giants Head Mountain. It is
bordered along the south by Trout Creek, and is comprised of agricultural land and
sparse rural residential and agri-commercial development.

Ditches along the rural roads and the Kettle Valley railway form the major drainage
routes. These eventually drain to two primary routes which drop over the steep bluffs
above Trout Creek. Because of the rural nature of the basin, surface runoff rarely occurs,
and there is no evidence of surface flows over the bluffs.

Six projects were recommended i one Priority 2 and five Priority 3. While all of the
projects are intended to improve drainage route definition and connectivity, ST-01 is
classified as a Priority 2 because it is partially required to service future development.

Kevin Brook Basin

Area:

Description:

Drainage:

515 ha

The topography of this basin varies from mountainous to flat plateau, and is comprised
mainly of natural and agricultural lands. Pockets of industrial and low -density residential
devel opment are | ocated near the basinds
development is scattered throughout.

Several large low and medium density residential development areas have been
proposed.

Kevin Brook forms the major drainage route to Trout Creek. However, ditches and swales
along the rural road network form tributaries to this route. A network of storm sewers
service the industrial and residential developments within the northern part of the basin.
These eventually discharge to Kevin Brook.

Because Kevin Brook would be severely damaged by significant increases in flow due to
runoff from the projected developments, and the capital ¢ ost of constructing several
kilometers of trunk storm sewer is considered too expensive, significant on-site controls
will be required to ensure it is protected. This includes controlling the 100 year post -
development discharges.
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Projects:

Ten projects were identified for the Kevin Brook Basin i Four Priority 2 and six Priority 3.
The Priority 2 projects are required to service future development while the rest are
recommended to improve existing major drainage route definition and connectivity.

West Trout Creek Basin

Area.

Description:

Drainage:

Projects:

400 ha

Almost all of this basin is comprised of steep, natural land with a pocket of agricultural
land near its center. While there is some sparse rural residential development within the
north-eastern half of the area, t he only other significant development is a golf course.
Three low and medium density residential development areas have been identified within
this basin.

There is no evidence of any significant surface runoff from the West Trout Creek basin.
However, the natural topography forms several major drainage routes to Trout Creek i
all of which plunge over steep bluffs. A couple of these routes are intercepted by rural
roads, but no drainage infrastructure currently exists.

Since the bluffs could be severely eroded if exposed to significant and frequent flow
events, runoff from proposed developments must be controlled on -site up to the 100
year conditions.

Two projects - one Priority 2 and one Priority 3 - were recommended for this basin. While
both consist of ditching and culverts to improve major drainage route definition and
connectivity, one will service future development.
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6.0 Capital Costs

Table 6.1 summarizes the following items for each proposed capital project:

estimated capital cost (includes 15% allowance for engineering, and 25% allowance for
construction contingencies)

assigned priority, and

allocation to existing deficiency and/or future development. (This information can be used by the
District to develop a capital cost recovery strategy.)

Note that in most cases, the estimated capital costs for works proposed under low impact development
(LID) and conventional systems conditions are identical. This is due to the assumption that larger
development areas (Rattlesnake Mountan and Jersey Lands, for example) which are several kilometers
from receiving waters, must implement on -site controls to attenuate their post -development, 100 year
peak flow rates to at least that which might be obtained using LID principles. This allows t he developer to
decide how to manage their stormwater on -site i either through LID techniques, or with conventional
systems. In both cases, however, the downstream requirements should be similar.

In addition to the listed capital costs, the District shoul d budget at least $100,000 per year to install
stormwater quality enhancement units on existing piped drainage systems which discharge to Okanagan

Lake.

7.0 General Conclusions and Recommendations

Conclusions

1.

Based on the events of the July, 2007 rainfall event, agricultural and natural, undeveloped lands
have sufficient storage capacity to absorb most of the rainfall delivered by storms with return
periods of up to 100 years.

Most of the existing major drainage systems have sufficient capacity to accommodate runoff
under existing development conditions.

Many of the existing piped drainage systems which discharge directly to Okanagan Lake, are not
equipped with units to improve stormwater quality.

Existing major drainage systems, can, in general, accommodate anticipated runoff from the few,
small, infill developments currently identified.

Use of conventional drainage systems to service large developments located a significant distance
from Okanagan Lake or Trout Creek (receiving waters), is considered economically infeasible.

The District requires new developments to attenuate post-development flows to pre-development
levels. However, the current methods used to establish pre-development peak flows were
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developed for design purposes, and therefore yield conservatively higher values than what would
be normally observed. This means that existing drainage systems downstream of new
development are often subjected to increased flow rates even though the intent was to control
post-development flows to pre-development levels. In some cases, this has created - or will
create, downstream capacity deficiencies and unanticipated upgrading requirements.

Low Impact Development (LID) methods can reduce or eliminate the need for significant
downstream drainage improvements.

Stripping land of its natural or planted organic layer without adequate measures to ensure
potential runoff is managed, can and does result in downstream impacts.

Recommendations

1.

For developments required to attenuate post-development runoff to pre -development levels,
implement a simplified method of establishing the allowable (pre-development) flow rate using
the following unit runoff rates:

a. 0.5 Lps/ha for 10 year events or less (minor system)
b. 1.0 Lps/ha for up to 100 year events (major system)

Since the LID techniques reduce peak flows, provide some capital cost savings, and promote
better stream health, the District should take the steps necessary to ensure that they are
implemented in future developments and re -developments.

Where it is not feasible to upgrade downstream drainage systems to accommodate runoff from
future development, ensure that on -site controls or methods are employed to attenuate the 100
year post-development flows to the allowable 100 year discharge rate as calculated using the
unit runoff rates outlined in Recommendation 1.

Ensure that under the proposed District Earthworks bylaw, adequate provisions are made to
manage any potential runoff from areas which are to be stripped of the organic topsoil layer.

This document is intended to facilitate annual capital works planning and budgeting. Since
triggers and priorities have been identified for each project, District Staff should review the
projects annually and select the ones which should be included in the next Capital Works Plan. In
some cases, the identified projects could be divided into phases that can be implemented over
several years.

In order to address existing deficiencies with respect to the quality of stormwater discharged to
Okanagan Lake, the District should budget at least $100,000 per year to install stormwater
guality enhancement units on existing piped drainage systems which discharge to the lake.

Because the proposed projects have been organized geographically, it is relatively easy to
identify any drainage projects that should be implemented because of other activities within the
study area. Therefore, when road or utility upgrades are being considered, or when development
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proposals are submitted, Staff should refer to this document in order to determine if any of th e
projects are required or should be implemented.

8. This document will become out-dated quickly unless Staff keeps it updated. Because of the way it
is organized, Staff should remove the project sheets for projects which have been completed,
and replace them with a reference to as-constructed drawings. Staff should also make notations
to project sheets when the circumstances surrounding a project change.

9. While the paper copy of this document is valuable as a reference and guide, there is a significant
amount of corresponding data available electronically for the drainage catchments and systems
within the study area. These data include design flow rates, physical characteristics, and
performance metrics for both the existing and proposed drainage infrastructure . These should be
referenced when more detail than that contained in this document is required.

URBANSYSTEMS.
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1.0 INTRODUCTION

The purpose of this document is to provide a framework within which stormwater management decisions
can be developed and implemented with confidence by the District of Summerland. Many factors impact
how runoff from rainfall and snowmelt events are accommodated and managed to ensure the safety of
people and to protect the use and enjoyment of their property. Rainfall and snowmelt, however, are also
natural resources upon which local flora and fauna depend. Natural streams and wetlands are not only
home to many plant and wildlife species, they also provide amenities which are enjoyed and appreciated
by residents and visitors alike. These natural resources reflect part of the health and balance of the
community, and provide quality of life values that many would agree are worth protecting.

While the term Master Drainage Planinfers only a narrow scope i how to effectively drain runoff from
rainfall and snowmelt events i the current document reflects a much wider and inclusive scope. Although
drainage is important, other values are considered in this document. This is discussed in more detail in
Section 2.

1.1 Background

In 1995, the District commissioned UMA to prepare a Storm Drainage Study: This was a general overview

of drainage within the District, and while it contains some useful information and identified some key

improvements, more detail was required. This was especially true within the Prairie Creek Basin, and one

of the reportds r ec oNomeheddavelbpmensshovld ke pléca withimithe Prairie

val l ey basin until a Master Drainage Plan I s developed

In 2004, the District of Summerland decided to commission the preparation of this Master Drainage Plan
due to new development applications and planned road/utility upgrades within Prairie Valley. The capital
works budget identified several projects for completion in the near term which included both road and
drainage upgrades. Before designing these projects, however, Staff recognized that the proposed works
should be sized to accommodate future impacts if applicable.

Urban Systems Ltd. was commissioned to prepare this Master Drainage Plan in the summer of 2004.
Although the District intends to prepare a Master Drainage Planfor the entire area within its boundaries,

it was decided for a variety of reasons that a phased approach would be implemented. Therefore, this

document is organized in such a way that plans for additional basins can be added at a later date. The
first basin considered is the Prairie Creek Basin completed in 2006.

URBANSYSTEMS.
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In July of 2007, the District commissioned completion of the Master Drainage Plan This second phase
included all of the drainage basins within District boundaries excluding Prairie Valley. Referring to Figure
1.1, this included:

e Bentley Road

e Eneas Creek

e Front Bench

e Giants Head

e Kevin Brook

e Trout Creek (divided into South, West, and East catchments)
e Lakeshore

e Lakefront
1.2 Objectives

The following objectives were developed in conjunction with District Staff:
1. Confirm and update drainage structure inventory.
2. Confirm basin boundaries and existing drainage.
3. Prepare dynamic hydrol ogy and hydraulic models of t
a. confirm existing deficiencies,
b. identify potential impacts of proposed development, and
c. evaluate the effectiveness of proposed management strategies.

4. Develop appropriate management and/or mitigation strategies for the identified existing and
potential deficiencies.

5. Estimate capital costs, identify triggering conditions for implementation, and outline an
implementation strategy for each set of recommended works.

In Phase 2, the objective of providing pre-development unit runoff rates for areas subject to future
development was also added. In order to do this, different software (GSSHA by the US Corp of
Engineers) was used to model the hydrology of each Phase 2 catchment. Therefore, unit pre-
development flow rates were not provided for development areas within the Prair ie Valley basin.
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1.3 Document Organization

This document is organized to support the review and planning functions executed by District Staff on a

day-to-day basis. Since much of this activity is focused on individual re-zoning or development
applications, the information is organized by geographic location. This ensures that all of the information

required to conduct an efficient and effective review are grouped together in the document.

Sections 2 and 3 present concepts and data relevant to the entire study area. This includes design
criteria, objectives, methodologies, and other general discussions. Section 4 discusses the analyses that
were completed and sets the context for the stormwater management concepts presented in Section 5.

Section 5 focuses on issues that are better understood within the context of individual drainage basins.

Each basinbased section includes a general description, key land use issues, major drainage, and an
overview of proposed improvements. Each section also includes detailed discussions about existing and
anticipated system deficiencies, potential improvement options, preliminary capital cost estimates,
recommended works, and suggestions for i mplementation.
include all of the information about the proposed works in one location, including design flow, options,
estimated capital costs, and construction triggers.

Section 6 summarizes the capital costs associated with all of the recommended works while Section 7
provides general conclusions and recommendations developed during the course of the plan
development.

When Phase 1 of the Master Drainage Planwas completed, the intention was to simply add the Phase 2
sections of the document without any changes to the format or document structure. For the most part,
this has occurred. There are, however, a few differences between elements of the Prairie Valley basin
plan (Section 5.1 ) and the other basin plans. These differences are most evident as follows:

e The Phase 2 drawings use a diferent layout and display different sets of information. This was
done to improve clarity since the Phase 1 drawings contain, in some cases, too much information
and are therefore difficult to read.

e The Phase 2 summary tables for sub-catchments and conduits contain more information. Also,
there are no Phase 2 junction (manhole/drywell) tables. These changes are due to the type of
data used for and generated by the GSSHA model (see Section 3.2) used for the Phase 2
analyses. The decision to exclude junction tables was also based on the fact that sufficient as-
constructed or field-surveyed data (invert and ground elevations, for example) existed to properly
populate them.

e Rather than place the tables and figures in appendices, they have been moved to the end of their
corresponding report sections. In this way, all information for a given drainage basin is located in
one place.
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1.4 Disclaimer

Although this document contains drawings and illustrations showing existing drainage works, they are not

intended to be relied-upon as as-constructed information. Most of the data contained on these drawings

have been gathered from different sources generated during a span several years. Often, there was no

guarantee that the obtained documents were, in fact, the most up -to-date. Nor was there any certainty

t hat ot her systems hadnot repl aced tobhtaneds hiiaufeldur e s s h
reconnaissance was conducted by District Staff to verify major drainage routes within each basin, but it

was beyond the scope of this study to confirm each and every drainage detail within the study area.

Therefore, prior to implementing any of the works recommended in this document, field information
should be confirmed in greater detail, hydraulic analyses should be updated, and appropriate designs
should be prepared based on this updated data.

This document also contains information about soil and groundwater conditions. These data were
developed/compiled on a very general basis to provide an indication of potential conditions. Final
stormwater management works or decisions contingent upon groundwater and / or soil conditions should
be based on site-specific data.
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2.0 ISSUES, POLICIES, AN D GUIDING PRINCIPLES
2.1 Issues & Policies

This section presents several key issues which are complementary to the Master Drainage Plan They are
presented for information and discussion purposes, with the hope that if not already policy, the
recommendations would be considered for adoption by the District of Summerland as part of its overall
stormwater management strategy.

2.1.1 Stormwater Quality

Issue:

What level of environmental protection does the District of Summerland want to provide with respect to
stormwater quality?

Discussion:

The issues surrounding stormwater quality and the impact of ur banization are many and complex. The
purpose of this section is to provide an overview of the issues related to stormwater quality and
measures available to deal with the challenges. This section has been prepared following a review of
available literature and discussions with staff of the Ministry of Environment (MoE) who have regulatory
authority with respect to drainage, wate rcourse, and pollution control issues.

Background:

It has been recognized for some time that land development and urbanization ge nerally have a negative
impact on the quality of stormwater runoff. This det erioration results from the following three primary
causes:

a) Soil erosion and alteration of riparian areas during construction of urban developments such as
residential subdivisions, roads, and municipal infrastructure.

b) Alteration of the hydrology of urbanized watershed, such as an increase in the peak of
stormwater runoff, and a reduction of groundwater infiltration and stream base flows.

c) The wash-off of pollutants such as pesticides, herbicides, road sand and salt, among others, after
construction of urban developments.

Soil erosion occurs when rain falls on areas which have been stripped of vegetation in conjunction with
development. The result can be that stormwater runoff carrie s many times more suspended solids such
as silt and sand than before construction, and this can affect fish and their habitat. The alteration of
riparian areas includes the stripping of land and removal of trees and brush within the buffer area around
the stream channel. Such alteration can reduce shade cover, shelter, and food sources. Streams and
ravines into which storm sewers discharge runoffs from new development are also subject to erosion due
to increased flow rates.
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Watershed hydrology is affected as a watershed is developed. Under natural, undeveloped conditions,
much of the rainfall that occurs within a drainage basin infiltrates into the ground. It moves through the
watershed as base flow and minimizes surface runoff. In this way, the ground acts as a reservoir, storing
runoff and releasing it over a longer period of time. Following urbanization, there can be a significant
increase in the amount of impervious surface which reduces infiltration and causes rain fall to runoff
rapidly. The result is lower base flows, and the greater likelihood that smaller streams will dry up
between rainfall events.

Finally, following development of an area, stormwater runoff will typically contain a variety of pollutants

related directly to urbanization. These may include fertilizers, road sand and salt, herbicides and

pesticides, bacteriological pollutants from animal waste, and heavy metals. All of these degrade

stormwater quality and affect fish. It is known that most pollutants are contained in what is commonly

called the Afirst flush. o This i s t hface runoff. Theralsnopor t i on
quantifiable limit which defines the end of the first flush, but it is generally accepted that the first few

millimeters of runoff contains the m ajority of pollutants. Therefore, by providing stormwater quality

control for the most frequent storms, most of the problem is dealt with.

It has also been recognized for some time that degradation of stormwater quality, or more generally the

quality of all runoff, has an impact on fish and fish habitat. Furthermore, fish and fish habitat are both

considered valuable resources by the Federal and Provincial governments, and legislation is in place to
protect these resources. M otdE thes proteaiion cokthenfisheriasr resounsd, t h  r e s p
including both fish and their habitat, recognizing that essentially all watersheds eventually drain to fish

bearing streams or water bodies.

It is worth noting that fish habitat consists of several elements. Th ese include cover which provides
protection from predators and controls water temperatures, food, substrate which provides spawning
areas, water quality, water quantity, and a ccess up and down stream channels.

Regulatory Requirements:

There are a number of agencies involved in the management of stormwater quality. These include
federal, provincial and local levels of government as well as non-government agencies. The following is a
list of roles and responsibilities of each agency (as of March 2006), which will help to understand how the
current system of stormwater management operates.

Fisheries and Oceans Canada (DFO) Federal

The federal Department of Fisheries and Oceans (DFO) has jurisdiction over all coastal and inland
fisheries, except for those which have been delegated to the province. DFO administers the federal
Fisheries Act which forms the basis for approvals and enforcement of activities related to fish and fish
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habitat. DFO does not have specific legislative authority over the management of stormwater quality,
except within the context of the protection of fish habitat.

Environment Canada- Federal

This agency supports a variety of environmental education and stewardship programs and initiatives,
along with its enforcement role in pollutio n prevention. Environment Canada provides environmental
standards, as well as monitoring and sampling protocols.

Ministry of Environment (MoE) - Provincial

The provincial government has jurisdiction over Crown lands and all waters within the province. Any
stormwater management policies or designs which impact streams, lakes, or other provincial waterways
require approval from the MoE This ministry is responsible for administering the federal Fisheries Act
where authority has been delegated to the province, as well as a number of provincial Acts including the
Fisheries Act Water Act, Water Protection Act, Wildlife Act, Waste Management Act, Environmental
Management Act, and the Fish Protection Act.

Ministry of Transportation (MOT)

This ministry is responsible for constructing, maintaining and administering the provincial highway system

as well as local roads outside municipal boundaries. Moreover, all drainage systems situated within the
highway corridor are currently the responsibility of MOT. Any proposed drainage systems which feed into,
or are situated within the highway corridor, should be managed in conjunction with the Ministry of

Transportation.

Ministry of Agriculture and Lands (MAL)

This ministry is responsible for managing farmlands and farming practices. Its activities in relation to
stormwater management include: the development of agricultural best management practices, including
top-soil conservation; the participation on inter -governmental and municipal committee and task groups;
and the development of agricultural runoff control strategies.

Ministry of Community Development (MCD)

This ministry is responsible for administering the Local Government Act and works closely with local
government to ensure compliance with provincial regulations. Recent changes to the Act have provided
municipalities broader powers to deliver services, and new legislation 1 notably the provincial Fish
Protection Actand proposed Community Charter, may have significant impacts on the way in which local

government operates and provides services.

Ministry of Health (MH)

This ministry has been t he DlinkirgdlVater AeioncPan dno will devielep pr ov i n
proposed changes to the Drinking Water Protection Act Included in the discussions to date are the
provision of stronger groundwater protection measures
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proposed stormwater quality initiatives by the District should be developed in concert with the current
provincial drinking water initiatives.

Okanagan Basn Water Board (OBWB)

The Okanagan Basin Water Board consists of nine regional directors, three each from the North
Okanagan, Central Okanagan, and Okanagan Similkameen Regional Districts. Its primary objective is to
work with other local governments and r egional districts to preserve water quality in the larger lakes of

the Okanagan Basin. This Board is administered by the North Okanagan Regional District and looks after
funding for waste water treatment facilities and aquatic weed management.

While the Board does not directly deal with stormwater quality issues and objectives, it is expected that
any objectives related to improving the water quality in the Okanagan Basin fall within the broad
mandate of the OBWB.

Municipal Government

Municipalities have traditionally had the most direct involvement in construction and management of
drainage systems, and the level of construction varies from jurisdiction to jurisdiction. Of the three major
municipal utilities (i.e. water, sanitary sewer, and drainage), ne arly all drainage systems in the province
are funded through general taxation, rather than through a separate utility like water and sanitary sewer
operations. Moreover, financing of drainage systems improvements through other means (Development
Costs Chages for example) tends to command less priority than for other infrastructure improvements
(i.e. roads, water and sanitary sewer), and provincial funding is virtually non -existent for drainage
projects in comparison to other infrastructure projects.

Best Management Practices:

There are a variety of measures which have been developed over the past few decades and which are
shown to mitigate the detrimental impacts of urban development on stormwater quality. These measures

are intended to accommodate urban development and while at the same time conserve the fish resource,
and are commonly referred to as Best Management Practices (BMP)s.

The measures can be further categorized as structural BMPs and nonstructural BMPs. Structural BMPs
are defined as measures which generally require the construction of a major facility or some other
physical element in the drainage system, such as a detention pond. Non-structural BMPs are non-physical
measures such as land use and pollution catrol bylaws.

Recommendation:.

Since the long term MoE plan is to regulate stormwater discharge to receiving w aters, the District should
encourage and support the use of structural BMPs where feasible. Planning and policy documents should
also promote stormwater management systems that improve runoff quality. Failure to initiate these
practices may result in significant future upgrade costs.
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2.1.2 Riparian Area s Regulation (RAR)

Issue:

The provincial government has stipulated that local governments are responsible for implementing the
Riparian Area Regulation (RAR). How will the District implement the RAR and what impact will this have
on stormwater management issues?

Discussion:

The Riparian Areas Regulation (RAR) was enacted underSection 12 of the Fish Protection Act in July
2004, and calls on local government to protect Riparian Areas. The purpose of the Regulation is to
provide protection for the features, functions and conditions that are vital in the natural maintenance of
stream health and productivity. These vital features, functions and streamside area conditions are
numerous and varied and include such things as sources of large organic debris (fallen trees and tree
roots), areas for stream channel migration, vegetative cover to help moderate water temperature,
provision of food, nutrients and organic matter to the stream, stream bank stabilization and buffers for
streams from excessive silt and surface runoff pollution.

The RAR applies to 14 regional areas, including the OkanaganSimilkameen within which the District of
Summerland is located. The RAR applies to all lands within a local government boundary and all Crown
land outside the Provincial forest. It applies to new residential, commercial and industrial development,
including ancillary activities, which fall under local government powers under Part 26 of the Local
Government Act, to ensure that proposed activities are subject to a science-based assessment conducted
by a Qualified Environmental Professional. The RAR does not apply to agricultural activities (which are
covered under the Farm Practices Protection Act). Also, the RAR does not apply to a development permit
or development variance permit issued only for the purpose of enabling reconstruction or repair of a
permanent structure described in section 911 (8) of the Local Government Act if the structure remains on
its existing foundation.

Local governments will be responsible for implementation and enforcement of the regulations through a
variety of implementation tools including:

o Official Community Plans

e Development Permit Areas

e Zoning bylaws

e Subdivision bylaws

e Development approval and information bylaws
e Covenants

e Other regulatory bylaws affecting land use

0872.0051.01 / June 2009 URB{A:NSYSTEMS.

Page|2-5



District of Summerland ' [ ‘1.

Master Drainage Plan

e I nformation and education programs about stream st
management o pl ans

e Parkland acquisition
e Tax incentives

e Landowner agreements

Regardless of the tools a local government chooses to use to implement the Regulation, there are three
basic things that the applicable regulatory process needs to provide:
1. Definitions of streams and riparian areas that is consistent with the Regulation.

2. A means of triggering a regulatory action if a development activity is proposed to occur in a
riparian assessment area.

3. A means of requiring an assessment report by a Qualified Environmental Professional (EP).

Essentially, if a development occurs near a riparian area, the local government cannot approve it until the
developer hires a QEP to undertake an assessment of the area. The developer must have an assessment
report completed to support their applica tion to the local government for development approval if they
are proposing development within 30 m of the high water mark of a or top of a ravine back of a stream.
This is referred to as the Riparian Assessment Area.

Once an assessment of the RAA has leen completed by a QEP, the area is then referred to as the
Streamside Protection and Enhancement Area (SPEA). The SPEA could result in a change in the riparian
area or fiset backo (i .opmentwih aot ke rpermittedy. h Ehe QEPdspecifies he
appropriate SPEA width following the applicable methodology and outlines measures required to maintain
the integrity of the SPEA.

The QEP assessment report must include:
1. Certification that the QEP is qualified to conduct the assessment,

2. Certification by the QEP that the assessment methodologies outlined in the regulation were
followed, and

3. A professional opinion is provided that no harmful alteration, disruption or destruction of fish
habitat will occur as a result of the development.

Instead of having a QEP complete the assessment report, the developer can apply directly to Department
of Fisheries and Oceans (DFO) for authorization or a letter of advice on the project.
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Recommendation.
The District should ensure that the RAR process isapplied in all stormwater management activities where
applicable.

Note that in a February 6, 2006 memo to Mayor & Council from the Director of Development Services, a
recommendation was made to amend the Zoning Bylaw to include Okanagan Lake to the list of
watercourses requiring minimum setbacks. This indicates that Council and Staff are aware of, and
support the RAR process.

2.1.3 Groundwater
Issue:
What measures should the District of Summerland take to ensure that:

a) groundwater does not adversely impact proposed development, and that.

b) conversely, proposed development does not adversely impact groundwater conditions?

Discussion:

Although the Master Drainage Planis primarily focused on managing surface runoff, groundwater within
the study area can and does have a significant impact upon development. Some sites within the study
area have been identified as having a high groundwater table, and are characterized by surface
discharges (springs or marshy areas). Significant works are often required to collect and divert such
groundwater to appropriate drainage systems. Since groundwater tends to flow for longer d urations than
surface runoff, sometimes even perennially, there can often be significant downstream impacts when it is
diverted into an open-channel drainage system that is normally dry.

Development can, in turn, also have a significant impact on the groundwater r egime. It can alter the
natural subsurface flow direction so that areas which depend upon groundwater are deprived of it.
Alternatively, other areas which previously had no groundwater problems can sometime become
inundated. This is often due to the installation of footing drains which discharge to a collection system
and ultimately to ditches, detention ponds, or in-ground disposal systems i causing the groundwater
level in these locations to rise.

Recommendation.

If a proposed development is located, even partially, within an area with a known or suspected high
groundwater table, a site-specific groundwater investigation should be required as part of the
development application review process. This investigation should identify groundwater conditions and
recommend specific measures to mitigate potential problems.
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2.1.4  Grounadwater Recharge

/ssue:

Due to increased awareness of the negative impacts to the environment of conventional stormwater
management, the province has moved toward guidelines that encourage low impact stormwater
management, which includes on-site disposal of runoff through infiltration. In keeping with this direction,
should the District of Summerland encourage (or even require) the use of in-ground stormwater disposal
systems?

Discussion:

Currently, the District Subdivision and Development Servicing Bylaw equires developers to install curb,

gutter, and storm sewers for most residential an d commercial developments. While it does briefly refer to
Aisurface i nfi l-sturafta coen 0diasnpdo sfiasluoh, t he concept of | ow
promoted by the province is not emphasized. These requirements have been adopted for several
reasons:

e The OCPrecommengd i f ul | urban servicespmehtesr these types

e Storm sewer systems were recommended in previous studies as part of the solution to
groundwater problems in select areas.

e Historically, there have been maintenance problems with drywell systems.

There are also several reasons why historical problems occurred with drywells:
e Some were installed in soils that were not suited for in -ground disposal systems.
e Others were installed on hillsides and became unstable when saturated.

e Once installed, there were often no preventative measures taken du ring the construction period
to keep sediments out of the drywells. Therefore, some units were clogged even before the
subdivision was completed.

Based on the soils mapping presented in each basin plan in Section 5 , some portions of the study area
are more suitable for in-ground stormwater disposal than others. These maps provide a general guide,
and should be used to flag a proposed development for further investigation for in -ground disposal
system suitability.

Recommendation:.

Where conditions appear favourable to implement in-ground stormwater disposal systems, a site-specific
hydro-geological investigation must be completed by a Professional Hydro-geologist as part of a
devel opment @rsMaragementmPlaa. If suitability is confirmed, then an in -ground disposal
system should be designed and constructed based on the recommendations of the hydro-geological
report. The report should address projected life span and maintenance costs of the p roposed system.
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2.1.5 Slope Stability

/ssue:

What steps should be taken to ensure that concentrated runoff, infiltrated into the ground, does not
adversely impact slope stability?

Discussion:

Under natural, undeveloped conditions, there is a relatively stable equilibrium between groundwater flow
and slope stability. Once development activity takes place, however, this equilibrium is altered. Rainfall
that used to fall and infiltrate more or less uniformly over an entire area, is now concentrated into
ditches, or into a minor drainage system that either discharges runoff to a channel, or infiltrates it into
the ground. Under these circumstances, groundwater can mound, and on a moderate to steep slope, can
potentially cause instability. Since some of the study ar ea contains relatively steep slopes, this issue must
be addressed.

Although ditches along hillside roads pose potential problems if perennial streams are diverted into them,
in-ground stormwater disposal systems are of particular concern. As presented in Section 2.1.4,
infiltration systems are becoming more acceptable within the province to minimize impacts to stor mwater
quality and to reduce impacts to natural streams. If these systems are to be considered, then it is
essential that an adequate, detailed investigation be completed to ensure slopes remain stable.

Recommendation:

Whenever in-ground stormwater disposal systems are considered for use within a development, or
whenever there is potential for significant amounts of surface water to be concentrat ed prior to
infiltration, the issue of groundwater -induced slope instability should be adequately addressed as part of
the development application review process.

2.1.6 Lot Grading Plans

Issue:

How detailed should the required lot grading plan be, and how stri ct should the District be in
implementing it?

Discussion:

The subdivision bylaw (section 2.02) requires that a developer prepare a lot grading plan as part of the
design submission. Little else is said, however, about what this plan is to include and how it is to be used
during the actual development and construction phases. The intent of the plan is to ensure that runoff
from lot-to-lot is managed in a controlled manner so that properties downstream of a higher property is
not negatively impacted by potential runoff from that property.

For example, if provisions have not been made to accommodate runoff from a higher, adjacent parcel,
roof leader discharges could potentially flow into the lower house, or cut a path through an embankment
or landscaping feature, or deposit materials onto the lower parcel. While the concept of a lot grading plan
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is good, it must be detailed enough to provide adequate drainage, and must be backed by a process that
ensures implementation and compliance.

In many municipalities, implementation of the lot grading plan becomes a requirement of the building
permit. In this case, the home owner or building contractor must demonstrate (usually through a
topographic survey) that:

e The minimum building elevation has not been violated
e The finished landscaping conforms to the specified plan contours, and that

e Appropriate erosion prevention measures have been implemented

Recommendation:

The District should revise the subdivision bylaw to include more specific requirements for a detailed lot
grading plan. It should also revise the building permit process to include compliance with the lot grading
plan as a requirement of the building permit.

2.1.7 Deficiency Mitigation i Proposed Projects

Issue:

Should the District of Summerland be reactive or proactive with respect to correcting existing
deficiencies, especially those associated with emergency drainage routes?

Discussion:

The Master Drainage Planhas identified a number of existing and potential deficiencies. These have been
prioritized as per the criteria outlined in Section 3.6. Based on the definition of the priorities, it is
obvious that the District should take a proactive approach in addressing Priority 1 deficiencies. The
question is how proactive should the District be toward correcting Priority 2 and 3 deficiencies?

To be proactive means that the District initiate the implementation process necessary to complete the
recommended works before design runoff conditions occur. To be reactive means that nothing is done
until design conditions occur and affected property owners complain, or even worse, pursue legal action.

Deficiencies categorized asPriority 2 become essentially Priority 1 when upstream development occurs.
These types of deficiencies should be addressed at that time.

Priority 3 deficiencies, by definition, are unlikely to cause any significant damage. The t er m HAsi gni f i ¢
damageod howeveri it mag sesnudigpificantt to thase directly impacted, but insignificant

compared to the cost of correcting the deficiency. From t he Di strictés perspectiwv
deficiencies could be corrected proactively if implemented as part of another capital works project (road

upgrade or sanitary sewer installation, for example). However, the District could also choose to postp one

any improvements until it is proven (an overflow event occurs) that mitigative works are required.
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Recommendation:

The District should develop an immediate plan to proactively address Priority 1 deficiencies Priority 2
deficiencies should be proactively addressed when and if they are impacted by proposed development.
Priority 3 deficiencies could be proactively addressed as part of other capital works projects, or reactively
addressed if and when conditions require action.

2.1.8 Deficiency Mitigation - Unp lanned Emergency Drainage Routes

Issue:

What should the District do to address the potential problems associated with existing emergency
drainage routes which have either not been planned for, or have been neglected?

Discussion:

An emergency drainage route (EDR) is the path runoff from extreme events will flow when it cannot
enter or stay within the formal convenience (minor) system. Unplanned EDRs simply mean that the
routes are not recognized as such by the owners of the properties through which they p ass. Because of
this, there is risk of property damage should runoff flow through these routes.

In most cases, these routes do not comprise the primary drainage routes for the basin. Instead, they
service small areas that drain to low points which have no planned overflow route. Figure C-1 in
Appendix C illustrates a typical situation where runoff would flow through a residential lot should the
minor system catch basin become either clogged or have its capacity exceeded. In most cases, the
unplanned emergency drainage route usually starts at either a low point in a road, or at the end of a cul -
de-sac which slopes away from the main road.

It is beyond the scope of the Master Drainage Plamo individually address the issues associated with each
of these sites within the study area. This would require:

e drainage area delineation
e peak flow and runoff volume estimation
e mitigative option development, and

e cost estimation

Sites which appear to carry higher risk of damage have been included in the Proposed Works part of each
section. This does not mean that damage at the sites not specifically addressed would be insignificant.
Indeed, the affected property owner would consider any damage to be very significant! It does mean,
however, that the risk of high flows and e xtensive damage is probably low.

It may be economically unfeasible for the District to implement mitigative measures at each of the
identified unplanned emergency route sites. In most cases, the route contains extensive landscaping,
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and/or major buildings. This precludes open channels and would require a piped solution. The cost of
installing a piped storm sewer and restoring the landscaping at each site could be extensive.

Conversely, some sites may offer the opportunity to implement simple measures that could reduce the
potential for property damage. These measures should be identified and implemented where feasible.

Recommendation.

Develop a policy which defines the conditions under which mitigative measures should be implemented.
Also develop and implement a systematic plan to address the following for each identified unplanned
emergency drainage route:

e evaluate risk in terms of design flow, frequency, and potential damage
e identify mitigative options

e assign priorities

¢ include highest-priority works in the annual maintenance budget

e develop a method of collecting funds for this specific maintenance issue

2.1.9 Allowable Runoff from Developments

/ssue:

What type of policy should the District adopt in order to limit the peak runoff rates discharged from
future developments?

Discussion:

Currently, the District of Summerland requires developers to construct on-site works to limit peak
stormwater discharges from -dtdeéeéropmrerd ophepear tpedkhtl
this is a good policy, its implementation has had some challenges.

As demonstrated by the July, 2007 rainfall event discussed in Appendix F , and from other anecdotal
evidence, the amount of runoff which is generated on natural, undeveloped areas is often zero.
Observations also suggest that even if portions of a catchment generate surface runoff (from bedrock or

rural roads, for example), these flows quickly spread over pervious areas and infiltrate before reaching
major drainage routes. This anecdotal evidence contradicts the pre-development flows calculated by
Devel opersdé6 Engineers using currently approved met hods.

Typically, the Rational Method is used to calculate peak flow rates. One of the parameters used by the
Rational Method is the runoff coefficient. Currently, the Summerland Subdivision and Development
Servicing Bylawdoes not specify runoff coefficient values to be used in these calculations. Typical values
used, however, range between 0.10 to 0.15. This means that 10-15% of the rain that falls ends -up as

URBANSYSTEMS.
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surface runoff. I t also means that the calculated pre-development flow rates are significantly higher than
what might actually be observed in the field.

The problem with this approach is that both natural and constructed drainage systems, which prior to the
subject development received no runoff from the subject catchment, now is subject to discharged runoff
every time it rains. In natural ravines or streams, this repetitive exposure to higher and more frequent
flow rates often results in channel erosion and downstream sediment deposition. Where the downstream
system is constructed, there is potential for the hydraulic capacity to be exceeded, causing flooding.

So, while the Development incorporates on-site works to limit runoff discharges to a theoretically -correct
pre-development peak flow rate, in actuality, downstream systems can be inundated by f lows which are
too high.

One option is to specify significantly lower runoff coe fficients for undeveloped land. Those currently
recommended in most bylaws are for design purposes. This means that the values ensure the design flow
rates include a factor of safety so that the proposed works are not undersized. A separate set of runoff

coefficients specified to establish pre-development runoff could be created to ensure that the p re-
development flows are sufficiently low. This, however, will not address situations where predevelopment
conditions includes some pervious areas, since the Rational Method does not take into account the
potential for infiltration once runoff from an impe rvious area flows onto a pervious area.

Another option is to specify a unit runoff rate which takes these conditions into account. This would
require analysis to ensure that the specified unit rate reasonably reflects pre -development conditions.
Application of this method is simple (area x unit runoff rate = allowable discharge rate), which makes

reviewing development applications easier for Staff. On the other hand, this simplicity removes the
opportunity to make allowances for atypical conditions.

Recommendation.

Updat e t he Apost = preo runof f policy S 0 t hat
developments are more representative of actual pre-development conditions. Use either the Rational
Method based on a set of runoff coefficients specifically selected for pre-development considerations, or a
unit runoff rate based on analysis of existing conditions.

2.1.10 Drainage Plan Implementation
Issue:
How should the Master Drainage Plan be implemented?

Discussion:

It is one thing to prepare a plan, but quite another to implement it effectively. The District of
Summerlandmu st under st and t he récenameraations, dnd copnmit to taking actioh e
to implement them .
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The Master Drainage Planprovides the framework within which stormwater ma nagement facilities are to
be designed and constructed. There are several types of events that would trigger action with respect to
constructing new or upgraded stormwater management facilities. These are as follows:

e Development applications,

e Routine maintenance by the District,

e Planned road or utility upgrades, and

e Mitigation of persistent or significant system failures.

In each case, the Master Drainage Planshould be consulted for background and design information, and
to determine if there are any iden tified projects that would impact or be impacted by the triggering
event.

Recommendation:

District Staff should develop the habit of consulting the Master Drainage Plarnwhenever a triggering event
(as defined above) occurs. They should also use the Master Drainage Planto define projects for capital
expenditure and annual maintenance plans.

The Master Drainage Planshould be considered as a current reference document. It is formatted to
facilitate continual updating, and should be updated whenever new inf ormation develops. Potential
updates could be initiated by any of the following:

e discovery of existing drainage infrastructure which is not shown in the MDP - place a sketch
showing the location, extent, and available details of the item or items in the ap propriate section
of Volume 2)

e new or revised development concepts i insert a sketch showing the location and description of
any new or revised development concepts next to the land use figure in the appropriate section
of Volume 2 1 this will serve as a reminder when considering development applications

e completed MDP project i insert a copy of the composite plan or as-constructed drawings
adjacent to the appropriate project sheet; mar k AC
even on Table 6.1

2.2 Guiding Principles

This section outlines the key principles upon which the Master Drainage Planhas been developed. Some
of these principles are reflected in current District of Summerland policies. Others are stated as objectives
within various District documents, but are not official policy. Still others are based on a growing

awareness on the part of District Staff, Council, and the Public of certain issues, and reflect a collective
desire to address these issues in a satisfactory manner. Guiding Principles differ from design or analysis
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criteria in that they provide the context for what is to be analyzed or designed rather than how it should
be accomplished.

The following set of Guiding Principles is not exhaustive. Nor is it unalterable. It is hoped, however, that
it adequately and accurately reflects the Districtds c

2.2.1 Dual Drainage Systems

Issue:

Most developments are constructed with a planned convenience drainage system. Recent system failures
in the Okanagan, however, underscore the need to ensure that an emergency drainage system also
exists.

Discussion:

There are two key drainage systems that must be considered in the stormwater management discussion.
The first is the convenience system and the second is the emergency system. Each system plays a
distinct role and differs significantly from each other as described below:

Convenience System - T h e convenience system (al so call ed t he i
accommodate runoff from frequent rainfall and sn owmelt events. It is constructed to minimize
inconveniences to both pedestrian and vehicular traffic due to surface ponding and flooding. System

components usually include roof gutters, rainwater leaders, service connections, swales, street gutters,

catch basins, and storm sewers. It may also include detention ponds and various facilities to enhance

stormwater quality prior to discharge to receiving waters.

Emergency System- The emergency system (also called the HfAmajor
risk of property damage and/or loss of life due to flooding caused by less frequent rainfall events. It

usually consists of natural streams, gullies, man-made streets, swales, channels, culverts, and in some

instances, even large storm sewers. This system operates only when the convenience system fails,

usually under extremely high runoff conditions. Since convenience systems usually fail infrequently, the

emergency system must be able to function reliably after years of disuse, often without warning, and

usually without intervention by District Staff.

For example, wherever a low point occurs at the entrance to a convenience system, an emergency
overfl ow route must be identified and protected. Unde
exceeded under high runoff conditions, or when the inlet becomes blocked by debris, there is a planned

route for the excess runoff to safely reach the receiving channel or water. If there is no entrance to a

convenience system at such a low point, then the existing or proposed emergency drainage route

becomes the convenience system by default.
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In the past, it has often been assumed that because a convenience system has been constructed, natural
drainage routes downstream of the inlets can be filled -in or constructed on. This approach puts property,
and sometimes human life, in jeopardy.

Guiding Principle

The District of Summerland uses dual drainage systems 1 the minor system for convenience purposes,
and an emergency system for protection when the minor system fails. In the Master Drainage Plan
primary emergency drainage routes and associated structures are identified. Future development should
respect these routes and incorporate them into their plans. Where the primary emergency drainage
system within a developed area proves to be inadequate, the Master Drainage Plan identifies and
recommends appropriate corrective actions.

it mu st be remembered that the major system wi ||l exi
planned or designed and whether or notdevelo p ment has been wisely situated wit
URBAN DESIGN GUIDELINES, PROVINCE OF ONTARIO

2.2.2 Piped Emergency Drainage Routes
Issue:
Under what circumstances should piped systems be used as emergency drainage routes?

Discussion:

When development is allowed to occur upstream of private property, prior considerations must be given
to the potential for downstream damage should stormwater management facilities within the new
development fail. (This also holds true for lots within sub -divisions that are downstream of low points in
roads.) Therefore, it is extremely important for the eme rgency drainage system to function properly while
providing maximum, cost- effective protection. Excessive runoff must be safely conveyed from the
development to an appropriate receiving water or downstream major drainage route.

In most situations, surface emergency drainage routes provide the most protection b ecause they usually
are designed with some freeboard. This provides significantly increased capacity as flow depths rise.
Open channels inherently provide a greater factor-of-safety than piped systems.

There are, however, situations where use of an open channel may not be appropriate. Two of the most
common are:

e routes over extremely steep slopes, and

e routes through developed areas with insufficient room for an open channel

URBANSYSTEMS.
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Some of the challenges of using a piped emergency system are as follows:

e Inlets to piped systems are often subject to clogging by sediment and / or debris. This is
especially true under extreme runoff conditions.

e Once a piped system is installed, new development often occurs within the natural drainage route
downstream of the inlet that would not have occurred otherwise. This can result in potentially
greater downstream damage if the inlet fail s than if the piped system had not been installed in
the first place.

Guiding Principle
In the Master Drainage Plan piped emergency drainage routes are proposed only when surface drainage
routes are not feasible.

Note:
When used, the Design Engineer must ensure that:

e inlet structures are appropriately sized and designed to minimize clogging

e development downstream of inlets is planned to minimize potential damage should the inlets fail,
and that

When surface routes are used, it is essential that:
e an easement or right-of-way is obtained in favour of the District
e appropriate works are constructed to ensure adequate capacity, and that

e potential erosion is adequately addressed

In all cases, an on-going inspection and maintenance plan for emergency drainage routes should be
developed and implemented.

2.2.3  Multiple Community Values

/ssue:

While the primary objective of the Master Drainage Planis to ensure that adequate drainage facilities
exist to protect the public (people, property, and infrastructure) from flooding, other values must be
considered.

Discussion:

Historically, municipalities have constructed drainage works (ditches, culverts, storm sewers, curbs &
gutters) to ensure that surface runoff generated by rainfall or snowmelt is effectively and effic iently
drained to a receiving water. The objectives were to protect properties from flooding, eliminate the
inconvenience of puddles, and increase the life roads. As outlined in Section 2.2.4, the effectiveness
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and efficiency of these drainage systems have unintended impacts to the environment. Increased flow
rates and volumes often cause degradation of streams and lakes due to:

e stream bed and bank erosion,
e deposition of sediments, and

e introduction of pollutants.

In addition, the rapid transport of runoff to receiving waters reduces the amount of water entering the
soil. This in turn reduces water available for plant growth and for maintaining stream flow during drier
periods.

Provincial and local governments are recognizing that natural resources such as streams, fish, riparian
areas, lakes and lake shores are valuable and worth protecting. In addition to the inherent value of these
resources, the community also values their aesthetic and recreational properties.

Guiding Principle
In addition to protect ing life and property, stormwater management should also ensure that natural
water resources are protected from erosion, sedimentation, pollutants, and source depletion.

224 Low Impact Development Methods

Issue:

How can the District of Summerland adopt a more sustainable approach to stormwater management,
which gives greater consideration to environmental concerns, while still providing adequate protection of
life and property?

Discussion:

Conventional storm sewer systems have been, and still are being used to collect and transport rainfall
runoff from developed areas to receiving waters. While this usually serves the developed areas well, the
downstream impacts are becoming less acceptable to society. These impacts include, but are not limited
to:

e reduction in base stream flows due to reduced groundwater recharge

e stream channel erosion due to higher and more frequent peak flow rates
e sediment deposition

e destruction of fish habitat

e transportation of pollutants to the receiving waters

A significant amount of re search and practical experimentation has been conducted during the last two
decades to develop more low impact approaches to stormwater management. In many cases, solutions
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are dependent upon more than just new drainage technologies and products i they often also require
innovative changes to land use, road standards, and landscaping.

Conventional drainage systems have their place, but experience indicates that other solutions are
available, and may even be preferred. In general, low impact stormwater manag ement, which can only
be implemented as part of an overall low impact development approach, involves the following elements:

e infiltration to ground (to maintain groundwater recharge)

e temporary storage through physical structures and/or amended soils (which also enhance
groundwater recharge)

e reduced impervious area (narrower roads, different surface treatments)

e breaking the direct connection between an impervious surface and the drainage system

The Di sQfficial €onbmsinity Plan recognizes the community 6 s desire to mai nt ain
environmentally significant areas. However, implementation of such strategies will take innovation,
courage, and a willingness to make adjustments as necessary. Challenges include, butare not be limited
to:
e revising current planning and engineering documents and bylaws to reflect the LID concepts
e providing developers with tools and guidelines to assist them with their plans and designs

e revising building permit requirements and inspection processes to ensure compliance

e establishing monitoring protocols responsibilities to enhance understanding and to provide
increased confidence in the LID concept

e modifying inspection and maintenance procedures to ensure longevity

Guiding Principle

Low impact stormwater management strate gies should be used wherever feasible. Conventional drainage
systems should be allowed only when low impact methods prove unfeasible. However, if conventional
systems are to be implemented, appropriate measures should be taken to mitigate potential negativ e
downstream impacts.

2.2.5 Irrigation Impacts

Issue:

What should the District do to ensure that irrigation water applied to landscaping in new developments or
previously-dry agricultural land, does not have a negative impact to existing downstream development?

Discussion:

Development often occurs on land which has previously been not irrigated. Since a significant portion of
new development consists of landscaping that requires irrigation, an additional, significant amount of
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water can be introduced to aprevi ous | y fiTdhis ig also &ue domagricultural land which has not
yet been irrigated. Analysis indicates that for the Okanagan Valley, the additional irrigation can equal the
annual precipitation volume!

In some instances, the extra water infiltra tes into shallow or perched groundwater tables, raising their
levels and causing problems within existing, downstream developments. Problems include, but are not
limited to:

e Surface discharge on slopes and cut banks

e Soil sloughing

e Asphalt/ concrete paving cracks and/or upheaval
e Building settlement

e Leakage into basements

Guiding Principle

The impacts of introducing irrigation water to dry land should be identified. Where there is a high
potential for this to negatively impact downstream properties, mitigative measures should be
incorporated into the development design. In the case of dry agricultural land, an irrigation management

plan should be developed to minimize potential negative impacts.

Note:

While engineered solutions are one possibility for development, another option is to require xeriscape
landscaping. For all developments on previously dry land, the District should require a hydro -geotechnical
report which identifies the potential for, and addresses the impacts of problems associated with the
introduction of irrigation water.
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3.0 DESIGN CRITERIA AND ASSUMPTIONS

This section presents the criteria and assumptions adopted to conduct analyses, prepare conceptual
designs, and estimate capital costs for the Master Drainage Plan It also contains the standards against
which existing and proposed stormwater management facilities have been evaluated to determine
adequacy and feasibility.

Note that in some cases, different analysis criteria were used for the Phase 1 and Phase 2 portions of this
study. This is largely due to the fact that XPSWMM was used to model the hydrology and hydraulic
conditions in Phase 1, while GSSHA was used to model the hydrology in Phase 2. These items are
discussed in more detail within the following sections.

3.1 Integration  with Other District Documents

To various degrees, stormwater management within the study area is addressed in two policy
documents;

o the Subdivision And Development Servicing Bylaw No. 99004 (subdivision bylaw), and
o the Official Community Plan (OCP).

The Master Drainage Planprovides the framework within which the general policies outlined in the OCP
can be implemented. The subdivision bylaw, however, sets many of the design and analysis criteria used
within the Master Drainage Plan Since all of these documents are periodically updated, it is essential that
discrepancies between them be identified and thoroughly addressed to ensure an increasingly cohesive
and integrated set of policies is developed. Although no major discrepancies have been identified, District
Staff should note issues that arise during the rezoning and land development processes. These can then
be adequately addressed.

3.2 Peak Flow Estimation Methods

In order to identify existing and potential capacity deficiencies, it is necessary to estimate peak flow rates
under key conditions. For the purposes of the Master Drainage Plan computer models were created to
facilitate this process. However, additional methods were used to provide base flows and snowmelt peak
flows from large natural catchments. In some cases, these additional methods were used to confirm
model results. Spreadsheets were used to evaluate the hydraulic capacity of existing pipe and culvert
infrastructure for Phase 2.
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Computer Modek

The peak flow estimation analyses conducted for the Master Drainage Planare for general planning

purposes. S ¢ 8eetidru2.02 of eCsulilivision bylaw specifies that the OTTHYMO or MIDUSS
computer models are to be used for this purpose. Since the bylaw was written, significant advances in

modeling software have occurred, and other packages offer similar analytical capabilities while providing

enhanced user interfaces.

Phase 17 InfoSWMM

For the Phase 1 portion of the Master Drainage Plan MWH S o f t 6 s |- wtiich iS Wéskd on the US

E P ASMM enginei was selected SWMM is one of the most widely-used modeling engines in North

America, and therefore provides a high level of reliability. The INfoSWMM interface was chosen because it

has excellent GIS-based tools that take advantage of the dataavai | abl e i n the Districtos

e Aerial photographs can be combined with contours and hill-shading to better define catchment
boundaries.

e Modeled conduits and junctions can be shown in context with any of the GIS data.

e Catchment data (area, s| op e, soi l type, etcé) can be develop
imported to the model through a field -mapping exercise.

e Model elements such as conduits and junctions can be displayed in different ways based on
characteristics or model results.

Notethat alt hough the subdivision bylaw forbids the use ¢
terminology was used to categorize the infiltration characteristics of the study area soils. This was done

because there is no available source of infiltration parameter data for each of the mapped surficial soils.

More discussion about how the soils infiltration parameters were developed is given in Section 3.3.7 .

Phase2 i GSSHA

For the Phase 2 portion of the Master Drainage Plan the preferred modeling so ftware was changed to
GSSHA (Gridded Surface Subsurface Hydrologic Analysis) by the U.S. Army Corp of Engineers. The
reasons for this mid-stream switch are as follows:

e Most of the basins within Phase 2 have very little urban development and corresponding drainage
infrastructure. Therefore, runoff generated on impervious (hard) surfaces tends to flow onto
areas where it can infiltrate to the ground. Even if flows enter natural drainage courses, they
tend to infiltrate before traveling too far along these rou tes.

e While InfoSWMM can model these processes to some extent, it can do so only by using very
broad assumptions which are applied to each sub-catchment. This approach is called the
il umped parameter met hodo. I n 2005, thvheewere hohe Phas
viable alternatives to this approach.
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e Within the last few years, both computer hardware and modeling software have been developed
to the point where sub -catchments can be divided into small cells T each of which can be
described by its own hydrologic characteristics. Thisfidi st ri buted modelingo app
suited for simulating the relationships between rainfall, surface ground conditions, and sub -
surface soil characteristics.

e Since the Phase 2 basins are primarily natural or rural, the ability to better model what happens
to rainfall when it lands, forms surface runoff, and flows over pervious surfaces, was key in the
decision to use GSSHA.

Note that while GSSHA provides significantly improved modeling capabilities with respect to a bas i n 6 s
hydrology, it currently has very limited hydraulic analysis capabilities. For the purposes of this Master
Drainage Plan however, this was not deemed a problem for the reasons outlined as follows:

e The Phase 2 basins contain very little drainage infrastructure, and for what does exist,

e I nsufficient data (invert el evations
infrastructuresd hydraulic capacity.

, l engt hs, sl o

o Very few of the existing storm sewers are subject to backwater effects from the lak e or other
water body. In cases where this might occur, much more detailed information (which was not
available at the time of this study) is required to conduct such analyses.

Therefore, Manni ngos Formula was wused in a dyradiaacpatite et to
analysis for the identified links (stream reaches, constructed open channels, and storm sewers). An inlet

capacity nomograph was used for estimating circular culvert capacity as outlined in Section 3.4.3 . Peak

flows were extracted at select locations and imported into this spreadsheet to determine potential

hydraulic capacity deficiencies.

Regional Analysis

For the larger watersheds within the study area which maintain perennial streams, peak flows usually
occur during spring freshet. This is a snowmelt-induced phenomenon, and therefore requires a more
suitable peak flow estimation method than that offered by the computer models. The Ministry of
Environment has published a set of Regional Analysis data which allows the user to estimate design peak
flows for any large basin within the subject hydrological region. A Ithough the models were used to
estimate peak flows under design conditions for the basins within the lower reaches of the large
watersheds, Regional Analysis was also used to esimate base and freshet flows. This ensures that all of
the critical runoff conditions have been adequately evaluated.
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Rational Method

In a very few instances, and for small catchment areas, the Rational Method was also used to estimate
peak runoff from rainfall events. This was done for specific projects late in the Master Drainage Plan
development process where model revisions would have taken more effort than justified. Results were
compared with InfoSWMM values generated for adjacent or similar catchments to ensure continuity.

The Rational Method is expressed as:

Qpeak= kCiA
Where:
Qpeak= peak flow [m*/s]
K= 0.0028
C = runoff coefficient (see Table A-4 in Appendix A)
i = rainfall intensity [mm/hr]
A = catchment area [ha]

3.3 Hydrological Criteria

The criteria presented in this section govern the process of converting rainfall to surface runoff. Each
element has an impact either on the characteristic of the rainfall, or on what happens to the rain when it
reaches the ground.

3.3.1 Return Perio ds

The convenience and emergency stormwater management systems are each designed to provide

different levels of service. The convenience system minimizes the nuisance associated with frequent

rainfall events while the emergency system protects life and pro perty when the convenience system fails.

Asoutl i ned in Schedule AC. 80, Section 2.05 of the subdivi

e the convenience (minor) system must be designed to convey flows with return periods of up to
10 years, and

e the emergency (major) system must be capable of accommodating runoff from events with
return periods of at least 100 years.

Note that certain structures must be designed to accommodate peak flows with a 200 year return period.
These are identified where applicable. Also note that for Phase 1, 25 year return period rainfall events
were used t o Afc aThislpocass s descrideccin moedetdil in Section 4.1 .
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3.3.2 IDF Curves
At mospheric Environment Service of Canada (AES) has
meteorological station. These curves are included in Appendix A.

Since many of the calculations for this study are completed using computer-based tools, the AES plotting
equation has been used to calculate the required intensities (rather than manually interpreting them from
the actual curve). The equation is:

l=at ®

Where: | = rainfall rate in mm/hour;
t = time in hours; and

Coefficient a 7.81 1044 12.12 1468 16.27 17.72
Exponent b -0.668 -0695 -0.706 -0.714 -0.718 -0.722

3.3.3 Storm Durations

When sizing stormwater management works, the designer must consider both peak flow and runoff
volume. Usually, one or the other becomes the governing factor. For example, the governing criteria for a
culvert may be peak flow if there is no available headwater storage. On the other hand, runoff volume
may be the governing factor when sizing a detention pond.

Drainage basin size and characteristics also play an important role in determining the critical design
conditions for any given works. For example, a small, highly urbanized drainage basin would exhibit a
high peak runoff rate from a relatively short duration storm, and a low peak flow from a long duration
storm. The converse would be true of a large, rural basin.

Therefore, for any given works, it is essential to determine which storm duration yields the critical design
conditions. This becomes the critical design storm for that stormwater management facility. Table A-1 in
Appendix A summarizes the rainfall volume for various combinations of select storm durations and
return periods. These become part of the input to the modeling process.

3.3.4 Rainfall Patterns

Precipitation does not normally fall at a uniform rate during a storm; the rainfall rate (intensity) varies
throughout the event. For the analyses conducted for the Master Drainage Plan several curves based on
statistically analyzed data are used to simulate rainfall patterns for different storm durations. The
Atmospheric Environment Service developed a set of curves forthe BC interior which show the portion of

total rain that has fallen within a gi Agpendip drtheseon of
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curves are provided for storm durations of 6 hours or less and from 6 to 24 hours. A uniform (flat) sto rm
pattern is assumed for durations exceeding 24 hours.

335 Land Use
One of the influencing factors on how a drainage basin responds to rainfall and snowmelt events is land
use. The associated parameters are:

e percent of directly connected impervious surface (the ratio of hard -surface area which drains
directly to a storm sewer system to the total catchment area)

e the amount of surface depression storage

o surface roughness coefficients (impervious and pervious areas) i used for determining how
quickly surface runoff flows across the catchment to its outlet

e average sub-catchment slope

A GIS of existing and proposed land use was prepared for the District by Urban Systems as part of
another initiative. Values for the above parameters were allocated to each land use type, and a spatial
analysis was used to develop weighted values for each sub-catchment (Phase 1) or grid cell (Phase 2).

3.3.6 Imperviousness

Imperviousness is the ratio of total hard surface area (that which allows no infiltration) to the total
catchment area. Directly connected imperviousnessis the ratio of hard surface area (which drains directly
to a storm sewer) to the total catchment area.

Phase 1- InfoSWMM

The computer model used for the Phase 1 analyses in this document allows any portion of runoff from

the total impervious area to be routed onto the pervious portion of the catchment. In this way, the
concept of Afdirectly connected i mpervious areasoO can
directly. The amount of total and directly conn ected imperviousness for each catchment was estimated

from aerial photographs for existing development.

Table 3.1
Future Land Use Imperviousness

Imperviousness
Land Use Directly
Total
Connected
Single Family Residential 30 15
Multi Family Residential 60 25
Commercial / Industrial 80 30
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Phase?2 - GSSHA

In Phase 2, each grid cell is assigned only one land use & soil combination. In this case, a 10 m x 10 m

(100 m?) grid cell was specified. This is considered small enough to represent a single surface (road,

house, field, etcé). The issue of what is or is not di
cell és proximity to a channel, which is used to simul af

3.3.7  Surficial Soils
The infiltration capacities of surface and subsurface soils have a significant impact on how drainage
catchments respond to precipitation events. Soils with high infiltration capacity tend to capture most of
the lower intensity rainfall, resulting in little or no surface runoff. The converse is true of soils with low
infiltration capacity. Drainage characteristics were extracted from provincial soils mapping for the study
area where available.

Phase 1

For Phase 1, the mapped soil types were assigned to one of four soil groups as defined by the United

States Soil Conservation Service. The US SCS has developed a classification system for soils based on

drainage characteristics. These data, combined with land use assumptions, are used to select the

infiltration parameter values used by InfoSWMM for hydrological analyses. For the purposes of this
document, the Horton Method was used. Table 3.2 provi des a description of each
characteristics, including the assumed Horton infiltration parameters.
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Table 3.2

T e onds Inriiire

) Max Min Decay
SCS Soil oy
o Description (mm/ (mm/ (1/hr)
Classification
hr) hr)
150 2.00

Group A Soils having high infiltration rates even when 2,500
thoroughly wetted, consisting chiefly of sands or
gravel that are deep and well to excessively
drained. These soils have a high rate of water
transmission.
Group B Soils having moderated infiltration rates when 150 100 0.70
thoroughly wetted, chiefly moderately deep to
deep, moderately well to well drained, with
moderately fine to moderately coarse textures.
These soils have amoderate rate of water
transmission.
Group C Soils having slow infiltration rates when 35 1 0.30
thoroughly wetted, chiefly with a layer that
impedes the downward movement of water, or
of moderately fine to fine texture and a slow
infiltration rate. These soils have a slow rate of
water transmission.
Group D Soils having very slow infiltration rates when 0.1 0.04 0.07
thoroughly wetted, chiefly clay soils with high
swelling potential; soils with a high permanent
water table; soils with a clay pan or clay layer at
or near the surface; and shallow soils over
nearly impervious materials. These soils have a
very slow rate of water transmission.

URBANSYSTEMS.
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Phase?2

The surface infiltration characteristics used for the purposes of the GHSSA model were combined into
nine different classifications, representing a combination of land use and soil type as summarized in
Table 3.3 . Surficial soils, rather than the subsurface soils, have a more significant influence upon the
volume of runoff produced during a st orm event. They form the initial layer of soil on the surface and

are often high in organic content and porosity providing good infiltration and storage capacity during a
rainfall event. Land use plays an equally, and sometimes even more significant role in the proportion of
runoff produced during a storm. An impervious surface, a road for example, restricts all rainfall from
infiltrating into the soil beneath - it is therefore the surface characteristics of the road alone that govern

run-off.

To represent impervious surfaces in the GSSHA model,the parameters associated with USDA Textural
Classificatiors of Sandy Loam, Clay Loam, Silt Loam, and Silty Clay were used to establish initial values.
These were then adjusted based on the calibration modeling using anecdotal information from the July
19, 2007 storm event. Final values used for the analyses are summarized in Table 3.4.

Table 3.3

Description Of The Soil/Land Use Classifications Used In The GSSHA Model

Soil/lLand Use
Category Description

Bare and Compacted
Dry and Bare

Bedrock

Dry and Natural
Impervious
Irrigated Agriculture
Irrigated Turf

Lake or Pond
Irrigated and Bare

Natural areas with little vegetation or bare areas surrounding commercial
or industrial buildings.

Areas that have been stripped and grubbed, exposing the subsurface soil
below.

Rock outcrops or areas with minimal surficial soils above rock.

Natural undeveloped areas with dense vegetation

Roads, roof tops, car parks and driveways

Orchards, vineyards and other agricultural areas regularly irrigated

Irrigated areas predominantly covered in grass such as residential lawns
and pastures.

Areas permanently covered by water

Newly re-surfaced and planted orchards or vineyards

0872.0051.01 / June 2009
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Table 3. 4
Soil and Land Use Characteristics Used in t he GSSHA Model

Dry
Bare and .
Parameter and Impervious
Compacted
Natural

Irrigated Irrigated Irrigated
Agriculture Turf and Bare

SOIL HYDRAULIC PARAM ETERS

Sil Cla Sand Sand Sand
Soil Type Sandy Loam vy o o N/A Sandy Loam o o Silt Loam
Clay Loam Loam Loam Loam
H .
ydl’alfhfl cm/hr 2.18 0.1 0.2 2.18 0.001 2.18 2.18 2.18 0.68
Conductivity
Cipe'lzry cm 11.01 2022 2088 11.01 0.1 11.01 11.01 11.01 16.68
Porosity fraction 0.412 0.423 0.39 0.412 0.1 0.412 0.412 0.412 0.486
Porosity .
Index fraction 0.378 0.15 0.242 0.378 0.01 0.378 0.378 0.378 0.234
Residual )
fraction 0.041 0.056 0.075 0.041 0.01 0.041 0.041 0.041 0.015

Saturation
LAND USE PARAMETERS

Surface
Roughness
Depression

mm 10 1 1 20 1 5 35 100 2
Storage
Soil Moisture fraction 0.1 0.42 0.01 0.1 0.01 0.25 0.2 0.4 0.3
Evapo -
Transpiration
RETEINEEIS
Albedo fraction 0.3 0.25 0.15 0.2 0.15 0.2 0.2 0.05 0.25
Wilting Point fraction 0.095 0.25 0.197 0.095 0.04 0.095 0.095 0.033 0.133
VegeFatlon m 0.01 0.01 0.1 2 0.01 2 0.05 0.001 1
Height
Vegetation
Radiation fraction 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.01 0.2
Coefficient
Canopy sim 350 500 300 150 500 70 90 500 400

Resistance

URBANSYSTEMS.
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3.3.8 Time of Concentration

This parameter reflects the time it takes for a catchment to fully respond to a rainfall event. Conceptually,
it is often represented as the longest time it takes a drop of water to flow on the surface from the upper
reach of a catchment to its outlet.

Phase 1

There are several methods of calculating the time of concentration (Tc), but INfloSWMM (Runoff routing
method) does this internally based on the following parameters:

e average catchment slope
e surface roughness coefficient
e catchment width

e rainfall intensity

The first three of the above parameter values were estimated for each catchment using the GIS. The
rainfall intensity is determined during the analyses.

Phase 2
Like InfoSWMM, GSSHA also does not use time of concentration directly. However, the time it takes
runoff to flow through a catchment is dependent upon:

e aninferred grid-cell slope, determined by the relative elevations of adjacent grid cells
e surface roughness coefficient

e rainfall intensity

3.3.9 Base Flows
There are several streams located within the study area which exhibit perennial flows due to ground
springs and/or lakes. Most fluctuate seasonally, and sometimes respond to individual rainfall events.

It is possible for a very intense rainfall event to occur during the spring freshet, when stream flows are at
their highest. However, the probability that the 100 year design storm will occur during the 100 year
freshet peak flow is very low (1 in 10,000). Therefore, the base flow in each of the primary streams was
estimated to reflect a 10 year return period usi ng one or more of the following methods:

e regional analysis (snowmelt event)
o field measurements and observations (for small spring-fed streams)

e anecdotal information about channel flow depth (for significant historical events)

URBANSYSTEMS.
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More detail is provided about the base flow for each stream in the sections (Section 5 ) addressing each

primary catchment.

3.3.10 Lake Level

Since the hydraulic capacities of the lower reaches of each stream
are impacted by the backwater effect of Okanagan Lake, a lake
level assumption was required for modeling purposes. The
Okanagan Basin Water Board regulates the lake level to provide
room for freshet runoff, which means that the level is dropped prior

to freshet, and then allowed to rise to a maximum level. For the
purposes of this set of analyses, the mean water level of 342.6 m
was used.

3.4 Hydraulics

3.4.1 Open Channels

Geodetic Elevation (m)

Maximum Daily Level
Penticton

3436

3434 -
3432 L4 -
*

3430
3128 +-& d d

: N ¢ hd
3426 1
e {2 (>3 L

: e T &
3422 Py * P R 2
3420 *
3418

1920 1930 1940 1950 1960 1970 1980

Hydraulic design of open channels is based on crosssectional geometry, slope, design flow, and
proposed construction materials. The Manning equation is used for hydraulic calculations under uniform

flow conditions. Table A-2 in Appendix A summari zes
considered in the Master Drainage Plan

representative

Wherever possible, open channels are designed to flow under sub-critical conditions. This is often
achieved by introducing check dams which create "hydraulic steps” that affect sub-critical slopes. Where
this is not feasible, it is assumed that the channel will be armored to protect against erosion.

Table A -3 in Appendix A summarizes the maximum allowable velocities for channels constructed with
various types of soils and erosion control techniques. For situations not represented by the values
presented in this table, erosion protection measures must be designed based on site-specific data.

In general, all open channels should function with a minimum freeboard of 0.3 meters. If the channel is

lined, then the lining freeboard may be a minimum of 0.2 meters.

3.4.2 Piped Systems

The hydraulic capacities of piped systems within the study area are calculated using the Manning

equation. Table A-2 in Appendix A summar i zes

t he

fino

val ues

materials used. Based on the Summerland Subdivision and Development Servicing Bylaw storm sewers
must be sized to ensure that the minimum v elocity is 0.75 m/s when the pipe is flowing either full or half
full. The maximum velocity allowed without scour -prevention considerations is 4.5 m/s.

URBANSYSTEMS.
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The minimum storm sewer diameters used in this document are also taken from the subdivision bylaw,
and are as follows:

e 200mm for catch basin leads (250mm for double catch basins);
e 250mm for single family residential;
e  300mm for multiple family residential, industrial, and commercial;

e 300mm (complete with a silt trap) for open ditch collection leads.

3.4.3 Culver ts
Culvert capacity is dependent upon several factors:

e entrance configuration (projecting, tapered, headwall)
e controlling condition (inlet or outlet)
e geometry (diameter, length, slope)

e material (roughness coefficient)

The subdivision bylaw specifies that culverts be sized to accommodate the design peak flow at a
headwater that is less than or equal to 50% of the culvert diameter. For practicality, however, existing
culverts were considered deficient only when the headwater under design flow conditions exceeded the
full diameter during analysis. Major system culverts are those with design flows greater than 0.01 m ¥s.
All culverts crossing roads are also considered major system culverts. These assumptions have been
implemented for estimating the diameter of proposed works.

Figure A -3 in Appendix A is a nomograph extracted from the Handbook of Steel Drainage & Highway
Construction Productswhich provides the inlet capacity for circular culverts under inlet control conditions.
Where there is not enough depth to install a culvert of the specified diameter, two or more culverts
having the combined capacity of the larger, single unit have been specified. Regardless of calculated
culvert sizes, following minimum culvert diameters have been assumed for the purposes of this study:

e 400 mm for minor system routes;

e 600 mm for major system routes

Note that all culverts must be equipped with headwalls at both ends.

0872.0051.01 / June 2009 URB%NSYSTEMS.
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3.5 Project Triggers

Some of the recommended stormwater management works may be required almost immediately to
address significant existing deficiencies. However, many of the projects will be required only when a
certain amount of development has occurred. Other projects may be identified as remedies for
deficiencies, but because the consequences of not implenmenting the recommended works immediately
are minor, they may be postponed until a more opportune time. These types of projects may be delayed
until other utility projects are constructed, such as a new water main, sanitary sewer, or road upgrade.

Since the timing of each potential development is not known, the triggers assigned to each project in
Section 5 reflect an event or condition rather than a specific time or time period. These fall into one of
the following general categories:

e development or redevelopment

e road or other utility project

e local area improvement (existing development upgrade from rural to urban road standard)
e required immediately to address current issues

3.6 Project Priorities

To help the District of Summerland develop its capital plans, each project proposed in Section 5 has
been assigned one of three priority levels. The intent is to direct available funds towards those works that
pose the greatest risk to both public and private property as well as to the general public. The three
priority levels are defined in the following sections.

3.6.1 Priority 1

This priority applies to proposed projects which are considered necessary to prevent significant damage
to both public and private property and/or danger to the public from runoff generated unde r existing
development conditions.

3.6.2 Priority 2
These proposed projects are considered necessary to prevent:

e inconvenience or annoyance from runoff generated under existing development conditions, or

e significant damage to both public and private property a nd/or danger to the public from runoff
generated under future development conditions.

3.6.3  Priority 3
These proposed projects are considered necessary to meet identified standards, but failure to meet these
standards is unlikely to cause:

URBANSYSTEMS.
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e significant inconvenience from runoff generated under existing development conditions, or

e significant damage to both public and private property and/or danger to the public from runoff
generated under future development conditions.

Proposed works classified as a Priority 3 may be postponed until future development occurs.
3.7 Cost Estimates

The capital cost estimates presented in this document were developed to facilitate:
e scenario comparisons
e capital plan development

e cost recovery strategy development

Although they do not incl ude allowances for land, easement, or ROW purchases, they do include:
e 15% for engineering,

e  259% for construction contingencies

Note that these estimates are based on very limited, general information that must be refined through
preliminary and detailed design processes. The District should add landrelated costs where applicable to
provide a complete project cost estimate.

Note that the Phase 1 costs (Prairie Valley Basin inSection 5.1 ) are based on the unit costs summarized
in Table A-5 of Appendix A . The costs for each project in this basin were calculated manually, and
therefore, only the resultant costs summarized in Table 6.1 are given. For the Phase 2 basins, however,
standardized cost spreadsheets were created for each project and applicable landuse scenario. These are
included as part of each project description in Section 5 .0, and include the assumed unit prices.

URBANSYSTEMS.
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4.0 ANALYSES

This section outlines the general approach of the modeling completed in support of the Master Drainage
Plan Three primary sets of analyses were completed as follows:

e Existing development with existing drainage systems. This is to identify existing deficiencies and
develop a baseline for evaluating impacts by future development. These conditions were also
used to proof (insufficient field data are available to calibrate) each model.

e Proposed development with low impact drainage systems. This allows the District to consider the
effectiveness and benefits of employing low impact stormwater management methods.

e Proposed development with conventional drainage systems. This is to determine the level of
upgrades and new works necessary to service projected development if conventional stormwater
management methods only were considered. It also provides a basis for comparison to potential
low impact stormwater management methods.

Because different modeling software was used for the two phases, the approaches used to conduct the
above analyses were slightly different for each phase. These are explained below.

Phase 1

For each of the above sets of analyses, the model was run using a series of storm durations for each of
the key return periods as outlined in Section 3.3.1. Analysis using the 10 year storms were included
because there is some minor system infrastructure within the downtown area. Results are discussed in
greater detail below. The results for the basin in general, and associated sub-catchments, are discussed
in Section 5. 1.

Phase2

GSSHA takes a considerably long time to perform each analytical run because it is processing éns-of
t housands oda tiarhi mié the ggidicells. Therefore, in order to reduce the amount of time
spent on analysis, a sample of the basins were used for a sensitivity analysis. Each of the select basins
were modeled using the full spectrum of d esign storms, but for only the 100 year return period. (The 10
year storms were not modeled since there is very little minor system infrastructure within the Phase 2
basins.) It was found that the 1 hour duration storm generated the highest peak runoff rat es, and
therefore this storm was used for the rest of the Phase 2 analyses.

0872.0051.01 / June 2009 URB%NSYSTEMS.
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4.1 Existing Development with Existing Drainage Systems

The base scenario in the INfloSWMM model consists of existing development conditions and the existing
drainage systems. Three separate sets of analyses were conducted using these base conditions as
follows:

e 25 year rainfall (Phase 1) and the July 19, 2007 rainfall event (Phase 2) to calibrate the models
e 10 year rainfall to establish a baseline under for comparison purposes

e 100 year rainfall to establish a baseline as well as to identify potential deficiencies.

Calibration (Model Proofing)

Since reliable field data (rainfall and corresponding stream flows) do not exist for the study area, other
methods must be employed to ensure that the model s results reasonably reflect how each catchment and
drainage system function in the field. The only readily available source of information is from those who
have lived and worked in Summerland for a significant length of time. We know, for example, that:

e The current drainage systems function without any significant deficiencies;

e After a rainfall, the flow depth in streams upstream of developed areas do not ris e significantly or
very quickly;

e Surface runoff from undeveloped, well vegetated basins does not occur. This infers that rainfall
from events with at least a 10 year return period is totally inte rcepted and infiltrated.

Many of the Public Works Staff have lived and worked in Summerland for many years. Based on
discussions with them, we have made the following conclusions and assumptions

e The piped systems and drywells can accommodate peak flow rates with return periods of at least
10 years.

e It takes a storm with a return period of at least 25 years to initiate runoff from an undeveloped
(natural) catchment. Note that this is applicable only to catchments with low permeability soils.

With these two conclusions as performance targets, the hydrological parameter values in the model were

adjusted to ensure that runoff reflected the anecdotal information. Consideringthatt he t er m fAcal i br a
infers a high level of accuracy, we prefer to use the term fproofedd r at her t han #dAcalibrated
Phase 1

For the Prairie Creek Basin, proofing was completed usingthe critical 25 year return period storm . (The
critical storm is the one with the duration that generates the highest peak runoff rates.) The assumption

is that over the last 25 years, there have been no significant system failures, and no discernable surface
runoff from agricultural or natural areas. Therefore, the model parameter values for the catchments were

0872.0051.01 / June 2009 URB%NSYSTEMS.

Page|4-2



District of Summerland

Master Drainage Plan

adjusted so that, under the critical 25 year rainfall event, surface runoff from the pervious areas was just
commencing.

Phase 2

The proofing process for the Phase 2 models was conducted differently because on July 19, 2007, the
District of Summerland experienced a very rare rainfall event which provided several sets of useful
anecdotal information. While additional information about this particular event is located in Appendix F ,
the following summarizes the key issues:

The storm plotted above the 100 year return period for almost all intensities
its duration was approximately 11 hours i an unusually long storm

it had an extremely high intensity peak near the end of its duration 1 after surface soils had a
chance to become wetted and depressions filled

it was extremely wide -spread, and covered the entire district

Neither Eneas Creek nor Prairie Creek responded significantly to the event, indicating that natural
and agricultural lands have a significant capacity to capture and retain rainfall

Several flooding and erosion incidents occurred throughout the District, but all were related to:

o Runoff generated on hard surfaces (roads, driveways) or on pervious surfaces stripped of
their organic soil layer (areas being prepared for vineyards or construction)

o0 Low points on roads or cul-de-sacs which have no defined downstream major drainage
route

For the purpose of proofing the GSSHA models, two similar incidents where unexpected surface flows
were generated, were selected. In this case:

One incident was located on Giants Head Roadi runoff was generated on land stripped for a
new vineyard, and

The other incident was located on top of the silt bluffs along Lakeshore Road i where a newly
planted, but not-yet-vegetated vineyard was created in a topographic bowl.

In both cases, runoff was generated on the disturbed landscape by the storm, and followed natural
topography through private lands. In the Giants Head Road case, the runoff eventually infiltra ted into the
ground as if flowed through a natural ravine. In the Lakeshore Road case, the runoff flowed over the silt
bluffs and eventually into Okanagan Lake.

URBANSYSTEMS.
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The proofing strategy was as follows:

e Develop a model of the existing conditions for the Giants Head Basin, and using the July 19, 2007
historical storm, adjust the parameter values until the generated runoff matches the flow rates
estimated from anecdotal field evidence at various locations along the flow path.

e Develop a model of the Lakeshore Basin, and using the same storm and parameter values from
the Giants Head Basin model, see how well the results match the flow rate estimated from
anecdotal field evidence at the Lakeshore location.

The premise is that because the surface soils are similar, the same parameter values should yield similar
results under the same rainfall conditions. Fortunately, this approached worked well, and the parameter
values summarized in Table 3.4 were used in each Phase 2 basin model.

Minor System Baselinei 10 Year Return Period Rainfall (Phase 1 Only)

While the focus of the Master Drainage Planis more broad (major drainage), key elements of the minor
system within the Prairie Creek Basin were modeled where necessay to connect catchments to their
respective receiving streams. Therefore, the 10 year rainfall was used (after model proofing) to establish
a reference for comparison when future development impacts are analyzed. Results from this analysis are
found in Section 5.1 .

Major System Baselinei’ 100 Year Return Period Rainfall(Phases 1 and 2)

By running the model using 100 year rainfall events, we were able to establish both a baseline for
comparison as well as identify system deficiencies. Each of these deficiencies are noted in the
corresponding basin drainage plan sub-sections in Section 5.

4.2 Proposed Development with Low impact Drainage Systems

The concept of low impact stormwater management is introduced in Section 2.2 . Regardless of the
method employed, the general objectives are to:

e Increase the amount of rainfall that infiltrates into the ground (for groundwater replenishment
and stream health) and to

e Reduce the amount of rapid runoff and associated impacts.

Hydrological modeling uses several parameters for which values can be adjusted to simulate the function
of the BMPs outlined in Appendix B. These are outlined as follows:

e Directly connected imperviousnessi the amount of hard surface that is connected directly to a
piped storm sewer system. Development methods that direct runoff onto lawns and infilt ration

URBANSYSTEMS.
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systems i essentially breaking the direct connection to a storm sewer i can be modeled using
this parameter.

e Depression storagei the volume of surface storage that temporarily holds runoff until it is either
evaporated or infiltrated. BMPs which create lot-level detention can be modeled using this
parameter.

e Slopeithe sl ope of a catchmentdés surface <can
outlet. Flatter slopes, created by re-grading, can reduce peak runoff flows.

e Infiltration 1 the rate at which water moves through a soil. Adding relatively deep (0.3 7 0.5 m)
of amended, wellkdr ai ned soils to a devel opment sit
capture by allowing the water to move quickly into the soils rather than running off the sur face.
The infiltration parameters in the model can be adjusted to reflect the new soil conditions. One
caveat, however, is that there is a limit to the amount of rainfall these soils can hold. This can be
reflected in the model by either specifying a limit in terms of volume, or adjusting the saturated
infiltration rate and decay time values accordingly.

The analyses conducted using these concepts reflect the fact that future development will increase the
amount of impervious area on subject sites. However, the goal of using more low impact stormwater
management methods in the model is to:

e Prevent any increase in runoff from the most frequent (and lower intensity) rainfall events;
e Minimize and delay peak runoff from the 10 year design storms, and

e Manage exceess runoff generated by the 100 year design storms.

Tables within the basin sub-sections of Section 5 .0 summarize the peak flows in the systems generated
using these more low impact stormwater management methods. Proposed works are presented in detail
in each of the basin sub-sections in Section 5 .0.

4.3 Proposed Development with Conventional Drainage Systems

For the purposes of this Master Drainage Plan a conventional drainage system is considered to consist
of:

e Curb and gutter on asphalt roads
e Catch basirs connected to a piped storm sewer

e A discharge from the piped storm sewer to a receiving water (usually a stream, open ditch, or
lake).

URBANSYSTEMS.
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As discussed in Section 2.2, this type of system generates high runoff flow rates very rapidly. If a
development is adjacent to a large receiving water (river or lake), the downstream impacts are minimal,
and can be easily mitigated. In most cases however, runoff must be transported a significant distance
before it reaches these larger receiving waters. In these situations, rapid, high peak flows can cause:

e stream bank / bed and channel erosion
e flooding

e sediment transport and deposition to undesired locations.

Conventional methods of addressing these issues include:
e detention facilities (ponds, buried systems, over-sized sorm sewers)
e channel erosion protection (rip rap, geo fabrics, check-dams)

e large storm sewer installations.

For this set of analyses, conventional storm sewers were assumed for the future developments, and
conventional methods of transporting the resultant peak flows (ditches and trunk storm sewers) were
considered for offsite works.

Phase 1

In Phase 1, capital costs were estimated the offsite works based on the modeled peak flow rates. They
also included allowances for erosion prevention measures The results and corresponding proposed works
are located in Section 5.1 .

Phase2

In Phase 2, the same type of analyses were also conducted. However, conventional works necessary to
convey the high peak flows to an appropriate receiving water (Okanagan Lake or Trout Creek) were not
identified except for a couple of locations. This reflects two key assumptions:

e Current policy requires developments to attenuate post-development peak flows to pre-
development levels, and

e In many cases, the distance between the proposed development and an appropriate receiving
water makes the prospect of constructing adequate drainage works unfeasible.

Therefore, conventional peak flow rates have been identified, but the proposed off -site works are
more reflective of what would actual ly be required. It will be up to the Developers to determine the

best way of attenuating post -development peak flows on-site i either through LID or conventional
methods.

URBANSYSTEMS.
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4.4 Proposed Unit Runoff Rates

As outlined in Section 2.1.9 , use of a unit runoff rate to establish allowable discharge rates from future
developments is recommended. This section outlines the analyses conducted to determine an appropriate
unit runoff rate for areas which currently have been identified for future development.

Figure 4.4-1 shows a set of catchments which contain future development sites and which drain to a
location for which flows were modeled under both existing and future LID conditions.

The analysis consisted of:

e Summing the area of the sub-catchments
draining to each selected modeled flow
location, and

¢ Dividing the modeled flow rate s by their
corresponding contributing catchment areas.

This analysis was conducted using modeled flow rates
for both existing and LID conditions. The data are
summarized in Table s 4.4 -1 and 4.4 -2 respectively.

Figure s 4.4-2 and 4.4 -3 are plots of the land use _
distributions for the existing and LID conditions %1
respectively. The catchment data are sorted left to ?
right by the corresponding calculated unit runoff rate.

e

Figure 4.4-1 Catchments Used In The Unit Runoff

»
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Table 4.4 -1
Existing La nd Use / Soils Conditions - Percent of Total Area
Unit Bare and bry bry : Irrigated Irrigated Irrigated
Runoff Bedrock and and Impervious .
Compacted Agriculture and Bare Turf
(Lps/ha) Bare | Natural

375 0.07 61.6 5% 1% 17% 61% 17%
578 0.76  69.2 74% 1% 23% 2%
653 112 853 16% 34% 9% 25% 17%
679 0.81 3.7 39% 12% 6% 43%
989 192 151 17% 36% 13% 19% 16%
1285 0.28 109.2 7% 35% 9% 25% 25%
1346 0.28 9.1 21% 1% 15% 30% 33%
1399 106.3 3% 53% 4% 33% 7%
1495 094 197 5% 83% 8% 3% 3%
1642 42.7 64% 3% 23% 9%
1825 0.27 705 6% 1% 49% 4% 20% 10% 10%
1931 40.7 1% 9% 15% 38% 38%
1959 2.65 7.7 41% 11% 26% 23%
1963 0.02 60.0 99% 1% 0% 1%
Min 0.00

Avg 0.65 50.1 8% 0% 0% 41% 9% 24% 1% 17%
Max 2.65

Figure 4.4 -2 Existing Land Use / Soils Distribution
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Table 4.4 -2
LID Land Use / Soils Conditions - Percent of Total Area
unit Bare and . . Irrigated Irrigated Irrigated
Runoff Bedrock and Imperv ious :
Compacted Agriculture and Bare Turf
(Lps/ha) Bare

375 0.07 616 5% 1% 20% 55% 20%
578 0.79 69.2 40% 18% 23% 19%
653 159 854 16% 32% 11% 21% 20%
679 0.81 3.7 39% 12% 6% 43%
989 3.13 151 17% 36% 13% 19% 16%
1285 0.28 109.3 7% 35% 9% 24% 25%
1346 0.55 9.1 21% 1% 18% 30% 40%
1399 106.4 3% 34% 13% 32% 18%
1495 1.04 19.7 5% 54% 22% 3% 16%
1642 0.42 42.7 55% 11% 19% 15%
1825 0.26 70.5 6% 45% 6% 30% 13%
1931 0.69 40.7 1% 9% 16% 34% 40%
1959 2.65 7.7 41% 12% 26% 22%
1963 0.49 60.8 90% 5% 0% 5%
Min 0.00

Avg 0.91 50.1 8% 0% 34% 13% 23% 22%
Max 3.13

Figure 4.4 -3 LID Land Use / Soils Distribution

100.0%
90.0% +— — — — — — — — — — — — — — -
80.0%
70.0%
Dry and Natural
60.0% Irrigated Agriculture
50.0% W [rrigated Turf
40.0% W Dry and Bare
30.0% Irrigated and Bare
20.0% W Bare and Compacted
10.0% W Bedrock
0.0% B Impervious
g & & & 5§ § 3 8 & x & 3 8 9
o o o o o o o ] o o — — =~ [aa]

Unit Runoff (Lps/ha)
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The objective is to recommend a unit discharge rate which represents a realistic, 10 year return period
peak flow rate under pre-development conditions. The above analyses were completed using the 100
year design storm. Note that in both cases, there were instances of zero runoff. Also note that there is no
clear correlation between the amount of imperviousness and unit runoff rates 1 catchment
imperviousness of greater than 10% had unit runoff rates across the full spectrum of values. The reason
for this apparent anomaly is that in some of the subject catchments, the i mpervious areas are relatively
close to the flow measurement location, while in others with a similar land use mix, the imervious areas
are further away. When the impervious areas are closer to the flow measurement location, surface runoff
generated on them has little time to infiltrate as it passes over the pervious areas.

If the above analyses were conducted using the 10 year design storm, one would expect that the
average unit runoff would be significantly less than the 0.65 Lps/ha derived using the 100 year storm.

One could also argue that the few high values skew the averages significantly. (The median unit runoff

rate under existing conditions is only 0.28 Lps/ha). These arguments suggest that for the 10 year, pre -
development conditions, the unit runo ff rate might be only 0.1 or 0.2 Lps/ha. Such a low value, however,

might also be too restrictive, resulting in on -site requirements which are too onerous for the developer to

bear. Some | evel of di scharge shoul d be toxompletelyddsmbseofi nc e
runoff on-site. In order to balance these issues, it is proposed that the minor system (10 year) flows

should be controlled to an effective maximum discharge rate of 0.5 Lps/ha.

In most cases, major runoff is not controlled. This assumes that the major drainage routes can
adequately accommodate these flows. This may be true for smaller developments which drain to well

established routes. However, a couple of larger development areas (Rattlesnake Mountain and Jersey
Lands, for example) are several kilometers from receiving waters that could accommodate uncontrolled

100 year peak flow rates. In most cases, the major drainage routes between the developments and the

receiving waters, are natural channels or streams. It is not a viable o ption to increase the hydraulic
capacity of these natural channels for a variety of reasons. Nor is it economically feasible to construct

kilometers of large-diameter trunk storm sewers. Therefore, such developments should be charged with

attenuating their 100 year post-development peak flow rates to an appropriate level.

Analysis indicates that if LID methods are implemented during development, the resulting 100 year peak
flow rates can be accommodated by existing drainage routes. Table 4.4 -2 indicates that the average
unit runoff rate under LID conditions is 0.91 Lps/ha. Rounding up, it is therefore proposed that the major
system (100 year) flows be controlled to an effective 1.0 Lps/ha. This allows the developer to decide how
to manage their stormwater o n-site i either by implementing LID principles, or by using conventional
systems. In both cases, the downstream peak flow rates should be similar.

URBANSYSTEMS.
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Summary:

1. For all developments, it is proposed that post-development runoff be attenuated to a maximum
of 0.5 Lps/ha for 10 year events or less, and

2. For developments where upgrading downstream major drainage routes is not feasible, the post -
development runoff be attenuated to a maximum of 1.0 Lps/ha for up to the 100 year conditions.

URBANSYSTEMS.
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5.0

BASIN DRAINAGE PLANS

This section of the Summerland Master Drainage Plan presents the interpretations, options, proposed
works, and estimated capital costs associated with each of the primary drainage basins within the study
area based on the analyses outlined in Section 4.0 .

There are eleven sub-sections, one for each of the primary basins shown in Figure 1.1. Within each sub-
section, are five further divisions that address:

existing drainage

both existing and future land use
infiltration potential

analysis results

proposed projects to correct either existing or anticipated deficiencies

Each section isalso accompanied by an index map that shows:

the subject basin within its context
key infrastructure types and locations

proposed project locations

Additional figures are also included which show:

existing and propose infrastructure, including reference IDs and diameters where applicable
natural drainage routes (ravines, swales, gullies)

sub-catchment boundaries and reference IDs

contours

existing sinks (surface depressions where water could pond)

proposed land use (existing land use is inferred from ortho photos)

soils drainage characteristics

Each proposed project is presented in its own sub-section and includes:

assigned priority
implementation trigger

100 year design flow

0872.0051.01 / June 2009
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e estimated capital cost

e background discussion that explains why the project is required
e upgrade or improvement concepts

e description of the proposed works

e suggested implementation strategy

e cost estimation spreadsheet or spreadsheets (if LID and/or Conventional works are different) 1
Phase 2 projects only

As discussed in Section 2.0, the Master Drainage Plan provides general concepts for addressing
stormwater management within the study area. The projects presented in the following sections provide
reasonable soluions, but should not be implemented without first obtaining site -specific information and
completing detailed analysis and design using that information.

0872.0051.01 / June 2009 URB{A:NSYSTEMS.
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5.1 Prairie Creek Basin

Although the Prairie Creek Basinis the second-largest by area within the District, it is probably the most
important because of the following:

e The reach extending through Lower Town to Okanagan Lake is a recognized fish spawning area.
e |t passes through, and drains much of the downtown area.

e A significant amount of future development is anticipated within the upper part of the basin.

For these and other reasons, the District decided that this basin would be the first to have a Master
Drainage Plan.

5.1.1 Existing Drainage

The primary source of flow in Prairie Creek is leakage from the Trout Creek Reservoir. Water from Trout

Creek is diverted to this reservoir, located at the west end of the Prairie Creek Basin, and is the primary

water supply for the District of Summerland. A 1995 study by GeoViro Engineering Ltd. estimates the loss

fomt he reservoir to Prairie CrietgOR ni/tdod.beThiins tthrea nrsd mg e
average flow rate ranging between 0.052 i 0.520 m®/s. Simple field measurements at various locations

along the stream confirm this estimate, with inferred sum mertime flow at the south end of Sinclair Road

of approximately 0.15 m*s. The flow in Prairie Creek never stops, and based on conversations with Staff

and local residents, does not fluctuate significantly upstream of the downtown area.

The average gradient of Prairie Creek between the Trout Creek Reservoir and Rippen Avenue is
approximately 3.5%. From Rippen Avenuet o Pr ai ri e Vall ey Road (at the nort
Elementary School), the average gradient is approximately 0.7%, and pass through agricultural land

(orchards and meadows). The road sections are, for the most part, rural in nature. There are a few very

small piped drainage systems which primarily collect ground water and transport it out of low spots on

roads.

There is an ephemeral tributary to Prairie Creek which originates in
the southern part of the basin and joins the main stream near

Lumsden Avenue and Dale Meadows Road. It appears to contain flow
only during the annual snow melt. A second tributary joins Prairie '

Creekatthe southeast corner of the ( : : mentary
Flow in this tributary appears to be also generated from ground § N = o V- &

water, and is present year-round. Field measurements indicate that ; ’ k
the base flow rate in this small tributary is less that 0.10 m ¥/s.

Downstream of t he Gi ant 6s He ad

0872.0051.01 / June 2009 URB{A’NSYSTEMSo
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becomes significantly constricted by development as it passes through private property. The most critical
reach is between Phinney Avenue and Brown Street. After this, there is a brief section of open channel
stream, then Prairie Creek enters a 900 mm diameter storm trunk located on Prairie Valley Road. Note
that during winter, ice build -up in the creek causes ongoing operational issues.

i
{

The storm trunk on Prairie Valley Road was installed in 1997 as
part of the sanitary sewer project, and replaces an older 600mm
diameter storm sewer which is still used as the storm sewer for
the road. These two trunks discharge into the west ditch along
Highway 97. From there, it crosses the highway through a 1200
mm diameter culvert and careens along the silt bluffs to a
control structure at the west end of Butler Street.

The control structure was constructed in 1997 to provide a safer overflow route to Okanagan Lake. Two
sluice gates allow a limited flow into the original channel, which flows through private properties until it
reaches the lake. This channel consists of alternating open channel and closed pipe reaches of various
sizes and capacities. The overflow pipe on Butler Street has a diameter of 1350 mm, and extends straight
to the lake past the sanitary lift station.

URBANSYSTEMS.
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512 Land Use

Existing

The Prairie Valley Basin is comprised nostly of either
agricultural or natural land uses. More urban-style land uses
start on the east side of Cartwright Mountain, and continue
down to the lake. These can be clearly seen in Figure 5.1-2.

Within the residential areas, many of the streets have a rural
cross sectioni gravel or grass shoulders; no curb and gutter.
Where the streets do have an urban cross section (curb and ,
gutter), much of the drainage is accomplished using drywells. Only a small portion of the developed areas
have storm sewer systems which discharge directly to Prairie Creek.

It is worthwhile to note that there are many areas where
natural conditions preclude any uses other than for
preservation, and perhaps recreation. These include, but
are not limited to:

e the silt bluffs along the lower reaches of Prairie
Creek (east of Highway 97)

e rocky sl opes Mount®@n ant 0s

Future

Most of the potential development within the Prairie Creekbasin is projected to be primarily low -density
residential, located as shown on Figure 5.1-2. Pockets of higher density residential and commercial
development are also projected for the downtown and Lower Town areas. |t is assumed that land within
the ALR (except perhaps for the proposed Brandenburg development at the west end of the basin), will
remain agricultural.

The impacts of these potential developments on Prairie Creek must be managed, and are discussed in
more detail in projects sections for Prairie Creek Basin.

5.1.3 Infiltration Potential

Surficial Soils

The Prairie CreekBasin is characterized by three of the four SCS Soil Groups which are shown in Figure
5.1-3. Catchments which are comprised mainly of Soils A and B are considered the most suitable for
stormwater disposal to ground using infiltration methods. Catchments comprised mostly of Soil C may be
suitable provided appropriate measures are taken. If Low Impact Development (LID) strategies are to be
used in these catchments, then amended soils will probably be required in the developments.

URBANSYSTEMS.
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Groundwater Conditions

There are many areas where groundwater seeps to the surface.

Much of this seepage at the western end of the basin is due to

leakage from the Trout Creek Reservoir. However, there are also
other areas where the ground water is a natural occurrence. An
area of well-documented groundwater problems is located south
and west of the Giantés Head EI
table in this area is very close to the surface, and ditches and

footing drains contribute to the Prairie Creek base flows.

The

Fortunately, most groundwater discharge areas are located within the rural, agricultural areas, where
small collection systems address local inconvenience $sues. In potential development areas, groundwater
limits the potential to use infiltrate methods for stormwater management. These issues will have to be

addressed through detailed hydro-geotechnical investigations and design during the development
approval process.

5.1.4 Analysis
This basin presents several stormwater management challenges:

e It contains a stream that flows year round with a significant base flow;

e Most of the stream has been enclosed in pipes within its lower reaches, establishing a fixed
maximum capacity;

e The mid and lower reaches of Prairie Creek pass through highly-developed, high-value areas that
contain large amounts of hard surfaces such as buildings and paved parking lots;

e The lower reach just upstream of the lake is a prime fish spawning a rea.

The primary analytical challenge was to determine how much Prairie Creek would be impacted by
potential development, depending on the stormwater management approach adopted by the District. We

already know that there have been historical instances of flooding in certain areas, but to only a limited

degree. We also know that because of the agricultural and undeveloped nature of the upper portion of

the basin, the creek responds only slightly to rainfall events.

Note that the potential to construct a | arge detention facility, just upstream of where development begins
to constrict Prairie Creek, was not modeled. It was, however, considered. The conclusion is that if high
peak flow rates are allowed to enter Prairie Creek at its upper reaches, significant damage could occur
within the stream channel before these flows ever reached the detention facility. The alternative would
be to upgrade the entire channel length from the potential detention site to the western end of the basin.
Neither of these options seemed feasible nor desirable. Therefore, the base assumption is that measures
would be taken within the potential develop sites to limit all flows to Prairie Creek, including runoff from

URBANSYSTEMS.
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the 100 year event. This includes the conventional system scenario, but recognizes that with conventional
curb and gutter, there is a higher chance of runoff moving off -site than with LID methods.

5.1.5 Projects

The remainder of this section presents the details of each proposed improvement or issue within the
Prairie Creek hasin. Although figures are included for each project, a better understanding of the context
may be obtained by referring to Figures 5.1-P1 to 5.1-P7 at the end of this sub -section.

Note: When works are proposed in a stream, appropriate permits must be ob tained from the
ministry of Environment, The associated restrictive windows of operation allow few
opportunities per year to complete the works, so adequate planning and preparation
must be completed well in advance to ensure each project is executed smoothly and in
a timely fashion.

URBANSYSTEMS.
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Project: PV1 Doherty Avenue & Prairie Valley Road: Denike to Lister
Priority: 2
Trigger: Development in the portion of the Prairie Creek Basin which is located to the northwest

of the Doherty and Denike intersection.

10 year 0.0 n/a 0.007 m%/s
100 year 0.0 n/a 0.011 m®/s
Estimated Conventional |
Capital Costs: n/a $ 153,200 $153,200
Note: Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for engineering and

25% for construction contingencies.

Issue:
Significant development is proposed within the [§
catchments upstream of Doherty Avenue, and :
conceptual servicing plans have already been
submitted to the District. While the minor system
flows are expected to be managed on-site, major
system runoff would likely reach Doherty Avenue
along any future roads into the area. These flows
must be safely directed to Prairie Creek.

Analysis indicates that currently, no runoff is
produced out of the subject catchments. This
appears to be due to the high infiltration capacity of
the surficial soils, and the fact that there are no
impervious surfaces which are directly connected to
a drainage system discharging into Prairie Creek. [&
Once development occurs, however, these ‘ b il v

conditions would change. The Developer has proposed to use LID concepts for stormwater management,
and therefore no conventional system was modeled for this area.

(W—URIKISYSTEMS.
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Existing System:
No existing deficiencies are noted.

Conventional System:

Based on preliminary concepts submitted by the Developer, stormwater management within the
proposed development upstream of the subject site would be based on LID concepts. Therefore, works
for this scenario are the same as those outlined in the LID scenario below.

LID System:

Concept

The subject area is rural in nature, and will likely continue to be rural. Therefore, a ditch to transport the
anticipated flows to Prairie Creek is a feasible option. Because the land slopes eastward from Doherty,
the ditch would have to remain on its west side. This will require culverts across:

e the future access road at Doherty, and

e Doherty at Prairie Valley.

While it may be possible to direct flows along Holt to Prairie Creek, it seems more feasible to continue the
ditch along Prairie Valley Road to Rutherford Avenue. The reasons for this are as follows:

e The ditch along Holt would have to remain on the west (higher) side of the road, and there are
several driveways on this side.

¢ Runoff from Denike and Rutherford (see Project PV2 ) must also be directed to Prairie Creek,
therefore it seems more economical to construct only one structure rather than two.

This route minimizes the number of culverts required in total (considerin g PV1 and PV2). However, a
culvert will be required across Prairie Valley at Rutherford, as well as across 8 driveways.

Proposed Works
The grades are not that steep, so re-vegetation should provide adequate erosion protection for the
ditches. The proposed works are outlined as follows:

e 1 km of trapezoidal ditch, assumed depth of 0.5 m and minimum base width of 1.0 m.

e 11 - 450 mm diameter culverts, complete with headwalls at each end.

Implementation
These works should form part of the offsite works associated with any development in the area.

URBANSYSTEMS.
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Project: PV2 Denike Street & Rutherford Avenue: Doherty to Prairie Creek
Priority: 2
Trigger: Development in the portion of the Prairie Creek Basin which is located to the north of

Denike Street.

10 year 0.0 n/a 0.021 m¥s

100 year 0.0 n/a 0.028 m¥s
Estimated
Capital Costs: n/a $64,400 $64,400

Note:  Capital costs do not include allowances for land, easement, or ROW purchases, butdo include 15% for engineering and
25% for construction contingencies.

Issue:

Significant development is proposed within the catchments upstream of Denike Street. While the minor
system flows are expected to be managed on-site, major system runoff would likely reach Denike along
any future roads into the area, as well as via the natural ravine that intersects the road . These flows
must be safely directed to Prairie Creek.

URBANSYSTEMS.
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Analysis indicates that currently, no runoff is produced out of the subject catchme nts. This appears to be
due to the high infiltration capacity of the surficial soils, and the fact that there are no impervious
surfaces which are directly connected to a drainage system discharging into Prairie Creek. Once
development occurs, however, these conditions will change. The Developer has proposed to use LID
concepts for stormwater management, and therefore no conventional system was modeled for this area.

Existing System:
No existing deficiencies are noted.

Conventional System:

Based on preliminary concepts submitted by the Developer, stormwater management within the
proposed development upstream of the subject site would be based on LID concepts. Therefore, works
for this scenario are the same as those outlined in the LID scenario below.

LID System:

Concept

The subject area is rural in nature, and will likely continue to be rural. Therefore, a ditch to transport the

anticipated flows to Prairie Creek is a feasible option. Because the land slopes south and east from

Denike, the ditch would have to remain on its north side. Available topography indicates that there may

be a short reach requiring a culvert to ensure flows can be routed through a very flat or slightly high

point as shown. Detailed survey may indicate that a ditch is feasible through t hi s reach, but for
assume a culvert will be required. A culvert will also be required across Denike at Rutherford.

This drainage system would tie into the system proposed in Project PV1 at Prairie Valley and
Rutherford.

Proposed Works
The grades are not that steep, so re-vegetation should provide adequate erosion protection for the
ditches. The proposed works are outlined as follows:

e 760 m of trapezoidal ditch, 0.5 m deep with a minimum base width of 1.0 m
e 90 mof 450 mm diameter CSE complete with headwalls at each end

e 3 - 450 mm diameter culverts, complete with headwalls at each end.

/mplementation
These works should form part of the offsite works associated with any development in the catchments
above Denike Street.

URBANSYSTEMS.
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Project: PV 3 Prairie Creek: West of Sinclair
Priority: 2
Trigger: Significant development upstream of the subject location .
10 year 0.14 0.27 0.27 m3/s
100 year 0.45 0.75 0.75 m3/s
Capital Costs: n/a $22,000 $22,000
Note: Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for engineering and

25% for construction contingencies.

Issue:

As Prairie Creek nears the more developed portion of town, its
profile starts to flatten -out. As shown in the adjacent plot,
there is potential for the capacity of the creek channel to be
exceeded under post-development 100 year runoff conditions.
The analyses indicate that even under existing conditions, the
100 year runoff comes very close to channel capacity at the

URBANSYSTEMS.
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subject reach.

The profile data for the analyses were extracted from the available contour data. Note that the overflow

occurs at the upstream end of the flattest reach, whi le there is sufficient capacity in the steeper,
downstream reach. This indicates that channel capacity in these flatter reaches is very sensitive to slope.
More accurate channel data would be required to determine if there really would be a capacity problem
under the design peak flow conditions.

Existing System:
The subject channel operates at capacity under existing design flow conditions.

Conventional System

Most of the development upstream of the subject reach on Prairie Creek is likely to use LID sto rmwater
management methods. Only a portion of the development on Cartwright Mountain might want to use
conventional drainage systems. However, runoff from this area will require attenuation on-site, and the
discharge will still be routed over pervious areas making the impact to Prairie Creek negligible. Therefore,
the works outlined in the LID System section below will be adequate for the Conventional System
scenario as well.

LID System:

Concept

Even with LID implementation, increased 100 year runoff from
anticipated development will still have an impact on Prairie Creek. There
are therefore only two general options:

e attenuate the peak flow rates (on-site or somewhere
downstream), or

e increase the channel capacity.

Considering that the existing conditions are close to capacity anyway, a
detention facility would have to discharge at a very slow rate to avoid

increasing stream flows too much. Under 100 year runoff conditions, this
would require significant storage volume. Since we are considering 100
year runoff conditions, the most feasible location would be somewhere
on the stream channel, downstream from the development are a. This
would mean either purchasing or leasing agricultural land for flow

attenuation purposes.

0872.0051.01 / June 2009 unEA’"SYSTE MS.
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An easier and more economical solution would be to upgrade the channel capacity. Increasing capacity at
this location will not cause problems downstream since potential trouble -spots are addressed by some of
the other projects identified for the Prairie Valley Basin.

URBANSYSTEMS.
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Proposed Works

Since the stream profile is relatively flat through the subject reach, deepening it is not an option.
Therefore, the only effective way s of increasing channel capacity is to either widen it, construct berms on
both sides, or do a combination of both. Berms take up approximately as much additional land as
widening the channel does, sowe 6 v e thehwidenig option for capital cost estimating purposes. The
proposed works are therefore as follows:

e widen approximately 420 m of existing channel from approximately 1.2m to 2.7m

/mplementation

The proposed works are not required until a significant amount of development has occurred upstream of
the subject site. A simple water level gauge, which indicates the maximum water level that has occurred
since the last reading, should be installed now. It should be checked and reset after every large rain
storm to develop a better understanding of how the stream responds in this reach to large rainfall events.
The proposed works can be completed once it is evident that stream flows following large rain storms are
consistently higher than historical levels. An example of such a gauge is shown in Appendix D .

Prior to actually increasing the channel capacity, it would be beneficial to conduct a detailed
topographical survey of the subject reach. This should include sufficient data to accurately determine the
channel profile and representative cross sections. The survey should extend several meters away from
the stream on both sides of the channel to ensure that the floodplain can also be defined accurately.
Ground elevations at buildings adjacent to the stream channel should be included.

URBANSYSTEMS.
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Project: PV 4 Prairie Creek: South of Giantds
Priority: 2
Trigger: Significant development upstream of the subject location.
10 year 0.14 0.27 0.27 m®/s
100 year 0.45 0.76 0.76 m*/s
Capital Costs:  p/a $67,500 $67,500

Note:  Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for engineering and
25% for construction contingencies.

—————URBANSYSTEMS.
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Issue:

The profile for the two existing 600mm culverts (reach J -86 to J85) is very flat T slope is approximately
0.1 to 0.2%. Analysis indicates that under post development conditions, 100 year peak flows exceed the
capacity of this reach.

Existing System:
The existing system has adequate capacity for anticipated peak flows under existing conditions.

Conventional Syste m:
Since little conventional systems are anticipated to be used upstream of this site, the proposed concept
under this scenario is the same as that proposed

LID System:

Concept

Since the profile for this reach is so flat, and the open channels on either end are relatively shallow, there
is little opportunity to install a culvert with a diameter larger than 600mm. Therefore, a third 600mm
diameter culvert is proposed. Analysis confirms that this is adequate to accommodate the anticipated
design flow.

Proposed Works
The proposed works are:

e 140m of 600 mm CSP culvert, including head walls at both ends.
Implementation
The proposed works are not required until a significant amount of development has occurred upstream of

the subject site. The current project should be completed in conjunction with Project PV3. See Project
P\3 for more information.

URBANSYSTEMS.
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Project: PV 5 Prairie Valley Road: Phinney to Brown
Priority: 1
Trigger: Existing deficiency.
10 year 0.20 (n/a) 0.34 (0.089) 0.34 (0.089) m®/s
100 year 0.48 (n/a) 0.96 (0.71) 0.96 (0.71) m¥s

Note: Two peak flow rates are given as follows: works u/s of proposed diversion (by pass works). The
flows to the existing system will remain at current base-flow levels.

Capital Costs: $554,400 $1,019,100 $1,019,100

Note:  Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for engineering and
25% for construction contingencies.

(mmm(m—URmSYSTEMS.
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Issue:
Prairie Creek enters a constricted series of reaches when it meets Prairie |
Vall ey Road at the northwest cor nf iant 6s

Road and continues down Phinney Avenue. Between Phinney and Brown
Street, the stream alternates between a narrow open channel and storm
sewers exhibiting a variety of diameters.

Analysis indicates that the 100 year peak flow generated under current
development conditi ons would exceed th
deficiency is only exacerbated under the future development scenarios.

ystemds

Historically, flows in this reach have also exceeded channel capacity,
primarily at the culvert across Saunders Crescent The return period of this
historical event is unknown.

As shown in the adjacent image, the inlet to this system is fairly restrictive, subject to blockage by debris,
and in relatively poor condition.

The 1995 Storm Drainage Studly also identified this deficiency
and recommended a by-pass on Prairie Valley Road from
Phinney Avenue to Brown Street. It recommended a 1200mm |
diameter bypass based on an existing 100 year peak flow
rate of 3.5 m?¥s. As noted in the Design Flows table above,
current analysis yields significantly lower 100 year peak flow
rates. The difference is attributed to the fact that the 1995
study used the Rational Method for peak flow estimation.
This is a simplistic method that is applicable to only very
small catchments (usually under 10 hectares). The
INfoSWMM model used for the current Master Drainage Plan
analyses takes into consideration the effects of infiltration, disconnected impervious areas, catchment
slopes, and channel storage. Therefore, the diameters proposed for each of the scenarios outlined below
are less than originally estimated.

Existing System:

Concept

The existing system has capacity for a peak flow rate of approximately 0.33 m %s. Due to the number of
private properties through which the stream flows, it is consider ed economically infeasible to upgrade
channel widths or to install a larger diameter storm sewer within the existing alignment. Therefore, the
Prairie Valley Road bypass is better solution.

URBANSYSTEMS.
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Proposed Works

The bypass must accommodate all flow in excess of the 0.33 m*/s. Based on our analysis, a minimum
diameter of 450 mm is required to accommodate the excess 100 year peak flow rate under existing
development conditions.

Note that the inlet works to the diversion must be sized to accommodate the full design peak flow rate,
and are sized accordingly.

The proposed works are as follows:
e 530 m of 450 mm diameter storm sewer (bypass)
e 45 m of 750 mm diameter storm sewer (inlet works)
e 450 mm diameter outlet structure, complete with safety grill
e 750 mm diameter inlet structure, complete with safety grill

e one diversion structure

Implementation
See LID System comments below.

Conventional System:
The 100 year design flow under this scenario is only slightly higher than that for the LID scenario.
Analysis indicates tha the required works are the same as those for the LID scenario outlined below.

LID System:

Concept

As shown below, the bypass is even more necessary under future development conditions. The only
difference is the size of the proposed works.

o [TTTTTTTTmTTmmm et

Flow through proposed by-pass

---------------------------------

T [ : ] E
Flow through existing system ;

Flow (m3/s)

0.2+

__________________________________________________________________________________

il } } } |
01/01/2002 01/01/2002;6:00 01/01/2002;12:00 01/01/2002;18:00 01/02/2002
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Proposed Works
Since the design flow under these conditions is larger than under existing conditions, the proposed inlet
and diversion works will have larger diameters as follows:

530 m of 750 mm diameter storm sewer (bypass)

45 m of 900 mm diameter storm sewer (in let works)

750 mm diameter outlet structure, complete with safety grill
900 mm diameter inlet structure, complete with safety grill

one diversion structure

/mplementation

Since this is an existing deficiency which could impact several homes, these works should be constructed
as soon as the District can set-aside the funds. If other utility or road upgrades are planned for this
stretch of Prairie Valley Road, it would be prudent to combine the works for cost savings.

URBANSYSTEMS.
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Project: PV 6 Prairie Creek: Brown  to Armstrong
Priority: 2
Trigger:

There are some minor existing deficiencies. The major works, however, would be
triggered by significant upstream future development.

10 year 0.21 0.35 0.35

m¥s
100 year 0.49 0.98 0.98 m¥s
Capital Costs: $43,700 $60,600 $60,600
Note: Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for engineering and
25% for construction contin gencies.
_————
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Issue:
Prairie Creek flows through an open channel reach between Brown Street and Prairie Valley Road near
Armstrong Avenue. There are three existing pipe discharges located at the upstream end of this reach:

e the 600 mm trunk storm sewer off Brown Street,
e the 250 mm storm sewer off the parking lot, and

e the 300 mm storm sewer off Rosedale Avenue.

A fourth discharge is anticipated from the proposed by -pass trunk sewer (see Project PV 5).

The channel section varies significantly along the length of this reach, starting relatively wide and shallow
at the upstream end, and becoming confined and deep at the downstream end. There is evidence of
erosion along the north bank near the storm sewer outlets, suggesting high flow rates at times . Only one
of the outlets is visible beneath the tangled vegetation. This channel is poorly maintained and is a
potential source of debris to block the inlet to the 900 mm trunk storm sewer on Prairie Road.

Analysis indicates that there is sufficient capacity within the existing channel to accommodate the 100
year peak flow from existing development. However, under future development conditions, overflow is
anticipated.

Existing System:

Concept

Since the channel has adequate capacity for existing flow rat es, the only works that would be required
are more maintenance-oriented. The outlets from the existing storm sewers should be located and
equipped with proper outlet structures. The north bank should also be stabilized to prevent further
erosion.

Proposed Works
The proposed works are as follows:

e locate existing 600 mm storm sewer from Brown Street and install outlet structure
e |ocate existing 250 mm storm sewer from the parking lot and install outlet structure
e locate existing 300 mm storm sewer from Rosedale Avenue and install outlet structure

e install rip rap over a geo-textile to stabilize and protect approximately 10 m of north stream
bank.

Implementation
These works should be completed as soon as the District can setaside the funds.

URBANSYSTEMS.
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Conventional Syste m:

Concept

In addition to the works outlined in the Existing System section above, the channel capacity must be
increased to accommodate the estimated 100 year peak flow rate under the subject development
conditions. The channel slope through this reach is somewhat conducive to increasing channel depth, but
there is also opportunity to increase channel width within the upper portion of the reach.

Proposed Works
In addition to the works outl i ned therfollowihgeworksEaxeiasd i n g
proposed:

e Widen approximately 120 m of existing channel by an additional 1.0 meter.

e Stabilize approximately 40 m of bank with a root reinforcement system and re -vegetate.

Implementation
These works are not required until significant upstream development occurs.

Note that a detailed topographical survey of the subject reach should be completed prior to detailed
design. This should include sufficient data to accurately determine the existing channel profile and
representative cross sections. The aurvey should extend several meters away from the stream on both
sides of the channel to ensure that the floodplain can also be defined accurately. Ground elevations at
buildings adjacent to the stream channel should be included. This information will be re quired to
determine:

e The amount of widening and or deepening necessary, and
e Where erosion and/or channel down-cutting might occur, requiring special treatment.
LID System:

Since the design 100 year flow rates for the LID and conventional scenarios are similar for this reach, the
works and implementation proposed above are also applicable to the LID scenario.

0872.0051.01 / June 2009 URB%NSYSTEMS.
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Project: PV7 Downtown: Jubilee to Prairie Valley
Priority: 3
Trigger: Significant densification of the downtown area.
10 year n/a .067 .037 m®/s
Capital Costs: n/a $2,655,400 $1,626,800

Note:  Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for engineering and
25% for construction contingencies.

el ot YT
Proposed Trunk
Storm Sewer

Issue:

The 1995 Storm Drainage Study proposed a trunk storm sewer through the downtown region to improve
collection and convey the runoff to either Eneas Creek or Prairie Creek. The identified route would
extend from Marshall Crescent at Jubilee Road to Prairie Creek at Armstrong Avenue. The recommended
diameters range from 750 to 900mm.

URBANSYSTEMS.
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Currently, the subject area is serviced by many drywells, and a small storm sewer. Few of the streets

have full urban cross sections. When discussing historical drainage problems with Staff, none were
identified for the subject area. This isndt surprisir
infiltration characteristics.

It is anticipated, however, that in the future, much of the downtown area will be redeveloped into higher
density residential and more commercial land uses. Under these circumstances, the amount of impervious
area will increase, resulting in higher runoff potential. The redevelopment will likely include upgrading
existing rural streets to a full urban standard.

Because of these potential changes, the need for a trunk sewer to service the area has been confirmed.
It should be located in a way that will allow lateral storm sewers to be connected as develo pment
proceeds and roads are upgraded.

Existing System:
There are currently no existing deficiencies identified within the subject area, and therefore no works
have been identified under this scenario.

Conventional System:

Concept

As outlined in project PV9, it would be better to drain Quinpool to Eneas Creek rather than to Prairie
Creek. Therefore, the proposed storm trunk sewer is anticipated to service only the area bounded by
Quinpool, Jubilee / Wharton, and Rosedale. The key assumption in this scenatio is that:

e the amount of total impervious area will increase to a minimum of 60%, and that

o 35% of that will be directly connected to a storm sewer.

This reflects the assumptions that:
e there wildl stil | ibpericupareas- firgsenec@ N s paceo

e on-site detention (underground and on roof -tops) will be employed.

This trunk storm sewer is sized to accommodate only the 10 year runoff T excess runoff must be routed
to Prairie Creek on the road surface.

Note that under this scenario, flows in Prairie Creek rise to where they slightly exceed the capacity of the
existing 600mm storm sewer just south of the Prairie Valley Road / Highway 97 intersection under the
100 year runoff conditions. No upgrades were recommended under these circumstances since:

o the deficiency is very slight (approximately 30 cu.m. of water overtop the manhole)

URBANSYSTEMS.
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e the excess runoff would simply run along the edge of the highway until it spilled into the gulley
south of the Walters Road intersection.

Proposed Works
Based on the above assumptions, the required works are as follows:

e 1450 m of 750mm diameter storm sewer, c/w manholes, curb, gutter, and catch basins

e 325 m of 600mm diameter storm sewer, c/w manholes, curb, gutter, and catch basins

Note that the section on Wharton Street and Prairie Valley Road could be reduced in size from 750mm to
675mm due to a slightly steeper slope. However, we have adopted the policy of using the upstream
diameter as the minimum for the downstream section to be conservative for cost estimating purposes.

/mplementation
See the implementation discussion in the LID System section below.

LID System:

Concept

Because of the potential impacts to Prairie Creek from more frequent and higher peak flow rates from the

increased impervious areas in the downtown catchments, LID methods could be implemented to mitigate

them. The soils in the subject area generally exhibit good infiltration characteristics, and groundwater is

l ess of an issue. As stated in the RAExistingitlySystemo
managed through drywells and surface infiltration.

While the total impervious area is still anticipated to remain at 60%, the objectives of the LID
implementation are to:

¢ reduce the amount of impervious area which discharges directly to storm sewers, and to

e use as much infiltration disposal as possible.

The disconnection could be achieved by designing landscaping to both store and infiltrate runoff from
roof leaders and parking lots. Flush curbs are not well suited to this type of development, but standard
curb, gutter, and catch basins can readily be used with drywells and perforated pipes or other similar
underground infiltration systems. The key here is to ensure that any excess runoff which cannot be
infiltrated is transported to Prairie Creek. This would require that the infiltration system be linked by pipes
or other means, depending on the system employed.

Proposed Works
For the purposes of the Master Drainage Plan drywells and perforated pipe have been used instead of
standard manholes and storm sewers. The proposed LID works are therefore:

URBANSYSTEMS.
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e 1450 m of 600mm diameter perforated storm sewer, c/w drywells, curb, gutter, and catch basins

e 325 m of 450mm diameter perforated storm sewer, c/w drywells, curb, gutter, and catch basins

Implementation

Much depends upon the location and timing of future redevelopment within the downtown area. When
the development community starts to express significant interest in the subject area, a pre -design study
should be conducted to confirm the best location for t he storm trunk, as well as to define the full service
area and required collection system configuration.

Another potential trigger would be planned street upgrades. The trunk storm sewer should be installed if
the alignment falls on a street that is to be re-done. In this case, the pre-design study should be
completed prior to significant street upgrading plans.

The feasibility of using infiltration to reduce peak flows and capital costs should also be confirmed by
obtaining a better understanding of the subj ect areabs i nf.i This rslaotld ben char a
investigation should be part of the pre -design study.

URBANSYSTEMS.
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Project: PV8 Prairie Creek: Highway 97 to Butler
Priority: 1
Trigger: Existing deficiency.

Design Flows:  This project is not based on design flows.

Capital Costs: $ 15,000 n/a n/a

Note:  Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for engineering and
25% for construction contingencies.

Issue:

Once Prairie Creek crosses Highway 97, it enters a steep reach that
passes along the base of a relatively high silt bluff. This gorge
terminates at the west end of Butler Street. While the new diversion
and overflow storm sewer are sized to accommodate anticipated
major peak flows, there is another concern that they do not address.

As shown in the adjacent image, the silt bluff is prone to sloughing.
While most of these events appear to be minor in nature, it may be
possible for a major slough to deposit debris into the stream channel.
Under this scenario, water would pool behind the deposit until it
builds enough head to either oveflow it, or to burst through it. In

0872.0051.01 / June 2009
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either case, a torrent of debris and water would likel y block the diversion structure and send material in
an unpredictable path i possible through one or more of the homes along Butler Street.

Concept :
While the probability of occurrence is low, the potential for damage is high. While it is possible to design
and construct works to protect the stream channel, the costs are probably not warranted.

Another option would be to better understand the risks involved, and if necessary, develop and
implement a system to provide sufficient warning to evacuate residents when a signi ficant event occurs.
Such a warning system might be comprised of sensors embedded into the silt bluff, or a water level
sensor at the diversion structure. In the first case, the sensors would detect when a significant portion of

the bluff sloughs off. In t he second case, the sensor would detect a drastic and rapid drop in water level
(the stream would be temporarily blocked). The need for, and design of such a system could be
determined by a geotechnical investigation.

Proposed Works
In order to address t his issue, a geotechnical investigation should be commissioned to determine:

o the stability of the silt bluff

e the risk of a major slough

e the risk of downstream damage, and if warranted,

e the most feasible measures to protect downstream residents.
Implementa tion :

The District should prepare a request for proposal and commission the study as soon as the necessary
funds are available. The estimated cost provided above and in Table 6.1 is for budgeting purposes only.

0872.0051.01 / June 2009 URB{A:NSYSTEMS.
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Project: PV9 Cartwright Avenue: North of Quinpool
Priority: 2
Trigger: Existing deficiency, but development on Cartwright Mountain (west of Cartwright

Avenue) may accelerate the need for these works.

10 year 0.000 0.102 0.053 m¥s
100 year 0.001 0.037 0.022 m¥s

Note:  The 100 year design flows are less than the 10 year design flows because they are applicable to only the first portion of
the proposed works, while the 10 year flows apply fo the works at the east end of Quinpool . (As the works progress
eastward on Quinpool, the upgraded road section contibutes more and more runoff. )

Estimated

Capital Costs: $225,000 $1,054,037 $1,036,500

Note:  Capital costs do not include allowances for land, easement, or ROW purctases, but do include 15% for
engineering and 25% for construction contingencies.

Issue:

There is a low spot on Cartwright Avenue north of the Quinpool ROW.
Staff have indicated that there have been occaisions when runoff from
the hillside has flowed to this location, requiring sandbags to direct
the runoff between the houses and onto the meadow to the east. It is
likely that this runoff was generated on the road cut extending west

from Cartwright Avenue.

Preliminary plans indicate that single family residential development is
planned for the hillside west of Cartwright Avenue. Access to this site
will be be off Cartwright Ave. This is likely to increase the amount of
runoff arriving t o the subject low point, especially under major runoff
conditions. The challenge is how to best manage potential runoff to
this site under both existing and future conditions.

NS URBANSYSTEMS.
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Since Eneas Creek flows primarily in & open-channel stream, and therefore has more additional capacity
that Prairie Creek, the preferred approach would be to direct any potential runoff to i t rather than to
Prairie Creek.

Referring to Project PV 10, note that Yule Crescent, which extends south from Quinpool, ends with a
cul-de-sac that has no positive drainage. If runoff enters this street, it will pond in the cul-de-sac.
Therefore, it is necessary to ensure that potential flows are transported east of the Yule / Quinpool
intersection.

Existing System:

Concept

The subject low point is approximately 0.8 m lower than at the Quinpool / Cartwright intersec tion. It
appears to be feasible to re-grade Cartwright (raising the low point and cutting -down the high point) to
ensure positive drainage to the Quinpool ROW. However, because of the steep bank on the east side of
the existing homes, a piped system should be used to transport potential runoff from the west side of
Cartwright to the north side of Quinpool as shown in the figure below.

Re-Grade
Road

Install
Install

Drywell

Storm Sewer

Install
Inlet

The storm sewer could discharge to a drywell, with the potential to overflow under higher runoff
conditions. The excess unoff would flow along the northern side of Quinpool. Since the soils in this area
exhibit high infiltration rates, the amount of excess runoff under existing development conditions is
anticipated to be very low. It should be adequately managed by the existing rural road section.

M—URWSYSTEMS
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Proposed Works
In order to accommodate estimated 100 year peak flows under existing conditions, the following works
are recommended:

e 130 m of road re-grading

e 275 m of 300 mm storm sewer, including manholes (Quinpool: Cartwright t o Yule - 100 year
flow)

e 1-300 mm inlet structure

e 1 drywell

/mplementation

If development on the hill west of Cartwright Avenue is not anticipated for several years, the District
should consider including these works as part of its annual capital improvements. Detailed survey will be
required to confirm the concept and to refine the design.

Conventional System:

Concept

Under projected development conditions, the proposed accessroad off Cartwright Avenue would extend
up the hill to the west. Drainage from this road, assuming a conventional drainage system, would then be
directed back to Cartwright Avenue.

In this case, because of potential 100 year flows, Cartwright Avenue would still have to be improved and
re-graded to ensure the low point was located across from the Quinpool ROW. It is assumed that the
minor system would also be constructed to this location.

From this re-located low spot, a storm sewer could be extended east to terminate in a manhole on the
north side of Quinpool somewhat east of the Yule Crescentintersection. It is assumed that the minor

system flows within the proposed development would be attenuated to existing levels, probably using
over-sized pipes within the development site. However, the 100 year peak flows are likely to remain on
the road surface until they reach the low point on Cartwright Avenue. Therefore, the storm sewer on
Quinpool would be sized to accommodate the 100 year peak flow rate, and an appropriately -sized inlet
would be constructed on the east side of Cartwright Avenue to capture the 100 year runoff at the low

point.

Other than a few drywells, there is currently no formal drainage system connecting Quinpool to either
Eneas or Prairie Creek. Therefore, a few options are available for runoff disposal:

e Construct a storm sewer sized to carry the major peak flow to Eneas Creek at the east end of
Quinpool.

URBANSYSTEMS.
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e Construct a storm sewer on Quinpool to Eneas Creek to accommodate minor system flows i
major system flows would be directed to Eneas Creek using an urban cross sedion on Quinpool.

Proposed Works
For the purposes of this document, it is assumed that the more feasible option is to upgrade Quinpool to
a full urban cross-section, and install a storm sewer to accommodate the minor system peak flows:

e 275 m of 250 mm storm sewer, including manholes (Quinpool: Cartwright to Yule - 100 year
flow)

e 1250 m of 375 mm storm sewer, including manholes, curb, gutter, and catch basins (Quinpool:
Yule to Eneas Creek- 10 year flow)

Implementation
These works would be initiated as part of the projected development on Cartwright Mountain.

” |

Note: See PV10 for increased

storm sewer diameters based on
that projectos

LID System:

Concept

In order to minimize additional runoff to Eneas Creek, drywells and perforated pipe would be used
instead of manholes and solid pipe respectively. This would allow the soils to infiltrate as much as
possible, with only the excess runoff being discharged to the creek.

Proposed Works
e 275 m of 250 mm storm sewer, including manholes (100 year flow)

e 1250 m of 300 mm perforated storm sewer, including drywells, curb, gutter, and catch basins (10

year flow)
Implementation
See the implementationdiscusson i n t he A Co n vseatidniabowe.a | System"
(mmmum\ezm—unmSYSTEMS'
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Project: PV10 Cartwright Avenue: South of Quinpool
Priority: 2
Trigger: Existing deficiency.
PV10 Works- 100 year 0.001 0.047 0.028 m3/s
PV9 Worksi 10 year 0.000 0.083 0.050 m3/s
PV9 Works- 100 year 0.001 0.124 0.058 m¥s

Note:  The works proposed in PV10 will impact the diameter of the works in PV9. The above design flows reflect this. Also note
that the 100 year design flows are less than the 10 year design flows because they are applicable to only the first portion
of the proposed works. As the works progress eastward on Quinpool, the upgraded road section contibutes more and more

runoff.
Estimated
. $91,300 $93,900 $91,300 PV10 works
Capital Costs:
n/a $1,129,900 $1,067,200 Upsized PV9 works

Note:  Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for engineering and
25% for construction contingencies.

Issue:

There is a low spot on Cartwright Avenue south of
Quinpool as shown. Under high runoff conditions, it would

drain between the existing houses, over a steep bank, and
onto Kenyon Road. The way Quinpool is graded between
Kenyon and Yule Crescent runoff would eventually flow

into the cul-de-sac at the end of Yule. This cul-de-sac is
also in a low spot, creating the potential for ponding under

high runoff conditions.

While details are currently unavailable, it is our ) ;
understanding that some developent on the hillside west N a > ; F;%tr?;trigl
of Cartwright Avenue is proposed. It is assumed that |

runoff from low points in the development under 100 year conditions may reach the Cartwright Avenue
within the subject catchment.

e URBANSYSTEMS.
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Existing System:

Concept

The subject low point is too low to permit re-grading of Cartwright Avenue. Therefore, all anticipated
runoff must be piped to an appropriate location. It is tempting to simply install a pipe from the low point
to Kenyon Road. However, the existing houses are very close together, making this installation difficult. It
would also require negotiation of an easement. There is currently no system on Jubilee Road West, so
the only remaining option is to install a storm sewer from the subject low point to the Quinpool Road
system proposed in Project PV9 above.

See Project

Install
Storm Sewer

Part of Cartwright Avenue may have to be re-graded into the hill to ensure runoff reaches the inlet rather
than spilling onto the properties on the east side of the road.

Analysis indicates that the works proposed in Project PV9 would have to be up-sized to accommodate
the estimated runoff from the subject catchment.

URBANSYSTEMS.
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Proposed Works
In order to accommodate estimated 100 year peak flows under existing ¢ onditions, the following works
are recommended:

e 50 m of road re-grading

e 160 m of 300 mm diameter storm sewer on Cartwright Avenue (100 year flow)
The PV9 diameters proposed for the existing scenario would remain unchanged at 300mm.

/mplementation

If development on the hill west of Cartwright Avenue is not anticipated for several years, the District
should consider including these works as part of its annual capital improvements. Detailed survey will be
required to confirm the concept and to refine the des ign.

Conventional System:

Concept

Since significant impacts to the subject catchment from development west of Cartwright Avenue are not

anticipated, the concept for this scenario is the same as that for the Existing system scenario. The only
difference is in the length of pipe in project PV9 that must be upsized as well as the proposed pipe
diameters.

Proposed Works
In order to accommodate estimated 100 year peak flows under existing conditions, the following works
are recommended:

e 50 m of road re-grading
e 160 m of 375 mm diameter storm sewer on Cartwright Avenue (100 year flow)

e 1-375mm inlet structure

The Project PV9 works under this scenario would be:

e 275 m of 375 mm storm sewer, including manholes (Quinpool: Cartwright to Yule - 100 year
flow)

e 1250 m of 450 mm storm sewer, including manholes, curb, gutter, and catch basins (Quinpool:
Yule to Eneas Creek- 10 year flow)

/mplementation
See the discussion for implementation in the AExisting

URBANSYSTEMS.
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LID System:

Concept

Since the primary purpose of this project is to provide a safe route for the 100 year flow, the only feasible
LID methods would be to use perforated pipe and drywells instead of solid storm sewers and manholes
respectively. The works proposed in project PV9 would also have to be upsized to accommodate the
design flows from this project.

Proposed Works
The proposed works are therefore:

e 50 m of road re-grading
e 160 m of 300 mm diameter perforated storm sewer on Cartwright Avenue (100 year flow)

e 17 300 mm inlet structure

The Project PV9 works under this scenario would be:
e 275 m of 300 mm storm sewer (Quinpool: Cartwright to Yule with 100 year flow)

e 1250 m of 375 mm storm sewer, including manholes, curb, gutter, and catch basins (Quinpool:
Yule to Eneas Creek with 10 year flow)

Implementation
See the discussion for implementation in the AEXxisting

URBANSYSTEMS.
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Project: PV11 Victoria Road South
Priority: 2
Trigger: Future development or Victoria Road / Dale Meadows upgrade.
10 year 0.035 0.205 0.100 m®/s
Capital Costs: $757,200 $802,300 $766,900

Note:  Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for engineering and
25% for construction contingencies.

—ee————URBANSYSTEMS.
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Issue:

An existing storm sewer system on Victoria Road South services residential as well as some industrial
development. District Staff indicate that the storm sewer is in poor condition, and is scheduled for
replacement in the near future. As shown in the figure above, there is potential for significant
development within the subject catchments. The replacement storm sewer, therefore, should be sized to
accommodate runoff from these potential developments.

Some of the potential development area could drain to Mountford Avenue, which will be one of the major
routes into the sites. How much, however, depends upon the road configuration that is ultimately
constructed. To be conservative, we have routed all of the catchments whic h could drain to Agur Street
to the intersection of Agur Street and Victoria Road. The concepts outlined in the next sections reflect
this assumption.

Existing System:

Concept

For existing development, the servicing concept is to simply replace the existing storm sewer with new
pipe. Victoria Road South has some asphalt curbing, but this would be upgraded to a full urban standard
with concrete curb and gutters. Since the storm sewer discharges directly into a stream off Dale
Meadows, some sort of stormwater quality structure, should be added to remove suspended solids and
larger debris.

Proposed Works
In order to accommodate estimated 10 year peak flows under existing conditions, the following works are
recommended:

e 800 m of 250 mm diameter storm sewer, including curb & gutter, catch basins, and manholes.

e One Stormceptor unit.

/mplementation
These works would be included in the annual Capital Works plan.

Conventional System

Concept

Assuming curb, gutter, and storm sewer within the potential developme nts, the conventional system
would be comprised of storm sewers on Agur Street and Victoria Road South. The internal storm sewers
would connect to those on the streets. While each development would be expected to install systems to
remove suspended solids and debris from their internal storm sewer system, the District should also
install a similar system to treat stormwater generated on Agur Street and Victoria Road. This is
recommended since the storm sewer discharges directly into a stream channel.

URBANSYSTEMS.
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Proposed Works
In order to accommodate estimated 10 year peak flows under proposed development conditions using
conventional stormwater management strategies, the following works are recommended:

e 800 m of 375 mm diameter storm sewer, including curb & gutter, ¢ atch basins, and manholes.

e One Stormceptor unit.

Implementation

Since the District already intends to upgrade the drainage works on Victoria and Dale Meadows roads,
these works should form part of the annual Capital Works program. However, the oversize costs should
be allocated to development through an appropriate cost-recovery strategy.

LID System:

Concept

The objective in this case would be to ensure that as much rainfall as possible be introduced to the
ground or stored in surface depressions on each lot. Use of perforated storm sewers and/or dry wells as
manholes would reduce the amount and rate of runoff reaching the storm sewers on Agur Street and
Victoria Road. Major runoff would, of course, be directed along the roadways and eventually to Prairie
Creek. Since the Victoria Road corridor is already developed, a conventional storm sewer system would
be used in these reaches. A structural BMP should also be installed to remove suspended solids and
debris prior to discharge to Prairie Creek.

Proposed Works
The proposed works are therefore:

e 400 m of 250 mm diameter storm sewer, including curb & gutter, catch basins, and manholes
(Agur to Dunham).

e 400 m of 300 mm diameter storm sewer, including curb & gutter, catch basins, and manholes
(Dunham to Dale Meadows).

e One Stormceptor unit.

Implementation
See implementation section for the Conventional System.

URBANSYSTEMS.
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Project: PV12 Morrow Avenue
Priority: 2
Trigger: Future development or Morrow Avenue upgrade.
10 year 0.038 0.155 0.065 m®/s
100 year 0.046 0.236 0.070 m3/s
Capital Costs: $ 68,500 $ 1,055,300 $ 180,400

Note:  Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for engineering and
25% for construction contingencies.

Potential

Development

—————URBANSYSTEMS.
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Issue:

Morrow Avenue currently provides access to two developments as shown above. Most of the minor
drainage is provided via curb and gutter with catch basins discharging to dry wells. Due to the steep road
grades, however, runoff often overshoots the catch basins and continues to flow down Morrow Avenue.
This has historically damaged the gravel shoulder when the runoff flowed off the asphalt.

In an attempt to protect the shoulder, the District has adde d asphalt curbing as shown. The result is a
long asphalt channel which terminates on Prairie Valley Road just west of the Morrow Avenue
intersection. While the runoff no longer flows over the shoulder, a significant amount of water and, in the
spring time 1 sand, occaisionally collects at the low point indicated.

A grated inlet on the north side of the road is
located at this low point. It allows surface runoff to
enter a piped system which passes through the
orchard on the south side of the road (see pho tos
41, 43, and 44 in Appendix F). The size and type
of pipe is unknown. At some point, the pipe
discharges into an open channel which eventually
drains to Prairie Creek.

District Staff have indicated that th e current system
is not functioning well and causes maintenance
problems. The following sections outline three -
potenti al met hods of addressing this issue. The HAEXxi st

|l eave most of the existing system intactworksiedueed iConven
to install a conventional storm sewer system,anddi scusses the potenti al i mpact s

Systemd section suggests ways of managing the runoff
locations.

Roll-Curb

| Standard |

Notice Flow Path
Through Sand

Notice Flow Path
Through Sand

—————URBANSYSTEMS.
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Existing System:

Concept

The CB inlets within the upper subdivision (Hermiston/McLarty/Sutherland) are standard surface grates
only. The lower subdivision (Summergate/Sunset) is equipped with CB inlets that match the rolled -curb
profile. In many cases, neither grate captures all of the runoff generated on the road surface. This result
is runoff flowing past the CBs and contributing to the flow on Morrow.

Although side-i nl et CBs might enhance capture, theybre | ess ef
(sump conditions). More effective improvement would be to:

e lower the grates to create a sump condition, and to

e add a second CBat key locations, which would extend the capture length.

This assumes, of course, that all runoff from the road surface flows to (and stays ag ainst) the asphalt
and concrete curbs. Referring to the above images, note the sand located against the curbs 1 this
indicates that runoff flows more in the road lane than against the curbs. Therefore, re-grading the road in
some locations would ensure that runoff reaches and stays in the curb.

There is only one catch basin to service Morrow Avenue south
of the two subdivisions. It is located at the Denike Street
intersection. Note how the runoff misses the CB inlet and flows
through the intersection. Also note that Staff has installed a
significant amount of asphalt curb to keep the runoff on
Morrow.

In this case, additional CBs on Morrow would be required. They
should discharge to drywells located with the road right -of-way
to reduce the amount of runoff that reaches Prairie Valley
Road.

One other issue should be addressed under this section. It appears that a lot of sand is used during the

winter to enhance traction on the steep, icy roads. This is a maintenance challenge with respect to the

dry wells since their longevity depends upon minimizing the amount of sand that is washed into them.

CBs are constructed with some sump capacity to trap suspended sediments. However, regular and
frequent CB cleaning should be conducted to ensure that this capacity is maintained. As shown in the
following images, the sediment loading is very high.

URBANSYSTEMS.
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Proposed Works

There are approximately 30 CB inlets within the upper development, and 8 in the lower development. It
is not economically feasible to modify each CB, but improved overall performance can probably be
achieved by lowering select units. These would be located at each intersection. An additional inlet grate
should also be added to the last CB on each side of Morrow Avenue where the curbs from the upper
subdivision end. Applying the standard for manhole spacing specified in the subdivision and development
control bylaw, and assuming two CB inlets per drywell, we arrive at the following estimate for the
proposed works:

e Lower 12 existing CB inlets to create a sump of at least 50 mm
e Lower existing and install a second grate to 3 existing CB inlets

e Install 4 new drywells and 8 new CB inlets on Morrow Avenue

The locations of these proposed works are shown on the following figure.

URBANSYSTEMS.

0872.0051.01 / June 2009

Page|5-45



District of Summerland

Masier Drainage Plan

Lower Existing
CB Inlet Grates
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Implementation
These works would be constructed as part of the annual capital works budget, and could be commenced

as soon as the funds are available. They could be phased over several years if desired. In this case, the
additional CBs and drywells should be installed during the first phase or phases. The existing CB inlets

could be lowered in the last phase or phases.

Conventional System:

Concept
In this scenario, a storm sewer and standard curb & gutter would be installed on Morrow Avenue. It

would be sized, however, to also accommodate runoff from potential development north of the existing
subdivisions. The challenge with this option is what to do with the runoff once it is collected into the

storm sewer and delivered to Prairie Valley Road.

URBANSYSTEMS.
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As indicated in other sections of the Master Drainage Plan additional direct discharge to Prairie Creek is
not advisable. There is also no easement between Prairie Valley Road and the creek at the subject
location. Therefore, some means of storage must be employed at the intersection of Morrow and Prairie
Valley to reduce the peak flow rate to that which can be accommodated by the existing drainage system.

There are a couple of options regarding storage:
e A dry detention pond (would require purchase or long -term lease of adjacent land, or

e Underground storage (either in the road ROW, or on purchased / leased land).

While it may be less expensive to lease land for a traditional dry pond, we have assumed an underground
facility within the road ROW for capital costing purposes. The required storage is based on a maximum
discharge rate of 0.045 cms.

Proposed Works

e 380 m of 450 mm diameter storm sewer, including manholes, curb & gutter, and catch basins
(Sunset to just south of Sutherland).

e 630 m of 525 mm diameter storm sewer, including manholes, curb & gutter, and catch basins
(Prairie Valley to Sunset).

e 400 cu.m. underground storage (assume Atlantis system for costing purposes).

/mplementation

These works could be installed as part of the annual capital works program. However, they could also be
initiated and partially funded by future development. Note that the works extend from just south of the
Sutherland Place intersection. If future development were to connect to the subject storm sewer, there
would be additional offsite works that would be the full responsibility of the Developer(s).

LID System:

Concept

In keeping with Low Impact Development principles, the object would be to direct runoff from the road
surface to the adjacent pervious land as often and as quickly as possible. This means:

e Removing the existing asphalt curb wherever the road fronts rural properties,
e Constructing ditches through cut reaches, and

e Constructing shoulders conducive to drainage where the road surface is higher than adjacent
land.

URBANSYSTEMS.
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The last two points require some discussion.

Cut Reaches

As shown on the adjacent figure, parts of Morrow Avenue pass
through cut reaches, where the adjacent land is higher than the
road surface. In this case, the cut bank would have to be pushed
back from the road, and a ditch would be constru cted to receive
potential runoff.

Fill Reaches TR
In some areas, Morrow Avenue is higher than the adjacent land. Remove 17 =
In this case, conventional gravel should be constructed to allow Asphalt
runoff to flow off the asphalt and onto the adjacent pervious
land.

N=Rrg
Construct |
| Shoulder

'_;—,,hv
3341

Note that several driveway culverts will be required.

Proposed Works

e Remove and dispose of approximately 1400 m of asphalt
curb,

e Construct approximately 800 m of ditch,

e Install eight 450mm culverts, and

e Construct approximately 1400 m of gravel shoulder.

Implementation

These works would be constructed as part of the annual capital works budget, and could be commenced
as soon as the funds are available. They could be phased over several years if desired. In this case, the
phases should start at the Prairie Valley Roadintersection and progress north.

PURWSYSTEMS.

Page|5-48



District of Summerland .

Masier Drainage Plan

5.2 Bentley Road Basin
The Bentley Road Basin consists primarily of undeveloped and agricultural land, and covers approximately
290 hectares. It is almost bisected by Highway 97, with a significant intersection at Bentley R oad.

5.2.1 Existing Drainage

Three primary routes ultimately drain to Okanagan Lake. The most significant captures runoff from
either side of Bentley Road and flows north until it enters a depression on the western side of the Bentley
Road/Highway 97 intersection. Here it enters a storm sewer system which crosses the highway and is
released into a natural ravine. After passing through a small wetland on private property, runoff drains to

Okanagan Lake via a 1,600mm CSP culvert at the west end of N. LakeshoreDr.

The northern most route drains to a pond on Rattlesnake Mountain which intercepts and attenuates
flows. Ultimately, runoff flows along the highway to a 500mm culvert across the highway, and down a
natural ravine to the lake. Runoff from agricultural | and on the eastern side of the highway, north of the
primary ravine, follows the natural topography to the lake. Flooding along this route on McDougald Road
has been reported following heavy storms.

The road cross sections are typically rural in nature allowing
drainage to infiltrate on the shoulders or within ditches. The
natural rocky eastern slopes of Rattlesnake Mountain cover the
majority of the western half of the basin. Sparsely vegetated
with evergreens, there are no records to date of significant
surface runoff reaching the base near Bentley Road. This
indicates that the overlaying topsoil on the slopes has sufficient
capacity to capture and store most rainfall.

Sumac Ridge golf course and residential development borders the basin to the south east. Historically,
runoff from the residential area have crossed Logie Road on its way to the large ravine.

URBANSYSTEMS.
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Figure 5.2.1
Topography of Bentley Road Basin. Blue to red represents increasing elevation.

522 Land Use

Existing

Referring to Figure 5.2 -2, the entire north western portion of the Bentley Road basin is sparsely
vegetated with tuft grass and coniferous trees. Except for a pocket of industrial development located at
the southwest corner of the Bentley Road / Highway 97 intersection, the rest of the basin is comprised
mostly of agricultural land with small amounts of rural and low density residential development.

Future

The western half of the catchment contains most of the residential development projected on Rattlesnake
Mountain. One other small development within the southern part of the basin is also identified, but it is

already being constructed. These developments are located upstream of the piped major drainage route
at the Bentley Road / Highway 97 intersection.

N
— e URBAINSYSTEMS.
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5.2.3 Infiltration Potential

Surficial Soils

Referring to Figure 5.2-3, and with the exception of the exposed rock on Rattlesnake Mountain, the
Bentley Road Basin is comprised of soils which generally drain rapidly.

Groundwater Conditions

Little information is available regarding grou ndwater conditions in this basin. Surface flows and a wetland
within the primary ravine downstream of the Bentley Road / Highway 97 intersection were noted in the
field. It is possible that these flows are fed by seepage from infiltrated rain and irrigatio n water flowing
just under the soil surface.

Conclusion

It appears that in general, stormwater within this basin could be disposed to ground through infiltration
systems. This should be confirmed with site-specific geotechnical studies as part of any future
development approval process.

524 Analysis
The basin presents several stormwater management challenges:

e Steep slopes on Rattlesnake Mountain have the potential to create large volumes of runoff during
high intensity storms.

e The storm sewer system at the Bentley Road/Highway 97 intersection services the majority of
the western side of the highway with a fixed maximum capacity.

e Existing drainage infrastructure discharges into a ravine consisting of silty soils which can be
susceptible to erosion and lead to blockages in downstream culverts.

e Future development on the eastern slopes of Rattlesnake Mountain have the potential to add
significant runoff volumes to the existing storm sewer system. They also have the potential to
impact private properties along the b ase of the mountain.

Analyses indicate, however that:

e Under existing conditions, the large proportion of agricultural and undeveloped areas within the
basin provides good infiltration, with sufficient storage capacity to capture most rainfall.
Therefore, no existing hydraulic deficiencies were noted.

e Under LID conditions, the extra runoff generated within the proposed development on
Rattlesnake Mountain quickly infiltrated as it flowed overland and through the downstream
routes.

URBANSYSTEMS.
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e Under Conventional conditions, the collected runoff generated within the proposed development
on Rattlesnake Mountain was significantly higher than what currently exists. The hydraulic
capacity of the piped systems, however, was sufficient to accommodate these higher flows.

Note that even though the piped systems have sufficient capacity to accommodate the projected peak
flow from a conventional drainage system in the proposed development on Rattlesnake Mountain, the
velocities in the natural ravine would be high enough to cause damage through erosion. It is therefore
recommended that on-site attenuation be required as part of the development process as per the unit
discharge rates outlined in Section 4.4 .

525 Projects

Only two projects were identified for this basin 1 both would be implemented to address existing
deficiencies. They are recommended to improve major drainage route definition and connectivity, and
can be located on Figure 5.2 -1. Detailed descriptions of each project are provided within the remainder
of this section. Refer to Figure 5.2 -P1 for additional context.

URBANSYSTEMS.
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Project: BR-01 Bentley Road: Sanborn to Crisante

Priority: 3
Trigger: Bentley Road upgrade, recurring flooding issues or annual capital expenditure
Design Flows: 1558 0.025 ) _ m?s
1559 0.025 - - m®/s
1560 0.036 - - m¥s
Capital Costs: $47,100 $47,100 $47,100
Note: Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for

engineering and 25% for construction contingencies.

Issue:
Risk of runoff crossing Bentley Road from the west at a variety of locations and entering a development
on the east.

Concept:
Define major drainage route to transport runoff to the Bentley Road st orm sewer system.

Proposed Works:

Existing System.
Construct ditching and install driveway culverts along the east side of Bentley Road from the Sanborn
Street intersection. A culvert across Bentley Place will also be required.

LID System.
Upstream development is not anticipated to impact the proposed works under the existing scenario.

Conventfonal System.
Upstream development is not anticipated to impact the proposed works under the existing scenario.

URBANSYSTEMS.
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| mplementation
Works should be constructed when one of the following occurs:

e Bentley Road is upgraded, or
e Runoff crossing Bentley Road becomes an issue

e URBANSYSTEMS.
0872.0051.01 / June 2009
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Project: BR-02

Logie Road: North of Golf Course

Priority:

Trigger:

100 Year
Design Flows:

Estimated
Capital Costs:

Note:

Issue:

3

Logie Road upgrade, recurring flooding issues or annual capital expenditure

1561 0.001 = m®/s
1562 0.010 - - m3/s
$24,300 $24,300 $24,300

Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for
engineering and 25% for construction contingencies.

Flow has been recorded crossing Logie Road at the base of a private driveway during heavy storms

causing erosion.

0872.0051.01 / June 2009
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Concept:
Define major drainage route to t ransport runoff across Logie Road.
Proposed Works:

Existing System.
Construct ditching along the south of Logie Road and a culvert at the base of the driveway directing flow
north into the ravine.

LID System.
There is no anticipated development upstream of the proposed works.

Conventfonal System.
There is no anticipated development upstream of the proposed works.
I mplementation
Works should be constructed when one of the following occurs:
e Logie Road is upgraded
¢ Recurring flooding or erosion issues are repated

e Funds are available from the annual capital works budget

URBANSYSTEMS.
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5.3 Lakeshore Basin

The Lakeshore Basin covers approximately 209 hectares. It is not a true drainage basin, but is rather an
arbitrarily defined area which drains to Okanagan Lake via numerous routes. It covers the area between
the Bentley Road Basin and Eneas Creek outlets to the lake.

5.3.1 Existing Drainage

There are no perennial streams present in the basin, however, there are humerous ephemeral streams
which exhibit flow during heavy rainfall or snow melt conditions. Drainage throughout the basin is
provided by natural ravines and gullies created during glacial melt. The basin is relatively flat with
numerous hills and depressions. The eastern boundary is characterized by steep silt bluff dropping to
Lakeshore Road, and ultimately, to Okanagan Lake. This can be seen from the topography shown in
Figure 5.3.1.

Figure 5.3.1
Topography of Lakeshore Basin. Blue to Yellow represents increasing elevation.

—ee————URBANSYSTEMS.
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Figure 5.3.2 shows two depressions which cover a large area located on both sides of Highway 97 just
north of Jones Flat Road. They are connected by a 600mm diameter culvert (highlighted). The
depression on the eastern side of the highway contains baseball diamonds, a mobile home park, and a
residential strata development. Dry wells are currently used to dispose of surface runoff, and although
there has been no flooding issues reported to date, a risk of flooding and property damage exists under
extreme rainfall events since there is no major drainage route from this area.

A small detention pond located to the north of the strata development also has no established emergency
drainage route. In the event of a failure, it would drain directly south into th e depression and flood
properties.

Figure 5.3.2 - Aerial map of the east portion of Lakeshore Basin showing the two large
depressions either side of Highway 97 connected by a 600mm culvert (light blue)

In general, roads have rural cross sections, and drainage infrastructure is limited to culverts. Drywells are
used within some of the residential developments.

—_—  _URBANSYSTEMS.
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With the majority of the basin located on a plateau above the silt bluffs, drainage routes which are not
tributary to the larger ravines, pass directly over the bluffs. In most cases, this has not caused problems
because the surface soils have sufficient capacity to retain most rainfall. On July 19", 2007, however, a
long, intense storm did generate sufficient runoff from a recently planted vineya rd to cause flooding and
a small debris flow through three properties on Lakeshore Road. This event emphasizes the importance
of ensuring that any disturbances to established, vegetated soils also incorporate effective stormwater
management and erosion prevention practices.

532 Land Use

Existing

As shown in Figure 5.3 -2, agriculture is widespread throughout the basin. There is a small pocket of
light industrial development near Logie and Jones Flat Roads, and a low density residential golf course
development situated along the north -west basin boundary. Two pockets of low-density residential
development are located at either end of N. Lakeshore Drive. The rest of basin is comprised of sparse
rural residential properties.

Future
Currently, no future develo pment has been identified within the Lakeshore Basin.

5.3.3  Infiltration Potential

Surficial Soils

Referring to Figure 5.3 -3, most of the Lakeshore Basin is comprised of soils which are well to rapidly
drained. The exception is the band of silt bluffs along th e eastern boundary of the basin.

Groundwater Conditions

In general, groundwater seems to remain well below the surface. There is, however a small base flow
within the ravine which extends from the intersection of Logie and Fosbery Roads to the lake. This would
suggest that shallow groundwater does move toward the ravine where it surfaces.

Conclusion

Based on the above information, use of infiltration systems to dispose of storm runoff should be feasible.
A detailed site investigation should, however, be conducted by a qualified hydro-geologist to confirm local
site suitability.

0872.0051.01 / June 2009 URB{A:NSYSTEMS.
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5.3.4 Analysis
The basin presents several stormwater management challenges:

Drainage from the strata community and mobile home park located within a large depression is
limited, placing the area at risk of flooding under heavy runoff events.

A significant number of natural ravines spread throughout the catchment. Culverts and ditches
need to be located correctly to ensure runoff is directed downstream effectively, avoiding
damage to roads and property.

Stripping and grubbing of agricultural land can increase runoff volume and rates significantly.
This can lead to erosion and transport of sediment onto private properties and into the lake.

Analysis indicates that:

Under existing conditions, the large agricultural and rural development within the basin provides
good infiltration, with sufficient storage capacity to capture most rainfall. Therefore, no existing
hydraulic deficiencies were noted.

The relatively low-density of residential strata development within the depression south of the
golf course ensures that the generated runoff is minimal. As long as the existing dry wells
continue to function as designed, the associated flood risks should remain low.

The rural roads may be subject to surface runoff crossing from one side to the other at low
points because of current topography. This is addressed by the recommended projects outlined
in the following section.

535 Projects

Twelve Priority 3 projects were recommended for this basin to improve major drainage route definition
and connectivity. All of them are allocated to address existing deficiencies, and can be located on Figure
5.3-1. Detailed descriptions of each project are provided within the remainder of this section. Refer to
Figures 5.3 -P1 to 5.3-P3 for additional context.

URBANSYSTEMS.
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Project: LS-02 Whitfield Road: East of Slater Road

Priority: 3
Trigger: Whitfield Road upgrade, recurring flooding issues or annual capital expenditure
Design Flows: 1553 0.001 ) _ m?s
1554 0.001 - - m¥s
1555 0.001 - - m¥s
Capital Costs: $29,600 $29,600 $29,600
Note: Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for

engineering and 25% for construction contingencies.

Issue:
Poorly defined major drainage along Whitfield Road increases the risk of runoff crossing road and causing
erosion and/or flooding.

0872.0051.01 / June 2009

Page|5-61



District of Summerland
Masier Drainage Plan

Concept:
Improve major drainage route definition and connect ivity.
Proposed Works:

Existing System.
Construct ditching along south side of Whitfield Road with a culvert at the low point.

LID System.
There is no anticipated development upstream of the proposed works.

Conventional System.
There is no anticipated development upstream of the proposed works.
I mplementation
Works should be constructed when one of the following occurs:
o Whitfield Road is upgraded
e Recurring flooding or erosion issues are reported

e Funds are available from the annual capital works budget

0872.0051.01 / June 2009 URB{A:NSYSTEMS.

Page|5-62




District of Summerland
Masier Drainage Plan

Project: LS-03 Whitfield Road: Between Slater and Huddleston

Priority: 3
Trigger: Whitfield Road upgrade, recurring flooding issues or annual capital expenditure.
Design Flows: 1550 0.001 ) ) m¥/s
1551 0.004 - - m¥s
1552 0.001 - - m¥s
Capital Costs: $25,600 $25,600 $25,600
Note: Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for

engineering and 25% for construction contingencies.

Issue:
Poorly defined major drainage along Whitfield Road increases the risk of runoff crossing road and causing
erosion and/or flooding.

Concept:
Improve major drainage route definition and connectivity.
Proposed Works:

Existing S)stem.
Construct ditching along west side of Whitfield Road with a culvert at the low point .

LID System:
There is no anticipated development upstream of the proposed works.

Conventfonal System.
There is no anticipated development upstream of the proposed w orks.

0872.0051.01 / June 2009 UREHNSYSTE MS.
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| mplementation
Works should be constructed when one of the following occurs:

e Whitfield Road is upgraded
e Recurring flooding or erosion issues are reported

e Funds are available from the annual capital works budget

0872.0051.01 / June 2009
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Project: LS-04 Whitfield Road: N orth of Huddleston Road

Priority: 3
Trigger: Whitfield Road upgrade, recurring flooding issues or annual capital expenditure.
Design Flows: 1540 0.001 ) ) m¥/s
1541 0.001 - - m®/s
1542 0.005 - - m®/s
1543 0.003 - - m¥s
1549 0.002 - - m¥s
Capital Costs: $64,800 $64,800 $64,800
Note: Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for

engineering and 25% for construction contingencies.

Issue:
Existing culvert is wood stave, and requires an upgrade. In addition, poorly defined major drainage along
Whitfield Road increases the risk of runoff crossing road and causing erosion and/or flooding.

Concept:
Replace the existing culvert and improve major drainage route definition.
Proposed Works:

Existing System.
Install a culvert across the west side of the Huddleston Road intersection to overcome topography.
Construct ditching along the west side of Whitfield Road and upgrade the existing culvert.

LID System:
There is no anticipated development upstream of the proposed works.

Conventfonal System.:
There is no anticipated development upstream of the proposed works.

URBANSYSTEMS.
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| mplementation
Works should be constructed when one of the following occurs:

e Whitfield Road is upgraded
e Recurring flooding or erosion issues are reported

e Funds are available from the annual capital works budget

e URBANSYSTEMS.
0872.0051.01 / June 2009
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District of Summerland
Masier Drainage Plan

Project: LS-05 Logie Road: North of Fosbery Road

Priority: 3
Trigger: Logie Road upgrade, recurring flooding issues or annual capital expenditure.
Design Flows: 1544 0.003 . . ms
1545 0.002 - - m®/s
1546 0.001 - - m®/s
1547 0.001 - - m/s
1548 0.001 - - m¥s
Capital Costs: $67,900 $67,900 $67,900
Note: Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for

engineering and 25% for construction contingencies.

Issue:
Poorly defined major drainage along Logie Road increases the risk of runoff crossing road and causing
erosion and/or flooding.

Concept:
Improve major drainage route definition and connectivity.
Proposed Works:

Existing System.
Installation of ditching along the west side of Logie Road with culverts discharging to the east at the low
points.

LID System:
There is no anticipated development upstream of the proposed works.

Conventfonal System.:
There is no anticipated development upstream of the proposed works.

URBANSYSTEMS.
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Master Drainage Plan s R . N “".’f —

| mplementation
Works should be constructed when one of the following occurs:

e Logie Road is upgraded
e Recurring flooding or erosion issues are reported

e Funds are available from the annual capital works budget

e URBANSYSTEMS.
0872.0051.01 / June 2009
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District of Summerland

Master Drainage Plan

Project: LS-06

Logie Road and Fosbery Road

Priority:

Trigger:

100 Year
Design Flows:

Estimated
Capital Costs:

Note:

0872.0051.01 / June 2009
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3

Logie Road or Fosbery Road upgrade, recurring flooding issues or annual capital
expenditure.

1535 0.025 m®/s

1536 0.029 - - m®/s

1537 0.029 - - m¥s

1538 0.032 - - m¥s

1539 0.001 - - m/s
$70,000 $70,000 $70,000

Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for
engineering and 25% for construction contingencies.




District of Summerland
Masier Drainage Plan

Issue:
Poorly defined major drainage between Whitfield Road and Fosbery Roadincreases the risk of runoff
crossing road and causing erosion and/or flooding.

Concept:
Improve major drainage route definition and connectivity.
Proposed Works:

Existing System.

Construct ditching along the west side of Logie Road and along the south side of Fosbery Roadand
connect them with a culvert. Install a culvert on Fosbery Road to direct flows to the ravine on the east at
the low point.

LID System:
There is no anticipated development upstream of the proposed works.

Conventfonal System.
There is no anticipated development upstream of the proposed works.
| mplementation
Works should be constructed when one of the following occurs:
e Logie Road or Fosbery Road is upgraded
e Recurring flooding or erosion issues are reported

e Funds are available from the annual capital works budget

URBANSYSTEMS.
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District of Summerland
Masier Drainage Plan

Project: LS-08 Fosbery Road and Kean Street

Priority: 3

Trigger: Fosbery Road or Kean Street upgrade, recurring flooding issues or annual capital
expenditure.

Design Flows: 1529 0.017 i m/s
1530 0.021 - - m¥s
1531 0.001 - - m¥s
Capital Costs: $95,100 $95,100 $95,100
Note: Capital costs do not include allowances for land, easement, or ROW purchases, but do include 15% for

engineering and 25% for construction contingencies.

Issue:
Poorly defined major drainage along Fosbery Road and Kean Streetincreases the risk of runoff crossing
road and causing erosion and/or flooding.

Concept:
Improve major drainage route definition and connectivity.
Proposed Works:

Existing System.
Construct ditching along the west side of Fosbery Road andthe north side of Kean Street. Install a
culvert installed immediately prior to the in tersection.

LID System.
There is no anticipated development upstream of the proposed works.

Conventfonal System.
There is no anticipated development upstream of the proposed works.

URBANSYSTEMS.
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District of Summerland

Master Drainage Plan e

| mplementation
Works should be constructed when one of the following occurs:

e Fosbery Road or Kean Street is upgraded
e Recurring flooding or erosion issues are reported

e Funds are available from the annual capital works budget

0872.0051.01 / June 2009
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District of Summerland
Masier Drainage Plan

Project: LS-09 North Lakeshore Drive: Downstream of Kean Street
Priority: 3
Trigger: North Lakeshore Drive upgrade, recurring flooding issues, or annual capital

expenditure.

Design Flows: 1528 0.002 ) m?s
Capital Costs: $23,400 $23,400 $23,400
Note: Capial costs do not include allowances for land, easement, or ROW purchases, but do include 15% for

engineering and 25% for construction contingencies.

Issue:
Poorly defined major drainage along North Lakeshore Drive increases the risk of runoff crossing road and
causing erosion and/or flooding.

0872.0051.01 / June 2009 URB!KNSYSTE MS.
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