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DEFINITIONS AND ACRONYMS 

BMP Best Management Practice for mitigating the impacts of stormwater runoff 
through volume reduction or water quality improvements  

cms cubic metres per second 

CSP corrugated steel pipe 

CMP corrugated metal pipe 

DCC Development Cost Charges - a mechanism used by municipalities to finance 
infrastructure required to service new development and subdivisions 

ephemeral stream  A seasonal stream, often only running during the spring season 

ha hectare 

IDF intensity-duration-frequency (rainfall data) 

L/s litres per second 

m metres  

mm millimeter 

m3/s cubic metres per second 

MAR Mean Annual Rainfall event – equivalent to a 1-year return period 

major system The part of the drainage system provided in parallel to the minor system for 
flood control 

minor system The convenience or piped drainage system 

MoE British Columbia Ministry of Environment 

MWLAP British Columbia Ministry of Water, Land and Air Protection 

PVC poly vinyl chloride pipe 

Surficial soil Soils that occur at shallow depths, ie soils near the surface 

SWMM Storm Water Modeling & Management (SWMM software is an open-source 
hydrological modelling program developed by the US Army Corps Engineers) 

Tc Time of Concentration - indicates basin response time to a rainfall event 
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EXECUTIVE SUMMARY 

ES-1 INTRODUCTION 

Municipal infrastructure planning and utility management is generally underrated until a problem occurs. 
Good planning and overall infrastructure integration can improve capital investment while avoiding the 
pitfalls of spending capital in a reactive manner with little foresight. A comprehensive Capital Plan for a 
storm utility can provide a realistic guide of how to improve the stormwater drainage system with respect 
to the level of service provided. A good plan will consider the existing and future system requirements 
and asses how future development may affect or be serviced by the existing utility. The plan will consider 
the new development and set out a guideline for infrastructure expenditures required to improve the level 
of service and support future development. This plan provides the City of Penticton with directions for 
both growth and renewal of the drainage system. 

The City of Penticton (City) is currently experiencing significant growth and has had to review their entire 
infrastructure. In 2004 and 2005, the City retained Earth Tech to review and develop Master Plans for 
their water, sanitary, transportation and drainage systems so that the City can move forward on 
infrastructure upgrades and service current and future development with a higher level of confidence. 

Portions of City’s piped storm sewer system are under-sized and operate below the current City 
standards.   These under-sized systems which are usually associated with the older parts of the City do 
not accommodate the 5-year return period.  The older parts of the storm sewer system were not 
originally designed to accommodate the newer development.  As a result, some areas of the City will 
continue to experience local ponding of stormwater.  While the piped system may not be able to convey 
the 5-year storm event, the major system is sufficiently well-developed to limit flood damage.  An 
important objective of this plan is to minimize the impact of new development on existing infrastructure 
and the environment and prioritize upgrades to solve existing problems. 

The Master Drainage Plan provides direction for managing the City’s drainage system and focuses on, 
and summarizes, the following: 

- Stormwater sewer model development  

- Stormwater sewer assessment criteria 

- Existing stormwater sewer system assessment 

- Impact of Future development on the existing storm sewer system 

- Recommended infrastructure upgrades 

- Cost estimates and prioritization of recommended upgrades 

- Impact of probable projects on Development Cost Charges 

ES-2 STUDY AREA 

The City covers an area of 1537 ha which is comprised of a mix of single and multi-family residential, 
institutional, commercial, industrial and recreational land uses with a per capita of 34,166 (2005). The 
City is currently experiencing extensive growth pressure and over the next 20 years the City’s OCP and 
Comprehensive Development Plan is predicting it to continue at 2.5% per year until 2025 to a population 
of 55,988. The existing drainage system is defined by eight major catchment areas as shown on 
Figure 4-4, which flow into the six area creeks ( Spring, Strut, Randolph, Penticton, Ellis and Gilles) 
along with Skaha and Okanagan Lake. 
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Storm sewer backed up on Main Street due to insufficient 
capacity. 

ES-3 STORMWATER MANAGEMENT ISSUES 

Stormwater management is a comprehensive approach to the planning, design, implementation, and 
operation of stormwater drainage systems. Its purpose is to create a drainage system that strikes a 
balance between effectively and efficiently removing stormwater runoff from urban areas and, at the 
same time, minimizing the adverse impact on both existing urban development areas and natural 
drainage systems. Based on a detailed review of the City’s storm sewer system, specific stormwater 
management issues that directly affect the City were identified and an approach for dealing with them 
proposed.  A description of the issues identified is provided below. 

Storm Drainage System Capacity 

Storm drainage systems are usually 
designed to convey the runoff that is 
expected to result from storms that occur 
with a certain frequency. For example, in the 
City of Penticton, new underground pipe 
systems are designed to convey the runoff 
from a storm event that will occur once every 
five years on average, based on historical 
rainfall data. This event is commonly referred 
to as the five-year return period event.  
Furthermore, new surface drainage routes 
are designed to convey the runoff from storm 
events that occur once every hundred years 
(the 100-year return period event). 

In the past, however, parts of the drainage 
system were not designed to this level of 
service, or have been extended without 
ensuring that capacity was available. Also, 
standards and requirements for storm 
drainage have changed over the years. As a result, there are large parts of the drainage system which 
do not meet current design standards, especially in the downtown and industrial areas. In these areas, it 
is not cost-effective to upgrade storm sewer facilities to meet current standards. Where there is no risk of 
property damage resulting from flooding or ponding, it is more beneficial to accept the lower level of 
service and implement controls to provide on-site stormwater management. Bylaws could be adopted 
which require commercial and industrial facilities in specific areas to implement a strategy of stormwater 
management detailed by the Provincial Stormwater Planning guidebook and outlined in report. As the 
area re-develops and on-site infiltration and detention objectives are met, conveyance capacity 
requirements for the minor system will be reduced.  

Planning for Future Development 

As the City grows and densifies, the negative water quality impacts of stormwater on the receiving water 
environments may become an issue. As a City densifies, the proportion of hard surfaces (streets, 
parking lots, roofs) increases and the hydrological regime changes.  Runoff from the streets and parking 
lots is intercepted by catch basins and pipes and reaches the stream or lake faster. As a consequence, 
the peak flows are higher. Furthermore, the runoff comes in contact with oils, greases, fine sediments 
and other pollutants which are carried to the streams and lakes. Therefore, as communities grow and 
densify the stormwater pollutant load and peak flows increase, causing a reduction in the quality of the 
receiving water.   
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Oil surfacing during a rainstorm at the Westminster Avenue 
Trunk outfall in the Okanagan River with Kokanee salmon 
spawning nearby.

In order to address the potential negative impacts, stormwater design criteria for developments and 
roadways were assessed. Currently, the City’s design standards require that the Province’s Stormwater 
Planning Guidebook be followed for design. The Guidebook provides an approach to stormwater 
management which has been shown to minimize impacts of urban stormwater on local receiving water 
bodies. In general, the Guidebook requires that developments infiltrate or attenuate on-site the Maximum 
Annual Rainfall (MAR) event. Data collected for the Master Drainage Plan was used to develop design 
parameters which allow engineers to achieve the objectives of the Guidebook. 

As a consequence of enforcing the Stormwater Planning Guidebook standard, emphasis will be placed 
on the developer to be innovative in managing the MAR event.  Developments will need to utilize 
elements which reduce runoff and could include such practices as: 

• Landscaped features for infiltration; 

• Subsurface storage; 

• Pervious paving; and 

• Green roofs. 

Stormwater Quality Control and Impacts to Streams 

The City of Penticton has a large inventory of 
piped systems which outfall directly into 
Penticton Creek, Ellis Creek and Okanagan 
River. Given the important contribution that 
tourism plays in the City’s economy, 
uncontrolled stormwater discharges to the 
local creeks are not in the long-term best 
interest of the community. If not addressed, 
new development and densification within 
the City will cause a substantial increase in 
the net input of pollutants to local streams 
and further deterioration of the water 
resource.    

There are several measures that can be 
employed to capture the first flush of 
pollutants that are washed off impervious 
surfaces such as a roads and parking lots.  
The measures are referred to as Best Management Practices (BMP’s) or source controls.  BMP’s range 
from non-structural solutions such as litter and animal waste control by-laws through to end-of-pipe 
solutions such as engineered wetlands that treat stormwater before it is released to watercourses.   

Some BMP which have been proposed for stormwater quality improvements include: 

• Stormwater infiltration 

• Wetland development  

• Oil/Sediment interceptors  
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Severe infestation of purple loosestrife along the 
Lee Avenue pond shoreline. 

Non-native Invasive Plant Species 

Many of the wetland areas and seasonal stream 
corridors in the valley bottom were observed to 
contain high concentrations of non-native species.  
In particular, purple loosestrife was common at the 
edge of most ponds and ditches. An invasive 
species control program is in-place at the City to 
limit the spread of these plants which displace 
indigenous species like sedges and rushes in 
wetland environments. The program should be 
continued and expanded, if possible.     

 

 

 

Erosion and Sediment Control 

Sediment control involves capturing soil that has already eroded or designing channels to resist the 
erosive force of the water. Even with good erosion control measures in-place, sediment mobilization from 
construction sites can still occur. Sediment control can be achieved by employing one or more of a 
number of measures that have been shown to be effective in preventing soil from being eroded in the 
first place, or keeping eroded material on site.   

In order to mitigate sediment mobilization associated with construction, the City should adopt an 
amendment to its Subdivision and Development Bylaw requiring developments to submit and adhere to 
a Sediment and Erosion Control Plan.  Application of the technical standards should be included in any 
new development agreements entered into by the City.  

Global Warming 

There is significant uncertainty on impacts to the drainage system presented by global warming.  The 
current research suggests that the Okanagan Valley has been experiencing an increasing trend in 
temperature and will see extended periods of low-flow as global warming takes hold (Expanding the 
Dialogue on Climate Change and Water Management in the Okanagan Basin, British Columbia, 2004).   
However, as temperatures increase, so too does the evaporation potential.  As a result, the Okanagan 
may also see increased precipitation both in volume and magnitude.  If the hydrological cycle trends to 
more frequent and intense storm events, the design criteria (ie, the intensity-duration-frequency curve) 
for pipe size will become obsolete.  Under this scenario, the City may experience more frequent 
surcharging of the minor system making the major system a critical design component.   

To address the potential impacts of global warming, it is recommended that detailed, long-term rainfall 
monitoring be implemented in the City.  The rainfall data, recorded at maximum 5 minute intervals, will 
allow a re-assessment of the intensity-duration-frequency (IDF) curve.  The data will also allow staff to 
assess the return period of a specific storm event and determine whether any associated flooding is due 
to an extreme event. 
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ES-4 MODEL DEVELOPMENT AND CRITERIA (METHODOLOGY AND ASSUMPTIONS) 

A comprehensive computer system of the City’s stormwater sewer system was developed. The model 
was developed to allow for maximum flexibility and future use by City staff. The model allows the City to 
accurately address various scenarios of existing and future operating conditions in a cost effective 
manner. The computer model is an essential tool for future planning and existing system assessment 
and should be regularly updated and maintained. 

Criteria followed are consistent with the City’s Subdivision and Development Bylaw No. 2004-81 and the 
Stormwater Planning Guidebook published by the province of British Columbia.  

ES-5 STORMWATER MANAGEMENT PLAN  

The drainage assessment and system modelling provides direction for future improvement projects. The 
identified and recommended projects and their cost allocation (capital revenue, DCC or development) 
have been prioritized to indicate a potential implementation timeline.  

Capital Projects (Existing Deficiencies) 

Twenty-seven projects have been recommended to improve the existing drainage system and/or to 
support future development. The total value of proposed projects is $ 9,720,800. The recommended 
improvements are categorized as being of either HIGH, MEDIUM, or LOW priority. Definition of the 
priority rating is provided below. 

Six projects are in the HIGH priority category are associated with elements which have reached capacity, 
experienced failures (ie, flooding) or are expected to reach capacity due to upstream development. 
These projects should be addressed immediately within the next two years and have a total value of 
$ 1,070,000. 

Thirteen projects are deemed to be MEDIUM priority, these projects have exceeded pipe capacity and 
upstream development potential exists that will add to the capacity issues and create flooding. These 
projects should be carried out in conjunction with other capital improvement projects and have a total 
value of $ 7,041,400. 

Nine projects are of LOW priority, these projects have exceeded pipe capacity but have no potential for 
additional upstream development and no reported flooding has occurred. These projects should be 
improved over the long term but pose no immediate risk and have a total value of $ 1,609,400. 

Table ES-1 summarizes the Capital Plan cost estimate breakdown, including the impact on DCC’s. 

Projects Associated with Future Development 

Areas of high development potential were identified and their potential impact on the drainage system 
assessed.  In most cases, specific upgrades were identified to accommodate the developments. Twenty 
drainage upgrades associated with future development were identified. These drainage upgrades have a 
total value of $ 11,311,000. 

Future development triggered upgrades are summarized in Figure ES-2.  
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Table ES-1:  Summary of Existing Deficiencies 

PRIORITY ID PROJECT NAME DCC PROJECT EXISTING 
USERS DEVELOPER TOTAL

M EX-01  BURNABY AVENUE DIVERSION $205,860 $734,140 $77,500 $1,017,500

M EX-02  POWER STREET DIVERSION $217,358 $775,143 $0 $992,500

H EX-03  PARKWAY PLACE STORM SEWER UPGRADES $33,808 $120,567 $0 $154,375

L EX-04  ECKHARDT AVE DRAINAGE UPGRADES - RAILWAY TO CARIBOU $29,291 $104,459 $0 $133,750
L EX-05  ORCHARD AVE DRAINAGE UPGRADES - CARIBOU TO LATIMER 

SECTION
$54,531 $194,469 $0 $249,000

M EX-06  LAKESHORE DRIVE MAJOR SYSTEM IMPROVEMENTS $0 $145,500 $0 $145,500

M EX-07  WESTMINSTER AVE EAST STORM SEWER EXTENSION $0 $165,313 $0 $165,313

M EX-08a  HUTH AVE STORM SEWER CONSTRUCTION $207,297 $739,265 $0 $946,563

M EX-08b  HUTH AVE STORMWATER TREATMENT POND CONSTRUCTION $38,325 $136,675 $0 $175,000

M EX-09  GOVERNMENT ST. INFILTRATION GALLERY $0 $412,500 $0 $412,500

M EX-10  SOUTH MAIN STORM TRUNK BYPASS $951,417 $1,130,458 $0 $2,081,875

L EX-11  YORKTON AVE MAJOR SYSTEM IMPROVEMENTS $0 $159,375 $0 $159,375

L EX-12  LEE AVENUE POND UPGRADES $0 $148,125 $0 $148,125

L EX-13  BRANTFORD AVE DRAINAGE UPGRADES $0 $82,500 $0 $82,500

H EX-14  CAMPBELL MTN LANDFILL DRAINAGE UPGRADES $232,313 $25,813 $0 $258,125

L EX-15  McMILLAN AVE DRAINAGE UPGRADES $0 $82,500 $0 $82,500

H EX-16  CARMI ROAD MAJOR SYSTEM UPGRADES $202,794 $240,956 $0 $443,750

H EX-17  EVERGREEN DRIVE MAJOR SYSTEM UPGRADES $27,991 $33,259 $0 $61,250

M EX-18  CAMPBELL MOUNTAIN LANDFILL INTERCEPTION DITCH $0 $56,250 $0 $56,250

H EX-19  WESTMINSTER AVENUE DIVERSION

L EX-20  SKAHA L. ROAD - GALT TO BRANDON UPGRADE $72,927 $260,073 $0 $333,000

M EX-21  DUNCAN AVE STORMWATER TREATMENT $0 $68,750 $0 $68,750
L EX-22  TIMMINS STREET STORM SEWER UPGRADE - SCOTT TO CONKLIN $76,513 $272,862 $0 $349,375

M EX-23  WARREN AVE W STORM UPGRADE - ATKINSON TO QUEBEC $61,046 $217,704 $0 $278,750

H EX-24  RAINFALL MONITORING STATION $15,000 $0 $0 $15,000

L EX-25  LAWRENCE ST DIVERSION $15,713 $56,037 $0 $71,750

M EX-26  MAIN ST STORM UPGRADES - ELLIS CR TO WARREN $90,228 $321,772 $0 $412,000

M EX-27  MAIN ST STORM UPGRADES - ELLIS CR TO NELSON AVE $93,357 $333,018 $0 $426,375

$2,625,769 $7,017,481 $77,500 $9,720,750
H High Priority
M Moderate Priority
L Low Priority

TOTALS

Completed May, 2006
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Table ES-2:  Summary of Future Development Triggered Upgrades 

ID PROJECT NAME DCC 
PROJECT

EXISTING 
USERS DEVELOPER TOTAL

 FT-A RIVERSIDE DRIVE STORM SEWER UPGRADES $87,326 $311,424 $0 $398,750

 FT-B CHURCHILL AVE & DYNES AVE STORM SEWER UPGRADES $0 $0 $363,750 $363,750

 FT-C COMOX ST STORM SEWER CONSTRUCTION $0 $0 $396,250 $396,250

 FT-D RIGSBY ST AND HAYNES ST STORM SEWER CONSTRUCTION $71,230 $254,020 $0 $325,250

 FT-E WINNIPEG ST STORM SEWER CONSTRUCTION $54,463 $194,225 $0 $248,688

 FT-F ECKHARDT AVE STORM SEWER UPGRADES $209,987 $748,857 $0 $958,844

 FT-G DUNCAN AVE DRAINAGE UPGRADES - MANITOBA TO ATKINSON $69,533 $247,968 $0 $317,500

 FT-H RIVERSIDE DRIVE STORM SEWER UPGRADES $117,576 $419,299 $0 $536,875

 FT-I YORKTON AVE STORM SEWER AND WETLAND DEVELOPMENT $868,750 $0 $0 $868,750

 FT-J VALLEYVIEW ROAD STORM SEWER - NORTH OF CRESCENT HILL RD $0 $0 $1,237,500 $1,237,500

 FT-K VALLEYVIEW RD STORM SEWER - SOUTH OF CRESCENT HILL RD $0 $0 $272,500 $272,500

 FT-L NORTH BLOCK DEVELOPMENT AREA UPGRADES $0 $0 N/A N/A

 FT-M WILTSE HOLDINGS AREA DRAINAGE UPGRADES $0 $0 $188,000 $188,000

 FT-N UPPER EVERGREEN DRIVE UPGRADES $0 $0 $788,500 $788,500

 FT-O UPPER CARMI DEVELOPMENT AREA UPGRADES $0 $57,500 $0 $57,500

 FT-P NARAMATA ROAD DRAINAGE UPGRADES $1,730,602 $2,056,273 $0 $3,786,875

 FT-Q RESERVOIR ROAD AREA FUTURE UPGRADES $0 $0 $253,500 $253,500

 FT-R MIDDLE BENCH ROAD DEVELOPMENT AREA UPGRADES $0 $0 $140,500 $140,500

 FT-S RESERVOIR ROAD WETLAND UPGRADES $0 $0 $171,875 $171,875

 FT-T SPILLER ROAD DEVELOPMENT AREA UPGRADES $0 $0 N/A N/A

$3,209,465 $4,289,566 $3,812,375 $11,311,406TOTALS    
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1.0 INTRODUCTION 

As part of an effort to proactively address community planning and fiscal management, the City of 
Penticton has undertaken an update to its stormwater management plan.   
 
Portions of City’s piped storm sewer system are under-sized and operate below the current City 
standards.   These under-sized systems which are usually associated with the older parts of the City do 
not accommodate the 5-year return period.  The older parts of the storm sewer system were not originally 
designed to accommodate the newer development.  As a result, some areas of the City will continue to 
experience local ponding of stormwater.  While the piped system may not be able to convey the 5-year 
storm event, the major system is sufficiently well-developed to limit flood damage 

The purpose of the Plan is to identify the drainage requirements for servicing the existing land-use and 
future development based on an updated set of objectives.  The drainage plan will ensure that the 
drainage system will be expanded in an orderly and sustainable way as the City grows.   
 
Typically, developers do not have the capacity to evaluate the storm system outside their immediate area.  
The Plan ensures that in areas where growth is likely developments are not considered in isolation but 
rather as a system. If required, upgrades or replacement to accommodate growth, in some cases, 
address existing deficiencies. As a result, the Plan provides an equitable means for funding the 
necessary upgrades. This approach is intended to promote development, while not subjecting the City to 
long-term problems and potential liabilities resulting from inadequately designed facilities. The stormwater 
management plan also recommends an approach to enhance the quality of stormwater, thus reducing 
deleterious impacts on the surrounding rural community and its residents. 
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2.0 STUDY AREA 

The City of Penticton is located in the Okanagan Valley having a north-south orientation (Figure 2-1).  
The City has a population of approximately 33,000.  
 
The terrain of the Penticton area has been influenced by the advancement and recession of glaciers, as 
well as by the runoff from the adjacent mountains.  An understanding of this complex geological history 
helps to explain some of the features that characterize the City and its drainage system.   
 
The topography of the Penticton area is characterized as flat in the valley bottom and moderate to steeply 
sloping along the edges of the valley to the east where the geology changes from unconsolidated 
sediments to bedrock.  
 
The surficial geology of the Okanagan Valley is predominated by glacial and post-glacial deposits derived 
from the erosion of the bedrock in the valley and adjacent upland areas, followed by various stages of 
deposition.  The resultant landforms along the edges and base of the valley are complex and include 
alluvial fans, deltas and associated gullies and stream channels.  The sediment types associated with the 
landforms include lacustrine silt and clay, glacial and glacial-fluvial deposits of till, clay, silty sand, sand 
and gravel and more recent fluvial and alluvial sediments.   
 
Glacial advance and occupation was characterized by the build-up of ice across a large area which 
completely engulfed the Province.  The ice reached as much as 3,000 metres in thickness and the weight 
caused scouring of the underlying accumulation areas.  Glacial retreat was characterized by “down-
melting” within the upland areas first and subsequently in the valley itself.  Stagnant ice created 
blockages, both within the tributaries which drained into the valley and within the valley itself.   
 
At one point, an ice lobe near Oliver resulted in the creation of Glacial Lake Penticton.  The lake elevation 
was as high as 455 metres elevation, more than 100 metres higher than the current lake elevation.  For a 
short period of time, the flow of Penticton Creek was even temporarily diverted northward around 
Campbell Mountain.  The “silt bluffs” that line parts of the City are remnants of the fine-grained glacial 
lake (lacustrine) deposits.      
 
Melted water from the glaciers, combined with runoff from the creeks and streams draining the 
surrounding plateau, flowed along the margin of the valley, eroding the outwash channels and depositing 
gravels and sands, sometimes on the edge of the ice sometimes in ponds blocked in the tributary valleys 
by the ice.  The deep, steep rocky channels that now characterize Penticton Creek and Ellis Creek, were 
eroded out during this period when they served as outwash channels, conveying enormous volumes of 
water.  The presence of isolated gravel deposits in the upland area of Penticton are also hallmarks of this 
epoch.   
 
Penticton is formed by the accumulation of sediment deposits from the outwash channels.  Similar large 
scale deposits also occur along Gilles Creek and Randolph Creek, as well as at Naramata Creek to the 
north and Shuttleworth Creek to the south.  
 
Figure 2-2 provides a general map of the surficial soils within the City boundary.  
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3.0 STORMWATER MANAGEMENT ISSUES 

Stormwater management is a relatively broad and complex field of engineering.  This section of the report 
provides general background information on stormwater management.  In addition, stormwater issues 
specific to the City of Penticton are discussed. 
  

3.1 BACKGROUND 
 

Stormwater management is a comprehensive approach to the planning, design, implementation, and 
operation of stormwater drainage systems.  Its purpose is to create a drainage system that strikes a 
balance between effectively and efficiently removing stormwater runoff from urban areas and, at the 
same time, minimizing the adverse impact on both existing urban development areas and natural 
drainage systems.   
 
Piped drainage systems are a necessary component of urban life. When rain falls on a natural 
watershed, a large portion of the water is either intercepted in the vegetation or infiltrated into the 
ground. Consequently, the movement of runoff towards the streams is slowed or attenuated.  
However, urban development tends to have less vegetation and a significant amount of hard or 
impervious surface – ie, roads, parking lots, sidewalks, driveways, roofs, etc. The impervious 
surfaces tend to be efficient collectors of rain and prevent infiltration into the ground. As a result, to 
prevent ponding and damage to road and building foundations, piped drainage systems are required. 
The piped systems are typically designed and constructed with the objective of moving stormwater 
quickly. 
 
The approach for stormwater management in urban areas has evolved significantly over the last 100 
years.  In the early 1900’s, it was common practice to collect both sanitary wastewater and 
stormwater in a single pipe and convey it to the nearest water course.  As the negative impacts on 
receiving waters and human health began to be understood, combined systems were separated with 
wastewater diverted to a treatment plant.   
 
The concept of a minor and major drainage system has evolved to provide cost-effective design 
standards for piping while still providing flood control for extreme events.  The occurrence and size of 
storm events is unpredictable.  However, engineers can rely on statistical models for determining the 
size or magnitude of a storm for design purposes.  The statistical models rely on the fact that the 
occurrence of storm events decreases as its magnitude increases.  In other words, really big storms 
occur less frequently than small storms.  The statistical relationship between a storm’s size and its 
reoccurrence interval or return period can be determined through an examination of rainfall records.   
 
Ideally, to prevent flooding, a pipe or channel would be designed to convey the runoff from a storm 
event with a very large return period – for example, one that occurs once in a 100 years.  However, 
the cost of constructing storm sewers to this level of service would be prohibitive.  Instead, the 
concept of designing two functional drainage systems was developed.   





 Section 3.0 – Stormwater Management Issues 

 3-3 L:\work\84000\84628\03-Report\Penticton SMP.doc 

The minor (or convenience) system is defined as the system associated with road and parcel 
drainage: the storm sewer pipes, catch basins, curbs and gutters, storm leads, and service 
connections.  Figure 3-1 provides an overview of the City’s minor, piped system. 
 
Functionally, the minor system is designed to quickly remove runoff from most storm and snow melt 
events.  The minor system protects the asphalt surface in a typical urban road by keeping the 
granular base dry.  If the granular base that supports the asphalt becomes saturated it looses its 
shear strength and under traffic loading conditions the asphalt will crack.  The minor system is also 
designed to prevent the formation of puddles on roads and walkways that would be a nuisance to 
pedestrians and vehicle traffic.  The City stipulates that a 5-year return period event be used for 
design of the minor system.  Use of the 5-year return period storm event as a design standard is 
common in the Okanagan and provides a good cost-benefit balance.   
 
The major (or emergency) system is the part of the drainage system that conveys runoff from the 
large storm events, preventing flooding, and damage to property or injury to life.  Under a major 
event, the minor system is assumed to be inundated or non-functional.  The major system can consist 
of culverts, ditches, walkways, roadways or watercourses.  Major system elements are designed to 
convey the 100-year return period flowrate.  Stream elements must be designed to convey runoff 
associated with the 200-year event. 
 
Urbanization and its associated runoff are known to change a receiving water environment.  The 
significance of the impact of urban development on a watershed can be measured by the percentage 
increase in impervious surfaces compared to natural conditions. As a natural area undergoes 
development, the stormwater runoff begins to change in terms of water quality, quantity, magnitude 
and frequency.  Some studies have shown measurable changes on receiving waters as the 
imperviousness exceeds 10%.  For comparison, a typical residential subdivision will have an 
imperviousness of 35-55%.  

 
The two key influences that urban developments have with respect to stormwater drainage are as 
follows: 

 
• An increase in the peak rate and volume of runoff that occurs after urbanization when 

these figures are compared to those that resulted from similar storm events prior to 
development, and a related increase in the frequency of surface flooding and the 
incidence of erosion in stream channels. 

 
• An increase in the total pollutant load that enters existing watercourses.  The primary 

pollutants are those deposited on the road surfaces between storm events and depend 
on the density and type of development.  Silt and sediment are the primary pollutants.  
However, in more urbanized areas other common pollutants include hydrocarbons 
(leaked fuel and oil), heavy metals from deposited worn car parts, animal feces, 
fertilizers, herbicides and pesticides. 

 
Urbanization fundamentally changes the runoff regime of an area through construction of  impervious 
surfaces (roads, roof-tops, sidewalks, etc).  Rainfall that would have previously been infiltrated into 
the ground accumulates on the road or parking lot and must be managed through installation of 
pipes.  As a result, the receiving water environment experiences higher peak flows and a larger 
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pollutant load.  Current stormwater design practices are intended to address these negative impacts 
of stormwater on receiving water environments in a cost-effective way while still providing good flood 
control.  By infiltrating more of the runoff and providing detention storage, some of the impacts of 
stormwater can be mitigated. 

 
3.2 STORMWATER MANAGEMENT STANDARDS AND REGULATIONS 

 
There are at least three relevant guidelines and regulations which set the standards for stormwater 
management in the City.  The first is the City’s Subdivision and Development Bylaw 2004-81.  The 
other two documents are Provincial documents: the Stormwater Planning Guidebook and Riparian 
Area Regulation (RAR).   
 
Subdivision and Development Bylaw 
 
The City of Penticton’s Subdivision and Development Bylaw sets the standards for design and 
construction of drainage related facilities.  The current Bylaw specifies that a 5-year and 100-year 
return period storm event be used for the minor system and major system, respectively.   
 
The Bylaw also specifies that the major and minor system and should be designed based on the 
principles contained in the Stormwater Planning Guidebook.  In addition, post-development flows are 
required to be limited to the 5-year return period pre-developed runoff condition.  However, the 
Guidebook, in essence, requires that the mean annual rainfall (MAR) event be attenuated to 
undeveloped levels.   
 
The requirement for attenuation to the 5-year pre-developed condition is important if the downstream 
capacity of the drainage system is at risk.  However, the criterion would not necessarily address the 
water quality impacts of stormwater.  The approach developed in the Guidebook is better suited to 
improving water quality.   
 
As new development progress up the eastern slopes of the City, protecting the downstream channel 
and pipe capacity will become important.  Consequently, the requirement for attenuation should be 
enforced where it is deemed necessary by the development official to protect the downstream 
drainage system capacity.  Specifically, the 100-year post-development runoff should be limited to the 
5-year pre-development runoff flowrate. 
 
The requirement for adhering to the approach of the Stormwater Planning Guidebook should be 
applied to all new development and roadway construction.   
 
Stormwater Planning Guidebook 
 
The objective of the Province’s Stormwater Planning Guidebook document is to present information 
about the quantity and quality aspects of stormwater management, and an approach that can be used 
to effectively deal with the adverse impacts of urban development.  The Guidebook establishes some 
minimum standards with respect to stormwater management in British Columbia. 
 
The Guidebook emphasizes the concept of using stormwater volume for designing drainage systems 
that mimic natural watersheds and mitigate both water quality and quantity impacts.  Scientific studies 
show that more than 90% of the rainfall events are less than half the 1-year return period storm – ie, 
the mean annual rainfall event (MAR).  Based on this fact, the Guidebook proposes that drainage 
systems be designed to infiltrate rainfall up to half the MAR – ie, Tier A events.  Furthermore, flow 
control is proposed for the rainfall volume that is less than the MAR but more than half the MAR – ie, 
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Tier B Events.  Flow control would consist of detention storage designed with a release rate equal to 
a natural system.   
 
Those rainfall events greater than the MAR represent extreme events (ie, Tier C events) and should 
be controlled through design of conveyance structures (ie, pipes, channels, streams, etc.).   
 
In the Penticton area, the MAR is estimated to result in approximately 18 mm of rainfall over a 
24 hour period.   
 
Using the flow monitoring data acquired as part of this study, the peak runoff from an undeveloped 
watershed under a MAR rainstorm is estimated to be 0.25 L/s/ha.  Based on this result, a detention 
volume of 100 m3/ha of impervious area provides sufficient storage to mimic the natural watershed.  
As a preliminary estimate, the impervious area can be calculated using the ‘Run Off Coefficient’, as 
provided in Table 3.9 of the Subdivision & Development Bylaw.   
 
For example: 
 
If a 5 hectare area is converted to single family residential housing the MAR volume is 900 m3 (ie, 
0.018 m x 50,000 m2).   
 
The development would be required to infiltrate half the MAR volume (450 m3).    
 
 In addition, a detention pond with a 200 m3 volume would be required: 

333
20010040.05100 mha

mhaha
mficientRunoffCoefAreaVolume =××=××=  

The pond would be designed with a release rate of 1.25 L/s (ie, 5 ha x 0.25 L/s/ha = 1.25 L/s).  
Alternatively, if the site were conducive, additional infiltration or storage BMP’s could be provided to 
reduce the size of the detention pond.  A more detailed description of the types of BMP’s that could 
be utilized as part of the development is provided in the Stormwater Planning Guidebook.   
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Therefore, the stormwater management objectives for the Penticton area obtained by applying the 
Stormwater Planning Guidebook would be: 

 
Tier A Events (rainfall events up to 50% MAR):  

• Capture the first 9 mm of rain per day from roads or impervious surfaces 
• Rainfall is infiltrated, evapotranspirated or re-used on-site  

 
Tier B Events (rainfall greater than 50% MAR but smaller than MAR):  

• Detain the next 9 mm of rain per day 
• Provide detention of 100 m3 per area of imperviousness (ie, asphalt road, 

parking lot, sidewalk, rooftop, etc) with a controlled release rate of 0.25 L/s/ha 
• Infiltration may be used to address Tier B events and reduce detention volume 

 
Tier C Events (extreme events exceeding the MAR):  

• Flood control  
• Use adequately designed pipes, culverts and channels to convey runoff up to 

the 100-year return period 
 
In order to refine the Stormwater Planning Guidebook design criteria provided above, the City should 
carry out additional rainfall and flow monitoring within discrete catchments.    
 
In general, the quality aspects of stormwater management are dealt with through the infiltration of 
Tier A events and attenuation of Tier B events.  Due to the geology of the Penticton area, infiltration 
of runoff or groundwater recharge may not be appropriate.  Uncontrolled infiltration may result in 
destabilization of downgradient slopes or unplanned daylighting of groundwater.  A survey of terrain 
and soil conditions was carried out to assess stormwater infiltration potential in the City.  The resulting 
map has been used as a planning level design tool for management of Tier A events (Figure 3-2, 
Figure 3-3).   
 
Additional detailed infiltration study is required at the design stage to confirm ground conditions.  The 
presence of “Not Suitable” areas does not necessarily mean infiltration is infeasible.  At a planning 
level, the high groundwater or soil conditions suggests the area is not suitable and a more detailed 
assessment is required to support installation of infiltration facilities.  The presence of existing 
drywells in the “Not Suitable” area does require they be abandoned, if they are not working properly.  
The red or “Not Suitable” area does suggest that future installation of drywells in these areas be 
conducted carefully and with professional assessment.     
 
Where stormwater infiltration potential is classified as “Not Suitable”, use of infiltration to address 
Tier A events is not considered possible unless supported by detailed hydrogeological assessment.  If 
the site is not deemed to be appropriate for infiltration, additional detention in combination with 
implementation of Best Management Practices (BMP’s) would be required to address the full MAR 
event. 
 
BMP’s can be structural, planning or educational practices that have some mitigating effect on the 
water quality or quantity impacts of stormwater.  Detailed information on a variety of BMP’s is 
provided by the Minisitry of Environment and can be referenced on their website 
(http://www.env.gov.bc.ca/wat/wq/nps/BMP_Compendium/Municipal/Municipal_Home.htm). 
 
The Guidebook approach is not necessarily inconsistent with the existing Subdivision and 
Development Bylaw.  The piped system would continue to be designed to accommodate the 5-year 
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return period storm event.  Drywells could be incorporated into the minor system design to provide for 
infiltration of Tier A events.  
 
Riparian Area Regulation 
 
On July 27, 2004, the BC Ministry of Water, Land and Air Protection (subsequently renamed to 
Ministry of Environment) introduced the Riparian Area Regulation (RAR) to encourage 
environmentally responsible construction of housing and other developments while protecting 
streams, fish and fish habitat.  The legislation was originally scheduled to be implemented by March 
31, 2005.  However, due to concerns about administration and legal uncertainties expressed by local 
governments, implementation was deferred to March 31, 2006. 
 
The Regulation, administered by the Ministry of Environment, applies to riparian fish habitat affected 
by new residential, commercial and industrial development on land under local government 
jurisdiction (private land and the private use of Crown Land).  The concept behind the RAR is to 
replace standard, prescriptive setbacks with a site specific, scientific assessment of the effect of a 
proposed development on fish habitat, and allow for development to go ahead either when there will 
be no impact on fish habitat, or when such impacts can be mitigated.   
 
Under the Regulation, local governments may allow development within 30 m of the high water mark 
of a stream or top of a ravine bank – provided a riparian assessment has been made on whether a 
“harmful alteration, disruption or destruction of natural features, functions and conditions that support 
fish life processes” will occur.  “Stream” is defined as a feature that provides fish habit such as a 
watercourse, whether it usually contains water or not; a pond, lake, river, creek, brook; as well as any 
conveyance feature that connects to the fish habitat such as a ditch, spring or wetland.  Given this 
definition, construction of a drainage ditch or storm sewer which discharges to Penticton Creek or 
Ellis Creek would be covered by the Regulation.  While it may seem preposterous that a storm sewer 
could be defined as fish habitat, the reality is that without mitigation measures urban storm systems 
will have a profoundly negative impact on stream health.   
 
Construction of a storm system which discharges to a fish bearing stream would trigger requirement 
of a riparian assessment.  The riparian assessment method requires a Qualified Environmental 
Professional (QEP) to provide an opinion – in an Assessment Report – that the development will not 
result in a harmful alteration of riparian fish habitat.  The Assessment Report would also identify 
measures that would be required to maintain the integrity of the riparian area in the development 
project.  In the context of storm drainage systems, the riparian assessment should be interpreted as 
an opportunity to consider and recommend Best Management Practices (BMP’s) for mitigating water 
quality and quantity impacts on the receiving water environment.  Design and performance 
information, for a variety of BMP’s for protecting aquatic habitat and mitigating stormwater impacts 
can be referenced in the Ministry of Environment’s document, Standards and Best Practices for 
Instream Works . 
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Stormwater bubbling up through a catch basin (ie, 
overflowing) at Huth Street near Atkinson Avenue 

3.3 ISSUES AFFECTING THE CITY OF PENTICTON 
 

Given the background provided in preceding sections, specific stormwater management issues that 
directly affect the City of Penticton are addressed in this section.  Each of the issues is identified and 
discussed, and an approach for dealing with them presented. The stormwater management 
objectives are based on the legislative context surrounding riparian area stewardship, as well as an 
understanding of current stormwater management standards and the challenges facing the City.  
These criteria have been selected to support the primary objective of ensuring that City growth 
proceeds in an environmentally sustainable manner by preserving or enhancing water resources 
within the City boundaries. 

 
Storm Drainage System Capacity 

 
Storm drainage systems are usually 
designed to convey the runoff that is 
expected to result from storms that occur 
with a certain frequency.  For example, 
in the City of Penticton, new under-
ground pipe systems are designed to 
convey the runoff from a storm event 
that will occur once every 5 years on 
average, based on historical rainfall 
data.  This event is commonly referred to 
as the 5-year return period event.  
Furthermore, new surface drainage 
routes are designed to convey the runoff 
from storm events that occur once every 
hundred years (the 100-year return 
period event). 

 
In the past, however, parts of the drainage system were not designed to this level of service, or have 
been extended without ensuring that capacity was available.  Also, standards and requirements for 
storm drainage have changed over the years.  As a result, there are large parts of the drainage 
system which do not meet current design standards, especially in the downtown and industrial areas.  
In these areas, it is not cost-effective to upgrade storm sewer facilities to meet current standards.  
Where there is no risk of property damage resulting from flooding or ponding, it is more beneficial to 
accept the lower level of service and implement controls to provide on-site stormwater management.  
Bylaws could be adopted which require commercial and industrial facilities in specific areas to 
implement a strategy of stormwater management detailed by the Provincial Stormwater Planning 
Guidebook and outlined in Section 3.2. As the area re-develops and on-site infiltration and detention 
objectives are met, conveyance capacity requirements for the minor system will be reduced.       

 
As part of this study, the capacity of the drainage system has been assessed using an XPSWMM 
model and field assessments. Where capacity deficiencies are identified, recommendations with 
respect to the need to upgrade have been provided. These upgrades may involve increasing the 
storm drainage system capacity, or providing storage in the drainage system so that the existing 
capacity is adequate to prevent uncontrolled flooding. Section 5.1 provides detailed recommendations 
on upgrades to address existing deficiencies. 
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In areas where the soils are conducive to groundwater infiltration, like the Warren Avenue industrial 
and commercial area, this approach would be relatively simple to implement using drywells. In 
addition to reducing the peak 5-year runoff of the selected areas to a value similar to a single family 
residential area (or less), water quality impacts on the receiving water will be reduced.   
 
Stormwater Planning for New Developments 

 
New urban development projects 
can have significant impacts on 
the storm drainage system if they 
are not thoroughly scrutinized 
during the planning stage, or the 
expectations are not well 
understood.  The impacts can 
range from the obvious results of 
uncontrolled erosion during 
construction to less obvious and 
less immediate impacts such as 
the results of uncontrolled release 
of stormwater into streams. 

 
The City of Penticton’s Official 
Community Plan (OCP) and Comprehensive Development Plan 2005 (CDP) were used as a basis for 
identifying areas of potential development.   
 
The OCP is a high level planning document which articulates a vision for the location and types of 
land-use within the City.  In order to identify areas of re-development, the existing land-use base was 
compared to the OCP.  Areas were highlighted where the land-use changed to a higher density (ex, 
from single family residential to multi-family or commercial).    
 
The Comprehensive Development Plan (CDP) identifies specific areas in the eastern part of the City 
that would be appropriate for development.  The CDP includes areas outside the City’s boundary that 
would need to be serviced by the City.  The CDP identifies a total area of 458 hectares which could 
support approximately 6300 development units.   
 
Figure 3-4 shows areas of potential development or re-development as identified by the OCP and 
CDP which would result in an increased imperviousness.   
 
Given the large urban reserve and areas of re-development, stormwater impacts associated with new 
development could be significant.  As part of the future conditions assessment, drainage 
requirements are identified to address future development.  Where possible specific items have been 
documented, including cost and implementation triggers.  To reduce the impact of runoff from new 
development on receiving waters, objectives provided in the Stormwater Planning Guidebook and 
outlined in Section 3.2, will be used.  In addition, requirements for detention storage to attenuate the 
100-year post development runoff to the peak 5-year pre-development flowrate may also be 
considered.  
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Sizing of drainage facilities for new developments are based on planning level data.  As 
developments occur, site specific stormwater management plans should be prepared for all new 
developments by the property owner.  These plans should detail how stormwater management 
objectives will be met, and reviewed in the context of the City’s overall drainage plan.  
 
Stormwater Quality Control and Impacts to Streams 

 
The City of Penticton has a large inventory of piped systems which outfall directly into Penticton 
Creek, Ellis Creek and Okanagan River.  Given the important contribution that tourism plays in the 
City’s economy, uncontrolled stormwater discharges to the local creeks are not in the long-term best 
interest of the community.  If not addressed, new development and densification within the City will 
cause a substantial increase in the net input of pollutants to local streams and further deterioration of 
the water resource.    
 
In addition to the more obvious impacts of soil erosion, stormwater also carries a number of pollutants 
that impact the water quality of the receiving water environment.  The most common pollutants are 
those associated with motor vehicles.  During periods of dry weather, oil, fuel and particulates from 
worn brake pads and motors accumulate on roadways and parking lots.  As a result, the pollutants 
are concentrated in the first portion of the runoff from a storm (ie, the first flush), washed from the 
road by rain.  As with soil erosion, these pollutants are often toxic to aquatic species and can reduce 
the recreational value of the receiving water body.   
 
There are several measures that can be employed to capture the first flush of pollutants that are 
washed off impervious surfaces such as roads and parking lots. The measures are referred to as 
Best Management Practices (BMP’s) or source controls.  BMP’s range from non-structural solutions 
such as litter and animal waste control by-laws through to end-of-pipe solutions such as engineered 
wetlands that treat stormwater before its release to watercourses.   
 
Some BMP’s which have been proposed for stormwater quality improvements include: 

• Stormwater infiltration 

• Wetland development  

• Oil/Sediment interceptors  
 
Design and performance information, including capital cost estimates and maintenance requirements, 
for a variety of stormwater BMP’s can be referenced on the Ministry of Environment website 
(http://www.env.gov.bc.ca/wat/wq/nps/BMP_Compendium/Municipal/Municipal_Home.htm). 
 
Consideration should be given to introducing oil and sediment control discharge standards for new 
developments in the City’s design Bylaw.  In particular, developments which discharge stormwater 
from large parking lots to the City’s storm sewer system should install oil and sediment interceptors, 
as a minimum requirement.  The oil/sediment interceptors would reduce the contaminants discharged 
to the local streams and lakes.  In addition, these interceptors would serve to protect infiltration basins 
where they are used for on-site ground disposal of stormwater.   
 
Several proprietary oil/sediment interceptors are available.  As a standard, these systems should be 
capable of removing greater than 80% of the average annual total suspended solids load and greater 
than 95% of the oil.  
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Severe infestation of purple loosestrife along the 
Lee Avenue pond shoreline 

 
Non-native Invasive Plant Species 
 
Many of the wetland areas and ephemeral 
stream corridors in the valley bottom were 
observed to contain high concentrations of non-
native species. In particular, purple loosestrife 
was common at the edge of most ponds and 
ditches. Non-native invasive species control 
programs are common in other Okanagan 
jurisdictions and should also be considered by 
the City of Penticton. Endorsement of a 
resolution was made in 2005 by the Union of BC 
Municipalities to petition the Province to provide 
funds to advance these programs.  An invasive 
species control program is in-place at the City to 
limit the spread of these plants which displace 
indigenous species like sedges and rushes in 
wetland environments.  The program should be 
continued and expanded, if possible.     

 
Erosion and Sediment Control 

 
A portion of Penticton’s drainage system relies on ditches or swales to convey runoff.  Some of these 
channels show signs of erosion.  The eroded material can end up in the receiving streams or 
reservoirs.  It can also settle out in pipes or catch basins and must be cleaned by the City’s 
maintenance personnel.   
 
Sediment control involves capturing soil that has already eroded or designing channels to resist the 
erosive force of the water.  Even with good erosion control measures in-place, sediment mobilization 
from construction sites can still occur.  Sediment control can be achieved by employing one or more 
of a number of measures that have been shown to be effective in preventing soil from being eroded in 
the first place, or keeping eroded material on-site.   

 
In order to mitigate sediment mobilization associated with construction, the City should adopt an 
amendment to its Subdivision and Development Bylaw. The amendment should require 
developments to submit and adhere to a Sediment and Erosion Control Plan. To simplify the 
processing of applications, the City could also issue set of design standards and BMP for erosion and 
sediment control. The City of Kelowna’s sediment and erosion control BMP manual could serve as a 
model for the City of Penticton. A requirement to apply the technical standards of the sediment control 
Bylaw should be included in any new development agreements entered into by the City.   

 
Global Warming 

There is significant uncertainty on impacts to the drainage system presented by global warming.  The 
current research suggests that the Okanagan Valley has been experiencing an increasing trend in 
temperature and will see extended periods of low-flow as global warming takes hold (Expanding the 
Dialogue on Climate Change and Water Management in the Okanagan Basin, British Columbia, 
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2004).   However, as temperatures increase, so too does the evaporation potential.  As a result, the 
Okanagan may also see increased precipitation.  In effect, there may be less snow accumulation and 
an increased frequency of summer rain storms.   
 
If the hydrological cycle trends to more frequent and intense storm events, the design criteria (ie, the 
intensity-duration-frequency curve) for pipe size will become obsolete.  Under this scenario, the City 
may experience more frequent surcharging of the minor system making the major system a critical 
design component.   
 
To address the potential impacts of global warming, it is recommended that detailed, long-term 
rainfall monitoring be implemented in the City.  The rainfall data, recorded at maximum 5 minute 
intervals, will allow a re-assessment of the intensity-duration-frequency curve.  The data will also 
allow staff to assess the return period of a specific storm event and determine whether any 
associated flooding is due to an extreme event. 
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4.0 METHODOLOGY AND MODELLING ASSUMPTIONS 

The following section details the modelling assumptions and approach.  Appendix A contains a complete 
listing of the model input parameters.  
 
4.1 XPSWMM MODELLING SOFTWARE 
 
XP-SWMM was selected as the software for modelling runoff.  XP-SWMM is an enhanced version of the 
US Environmental Protection Agency’s SWMM.  This software package was selected for its highly-
interactive user interface and data import/export capabilities. SWMM is well known for its exceptional 
hydrology and hydraulics capabilities. 
 
XP-SWMM simplifies model development and operation by allowing the user to work with a map of the 
stormwater management system either interactively or by importing data from other sources. Hydrograph 
calculations are performed using the “non-linear runoff routing routine” originally found in the USEPA 
Runoff module of SWMM. An EXTRAN module is also available as part of the program which can 
calculate system hydraulics including backwater effects and surcharged conditions. 

4.2 MODEL DEVELOPMENT 

The hydraulic and hydrologic parameters for the model were managed us ArcView GIS.  As a first step, 
the pipe data (inverts and location) was defined using the City’s available composite and as-built data.  
Next, field assessments were made to resolve obvious missing information and map overland drainage 
routes.  Once the conveyance system had been defined in ArcView, the data was exported to XPSWMM.   
 
Similarly, the City’s contour and available land-use information was used to establish tributary catchments 
and calculate runoff patterns.  ArcView’s ability to analyze spatial information facilitated this process.  
Once established, the catchment information was exported to XPSWMM and calibrated to measured 
rainfall data.         
 
4.3 MODEL CALIBRATION TO ESTABLISH EFFECTIVE RAINFALL 
 
Not all the rain that falls into a drainage basin becomes surface runoff.   Some of it is intercepted by 
foliage, some is stored in surface depressions, and some is infiltrated into the ground.   The effective 
rainfall, therefore, is the rainfall that is net of these mechanisms.  Quantifying the runoff volume and flow 
rate requires establishing the parameters which influence effective rainfall.  Due to the complexity of a 
catchment area, direct measurement of these variables is not practical.  Rather, for each type of land-use, 
the portion of rain infiltrated or intercepted by surface depressions and foliage is back-calculated using 
flow and rainfall measurements.  In effect, the parameters governing runoff are calibrated to the 
measured rain and runoff rate.   
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Table 4-1:  Flow Monitoring Locations 

Site Location / Land-Use Description Date Range 
#1 Westminster Avenue near Eckhardt Avenue W – land-use 

consists of a mix of residential and high density commercial 
Temporary   Area-

Velocity 
Apr 11/05 to 
Jun 21/05 

#2 South Main Street near Pineview Road – land-use is primarily 
single family residential with a relatively large natural upper 
catchment 

Temporary 
Compound-Weir 

Apr 11/05 to 
Jun 21/05 

#3 Adjacent to Ellis Creek on the Carmi Elementary School 
property – land-use is primarily single family residential 

Temporary 
Compound-Weir 

Apr 11/05 to 
Jun 21/05 

Rain 
Gauge 

City of Penticton Public Works Yard  Temporary Tipping 
Bucket Gauge 

Apr 11/05 to 
Jun 21/05 

 
For this study, storm sewer flow measurements were made at three sites between April 11 and June 21, 
2005.  During this time, rainfall data were collected using a rain gauge installed on the Public Works 
building.  Table 4-1 provides a description of each of the three flow monitoring locations and rain gauge 
with their location shown in Figure 4-1.   
 
Results of the calibration are discussed in subsequent sections.   
 
4.4 HYDRAULIC ELEMENTS 
 
Pipe invert and size data used in the model were taken primarily from as-built drawings.  Where as-built 
was not available, the invert data was extrapolated from upstream and downstream invert or contour 
data.  ArcView GIS was utilized for managing the database used for this model.  Once the data had been 
assembled in ArcView, it was exported to the XPSWMM modeling software package.       
 
4.5 HYDROLOGICAL CRITERIA 
 
A discussion of each of the primary catchment runoff parameter and their values determined through the 
calibration effort is provided in this section.   
 
Rainfall Intensity-Frequency (IDF) Curves 

Rainfall Intensity-Duration-Frequency (IDF) curves are statistical representations of historical storm 
events for a particular area.  IDF curves are used to extrapolate expected rainfall intensities and 
frequencies for design of drainage components.  The IDF curve used in this study was developed using 
data measured at the Penticton Airport and is provided in Appendix A.  
 
Storm Duration 
 
Drainage basin response to a rainfall event in terms of peak flow and runoff volume is dependent on the 
length of the storm.  Typically, very short duration storms have high intensities that result in high peak 
runoff rates but relatively little volume.  Longer duration storms usually have lower intensities that result in 
lower peak runoff rates but large volumes. 
 
For the purposes of this study, capacity issues were assessed using a 1-hour duration storm event.   
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5-Year Return 
Period 

100-Year Return 
Period 

Figure 4-2: Design Rainfall Distribution Patterns 

Rainfall Patterns 
 
Precipitation does not normally fall at a 
uniform rate during a storm; the rainfall 
rate (intensity) varies throughout the 
event. In the previous drainage study, 
historical storms were analyzed to 
develop a fitted rainfall distribution curve 
that can be used to create a synthetic 
storm for hydrological modeling 
purposes. Figures 4-2 shows the 
resultant hyetographs for the design of 5- 
and 100-year storms respectively.   
 
The rainfall pattern is the same for both 
design storm events. However, the 
intensity is higher for the 100-year return 
period design storm.  
 
Depression Storage 
 
Depression storage represents the 
amount of rainfall that puddles in surface 
depressions. The amount of depression 
storage is a function of land cover found 
within each drainage basin.  
 
The following depression storage values 
were derived from the calibration work 
used in the study: 
 

• Pervious Areas – 3.0 mm 
• Impervious Areas – 0.5 mm 

 
Infiltration 
 
Unless a surficial soil is fully saturated, a 
portion of the rainfall will infiltrate into the 
ground.  
 
Typically, the infiltration rate decreases 
during the course of a storm as more and 
more water is stored in the spaces 
between soil particles, and increases 
once the rainfall ceases and the water 
has a chance to drain into the water table 
or be extracted by plants. 
 

Figure 4-3: Horton Infiltration Parameters 
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For the purposes of this study, the infiltration process has been modelled using the Horton Method. This 
requires values for the initial (Fo) and final infiltration rates (Fc), and a coefficient that reflects the time it 
takes for this rate reduction to occur (Decay).  
 
The values used in the model are based on moderately porous soils and are summarized in Figure 4-3.  
The Horton infiltration parameters were calibrated to the measured flow data.  It was found that the 
drainage model is not sensitive to changes in the Horton infiltration values and is not a significant factor in 
calculating flows in the piped system. 
 
Time of Concentration 
 
The time of concentration (Tc) represents the time it takes for overland flow to reach a basin’s outlet from 
the furthest point in the drainage basin. Tc is comprised of two components: 
 

• inlet time, and 
• travel time. 

 
The inlet time is the overland flow time for runoff to enter the conveyance system. It varies with the size of 
the catchment area and surface imperviousness.  
 
The travel time is the length of time required for flow to travel within the conveyance system from the point 
of inflow to the location being analyzed. 
 
XPSWMM calculates Tc based on the sub-basin parameter values. These include: 
 

• basin area 
• basin width 
• average basin slope 
• overland Manning’s “n” 

 
These parameters are physical attributes of each sub-basin, and are summarized in Appendix A for each 
catchment. 
 
Basin Imperviousness 
 
Imperviousness is the single most important modelling parameter affecting the total runoff volume and 
peak flow rate.  For the purposes of this study, imperviousness is the percentage of a sub-basin’s area 
that is covered in surfaces that have essentially no infiltration capacity. In practical terms, this usually 
refers to asphalt and concrete roads and driveways, sidewalks, buildings, and parking areas. 
 
Imperviousness is further categorized as being either directly connected or not directly connected.  
Directly connected impervious surfaces convert rainfall to runoff and discharge it directly into a drainage 
system. When this is a storm sewer system, the response at the discharge is usually very rapid. Runoff 
generated on non-directly connected impervious surfaces flows across areas with infiltration capacity. 
This both reduces the amount of runoff that enters the drainage system as well as delays it. 
 
The value of directly connected imperviousness is taken as the percentage of overall percent 
imperviousness.  Since imperviousness is a characteristic of land use, the values for each land use type 
are summarized in Table 4-3.  The impervious values in Table 4-3 were used in the model and calibrated 
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to the rainfall and flow data acquired as part of this study.  In general, the values measured as part of this 
study represent a built-out community with little on-site attenuation facilities (detention ponds, drywells, 
etc). 
 

Table 4-2: 2002 OCP Land Use Designations & Calibrated Percent Imperviousness Values 

 

Description OCP Identifier Directly Connected 
Imperviousness

1.) Agricultural AG, CR, FG 2.5
2.) Commercial High Density attached stores, malls DC, GC, SC 55
3.) Commercial Low Density detached stores DC, GC, SC, TC 40
4.) Hotel and Motel SC, TC 45
5.) Industrial High Density compact, industrial park I 55
6.) Industrial - Low Density isolated or has some green space I 40
7.) Institutional hospital, seniors home, school A 55
8.) Multi-Family High Density apartments, attached townhouses MFMD, HR 45
9.) Multi-family Low Density detached town-houses MFLD 30
10.) Park & Playing Field golf course, beach, camp ground PR 5
11.) Single Family Residential LR, MR 25

Land Use Category

 
 
 
4.6 MODELLING RESULTS 
 
To facilitate analysis of Penticton’s current drainage system and assess the impacts of future 
development, the City was divided into 8 drainage areas (Figure 4-4).  Each drainage area is further 
divided into several catchments of varying size.  Detailed catchment information including modeling 
parameters and calculated flows are provided in Appendix A.  
 
In general, the older parts of the City’s piped drainage system are operating below the City’s standards.  
In particular, the piped system within the downtown core, along Main Street and Westminster Avenue 
becomes surcharged under relatively small rain storm events.  This result of the modeling is reflected by 
the large ponds observed in some of these areas. 
 
Detailed results of the modelling exercise are included in Appendix A.  The results include design flow 
rates for specific links that have been identified for upgrades.   
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5.0 STORMWATER MANAGEMENT PLAN 

The following section details the results of the drainage assessment and provides direction on future 
works.   This section is divided into existing deficiencies and future upgrades.  Project sheets that 
describe proposed upgrades for each section are provided in Appendix C and Appendix D.  The project 
sheets include detailed discussions about existing and anticipated system deficiencies, potential 
improvement options, preliminary capital cost estimates, recommended works, and suggestions for 
implementation.  Index drawings showing project locations are provided at the end of this section.  
 
The project sheets are considered preliminary and all assumptions need to be re-evaluated at the pre-
design phase.  The cost estimate provided as part of the project sheet description are planning level 
estimates and should be re-evaluated at the pre-design phase.  The cost estimates used provide for road 
repair and restoration costs, where appropriate. 
 
 
5.1 EXISTING DEFICIENCY PROJECTS 
 
Project sheets which detail existing deficiency upgrades is provided as Appendix C.  Some of the 
recommended stormwater management works are required almost immediately to address existing 
deficiencies.  With other projects, the consequences of not implementing the recommended works 
immediately are minor, and may be postponed until a more opportune time.  These types of projects may 
be delayed until development occurs or other utility projects are constructed, such as a new watermain, 
sanitary sewer, or road upgrade.  A priority rating of Low, Medium or High, and identification of a specific 
trigger is included in the project sheets to provide guidance on project timing.  The rating system is 
defined as: 
 

High Priority: pipe capacity exceeded with flooding or overflows documented – the problem will 
be further exacerbated by imminent or future upstream development potential.  Action is 
required immediately (ie, 1-2 years). 

 
Medium Priority: pipe capacity is exceeded.  Future upstream development potential exists 

which will exacerbate the capacity issue and create a flooding situation.  Upgrades should 
be carried out in conjunction with other upgrades, where possible. 

 
Low Priority: pipe capacity exceeded but there is no reported flooding or ponding and the 

upstream area is essentially built-out.   A long-term approach should be adopted for 
resolving this class of deficiencies.   

 
5.2 FUTURE UPGRADES 
 
Project sheets which detail future, development triggered upgrades is provided as Appendix C.  For future 
upgrades, the project sheets provide a description of anticipated common works for new development or 
direction on how to approach the future drainage design.  The project sheets address on-site servicing 
specific developments (ie, lot level) where possible.  However, for some of the CDP areas where the lot 
configuration is unknown, it must be left to the developer and the City on implementing stormwater 
management requirements, a specific development.  These detailed issues can be addressed as part of 
the storm drainage plan required by the City for all developments.  
 
The project sheets developed for future upgrades do not have a timing trigger.  Rather, these projects will 
be triggered by specific development.   
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5.3 FINANCIAL CRITERIA 
 
Cost estimates are provided for all recommended improvement works.  These cost estimates have been 
prepared based on the unit-cost rates provided in Table 5-1.  It is noted that in the past three years, 
construction costs have escalated substantially throughout the Okanagan Valley.  The unit-cost rates 
used within this report have been developed based on recent unit prices and they reflect our best 
estimates of the escalated costs. 
 
The cost estimates provided within this report are in Year 2006 Canadian dollars and they include a 
contingency allowance of 25% and an engineering allowance of 10% on the estimated capital cost.  
Goods and Services Tax is not included in the cost estimates as municipalities are GST exempt. 
 
The costs assume a road restoration cost.  The road restoration allowance is based on the cost to repair 
a typical road section to accommodate a sewer pipe installed at a depth of 2.5 metres.  The unit cost 
allowance is based on average conditions and is sufficiently detailed to provide a Class ‘D’ cost estimate.   
 
It is expected that the City will use these cost estimates in their capital planning, annual budgets and DCC 
expenditure projects over the next 10-year horizon. As time progresses it is recommended that the 
estimated costs be adjusted to account for average annual construction costs increases and inflation. 
 

Table 5-1:  Summary of Drainage Component Unit Costs 

Item / Description Unit Unit Cost Eng + 
Contingency 

(35%) 

Total Unit 
Cost 

250mm storm sewer (c/w asphalt, CB’s and leads) m $340 $85 $425 
300mm storm sewer (c/w asphalt, CB’s and leads) m $380 $95 $475 
375mm storm sewer (c/w asphalt, CB’s and leads) m $410 $103 $513 
450mm storm sewer (c/w asphalt, CB’s and leads) m $460 $115 $575 
525mm storm sewer (c/w asphalt, CB’s and leads) m $550 $138 $688 
600mm storm sewer (c/w asphalt, CB’s and leads) m $625 $156 $781 
750mm storm (c/w asphalt, CB’s and leads) m $850 $213 $1,063 
900mm storm (c/w asphalt, CB’s and leads) m $1200 $300 $1,500 
Catch Basin (c/w asphalt, CB’s and lead) LS $1,800 $630 $2,430 
Pre-Cast Concrete Manholes LS $3,000  $1,050  $4,050  
Pre-Cast Concrete Dry Wells LS $3,500  $1,225 $4,725  
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

An assessment of the City’s drainage system was conducted to provide direction for conducting 
upgrades.  The assessment was based on field inspections and analyses conducted using a 
calibrated drainage model.  The model assessment identified existing deficiencies within the 
piped system.  Field inspections, combined with results of the modelling, were used to identify 
channel upgrades.   

Using the City’s Comprehensive Development Plan and Official Community Plan, future upgrades 
were also identified which would be triggered by specific new development.  The objective to this 
component of the work was to integrate new drainage facilities into the existing system in a cost-
effective way. 

Project sheets identifying each of the existing deficiency and future development related projects 
were provided.  The project sheets provide a short description of the proposed upgrade, including 
a cost estimate and a proposed funding approach.  Where applicable, a priority rating was 
applied to the projects.  

It is recommended that the City adopt a bylaw requiring all developments to adhere to a Sediment 
and Erosion Control Plan.  A requirement to apply the technical standards of the sediment control 
Bylaw should be included in any new development agreements entered into by the City.   

To address potentially negative water quality impacts on receiving water environments, it is 
recommended that the City continue requiring that the Stormwater Planning Guidebook be used 
as the standard for new developments, and City projects to manage on-site the mean annual 
rainfall (MAR) event.   

Consideration should also be given to introducing oil and sediment control discharge standards 
for new developments in the City’s design Bylaw.  In particular, developments which discharge 
stormwater from large parking lots to the City’s storm sewer system should install oil and 
sediment interceptors, as a minimum requirement.  As a standard, these systems should be 
capable of removing greater than 80% of the average annual total suspended solids load and 
greater than 95% of the oil.  

In order to refine the Stormwater Planning Guidebook design criteria provided in this document, 
the City should carry out additional rainfall and flow monitoring within developed and undeveloped 
catchments.  
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To address the potential impacts of global warming, it is recommended that detailed, long-term 
rainfall monitoring be implemented in the City.  The rainfall data, recorded at maximum 5 minute 
intervals, will allow a re-assessment of the IDF curve.  The data will also allow staff to assess the 
return period of a specific storm event and determine whether any associated flooding is due to 
an extreme event. 
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Appendix A –  

Detailed Drainage System Inventory 
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Appendix B – 
 

XPSWMM Data Files and Results 
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Appendix C – 
 

Existing Deficiency Project Sheets 
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Appendix D – 
 

Future Upgrades Project Sheets 
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