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Abstract 
Global temperatures and frequency of extreme weather events have increased over the 
last decade, with 2015 globally the warmest year on record. Future climate models are 
consistent with this trend, predicting larger year-to-year variations in precipitation, more 
precipitation in larger single events, and more frequent extreme events. 

Changes in weather phenomena due to climate change will impact the infrastructure in 
cities and therefore the vulnerability of society. Today’s urban stormwater systems are 
closely related to local hydrological characteristics, with systems designed to 
accommodate specific ranges of rainfall based on historical data. An increase in rainfall or 
extreme weather events may result in capacity problems for these systems and in turn, 
negative impacts to people and the environment. 

Stormwater management in Sweden is guided by municipal plans and country-wide 
design standards. Within these documents there is information on who is responsible and 
what standards must be met, but there is a lack of specific requirements on how to 
undertake these tasks. Recently, Svenskt Vatten has started to recognize the need for a 
more defined stormwater management methodology, and commissioned a study titled 
‘Guidelines for the modelling of wastewater carrying systems and stormwater systems’. 

While larger municipalities have the resources to develop hydraulic models, smaller 
municipalities are often left out of this drive for proactive management. Often, there is no 
requirement for master planning initiatives, and more realistically, no budget to 
implement such initiatives. Thus, stormwater management is left to conventional 
methods and often undertaken on an as-needed basis, with minimal long-term planning. 

This thesis shows how a hydraulic computer model can serve as a simple, low-cost tool to 
assist municipalities – especially those of smaller size - in the sustainable planning and 
management of their stormwater systems. A case study was used to exemplify the 
objective, by demonstrating a proposed methodology that can be used to assess the 
impacts of climate change on urban infrastructure. 

This study was undertaken in collaboration with ÅF Infrastructure AB in Stockholm and 
the municipality of Fagersta, Sweden. 
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Summary in Swedish 
Den globala temperaturen och frekvensen av extrema väderhändelser har ökat under de 
senaste tio åren, med 2015 globalt det varmaste året på posten. Framtida klimatmodeller 
är förenliga med denna trend, nederbörden förutsägs variera mer från år till år, mer 
nederbörd i större enskilda händelser, och mer frekventa extrema händelser. 

Förändringar i väderfenomen till följd av klimatförändringarna kommer att påverka 
infrastrukturen i städerna och därmed samhällets sårbarhet. Dagens urbana 
dagvattensystem är nära besläktade med lokala hydrologiska egenskaper, med system 
som syftar till att tillgodose specifika regn intervaller baserat på historiska data. En 
ökning av nederbörd eller extrema väderförhållanden kan leda till kapacitetsproblem för 
dessa system, och i sin tur negativa konsekvenser för människor och miljö. 

Dagvattenhantering i Sverige styrs av kommunala planer och landsomfattande normer 
för utformning. Inom dessa dokument finns information om vem som är ansvarig och 
vilka normer måste uppfyllas, men det finns en brist på särskilda krav på hur dessa 
uppgifter skall utföras. Nyligen har Svenskt Vatten börjat inse behovet av en mer 
definierad dagvattenhantering metodik, och beställt en undersökning med titeln 
"Riktlinjer för modellering av avloppsvatten bärsystem och dagvattensystem". 

Medan större kommuner har resurser att utveckla hydrauliska modeller, är mindre 
kommuner ofta utanför denna enhet för proaktiv hantering. Ofta finns det inget krav på 
initiativ huvudplanering, och mer realistiskt, att ingen budget avsätts för dessa initiativ. 
Således är dagvattenhantering kvar med konventionella metoder och genomförs endast 
vid behov, med minimal långsiktig planering. 

Denna avhandling visar hur en hydraulisk datormodell kan fungera som en enkel, låg 
kostnad verktyg för att hjälpa kommuner - särskilt de mindre storlek - i hållbar planering 
och förvaltning av sina dagvattensystem. En fallstudie användes för att exemplifiera 
målet, genom att visa en föreslagen metod som kan användas för att bedöma effekterna 
av klimatförändringarna på urban infrastruktur. 

Denna studie genomfördes i samarbete med ÅF Infrastruktur AB i Stockholm och 
kommunen Fagersta. 
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1 Introduction 
Global temperatures and frequency of extreme weather events have increased over the 
last decade, with 2015 globally the warmest year on record. In 2015, Sweden saw several 
rain gauges breaking 100-year records, while Stockholm experienced its wettest May in 
200 years. Future climate models are consistent with this trend, predicting larger year-to-
year variations in precipitation, more precipitation in larger single events, and more 
frequent extreme events (WMO, 2016). 

Changes in weather phenomena due to climate change will impact the infrastructure in 
cities and therefore the vulnerability of society. As urbanization continues and 
populations continue to grow, the vulnerability of cities and their infrastructure will only 
increase. Today’s urban stormwater systems are closely related to local hydrological 
characteristics, with systems designed to accommodate specific ranges of rainfall based 
on historical data. An increase in rainfall or extreme weather events may result in 
capacity problems for these systems and in turn, negative impacts to people and the 
environment. Specifically, more significant weather events may cause flooding of 
overland surfaces and basements, combined sewer overflows, and increased infiltration to 
the system (Bergren, Svensson and Viklander, 2008). These over-capacity events may 
result in disruption to both humans and the environment including the need to fund 
repairs and clean-up and the requirement to treat additional wastewater flows. 

As a response to these negative effects, municipalities, especially in urbanized areas, will 
be looked upon to address and mitigate impacts to residents and the environment. As 
part of the municipal services residents pay for through taxation, municipalities are 
responsible for providing various public services. The core of these includes provision of 
water and sanitation services, and street and drainage works. Engineered design of public 
utilities is undertaken in a manner that will provide an acceptable level of service to 
customers, while also balancing risk and economic considerations. For utilities such as 
water, wastewater, and stormwater, this is often dictated by a set of technical 
specifications set out by the municipal government, comparable with jurisdictions of 
similar size, geography, and development levels. The level of service which customers now 
expect is at risk of being compromised with the increase in extreme weather events 
related to climate change.  

1.1 Project Motivation  
The motivation and inspiration for this project came from my personal experience 
working in the field of municipal water and sewer design in both Canada and more 
recently in Sweden, in addition to the greater understanding of the impacts and risks of 
climate change I gained during my time at KTH.   

Municipal Stormwater Design 

Consulting for municipal clients during my work as a civil engineer in British Columbia, 
Canada, I became familiar with the reliance and expectations placed on utility service 
providers by their customers. Residents, especially in urban areas, depend on 
municipality policy and management to operate and maintain public utilities in a way 
which responsibly balances cost and risk to provide an acceptable level of service. If 
municipal planners and engineers do not have the proper tools to undertake these 
management tasks, failures can occur, resulting in damage to personal and common 
property and/or the environment. These damages may result in not only financial costs to 
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the municipality and residents, but a decrease in the social quality of life, or the “value” of 
a community. 

When I began working at ÅF in Stockholm during my Master’s studies, some of the first 
projects I worked on were water and sewer ‘removal and replacement’ projects for 
municipalities such as Fagersta, Sweden. Removal and replacement projects are very 
common in older municipalities where existing pipe networks have become deficient due 
to various reasons, typically either pipes that are now under capacity due to increased 
flows, or pipes that are deteriorating due to age. Municipal clients look to engineering 
consultants to produce construction-ready designs for replacement of portions of their 
networks. In larger municipalities including parts of greater Stockholm and Malmö, the 
design for stormwater, wastewater, and water networks is often undertaken in a 
systematic way using hydraulic computer models. Models are a key step in the planning 
and evaluation part of design work before excavation or construction takes place. 
Unfortunately, for the majority of municipalities – both in Sweden and North America – 
the human and economic resources are not available to develop and maintain complete 
and functioning hydraulic models. Consequently, the design work for most of the removal 
and replacement projects is fragmented and done on a strictly local basis (i.e. reviewing 
immediately adjacent inflows and conditions). For stormwater networks, utilizing this 
type of “narrow-looking” design practice is inherently counterintuitive, as to understand 
any piece of a stormwater network, one must first gain a system-wide perspective. 

Climate Change 

The majority of the courses I took in my KTH Master’s programme curriculum were 
based on a foundation of understanding the effects of climate change on today’s society. 
While much of the focus was outward looking to ecosystems and human groups that are 
and will be most affected by climate change, this viewpoint also motivates one to consider 
the more local effects it will have on developed, 1st world countries such as Sweden and 
Canada.  

One of the most immediate impacts of climate change for northern countries such as 
Sweden is increased temperature and rainfall. Future climate scenarios indicate higher 
temperatures and more precipitation with higher extreme intensities, especially in the 
west and north of Sweden (SMHI, 2014).  

Changes in rainfall patterns will impact the ability for municipal infrastructure such as 
stormwater management systems to cope with incoming flows. With existing networks 
designed based on historical hydrological patterns, rainfall events with greater intensities 
will produce flow volumes greater than maximum design capacities. This will result in 
failures of the system, and be seen as flooding in streets and buildings, over-capacity 
situations at wastewater treatment plants, and the resulting cost- and resource-intensive 
activities to remedy these events. 

Project Motivation - In Summary  

These two trains of thought – municipal stormwater design and climate change - came 
together to form the motivation for this thesis project. There are clear deficiencies in 
today’s municipal stormwater design practices, especially in smaller municipalities. In the 
light of climate change and the new climatic conditions it may present, the tools to 
address and understand the technical aspects of stormwater utilities from a system-wide 
view have become increasingly important.  
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With these issues in mind, how can the average municipality better plan and design their 
stormwater networks in a way that fits within resource limitations? 

1.2 Project Background  
This section expands on the current state of stormwater management in the countries 
where I have experienced the issues discussed in the project motivation section – namely 
in Canada and Sweden. In order to gain context for addressing the issue, one needs to 
understand the current practices, standards, and deficiencies that exist.  

From there, the focus will shift to Sweden and the impact of climate change on a regional 
and local scale, making the connection between climate change and current stormwater 
management practices. 

1.2.1 Stormwater Management 
Stormwater management policies set out by government agencies aim to ensure that 
municipalities within their jurisdiction undertake adequate planning, design, and 
management of their stormwater utility. 

In Canada 

Many regional government agencies have started to strongly encourage municipalities to 
undertake Master Stormwater Management Plans. For example, in British Columbia, 
Canada, the Metro Vancouver Regional District, home to 21 municipalities and over 2.4 
million citizens, now requires member municipalities to develop and implement 
Integrated Stormwater Management Plans (ISMP) (Metro Vancouver, 2012). An ISMP is 
a “…comprehensive study that examines the linkages between drainage servicing, land 
use planning, and environmental protection. Their purpose is to support the growth of a 
community in a way that maintains or ideally enhances the overall health of a watershed” 
(Metro Vancouver, 2012). In general, an ISMP has the following phases: information 
gathering; analysis; alternatives; and implementation/integration. In the analysis phase, 
the gathered information is assessed to determine the influence of various parameters on 
the environment, economy, and society. This information is analyzed so that various 
watershed management scenarios can be developed and eventually selected. One of the 
key components of the analysis phase includes development of a hydraulic model which 
can be used in various phases and at various scales of the planning, management and 
design of watersheds and their stormwater networks. 

In Sweden 

In Sweden, municipalities have an översiktsplanen (comprehensive plan), which 
addresses how the municipality will promote long-term development with respect to 
building, land, and water use. Leading from the comprehensive plan is the detaljplan 
(detailed plan), which addresses the management of stormwater in a certain development 
area, including parties responsible and applicable laws and codes (Boverket, 2015). The 
Swedish Building and Planning Authority, Boverket specifies “stormwater planning needs 
to be handled in both a general and strategic level, and a more detailed and practical level 
[translated]”. While content and scope is expressed explicitly, there is no direction on 
methods of work, i.e., those responsible are left to choose the way they will solve the 
stormwater issue. Swedish Water Development (SVU), part of Svenskt Vatten, will release 
a report in late 2016 (draft copy referenced herein) titled ‘Guidelines for the modelling of 
wastewater carrying systems and stormwater systems’ [translated]. This study aimed to 
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“…raise the standards of models that are made, provide guidelines for minimum technical 
requirements, provide a common basis for raising the ambition level of both the client 
and the modeller… and producing results with higher quality to make the right 
investments [translated]” (SVU, 2016). This report initiative came from Sabah Al-Shididi, 
a foreign-born engineer who came to work in Sweden, who recognized that a guiding 
document for modelling wastewater and stormwater was missing (SVU, 2016). 

1.2.2 Climate Change 
In Sweden, SMHI, the Swedish Meteorological and Hydrological Institute is the expert 
authority within the climate field, participating in international discussions and 
collaborations on climate change issues and serving as the coordinator for Swedish work 
with the Intergovernmental Panel on Climate Change (IPCC). Research at SMHI centers 
around global and regional climate models covering hydrological, meteorological and 
oceanographic aspects.   

SMHI’s regional climate models (RCMs) have been used to predict future hydrological 
conditions in Sweden, including rainfall projections. Piloted projects have been initiated 
more recently to downscale the RCMs (typically of a spatial resolution of 25 x 25 km2) to a 
more local, city-level resolution. The cities of Stockholm, Gothenburg and Arvika are 
currently working with testing this methodology.  

1.2.3 Argument for the Hydraulic Modelling Approach 
The utilization of hydraulic models intends to provide the tools to allow municipalities to 
obtain information to facilitate the stormwater planning and decision making process. A 
hydraulic model can predict the effects of various rainfall scenarios, including 
climate/rainfall scenarios on pipe networks. These results can be used to ensure that 
design and management decisions are undertaken in the most effective and efficient way 
possible. Making well-informed development decisions will ensure protection of the 
environment, better service to customers, and also sustainable long-term development. 
Results from a model can also be studied and made visible in a way that is accessible to 
policy makers, consumers and other target groups (SVU, 2016). 

While larger municipalities have the resources to develop hydraulic models, smaller 
municipalities are often left out of this drive for proactive management. Often, there is no 
requirement for master planning initiatives, and more realistically, no budget to 
implement such initiatives. Thus, stormwater management is left to conventional 
methods and often undertaken on an as-needed basis, with minimal long-term planning. 

1.3 Scope Definition 
This thesis intends to show how a hydraulic computer model can serve as a simple, low-
cost tool to assist municipalities in the sustainable planning and management of their 
stormwater systems. A case study will be used to exemplify this objective, by 
demonstrating a proposed methodology – that is, development of a hydraulic computer 
model – can be used to assess the impacts of climate change on urban infrastructure. 

Secondly and complimentarily, it will provide the Municipality of Fagersta with a 
comprehensive model of their stormwater system, allowing future impacts and needs 
related to the effects of climate change to be projected. This will provide municipal 
officers a tool to better manage their stormwater utility through more informed planning 
and design decisions.  
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The essential steps of this study, which will satisfy the aim, include: review of local 
climate change and rainfall criteria; creation of a hydraulic and hydrodynamic model; 
testing of various climate change scenarios based on established best practices; and 
evaluation of the impact of these scenarios on the current infrastructure. Lastly, a 
summary and review of the process will be undertaken to assess the applicability for other 
municipalities.  

1.3.1 Objectives 
The individual objectives of this study are, chronologically: 

• Develop a hydraulic model of the Västanfors stormwater system using the U.S. 
EPA’s free, open-source SWMM hydraulic modelling software; 

• Assess the capacity of the existing system by applying hydrodynamic parameters 
according to current rainfall scenarios; 

• Assess the capacity of the hydraulic model by applying future climate change 
rainfall scenarios to understand the implications of climate change on the 
stormwater infrastructure; and  

• Quantify the impacts on stormwater infrastructure from various climate change 
scenarios to show the potential magnitude of impacts. 

These objectives will exemplify the statement that a relatively simple, low-cost tool can be 
used to provide information on the impacts of climate change to urban stormwater 
infrastructure; showing the magnitude of potential impact and thus the importance for 
municipalities to address the overlapping and imminent issues of urban infrastructure 
and climate change.    

1.4 Case Study: Fagersta Municipality 
The Municipality of Fagersta is located in south-central Sweden, approximately 100 km 
west of Uppsala municipality. Fagersta covers an area of 9.47 km2 and has a population of 
approximately 13,000 people (Statistiska Centralbyrån, 2013). Water and sewer services 
within the municipality are provided by Norra Västmanlands Kommunalteknikförbund 
(NVK), a municipal association whose members include members of Fagersta and 
Norberg municipalities.  

Currently, Fagersta/NVK manages their stormwater using conventional stormwater 
systems; that is, buried, piped infrastructure systems that convey rainfall from surfaces, 
through underground pipes, to outlets located on nearby water bodies – namely the River 
Kolbäcksån and Lake Kratten.  

The stormwater management philosophy in Fagersta is piecemeal, meaning that 
stormwater infrastructure is designed and installed on an as-needed basis, often for the 
removal and replacement projects described previously. Commonly in this situation, 
municipal infrastructure services, including stormwater, are designed without 
understanding how sizing and routing implications affect other parts of the system. There 
is no overall stormwater management plan, no comprehensive hydraulic model of the 
system, and no future plan to develop these planning tools. 

Understanding the current stormwater management philosophy in Fagersta along with 
the possible implications of climate change, the need for the municipality to have a 
planning and design tool to address these issues became apparent. The solution was to 
propose the development of a hydraulic model for the municipality which could be used 
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to better understand the system conditions under various rainfall scenarios (current, 
future, and climate change) and thus allow more informed decisions to be made in the 
management of stormwater in municipality. 

The original scope for this study was to include the entire stormwater system within the 
Fagersta municipal boundaries. At a conceptual project meeting with the municipality, it 
was agreed that the scope would be narrowed to the southern portion of the municipality, 
the area formerly known as Västanfors (Girtz, 2016). The stormwater networks of the 
Västanfors and remaining north portion of Fagersta are split into two separate systems, 
meaning they can be evaluated separately. Also, municipal representatives expressed 
greater interest in the Västanfors area due to recent flooding and cross connection 
investigations in this area.  

Figure 1 on the following page shows the project limits for this study, the Västanfors area 
of Fagersta, and also the existing stormwater network. 
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2 Methodology 
The following summarizes the key activities that were completed during this study: 

• Reviewed previous stormwater studies, reports, and best practice standards; 

• Conducted a site assessment of the drainage area; 

• Developed a hydrodynamic (hydrologic and hydraulic) model of the basin to 
quantify stormwater flows using the EPA’s SWMM modelling software; 

• Met with Municipal staff to review preliminary system deficiencies and known 
problem areas to assist with validating model results; 

• Assessed the capacity of the stormwater system under existing and future climate 
change hydrologic scenarios; 

• Identified magnitude of system deficiencies based on hydrologic assessment 
scenarios; and 

• Quantified the impacts on stormwater infrastructure from various climate change 
scenarios to show the potential magnitude of impacts. 

The following sections will describe the methods in detail that were used to complete 
these activities. 

2.1 Guiding Documents and Previous Studies  
In order to establish a framework for the study, relevant standards and previous studies 
were identified and reviewed. The standards widely accepted in Sweden for urban 
stormwater design were used as the basis for the modelling and hydraulic assessment 
tasks. This allows the case study used to be put into real-world context when evaluating 
outcomes and impacts.  

Following are the relevant standards, guiding documents, and previously completed work 
relevant to the scope of this study. 

2.1.1 Svenskt Vatten 
Svenskt Vatten is the authority on management of water resources in Sweden, established 
by Swedish municipalities in 1962 to assist with technical, economic, and administrative 
issues regarding water management (Svenskt Vatten, 2016). Svenskt Vatten 
commissioned studies (Dahlström, 2006, 2010) to develop rainfall criteria to be used in 
planning and design of stormwater systems. These studies established a formula for 
calculating rainfall intensity for return periods from 1 month to 100 years, and durations 
from 5 minutes up to 24 hours (Dahlström, 2006, 2010). This data is now accepted as the 
standard for designing urban stormwater systems in Sweden, and is disseminated 
through technical manuals published by Svenskt Vatten. 
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In 2011, Svenkt Vatten released with recommendations for addressing climate change in 
urban stormwater design. According the P104 Manual “Precipitation Data in Design and 
Analysis of Drainage Systems”, the climate change ‘factor’ recommended for design of 
stormwater systems with an estimated lifespan of 100 years is as follows: 

Climate 
Factor 

Design Storm Return Period 

2-Year 10-Year 100-Year 

1.2 1.3 1.4 
Source: Svensktvatten P104, 2011, supplement to Dahlström, 2010 

This means that for the 2-Year return period design storm, a factor of 1.2 times should be 
applied to existing rainfall events to account for climate change.  

Return period refers to the frequency of occurrence of a particular precipitation event, 
and is an estimate of likelihood of a certain event occurring within a year (365 days). A 2-
Year return period storm has a 50% change of occurring every year; a 10-Year has a 10% 
chance, and a 100-Year has a 1% chance (100/Return Period = % chance).  

In conventional stormwater management, piped infrastructure in a city environment is 
typically designed to handle the 10-Year return period design storm (Svenskt Vatten, 
2015). The table below from the P-110 manual is titled: Minimum requirements of return 
period for rain, dimensioning of new stormwater systems.  

Development Type 

Return period for rain, 
full pipe flow 

Return period for 
pressure pipes 

Sparse Residential  2 Year 10 Year 

Close Residential 5 20 

Downtown and business 
areas 

10 30 

Source: Svensktvatten P110, 2015 

Selection of a 10-year return period is seen as an acceptable balance of risk-to-cost, 
meaning the risks associated with a larger storm event are lesser or equal to the cost of 
designing infrastructure for a longer return period. It should be noted that typically, 
overland flow routes also exist to manage larger flows, but overland flow is less ideal than 
piped flow for safety and environmental reasons. 

2.1.2 Overview Plan – Fagersta Municipality  
As mentioned previously, municipalities in Sweden develop comprehensive plans to guide 
how the municipality will promote long-term development with respect to building, land, 
and water use.  

Fagersta’s comprehensive plan speaks in very broad terms to their municipal stormwater 
policy, stating: “Stormwater is discharged into rivers and lakes, with a few exceptions 
where stormwater flows in the same direction as wastewater. The stormwater led to the 
wastewater treatment plant contributes to higher emissions of pollutants and nutrients to 
the recipient. The amount of surface water that runs into the treatment plant should be 
reduced. … Storm water should be as much as possible be disposed of, for example, with 
infiltration [translated]” (NVK, 2007). Further, a management plan for near-urban areas 
in Fagersta identifies that “…the municipality’s green spaces can accommodate large parts 
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of the stormwater. By disposing of stormwater locally in small streams and ponds, the soil 
and plants’ self-purification ability can be utilized [translated]” (NVK, 2008). 

Apart from these guidelines, there is no direction on the management and design of 
stormwater infrastructure. 

2.1.3 Stormwater Studies – Fagersta Municipality  
It was not possible to determine the full history of stormwater-related studies undertaken 
in Fagersta. The information available was limited to what knowledge my contact at NVK 
was aware of, which was primarily from the last 5 years. The studies which were directly 
relevant to the stormwater in the Västanfors area included two different studies 
undertaken by Ramboll AB of Stockholm. 

These studies include an investigation into cross/combined stormwater connections in 
order to identify and prioritize areas within the municipality to be disconnected. Flow 
measurements and asset inventories have been completed as part of the project. The 
second is a stormwater investigation related to the chronic flooding in the Bondevägen 
area of Västanfors (Girtz, 2016). 

Understanding both the lack of information, and also the approach NVK had taken with 
respect to recent stormwater investigations made it clear that a model would be beneficial 
for the municipality. A model would create a more complete picture of the system, and 
ideally answer some of the nagging issues the municipality has been experiencing, as 
opposed to continuing to address issues on a symptomatic basis. 
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2.2 Drainage Basin Characteristics 

2.2.1 Watershed Hydrology 
The study area of Västanfors lies in the southern part of Fagersta municipality, which is 
located in south-central Sweden. The climate in Fagersta is classified as cold continental 
hemiboreal, with warm summers and no dry season with an average annual precipitation 
of around 650 mm (Climate-data.org), which is slightly higher than the Sweden average 
of 624 mm (World Bank, 2016).  

 

Figure 2 - Kolbäcksån Drainage Basin (Lansstyrelsen.se) 

The Västanfors drainage catchment is part of the much larger Kolbäcksån drainage basin 
which stretches for approximately 180 meters and an area of 3,100 km2 (Lansstyrelsen, 
2016). Figure 2 shows the drainage basins of south-central Sweden, including Kolbäcksån 
and also the location of Fagersta. 

The Västanfors study area and subcatchment is approximately 2.24 km2, with an 
elevation range from 114.60 m at the top of the catchment to approximately 77 m at the 
outlets to River Kolbäcksån and Lake Kratten.  

The Västanfors area contains approximately 12,600 linear meters of piped stormwater 
mains, ranging in diameter from 150 mm to 1,000 mm. There is one stormwater pump 
station, and no known stormwater storage facilities.  

  

Kolbäcksån  
Basin 

Fagersta 
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2.2.2 Watercourses 
The watercourses described below form the framework for the Västanfors catchment. 

Melingsbäcken 

Melingsbäcken is an urban stream that 
originates in the easternmost 
neighborhoods of Fagersta, entering the 
Västanfors area on the north border of the 
study area. Melingsbäcken meanders 
through the urban area of Västanfors for 
3.2 km, changing composition multiples 
times from open channel, to conduit or 
culvert flow. The stream is the receiving 
body for multiple smaller subcatchments 
along the route to the River Kolbäcksån 
where it discharges. 

River Kolbäcksån 

Kolbäcksån is the outlet for the third 
largest catchment of Lake Mälaren. It 
stretches from the southwestern part of 
the country in Dalarna, through 
Vastmanland, to Lake Mälaren. In 
Fagersta, it serves as the primary 
receiving body for the municipality’s 
stormwater.  

Stora Aspen 

The River Kolbäcksån flows into Stora Aspen, a lake of 6km2 that eventually flows into the 
larger Åmänningen near Anglesberg (Lansstyrelsen, 2016). See Figure 1 (previous 
section) and the following Figure 3 for watercourse details. 

 

  

Photo - Melingsbäcken 
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Figure 3 – Västanfors Catchment Watercourses (Lansstyrelsen.se) 

2.2.3 Rainfall Information 
In Sweden, the rainfall criteria used for stormwater design is the same for all areas of 
Sweden. As mentioned previously, the municipality of Fagersta has commissioned 
previous stormwater studies for the area of Bondevägen and also a municipality-wide 
cross-connection investigation. In an attempt to utilize the most accurate data for this 
study in addition to providing compatibility with previous studies, the existing Fagersta 
rainfall information was used for this study. This included a 6-hour rainfall event with a 
10-year return period as the base scenario. In addition to three climate change scenarios 
using factors of 1.2, 1.3 and 1.4 applied to the base scenario were used. Full rainfall data 
can be found in Appendix A.    

2.3 Modelling Approach and Development 
The following sections detail the approach used to develop and undertake the hydraulic 
modelling exercise. 

2.3.1 Hydraulic Modelling Software 
There are numerous hydraulic modelling computer softwares available for gravity flow 
scenarios. The heart of many of these softwares is the SWMM computation engine, which 
was originally developed for the U.S. Environmental Protection Agency’s SWMM 
hydraulic modelling software. 

The U.S. EPA’s SWMM is a fully dynamic hydrological and hydraulic model which was 
first developed in 1971 and has since undergone many upgrades. SWMM is a free, open-
source software available for download at the USEPA website. It is widely used 
throughout the world in consulting and academic for planning, analysis, and design 
related to stormwater runoff, sewers, and other urban drainage systems (US EPA, 2015). 

Melingsbäcken 

Stora 
Aspen 

N 
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SWMM software was chosen primarily for its open source access and simple, user-
friendly interface and results. SWMM5.1 is the most current version and was used for this 
study. 

2.3.2 Hydrologic Parameters 
Watersheds are divided into catchments, and further into subcatchments, spatially 
delineated boundaries that receive and convey precipitation and pollutants to an outlet 
point. Subcatchments have generally similar land cover and geographic characteristics, 
and thus, will exhibit similar hydrological results. It is these characteristics that 
determine the quantity and quality of flow that leaves each subcatchment’s outlet node. 
The figure below is a simplified representation of a watershed’s catchment and 
subcatchment areas. 

 

Figure 4 - Watershed and Catchments 

Subcatchment Characteristics 
The hydrologic modelling program SWMM requires input of various hydrologic 
parameters that define catchment characteristics, and determine the rainfall-to-runoff 
conversion process, including: catchment area, imperviousness, soil infiltration, width 
and overland slope.  

Table 1 summarizes the hydrologic parameters used for the model, with the individual 
subcatchment parameters provided in Appendix B. 

Percent impervious rates for the various land-uses were estimated using aerial 
photographs and observations from field reconnaissance. Typical percentage ratios were 
determined for residential (including both low, medium and high density), commercial, 
industrial and natural areas.  A consistent value was assigned to all areas with the same 
land-use. The Green-Ampt soil infiltration method was used for all catchments, along 
with program-default soil characteristics in order to simplify this step. 

 

 

Outlet 
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Table 1 - Catchment Hydrologic Parameters 

Parameter Value Used  

% Impervious (single-family residential) 20 – 45 % 

% Impervious (commercial / industrial) 50 – 85 % 

Impervious “n” 

(Manning’s n for overland flow over the impervious 
portion of the subcatchment) 0.010 

Pervious “n” 

(Manning’s n for overland flow over the pervious 
portion of the subcatchment) 0.10 

Infiltration Model Green-Ampt 

Flow Routing Method Kinematic Wave 
 

Subcatchment Delineation 
Subcatchment areas for the Västanfors area were manually delineated using a surface 
model generated from the Municipality’s 2-metre topographic contour data. In the 
AutoCAD computer drafting software, the subcatchments were drawn using polylines 
which then allowed individual subcatchment areas to be calculated. Using an AutoCAD 
tool, the slope of each subcatchment was drawn and generated using the generated 
surface model.  In total 144 subcatchments were delineated for the 2.24 km2 study area. 
The subcatchments ranged in size from 0.14 to 4.3 ha, with the average area being 0.65 
ha. Subcatchment slopes ranges from 0% (essentially flat) to 15%, with an average of 
3.6%. 

The subcatchment data was exported from AutoCAD to MS Excel, and then imported to 
SWMM manually by modifying the SWMM project file which is contained in a text file 
(projectname.inp). Delineated subcatchment areas are shown in Figure 5 on the following 
page. 

2.3.3 Hydraulic Parameters 
Hydraulic parameters such as culvert diameter, inverts, length, and slope were input into 
the model based on asbuilt data and existing AutoCAD base maps. A third party software 
was used to import the spatial location of the nodes (manholes) from AutoCAD to 
SWMM. From that point, pipe links were manually drawn from node to node and all 
other parameters were input by reference with the AutoCAD base map. In total, 265 pipes 
and 280 nodes were modelled for the study area. 

2.4 Model Validation 

2.4.1 Flow Data  
Flow data for one manhole (node 1023) in the stormwater network was obtained from 
Ramboll AB. Data was measured for the period from 11 April to 19 April, 2016 (9 full 
days). This location was chosen as it is the outlet for a large catchment area and is just 
upstream of an outlet to the River Kolbäcksån. Flow data was cross-referenced with 
SMHI’s historical weather data to determine which flow represented rainfall events.  
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Table 2 - Measured Flow Data - Node 1023, Allévägen 

Flow Event Date/Time Measured Max 
Flow m3/s 

1 4/17/2016 4:30 0.104 

2 4/17/2016 10:10 0.084 

3 4/17/2016 17:40 0.102 

4 4/18/2016 22:05 0.063 

5 4/19/2016 12:15 0.026 
 

According to SMHI, the Fagersta area experienced marked precipitation (precipitation 
other than “drizzle”) on 2 days during that time period, 16/17 April and 20 April. This 
generally correlated with the measured flow data as five (5) individual rainfall events; see 
Table 2. Full measured flow data can be found in Appendix C.  

The model-observed max flow for Node 1023 was 1.895 m3/s for the 10Y6H scenario, 
which is significantly higher than the flow data. It is not expected that flow data from 9 
days would record a 10-year rainfall event, so this data cannot be used to directly validate 
the model. Given the expected variation in model and measured flows, it would have been 
useful to obtain flow data from another location within the system. Then, although the 
flows would not be expected to be in the same range, we could compare with a ratio the 
sets of measured:model flow data. 

Understanding the limits of available data, it was assumed that the model flows are in a 
generally appropriate range given the time monitored (9 days), the flows seen during that 
time, and the estimated frequency and intensity of 10-year storm event. 

2.4.2 Municipal Consultation  
In addition to flow data validation, the model was validated by reviewing the results with 
municipal staff to confirm that the predicted flooding/surcharging areas matched known 
problems observed in the field.  

Prior to a meeting with Fagersta staff, preliminary results were assessed from the base 
10Y6H scenario model simulation. Model output for both pipes (links) and manholes 
(nodes) were assessed using indicator parameters. For pipes, the Qpeak / Qfull ratio was 
used (see next section). For nodes, total flood volume and max flooding rate parameters 
were used. Areas of the network with multiple and/or subsequent occurrences of deficient 
nature were given priority for further consideration. Profiles of the network were 
generated for these areas to allow the deficiencies to be visualized.  

For the meeting, six (6) areas of the network were selected for presentation with profiles. 
The figure below shows six (6) nodes and five (5) pipes, with the max water level observed 
during the simulation shown in blue. Upon review of the profile, it is clear that much of 
the network is deficient due to both flooding at the nodes – seen as a manhole with water 
level at the top of the node; and under capacity pipes – seen as full pipes. 
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Figure 6 - Profile from Preliminary Assessment, EPA SWMM 

Through this review process with municipal staff, it was confirmed that the model 
predictions accurately reflect historical observations (see Appendix D for Meeting 1 
Notes). 

2.5 Stormwater System Assessment Results 
Once the model had been validated, a full hydraulic capacity review was completed for the 
stormwater network.  

Tables 3 to 3c summarize the hydraulic assessment for the stormwater pipes under each 
rainfall scenario – base plus 3 climate change scenarios. The Qpeak / Qfull ratio shows 
what portion of the pipe was utilized during the peak flow period. For example, a pipe 
with a Qpeak / Qfull ratio of 0.5 was flowing at 50% of its full capacity during the peak 
flow period. Gravity pipes are often designed for flowing at 2/3 full, or a 0.67 Qpeak / 
Qfull ratio which allows an additional safety factor against underestimated flows, 
infiltration, and unforeseen increases in flows. Pipes with a Qpeak / Qfull ratio of greater 
than 0.85 are generally considered undersized. This threshold was used to determine the 
deficiencies in a network, and identify required upgrades.   

As seen in Table 3, the results for Qpeak / Qfull were divided into 4 categories: 0-0.6, 
greater than 0.6 to 0.85; greater than 0.85 to 1.0; and greater than 1.0. Under the 10Y6H 
storm event, 3,792 meters of pipe, or 30% of the total stormwater pipes experienced a 
Qpeak / Qfull ratio of 0 to 0.6. A value is also shown (in grey) for the percentage of total 
pipes at greater than 0.85. The complete set of simulation results for all four scenarios 
can be found in Appendix E. 
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Table 3 – Storm Sewer Capacities (10-yr : 6hr) – Base Scenario  

Qpeak / Qfull Ratio # of storm 
sewers 

Total length 
(m) % of total 

  

0 – 0.6 74 3792 30  

>0.6 – 0.85  30 1336 11  

>0.85 – 1.0 49 2103  17 
59 

Greater than 1.0  112 5327 42 

Total 265 12559 -  
 

Table 3a – Storm Sewer Capacities (10-yr : 6hr) x 1.2 Climate Factor 

Qpeak / Qfull Ratio # of storm 
sewers 

Total length (m) 
% of total 

 

0 – 0.6 64 3347 27  

>0.6 – 0.85  37 1575 13  

>0.85 – 1.0  38 1695 13 
60 

Greater than 1.0  126 5942 47 

Total 265 12559 -  
 

Table 3b – Storm Sewer Capacities (10-yr : 6hr) x 1.3 Climate Factor  

Qpeak / Qfull Ratio # of storm 
sewers 

Total length (m) 
% of total 

 

0 – 0.6 58 3019 24  

>0.6 – 0.85  34 1556 12  

>0.85 – 1.0  58 2314 18 
63 

Greater than 1.0  115 5660 45 

Total 265 12559 -  
 

Table 3c – Storm Sewer Capacities (10-yr : 6hr) x 1.4  Climate Factor 

Qpeak / Qfull Ratio # of storm 
sewers 

Total length 
(m) % of total 

 

0 – 0.6 58 2931 23  

>0.6 – 0.85  35 1646 13  

>0.85 – 1.0  37 1526 12 
63 

Greater than 1.0  135 6456 51 

Total 265 12559 -  
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3 Discussion 

3.1 Scenario Results 
The results of the hydraulic assessment using the EPA SWMM model can be interpreted 
to arrive at various conclusions. First assessing the results of the base rainfall scenario, 
the model indicates that 59% of existing storm sewer pipes modelled are at 85% capacity 
or greater, and 42% of pipes are over full capacity. For a municipal stormwater system, 
these percentages are generally on the high end for deficient pipes. With these results, we 
must consider that the model has numerous variables that could significantly change the 
results, and also remember back to the flow monitoring calibration step – which tells us 
that the results from the model are likely overly conservative, showing a much higher 
portion of deficient pipes than exist in reality.  

Next, the 1.3x climate factored scenario was reviewed as this was the recommended factor 
for the design rainfall event of 10 year return period. Comparing the base and 1.3x 
factored scenario, there are 63% of existing storm sewer pipes at 85% capacity or greater 
(4% more than the base scenario), and 45% of pipes are over full capacity (3% more than 
the base scenario). This 4% difference is where we see theoretically see effects of climate 
change on a stormwater system. Over the entire study area, this 4% equates to 
approximately 500 linear meters of pipe that are additionally deficient (out of a total 
12,600 meters). If this was interpreted explicitly, it would mean the municipality would 
only have to replace 500 meters of their stormwater system to accommodate for climate 
change – assuming in this case that the existing system was free from deficiency.  

Looking to the alternate factor scenarios of 1.2 and 1.4 times the base scenario, we see 
that 60% and 63% respectively, are at 85% capacity or greater (equivalent to 1% and 4% 
difference when compared to the base scenario).      

A 1-4% increase in deficiencies between the base and climate change scenarios does not 
seem to be very significant; does this signify that there is less to be concerned about with 
respect to climate change and stormwater infrastructure, or does it beg the question of 
whether the climate factors recommended by Svenskt Vatten are adequate? 

3.2 Further Recommendations 
The purpose of this study was not to undertake a detailed assessment, but to demonstrate 
a particular methodology to satisfy the aim; even so, there are some general 
recommendations that can be discussed regarding development and use of the hydraulic 
model. These recommendations are discussed briefly below: 

• Data validation: the data obtained from the municipality - specifically for invert 
levels of pipes - should undergo further verification. Some data points seem to be 
incorrect and should be verified in the field. Correction of any data errors would 
improve the accuracy of the model 

• Further Calibration: Many model parameters were set to default factors due to 
lack of data and an attempt to simplify the model. Parameters such as pipe 
material (roughness), perviousness (land cover), and other hydrologic parameters 
(see Table 1) should be reviewed and refined. 

• Further model validation: For all model scenarios, additional flow monitoring for 
further validation would be recommended. 
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These steps would improve the accuracy of the model and allow it to be used more 
confidently as a reliable planning and design tool.   

It is also important to remember that models are representations of reality and the results 
should be criticized and fully understood before information is used.  

3.3 Implications for Fagersta 
The results of the hydraulic assessment are clear as to the magnitude of deficiencies in 
existing and climate change scenarios. This magnitude could be quantified from an 
economic or environmental aspect. For example, comparisons could be made for what it 
would cost to upgrade the pipes (that 4% increase) vs. what it would cost in (in financial 
or environmental terms) if those upgrades were not completed. 

3.3.1 Possible Solutions 
The scope of this study did not include development or recommendation measures to 
address the deficiencies found through the hydraulic assessment. If this methodology 
were utilized in a planning and management context, the next step would be addressing 
the deficiencies with proposed solutions. It is worth mentioning briefly that there are 
various options the municipality could explore; the conventional approach would be to 
undertake design to upsize deficient pipes, utilizing a “child” version of the model to test 
and confirm required upgrades. Often, these upgrades are then incorporated into a staged 
infrastructure renewal/replacement plan based on deficiency severity. 

From a more sustainable approach, “green” stormwater solutions could be designed and 
tested using the model. The SWMM program utilized here in fact contains “LID 
capabilities” which models the capture and retention of water with various types of low 
impact development (LID) practices (e.g. green roofs, infiltration trenches, rain barrels) 
(EPA, 2015).  

Other, immediately applicable uses for Fagersta could include: supporting design of new 
development areas by modelling additional volumes and predicting downstream impacts; 
verifying/reasoning problem areas identified in the field; testing new stormwater 
solutions (ponds, diversions, new products); and identifying basement flooding due to 
current and future storms. 

4 Conclusion 
4.1 Feasibility for Other Municipalities  

It has been shown that the methodology undertaken herein can be used to develop a 
planning and design tool to assist municipalities in assessing the impact of climate change 
on their urban stormwater systems. Some considerations for municipalities looking to 
employ this methodology are discussed below. 

Timeline: The modelling portion of this study was completed over approximately 
6 weeks. Data generation/entry and troubleshooting model parameter errors 
required a significant portion of this time. This will be common for smaller 
municipalities similar to our case study in Fagersta as most smaller 
municipalities do not have a reliable and current geospatial database of network 
parameters which can be fairly easily imported to most existing modelling 
softwares including EPA SWMM.  
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After the model was constructed, the preliminary assessment and validation work 
took another 2 weeks. To develop a calibrated and realistic model, it is expected 
additional flow data would be required, along with further validation. Once the 
model is ready for scenario application, a comprehensive hydraulic assessment 
can be undertaken, and from the assessment results, recommendations for 
addressing deficiencies can be developed.  

An 8-12 week timeline represents the resources required for municipalities of 
similar size and characteristics to develop a working, calibrated hydraulic model 
and to complete a comprehensive hydraulic assessment under a base scenario.  

Size of System: Creation of the actual model is a function of the size of the 
stormwater system to be modelled. In this case, the study area was relatively 
small, so the data entry was manageable within the time frame of the study. With 
an increase in size of the system, comes a equal increase in time for data 
processing, import, and validation. It is worth noting that other paid softwares 
can automate much of the data processing. 

Costs: The primary cost for this exercise is the labor from the person doing the 
modelling work. The software used here was free (although there are many other 
paid versions available) and the information was all existing data already held by 
the municipality.  

4.2 Final Statement  

The completion of this thesis project provides benefit to academia, the Municipality of 
Fagersta, other municipalities – both in Sweden and abroad, and also the citizens of 
urban areas. The study demonstrates that small municipalities, such as Fagersta, can 
undertake the methodology demonstrated herein - including development of a hydraulic 
computer model - to facilitate more informed stormwater infrastructure planning and 
design decisions, with minimal financial input.  

The impact of climate change on municipal stormwater design is an issue all 
municipalities will need to address now or in the near future. Being proactive in this 
approach can save environmental and financial resources by preventing or mitigating 
flooding events and associated damages, and ultimately contribute to the sustainable 
development of our urban areas.  
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Appendix A – Rainfall Data 

 

  



Rainfall Data - Base and Climate Change Scenarios

10 Year -      
6 Hour 
Rainfall

10 Year -                 
6 Hour 
Rainfall x 
1.2 Climate 
Factor

10 Year -                
6 Hour 
Rainfall x 1.3 
Climate 
Factor

10 Year -                
6 Hour 
Rainfall x 1.4 
Climate 
Factor

Year Month Day Hour Minute Rain, mm
2010 6 2 12 22 0.69 0.831 0.900 0.970
2010 6 2 12 44 0.85248 1.023 1.108 1.193
2010 6 2 1 6 1.01232 1.215 1.316 1.417
2010 6 2 1 28 1.30536 1.566 1.697 1.828
2010 6 2 1 39 0.8325 0.999 1.082 1.166
2010 6 2 1 51 1.13886 1.367 1.481 1.594
2010 6 2 1 58 1.07448 1.289 1.397 1.504
2010 6 2 2 2 0.73038 0.876 0.949 1.023
2010 6 2 2 5 1.00122 1.201 1.302 1.402
2010 6 2 2 7 0.69042 0.829 0.898 0.967
2010 6 2 2 9 0.95238 1.143 1.238 1.333
2010 6 2 2 11 1.58175 1.898 2.056 2.214
2010 6 2 2 16 9.405 11.286 12.227 13.167
2010 6 2 2 19 2.69325 3.232 3.501 3.771
2010 6 2 2 22 1.62162 1.946 2.108 2.270
2010 6 2 2 25 1.17558 1.411 1.528 1.646
2010 6 2 2 32 1.70478 2.046 2.216 2.387
2010 6 2 2 38 1.24362 1.492 1.617 1.741
2010 6 2 2 51 1.82952 2.195 2.378 2.561
2010 6 2 3 9 1.93914 2.327 2.521 2.715
2010 6 2 3 28 1.4175 1.701 1.843 1.985
2010 6 2 4 6 2.22264 2.667 2.889 3.112
2010 6 2 4 44 1.72368 2.068 2.241 2.413
2010 6 2 5 22 1.45152 1.742 1.887 2.032
2010 6 2 6 0 1.17936 1.415 1.533 1.651



 

 

Appendix B – Subcatchment Inventory and Parameters  

  



Subcatchment 
No.

Rain 
Gauge

DS Model 
Node

Area 
(ha)

% 
Impervious

Width 
(m)

Average 
Slope (%) Notes

_1 1 n461 0.264 100 73 3.0 Road/roundabout
2 1 n382 0.8707 90 64 2.0 Industrial
3 1 n423 1.791 90 95 2.7 Industrial
4 1 n290 4.3081 95 124 2.0 Industrial
5 1 n376 0.8089 100 22 2.3 Road
6 1 n303 0.3285 100 17 2.3 Road
7 1 n288 0.5939 95 43 0.7 Industrial/Road
8 1 n388 1.2964 90 66 1.5 Industrial
9 1 n345 0.8823 60 64 0.3 Industrial/grass

10 1 n317 0.1836 100 12 1.0 Road
11 1 n2104 1.2242 100 43 0.3 Road
12 1 n2154 1.0135 10 58 12.0 Wooded/building
13 1 n2154 0.348 20 41 5.0 LD Res
14 1 n2105 0.9586 20 44 3.0 LD Res
15 1 n2108 0.5551 20 68 5.0 LD Res
16 1 n1971 1.0196 20 83 6.0 LD Res
17 1 n2020 0.875 20 84 5.0 LD Res
18 1 n2129 0.5691 20 53 4.5 LD Res
19 1 n2083 0.5941 20 55 3.0 LD Res
20 1 n2054 0.6592 20 31 7.0 LD Res
21 1 n2054 0.5464 20 46 2.5 LD Res
22 1 n2240 0.7177 20 67 10.0 LD Res
23 1 n1991 0.7477 20 39 1.5 LD Res

24A 1 n1977 0.5131 20 47 8.0 LD Res
24B 1 n2029 0.3393 40 34 3.0 LD Res/Road
24C 1 n2010 0.2314 100 20 1.0 Road
25 1 n1973 0.8131 25 50 3.4 Half grass-half building
26 1 n1906 1.2119 25 51 2.8 1/4 grass-rest building
27 1 n1852 0.9525 50 62 1.5 Half grass-half building
28 1 n1865 0.1457 50 29 1.1 Half grass-half building
29 1 n1919 0.3853 20 35 0.3 LD Res/road
30 1 n1852 0.5907 15 29 1.5 LD Res
31 1 n1925 0.1853 20 23 4.5 LD Res
32 1 n1899 0.2538 20 40 9.0 LD Res
33 1 n1921 0.1721 100 13 5.5 Road
34 1 n2124 1.3537 90 64 0.3 Industrial

35A 1 n1669 0.5967 90 50 2.5 Industrial
35B 1 n1575 0.5967 90 50 2.5 Industrial
36 1 n1738 0.4946 20 44 11.0 Industrial/Wooded
37 1 n2081 0.2947 80 23.5 0.5 LD Commercial
38 1 n1505 0.4052 90 38 0.3 LD Commercial
39 1 n1505 0.1654 80 24 0.5 LD Commercial
40 1 n2016 0.3216 70 26 2.2 LD Commercial
42 1 n1432 0.3507 60 52 0.0 LD Commercial
43 1 n2045 0.2603 60 22 0.5 LD Commercial
44 1 n1412 1.0998 100 54 5.0 Road
45 1 n1258 0.1366 50 26 1.0 MD Commerical
46 1 n1248 0.3895 30 42 1.5 MD Commerical
47 1 n1114 0.2484 40 23 1.0 MD Commerical
48 1 n1114 0.1758 20 32 5.0 LD Res
49 1 n1106 0.7271 20 45 5.5 LD Res
50 1 n1149 0.3569 80 25 3.0 HD Res
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51 1 n1520 0.4668 80 34 3.0 HD Res
52 1 n1680 0.4266 80 34 1.0 Institutional
53 1 n1680 0.162 25 18 2.8 3/4 Wooded-rest building
54 1 n1714 1.0157 100 48 5.8 Road
55 1 n1800 0.5818 50 44 0.3 Half Wooded-half building
56 1 n1592 0.7721 75 52 4.0 1/4 grass-rest building
57 1 n1552 0.2962 75 24 4.0 1/4 grass-rest building
58 1 n1352 0.8042 25 44 3.5 1/4 grass-rest building
59 1 n1309 1.0674 25 57 4.3 1/4 grass-rest building
60 1 n1228 0.5143 20 45 3.9 LD Res
61 1 n1116 0.5662 20 42 0.8 LD Res
62 1 n1203 0.7838 40 96 2.0 MD Res
63 1 n1097 0.3488 60 30 0.3 HD Res
64 1 n1103 0.3532 10 28 2.0 Park
65 1 n1053 0.5222 10 32 1.7 Park
66 1 n1168 0.4992 50 40 0.5 HD Res
67 1 n923 1.0313 50 33 1.0 HD Res
68 1 n993 0.5887 50 37 6.5 M/HD Res
69 1 n1168 0.3968 50 23 4.0 M/HD Res
70 1 n1309 0.3661 50 34 1.4 M/HD Res
71 1 n1430 0.6731 30 64 0.3 LD Res/Road
72 1 n1607 0.6012 30 63 2.5 LD Res/Road
73 1 n1610 0.3467 30 33 1.7 LD Res/Road
74 1 n1645 0.6154 60 36 0.3 HD Res
75 1 n1584 0.272 10 29 1.8 ? Gravel or paved
76 1 n1475 0.6474 30 60 7.0 LD Res/Road
77 1 n1320 0.6573 20 60 8.0 LD Res
78 1 n1416 0.4123 20 28 8.0 LD Res
79 1 n1470 0.6181 20 63 5.0 LD Res
80 1 n1280 0.338 20 66 7.0 LD Res
81 1 n1237 0.6157 20 39 0.5 LD Res
82 1 n1178 0.345 20 40 8.0 LD Res

83A 1 n1186 0.596 20 55 15.0 LD Res
83B 1 n1033 0.4744 30 44 0.5 MD Res
84 1 n1025 0.636 30 64 11.0 MD Res
85 1 n983 1.0683 30 67 10.0 MD Res
86 1 n914 1.2789 30 53 1.0 MD Res
87 1 n944 1.3616 20 51 1.9 LD Res
88 1 n841 0.6602 20 60 0.3 LD Res
89 1 n766 0.982 20 80 5.0 LD Res
90 1 n736 1.938 20 56 5.0 LD Res
91 1 n669 0.5347 20 48 3.0 LD Res
92 1 n654 0.686 20 48 6.0 LD Res
93 1 n160 0.3822 20 30 5.5 LD Res
94 1 n11 0.316 70 15 1.5 Ind/Inst
95 1 n66 1.3494 100 59 1.7 Road

95A 1 n13 0.2281 60 20 6.0 Commercial
96 1 n1800 0.2307 100 32 9.0 Road
97 1 n176 1.0509 100 71 5.0 Road
98 1 n204 0.6586 100 72 5.0 Commercial
99 1 n242 0.4872 20 66 0.3 LD Res

100 1 n259 0.7099 30 64 5.0 LD Res/road
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101 1 n256 0.3498 30 30 6.0 LD Res/road
102 1 n249 0.8885 30 61 0.6 LD Res/road
103 1 n238 0.9492 20 69 1.0 LD Res

103A 1 n166 0.7366 20 43 1.0 LD Res
104 1 n96 0.5197 20 36 1.0 LD Res
105 1 n25 0.7585 20 57 9.0 LD Res
106 1 n1725 0.3784 20 35 6.0 LD Res
107 1 n1654 0.6404 20 38 11.0 LD Res
108 1 n1793 1.0083 20 68 6.0 LD Res
109 1 n1810 0.28 20 45 0.3 LD Res
110 1 n1826 0.8181 40 52 12.0 LD Res/road
111 1 n167 0.339 25 51 0.4 LD Res/road
112 1 n140 0.7761 25 49 0.4 LD Res/road
113 1 n1801 0.8324 20 78 4.6 LD Res
114 1 n1689 0.7846 25 69 11.0 LD Res/road
115 1 n1564 0.6277 30 37 3.0 LD Res/road
116 1 n1580 0.7244 20 53 5.0 LD Res
117 1 n1465 0.3614 25 35 3.0 LD Res/road
118 1 n1343 0.1462 20 13 9.0 LD Res
119 1 n1287 0.9604 20 82 6.0 LD Res
120 1 n1468 0.6855 25 83 6.0 LD Res/road
121 1 n1642 0.2403 25 36 4.0 LD Res/road
122 1 n1624 0.9427 25 58 4.0 LD Res/road
123 1 n1092 1.1644 25 43 8.0 LD Res/road
124 1 n1050 0.7473 2 41 8.0 Natural
125 1 n1012 0.6083 50 50 3.0 HD/MD Res
126 1 n1043 0.6305 50 41 0.3 HD/MD Res
127 1 n977 0.4958 40 46 2.0 MD Res
128 1 n933 0.6253 40 36 7.0 MD Res
129 1 n933 0.5644 40 36 1.0 MD Res
130 1 n596 0.2552 40 21 1.5 MD Res
131 1 n570 0.9646 25 43 0.5 LD Res
132 1 n796 0.5759 25 46 0.5 LD Res
133 1 n926 0.9081 25 56 0.3 LD Res
134 1 n734 0.605 25 40 3.0 LD Res
135 1 n545 0.8471 25 48 1.4 LD Res
136 1 n561 0.4921 25 43 2.0 LD Res
137 1 n690 0.5296 25 40 1.7 LD Res
138 1 n701 0.4941 30 30 0.6 LD Res
139 1 n515 0.7735 25 46 0.3 LD Res



 

Appendix C – Node 1023 Measured Flow Data 
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Author 
Anne Girtz 

Meeting Date 
27/01/2016 

anne.girtz@afconsult.com 
 

Meeting Location 
Fagersta/NVK Municipal Building 

 Norbergsvägen 19, Fagersta 
 

Fagersta Stormwater Model Project 
KTH Master’s Thesis – Project Scope Discussion 

Attendees: Ola Carlsson, NVK; Anne Girtz, Erik Svensson, ÅF 

Discussion:  

• AG presented a brief PowerPoint (see file). Proposal is to develop a hydraulic and 
hydrodynamic stormwater model for the Municipality of Fagersta. The purpose of this 
meeting is to discuss potential uses and preferences of NVK (OC) with respect to the 
model. 

• OC discussed some ongoing issues related to the stormwater system 
o Removal/disconnection of combined connections – Ramboll is currently 

undertaking a renewal plan to identify and prioritize these areas. The impact 
of these disconnections is of great interest to NVK. Flow measurements and 
inventory have also been done as part of this project. ÅF to ask for report 
from Malin at Ramboll. 

o Basement flooding has been an issue, especially in Bondevägen road area (SE 
part of Västanfors). Ramboll completed an utredning for this issue but the 
results were inconclusive. This area is from the 70s. OC still interested in this 
issue/solution. 

• The scope of the project was discussed and it was agreed that the best plan is to start 
with the south part of the municipality, formerly known as Västanfors. Once this 
model is established, and preliminary results are obtained, we can decide how/if to 
move forward with the north part of the municipality, possibly then as an ÅF project. 
OC also expressed interest in modelling Norsberg at that time as well. Some 
discussion/comments from the model scope and plan include: 

o OC and Teodora will be the main contact people for AG 
o GIS person is located in Avesta; OC to provide contact details 
o Lars, the NVK field supervisor knows the most about the system and can be 

contacted for questions on system configuration/operation 
o Initial proposal was to start with 300Φ pipes and greater; since we will start 

with a smaller area, we will likely model all pipes. AG to assess this in the 
next week or so when starting model development. 

o SMHI has existing and future storms which will be used for the hydrodynamic 
inputs. ES mentioned there is a new SvenskVatten manual to address these 
(P104 or -105?) 

o X on map (and Hantverksvägen area) is predicted to have the highest impact 
from system separation 

o 3 on map - 500 Φ outlet is combined with sanitary overflow (after screen) 
• Next Steps 

o Progress meeting scheduled for 23 March 10AM for preliminary results of 
Västanfors. AG to send invite. 

o ES to contact Ramboll for Combined Sewer report, flow monitoring results, 
and Bondevägen Dagv Utredning 

o AG to request GIS contact from OC 
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Figure used for discussion: 

 

 

Author: AG  

Stream – 
see pics 

Västanfors 
– Area 1 

Bondevägen 
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Author 
Anne Girtz 

Meeting Date 
19/04/2016 

anne.girtz@afconsult.com 
 

Meeting Location 
Fagersta/NVK Municipal Building 

 Norbergsvägen 19, Fagersta 
 

Västanfors Stormwater Model Project 
KTH Master’s Thesis – Project Update 

Attendees: Ola Carlsson, NVK; Anne Girtz, ÅF 

Discussion:  

• AG provided a status update of the project, now called Västanfors Stormwater Model. 
Preliminary results were obtained after completion of model construction, input of 
storm data, and model simulation.  

o The storm event used was the same design storm used by Malin (Ramboll) in 
the work they are doing for NVK/Fagersta. This is a 10 year-6 hour design 
storm 

o See AG ‘Status Updates’ for detailed model progress 

Preliminary Model Results: 

The following areas were identified after simulation as deficient; for nodes, parameters 
evaluated were total flood volume and max flooding rate. While there are more deficient 
nodes than discussed below, these were the most deficient, or selected because of 
specific interest in that area. 

Profiles were generated for deficient areas (see attached). Parameters for nodes to be 
selected as deficient included: ≥0.1 Total Flood Volume (10*6 ltr), then Max Flooding 
Rate (CMS). 

These were discussed and OC was asked for input/confirmation of deficiency. 

1. Node 1023; see Profile 1  

Node 1023 (0.109 Volume; 0.372 CMS); 1 node US of outlet 6 

Conduit 81 (1.08 Max/Full Flow) 

Notes: this area is of specific concern because there is an overflow from the 

sanitary sewer to the storm system. The sanitary mains in this area are near 

capacity and regularly experience high flows. When examining the invert (VG) 

levels, the stormwater appears to be lower than the spill, meaning that if the 

stormwater main surcharges (as exhibited in the model simulation), stormwater 

will overflow back into the sanitary mains. This is of great concern to NVK 

(already high flows in sanitary system, looking to separate other parts of system, 

etc.). OC would like to know how often this is happening, including estimated 

volume. Discussed running a ‘5 year’ event to simulate something possibly more 

regular. This area is scheduled to be ‘cleaned’ up in the near future 

(adjustment/refining of connections) 

2. Node 290; see Profile 2 

Node 290 (0.863 Volume; 1.167 CMS) 
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Notes: Kristianbergsvägen industrial area that has almost all impervious area; 

known problem area; old pipes (50s?) 

3. Node 423; see Profile 3 

Node 423 (0.221 Volume; 0.629 CMS) 

Notes: Same as 2 

4. Node 53; see Profile 4 

Node 53 (0.659 Volume; 0.353 CMS), 101 (0.255 Volume; 0.059 CMS) 

Notes: this area is planned to be rebuilt (water and sanitary) later this year, but 

only to node 101; suggest to confirm if pipe 155 is in fact a 300 mm dia. (pipe 

going under railway). This is undersized for both upstream pipes and capacity. 

Look at extension of planned project to include further downstream. 

5. Node 1725; see profile 5 

Node 1725 (0.433 Volume; 0.360 CMS), 13 (0.287 Volume; 0.174 CMS) 

Notes: OC said it is known this area is at capacity and they cannot add additional 

flows; small diameter (225 mm); suggest to check VG levels on node 1725. 

A few additional areas were examined, including the low-lying area of Bergslagsvägen 

(see Profile 6), which was at or over design capacity. 

Next Steps/Follow Up: 

• AG to run 5 year rainfall on the system to investigate Profile 1 (node 1023) and 

provide results to OC 

• AG to input of roughness factors for various types of pipe – based on material if 

known, or age (dwg of pipe age exists, ÅF has a copy) (not urgent) 

• OC to discuss results with field supervisor; talk to ES if they wish to move forward 

with modelling the rest of the system 

 

 

Author: AG  



 

Appendix F – EPA SWMM Model Simulation Results (4 Scenarios) 
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