
ANALYSIS AND MANAGEMENT OF STORMWATER QUALITY: A CASE 

STUDY OF THE TOWN OF JASPER IN ALBERTA, CANADA 

 

 

 

by 

Ana Sofijanic 

 

 

 

A thesis submitted to the Department of Civil Engineering 

in conformity with the requirements for 

the degree of Masters of Applied Science 

 

 

 

 

Queen’s University 

Kingston, Ontario, Canada 

(June, 2020) 

 

 

Copyright Ó Ana Sofijanic, 2020 



 i 

Abstract 
 
Stormwater pollutants can have deleterious impacts on the aquatic life of receiving waterbodies. 

The aim of this thesis is to present the findings from stormwater quality monitoring and modelling 

performed for the Town of Jasper in Alberta, Canada. This research was conducted in order to 

understand the stormwater quality issues in the Town and propose Best Management Practices to 

reduce stormwater impacts to the aquatic life of receiving waterbodies.  

A monitoring program was conducted over a period of a year, and samples were collected 

at major outfalls in the Town for various weather events. The objective of the monitoring program 

was to identify key pollutants of concern and to characterize impacts to sensitive surrounding 

aquatic ecosystems downstream of the Town. A total of 14 stormwater quality parameters were 

found to be of high concern to aquatic life, particularly total suspended solids (TSS), metals and 

phosphorus (TP). TSS concentrations were statistically correlated with metals and TP by using a 

Spearman rank correlation. It was found that vehicular traffic was a major source of metals and 

that winter road salting was responsible for excessive chloride concentrations. High hydrocarbon 

loads were traced to the oil leaks associated with the high volumes of traffic during the tourist 

season and fecal coliforms were largely present due to the fecal droppings of the resident Elk 

population.  

A Stormwater Management Model (SWMM) was developed to assess the performance of 

street sweeping and infiltration trenches to reduce TSS loads in the stormwater in Jasper. Two 

catchments models were developed for the Town using long-term meteorological data, as well as 

watershed and drainage system data provided by the Municipality. The quality parameters were 

calibrated so that TSS loads at the outfalls were within a 20% error of monitoring data. The 

performance of proposed Best Management Practices (BMP) was assessed using single-event and 

continuous data simulations. A combined sweeping/trench control scenario was recommended for 

implementation as it generated the highest removal efficiency of up to 51%. The modelling results 



 ii 

were used in support of a stormwater management plan to protect the sensitive ecosystems and 

waterbodies that surround the Town of Jasper. 
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Chapter 1 
 

Introduction 

 

 
1.1 Motivation 

 
A stormwater drainage system is integral to any urban setting; however studies have found that 

pollutants in storm runoff result in environmental degradation in receiving water bodies (Ellis and 

Hvitved-Jacobsen, 1996; Burton and Pitt, 2002). Stormwater should be monitored so that pollutants 

can be identified and quality concerns can be adequately addressed. The monitoring data should be 

analyzed to identify pollutant origins and understand their potential impacts on receiving water 

bodies for effective application of mitigation measures (Adams and Papa, 2000). Numerous 

stormwater monitoring studies have been conducted in major cities around the world in an attempt 

to characterize and manage urban stormwater (Wong et al., 2012). Furthermore, cities are typically 

made up of large, interconnected catchments where there is substantial spatial and temporal 

variation of pollutant mass discharge (Maharjan et al., 2016; Langveld et al., 2012). This makes it 

difficult to interpret contaminant characteristics from the data and identify potential sources. Case 

studies that characterize stormwater for small and well-defined urban developments are needed so 

that the mechanisms responsible for the buildup of pollutants on a catchment surface can be 

identified for suitable management.  

The presence of stormwater pollutants is also dictated by washoff mechanisms. 

Meteorological events are the primary mechanism for pollutant washoff and they contribute to the 

temporal variability of pollutant concentrations in stormwater monitoring data (Liu et al., 2012; 

Kayhanian et al., 2007). Most monitoring studies collect samples during wet (rainfall) events only 

(Liu et al., 2013), and thus there is a need for more case studies to monitor a range of weather 
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events (dry and snowmelt) throughout the year in order to better understand how seasonal changes 

correlate with runoff quality variations for appropriate stormwater management. Furthermore, 

studies have shown that small catchments are particularly prone to the first flush effect (a greater 

discharge of pollutants in the early part of the runoff volume) (Sansalone and Cristina, 2004). It 

should be ensured that monitoring for small catchments occurs early during a storm event to reflect 

the poorest quality discharge (Maharjan et al., 2016). 

Legal requirements for urban stormwater discharge have become more stringent in recent 

years and there has been a strong movement by municipalities to implement sustainable strategies 

and ensure stormwater pollutants remain below threshold concentrations (Kayhanian et al., 2012). 

A growing body of research has demonstrated that Best Management Practices (BMPs) make 

quantifiable reductions in pollutant loads (although control efficiencies vary widely between 

studies) (USEPA, 2000; Rochfort et al., 2009). Previous research suggests that the first flush 

volume should be targeted by quality controls for enhanced pollutant removal efficiency (Ma et 

al., 2002; Sansalone and Cristina, 2004).  

Stormwater models are a necessary tool in current engineering practice for effective and 

sustainable stormwater management (Lee et al., 2012; Abrishamchi, 2010). Many studies deal with 

the planning and design of large, complex urban systems (Kong et al., 2017; Lee et al., 2012; Rosa 

et al., 2015; Barco et al., 2008), where comprehensive modelling is necessary and considerable 

monitoring input data is required (UNESCO, 1987; Maharjan et al., 2017). This introduces many 

uncertainties (ASCE, 1994) that limit the applicability of the model results. Rather than attempting 

to develop complex models, it may be more efficient to use simple models with known limits and 

assessable uncertainties (Gaume et al., 1998). Furthermore, a simple model of a small urban 

catchment presents an opportunity to capture the dynamics of a stormwater system while generating 

representative results.  
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Stormwater Management Model (SWMM), is a modelling software which has been widely 

used by engineers to simulate pollutants in stormwater and assess BMP performance (Rosa et al., 

2015; Li et al., 2016; Kong et al., 2017). However, previous research suggests that stormwater 

quality parameters in the model vary significantly from one study to another (Tu and Smith, 2018), 

because catchment characteristics are unique to each study (Tsihrintzis and Hamid, 1997). 

Therefore, it is important to thoroughly understand catchment characteristics of the study area and 

correctly parameterize the quality model to utilize the full potential of SWMM. Modelling smaller 

urban systems presents fewer complexities and an opportunity to accurately define landuse 

activities to develop a representative quality model.  

Overall, the research indicates that there is a lack of stormwater quality monitoring and 

modelling case studies that are able to accurately identify and simulate pollutants in an urban 

catchment. This is because study areas are usually large and complex which introduces many 

uncertainties. This thesis is intended to address this knowledge gap, with the unique opportunity to 

conduct research for the Town of Jasper - a small, isolated town in a National Park in Alberta, 

Canada. This will allow for a comprehensive understanding of stormwater problems and accurate 

modelling of stormwater quality. Furthermore, the Town of Jasper has a number of unique factors 

that contribute to stormwater quality such as tourist influx and animal migration, which have not 

been investigated in previous case studies. 

Stormwater management plans for small urban settlements in Canada (similar to the Town 

of Jasper) were found to feature some elements of water quality monitoring and modelling. For 

example, a ‘Central Canmore Stormwater Study’ (2006) was completed for the Town of Canmore 

which is a small tourist town located in the National Park region, just 300 km away from Jasper. 

The impacts of stormwater quality on the aquatic life of receiving waterbodies were considered in 

this study however, quality issues were not addressed in depth because flood prevention was the 

focus of stormwater management. Furthermore, a limited range of BMP options were proposed for 

the Town due to site restrictions (flat grades and high-water table). A wider range of BMPs should 
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be explored (including street sweeping and LIDs) for the sustainable management of stormwater, 

and where possible, their performance should be assessed using a model for optimal design. 

Although the Canmore study demonstrated limited efforts to improve water quality, it did give 

precedence for solving stormwater issues in Alberta (specifically the National Park region) which 

can be applied to this study. For example, the Alberta stormwater guidelines (1999) should be 

followed for to select suitable BMP’s. Another comparative stormwater study was found for the 

Town of Pincher Creek (Martin Geomatic Consultants Ltd., 2006). This Town is situated 600 km 

away from Jasper, just outside the National Park region, and has a population of 3 600 residents 

(Jasper has a population of 4 700) with a fast-growing tourism industry. The stormwater study did 

not feature monitoring of stormwater quality because it focused on resolving flooding problems in 

the receiving creek. However, the report featured a wetland type facility that was designed to not 

only attenuate peak flow but also treat stormwater (removal of sediments and other pollutants). A 

model was developed to design the facility’s water quantity and quality control components. The 

volumetric sizing of the facility was done using a SWMM modelling software, and the water 

quality component was modelled using the Dalhousie University Centre for Water Resources’ 

Quality Hydrologic Model (QHM). However, it may be more advantageous to use one software 

(SWMM) to model both water quantity and quality components of a control facility, for a more 

comprehensive assessment of its performance.   

Comparative case studies were also found in British Columbia where there are many 

examples of stormwater management plans developed for small urban settlements situated in rural, 

mountainous areas like the Town of Jasper. However, most of these studies focused on the 

challenges associated with the structural deterioration of drainage infrastructure and management 

of flooding, with little coverage on stormwater quality issues and the impacts of pollutants on 

surrounding aquatic ecosystem. Once such study is a ‘Stormwater Management Plan’ (2018) 

completed for The Village of Kaslo (approximately 1 000 residents) as well as a ‘Drainage Master 

Plan’ (2017) completed for the Town of Dawson Creek (approximately 13 000 residents). The 
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management plan for Kaslo identified stormwater infrastructure management issues in the Village, 

most of which arose during significant rainfall events or periods with freezing temperatures. The 

plan did indicate that pollutants are conveyed directly to the receiving lake without filtration, 

however the exact types and quantities of pollutants were not monitored. A range of general 

treatment strategies were proposed to deal with suspected pollutants ranging from oil/grit 

separators and detention ponds at outfalls, to snow removal management in areas that are suspected 

to present environmental risk. However, the study did not investigate the effectiveness of each 

management strategy to reduce pollutants. The report also proposed a list of LIDs for small rainfall 

events, however it did not indicate where they should be placed for optimal pollutant removal. 

Similarly, the management plan for the Town of Dawson Creek generally focused on quantifying 

stormwater runoffs due to a storm event and assesses the system’s adequacy to convey stormwater 

to receiving waters, with little mention of water quality considerations. However, the report did 

indicate that PCSWMM modelling software was used (the advanced modelling software for EPA 

SWMM) to assess the City’s drainage infrastructure. It illustrated that modelling drainage systems 

can be a useful and practical tool to effectively manage an urban drainage system. However, the 

Town of Dawson Creek features a more complex system of drainage networks than the Town of 

Jasper and the model was developed to be a realistic and detailed representation of the system, 

featuring 46 discharge points, 571 subcatchments, and 920 conduits. Modelling smaller urban 

systems presents fewer complexities and an opportunity to develop a representative model that is 

simple. Furthermore, using basic and open access modelling software such as SWMM instead of 

more advanced versions, provides the municipality an opportunity to take ownership over the 

model and use it for future updates and stormwater management projects.  
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1.2 Objectives 

 
This thesis focuses on the stormwater quality issues in the Town of Jasper which is remotely located 

in the mountainous region of Jasper National Park, in Alberta, Canada. Jasper National Park is 

home to a sensitive ecosystem and is a hydrologically unique area, being headwaters for some of 

Canada’s largest river systems such as the Athabasca River. The Park attracts approximately 2.2 

million visitors every year, many of which make a stop in the Town of Jasper. The Town is situated 

at the confluence of three valleys which is a vital wildlife movement corridor for a range of animals 

such as elk and bears.  

Stormwater from the Town is discharged into surrounding creeks and lakes that eventually 

drain into the Athabasca River. Parks Canada (PC) prioritizes the conservation of surrounding 

water bodies because they sustain abundant wildlife and attract millions of tourists every year. 

Hence, stormwater management is a shared responsibility between the Municipality of Jasper and 

PC. At present, the quality of stormwater discharged from the Town is largely unknown and there 

is no management plan in place to mitigate potential stormwater impacts, with the exception of 

periodic street sweeping.  

Monitoring reports dating back to 2001 indicate that stormwater runoff in Jasper has 

contributed various pollutants to receiving waterbodies. These investigations were completed by 

independent companies, and there lacks consistency in monitoring methods to directly compare 

results between studies. Furthermore, temporal and spatial distribution patterns of pollutant loads 

were not addressed so it is unclear how weather patterns, tourist influxes as well as animal 

movements may influence stormwater quality. It is therefore necessary to carefully design long-

term studies to investigate stormwater issues. In addition, appropriate controls should be proposed 

to address stormwater issues. Hence, there are four main objectives of this research:  

(1) Conduct a comprehensive field-based investigation on stormwater quality in the Town 

of Jasper to identify key water quality parameters (physical, chemical, and biological) 

that may impose negative effects on sensitive ecosystems of receiving water bodies. 
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(2) Combine monitoring data with historical reports as well as field observations and 

interviews, in order to fully characterize stormwater.  

(3) Examine the impact of unique activities in the Town of Jasper on stormwater on the 

ecologically sensitive Athabasca River system. 

(4) Examine the impact of best management practices such as street sweeping campaigns as 

well as LID technologies such as infiltration trenches in reducing pollutants found in the 

monitoring programme. 

 

1.3 Layout of thesis 

 
This thesis is a manuscript type thesis and consists of two manuscripts (Chapters 2 and 3). Chapter 

2 presents the monitoring program conducted in the Town of Jasper. These results were used to 

identify pollutants that may have potential impact to the aquatic life and their potential sources. 

Stormwater BMP’s were proposed to mitigate the identified pollutants. Chapter 3 presents the 

development of a stormwater quality model in SWMM to assess the performance of select BMPs 

to reduce TSS loads observed from monitoring results.  

The thesis ends with a concluding chapter (Chapter 4) which also includes recommendations 

for future research, as well as the literary contributions that were made using this research. 
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Chapter 2 
 

Stormwater quality assessment and management for the Town of 

Jasper, Alberta, Canada 

 

 

2.1 Introduction 

 
It has been well established that pollutants on a watershed that are washed off by runoff can cause 

environmental degradation in receiving water bodies (Ellis and Hvitved-Jacobsen, 1996; Burton 

and Pitt, 2002). Adequately addressing water quality concerns requires an understanding of the 

types of pollutants present on the watershed, their potential impacts on receiving water bodies, as 

well as the origins of the pollutants so that effective source controls may be applied (Adams and 

Papa, 2000). Gobel et al. (2007) compiled a comprehensive literature review to identify the most 

common types of pollutants found in stormwater, which include physio-chemical parameters (pH, 

total suspended solids), nutrients and heavy metals (cadmium, copper, lead, zinc). Metals such as 

zinc and copper are the most prevalent toxic contaminants found in urban runoff in Canada 

(Marsalek et al., 1997). Although the types of pollutants present in stormwater are well 

documented, stormwater quality is a relatively new field of research, with the first criteria for 

acceptable concentrations of pollutants in stormwater runoff published in 1976 (EPA, 1976). 

Pollutant concentrations in runoff are highly variable in nature and the factors that influence them 

are still not well understood (Song et al., 2019; Adams and Papa, 2000; Burton and Pitt, 2002), 

mostly because there are numerous pollutant buildup and washoff mechanisms that influence 

pollutant mass loading in stormwater runoff. This makes it challenging to implement sustainable 

stormwater management strategies for the protection of aquatic life. 
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Pollutant buildup is largely attributed to various anthropogenic non-point sources such as 

local land use practices, population density and vehicular traffic (Adams and Papa, 2000). Pollutant 

buildup varies spatially and temporally depending on catchment characteristics and anthropogenic 

activities within the catchment. Numerous field studies have attempted to find relationships 

between various buildup mechanisms and pollutant loading (Baralkiewicz et al., 2014; Maharjan 

et al., 2016; Marsalek et al., 1997; Song et al., 2019). Most studies have been conducted in major 

cities around the world in an attempt to characterize urban stormwater (Wong et al., 2012). 

Furthermore, cities are typically made up of large, interconnected catchments where there is 

substantial spatial and temporal variation of pollutant mass discharge (Maharjan et al., 2016; 

Langveld et al., 2012). This makes it difficult to interpret contaminant characteristics from the data. 

Case studies that characterize stormwater in small urban settings are needed so that representative 

data can be collected and the mechanisms responsible for runoff pollutants can be identified so as 

to ultimately facilitate the implementation of suitable quality controls in these smaller centres.  

Meteorological events are the primary mechanism for pollutant washoff and they contribute 

to the temporal variability of pollutant concentrations in stormwater monitoring data (Liu et al., 

2012; Kayhanian et al., 2007). Previous research has sampled rainfall (wet weather) events to 

assess the influence of storm intensity and duration as well as antecedent dry days on pollutant 

loading (Liu et al., 2013). Parallel to these efforts, but on a much smaller scale, the effects of urban 

snowmelt on runoff quality has also been addressed in colder regions. Furthermore, according to 

Janke et al. (2013), dry weather events which are associated with background runoff, have been 

found to washoff substantial contaminant loads in catchments and should be monitored. Galfi et al. 

(2017) presented one of the few studies that characterized stormwater by sampling dry, wet and 

snowmelt events. More studies that monitor a range of weather events are needed to better 

understand how seasonal changes correlate with runoff quality variations in order to manage 

stormwater appropriately. It should be noted that the time that samples are collected during an event 

also influences the water quality results. Maharjan et al. (2016) stated that samples should represent 
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the poorest water quality discharged during a sampling event. Hence, samples should be collected 

early in a wet or snowmelt event to capture the maximum loading from the first flush; this is 

particularly true for oil and greases (Khan et al., 2006) as well as TSS and some metals (Lee et al., 

2007). The first flush phenomenon is complex and site-specific, with some studies suggesting that 

a strong first flush is more prevalent in small catchments (Sansalone and Cristina, 2004). Therefore, 

first flush effects should be considered when characterizing stormwater for a small urban 

development. 

The focus of this research was to conduct a field-based investigation on stormwater quality 

in the Town of Jasper in Jasper National Park, Alberta, Canada. The aim was to monitor key 

water quality parameters (physical, chemical, and biological) that may impose negative effects on 

sensitive ecosystems of receiving water bodies. Grab samples were collected at multiple sites and 

during multiple wet weather events to enable a complete characterization of the stormwater. A 

comprehensive approach was taken whereby the monitoring data was combined with historical 

reports as well as field observations and interviews, in order to understand how unique activities in 

the Town - such as tourism and animal migration - may have an impact on stormwater quality.  

The monitoring procedures and results were documented in a series of reports at different 

stages of the monitoring program. Reports in the series include:  

• Stormwater Monitoring Plan Development for the Town of Jasper, Alberta. Interim 

report September 2017. RMCC-CCE-ESG-0629  

• Stormwater Monitoring Plan Development for the Town of Jasper, Alberta. Interim 

report March 2018. RMCC-CCE-ESG-0716  

• Stormwater Monitoring Sampling Approach FY 18-19, Sampling Protocols, May 2018  

• Stormwater Monitoring Plan Development for the Town of Jasper, Alberta. Interim 

report – Parameters of Interest February 2019. RMC-CCE-ESG-0741 
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This chapter presents a summary of monitoring procedures from the above reports. It also expands 

on the findings from the reports by identifying potential pollutant sources and providing a brief 

overview of site-specific management options.   

 

2.2 Methods 

 
2.2.1 Site Description and historical reports 
 
Jasper is a small remote town located in Jasper National Park, which is situated in the Rockies 

mountain range in Alberta, Canada (Figure 2.1). The Park is at the headwaters of some of Canada’s 

major river systems and has numerous pristine lakes, creeks and wetlands scattered throughout its 

region. Parks Canada (PC) prioritizes the conservation of these water bodies because they sustain 

abundant wildlife and attract millions of tourists every year.  

The Town of Jasper drains its stormwater from major outfalls to local creeks and lakes, which 

ultimately feed into the Athabasca river, a Canadian Heritage River. Major outfalls in the Town as 

well as the surrounding waterbodies are indicated in Figure 2.2. The Town drains stormwater to 

the headwaters of the Athabasca River. Discharge occurs close to the River source and is the first 

major anthropogenic input at this point of the River course, so it may have a relatively large impact 

to its water quality. The Town of Jasper is situated in a vital wildlife movement corridor for a range 

of animals such as elk and bears and the River supports this abundant wildlife. Waterbodies that 

surround the Town serve as habitats to sensitive aquatic ecosystems and provide drinking water for 

the wild animals that roam. Therefore, it is important to ensure that the water quality is conserved 

for wildlife in the National Park, as well as downstream users.  

Jasper is located in a mountainous region which is associated with steeper slopes and higher 

precipitation, both contributing to higher runoff rates and faster flushing times. However, the Town 

itself is located at a confluence of three valleys which is relatively flat plain and precipitation events 

were found to be moderate. The Town gently slopes from the southwest to the northeast with an 

average slope of 7.5 %. There are steeper slopes (30% grade) on the west side of the town which 
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may contribute runoff. However, the slope is well vegetated and the soil is well draining so there 

are negligible flooding reports in the Town. Jasper experiences continental climate, with long 

winters of sub-zero temperatures and moderate snowfall. The summers are short and dry, and 

receive small and frequent rainfall showers (the mean annual rainfall is 322 mm).  

 

 
Figure 2.1: Town of Jasper and surrounding water bodies, located in the Rockies Mountain Range 
(Padeborn, 2016). 
 

The Town of Jasper attracts many tourists throughout the year and this may result in 

disproportionately high stormwater contamination for its small size. The Town has a permanent 

resident population of only 4 700 people but can support 200 000 daily visitors (Chalifoux, 2018) 

during peak season (July to October) which occurs over the summer months (see Figure A1 in 
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Appendix A). Furthermore, summer brings small but frequent storms which are associated with 

high pollutant washoff (Alberta guidelines, 1999). Jasper experiences sub-zero temperatures during 

winter, followed by spring melt, which may result in high pollutant loading from accumulated 

pollutants. 

The stormwater drainage system for the Municipality of Jasper is largely comprised of a 

conventional subsurface storm sewer collection system (see Figure A4 in Appendix A). There are 

three main outfalls, namely: CA2, CE1 and NO1, and they receive runoff from the Cabin Creek, 

Central, and North catchment areas, respectively (Figure 2.2). The North catchment is the largest 

with an area of 72 ha and a total storm sewer length of 7.5 km. Outfall CE1 conveys runoff into the 

North Twin Lake whereas CA2 and NO1 drain stormwater to Cabin and Cottonwood creeks 

respectively, which travel from high lying wetlands to the Athabasca River.  

Stormwater management is a shared responsibility between PC and the Municipality of 

Jasper. There is little evidence of flooding or erosion damage caused by runoff because the 

stormwater system is well established and the soil is well drained. However, the stormwater quality 

is largely unknown and there is currently no management plan in place to mitigate potential 

stormwater impacts. Monitoring reports provided by PC and the Municipality of Jasper date back 

to 2001 and indicate that stormwater runoff in Jasper has contributed petroleum hydrocarbons 

(PHCs), metals (e.g. aluminium, cadmium, copper and lead), and other chemical components 

(e.g. chloride, and total dissolved solids) to the North Twin Lake at levels exceeding water quality 

guidelines (Aquaterre 2001, 2002). More recent studies have identified elevated levels of chlorides 

in drainage ditches Parks Canada 2011) as well as metals and PHCs in ditch sediments that are in 

exceedance of the guidelines (Exova 2013).  
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Figure 2.2: Jasper stormwater drainage system and receiving water bodies.  
 

The aforementioned investigations were completed by independent consulting firms, and 

there lacks consistency in monitoring methods to directly compare results between studies. In 

addition, these studies did not address temporal and spatial distribution patterns of pollutant loads 

so it is unclear how weather patterns, tourist influxes as well as animal movements may influence 

stormwater quality. It is therefore necessary to carefully design comprehensive, long-term studies 
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to investigate stormwater issues. These findings are to be used to propose appropriate quality 

controls in order to mitigate potential impacts to receiving waterbodies.

 

2.2.2 Field sampling  
 
A stormwater monitoring program was conducted from October 2018 to November 2019. The 

scope of the monitoring program was limited to sampling at the three main stormwater outfalls, 

since they receive most of the drainage from the Town and were expected to contribute the highest 

pollutant loads. The sampled outfalls were; CA2 (Figure 2.3), CE1 (Figure 2.4), NO1 (Figure 2.5) 

which drain the Cabin Creek, Central and North catchments respectively. Multiple outfalls were 

sampled to characterize stormwater quality by catchment and associated land use. Furthermore, 

samples were collected for dry, wet and snowmelt weather conditions to adequately characterize 

stormwater quality by background conditions and seasonal changes.  

 

 
Figure 2.3: Photograph of CA2 outfall in the Town of Jasper. 
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Figure 2.4: Photograph of CE1 outfall in the Town of Jasper. 
 

 
Figure 2.5: Photograph of NO1 outfall in the Town of Jasper. 
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Single grab samples were collected in the vicinity of stormwater outfall locations. The 

receiving waterbodies were not sampled because they have multiple diffuse sources that potentially 

contribute to pollutant concentrations. Furthermore, the focus of this research is to characterize 

stormwater by inputs, and thus sampling at the outfalls was deemed sufficient. Samples were 

collected in the beginning of wet and snowmelt events to capture the ‘first flush’ runoff which is 

expected to be the most contaminated runoff (CCME, 2016). Field blanks, duplicates and travel 

blanks were collected as quality assurance and quality control (QA/QC) samples.  

Water samples were analyzed for a suite of physical, biological and chemical parameters. 

All laboratory analyses were completed by an accredited laboratory (Australian Laboratory 

Services (ALS) Ltd.), following Standard Methods for the Analysis of Water and Wastewater 22nd 

edition (Rice, 2012).  In addition, physical in-situ parameters were collected in field studies. Water 

temperature, pH, turbidity and conductivity measurements were taken at each site using an 

OAKTON Portable pH-Conductivity Meter. Table 2.1 presents the water quality parameters that 

were analysed in the laboratory for all samples collected from the field. Runoff flow was 

characterized using depth and velocity measurements taken at various locations in the channel 

section of each outfall. Velocity measurements were taken using a Global Water Flow Probe 

FP211.   

Samples were collected over a total of six dry weather, wet weather, and snow melt events, 

and are summarized in Table 2.2. Also see Figures C1-C6 in Appendix C for the hyetographs of 

each sampling event and the sampling period for each event. Table 2.2 shows that outfall flows 

were characterized as either no flow, low flow or high flow based on measurements and field 

observations. As expected, outfalls experienced no flow during the dry event (Event 1) of October 

5, 2017. Dry event runoff generally results from cross connections, irrigation drainage and possible 

shallow ground water. Hence, the samples obtained during Event 1 are representative of 

background conditions. Event 6 of November 2, 2018 was collected during a rainfall (wet) event, 

however the outfall flow was smaller than the measurement error of the flow meter and so it was 



 22 

reported as ‘no flow’ in Table 2.2. This may be because the storm was small, and samples were 

taken during the receding part of the storm. In this case, it was assumed that surface runoff was too 

low to mobilize the first flush of contaminants, and thus the stormwater quality observations 

represent background pollutant levels. 

 

Table 2.1: List of Analytical Parameters. 
Type Parameter 
Physical in-situ  - Temperature  

- pH  
- Turbidity 
- Conductivity  

Physical  - Total solids  
- Total dissolved solids (TDS)  
- Total suspended solids (TSS)  
- Turbidity 

Biological  - Total coliforms, Fecal coliforms & E. Coli  

Chemical - Total phosphorus and dissolved phosphorus 
- Total Kjeldahl nitrogen (TKN), nitrate, nitrite & total ammonia  
- Chloride  
- Fluoride 
- Sulfate  
- Sodium  
- Hardness  
- Chemical oxygen demand (COD)  
- Total organic carbon (TOC)  
- Petroleum hydrocarbons (PHC) & total Hydrocarbons, F1, F2, F3 & F4  
- Volatile organic compounds 
- Inorganic element suite, namely; aluminium, arsenic, barium, berryllium, 
bismuth, boron, cadmium, caesium, calcium, chromium, cobalt, iron, lead, 
lithium, magnesium, manganese, molybdenum, nickel, phosphorus, potassium, 
rubidium, selenium, silicon, silver, sodium, stannum, strontium, sulfur, 
tellurium, thallium, titanium, tungsten, uranium, vanadium, zinc, and zirconium. 

 
Events 2, 3 and 4 in Table 2.2 were collected during typical rainfall and snowmelt runoff 

conditions in the Town. The three outfalls CA2, CE1 and NO1 experienced low flows during these 

events and it was assumed that the samples captured pollutant concentrations during the first flush. 

Small and frequent runoff events such as these are known to contribute the largest annual pollutant 

load to receiving waters (Alberta guidelines, 1999), and are responsible for imposing chronic long-
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term impacts to aquatic life (Burton and Pitt, 2002). It is only during Event 5 of July 2, 2018 that 

the outfalls experienced high flows since the rainfall intensity was high during the storm. In fact, 

Event 5 was the largest volume of rainfall recorded over 48 hours in the past decade when compared 

to the historical precipitation data from the Jasper Warden Station (station no. 3053635). These 

sampling results are expected to reflect a significantly large pollutant washoff loads because 

samples were taken during the first flush period. However, the sampling results for Event 5 should 

not dictate the design of stormwater controls because major storm events contribute a relatively 

small fraction of the total annual flows and treatment methods to deal with these would be 

extremely costly and inefficient (Alberta guidelines, 1999). Nevertheless, Event 5 was the only 

event collected during the summer, so the sampling results from this event will help characterize 

the effects of tourist activities on stormwater quality. Finally, notes in Table 2.2 indicate that there 

was evidence of PHCs observed during Events 3, 4, 5 and 6.  

 

Table 2.2: Summary of sampling events collected from October 2017 to November 2018. 

Event  Date Weather 
classification 

Rainfall Runoff flow 
at outfalls Notes 

1 5 Oct 2017 Dry No rainfall No flow No notes recorded 

2 17 Oct 2017 Wet 8.6 mm 
over 24hrs 

Low flow No notes recorded 

3 23 Nov 2017 Snow melt No rainfall Low flow Varsol odor at NO1  

4 14 Mar 2018 Snow melt No rainfall Low flow Visible hydrocarbon sheen at NO1 
5 2 Jul 2018 Wet 56.9 mm 

over 48hrs 
High flow Visible hydrocarbon sheen and 

varsol odor at CE1  

6 2 Nov 2018 Wet  6.6 mm 
over 24hrs 

No flow Visible hydrocarbon sheen at NO1 

 

Two follow-up field visits were conducted in the Town of Jasper in order to collect relevant 

information from the Municipality, such as GIS data, land-use maps and drainage system maps for 

the Town, as well as make observations that would assist in the interpretation of the sampling 

results. Interviews were conducted with relevant PC personnel including environmental 
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management specialists and ecologists. In addition, the operations and utilities staff at the 

Municipality were consulted about potential stormwater issues in the Town.  

 

2.2.3 Identification of POIs 
 
Parameters of Interest (POIs) are critical pollutants identified with the help of Parks Canada 

Leadership Targets (PCLT) for Wastewater Effluent Discharged to Water Bodies provided by the 

Municipality (see Figure A8 in Appendix A), as well as the Canadian Water Quality Guidelines 

(CWQG) established by the Canadian Council of Ministers of the Environment (CCME) (2016) 

for the protection of freshwater aquatic life. The CWQGs were used in addition to PCLTs so that 

a wide range of parameters could be evaluated.  

Analytical parameters that exceeded either PCLT or CWQG guidelines for two or more 

sampling events during the course of the test period were considered POIs. Parameters that 

exceeded guidelines on one occasion were isolated loading cases and were not considered POIs, 

unless they were a cause for concern in previous studies.  

The guidelines are normally used for protection of aquatic life in the water body from which 

samples are collected. It is understood that protection of aquatic life in the stormwater catchments 

themselves is not required, but it is in the receiving bodies. The stormwater discharge point may 

be a significant distance away from receiving water bodies and subject to dilution and thus the 

guidelines are recognized to be overly conservative. 

 

2.2.4 Analysis methods 
 
Stormwater impacts on receiving waters are related to magnitude and frequency of pollutant mass 

discharge from catchment outfalls (Adams and Papa, 2000). The magnitude and frequency of POI 

exceedances were assessed to determine whether they are a cause for concern for the health of 

aquatic life. This was done by visually inspecting concentration graphs for each POI. Furthermore, 

POI concentration patterns were compared to identify potential correlations and relevant 
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relationships (Burton and Pitt, 2002). Apparent correlations between pollutants were subject to 

statistical hypothesis testing with a Spearman Rank Order correlation, performed with the XLSTAT 

software. Finally, spatial and temporal concentration patterns of POIs were evaluated to 

characterize stormwater and determine potential POI sources. POI characterization results were 

used to inform proposed mitigation measures.   

 

2.3 Results and discussion 

 
2.3.1 POI level of concern 
 
The results from the analytical testing of samples were evaluated and a total of 14 parameters were 

identified as POIs. Graphical comparisons of POIs and their respective guidelines are presented in 

Figures 2.6 a) and b). They are presented in order of parameters with high frequency of exceedances 

at the top, to parameters with low frequency of exceedances at the bottom. The graphs show the 

POI concentration (y-axis) for each event (x-axis) at the outfalls CA2 (green), CE1 (blue) and NO1 

(red). The horizontal dashed line in each graph delineates the applicable CWQG or PCLT threshold 

limit, and the concentration value of the threshold limit is marked in the upper right corner of the 

graph.  

At first glance, it is evident in Figures 2.6 a) and b) that there are a large number of pollutants 

that exceeded guidelines, and that guidelines were significantly exceeded for every type of weather 

event, including dry events. This is not a cause for concern because the PCLT and CWQG 

guidelines (see Section 2.2.3) were applied conservatively, and merely used as a means of screening 

for POIs. Further investigation was done to assess the exceedance pattern of each POI and 

determine whether the pollutant is in fact a potential concern to aquatic life. POIs that exceeded 

guidelines significantly and frequently were judged to be of greater concern to the health of aquatic 

life than marginal and occasional exceedances. In addition, POIs with high mass loading (i.e., 

parameter concentration and runoff flow are simultaneously high) were also deemed to be a cause 

for concern.   
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Figure 2.6 a): Concentration graphs for 6 of the 14 POIs identified from sampling stormwater in 
the Town of Jasper, namely: TP, TSS, Al, Zn, Fe, and Cu. 
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Figure 2.6 b): Continuation of concentration graphs for 8 of the 14 POIs identified from sampling 
stormwater in the Town of Jasper, namely: Fecal Coliforms, Cl, Co, Mn, Cd, Pb, Cr, and PHC-F2. 
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Total phosphorus (TP) was deemed to be a parameter of high concern because concentrations 

exceeded both CWQG and PCLT guidelines by a significant magnitude and frequency at all 

outfalls. CWQG, the more conservative guideline, is 0.01mg/L for phosphorus and was exceeded 

more than 100 times at CA2 during a snowmelt event. Phosphorus also exceeded both guidelines 

for background conditions at NO1. Phosphorus is considered a growth limiting nutrient in 

freshwater systems and, in excess, may result in eutrophication in receiving water bodies 

(Riemersma et al., 2006). North Twin Lake (Figure 2.7) may be particularly susceptible to the 

accumulation of phosphorus because it is a small-volume lake (shallow, with a surficial area of 1 

ha) and receives runoff from the Central catchment which is 42 ha in size. It should be noted the 

level of North Twin Lake is groundwater controlled and thus runoff from CE1 outfall is the only 

input of surface water to the lake. Eutrophication would not only impact the aquatic life in the Lake, 

but it would also reduce the aesthetic and recreational value of the Lake as Jasper residents and 

tourists frequently undertake trail walks around it. 

 

 
Figure 2.7: Photograph of the North Twin Lake - the receiving water body for the CE1 outfall in 
the Town of Jasper. 
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Total suspended solids (TSS) exceeded the PCLT of 10 mg/L by a factor of 45 and 

exceedances occurred for Events 1 through 6. Particularly high concentrations were observed 

during high flow (Event 5), which resulted in a high mass loading. TSS also exceeded stormwater 

background flows which may have a significant impact on aquatic life. Background flow is 

associated with long term exposure and according to Burton and Pitt (2002) toxicity tests associated 

with moderate to long term exposures to contaminated sediments and particulates have shown 

significant stormwater toxicity. Therefore, TSS loading in receiving water bodies is of high 

concern. Similarly, stormwater studies conducted in the Town of Canmore (2006) identified 

sediment as a reoccurring pollutant in stormwater discharge. According to Burton and Pitt (2002), 

this is a common pollutant because sediment, by mass, is the greatest pollutant of water resources 

in the U.S. and problems caused by sediment-rich stormwater can impair fish habitat and fill up the 

lakes.  

A total of nine inorganic elements were identified as POIs. Aluminium (Al), iron (Fe), zinc 

(Zn) and copper (Cu) in particular are of high concern because they occur at high concentration 

levels and may cause toxicity effects in receiving waters. Al and Fe exceeded CWQG by a factor 

of 44 and 27, respectively, and exceedances occurred for Events 1 through 6. Zinc and Cu exceeded 

guidelines by a factor of 20 and 7, respectively, and exceedances occurred for almost every event. 

These metals were generally found at their highest concentrations during Event 5, when outfalls 

experienced high flow rates. Exceedances even occurred during baseflow conditions. Furthermore, 

previous studies dating back to 2001 show that Al, Zn and Cu concentrations exceeded guidelines 

in surface water samples taken at outfall CE1, confirming that these parameters are a recurring 

concern in Jasper stormwater (ESG, 2017).  

Other inorganic POIs are cobalt (Co), manganese (Mn), cadmium (Cd), lead (Pb) and 

chromium (Cr). They showed lower exceedance magnitudes and frequencies and had a lower 

presence in background flows (except for Mn which had an isolated exceedance during Event 1 at 

CE1). However, Co, Mn, Cd, Pb, and Cr are heavy metals which may pose higher risk of acute 
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toxicity (Burton and Pitt, 2002) and thus were classified as being of high concern. In addition, 

previous studies identified Cd and Pb as parameters of concern in surface water samples at outfall 

CE1, as well as Pb and Cr in soil samples at outfall NO1 (ESG, 2017; EXOVA 2013). Metals may 

be toxic for biota and can lead to chronic diseases. Fish are at the top of the food chain and often 

accumulate large amounts of Fe, Zn, Pb, Cd, Cu and Mn (Baby et al., 2010). According to the site 

biologist (Knight, 2018), there are multiple freshwater fish in the receiving creeks that may be 

exposed to metals. Rainbow and Brook trout are of particular concern because they travel upstream 

to breed in high lying wetlands, potentially carrying metals to sensitive ecosystems.  

The impact of fecal coliforms on aquatic environments is of high concern because analysis 

of the samples showed that they exceeded CWQG guidelines by the highest magnitude (up to 240 

times at CE1) during the highest flow event. Elevated fecal coliforms could be an indication of the 

presence of pathogens which may cause, amongst other things, intestinal illness to the animals and 

possibly hikers that drink from the surrounding creeks and lakes (Galfi et al., 2017). 

Chloride (Cl) exceeded guidelines for only Events 3 and 4 which induced low-flow 

conditions at the outfalls CA2, CE1 and NO1. The results were consistent with previous monitoring 

results (ESG, 2017; Parks Canada, 2011) and thus chlorides are of high concern. The presence of 

chlorides in surface waters may be toxic to macroinvertebrates, amphibians, fish and aquatic 

vegetation (Galfi et al., 2017). Chlorides do not naturally biodegrade so they are of particular 

concern for biota in North Twin Lake. In addition, chlorides contribute to the release of metals such 

as Zn and Cd from sediment in the water, which exacerbates the negative impact on aquatic life 

(Guevara-Riba et al., 2005). 

Petroleum hydrocarbon fraction 2 (PHC-F2) only exceeded guidelines during Event 5 at the 

NO1 outfall, however it is included as a POI because it was identified as a cause for concern in 

previous studies at the same location (ESG, 2017). Exceedance of PHC-F2 was significant, reaching 

almost 12 times more than the guideline, and occurred during the event of highest flow. In addition, 

a hydrocarbon sheen and odour were occasionally observed at either CE1 or NO1 during Events 3, 
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4, 5, and 6 (see Figures 2.8). There are no guidelines available to assess PHC-F3 and F4 loading, 

however they were also considered POIs because previous monitoring reports indicated that their 

introduction in stormwater drains has resulted in soil sample exceedances in the ditches that 

channel stormwater from the outfalls to receiving waterbodies (ESG, 2017). Similarly, oils and 

other contaminants from vehicles were identified as stormwater pollutants in studies conducted for 

the Town of Canmore (2006).  

Aquatic exposure to petroleum oil can cause several biological effects in biota, including 

early-life developmental defects, genetic damage and impaired immune function (Dupuis and 

Ucan-Marin, 2015).  

 

 
Figure 2.8: Photograph showing evidence of an oil sheen on runoff water at (a) CE1 outfall and 
(b) NO1 outfall, in the Town of Jasper. 
 

2.3.2 Relationships between POIs 
 
Concentration graphs indicate that Al, Fe, Zn and Cu (Figure 2.6 a)) have similar concentration 

flux, and Co, Pb, Cr and Mn (Figure 2.6 b)) share this pattern with some irregularities (Mn spikes 

at CE1 during Event 1). These apparent correlations suggest that the metal POIs are linked to the 

same source, with additional sources accounting for irregular concentration spikes. Similarly, Galfi 

et al. (2017) found that Al and Fe concentration graphs were similar to those of trace metals. 

Furthermore, metal concentration patterns were similar to that of TSS and this correlation was 

statistically proven using Spearman rank correlation at a 95% confidence level. The correlation 

a) b) 
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results are summarized in Table 2.3, with POI correlation coefficients shown in descending order. 

In Table 2.3, Fe and Al have the strongest correlation to TSS, with correlation coefficients of 0.963 

and 0.954, respectively. Cadmium has the lowest correlation coefficient of 0.374, however it is still 

considered to be statistically significant. These data compare well with those in the literature. Galfi 

et al. (2017) and Baralkiewicz et al. (2014) found statistically significant correlations between TSS 

and Al, and between TSS and Fe and some trace metals. In addition, high dissolved Cu and Zn 

concentrations agree with the previous studies reporting that more than 50 and 70% of these metal 

burdens were in dissolved fractions of residential and traffic-related runoff, respectively (Qin et 

al., 2010). Therefore, TSS was identified as a surrogate for all the aforementioned inorganic POIs 

and was used as a target for stormwater best management practices, as discussed in the final section 

of this chapter. Furthermore, TSS concentration may be used as a proxy for metals in future studies 

conducted by the Municipality. 

In addition, TP has a strong correlation with TSS, with a correlation coefficient of 0.563, 

suggesting that it may originate from the same source. Similarly, Qin et al. (2010) used Spearman’s 

rank correlation analysis and found strong positive spatial correlations between TP and TSS, 

regardless of the size of the storm. Song et al. (2019) also found these correlations but used Pearson 

correlation instead.  

 

Table 2.3: Spearman correlation coefficients between TSS and inorganic POIs as well as TP. 

Variables Fe Al Pb Zn Co Cu Cr TP Mn Cd 
Coefficient  0.96 0.95 0.87 0.87 0.86 0.83 0.76 0.56 0.47 0.37 
 

2.3.3 Stormwater characterization 
 
The spatial and temporal concentration patterns of POIs were evaluated to characterize stormwater 

and determine potential POI sources. Figure 2.9 a) is a land use map of Jasper and Figure 2.9 b) is 

a map that indicates road features in Jasper which may be responsible for certain pollutant loading.  



 33 

 
Figure 2.9: Map of (a) land-use and (b) other features that may be responsible for the spatial 
distribution of POIs in the Town of Jasper. 
 

TSS concentrations were generally lower for low-flow and dry events and highest during 

Event 5 (the major storm event). According to Wong et al. (2012), erosion of geological formations 

is the most prominent source of suspended sediment in washoff in a catchment and this is a likely 

source of TSS in the Town of Jasper. The Town sits on soil that is well draining and low in nutrient 

content, so may be loose. In addition, there have been on-going construction projects during the 

summer which leaves displaced soil that could have easily been washed into drains by stormwater 

runoff. Furthermore, studies have found that found that heavy storms particularly cause soil erosion 

in parkland such as Jasper (Song et al., 2019) and this explains why Event 5 generated the highest 

sediment load in monitoring results. This is supported by Burton and Pitt (2002) who found that 

urban pervious areas contribute to runoff when rain depths are greater than 20 mm.  

Further inspection of the data reveals that TSS concentrations tend to be higher at the CE1 

and NO1 outfalls compared to the CA2 outfall. However, TSS concentrations were unexpectedly 

lower (especially at CE1) during Event 5 - the same period when street sweeping was implemented 

in Jasper. However, it is uncertain how many days before the monitoring event the streets were 

swept. In communication with the Municipality maintenance staff (Chalifoux, 2018), it was 
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determined that street sweeping was implemented frequently (on a weekly basis) during the 

summer season, predominantly in the Central catchment (see street sweeping route in                  

Figure 2.9 b), which was extracted from Figure A5 in Appendix A). This corresponds to the 

particularly low TSS at the CE1 outfall. There is also a monthly street sweeping route that covers 

a wider region in the Central and North catchments. Although it is unclear how far in advance the 

streets were swept before the storm event occurred, and it is likely that the sweeping schedule was 

responsible for TSS reductions at the CE1 and NO1 outfalls in the summer. Brown et al. (2011) 

have reported that it is challenging to quantify pollutant loading reductions from street sweeping 

given the range of variables that have an impact on its performance. However, comprehensive tests 

such as those conducted by Rochfort et al. (2009) have shown that sweeping does provide 

environmental benefits because it significantly reduces road debris, especially when applied in 

urban areas with high solids deposits. Furthermore, Sartor and Gaboury (1984) reported that a 

mechanical-broom-sweeper (the same technology adopted in Jasper) can provide a 30% reduction 

in end-of-pipe sediment loads under favorable conditions. This shows that frequent street sweeping 

may be a viable control to further reduce POI loading.  

Metal concentrations were generally high at all outfalls around Jasper. Al, Zn, Cu and Fe 

were present in background levels and thus may be inherent to the site soil composition. However, 

low extractable Al and Fe values in the soil type found at the Jasper Townsite indicate a weak 

weathering environment and thus it is unlikely that the soil contributed metal loadings to runoff. 

Pitt and Ogburn (2013) found that a large portion of metals in stormwater are sourced from rusting 

gutters and galvanized steel pipes which is trapped and moved by precipitation runoff. However, 

this is unlikely a major source in Jasper because buildings drain rainfall from the roof into the 

surrounding garden, where it infiltrates in the rapidly draining soil (Burton and Pitt, 2002). Hence, 

the streets are a probable major source of metal contaminants. The data shows that metal 

concentrations are generally higher at outfalls CE1 and NO1 than CA2. This may correspond to 

land use activities (i.e. vehicular traffic) because the North (NO1) and Central (CE1) catchments 
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include commercial zoning areas, whereas the Cabin Creek (CA2) catchment is a residential area 

(Figure 2.9 a)). Callahan et al. (1979) found that corrosion in vehicles is responsible for Cu, Cr and 

Zn deposits and that their batteries deposit Pb. In addition, the U.S. Department of Transport 

(D.O.T.) (1987) found that Pb and Zn in stormwater are from tire wear and Cu, Cd, Cr and Mn are 

from moving engine parts. Based on this information, Event 5 should reflect particularly high metal 

loadings at the CE1 and NO1 outfalls due to elevated tourist activities in the respective catchments. 

However, the extent of this effect is uncertain because street sweeping was applied over the same 

time period which removed TSS and metal surrogates. Nevertheless, future stormwater controls 

should target roads as they are a major source of metals.    

Hydrocarbon occurrence may also be related to land use because this parameter was only 

detected at outfalls CE1 and NO1. Hydrocarbon occurrence is likely associated with oil leaks from 

vehicles in the respective catchments (D.O.T., 1987). Connaught Drive is a major road that runs 

through the Central and North catchments and may be a significant source of PHCs. It provides 

parking, access to the commercial center, and has four gas stations along it where vehicular oil 

leaks are likely to occur. Evidence of oil leaks were observed along the Connaught Drive during 

the field visit (see Figure 2.9 b), or refer to Figure B2 in Appendix B for enlarged photo). 

Furthermore, there are multiple parking lots adjacent to Connaught Drive which may drain the 

accumulated oil that has leaked from parked cars and buses onto the road. The road has especially 

high volumes of traffic during the tourist season because it provides thousands of daily visitors 

direct access from the highway to the heart of the Town. Analysis of the data shows that PHC-F2 

concentration spiked during Event 5, and this may be evidence of tourist influx on the stormwater 

quality in Jasper. Hence, stormwater controls should target Connaught Drive and adjacent parking 

lots to mitigate PHCs.   

The POI concentration graphs in Figures 2.6 a) and b) indicate that TP, fecal coliforms and 

Cl concentrations seem to respond to meteorological events. For example, TP concentrations 

steadily increased until they peaked during Event 4 - a major snowmelt event. In fact, TP loading 
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is generally highest for all outfalls during the spring melt events (Event 3 & 4). Studies completed 

by Noton et al. (1989), and Riemersma et al. (2006) also found higher TP values during spring 

flows. Furthermore, Timmons and Holt (1977) found that, on an unimproved grassland, more than 

80% of phosphorus runoff losses occurred during spring melt. This suggests that pervious areas are 

a major source of phosphorus during snowmelt events and, in these cases, TP may originate from 

decaying organic debris in the soil. In the case of non-melt events (particularly Event 5), 

phosphorus loading most likely originated from fertilizers applied to public green areas by the 

Municipality (see Figure A7 in Appendix A) and to residential gardens by residents since the soil 

in Jasper is nutrient deficient. Furthermore, the strong correlation between TSS and TP supports 

the idea that the source may originate from fertilizers applied and bound to the soil. Municipality 

utility staff apply fertilizers to public fields once in the spring and once in the fall. However, 

phosphorus content in runoff approaches background levels after a relatively small number of 

runoff events (Jawson et al., 1982) and thus the Municipality is not a major contributor of the 

phosphorus during Event 5. Strong evidence points to residential areas being a major source of 

phosphorus loading in the summer. The results confirm that TP was prominent at the outfall (CA2) 

with a catchment zoning that is strictly residential (Figure 2.9 a)). In any case, the areas maintained 

by the Municipality are significantly smaller than the combined area of residential gardens, and 

thus efforts to optimize fertilizer use in residential areas should be emphasized to effectively 

manage stormwater. 

Fecal coliform concentrations increased dramatically during the summer which was expected 

since warmer temperatures promote higher microbial activity. Fecal droppings linked with roaming 

animals (elk, pets, birds, etc.) may have also contributed to the increase in fecal coliforms during 

the summer season (Galfi et al., 2016). Similarly, studies in the Town of Canmore (2006) identified 

animal feces as a prominent pollutant in the Town’s stormwater discharge. In the Town of Jasper, 

elk are thought to be a predominant source of fecal coliforms because herds of them were present 

in and around the Town during the summer to graze on the abundant vegetation. Parks Canada 
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pushes the elk to the fringes of the Town for the safety of residents and tourists, and hence they are 

usually found in close proximity to the NO1 and CE1 outfalls. Analysis of the data confirmed that 

coliform concentrations were highest at these outfalls in the summer. There was evidence of elk 

droppings near a catch basin along Connaught Drive in the North catchment (Figure 2.9 b), or refer 

to Figure B3 in Appendix B for enlarged photo). Furthermore, while conducting field visits, elk 

footprints were observed at the North outfall channel and elk droppings were frequently observed 

in close proximity to the North outfall. Photographic evidence was captured in Figures 2.10 and 

2.11. Evidence of elk activity was also observed at the Central outfall (See Figure B4 in Appendix 

B). 

 

 
Figure 2.10: Photograph showing evidence of elk tracks along the ditch at NO1 outfall in the 
Town of Jasper.  
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Figure 2.11: Photograph showing evidence of elk droppings along a walkway in close 
proximity to NO1 outfall in the Town of Jasper. 
 

Chloride was only detected in runoff during snowmelt events (Events 3 and 4) and so the 

likeliest source is winter road salting. These findings are supported by numerous studies (Galfi et 

al., 2016; Guevara-Riba et al., 2005). An additional concern regarding road salt contamination was 

identified in communication with municipal staff about snow removal practices in the Town (Ross, 

2018). It was found that in times of excessive snowfall, snow removed from the roads was 

temporarily stored at a parking lot in the Town before being carried off-site to a snow dumping 

location (see Figure A6 in Appendix A). When the snow-removal vehicle picks up snow from the 

road, salt mix is also picked up and so there is a concern that if the temporarily-stored snow melts, 

there will be significant chloride loading in receiving waters. Therefore, the stormwater 

management plan should address snow removal and salt mix storage.  
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2.4 Recommendations for stormwater quality management  

In light of the findings above, Best Management Practices (BMPs) have been recommended for 

the Town of Jasper to improve stormwater quality at the major outlets (CA2, CE1, and NO1). 

Controls were selected to minimize impact to the environment and ensure they are appropriate for 

the small scale of the Town. A combination of source, lot-level and conveyance-level controls have 

been proposed to target specific POIs. Figure 2.12 shows the areas in the Town where the BMPs 

were proposed for implementation. The full description of proposed BMPs was documented in the 

Stormwater Management Plan (see Appendix E) which was prepared for the Town of Jasper (ESG, 

2020). This section presents a summary of the proposed BMPs.  

 
Figure 2.12: Map highlighting focus areas for stormwater quality control in the Town of Jasper. 
 

2.4.1 Source controls 
 
Street sweeping as a source control should be maximized in the Town especially in highly-

developed areas where the main pollutant source is traffic and space for structure-based controls 

are limited (Kidwell-Ross, 2011). Sartor and Gaboury (1984) found that the optimal sweeping 

frequency is once a week. It was proposed that the Municipality purchase a vacuum sweeper to 

sweep highly trafficked routes and parking lots, on a weekly basis during the summer (Figure 2.12) 
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because it is efficient in reducing fine sediment which is associated metal contaminants (Schilling, 

2005). The existing mechanical sweeper should be used to sweep this same route on a monthly 

schedule during the spring and fall, because it is effective in removing coarse sediment and can 

pick up road salts (Cl) before major snowmelt as well as leaf accumulation (TP) in the fall.  

It was proposed that the Municipality applies an organic or low-phosphorous content 

fertilizer on fields (turf area, sports fields, parks and boulevards in Figure 2.12) as well as small 

public gardens in the downtown area to reduce TP loading. Awareness plans should inform the 

Town residents to apply these same fertilizers in their gardens.  

 

2.4.2 Lot level controls  
 
It was proposed that the current Municipal stormwater bylaws are updated to specify strict erosion 

control at construction sites to reduce TSS loading from future development sites (Figure 2.12). 

Furthermore, it was proposed that building permits require that new developments or infill 

buildings should be designed with roof leaders that direct runoff to rear yard soak-away pits or bio-

swales to increase infiltration and treat metals on-site (Alberta guidelines, 1999).  

 

2.4.3 Conveyance-level controls 
 
It was proposed to include at least two or three retrofitted oil/grit separators along Connaught Drive 

to treat vehicular oil leakage in that area. Furthermore, decentralized infiltration trenches should be 

implemented to capture the remaining sediment not captured with street sweeping which includes 

pollutants from lot-level runoff (Transportation Services, 2015). Fortunately, the Town of Jasper 

is located on well-draining soil, and thus infiltration trenches are a cost-effective solution because 

they rely on the native soil to provide significant infiltration and remove pollutants. Infiltration 

trenches can be retrofitted at the edge of a road in narrow residential streets, parking lots, and 

commercial areas where there the pavement has an adjacent grass/vegetation patch. There are 55 
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potential trench locations that have been identified in the Central and North catchments              

(Figure 2.12), where TSS exceedances were highest.  

 

2.5 Conclusions 

 
The monitoring data revealed a total of 14 POIs in Jasper stormwater, namely: TSS, metals (Al, 

Zn, Fe, Cu, Co, Mn, Cd, Pb, Cr), TP, Cl, Fecal Coliforms, and hydrocarbons. Total suspended 

solids, metals and TP concentrations exhibited the highest frequency and magnitude of exceedance 

of local and federal thresholds. All POIs were found to be of high concern to the aquatic life of 

receiving waterbodies. TSS and metal concentrations were statistically correlated whereby Fe 

showed the closest correlation to TSS, followed by Al, Pb, Zn, Co, Cu, Cr, Mn and Cd. Therefore, 

TSS concentration may be used as a proxy for metals in future studies conducted by the 

Municipality. Vehicular traffic in commercial areas was found to be a large source of metals and 

their presence (especially heavy metals Co, Cd, Pb, and Cr) in stormwater may be toxic in receiving 

creeks where Rainbow and Brook trout travel upstream to breed in high-lying wetlands. TSS and 

metal concentrations were lower than expected during the summer due to the street sweeping that 

is currently implemented in the Town. The concentrations of TSS was correlated with TP and thus 

the source of TP was linked to soil features (organic debris and residential fertilizer applications). 

Chloride was detected during spring melt events and the source was presumed to be road salting. 

Total suspended solids, TP and Cl accumulation in the North Twin Lake were of high concern 

because they may damage to the aquatic ecosystem and reduce recreational value of the Lake. An 

upgraded street sweeping plan was proposed to treat TSS, metals, organic debris (TP) and road salt 

(Cl) buildup on roads. Resident awareness plans, on-lot BMPs as well as decentralized infiltration 

trenches were proposed to treat TP, TSS and metals sources that would not be treated by street 

sweeping. Furthermore, fecal coliforms were present in significant magnitude in the summer which 

reflects high bacterial activities associated with warmer temperatures, as well as fecal droppings 

from the resident Elk population. The presence of hydrocarbons was linked to oil leaks from 
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vehicles, and were predominantly found during the peak tourist season. It was thus proposed that 

oil/grit separators are implemented along Connaught Drive in the Town.  

Overall, this study has successfully identified the stormwater quality issues present in the 

Town of Jasper and potential impact on the ecosystem of receiving waterbodies, as well as proposed 

suitable mitigation measures that target contaminant sources.  
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Chapter 3 
 

SWMM stormwater quality model developed to assess the 

performance of best management practices: a case study of the Town 

of Jasper in Canada 

 

 

3.1 Introduction 

Stormwater management has been a long-standing engineering practice that has primarily focused 

on flood control (Guo and Adams, 1998). In recent years, there has been a move towards a more 

holistic approach with the management of stormwater quality. This is due to a growing body of 

literature that is documenting the impacts of stormwater pollutants on the ecosystems of receiving 

waterbodies (Burton and Pitt, 2002; Baby et al., 2010; Dupuis and Ucan-Marin, 2015). Legal 

requirements for urban stormwater discharge have become more stringent and require that 

sustainable strategies are implemented to ensure pollutants are below threshold concentrations 

(Kayhanian et al., 2012). However, effective management may be difficult because storm water 

quality issues are complex. Most stormwater guidelines (Alberta guidelines, 1999) (Ngan et al., 

2012) propose a number of Best Management Practices (BMPs) such as street sweeping and Low 

Impact Development (LIDs) to treat pollutants. Various studies have demonstrated that BMPs 

make quantifiable reductions in pollutant loads (although control efficiencies vary widely between 

studies) (USEPA, 2000; Rochfort et al., 2009).  

LID practices in particular have been found to be a promising sustainable strategy for quality 

control. (Elliott and Trowsdale, 2007; Randhir and Raposa, 2014; Kayhanian et al., 2012). LIDs 

are decentralized, micro-scale control measures that seek to preserve the pre-development 
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hydrology of a given site (USEPA, 2000). Previously, LIDs were designed for extreme event 

control (Guo and Adams, 1998), and captured the total volume of storm runoff (Park et al., 2013; 

ASCE, 1998). Previous research suggests that the first flush effect (a greater discharge of pollutants 

in the early part of the runoff volume) is a significant water quality issue that should be targeted by 

controls for enhanced pollutant removal efficiency (Ma et al., 2002; Sansalone and Cristina, 2004). 

Hence, LID designs should be optimized to treat the first flush volume, and thus capture runoff 

during the early part of the storm. (Kang et al., 2008; Abrishamchi et al., 2010; Baek et al., 2015).  

The use of stormwater models in current engineering practice is widespread and necessary 

for effective and sustainable stormwater management (Lee et al., 2012; Abrishamchi, 2010). Model 

uncertainty is a measure of the accuracy of model results, and thus limits its practical applicability. 

It is dependent on model complexity, which should reflect the type of analysis that is required as 

well as the size of the urban catchment. Many studies deal with the planning and design of large, 

complex urban systems (Kong et al., 2017; Lee et al., 2012; Rosa et al., 2015; Barco et al., 2008), 

where comprehensive modelling is necessary and considerable monitoring input data is required 

(UNESCO, 1987; Maharjan et al., 2017). This may provide a complete picture of the storm system 

performance but it also introduces uncertainties (ASCE, 1994) that limit the applicability of the 

model results. Rather than attempting to develop complex models, it may be more efficient for 

operational issues to use simple models with known limits and uncertainties that can be reasonably 

assessed. (Gaume et al., 1998) Modelling a small, independent urban catchment presents an 

opportunity to capture the dynamics of a stormwater system while generating representative results. 

Furthermore, where resources for monitoring data are limited, developing a simplified model is 

adequate for the screening or planning phase of BMP design. 

Numerous modelling software programs are available to predict stormwater quality 

characteristics in urban drainage systems and simulate quality controls. The Stormwater 

Management Model (SWMM), developed by the US Environmental Protection Agency (EPA), has 

been widely used by engineers to simulate pollutants in stormwater and assess pollutant mitigation 
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by BMPs (Rosa et al., 2015; Li et al., 2016; Kong et al., 2017). SWMM is capable of modelling 

pollutant loading using simple closed-form buildup and washoff equations (Rossman, 2010; 

Bertrand-Krajewski, 2007) whose parameters are reported in literature (Baek et al., 2015). Despite 

its popularity, no commonly accepted pollutant parameters are available, as they vary significantly 

from one study location to another (Tu and Smith, 2018). This is because urban runoff pollution is 

influenced by a combination of local factors such as traffic volume, land use and geologic 

characteristics which are unique to each catchment (Tsihrintzis and Hamid, 1997). Therefore, it is 

important to thoroughly understand catchment characteristics of the study area and correctly 

parameterize the pollutant buildup and washoff equations to utilize the full potential of SWMM. 

Modelling smaller urban systems presents fewer complexities and an opportunity to accurately 

define land use activities to develop a representative quality model.  

The research conducted in the chapter has two objectives: 1) to examine the impact of land-

use activities on stormwater quality in the small, seasonal tourist Town of Jasper located near the 

ecologically sensitive Athabasca River system, and 2) to examine the impact of best management 

practices such as street sweeping campaigns as well as LID technologies such as infiltration 

trenches in reducing the load of total suspended solids and metals to the Athabasca River system. 

These objectives were addressed with a SWMM model which was calibrated with extensive 

hydraulic and water quality collected in field studies in the Town of Jasper.  

 

3.2 Materials and methods 

 
3.2.1 Site description  
 
The study area is the small Canadian town of Jasper, which is located within Jasper National Park 

in Alberta, Canada. The Town sits in the Continental Ranges of the Southern Rocky Mountains at 

an elevation of 1 060 MAMSL.  Jasper experiences continental climate, with long winters of sub-

zero temperatures, and short, dry summers that receive a mean annual rainfall of 322 mm, most of 

which falls in July. The townsite area is 240 ha, occupied by mixed land use that comprises a central 
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commercial core surrounded by predominantly residential areas. The Town gently slopes from the 

southwest to the northeast with an average slope of 7.5 %. Steeper slopes (30% grade) are located 

along the northwest side of the townsite boundary. Jasper Park attracts approximately 2.2 million 

visitors every year, 76% of which visit between July and November. Many visitors stop in the 

Town of Jasper on their way through the Park. The tourism industry is the largest source of income 

for the Town residents. The average resident population is 4 700, but the Town has enough 

amenities to support a population of 20 000 for overnight visitors who stay at hotels, hostels and 

guesthouses during peak season. Furthermore, the Town attracts many day-visitors who occupy the 

commercial core as well as the gas stations and parking lots along the main road (Connaught Drive). 

Jasper National Park is a sensitive hydrological area, and headwaters for some of Canada’s 

largest river systems such as the Athabasca River (a Canadian Heritage River). Stormwater from 

the Town is conveyed to surrounding creeks and lakes that are home to abundant aquatic life, and 

eventually drain into the Athabasca River (Figure 3.1). The sewer system is separate and made of 

standard concrete pipes. Extensive field studies were conducted in the Town from October 2017 to 

November 2018 at major outlets which drain the South, Central and North catchments. Sampling 

results indicated that total suspended solids (TSS) and metals (aluminium, cadmium, cobalt, 

copper, chromium, iron, lead, manganese and zinc) were the most prominent contaminants that 

exceeded federal thresholds in stormwater. It was proposed that BMPs be implemented in the Town 

to treat these stormwater pollutants for the protection of aquatic life of the receiving waterbodies. 

Street sweeping and infiltration trenches (a common type of LID) are proposed to reduce TSS and 

metal loads, and their performance will be assessed in this chapter with a calibrated stormwater 

model.  
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 Figure 3.1: Composite map which indicates the location of the Town of Jasper, as well as major 
stormwater catchments in the Town and receiving water bodies surrounding the Town. 
 
 
3.2.2 Modelled area and overall design process 
 
This study employed SWMM (version 5.1) to simulate urban hydrological, hydraulic and quality 

processes within the Jasper townsite area and to assess the performance of proposed BMP controls. 

The model structure was designed to support a planning phase BMP analysis, while ensuring 

sufficiently comprehensive model results for assessment of the performance of quality control 

alternatives for practical implementation.  
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BMPs were proposed for two major catchments in Jasper, namely the Central and North 

catchments, because stormwater at these catchment outlets was found to have to the highest 

concentration of TSS and associated metals. The catchment areas are 37 ha and 72 ha, respectively. 

Since the Central and North catchments drain runoff independently and are serviced with separate 

storm drainage infrastructure, they were modelled as individual SWMM models. Each model was 

constructed from four major parametric components, namely: hydrologic, hydraulic, water quality 

and BMPs. The hydrologic components in SWMM dictate how much runoff is available to enter 

the stormwater network, and it includes inputs of rainfall data, delineated subcatchments and 

defined infiltration parameters. The hydraulic components of the models were used to construct the 

drainage network in the Town as well as simulate the routing of stormwater through the network. 

The quality components of the models were designed to simulate TSS buildup on each 

subcatchment, as well as the rate of TSS washoff during a rainfall event. Finally, street sweeping 

and infiltration trenches were designed in each SWMM model to assess the performance of 

proposed BMPs.  

The Central and North Catchment models were designed with fixed hydrologic and hydraulic 

parameters from data that was provided by the municipality, which includes maps and GIS files. 

On the other hand, the quality parameters were adjusted in an iterative procedure in order to 

calibrate the models so that they reflect monitoring results. Once the quality models were 

calibrated, BMP controls were simulated for various scenarios and both single rainfall events as 

well as continuous data were used to assess their performance. The following sub-sections explain 

the development of the catchment models in more detail, starting with the water quantity 

parameters (hydrologic and hydraulic variables) and then water quality parameters and method of 

calibration. The final sub-sections describe the rainfall data used for simulations as well as the 

BMPs scenarios that were designed to assess BMP performance.  
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3.2.2 Hydrologic parameters 
 
Historical rainfall data was used for the hydrological components of the SWMM model. 

Meteorological data was obtained from the Jasper Warden station (ID: 3053536) and consists of 

11 continuous years (2008 - 2018) of hourly precipitation. The weather station is located in the 

same valley, 5km Northeast of Jasper townsite (52°55’35” N and 118°01’47” W) at an elevation 

of 1 020 MASL. Data from the weather station was found to correspond well with the precipitation 

observations documented in the monitoring data (daily rainfall measurements shown in Table C1 

in Appendix C), and thus may be used for model simulations. Model simulations employed one-

hour time steps to correspond with hourly precipitation data.  

The runoff component of SWMM operates on a collection of sub-catchment areas that 

receive precipitation and generate runoff and pollutant loads. The Central and North catchment 

models were each divided into sub-catchments having reasonably uniform land use, surface slope, 

and a common outlet.  Figure 3.2 a) - d) indicates relevant GIS files and mapping that were provided 

by the municipality and used to delineate sub-catchments and define the hydrological components 

of the SWMM models.  
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Figure 3.2: Schematic of Jasper sub-catchments indicating GIS input data, namely; a) delineated 
sub-catchments; b) 1m Digital Elevation Model (DEM) shapefile; c) orthophoto; and d) map of 
simplified land use categories, as well as the hydrological SWMM components of the e) North 
catchment and f) Central catchment. 
 

Field visits indicated that the following areas were exceptions for sub-catchment selection: 

• Hotel lots in the northern section of the Town were not included as sub-catchments in the 

North catchment since stormwater is treated onsite through soak-away catch basins and 

infiltration galleries (see Figure 3.3, as well as Figure B1 in Appendix B).  

• It was assumed the North catchment receives runoff from 1 km of Pyramid Lake Road 

because weirs which were intended to drain the road were observed to be blocked with 

debris.  

• It was assumed that the slope on the northwest side of the townsite boundary 

(approximately 170 ha of contributing area as seen in Figure A2 in Appendix A) does not 
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contribute runoff to the North catchment storm drain system, because it consists of coarse 

sand gravel soil with exceptionally high infiltration capacity and storage. 

• All undeveloped lots were assumed to contribute negligible runoff to the storm system and 

thus were not included in the Central and North catchment models.  

 

 
Figure 3.3: Photograph of an infiltration gallery installed to treat runoff from the hotel 
parking lot in the Town of Jasper.  
 

A total of 36 sub-catchments were delineated in the Central catchment and 65 in the North 

catchment. These were defined in SWMM as shown in Figures 3.2 e) and f). Sub-catchment areas 

were calculated in GIS (including the area of roadbed adjacent to the lots) and they ranged between 

0.21 ha and 4.87 ha. Effective width was calculated for each sub-catchment by dividing its area by 

the longest overland flow path. SWMM requires input ratio of imperviousness for each sub-

catchment, so an approximate value was determined using available satellite imagery and a GIS 

orthophoto map of Jasper. All hydrological input parameters for the Central and North catchment 

models can be found in Tables D4 and D5 respectively in Appendix D. A land-use map of the 
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Town (see Figure A3 in Appendix A) was simplified into broader categories for the purpose of 

defining land use for each sub-catchment (see Table D1 in Appendix D). The final land use 

categories included: Single-unit residential (R1), Multi-unit residential (R2), Institutional (I), Open 

Space (O), and Commercial (C). The pie graphs in Figure 3.2 e) and f) show the total subcatchment 

area dedicated to each of these land-use categories. It is evident that the Central Catchment model 

has a much larger area dedicated to commercial land-use and that the North Catchment model is 

majority low-density residential. 

SWMM requires that Manning’s roughness coefficient and depression storage be defined for 

each sub-catchment. This study applied values from the SWMM user’s manual (Huber and 

Dickinson, 1988) as well as from previous studies (Li et al., 2016; Rossman, 2010; Tu and Smith, 

2018; Gorgoglione et al., 2019). These input values were applied to all sub-catchments and are 

summarized in Table 3.1. SWMM provides two alternative approaches for estimation of 

infiltration: the Green & Ampt method and the Horton equation.  Although the Green and Ampt 

approach provides a more rigorous assessment of unsaturated and saturated groundwater flow, it is 

generally more data intensive. On the other hand, the Horton equation requires estimation of 

maximum and minimum infiltration rates, as well as decay rates for storage recovery.  Because of 

the lack of detailed soil characterisation, this study used the Horton equation.  

According to the Ecological Land Classification (Holland and Coen, 1983), the Town of 

Jasper is located on the Athabasca Ecosite 1 (AT1). Landforms that occur on this ecosite are 

characterized by glaciofluvial material (B material), which are associated with well-drained orthic 

and eluviated eutric brunisol soils (Alberta, 2020). Horton input parameters consistent with this 

ecosite are listed in Table 3.1 and were applied in the Central and North catchment models. 
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Table 3.1: Input parameters for the hydrological components of the SWMM models (Huber and 
Dickinson 1988). 

Parameter in 
SWMM Description Value Units 

N-Imperv 
N-Perv 

Manning’s roughness coefficient for impervious area 
Manning’s roughness coefficient for pervious area 

0.011 
0.15 

- 
- 

Dstore-Imperv 
Dstore-Perv 
%Zero-Imperv 

Depth of depression storage on impervious area 
Depth of depression storage on pervious area 
Percent of impervious area with no depression storage 

3 
5 

25 

mm 
mm 
% 

Max. Infil. Rate 
Min. Infil. Rate 
Decay constant 
Drying time 
Max. Volume 

Maximum rate on the Horton infiltration curve  
Minimum rate on the Horton infiltration curve 
Decay constant for the Horton infiltration curve 
Time for a fully saturated soil to completely dry 
Maximum infiltration volume possible  

127 
30 

4 
4 
0 

mm/hr 
mm/hr 
1/hr 
days 
mm 

 

3.2.3 Hydraulic parameters 
 

The hydraulic component of SWMM routes runoff through a system of pipes and 

storage/treatment devices to the outlet. The hydraulic model is constructed from nodes, links and 

outlet elements which represent inlets (catch basins), conduits and outfalls, respectively. GIS data 

provided by the Municipality was used to construct the hydraulic model. The GIS data provided 

the layout of the entire drainage system in the Town (see Figure A4 in Appendix A), including 

spatial location of catch basins, manholes, pipes and outlets as well as specifications of drainage 

elements such as pipe and inlet invert elevations. The network was simplified to its most basic 

elements for the model construction and kinematic wave routing model was used to compute time 

of concentration. Each sub-catchment was linked to a node inlet. Figure 3.4 indicates the hydraulic 

input data as well as the hydraulic elements of the output model in SWMM (the models were 

superimposed over a map of the Town for spatial context). 
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Figure 3.4: Schematic of Jasper sub-catchments indicating: a) GIS input data of Jasper stormwater 
drainage system, as well as b) the hydraulic components of the North and Central SWMM models.  
 

3.2.4 Water quality parameters 
 
The field monitoring results indicated a statistically significant Spearman correlation between TSS 

and metals (Chapter 2), so TSS was modelled as a surrogate for metals. The storm water quality 

model was developed to simulate TSS loading in stormwater. TSS buildup and washoff were 

simulated with closed-form exponential functions (Equations 3.1 and 3.2), as these parameters are 

often reported in the research literature and can inform the selection of initial values for calibration. 

Furthermore, it was advantageous to express washoff as an exponential function because it 

generates a flux of pollutant load in the beginning of a storm, and therefore simulates first flush 

better than the other washoff models available in SWMM. The exponential function used for TSS 

buildup is as follows: 

 

Buildup =	𝐶)(1 − ℯ(-./	×	A))        (3.1) 
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where Buildup is total buildup expressed as mass per unit area (kg/ha), C1 is maximum buildup 

possible (kg/ha), C2 is buildup rate (kg/day), and A is the amount of preceding dry weather days 

before the storm event (Antecedent Dry Days). The exponential function used for TSS washoff is 

as follows: 

 

Washoff = 	𝐶2(Runoff).3(Buildup)       (3.2) 

 

where Washoff load is expressed in the unit of mass per hour (kg/hr), C3 is washoff coefficient, the 

Runoff term is runoff rate per unit area (mm/hr), C4 is washoff exponent, and Buildup is pollutant 

total mass (kg).  

Buildup and washoff equations have a total of four unknown parameters (C1	-	C4). Initial 

storm water quality parameters were based on values found in the research literature, and were later 

adjusted for model calibration. Researchers have determined parameters C1	-	C4 using computer 

models or small-scale field measurements. Some of these values were determined for TSS quality 

models (Tu and Smith, 2018), and were used for initial parameter selection. Buildup parameters 

are dictated by spatially uniform factors such as land use and traffic activity (Tsihrintzis and Hamid, 

1997). In this study, they were assigned specifically to reflect the level of resident and tourist 

activity associated with each land use category. For example, buildup parameters for multi-unit 

dwelling (R2) were double that of single-unit dwellings (R1), and parameters of the highest 

magnitude were assigned to commercial (C) lots. Institutional (I) and Open Space (O) were 

assumed to attract the same level of public activity, and thus were assigned the same buildup 

parameters. According to literature findings, washoff parameters correspond to local factors such 

as topography and slope (Tsihrintzis and Hamid, 1997; Tu and Smith, 2018). Local factors are 

fairly constant over the whole townsite so washoff parameters were standardized for all land use 

categories.  
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3.2.5 Model calibration and validation  
 
In this study, storm water quality parameters were adjusted for the calibration of the storm water 

quality model. First, a manual sensitivity analysis was conducted in SWMM to determine which 

parameters to prioritize in the calibration. Sensitivity analysis simulations were run in the Central 

catchment, whereby five simulation runs were conducted for each parameter for values ranging 

from 50% to 150% of base value assignments in intervals of 50%. In each simulation, SWMM 

generated hourly TSS concentration results at outfall (node 2). The first concentration peak of each 

simulation was compared with the peak of the base scenario and parameters having the greatest 

variation from the base scenario were considered the most sensitive. Parameters were ranked 

according their sensitivity from the observed results.  

Monitored flow and water quality data were used to calibrate and validate the water quality 

model. Monitoring data indicated that TSS loads at the outfalls fluctuated significantly throughout 

the year. This is because samples were collected during different types of meteorological events 

(dry, snowmelt and rainfall) as well as various periods of tourist activity. Uncertainties would be 

introduced if the model were calibrated to satisfy all conditions with limited monitoring data. 

Hence, a simpler and more conservative approach was taken. The model was calibrated to reflect 

the worst-case scenario using a storm event with the highest observed TSS and metal loads. The 

storm event which generated the largest pollutant loads occurred over the 2nd and 3rd of July 2018, 

during peak tourist season. This was also the largest storm event (by total volume) recorded in the 

historical data. Figure 3.5 indicate a hyetograph of the storm event and the periods in which the 

samples were collected (one during peak rainfall early in the event, and one towards the end of the 

event with reduced rainfall intensity) at the outfalls.  
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Figure 3.5: Hyetograph for the worst-case sampling event used for model calibration and 
validation simulations. 
 

Each monitoring data point provided flow and TSS concentration readings (see Table D3 in 

Appendix D). A linear flow-TSS relationship was established at each outfall, providing an 

approximation of the ratio of TSS to flow.  The model simulation generated hourly flow values at 

the outfall, and these were input in the TSS concentration function to generate an approximate TSS 

washoff mass curve. These were compared directly with the TSS washoff mass curve generated by 

SWMM. Goodness of fit was measured by comparing the volume of the discharge profiles 

measured in the field and simulated with the SWMM model. The aim of the calibration was to 

establish a reasonable goodness of fit threshold during the period of first flush. According to the 

Alberta guidelines (1999), first flush occurs within the first 12 mm of rainfall. While the catchments 

experienced 12 mm of rainfall at hour 13:30 of the storm event, the discharge was calibrated at 

hour 14:00 to account for the time of concentration in the catchments. 

The Central catchment was calibrated first by manually adjusting sensitive water quality 

parameters were adjusted iteratively over multiple simulations. Percentage error (the percent 

difference between observed values and modelled results) was used as a measure of goodness of 

fit and model calibration. The calibration criterion for TSS discharge volume at hour 14:00 was an 

error of 20%. Once reasonably calibrated, the North catchment was simulated for model validation. 

Validation simulations were run using the same buildup and washoff coefficients as defined in the 

final calibrated model.  
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3.2.6 Storm events used for BMP simulations 
 
Single events and continuous data were extracted from historical precipitation data to run BMP 

scenarios. The Town of Jasper experiences rainfall from April to October, so only precipitation 

data from this period was considered in this study. To identify single events, the continuous 

historical rainfall data (hourly precipitation (mm/hr)) was reviewed and single events were 

identified.  The criteria used to distinguish individual events was an inter-event time definition 

(IETD) of 24hrs, and a minimum detectable rain intensity threshold of 1mm/hr. A total of 399 

individual storm events were identified (see Table C2 in Appendix C), and storm characteristics 

were defined for each event. Storm events were characterized by peak intensity, total depth and 

duration, as well as ADD. Figure 3.6 indicates the distribution of rainfall volumes for all events. 

As indicated in this figure, 326 events (a probability density of 0.82) have a rainfall depth below 

10 mm which indicates that the majority of storm events in the Town of Jasper are too small to 

fully activate the first flush. Furthermore, only 11 events exceeded 30 mm in rainfall depth, and no 

event exceeded 60 mm in rainfall depth. This provides strong evidence that rainfall events are 

generally small in the Town of Jasper which is ideal for LID practices. 

 

Figure 3.6: Histogram of rainfall depths (volumes) for 399 historical rainfall events over 11 years 
of historical data in the Town of Jasper. 
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To achieve maximum pollutant reductions at minimum cost, it is necessary to establish 

optimal placement of controls (Liu et al., 2016) It can be difficult to determine which controls to 

place in each sub-catchment when there are numerous sub-catchments within a catchment (Cano 

and Barkdoll, 2017). Design storms have traditionally been employed as tools in the design of 

stormwater controls (Adams and Papa, 2000). A design storm was used in this study and to 

determine priority sub-catchments for BMP placement. Priority sub-catchments are those that 

generate significant TSS loading. According to the Alberta guidelines (1999), smaller, more 

frequent storm events are often used to design BMPs. Hence, a 5-year return period storm event, 

characterized by intensity and duration, was designed to assess the effectiveness of BMP 

placement. The characteristics of a 5-year storm were determined from guideline IDF curves for 

Jasper and a representative storm event from the historical data for model simulation runs. The 

Alberta guidelines (1999) specify that a 5-year storm event in Jasper has a 1.9 mm/hr average 

rainfall over 12 hrs. The closest corresponding historical storm was 2.4 mm/hr rainfall over 10 hrs. 

Although these characteristics do not correspond exactly, it was deemed more appropriate to use 

real rainfall data as a design tool than a synthetically generated storm event.  

In addition to the 5-year design storm assessment, representative dry, average and wet storm 

events were simulated to assess the performance of proposed BMP controls. These events were 

selected from typical dry, average and wet years (2013, 2010 and 2012 from Table C3, Appendix 

C) based on total rainfall and peak intensity (Figure 3.7 a), b) and c)). Although these representative 

wet, average and dry event storm simulations yielded valuable information regarding BMP 

performance, the total rainfall for each event was less than 12 mm.  A rainfall depth of 12 mm is 

insufficient for a first flush effect, and since BMPs were designed to treat the first flush, these 

representative event simulations may not demonstrate their full potential to reduce TSS. However, 

the 5-year storm that was used for BMP placement (Figure 3.7 d)) as well as the largest storm on 

record that was used for calibration (Figure 3.7 e)) both exceeded the first flush volume and were 
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simulated for assessment of BMP scenario performance. ADD was set to 6 days for all event 

simulations to allow for maximum TSS buildup. 

 

 
Figure 3.7: Hyetographs of single events used to assess BMP scenario performance, namely; a) 
Representative dry event, b) Representative average event, c) Representative wet event, d) 5-year 
design storm, and e) largest storm on record, as well as the following storm characteristics for each 
event: rainfall depth (Dep.), peak intensity (P.I.), and duration (Dur.). 
 

It is not adequate to design and assess the performance of quality controls for single events 

only because this approach generally results in conservative design of quality components (Adams 

and Papa 2000). Furthermore, Marsalek (1978) found that urban runoff problems, particularly those 

related to water quality, cannot be analyzed effectively by methods other than continuous analysis. 

Hence, a continuous simulation was conducted using historical rainfall data over 11 years. These 

simulation results were used to provide information on system performance over the wide range of 

meteorological conditions under which the system will operate in its lifetime (Adams and Papa, 

2000).  

Therefore, for final BMP assessment, a combination of single event and continuous 

simulation runs were performed on the Jasper drainage system.  The single event assessment 

included a total of five events: representative dry, average and wet events selected from the 
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historical record, the 5-year design storm, and the largest rainfall on record, while the continuous 

simulation applied the 11-years period of record. 

 

3.2.7 Design and modelling of BMPs 
 
This study aims to promote efficient, practical and sustainable practices to reduce TSS and metal 

loads in the Town of Jasper. Street sweeping and infiltration trenches are adequate source controls 

that were designed and then modelled in SWMM to assess their performance. 

Street sweeping is proposed as a practical solution in the Town because space for 

infrastructure-based controls are limited and the main source of pollutants is from vehicular traffic 

(Alberta guidelines, 1999). This is especially true in the highly-developed commercial core of 

Jasper. It was proposed that streets which experience heavy vehicular traffic during peak tourist 

season (July to October) be swept on a weekly basis. Street sweeping is represented in SWMM by 

the pick-up efficiency which reduces the amount of load available for wash-off by a percent 

efficiency. In this study, it was assumed that a vacuum-type sweeper would be used, which has 

been found to have an efficiency of 30% (Selbig and Bannerman, 2016). In SWMM, street 

sweeping attributes are assigned to a land use category. However, not all sub-catchments of the 

same land use will be affected by street sweeping, so each land use category has been duplicated 

to have a street swept version. For example, the street sweeping duplicate of R1 is R1-SS. A 

percentage of the sub-catchment area was assigned to the street sweeping duplicate category 

according to a percentage of adjacent road that is swept in a sub-catchment. Swept sub-catchments 

were assigned either 33%, 66% or 100% of area to street sweeping land use category. Sweeping 

parameters used in SWMM are summarized in Table 3.2. Sweeping for continuous simulations 

was set to begin in July and end in October.  

Infiltration trenches are a cost-effective and sustainable LIDs that rely on the native soil to 

promote infiltration and the removal of pollutants. Infiltration trenches are particularly beneficial 

in the context of Jasper catchments because of their well-draining soil. It is proposed that the 
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trenches be constructed as small scale, decentralized components of the storm sewer system to 

enhance their efficiency (Alberta guidelines, 1999). The trenches are to be retrofitted at the edge 

of a road, just upstream of a catch basin, so that only excess runoff from the trench enters the 

drainage collection system. Infiltration trenches provide significant pollutant reduction benefits, 

however SWMM only models the reduction in runoff mass load that results from the reduction in 

runoff flow volume. Hence, the storage volume of the infiltration trench was carefully designed in 

order to minimize the first flush volume. The trenches were sized to temporarily store runoff from 

the contributing sub-catchment using Vancouver stormwater guidelines (Ngan et al., 2012). The 

sizing of each infiltration trench for the Central and North catchment models can be found in Tables 

D4 and D5 respectively in Appendix D. Sub-catchments with LIDs were set to route sub-area 

runoff to ‘Pervious’ surfaces. For simplicity, the infiltration trenches were modelled as a basic 

storage layer filled with high void media and no drain pipe (Table 3.2).  

The performance of BMPs will be compared for different scenarios, both individually and in 

a combined manner. These scenarios include: Base (no controls), Street sweeping, Priority 

trenches, All trenches, and Combined (street sweeping and all trenches). 
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Table 3.2: Standard BMP parameters in SWMM for street sweeping and infiltration trenches 
(Huber and Dickinson, 1988; Gironas et al., 2009). 

 Parameter Description and units Value 
Land use 
editor: 
Street 
Sweeping  

Interval Days between street sweeping within the land 
use 

7 

Availability Fraction of pollutant buildup that is available 
for removal by sweeping 

1 

Last swept  Number of days since the land use was last 
swept at the start of the simulation 

7 

Cleaning 
Efficiency 

Street cleaning removal efficiency (percent) for 
the pollutant 

30 

LID 
Controls 
editor: 
Infiltration 
trenches 

Thickness  (mm) 450 
Void Ratio (Voids/ Solids) 0.75 
Seepage Rate (mm/hr) 30 
Clogging factor - 0 
Surface Roughness Manning’s n 0.1 
Surface Slope (%) 10 

Sub-
catchment 
editor: LID 
controls 

Width (m) 1 
Imperious Area 
Treated 

(%) 100 

 

3.3 Results and discussion 

 
3.3.1 Model sensitivity and calibration 
 
Parameters were ranked according their sensitivity from the observed results (Figure 3.8). Washoff 

exponent (C4) was the most sensitive variable with a 50% reduction in the base value resulting in 

over 970% change in modelled peak TSS concentration. As indicated in Figure 3.8, the remaining 

three model parameters, C1, C2 and C3, have similar sensitivity to each other which are 

significantly lower than that of C4. Hence, the model calibration focused on the adjustment of 

parameter C4, with minor adjustments made to parameters C1, C2 and C3. 
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Figure 3.8: Sensitivity analysis results of maximum concentration recorded over simulation period 
for buildup parameters (C1 & C2) and washoff parameters (C3 & C4) at Central Catchment outfall 
(node 2). 
 

Figure 3.9 a) and d) indicate the rating curve between flow and TSS concentration generated 

from monitoring data. This rating curve function was applied to generate the sample-based TSS 

curves for the following graphs in the sequence. Graphs b) and e) indicate that the model simulated 

TSS washoff as a peak at the beginning of the storm (first flush), whereas the washoff curve 

determined with measured data from the field increases linearly with flow at the outfall. However, 

the total TSS load generated by these two curves is comparable at hour 14:00 and satisfies the 

calibration criteria. Graphs c) and f) show that the discharge volume profiles essentially meet at 

hour 14:00. The estimated calibrated model error was 9%, while the estimated validation model 

error was 19% at hour 14:00. The final calibrated quality parameters are summarized in Table 3.3.  
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Figure 3.9: Sequence of graphs used for a)-c) model calibration in the Central catchment, and d)-
f) model validation in the North catchment where a) and d) are rating curves that link flow to TSS 
concentration at the outlet generated from monitoring data, b) and e) show TSS washoff curves; 
and c) and f) show cumulative TSS washoff load up to hour 14:00 of the storm, with model 
simulations performed for the largest storm event from the historical data. 
 

Table 3.3: Calibrated values of TSS buildup and washoff parameters.  

 Buildup  Washoff 
Land use category C1 C2 C3 C4 

R1 10 0.5 

2.5 3 
R2 20 1 

I & O 25 1.25 
C 40 2 

 

3.3.2 BMP placement  
 
The results from the 5-year design storm (24.3 mm over 10 hrs) simulation were used to identify 

which of the sub-catchments contributed the highest sediment loads and these were considered 

priority sub-catchments for BMP placement. Overall, the sub-catchments generated between 0 and 

95 kg of TSS load. It was determined that the majority of sub-catchments (69%) generated less 

than 20 kg of TSS load. All sub-catchments generating 20 kg or more were classified as priority 

sub-catchments (a total of 31 sub-catchments). The respective priority sub-catchments are 

highlighted (red) in Figure 3.10 in the Central and North catchment SWMM models. 
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Figure 3.10 indicates the proposed layout of BMPs in the North and Central catchments in 

Jasper, as well as the corresponding sub-catchments in SWMM to which they were applied. It 

shows that the proposed BMP placement ensures that all priority sub-catchments are treated with 

at least street sweeping, infiltration trenches or both controls, for efficient pollutant removal. 

Infiltration trenches that overlay priority sub-catchments are ‘priority trenches’ and should be 

constructed as part of a short-term plan, since it may not be feasible to install all trenches at once. 

There are six priority trenches highlighted in each catchment and their performance was simulated 

as the Priority trenches scenario. An All trenches scenario was also simulated to assess the 

performance of all infiltration trench controls as part of a long-term plan. 

 

Figure 3.10: Proposed BMP locations and priority sub-catchments in Jasper Townsite as modelled 
in SWMM. 
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3.3.3 Assessing reliability of simulation results 
 
The performance of BMP scenarios was assessed for five single-events (Representative Dry, 

Average and Wet events, the 5-year storm and the Largest storm on record) as well as continuous 

data for the Central and North catchment models. The total TSS loads generated at the model were 

assessed for scenarios where no controls (Base), individual controls (Street sweeping, Priority 

trenches and All trenches), and all controls (Combined) were implemented.  

Figure 3.11 provides an overview of single-event simulation results for events in a sequence 

of increasing depths. The North catchment was expected to generate significantly more TSS load 

than the Central catchments because it is double the size of the Central catchment, and both have 

mixed land uses. However, the Base scenario results indicate that TSS loads are comparable 

between the catchments. For example, the Base TSS loads for the Dry, Average and Wet storm 

simulations are within 10% between catchments. There are greater variations of Base TSS loads 

for the larger storms (5-year and Largest), but they remain within 25% between the Central and 

North catchment models. This may suggest that there are significant uncertainties associated with 

the single-event simulations which renders them unreliable. Furthermore, these results do not show 

that there is any correlation between storm size and pollutant loads. For example, the total rainfall 

depth of the Dry event is 5.4 mm, which only just overcomes depression storage of impervious and 

pervious surfaces (3 mm and 5 mm respectively) and barely activates first flush (12 mm). The 

results also show that it generates more TSS load (1075 kg) in the Central catchment than the 

Largest storm (970 kg) which has a total depth of 59.8 mm. This is further evidence of the 

uncertainties associated with single event simulations. The relative efficiencies of the control 

scenarios for single-event simulations have been summarized in a box and whisker plot (Fig. 12 

a)) and are discussed in the following section. 
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Figure 3.11: Calibrated model results for single-event simulations in the a) Central and b) North 
catchments models. 
 

Long-term rainfall records (from April to November over 11 years) were used for continuous 

simulation runs in order to generate representative statistics of drainage system quality response. 

The continuous results are summarized in Figure 3.12, which indicates the average monthly TSS 

loads for the Central and North catchment models, as well as average monthly storm statistics from 

historical data. The continuous simulations generated more realistic fluctuations of TSS loads when 

compared to single-event simulations, since inter-event soil moisture characteristics and pollutant 

buildup are captured with the SWMM simulations.  The difference between the Base TSS loads of 

the Central catchment and North catchment outfalls range between 49% to 56% which roughly 

corresponds to the difference in catchment size.  The Central catchment is approximately half the 

size of the North catchment. Furthermore, the monthly pollutant loads compare well with the 

average monthly rainfall events. The most frequent storms occurred in June and July, with an 

average of 4.9 to 5.5 storms per month, respectively, and generated the highest total rainfall of 44.4 

mm and 53.7 mm, respectively. The results indicated that both catchments generated the largest 
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TSS loads in June and July, with Central catchment Base loads of 936 kg and 1121 kg, respectively, 

and North catchment Base loads of 1685 kg and 2268 kg, respectively. This is consistent with the 

research literature which indicates that frequent storms are associated with high pollutant mass 

loads (Alberta guidelines, 1999). The months of April and November had the lowest storm 

frequency and volume, and the average TSS results were the lowest for these months. The relative 

efficiencies of the control scenarios for continuous simulations are summarized in a box and 

whisker plot (Fig. 12 b)) and are discussed in the following section. 

 

 
Figure 3.12: Calibrated model results for continuous simulations which indicate the average 
monthly TSS loads in the a) Central and b) North catchments, as well as corresponding c) average 
monthly rainfall statistics from historical data. 
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In conclusion, continuous simulation is better able to capture the performance of BMP 

measures than single-event simulations. Previous research supports the use of continuous 

modelling results over single-events because continuous simulations consider a wider range of 

meteorological characteristics under which the system will operate in its lifetime (Marsalek, 1978). 

In addition, continuous modelling accounts for antecedent conditions (e.g. interevent times, 

infiltration recovery rates, etc.) as well as inter-event TSS buildup which are usually assumed in 

single-event models (Adams and Papa, 2000). A continuous approach is especially required to 

adequately assess the performance of facilities such as infiltration trenches because they are highly 

dependent on the temporal variability of storage capacity available (which is influenced by 

antecedent conditions) as well as the recovery of depression storage and infiltration capacity of the 

soil (Adams and Papa, 2000). 

 

3.3.4 Assessing BMP performance 
 
BMP performance was assessed by comparing BMP efficiency. BMP efficiency is a measure of 

the TSS load reduction for a BMP scenario, relative to the Base case scenario, as shown in      

Equation 3.3: 

 

Efficiency = (5-6)
5

	𝑥	100        (3.3) 

 

where Efficiency describes the efficiency of BMP control (%), b is the base TSS load (kg), and B 

is the BMP TSS load (kg). Higher efficiencies are associated with better performance. Figure 3.13 

indicates a box plot comparing BMP efficiencies in the Central and North catchments for single-

event simulations (Dry, Average, Wet, 5-year, and Largest), as well as continuous simulations (a 

total of 399 storm events over 11 years). In general, single-event simulations result in higher mean 

BMP efficiencies compared with the corresponding BMP scenario for continuous simulations. 

Mean efficiencies of single-event simulations are up to 10% greater than continuous simulations. 
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Although the continuous simulations provide more conservative results, they may be more 

representative of expected BMP performance. Unlike single-event simulations, continuous 

simulations reflect the long-term performance of BMP’s and a much larger number of events are 

considered (399 storm events in continuous data compared to 5 single events) which makes the 

results more statistically robust. Furthermore, as discussed in the previous section, continuous 

simulations account for actual antecedent conditions and inter-event processes such as infiltration 

storage recovery, depression storage drying, pollutant build-up, which is assumed for single-event 

simulation. 

 

Figure 3.13: Box plot of BMP efficiencies for a) single events (Dry, Average, Wet, 5-year and 
Largest) as well as b) continuous simulations (a total of 399 storm events).  
 

The BMP results demonstrate that Street sweeping is the least efficient of all scenarios when 

comparing mean BMP efficiency (marked by the ‘x’ in the box and whisker plot). In general, mean 

street sweeping efficiency appears to be more effective in the Central catchment compared to the 

North catchment. This may be because a larger ratio of roads are swept in the Central catchment 

than in the North Catchment. The percentage of sub-catchment area that is swept in the Central 

catchment is 68% whereas in the North catchment it is 61%. Continuous simulation results indicate 

a marginal benefit of street sweeping for TSS reduction, with all box plot results indicating less 



 79 

than 10% efficiency. Continuous results may underestimate street sweeping effectiveness since 

continuous simulations run from April to November, and street sweeping is only implemented for 

half of that period (July to October). If only the street swept months were considered in the 

continuous results, street sweeping performance would still be underestimated. This is because on 

some days sweeping may have coincided with a storm event, or occurred just after the storm, and 

thus would have little to no effect on TSS buildup for that storm, and possibly the subsequent storm. 

In a real-life situation, the municipality would be flexible with the schedule so that sweeping may 

be performed prior to an anticipated storm to maximize sweeping efficiency. Single-event 

simulations indicated that there may be more significant advantages to street sweeping, with mean 

efficiencies of 10% and 11% for the Central and North catchments, respectively, and maximum 

efficiencies above 20%. For single-events, sweeping was scheduled to occur just before each event 

so as to maximize the removal of pollutant buildup. Therefore, despite the fact that previous 

research has found the single-event approach questionable for the design of quality control facilities 

(Adams and Papa, 2000), they may be more representative in illustrating the potential benefits of 

street sweeping if municipalities are able to schedule street sweeping shortly before anticipated 

rainfall. 

The model has demonstrated that street sweeping has the potential to be a beneficial BMP in 

the Town of Jasper however, model limitations prevent the full advantages of this technology from 

being represented. Studies have found that a vacuum-type sweeper can have an average removal 

efficiency of 30% to 70% for total solids over the swept area (Selbig and Bannerman, 2016; 

Schilling, 2005), whereas the modelling results are well below these figures, barely reaching a 

mean efficiency of 15%. This is because the SWMM model assumes that TSS buildup is uniform 

across a sub-catchment, when in reality contaminants associated with TSS such as metals deposited 

by vehicles are substantially higher on a road, and are targeted by street sweeping. Hence, the 

results may be biased since the structure of this model does not represent the potential efficiency 

of street sweeping over a localized area but rather, over the whole sub-catchment. Furthermore, a 
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vacuum sweeper is designed to remove debris, especially fine sand and silt particles that carry the 

most contaminants such as metals. This study measures BMP efficiency by total mass removal 

which accounts for a wide range of particle size distribution. The definition of efficiency may not 

do street sweeping justice since small particles make up a small fraction of the total mass. Despite 

the above-mentioned limitations, it is recommended that the Municipality implement weekly street 

sweeping along routes that experience high vehicular traffic during the tourist season as a cost 

effective, non-structural control to reduce TSS and metals loads.  

Figure 3.13 indicates that the efficiencies of infiltration trench scenarios (Priority trenches 

and All trenches) are generally greater than street sweeping. Furthermore, mean trench efficiencies 

are greater at the North catchment outfall. This is because 48% of the North catchment area is 

treated by infiltration trenches whereas only 26% is treated in the Central catchment. In addition, 

trench efficiencies in the North catchment are smaller for each scenario, with a maximum range of 

6%. In the Central catchment, efficiencies have a maximum range of 26%. This may indicate that 

trench efficiencies in the North catchment are relatively independent of the storm characteristics, 

unlike trenches in the Central catchment.  

It was previously discussed (Section 3.3) that the continuous results are more representative 

of infiltration trench performance. The continuous results show that when all trenches are 

implemented (a total of 40), TSS loads are reduced by 22% and 30% on average at the Central and 

North outfalls, respectively. The model results are reasonable considering that the trenches were 

designed to treat the first 12 mm of rainfall and, according to historical data used for the continuous 

model, 85% of the storm events applied had a rainfall depth smaller than 12 mm. Furthermore, 

runoff from 41% of the total modelled area (Central and North catchments) is directed to infiltration 

trenches. Hence, the model results indicate that infiltration trenches yield substantial benefits to 

stormwater quality treatment in the long-term (all trenches are implemented in Jasper). Short-term 

plans to implement infiltration trenches are also able to yield substantial improvements to 

stormwater quality. The model results show that priority trenches (a total of 12) may reduce 
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pollutant loads by 9% and 14% on average at the Central and North outfalls, respectively. 

According to the Stormwater Management Guidelines for the Province of Alberta (1999) the 

infiltration potential may be increased with vegetation planted on top of the trench and this will 

also enhance aesthetics. 

It is proposed that the Municipality of Jasper ultimately implements all BMP controls in the 

long-term to maximize reduction of pollutant loads in stormwater. The model results demonstrate 

that the Combined scenario can reduce TSS loads up to 40% (North catchment) for single event 

simulations and up to 30% (North catchment) for continuous simulations. These efficiencies may 

be underestimated due to model limitations as discussed above. Furthermore, it should be noted 

that the model was calibrated to the worst-case pollutant loading (which only occurs during peak 

tourist season), and thus TSS buildup is overestimated for most of the simulation periods. Perhaps 

BMP efficiencies would be greater if pollutant discharge from the catchments was lower to 

reflected typical conditions in the Town. However, it was necessary to have a worst-case model in 

order to ensure conservative BMP design and to also account for the period of time in which street 

sweeping is proposed to be implemented (during the tourist season). 

Overall, the calibrated SWMM model has provided reliable information regarding the 

performance of alternative BMPs and is well suited to support the proposed BMP designs in the 

stormwater management planning process. It is recommended that the Town of Jasper continually 

monitor stormwater quality at major outfalls to assess the actual benefits of the implemented 

solutions, and ensure the pollutant concentrations remain below federal thresholds.  

 

3.4 Conclusion 

 
In this study, the SWMM model was successfully used to model stormwater quality in the Town 

of Jasper, Alberta, Canada. The model development process showed that C4 was the most sensitive 

quality parameter and it was adjusted to calibrate the model, with minor adjustments made to C1, 

C2, and C3. Monitoring and meteorological data were used to calibrate and validate the model for 
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the worst-case scenario (peak tourist season), with the final Central catchment model calibrated 

within 9% error and North catchment model validated within 19% error. The proposed placement 

of street sweeping route and infiltration trenches was proven to ensure to that all priority sub-

catchment are treated by at least one BMP for efficient TSS removal. Calibrated model simulations 

indicated that street sweeping was the least efficient of all BMP scenarios.  

Single-event simulations were more representative of potential street sweeping benefits, 

assuming that the Municipality sweeps before an anticipated rainfall. Mean efficiencies were 10% 

and 11% in the Central and North catchments respectively, and a maximum efficiency of 20% was 

recorded. Although the model does demonstrate benefits of street sweeping, model limitations 

prevent the full advantages of this technology from being represented. On the other hand, SWMM 

was better suited to model infiltration trenches, and the continuous simulations were found to 

provide representative, long term performance results. It was found that if all 40 proposed trenches 

were implemented in the Town, TSS loads would be reduced by 22% and 30% on average, in the 

Central and North catchments respectively. In addition, priority trenches (12 infiltration trenches) 

implemented in the Town as a short-term plan showed to have considerable TSS reductions up to 

18%. If all controls were to be implemented together, average TSS could be reduced by 40% 

according to single-event simulations and up to 30% for continuous simulations, with a maximum 

efficiency of 51% recorded. Nevertheless, due to model limitations, it was found that the 

efficiencies reflected in the SWMM model are a conservative estimate, and this was deemed 

acceptable for the planning phase of BMP design.  

In conclusion, the model has provided reliable information about the performance of street 

sweeping and infiltration trenches in support of the plans for stormwater management in the Town 

of Jasper for environmental 1 protection. 
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Chapter 4 
 

Conclusions and recommendations for future research 

 

4.1 Conclusions 

 
The stormwater monitoring program in the Town of Jasper was successfully conducted whereby 

pollutants of potential concern as well as potential pollutant sources were identified. A total of 14 

stormwater quality parameters were found to be of high concern to aquatic life, namely: Total 

suspended solids (TSS), metals (Al, Zn, Fe, Cu, Co, Mn, Cd, Pb, Cr), phosphorus (TP), chlorides 

(Cl), fecal coliforms, and hydrocarbons. Of these parameters, TSS, metals and TP were presumed 

to pose the biggest threat to aquatic life.  

It was found that vehicular traffic was a major source of metals in stormwater and that the 

current street sweeping schedule significantly reduces metal loads in the Town. TSS and metal 

concentrations were statistically correlated, and thus TSS concentration may be used as a proxy for 

metals in future studies conducted by the Municipality. TSS concentrations were also correlated 

with TP and the source of TP was linked to soil features (organic debris and residential fertilizer 

applications). Excessive Cl concentrations were detected during spring melt events and the source 

was presumed to be winter road salting. An upgraded street sweeping plan was proposed to treat 

TSS, metals, organic debris (TP) and road salt (Cl) buildup on roads. Furthermore, resident 

awareness plans, on-lot BMPs as well as decentralized infiltration trenches were proposed to treat 

TP, TSS and metals sources that would not be treated by street sweeping.  

Fecal coliforms were largely present in stormwater in the summer and potentially originate 

from the fecal droppings of the resident Elk population. High hydrocarbon loads were traced to the 
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oil leaks associated with the high volumes of traffic during the tourist season. It was proposed that 

oil/grit separators are implemented along Connaught Drive in the Town to treat hydrocarbons.  

A SWMM model of the Town of Jasper was successfully developed to assess the 

performance of weekly street sweeping and infiltration trenches to reduce TSS and metal loads. 

The quality component of the model was designed to represent the worst-case of TSS loading 

observed in the Town, and was calibrated within a 20% error of monitoring data.  Calibrated model 

simulations revealed that street sweeping with a vacuum type sweeper would reduce TSS loads by 

11% on average. However, it was found that model limitations resulted in conservative efficiency 

estimates for street sweeping.  

A short-term plan to implement 12 strategically-placed infiltration trenches was proposed 

and the model demonstrated that this plan would reduce TSS up to 18%. A long-term plan to 

implement a total of 40 trenches across both catchments increased this figure to 32%. It is 

recommended that the Municipality implement both street sweeping and infiltration trenches in the 

long-term, as the model results show a TSS removal efficiency of up to 51 % for this scenario.  

In conclusion, the research findings presented in this thesis prove that the stormwater in the 

Town of Jasper may have negative impacts to the aquatic life of receiving water bodies, and many 

of the pollutants present are as a result of the unique location and landuse activities of the Town. 

In addition, this study uses a representative SWMM model to prove that the implementation of 

street sweeping and infiltration trenches in the Town will significantly improve stormwater quality 

and reduce negative impacts to the receiving aquatic life. 
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4.2 Recommendations for future research 

 
In order to bring a more comprehensive understanding of the stormwater issues in the Town of 

Jasper and ensure that the implementation of proposed controls is effective, it is recommended 

that future studies: 

- Develop and calibrate a SWMM model for the Cabin Creek Catchment, and assess the 

performance of infiltration trenches in this area. 

- Conduct more comprehensive monitoring during peak tourist season and calibrate 

SWMM model with new monitoring data  

- Calibrate a separate quality model for rainfall events during non-tourist conditions, to 

assess BMP performance for typical conditions in Jasper.  

- Monitor stormwater on a regular basis at the major outlets once street sweeping and 

infiltration trenches, as well as other proposed BMPs, have been implemented, to ensure 

pollutant concentrations are below federal and local stormwater guidelines.  

- Include Biological Oxygen Demand (BOD) as an analytical parameter in future field 

sampling programmes in Jasper.  

 

4.3 Research contributions 

 
Significant research contributions presented in this thesis include the following key findings: 

i)  Many stormwater pollutants of concern, such as heavy metals and phosphorus, can 

be reasonably well correlated with total suspended solids. 

ii)  Relatively simple stormwater models can be applied for the development of effective 

stormwater management plans.  

iii)  Highly variable stormwater quality can be associated with small and seasonally 

active communities such as Jasper. 
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APPENDIX A 

 

Material provided by the Parks Canada and the Municipality of Jasper 
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Figure A1: Tourism statistics for Jasper National Park, as provided by Parks Canada. 
 
 

 
 
Figure A2: Map illustrating approximate slope area (170 ha) above Jasper Townsite which 
may drain runoff to the Town, as provided by Parks Canada. 
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Figure A3: Map of landuse zoning in the Town of Jasper, as provided by the Municipality of Jasper. 
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Figure A4: GIS map of the stormwater drainage network and storm outfall locations in the 
Town of Jasper, as provided by the Municipality of Jasper. 
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Figure A5: Map of the street sweeping route in the Town of Jasper, as provided by the 
Municipality of Jasper.  
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Figure A6: Map of the snow removal route in the Town of Jasper, as provided by the 
Municipality of Jasper. 
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Figure A7: Map showing the municipality-maintained gardens in the Town of Jasper, as 
provided by the Municipality of Jasper. 
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Figure A8: Parks Canada Leadership Targets for wastewater effluent discharge to water 
bodies, as provided by Parks Canada. 
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APPENDIX B 

 

Collection of relevant photographs from the field visit to the Town of 
Jasper 
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Figure B1: Photograph of an infiltration gallery installed to drain roof runoff on a hotel lot in 
the Town of Jasper.  

 
 

 
 
Figure B2: Photograph showing evidence of a vehicular oil leak on Connaught Drive in the 
Town of Jasper. 
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Figure B3: Photograph showing evidence of elk droppings around a catch basin in the Town 
of Jasper. 
 
 

 
 

Figure B4: Photograph showing evidence of elk tracks along the ditch at CE1 outfall in the 
Town of Jasper. 
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APPENDIX C 

 

Storm events extracted from meteorological data set of the Jasper Warden 
Station (station no. 3053635)  
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Figure C1: Hyetograph of Sampling Event 1 (dry) as well as preceding precipitation event, where ADD is 14 days. 
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Figure C2: Hyetograph of Sampling Event 2 (wet) as well as preceding precipitation event, where ADD is 5 days and sampling period occurred 
in the receding period of the storm. 
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Figure C3: Hyetograph of Sampling Event 3 (spring melt/ wet) as well as preceding precipitation event, where ADD is 1 day and sampling period 
occurred in the receding period of the storm. 

0

0,5

1

1,5

2

2,5

0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00
21 22 23

Ra
in

fa
ll 

(m
m

/h
r)

November 2017 (hours and days)

Sampling period 



 107 
 

 
 
Figure C4: Hyetograph of Sampling Event 4 (spring melt) as well as preceding precipitation event (ADD could not be determined because 
preceding precipitation intensity is too low). 
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Figure C5: Hyetograph of Sampling Event 5 (wet) as well as preceding precipitation event, where ADD is 11 days, and sampling period occurred 
during and in the receding period of the storm. 
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Figure C6: Hyetograph of Sampling Event 6 (wet) as well as preceding precipitation event, where ADD is 4 days, and sampling period occurred 
in the receding period of the storm. 
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Table C1: Comparison of sampling storm events recorded in field notes (‘Field observation’) and precipitation events from historical data 
(‘Weather station’). 

 
 
 

Event  Weather 
classification Date 

Classification Stage Rainfall (mm over 24 hrs) 
ADD 

according to 
weather 

data (days) 
Field 

observation 
Weather 
station 

Field 
observation 

Weather 
station 

Field 
observation 

Weather 
station 

1 Dry 
5 Oct. 2017 

Dry Dry - - - - 14 
6 Oct. 2017 

2 Wet 17 Oct. 2017 Wet Wet During Receding 8.5 8.6 5 

3 Spring Melt/ Wet 23 Nov. 2017 Spring melt/ 
Wet 

Spring melt/ 
Wet Receding Receding 7 6.9 1 

4 Spring Melt 14 Mar. 2018 Spring melt Spring melt - - - - - 

5 Wet 
2 Jul. 2018 Wet Wet During During 49.8 (over 

48hrs) 
50 (over 
48hrs) 

11 
3 Jul. 2018 Wet Wet Receding Receding 11 

6 Wet 2 Nov. 2018 Wet Wet Receding Receding 6.6 6.5 4 
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Table C2: Summary of extracted rainfall storm event characteristics (total of 399 events) 
from historical rainfall data of 11 years (2008-2018) from Jasper Warden Station (no. 
3053536). 
 

Time Total depth Peak Intensity Duration Antecedent time 
Year month day mm mm/hr hrs hrs 

2008 4 6 2.4 0.9 174 122 
2008 4 18 1.7 1 7 66 
2008 4 22 6.4 1.2 24 71 
2008 4 29 2.6 2.6 1 157 
2008 5 6 9.2 3.7 9 167 
2008 5 8 12.8 1.4 22 29 
2008 5 11 1.3 0.7 204 50 
2008 5 21 7.8 3 24 49 
2008 5 26 5.9 5.2 58 79 
2008 5 30 2.4 1.7 2 38 
2008 6 4 6.8 2.4 8 130 
2008 6 6 27.7 3.1 104 47 
2008 6 13 1.3 0.7 27 62 
2008 6 25 2 0.7 17 248 
2008 6 27 4.7 3.4 113 47 
2008 7 4 6.4 3.3 2 47 
2008 7 6 2 0.7 8 56 
2008 7 9 8.8 2.7 51 46 
2008 7 13 2.4 2.4 1 50 
2008 7 14 6.8 4.7 9 27 
2008 7 16 10 2.9 70 35 
2008 7 27 6.1 3.1 21 196 
2008 7 31 1.9 1.1 3 63 
2008 8 2 3.2 1.4 3 45 
2008 8 3 1.1 1.1 1 32 
2008 8 4 2.2 0.8 175 27 
2008 8 16 12.7 3 126 119 
2008 8 26 1.4 0.7 45 92 
2008 8 29 9.8 5 21 43 
2008 9 1 5.1 2.7 53 56 
2008 9 6 1.3 0.7 24 57 
2008 9 9 13.6 6.2 5 59 
2008 9 12 4.4 0.9 17 62 
2008 9 15 10.4 1.9 185 38 
2008 9 28 1.7 1.2 4 112 
2008 10 3 1.6 0.7 105 131 
2008 10 12 3.5 0.9 49 111 
2008 10 17 4.1 1.1 21 74 
2008 10 21 1.7 0.9 53 71 
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Time Total depth Peak Intensity Duration Antecedent time 
Year month day mm mm/hr hrs hrs 

2008 10 25 1.8 0.6 124 47 
2008 11 7 3.6 0.5 247 172 
2009 4 3 3.6 1.3 6 52 
2009 4 12 6.6 1.4 62 173 
2009 4 22 4.6 1.9 4 183 
2009 4 26 1.7 0.8 58 76 
2009 5 6 1.7 1.7 1 181 
2009 5 9 1.6 0.7 128 68 
2009 5 18 20.2 2.4 65 95 
2009 5 27 2.2 1.9 4 145 
2009 6 16 2.1 0.9 37 480 
2009 6 20 4.7 1.6 131 53 
2009 6 28 1.9 1.5 2 69 
2009 7 6 34.1 3 98 177 
2009 7 11 4.5 1.9 22 29 
2009 7 14 13.5 4.4 28 43 
2009 7 17 1.3 1.3 1 51 
2009 7 19 5.7 2.8 5 41 
2009 7 26 3.2 2.5 197 160 
2009 8 9 1.1 0.8 5 140 
2009 8 11 1.4 0.5 31 33 
2009 8 24 3.4 1.8 5 280 
2009 9 2 7.1 6.2 2 220 
2009 9 4 6.2 3.8 2 39 
2009 9 6 3.6 1.4 16 55 
2009 9 10 2.1 1 3 76 
2009 9 17 2.2 0.7 7 173 
2009 10 3 2.9 1.7 2 353 
2009 10 7 12.1 1.7 274 76 
2009 10 24 6.3 1 186 107 
2009 11 6 1.7 0.7 16 140 
2009 11 10 2.7 0.6 39 77 
2009 11 17 7.2 1.7 19 120 
2009 11 20 1.3 0.6 219 48 
2010 4 9 5.3 2 7 179 
2010 4 23 7.6 3 131 299 
2010 5 2 2 2 1 81 
2010 5 3 3.9 0.9 25 34 
2010 5 21 9.1 1.6 34 405 
2010 5 30 1.8 0.5 7 188 
2010 6 3 1.1 0.6 2 91 
2010 6 10 2 1 353 157 
2010 7 1 8.8 3.1 122 141 
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Time Total depth Peak Intensity Duration Antecedent time 
Year month day mm mm/hr hrs hrs 

2010 7 12 58.6 8.3 48 150 
2010 7 16 1.9 0.9 84 54 
2010 7 22 5.7 1.9 18 64 
2010 7 29 3.9 2.2 124 127 
2010 8 8 1.7 0.7 13 117 
2010 8 9 1.5 1.5 1 31 
2010 8 11 13.6 2.6 61 40 
2010 8 22 8.3 3.5 27 197 
2010 8 27 9.7 3.9 5 92 
2010 8 29 2.4 1.2 3 40 
2010 8 30 8.3 1.8 57 30 
2010 9 6 1.9 1.1 20 117 
2010 9 11 14.2 1.8 36 97 
2010 9 16 9.7 2.2 24 67 
2010 9 19 5.3 1.5 35 68 
2010 9 26 8.6 3.1 12 132 
2010 9 28 11 5.6 6 37 
2010 10 4 5.8 2.5 10 139 
2010 10 15 7.2 2.1 6 248 
2010 10 25 1.5 0.7 4 233 
2010 10 27 1.7 0.8 19 33 
2010 11 2 2.8 1.6 4 131 
2010 11 6 12.9 1.5 71 89 
2010 11 16 1.2 0.5 48 174 
2011 4 6 1.1 0.5 28 117 
2011 4 12 1.1 1.1 1 79 
2011 4 15 1.3 0.7 25 73 
2011 4 29 9.5 3 28 325 
2011 5 8 2.2 0.9 4 184 
2011 5 13 1.8 1.2 2 110 
2011 5 17 12.2 3.1 15 100 
2011 5 23 11.6 5.1 6 129 
2011 5 25 2.1 1.1 70 50 
2011 5 31 2.8 1.7 3 60 
2011 6 4 2.6 1.6 2 106 
2011 6 16 52.6 4.2 40 277 
2011 6 19 18.3 2 35 31 
2011 6 24 2.5 1.8 3 79 
2011 6 26 7.1 1.1 10 54 
2011 6 29 9 2.4 38 65 
2011 7 7 17 3 73 152 
2011 7 14 1.9 1.3 19 81 
2011 7 15 4 1.1 72 25 
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Time Total depth Peak Intensity Duration Antecedent time 
Year month day mm mm/hr hrs hrs 

2011 7 20 2.3 1.3 49 30 
2011 7 23 4.6 2.8 120 37 
2011 8 1 8.7 4.1 15 58 
2011 8 6 14.3 9.6 17 122 
2011 8 11 3.8 1.8 105 93 
2011 8 18 2 1.6 11 62 
2011 8 23 8.2 4.3 3 120 
2011 8 30 3.6 1.4 13 156 
2011 9 2 5.9 1.6 365 64 
2011 9 27 1.1 0.4 3 24 
2011 10 1 7.9 1.2 35 86 
2011 10 5 2.5 1.2 3 51 
2011 10 12 6 2.6 263 180 
2011 10 29 1.3 0.7 5 140 
2011 10 30 3.2 0.8 33 28 
2011 11 12 2.4 1.2 3 266 
2011 11 13 2.4 1 55 28 
2011 11 17 12.7 1.6 155 43 
2011 11 26 11.1 2.1 53 49 
2012 4 1 2.1 1.1 3 2 
2012 4 5 1.9 0.7 5 71 
2012 4 13 9.6 1.6 32 174 
2012 4 17 1.6 0.7 3 72 
2012 4 21 3.4 1.8 2 78 
2012 4 23 21.5 2.4 43 57 
2012 4 27 5.3 1 139 56 
2012 5 10 1.9 1.6 3 160 
2012 5 17 2.5 1.3 8 163 
2012 5 19 1.3 0.8 2 58 
2012 5 22 1.4 0.9 3 72 
2012 5 24 1.1 0.4 25 47 
2012 5 30 4.3 3.4 5 99 
2012 6 2 6.3 2.1 8 85 
2012 6 6 46.3 7.6 41 70 
2012 6 9 57.4 6.3 45 37 
2012 6 14 11.6 1.9 42 67 
2012 6 16 12.2 5.4 27 29 
2012 6 20 6 3.4 4 48 
2012 6 25 4.3 2.8 4 120 
2012 7 1 11.2 3.3 63 150 
2012 7 16 1.6 0.5 7 288 
2012 7 18 8.3 6.3 4 52 
2012 7 24 50.5 9.1 31 124 
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Time Total depth Peak Intensity Duration Antecedent time 
Year month day mm mm/hr hrs hrs 

2012 7 28 24.3 6.5 10 70 
2012 7 31 9.3 2.6 175 46 
2012 8 29 2.1 1.4 18 166 
2012 8 31 11.8 2.1 26 39 
2012 9 6 6 2.8 7 97 
2012 9 11 2.3 1.5 2 113 
2012 9 25 8.7 4.2 6 353 
2012 10 1 15.1 3.7 52 139 
2012 10 11 11.9 1.5 158 171 
2012 10 20 15.9 4.8 27 57 
2012 10 27 1.1 0.5 28 153 
2012 10 30 8 2.7 22 33 
2012 11 5 7 3.3 53 135 
2012 11 18 6.7 1.1 98 256 
2012 11 23 4.5 2.8 17 26 
2013 4 5 5.1 0.7 46 95 
2013 4 11 2.8 1.2 3 63 
2013 4 29 7.9 2.6 15 435 
2013 5 13 10.7 2.9 47 318 
2013 5 24 15.6 1.5 51 231 
2013 5 30 9.3 1.4 39 87 
2013 6 4 3.4 2.9 53 68 
2013 6 7 1.6 0.8 5 39 
2013 6 10 2 0.8 60 61 
2013 6 15 1.2 0.7 18 56 
2013 6 19 2.2 1.4 3 75 
2013 6 20 8.7 1.6 15 32 
2013 7 3 12.6 5.9 8 287 
2013 7 5 1.3 1.3 1 31 
2013 7 6 1.5 0.7 19 32 
2013 7 10 3.2 1.7 40 71 
2013 7 15 9.2 3.9 298 81 
2013 7 30 2 1.4 3 61 
2013 8 4 4.2 1.3 26 115 
2013 8 7 6.9 4.2 53 44 
2013 8 11 2.3 0.6 167 50 
2013 8 19 8.5 2.9 22 24 
2013 8 24 1.7 0.6 38 93 
2013 8 27 5.4 1.9 22 27 
2013 8 30 2.9 1 185 56 
2013 9 29 5 2.8 2 543 
2013 10 1 3.9 2.3 27 29 
2013 10 3 2.6 1.1 80 35 
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Time Total depth Peak Intensity Duration Antecedent time 
Year month day mm mm/hr hrs hrs 

2013 10 16 3 1.7 13 226 
2013 10 27 6.1 1.1 11 254 
2013 11 8 5.7 1 272 269 
2014 4 3 3.4 1.1 10 37 
2014 4 9 1.9 1.3 8 115 
2014 4 13 3.3 0.8 150 93 
2014 4 23 4 1 10 83 
2014 4 24 1.5 0.4 234 25 
2014 5 6 1.9 0.4 217 50 
2014 5 17 9 5.8 69 44 
2014 5 26 19.7 2.9 84 123 
2014 5 31 5 3.4 131 32 
2014 6 6 8.1 2.4 77 29 
2014 6 14 2.5 0.8 52 116 
2014 6 21 3.4 0.9 5 113 
2014 6 23 7.1 1.9 68 26 
2014 6 26 1.9 0.6 100 26 
2014 7 6 6.6 2.5 275 139 
2014 7 19 5 1.8 51 29 
2014 7 22 14.8 2.4 76 30 
2014 8 7 10 3.4 43 307 
2014 8 17 6.2 3.2 11 187 
2014 8 20 1.8 1.8 1 50 
2014 8 21 9 3 232 46 
2014 9 2 1.9 1.4 11 46 
2014 9 4 8.9 2 123 24 
2014 9 10 2.8 1.4 59 38 
2014 9 18 4.2 1.1 31 134 
2014 9 23 7.7 1.2 90 81 
2014 9 30 1.7 0.5 99 82 
2014 10 7 5.2 1.7 119 55 
2014 10 14 4.7 1.6 261 49 
2014 10 26 4 0.8 20 35 
2014 10 31 5 1.5 45 91 
2014 11 4 3.9 1.8 33 64 
2014 11 7 7.2 1.2 22 25 
2014 11 9 6.3 1.3 26 24 
2014 11 11 1.4 0.4 342 31 
2014 11 27 23.1 1.6 81 34 
2015 4 7 1.7 1 120 148 
2015 4 15 3.9 2.4 21 27 
2015 4 23 7.6 6.2 6 171 
2015 4 24 12.7 7 19 39 
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Time Total depth Peak Intensity Duration Antecedent time 
Year month day mm mm/hr hrs hrs 

2015 4 26 6.6 2.4 84 27 
2015 5 2 8.9 4 107 56 
2015 5 8 1.7 0.5 240 42 
2015 5 27 5.3 4.1 31 204 
2015 5 29 7.8 3.8 48 27 
2015 6 1 2.7 0.7 92 25 
2015 6 9 2 1.3 73 104 
2015 6 14 7.2 1.9 38 28 
2015 6 17 7 2.2 34 37 
2015 6 19 7.6 1.9 15 29 
2015 6 21 1.3 0.6 68 34 
2015 6 26 1.8 1 5 44 
2015 6 29 6.8 3 66 75 
2015 7 5 8.7 5.6 212 74 
2015 7 16 15.4 3.3 63 36 
2015 7 21 5.3 1.5 33 64 
2015 7 23 6 4 96 25 
2015 7 30 17.7 5.2 199 59 
2015 8 8 2.8 1.9 51 32 
2015 8 14 17 7.7 59 78 
2015 8 21 8.7 2.8 48 98 
2015 8 31 17.6 3.4 117 193 
2015 9 9 1.5 1 3 103 
2015 9 11 3.5 2.5 70 40 
2015 9 15 25.1 5.9 170 25 
2015 9 26 3.6 1.3 25 95 
2015 10 3 2.7 1.8 3 148 
2015 10 5 2.1 0.7 167 39 
2015 10 13 1.4 0.2 179 25 
2015 10 22 2 1.3 26 37 
2015 10 24 1.8 1.6 13 35 
2015 10 27 7.5 1.9 25 48 
2015 10 29 3.5 0.6 86 25 
2015 11 3 9.1 1.5 213 31 
2015 11 13 4.4 2.1 10 46 
2015 11 15 23.3 1.5 107 33 
2015 11 22 2.4 0.7 93 48 
2016 4 5 1.6 0.9 9 90 
2016 4 25 3.7 1 17 445 
2016 5 5 5.1 1.7 13 227 
2016 5 9 5.3 1.6 64 86 
2016 5 14 6.9 2.1 139 39 
2016 5 22 28 2.9 28 70 
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Time Total depth Peak Intensity Duration Antecedent time 
Year month day mm mm/hr hrs hrs 

2016 5 27 5.7 1.6 40 80 
2016 6 3 8.3 2.4 211 125 
2016 6 13 1.2 0.3 32 45 
2016 6 17 10.7 1.5 99 64 
2016 6 24 7 0.9 66 53 
2016 7 1 10 3.1 97 95 
2016 7 10 37.7 3.5 141 127 
2016 7 17 3.3 0.7 49 26 
2016 7 21 1.3 0.5 8 59 
2016 7 29 1.4 1.2 16 175 
2016 7 31 2.3 0.6 23 24 
2016 8 2 4.6 2.9 143 24 
2016 8 9 25 9 87 35 
2016 8 14 7.9 2.2 64 35 
2016 8 18 1.5 0.6 81 36 
2016 8 23 16.1 2.2 26 24 
2016 8 25 2.7 0.7 14 34 
2016 8 27 7.6 1.5 21 41 
2016 8 30 12.3 3.8 140 33 
2016 9 6 5.4 1.7 97 27 
2016 9 11 1.8 0.4 28 38 
2016 9 19 4.3 0.7 72 149 
2016 9 23 1.7 0.6 108 34 
2016 9 29 21.8 3.7 101 25 
2016 10 8 7 1.2 47 118 
2016 10 12 8.2 0.9 167 49 
2016 10 21 2.2 1.7 15 57 
2016 10 25 3.9 2.7 10 89 
2016 10 28 2.7 0.5 49 42 
2016 11 1 2.5 0.5 20 55 
2016 11 7 5.9 1.3 90 114 
2016 11 13 4.4 1.4 22 61 
2016 11 16 5.7 1.5 73 46 
2016 11 22 1.3 0.7 25 72 
2016 11 24 5.6 0.6 91 32 
2017 4 2 3.5 0.9 23 8 
2017 4 4 1.9 1.2 104 2 
2017 4 12 3.8 1.4 121 87 
2017 4 18 6.9 1.7 35 39 
2017 4 21 3.8 0.8 70 37 
2017 4 27 5 0.9 75 58 
2017 5 3 1.4 0.3 96 70 
2017 5 10 10.4 1 130 85 
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Time Total depth Peak Intensity Duration Antecedent time 
Year month day mm mm/hr hrs hrs 

2017 5 25 32.4 7.2 18 213 
2017 5 30 6.7 5 142 108 
2017 6 9 34.4 2.7 65 103 
2017 6 17 5.9 4.9 95 126 
2017 6 27 2.4 1.7 11 147 
2017 6 29 9.3 2.9 21 27 
2017 7 1 2.6 1.7 4 46 
2017 7 4 1.2 0.3 240 46 
2017 7 19 2.7 2 57 134 
2017 7 24 3.7 1.7 280 58 
2017 8 9 2.7 0.7 144 95 
2017 8 19 5.5 2.2 4 105 
2017 9 3 1.3 0.8 14 360 
2017 9 8 19.1 3.3 52 106 
2017 9 13 1.2 0.8 14 70 
2017 9 19 49.3 5.8 70 120 
2017 10 2 3.3 2.6 135 239 
2017 10 9 6.4 0.7 124 30 
2017 10 18 17.7 4 80 92 
2017 10 22 1.7 0.8 9 36 
2017 10 26 2.5 1.2 27 67 
2017 11 1 2.2 1.2 9 122 
2017 11 3 1.3 0.3 365 34 
2017 11 20 15.9 2 92 54 
2017 11 27 9.2 3.4 17 73 
2018 4 5 1.3 0.5 64 81 
2018 4 8 1.1 0.3 9 2 
2018 4 11 1.7 0.6 77 63 
2018 4 17 4.8 0.8 25 49 
2018 4 23 3.1 0.5 277 119 
2018 5 11 5.6 1.8 26 138 
2018 5 15 1.6 0.4 200 84 
2018 5 28 2.6 0.7 92 95 
2018 6 4 16.2 2.7 163 87 
2018 6 14 6.4 3.3 51 86 
2018 6 18 14.3 8.9 131 38 
2018 6 26 2.9 1.2 24 46 
2018 7 1 59.8 5.6 165 93 
2018 7 10 1.3 0.5 27 45 
2018 7 13 17.3 3.1 131 59 
2018 7 20 2.6 2.6 1 24 
2018 7 21 10.1 1.4 48 24 
2018 7 24 24.4 5.7 235 29 
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Time Total depth Peak Intensity Duration Antecedent time 
Year month day mm mm/hr hrs hrs 

2018 8 6 1.2 0.3 52 92 
2018 8 10 19.7 6.6 76 45 
2018 8 16 14.5 3.1 200 68 
2018 8 27 15.4 1.8 102 42 
2018 9 1 2.9 2.3 11 33 
2018 9 3 6.2 2.5 68 27 
2018 9 10 7.9 0.9 120 96 
2018 9 20 5.4 1 96 120 
2018 9 29 1.3 0.3 120 121 
2018 10 6 1.9 0.4 134 58 
2018 10 13 2.6 0.6 47 24 
2018 10 16 1.8 0.4 224 41 
2018 10 27 1.9 0.7 47 29 
2018 11 2 6.5 0.9 17 100 
2018 11 6 2.4 0.6 90 77 
2018 11 15 3.1 0.8 45 125 
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Table C3: Yearly summary (2008-2018) of extracted rainfall events from historical rainfall data from Jasper Warden Station (no. 3053536). 
 

Year 
Total 
depth 

Total 
events 

Average 
intensity  

Standard 
deviation 

Average 
antecedent 
duration 

0-2 mm 
rainfall 

2-5 mm 
rainfall 

5-10 mm 
rainfall 

10-15 mm 
rainfall 

15-25 mm 
rainfall 

Average 
duration 

mm no. mm/hr mm/h hrs hrs hrs hrs hrs hrs hrs 
2008 222.6 41 6.2 5 54.1 186 26 3 0 0 78.78 
2009 174.5 32 6.2 6.55 52.3 197 15 1 0 0 125.41 
2010 241 33 8.3 9.87 43 225 32 4 0 0 123.7 
2011 264.7 38 9.6 8.83 46.8 266 29 2 0 0 98.26 
2012 408.3 39 9.1 13.07 32 321 60 12 0 0 103.41 
2013 158.5 31 5.9 3.6 53 187 13 1 0 0 125.42 
2014 214.1 36 5.8 4.77 90.7 351 20 1 0 0 69.81 
2015 285.7 41 7.7 5.95 76.5 386 29 6 0 0 62.29 
2016 301.6 41 9 7.77 64.5 498 27 2 0 0 75.61 
2017 277.3 33 7.2 10.85 83.1 361 30 7 0 0 90.82 
2018 271.8 34 8.9 10.92 94 430 26 5 0 0 66.47 
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APPENDIX D 

 

Material used for the development of the SWMM model 
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Table D1: Simplified landuse categories from Municipality landuse map (Figure A3) to be 
used in the SWMM model of Jasper stormwater.  
 

District 
Municipality Landuse Map (2014) Subcatchment Landuse 

Zoning used in Model 

Key 
Zoning 

Key 
Zoning 

Symbol Description Symbol Description 

Residential 
District 

  R1 One-unit Dwelling 

  

R1 
Low 
density 
residential 

  CCWa 
Cabin Creek West (one-unit dwelling) 

  R2 Two-unit Dwelling 

  CCWb 
Cabin Creek West (two-unit dwelling) 

  R3H Old Town Jasper Historic 

  R4 
Compact Lot - - - 

  R3a Multi-unit Dwelling (small lot) 

  

R2 
High 
density 
residential 

  R3b Multi-unit Dwelling  

  CCWc 
Cabin Creek West (multi-unit dwelling) 

Commercial 
District 

  C1 Commercial 

  C Commercial 

  C2 Tourist Commercial 

  
C3 

Tourist Commercial (Town centre) 

  C4 Automobile Service Station 
  C5 Hostel  
  S Storage  

Open Space 
District 

  NOS 
Natural Open Space 

  

O Open space 

  ROS 
Recreational Open Space 

Institutional 
Districts 

  I 

Institutional 

  

I Institutional 

  PS Public Services 
Reserve 
District   CR Community Reserve - - - 

 
 
 
 
 
 
 
 
 
 



 124 
 

Table D2: Summary of monitoring data (TSS concentration and calculated flowrate) for 
rainfall sampling events (Event 2 and Event 6), which were considered for model calibration. 
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Table D3: Summary of monitoring data (TSS concentration and calculated flowrate) for the 
rainfall sampling event (Event 5), which was used for model calibration. 
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Table D4: Subcatchment input data in SWMM for Central catchment model. 

Subcatchment 

Landuse Lot and road Lot Infiltration trench 

Category 

Non - 
street 

sweeping  

Street 
sweeping 

Total 
area 

Total 
imperviousness 

Longest flow 
path 

Calc. effective 
width Slope I/P Calc. base 

area  
SWMM 

input 
length 

% % ha % m m m/m % - m2 m 
1 R2 67 33 0.647 75 120 39 0.01 0.67 - - - 
78 R2 67 33 1.485 77 130 77 0.02 2.00 - - - 
74 C 34 66 2.068 93 120 93 0.01 1.11 734.75 26.09 27 
65 R1 34 66 2.131 78 180 69 0.01 1.25 - - - 
66 R1 34 66 1.978 77 100 133 0.05 4.55 - - - 
61 R1 - 100 0.734 76 80 64 0.02 2.00 - - - 
67 R1 34 66 1.363 70 130 68 0.02 2.00 - - - 
18 R1 100 - 0.966 70 160 32 0.02 2.00 - - - 
19 R1 100 - 1 74 180 36 0.01 1.43 - - - 
20 R1 100 - 1.007 73 170 40 0.01 1.43 - - - 
22 R1 34 66 0.626 77 77 52 0.03 3.33 734.75 6.58 7 
15 R1 34 66 2.891 76 115 180 0.03 2.50 - - - 
11 R1 100 - 1.23 75 70 132 0.04 4.00 - - - 
13 R1 - 100 1.707 74 130 74 0.04 4.00 - - - 
21 C - 100 0.79 93 100 46 0.02 2.00 734.75 9.99 10 
14 C - 100 0.451 93 40 69 0.03 2.50 - - - 
12 C 34 66 0.211 90 30 38 0.03 3.00 - - - 
31 O - 100 1.67 95 70 124 0.01 0.67 734.75 21.55 22 
32 I - 100 0.709 93 40 127 0.01 1.00 734.75 8.96 9 
33 I - 100 1.225 90 100 51 0.02 1.67 734.75 15.01 16 
34 I 34 66 0.868 51 65 54 0.03 3.00 - - - 
30 C 34 66 0.838 93 50 93 0.07 6.67 734.75 10.58 11 
28 C - 100 0.42 97 50 55 0.07 6.67 734.75 5.53 6 
64 C - 100 0.431 97 30 97 0.04 4.00 734.75 5.67 6 
76 C - 100 0.908 97 30 176 0.03 2.50 734.75 12.00 13 
77 C - 100 0.399 98 30 63 0.03 2.50 - - - 
63 C - 100 0.483 93 30 101 0.03 3.00 734.75 6.12 7 
26 C - 100 1.077 93 40 181 0.04 4.00 734.75 13.68 14 
25 R2 - 100 0.775 90 35 130 0.03 2.50 - - - 
23 I 34 66 0.807 52 80 64 0.03 2.50 734.75 5.74 6 
24 I 67 33 0.849 58 40 94 0.03 2.50 734.75 6.70 7 
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36 C - 100 0.578 97 40 93 0.07 6.67 734.75 7.61 8 
35 R2 - 100 0.738 90 30 137 0.02 1.67 - - - 
37 O - 100 0.526 25 30 114 0.01 1.43 734.75 1.77 2 
38 I 34 66 0.524 72 40 78 0.02 1.67 734.75 5.14 6 
39 I 34 66 1.585 64 45 275 0.01 1.43 734.75 13.89 14 
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Table D5: Subcatchment input data in SWMM for North catchment model. 
 

Subcatchment 

Landuse Lot and road Lot Infiltration trench 

Category 

Non - 
street 

sweeping  

Street 
sweeping 

Total 
area 

Total 
imperviousness 

Longest flow 
path 

Calc. effective 
width Slope I/P 

Calc. 
base 
area  

SWMM 
input 
length 

% % ha % m m m/m % - m2 m 
1 R1 100 - 1.284 93 155 57 0.019 1.88 - - - 
82 R2 100 - 2.433 83 30 537 0.160 16.00 734.75 27.61               28  
3 R1 100 - 1.252 93 150 58 0.067 6.67 - - - 
4 R1 100 - 0.314 93 75 28 0.038 3.75 - - - 
5 R2 100 - 0.488 87 80 27 0.029 2.86 - - - 
9 O 34 66 0.773 23 65 63 0.050 5.00 - - - 
10 R2 67 33 2.069 70 100 151 0.020 2.00 734.75 19.71               20  
11 R1 67 33 1.497 77 140 72 0.016 1.63 - - - 
12 R1 67 33 0.819 77 150 34 0.020 2.00 - - - 
8 R1 67 33 1.534 70 70 150 0.029 2.86 734.75 14.61               15  
13 R1 67 33 1.858 70 160 77 0.020 2.00 - - - 
83 R1 67 33 0.915 77 35 176 0.133 13.33 - - - 
84 R1 34 66 1.866 73 115 106 0.047 4.71 - - - 
16 R1 100 - 0.929 70 150 41 0.027 2.73 - - - 
18 O 100 - 0.435 21 55 61 0.040 4.00 - - - 
19 I 100 - 0.283 52 30 58 0.040 4.00 - - - 
64 I 67 33 1.206 72 50 190 0.018 1.82 734.75 11.84               12  
17 O - 100 3.834 16 130 241 0.040 4.00 734.75 8.57                 9  
20 R2 - 100 0.527 75 50 77 0.100 10.00 734.75 5.40                 6  
21 I - 100 0.833 55 90 81 0.050 5.00 - - - 
86 R2 - 100 1.178 94 60 169 0.083 8.33 - - - 
22 I - 100 1.514 18 90 134 0.020 2.00 734.75 3.73                 4  
24 I - 100 3.37 48 150 187 0.019 1.88 734.75 22.20               23  
23 I - 100 2.525 90 110 190 0.007 0.67 734.75 30.93               31  
87 I - 100 0.465 40 70 57 0.043 4.29 734.75 2.52                 3  
26 I - 100 0.735 99 70 90 0.050 5.00 734.75 9.86               10  

104 I - 100 0.544 57 70 61 0.056 5.56 734.75 4.19                 5  
28 R2 34 66 1.877 65 110 149 0.050 5.00 734.75 16.61               17  
91 O - 100 0.538 29 35 105 0.040 4.00 - - - 
90 R1 100 - 0.801 53 100 74 0.047 4.71 734.75 5.78                 6  
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Subcatchment 

Landuse Lot and road Lot Infiltration trench 

Category 

Non - 
street 

sweeping  

Street 
sweeping 

Total 
area 

Total 
imperviousness 

Longest flow 
path 

Calc. effective 
width Slope I/P 

Calc. 
base 
area  

SWMM 
input 
length 

% % ha % m m m/m % - m2 m 
34 R1 67 33 1.183 62 135 68 0.029 2.92 - - - 
33 R1 67 33 1.218 63 120 66 0.044 4.40 - - - 
29 R1 - 100 2.119 63 115 137 0.010 1.00 - - - 
30 R1 67 33 1.912 63 85 161 0.020 2.00 734.75 16.35               17  
42 R1 34 66 0.929 63 65 99 0.025 2.50 734.75 7.98                 8  
41 I - 100 0.345 63 35 53 0.020 2.00 - - - 
43 R1 34 66 0.663 63 60 76 0.025 2.50 734.75 5.70                 6  
44 R1 100 - 0.586 64 70 52 0.030 3.00 734.75 5.08                 6  
45 R1 - 100 0.412 64 45 59 0.030 3.00 734.75 3.56                 4  
46 R1 34 66 0.375 65 35 56 0.030 3.00 734.75 3.31                 4  
31 R1 - 100 0.666 65 60 60 0.050 5.00 - - - 
32 R1 - 100 1.002 69 60 95 0.050 5.00 - - - 
85 R2 - 100 0.724 83 30 160 0.025 2.50 - - - 
63 I - 100 0.687 93 40 111 0.025 2.50 734.75 8.72                 9  
65 I - 100 0.799 15 60 112 0.025 2.50 734.75 1.59                 2  
58 C 34 66 0.695 100 30 144 0.025 2.50 - - - 
59 C 34 66 0.282 100 30 61 0.030 3.00 - - - 
62 C - 100 0.252 97 30 55 0.020 2.00 - - - 
68 I - 100 0.21 97 30 43 0.020 2.00 - - - 
48 R1 34 66 1.483 73 80 127 0.020 2.00 734.75 14.76               15  
57 R1 67 33 0.347 70 30 77 0.020 2.00 - - - 
56 R1 100 - 0.382 62 30 77 0.025 2.50 734.75 3.23                 4  
55 I - 100 0.344 97 30 61 0.020 2.00 - - - 
54 C - 100 0.231 100 30 46 0.010 1.00 - - - 
53 C - 100 0.297 100 30 46 0.010 1.00 - - - 
92 O - 100 1.043 95 15 335 0.010 1.00 734.75 13.46               14  
47 R1 34 66 1.53 70 65 155 0.015 1.50 734.75 14.58               15  
50 R1 100 - 0.374 59 30 77 0.015 1.50 - - - 
49 R1 100 - 0.363 59 30 77 0.015 1.50 734.75 2.92                 3  

105 C - 100 0.887 100 30 157 0.030 3.00 734.75 12.07               13  
93 O - 100 0.615 48 15 164 0.010 1.00 734.75 4.01                 5  
38 R1 34 66 1.769 70 75 162 0.010 1.00 734.75 16.85               17  
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Subcatchment 

Landuse Lot and road Lot Infiltration trench 

Category 

Non - 
street 

sweeping  

Street 
sweeping 

Total 
area 

Total 
imperviousness 

Longest flow 
path 

Calc. effective 
width Slope I/P 

Calc. 
base 
area  

SWMM 
input 
length 

% % ha % m m m/m % - m2 m 
39 R1 34 66 2.083 70 75 164 0.010 1.00 734.75 19.84               20  
37 R1 34 66 4.874 54 155 133 0.008 0.80 734.75 35.97               36  

106 O 100 - 1.343 100 1100 12 0.020 2.00 734.75 18.28               19  
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APPENDIX E 

 

Excerpt from Stormwater Management Plan which was prepared for the 

Town of Jasper  
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Section 4: Proposed controls 

In light of the findings above, Best Management Practices (BMPs) have been recommended 
for the Town of Jasper to improve stormwater quality at the major outlets (CA2, CE1, and 
NO1). The control measures proposed in this report are based on the BMPs outlined in the 
Storm Water Management Guidelines for the Province of Alberta (1999) and Vancouver 
stormwater guidelines (2012). Controls were selected to minimize costs and impact to the 
environment as well as to maximize the use of existing resources. A combination of source, 
lot-level and conveyance-level controls as well as municipal measures have been proposed to 
target specific pollutants. There was a focus on source control and municipal measures which 
is a more efficient practice than allowing pollutants to traverse further into the storm sewer 
system where removal is less efficient and more costly. Furthermore, a combination of both 
structural (permanently constructed BMPs) and non-structural (maintenance procedure) 
controls were proposed. Figure 4 shows the areas that controls are applied in Jasper.  

 
Figure 4: Map highlighting focus areas for stormwater quality control in the Town of Jasper 

4.1.  Source controls 
4.1.1. Street sweeping  
A regular street sweeping schedule is implemented in Jasper in the summer. Its effectiveness 
in reducing sediments and associated metals has been demonstrated in the monitoring results, 
but there is still potential for improvement. Street sweeping should be maximized because it is 
a cost effective and practical solution, especially in highly-developed areas where the main 
pollutant source is traffic and space for structure-based controls are limited (Kidwell-Ross, 
2011). According to Pitt (1979), pick-up efficiency is more influenced by sweeping frequency 
than the type of sweeper technology used, and Sartor and Gaboury (1984) found that the 
optimal sweeping frequency is approximately once a week. Hence, it is proposed that highly 
trafficked routes and parking lots be swept on a weekly basis during the summer (Figure 4). 
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The modelling results (Section 3) prove that sweeping this route on a regular basis would 
significantly reduce TSS and metal loads in stormwater. This same route should be swept on a 
monthly schedule during the spring and fall, to pick up debris specific to these periods such as 
road salts before major snowmelt and leaf accumulation in the fall.  
 
The Municipality currently uses a mechanical sweeper to remove gravel, sand, garbage and 
debris from the streets. However, it will reach the end of its service life within the next five 
years and will need to be replaced. The mechanical sweeper is effective in removing coarse 
sediment but newer technologies such as regenerative-air and vacuum sweepers are more 
efficient at capturing fine sand and silt particles that carry contaminants (Schilling, 2005). The 
U.S. Geological Survey (2016) evaluated the performance of various sweeper technologies for 
weekly sweeping and found that the mechanical sweeper removed only 5% of street-dirt, 
whereas the regenerative-air and vacuum-assist sweepers averaged removal efficiencies of 25 
and 30%, respectively. Other studies found similar efficiency differences between sweeper 
technologies (Curtis, 2002). However, if newer technologies are used alone, they would 
experience problems in removing large debris, especially during spring clean-up, leaf 
collection season, and post storm event clean-up. Having a mixed fleet of sweepers that 
includes both mechanical and newer-technology sweepers will ensure that operational 
demands are met more effectively (TST, 2015). Therefore, it was proposed that the 
Municipality purchase a regenerative-air or vacuum sweeper to be used in the summer. This 
would reduce sediment loads and associated metals. Under this plan, the current sweeper 
should be used in the spring and fall to reduce associated chloride and phosphorus loading. In 
addition, the plan would ensure that the service life of the mechanical sweeper is prolonged 
because it will be used less frequently than it is currently.  

Roadside parking is a common practice in both residential and commercial areas in the Town 
of Jasper, especially in the summer when there is an influx of visitor traffic. According to 
APWA (1978), parked cars on the streets restrict access to the curb and are the top ranked 
problem for street sweeping programs. To ensure unrestricted street sweeping operations, it is 
recommended that street sweeping is conducted after-hours in downtown Jasper, where parking 
is only allowed between 08H00 and 17H00. Parking restriction bylaws may need to be 
established for residential areas to maintain uninterrupted access during sweeping operations, 
and these will be covered in the Regulations sub-section below.  

 

4.2.  Lot level controls  
Lot-level BMPs are proposed to treat water before it reaches the conveyance system for any 
future redevelopment or infill projects within the townsite boundary (Figure 4). On-lot 
infiltration controls have already been implemented on hotel lots in the north-end of the Town 
(Figure 4). It is proposed that the Jasper building permits require a certain percentage of land 
be dedicated to Low Impact Development (LID) for approvals. For example, it is suggested 
that developments should be designed with roof leaders that direct runoff to rear yard soak-
away pits or bio-swales so as to increase infiltration and treat metals from roof runoff on-site, 
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(Alberta guidelines, 1999). Furthermore, it is suggested that controls be built at the lowest point 
of the property to collect runoff from gardens which may carry phosphorus from fertilizer and 
coliforms from pet feces.  

4.3.  Conveyance-level controls 
4.3.1. Oil/grit separator  
One grease/grit interceptor has already been installed in a newly renovated gas station 
downtown. It is proposed that at least two or three more are retrofitted along Connaught Drive 
and adjacent parking lots to treat vehicle oil leakage in that area. 
 
4.3.2. Infiltration trenches 
It is proposed that the Municipality install infiltration trenches to capture the remaining 
sediment not captured with street sweeping. This includes road fines in runoff as well as 
nutrient and metal loadings from site-level runoff (TST, 2015). Fortunately, the Town of Jasper 
is located on well-draining soil, and thus infiltration trenches are a cost-effective solution 
because they rely on the native soil to provide significant infiltration and remove pollutants. 
The infiltration potential may be increased with vegetation planted on top of the trench and this 
will enhance its aesthetic quality (Alberta guidelines, 1999).  
 
Alberta guidelines (1999) suggest that infiltration trenches are limited to small catchment areas 
of 5 ha or less, and thus they are not suitable for treating water at major outfalls in Jasper. 
Instead, they should be constructed as small scale, decentralized components of the storm 
sewer system. Infiltration trenches can easily be retrofitted as part of the Town’s existing 
infrastructure in places such as at the edge of a road in narrow residential streets, parking lots, 
and commercial areas. The intent is to construct trenches just upstream of a catch basin, so that 
only excess runoff from the trench enters the distribution network. Trenches can be dug along 
roads and parking lots that have an adjacent grass/vegetation patch, and in close proximity to 
a catch basin. There are 55 potential trench locations that have been identified in the Central 
and North catchment areas (Figure 4), where TSS exceedances were highest. It may not be 
feasible to construct trenches at all of these locations at once, so it was proposed that the 
Municipality begin construction in commercial areas and parking lots that are expected to 
contribute the highest sediment and metal loads. It is proposed that the trenches are sized to 
treat water from low-volume, regular storms which contribute the largest annual pollutant loads 
to receiving waters in Jasper. In addition, it is proposed that these trenches be designed to have 
a bypass that restricts flow during periods of road salting and local excavation works to prevent 
clogging (Alberta guidelines, 1999). A suitable filter fabric should be used to protect the 
storage media from clogging 
 

4.3.3. Catch basin cleanout 
Catch basins are designed with a chamber to retain gravel, sand and contaminants from runoff. 
They should be distinguished from inlets (facility which collects stormwater from paved 
surfaces and drains it into a stormwater sewer system) which do not collect sediment. The 
stormwater network in Jasper has 230 catch basins and very few inlets (Figure 1). Studies have 
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found that catchment cleanouts can reduce pollutants by 5 to 25% depending on cleaning 
frequency (CWP, 2006). Pitt and Bissonnett (1984) found that cleaning basins twice a year 
could achieve reductions of suspended sediments by 10 to 25% and estimated that nutrients 
and zinc may be reduced by 5 to 10%. Hence, it was recognized that catch basin cleanout may 
not make a considerable difference in pollutant loading but if combined with the effects of 
street sweeping and infiltration controls, they may contribute to a significant reduction in 
sediment and associated contaminants.  
 
Catch basins are typically cleaned on an annual basis (Lager et al., 1977) and monthly cleanouts 
for industrial streets are suggested by Pitt and Bissonnett (1984). The Municipality currently 
plans to clean out catch basins on a rotating schedule of once every 2 or 3 years because of 
limited resources. It is proposed that catch basins that fill up rapidly (most likely in commercial 
areas or in proximity to a construction site (CWP, 2006) be cleaned out annually.   
 
4.4.  Municipal measures 
4.4.1. Operations procedures 
It is proposed that the Municipality optimize their fertilizer and road salting application to 
reduce phosphorus and chloride loads, respectively. The municipality applies fertilizer on 
fields (turf area, sports fields, parks and boulevards in Figure 4) as well as small public gardens 
that are dispersed downtown. It is proposed that organic or eco-friendly fertilizer options which 
have low phosphorous content be used in these areas, and that they be applied at optimum 
application rates. Road salting on the other hand is more difficult to optimize because it is used 
as needed and the quantity used cannot be compromised because public safety is a priority. 
Additives may be used in the mix to reduce salt content, however running trials is difficult 
because it is not easy to acquire products in Jasper, the infrastructure required may be 
expensive, and the additive chemicals may have impacts on aquatic life. Hence, it is proposed 
that street sweeping is scheduled to pick up salt mix from all roads in the Town, prior to a 
major snowmelt.  
 
4.4.2. Regulations  
It is proposed that the current Jasper Sewer and Drainage Bylaws (2004) are updated and 
expanded to reflect current practices for stormwater management. Recommendations for bylaw 
updates are primarily based on the Model Sewer Use Bylaw (2009) document, which was 
prepared with the intention of harmonizing the management approach for municipal 
wastewater in Canadian provinces. In addition, Sewerage Use Bylaws (2019) for the Town of 
Canmore were referenced to gain precedence on recently updated bylaws for a town of 
comparative size to Jasper, and located within the National Park region. Finally, Storm Sewer 
Use Bylaws (2013) for the City of Oshawa, Ontario were also referenced to gain insight into a 
more detailed bylaw that has recently been updated by a professional consultant who reviewed 
numerous bylaws from municipalities that are considered leaders in environmental protection 
(i.e. City of Toronto and City of Kingston, to name a few).  
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Recommendations for possible updates to Jasper bylaws are listed below: 
 

• Jasper storm bylaws may have some definitions that are out of date or do not relate to 
current prohibitions. It is recommended that the Model Bylaw (2009) document is used 
as a guidance document to update Jasper bylaw definitions.  

• It is proposed that Jasper bylaws stipulate restricted road-side parking and parking in 
selected parking lots during sweeping operations in residential areas, so that streets can 
be swept from curb to curb. However, it may be more appropriate to include this in the 
Parking Authority Bylaw (2017) or Traffic Safety Bylaw (2016) instead. 

• Dog faeces can contribute significant amounts of fecal coliform bacteria to receiving 
water bodies. Hence, bylaws that prevent the disposal of animal wastes could be 
implemented to reduce coliform buildup. It is recommended that Jasper bylaws include 
‘animal waste’ to the list of wastes (Section 14.1) that are not permitted to enter the 
storm drainage system. 

• Both the Model (2009) and Canmore (2019) bylaws include ‘fuels’ in their list of wastes 
that are prohibited from entering the storm system, whereas Jasper (2004) bylaws only 
mention ‘oils and grease’ (Section 14.1). It is recommended that the Municipal bylaws 
include ‘fuels’ in addition to ‘oils and grease’ as a conservative measure and to 
correspond with other standard bylaws. 

• There are numerous pollutants associated with car wash runoff water which may 
introduce metals and other chemical compounds into the storm drainage system. It is 
proposed that a bylaw stipulates if anyone is to wash their car in Jasper, it should be at 
a designated car wash station which is connected to the municipal waste water system. 

• It is recommended that the numerical standards of non-domestic waste (Prohibited 
Waste section) be updated to contain a wider range of parameters and more 
conservative concentration limits such as those found in Schedule C of the Canmore 
(2019) bylaws. For example, Canmore (2019) bylaws include limits for chloride, 
hydrocarbon, selenium and nitrogen which do not feature in Jasper bylaws, even though 
were identified as contaminants in previous sampling studies in Jasper. Furthermore, 
Canmore (2019) concentration limits are lower than Jasper (2004) limits (except in the 
case of iron) and are thus favourable for the conservation of the aquatic environment of 
receiving waterbodies. For ease of implementation, it is recommended that the 
Municipality adopts the Canmore (2019) bylaw restrictions. 

• Restrictions should be considered for people who dilute wastewater in order to meet 
bylaw requirements. It is thus recommended that Jasper bylaws stipulate the prohibition 
of dilution of discharge for the purposes of achieving compliance with stormwater 
bylaws in the Prohibited Waste section (see Model Bylaws (2009) for further details).  

• Grease/grit and sand interceptors are an effective way of preventing excessive oils and 
sediment from entering the storm system which were found to be a reoccurring issue in 
Jasper stormwater. It is recommended that Jasper sewer bylaws follow common 
practice and stipulate that it is a requirement that any owner who may discharge oil and 
sediment to storm drains, must install and maintain grease/grit and sand interceptors on 
their property. The bylaw text could also specify that it is the property owner’s 
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responsibility to conduct regular sampling and reporting of interceptor performance to 
Jasper Municipality (see Model Bylaws (2009)). This bylaw is designed to target future 
development sites, gas stations and outdoor storage areas (Figure 4). 

• ‘Authority to investigate’ is a clause that features in all bylaws referenced in this section 
and thus should be considered for inclusion in the Jasper bylaws. This will give the 
Municipality the ability to enter a property to sample or conduct other investigations as 
deemed necessary. In addition to this, a clause should be included with text that 
stipulates sampling and analysis procedures and responsibilities. Furthermore, it should 
clarify that the property owner is required to pay for sampling and analysis in the case 
that wastewater contaminants exceed bylaw limits. Given the Municipality’s limited 
resources, this bylaw would be beneficial for enforcement.  

• It is recommended to include a section on the enforcement responsibilities of the Bylaw 
Enforcement Officer specific to storm bylaws (see example in Sections 19 and 20 of 
Canmore (2019) bylaws). 

The Municipality should take action to ensure that the updated Sewer and Drainage Bylaws 
are followed correctly by means of enforcement, establishing maintenance programs and 
policies as well as public education. The Municipality’s Enforcement Officer Bylaws (2004) 
stipulate that the enforcement officer should enforce bylaws by conducting routine patrols. 
However, due to limited resources, most cases of breached bylaws in the Town are complaint-
based. Hence, it is recommended that this method of bylaw enforcement is encouraged by 
ensuring the bylaw complaint form is easily accessible on the Jasper website. Furthermore, 
policies and awareness plans that encourage bylaw compliance should be implemented and 
these are explained in the following section. 

4.4.3. Policies and awareness plans 
There should be an emphasis on establishing policies and awareness plans directed at residents 
and tourists in the Town to ensure bylaws are followed. Policies and education material may 
be communicated via various platforms such as signage, the Jasper official website as well as 
the boards, committees and societies established in the Municipality. Listed below are some 
policy and education recommendations, as well as suggestions of most effective 
communication channels: 

• The Municipality of Jasper should update their Service Standards Policy (2012) 
Administrative Procedures to include regular street sweeping and catch basin clean-out 
maintenance procedures as well as parking restrictions so that streets can be swept curb 
to curb.  

• It is recommended that clearly marked signage indicates designated car wash stations 
for both residents and tourists.  

• To encourage prevention of pet waste into storm drains, signs, pickup bags and garbage 
bins should be situated near parks and fields where people walk their dogs (Figure 4). 

• High risk catch basins, such as those in downtown Jasper, should be labelled to make 
residents and visitors aware that they discharge to surface water and fish habitat. 
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• The Jasper website has a section dedicated to Environmental Stewardship, where one 
can find environmental initiatives and programs. It is recommended that the sustainable 
use of fertilizer and other management practices should be listed under the ‘Native 
Vegetation & Landscape’ and the ‘stormwater’ subcategories with relevant images to 
make them more memorable.  

Education of stormwater management practices for residents and the commercial sector is 
important because they contribute significant pollutant loads such as phosphorus and 
hydrocarbons. Communication can be done effectively through information sessions and 
several community groups available in Jasper. For example, awareness about sustainable 
fertilizer application can be spread through the Jasper Local Food Society to reduce 
phosphorus loading in runoff. In addition, Communities in Bloom is an organization committed 
to fostering environmental awareness with focus on enhancing green spaces in Jasper and is an 
appropriate platform for communicating stormwater management ideas to the community 
members involved. Furthermore, it is recommended that The Environmental Stewardship 
Advisory Committee is reinstated as it supported green and sustainable community initiatives 
in Jasper, so that stormwater management tips can be communicated to the people involved 
and the wider community. 

It is critical to make tourists aware of stormwater impacts and conservation tips because the 
monitoring results have proved that there are serious stormwater impacts due to tourist influx. 
The official Jasper website may be the most direct channel of communication with tourists, 
and should be used to inform them of their environmental responsibilities when visiting the 
Town. The official website of Banff is a good example of a website that emphases 
environmental awareness and relevant bylaws for visitors. Hence, it is proposed that there is 
an environmental awareness section under the ‘visitors’ tab on the Jasper website which 
informs tourists of sustainable stormwater practices and stormwater bylaws that may be 
applicable to them.  
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