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SUMMARY IN SWEDISH  

Dagvatten är ett problem som blir mer och mer aktuellt. De pågående förändringarna 
i vårt klimat påverkar vattencykeln och i stora drag dagvattnet. Hur de drabbas beror 
på vilken del av världen som studeras. Torka och vattenbrist blir allt vanligare i torra 
regionerna medan översvämningar och regnmängderna ökar på andra ställen på 
jorden. Det är inte bara brist- eller översvämningsproblematiken som gör dagvatten 
till en prioritet utan även spridningen av föroreningar och näringsämnen som 
transporteras med dagvatten ut i recipienter. Hållbar dagvattenhantering går ut på att 
ta hand om dagvatten så nära källan som möjligt samt att påverka den naturliga 
vattencykeln så lite som möjligt i urbana områden. Förutom lösningar på tidigare 
nämnda problem kan de också medföra andra positiva egenskaper som mer grönska i 
staden som i sin tur ger bättre luftkvalité, dämpar ljud och ökad biologisk mångfald. 
Att se dagvatten som en resurs och integrera den i stadsbilden skapar ytor för 
rekreation vilka medför ökad trivsel hos innevånarna. 

Genom att göra en internationell litteraturstudie där olika länder, alla framstående 
inom hållbar dagvattenhantering, studerats skapas en grundläggande förståelse över 
hur arbetet ser ut idag. Den faktor som skiljer på hur länder valt att jobba med 
dagvattenproblematiken är klimatet och de problem som följer. I Australien är 
vattenbrist ett stort problem och där finns även en tydlig inblandning från 
myndigheter med finansiering av projekt. I USA har de mest aktiva delstaterna in om 
hållbar dagvattenhantering framförallt problem med föroreningar av närliggande 
vattendrag och även översvämningar ett stort problem liksom de växande urbana 
miljöerna. Ekonomiska styrmedel och nationella riktlinjer är av stor vikt även om 
arbetet främst sker på stat eller stads nivå. Europa håller sig till övergripande mål från 
EU och lägger ansvaret på kommunal nivå. 

Inom hållbar dagvattenhantering ryms en mängd olika tekniker och tillvägagångssätt. I 
stora drag kan det sammanfattas inom fyra olika kategorier: reducering av toppflöden, 
reducering av volymer, rening och återanvändning. Water System Urban Design, 
WSUD, ämnat till att integrera dagvattenlösningar i den urbana stadsbilden och skapa 
mervärden. Genom att kombinera arkitektur och samhällsplanering med hanteringen 
av vatten i en stad kan gynnsamma förhållanden för växter och träd i urbana miljöer 
skapas samtidigt som rekreationsytor för innevånarna blir fler. Satsningar på grön 
infrastruktur och hållbar dagvattenhantering genererar även ekonomisk aktivitet och 
arbetstillfällen. 

Studieområdet Kvarnholmen är en halvö i Nacka kommun som tidigare varit ett 
industriområde. Nu byggs det om till en modern stadsdel med bostäder, arbetsplatser, 
dagis och skola. I planen finns flera delområden och ett, Detaljplan 4, valdes att 
studera närmare med utgångspunkt för hållbar dagvattenhantering. Flöden 
beräknades med rationella metoden för ett tio års regn med tio minuters varaktighet. 
En klimatfaktor på 20 procent användes också efter prognoser från SMHI. I resultatet 
och rekommendationerna finns ett flertal olika lösningar som har olika effekt. 
Skelettjordarna kan ta hand om stora mängder vatten och på så vis minska risken för 
översvämningar och risken för att orenat dagvatten når recipienten. Ett flertal olika 
gröna lösningar föreslås också bland annat gröna tak och växtbäddar. Torra 
dagvattendammar som integreras i stadsplaneringen och utgör rekreationsytor föreslås 
också. Dessa skulle kunna buffra större vattenmängder vid intensiva regn. Vid de 
mest extrema regnen kommer inte allt vatten från alla delar av detaljplanen kunna 
hanteras, förslaget är då att vatten genererat från natur- och hällmarken skall kunna 
ledas ut direkt i recipienten. 
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ABSTRACT 

Climate change presents us with greater and greater challenges and stormwater is an 
important part of our future water problems. In some parts of the world the increase 
and intensification in precipitation causes strain on existing infrastructure while, in 
others, draughts are becoming more and more severe. Handling stormwater 
sustainably does not only gain the environment by controlling pollutant spreading, 
helping with flooding control and water reuse but can also have added values in urban 
areas if included in urban planning. Implementing green infrastructure and sustainable 
stormwater solutions creates jobs and are in many countries seen as the future way of 
handling stormwater.  There are many different techniques and ways of adopting 
sustainable stormwater handling depending on the local problem and physical as well 
as economic conditions. Together they all have in common of creating added values 
when implemented. Increased biodiversity, improved air quality, reduced noise, 
improved growing conditions for urban trees and aesthetical values that have a 
positive effect on human health are just some of the positive added values of 
sustainable stormwater handling.  

The case study in this report concerns a new development on a peninsula in the 
municipality on Nacka, Stockholm. The recommendation is to adopt the approach of 
many small solutions that combines to a sustainable way of handling stormwater that 
not only solves the problem but creates added values in the living and working area. 
Stormwater is a resource that should be used as one in order to have sustainable 
urban planning. 

Key words: Sustainable stormwater handling; Stormwater; Kvarnholmen; 
Nacka municipality; Water system urban design; WSUD 

1. INTRODUCTION 

1.1. Background 
The effects of climate change are presenting us with great challenges 
when dealing with stormwater today and in the future. An increase and 
intensification in precipitation puts a strain on existing infrastructure 
causing flooding and droughts are becoming worse making water a 
valuable resource. The spreading of pollutants through untreated 
stormwater is another issue that has caused great environmental 
problems. The pollutions origin from traffic emissions, wearing from 
cars on pavements, building material and other spill and is accumulated 
in runoff. Stormwater is rarely a problem in natural vegetated areas and 
non-disturbed land. There, water follows the natural water cycle of 
precipitation, infiltration, evaporation and condensation. In urban areas 
the water cycle is disturbed by hardening of the surface leading to an 
increased runoff and reduced infiltration. In traditional stormwater 
handling the water is lead down a sewer system and, in most cases, 
released untreated in the nearest recipient. This has not only the effect 
of spreading pollutants but also reducing evaporation within the urban 
area. That, together with the massive materials that radiate and absorb 
heat and lack in vegetation, is a contributing factor to the climate 
phenomena in cities called the heat island effect. 

Hence, handling stormwater sustainably is becoming more and more 
important as the effects on the environment are becoming clearer. But 
instead of looking at stormwater as the problem we can look at it as a 
resource. Studies has shown that green infrastructure have a positive 
effect on people especially living in urban areas and big cities (James et 
al, 2007). This could be utilised in urban areas applying stormwater 
handling to green infrastructure and urban design. 
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1.2. Aim and limitations 
The aims of this project were to (i) investigate what is being done in the 
area of sustainable stormwater handling and Water Sensitive Urban 
Design; (ii) to conduct an extended literature study and compile a 
guiding document with techniques and solutions that can be used when 
planning and building a new development with sustainable handling of 
stormwater; (iii) finally, apply it on an ongoing case of development. The 
location chosen is Kvarnholmen, a peninsula in Nacka municipality 
which is under construction to become a new waterfront living and 
working area. 

The literature study is limited to scientific articles, papers, governmental 
documents and guidelines together with studies and follow ups on 
municipal projects around the world. Internationally only some of the 
most prominent within the work of sustainable stormwater 
management, Australia, United States and some counties in Europe, has 
been studied. To have relevant knowledge for the case study, the 
management in Sweden is also studied. The case study at Kvarnholmen 
is limited to the Developing Plan 4 which covers the south part of the 
peninsula. 

Questions to be answered in this report are as follows. 

 What are the predominant models of stormwater handling used in 
the world today? What incitements are there? 

 What techniques are available in sustainable stormwater handling and 
how can they be adopted into Water Sensitive Urban Design? 

 How can stormwater be handled sustainably within the new 
development at Kvarnholmen in the municipality of Nacka? 

1.3. Scope and Methodology 
The scope in this report is handling of stormwater with focus on the 
sustainability. Stormwater can be defined as the surface runoff from rain 
or melt water (SCTT, 1976). In some definitions rinsing water and 
penetrating ground water can be regarded as stormwater as well. 

Sustainable stormwater handling or management has the goal to reduce 
stormwater runoff by handling and treating the water as close to the 
source as possible. It aims to bring the water back to its natural cycle 
which is heavily disturbed i cities (Dickhaut et al, 2011).  There are a 
number of different approaches to sustainable stormwater handling and 
the terminology differs through the world. In this report the main focus 
is connecting stormwater handling to Water Sensitive Urban Design 
(WSUD), a philosophical approach to urban planning and design. In 
WSUD there is a broader perspective on sustainable stormwater 
management that includes the opportunities for urban design and 
landscape architecture (Chesterfield, Lloyd, Wong, 2002). In the 
SWITCH report Sustainable Water Management in the City of the 
Future WSUD is defined as a interdisciplinary cooperation of water 
management, landscape planning and urban design. It develops 
integrative strategies for economical, ecological, cultural and social 
sustainability (Dickhaut et al, 2011). 

Besides WSUD there are many approaches and terminologies to 
sustainable stormwater some of with are mentioned in the following 
chapters. Green Infrastructure (GI) is mostly used in USA and describes 
approaches within stormwater management where the aim is to reduce 
runoff through onsite evaporation, infiltration and reuse of rainwater. 
Sustainable Urban Drainage Systems (SUDS) describes measures for 
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sustainable stormwater management and is used in the UK. Best 
Management Practise (BMP) describes measurements for stormwater 
management like SUDS but the term is used in the whole of Europe as 
well as in the USA. In Germany the term Decentralised 
Rainwater/Stormwater Management (DRWM) is frequently used and 
describes measurements and techniques (Dickhaut et al, 2011). 

The methodology for conducting the literature study was searching for 
articles, scientific paper through the web-based search application from 
the library of the Royal Institute of Technology. Using literature 
available at the Royal Library, published material on the web and 
materials via the Swedish trade organisation, the Swedish Water and 
Wastewater association, the Swedish Meteorological and Hydrological 
Institute (SMHI) and Scandinavian Green Roof Association. 

The methods used within the case study can be found in chapter 3.7. 
Most of the work used as references in the report has been published 
later than 2006 even though some older publications have been studies 
as well. 

2. LITERATURE REVIEW -  SUSTAINABLE STORMWATER 

MANAGEMENT WORLDWIDE  

Sustainable stormwater handling is being used in greater and greater 
extent around the world today. There are many different approaches to 
the problems regarding stormwater depending on geographic location. 
To get a better understanding on different techniques, involvement and 
approaches a worldwide literature study have been conducted and is 
presented below. There is also a chapter that contains a gathering of 
sustainable stormwater handling solutions and techniques in relation to 
WSUD. 

2.1. Driving forces and incitements 
The following chapter has been divided by geographical location to get a 
better overview. 

2.1.1. Australia 

The term of Water Sensitive Urban Design derive from Australia where 
the water issue has been on the agenda for many decades. In Australia 
the approach on sustainable stormwater handling is being used more 
and more to handle the problems regarding water. In the last years the 
east coast have been seeing catastrophic flooding due to heavy rains and 
therefore have been forced to look deeper into the storm water handling 
solutions. But flooding is not often the major problem in that type of 
dry climate. Water scarcity makes reuse of stormwater very important 
and sustainable stormwater solutions often regards the gathering and 
reuse of stormwater. The approach of Water Sensitive Urban Design 
hence focuses not only on flood control and pollution but also on water 
reuses and management in collaboration with urban design and 
recreation. 

A number of new techniques on water treatment and harvesting are 
being used in Australia in order to compliment the grey infrastructure 
and better utilise the water. Many municipalities, e.g. Melbourne, are 
using intern platforms to inform about the advantages of on-site 
stormwater management and encourage creative solutions from the 
private sector. On a national scale WSUD strategies are recommended 
but not required by regulations. Licenses and permission for local 
WSUD infrastructure projects and schemes are issued locally and a 
number of the bigger cities like Melbourne and Sydney strongly support 
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WSUD (Dickhaut et al, 2011). But the Council of Australian 
Governments is moving towards water reforms especially in urban 
environments. In June 2004 the National Water Initiative was signed. It 
is a reform on agreed actions to achieve a cohesive national approach to 
manage, plan, trade and measure water (Australian Government 
National Water Commission, 2004). Similar to the Water Framework 
Directive in Europe, Australia has developed The Water Act 2007 which 
promotes working with water on a basin-level (Australian Government, 
2007). 

The Australian Government have implied funding for projects involving 
stormwater handling. One example is support of urban stormwater 
harvesting and reuse projects. Unfortunately the amount of founding 
was reduced by 50 million dollars during late 2011 due to national saving 
measures (Australian Government, Department of Sustainability, 
Environment, Water, Population and Communities, 2011). 

2.1.2. USA 

Sustainable stormwater solutions in the form of green infrastructure are 
growing fast in the United States. The Government has water quality 
regulation on a federal level through the Clean Water Act from 1972 but 
specifics are generally under state or regional authority (Dickhaut et al, 
2011). The national organisation body for water quality and management 
regulations is the Environmental Protection Agency (EPA). They set the 
national standard for pollution and stormwater management which is 
organised in the US via BMP (EPA, 2010). Although BMPs do not 
directly mean decentralised management it is clear that the federal 
Government strongly supports the idea of sustainable stormwater 
management in future developments. The local authorities are the ones 
that have been toughest in adopting sustainable stormwater management 
practice. Philadelphia and New York are two of the cities that have 
come the furthest with their plans and implementation (Dickhaut et al, 
2011).  EPA have released a number of handbooks in the field of Green 
Infrastructure to give cities advice on promoting, implementing and 
funding green infrastructure projects (West Virginia department of 
environmental protection, 2009). It is likely that the local authorities will 
drive sustainable stormwater management from the bottom up in the 
coming years with the help and support from the EPA (Dickhaut et al, 
2011). 

There are a number of funding possibilities on a governmental scale in 
the US (EPA, 2011). For example, the recent Obama administration 
allocated $6.680.000 for “green infrastructure, water or energy efficiency 
improvements, or other environmentally innovative activities”. Many 
states in the US like New York, Portland and Philadelphia are 
earmarking founds for green infrastructure projects. Philadelphia is one 
of the most active with its heavy emphasis on green infrastructure. In 
June 2011 the state of Pennsylvania approved the city’s 25-year Green 
City, Clean Waters plan with a $2.4-billion budget. In the budget the city 
allocated just 14 % for upgrading of treatment plants and 70 % to green 
infrastructure (Philadelphia Water Department, 2011). 

In the US economic management control measures has proven effective 
for the implementation of decentralised stormwater solutions. By setting 
the prices and fees for the discharge of rainwater into the sewer system 
and also providing possibilities to be excluded from the charges, the 
cities have influence over if sustainable stormwater solutions are used or 
not (Dickhaut et al, 2011). The advocacy group Green For All based in 
Washington DC and Oakland submitted a report in late 2011 with 
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economic calculation of green infrastructure investment. It concluded 
that an investment of $188 billion dollar in green infrastructure projects 
over the 5 next years would create almost 1.9 million jobs and generate 
about $265 billion in economic activity (Gordon et al, 2011). 

2.1.3. Europe 

In Europe the problem with stormwater varies throughout the 
countries. In the south parts of Europe there are periods of water 
scarcity which makes harvesting and reuse of water important. In the 
north part flooding control and pollution are two of the main 
challenges. Many of the European countries have established guidelines 
for sustainable management of stormwater based on the Water 
Framework Directive (WFD) adopted by the European commission in 
2000. The WFD is as a tool for working with the commission objectives 
for water in Europe. It serves to organise governing zones based on 
basins, promote collaboration and communication and develop goals for 
the revitalisation and protection of water systems. An important 
objective is that all water bodies should achieve good status by a set 
deadline (Water Framework Directive, 2000). 

Germany and UK are two of the countries that have come the furthest 
in sustainable stormwater handling. Germany was one of the first to do 
intensive research on sustainable stormwater management and also to 
put it into practise. In Germany today decentralised stormwater handling 
are seen as acceptable and many times preferred compared to 
conventional grey systems. They have a strong federal role in the 
regulation and support for sustainable water management solutions. 
Water management engineering regulations have been adopted by the 
German Association for Water Management, Wastewater and Waste. 
The regulations include sections on the planning, building and 
maintenance of decentralised stormwater treatment standards and 
rainwater infiltration systems. In Germany the ”polluter pays” principal 
from the WFD are strongly followed and a first national environmental 
tax has been developed to place financial responsibility and clean up at 

the polluters (Dickhaut et al, 2011). 

In the UK SUSD are not required but repeatedly listed as preferred 
stormwater management solutions (Dickhaut et al, 2011). The National 
SUDS Working Group has put together a guiding document, The 
Interim Code of Practice. It provides a strategic approach to the 
allocation of maintenance for SUDS in Wails and England. The aim is to 
ease the implementation of sustainable drainage by providing model 
maintenance agreements and advice on their use. It is part of a wider 
range of actions being pursued to see that the potential of sustainable 
drainage solutions are being evaluated at a cost-effective approach 
(National SUDS Working Group, 2004). The rest of the UK, Scotland 
and Northern Ireland have a similar document from the same working 
group, Sustainable urban drainage systems - Design manual for Scotland 
and Northern Ireland (Dickhaut et al, 2011). 

There is some funding in Europe to promote sustainable stormwater 
management but it is being downsized. The United Nations 
Environmental Program (UNEP) states that;”The institutional 
frameworks existing in Western Europe imply that the financing of the 
wastewater and stormwater management is a responsibility of the 
municipalities and/or the private companies contracted for the 
operation and maintenance of the systems. Government may help but us 

not in charge.” UNEP also says that subsidies exist today by up to 20-
30% but will be gradually abolished (UNEP, 2000). But there are other 
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organisations that offer economic support. One example is in Germany 
where there are several options of funding set up to support the 
implementation of green roofs. The Hafen City University of Hamburg 
worked together with the German Green Roofs Association to create a 
guide for municipalities with advice on funding options for enhanced 
implementation of green roofs in their communities (Dickhaut et al, 
2011). 

2.1.4. Sweden 

The Swedish Government has produces sixteen national environmental 
quality objectives to ensure improvement on the status of the 
environment. Several of these are closely connected to the handling of 

stormwater: zero eutrophication, good built environment, flourishing 
lakes and streams, good quality groundwater, a balanced marine 
environment, flourishing coastal areas and archipelagos, thriving 
wetlands, non-toxic environment and a rich diversity of plant and animal 
life. All objectives are to be met within one generation (Swedish 
Environmental Protection Agency, 2012). To be able to follow this, a 
change in stormwater handling is of high importance on a local and 
municipal scale. The adopting of the WFD in 2000 has affected the way 
the Swedish Government and municipalities must work with issues 
regarding water. There is no national guideline on how to manage 
stormwater, the responsibility lies with each municipality. But the 
Swedish trade organisation the Swedish Water and Wastewater 
Association have published guides with advice on how to work with 
stormwater. The latest publication, P105, came in August 2011 and 
contains examples on how to create a sustainable stormwater and drain 
water handling (Swedish Water and Wastewater Association, 2011). 

The municipalities or private constructers are responsible for the 
founding of stormwater solutions. There are no federal incitements 
aimed strictly for sustainable stormwater handling in Sweden but some 
founding from County Administrative Boards for projects involving 
water can be found e.g. the LOVA project in the county of Uppsala 
(County Administrative Board of Uppsala, 2011). 

2.2. Sustainable stormwater solutions and techniques 
The following chapter contain a summary of techniques and sustainable 
stormwater solutions that can be of interest when planning stormwater 
management at a new development. There are also several examples on 
how the techniques can be applied according to WSUD. In this report 
ways of handling stormwater have been categorised into four different 
parts. But almost all of the natural management approaches serve more 
than one of the following categories. 

2.2.1. Reduction of peak flows 

Retention ponds and structures 

There are two types of retention ponds, wet and dry. Wet ponds are 
water filled or wet constantly and are constructed to store and hold rain- 
and meltwater. They can also be designed to circulate water through a 
filter device, either technical or natural, to improve the water quality. 
The water is then either sent downstream to infiltrate or, together with 
other management techniques, used for irrigation or other appropriate 
water supplies. Dry detention ponds are surface storage basins that are 
designed to hold stormwater at e.g. heavy rains but are dry most of the 
time. Water is collected in the basin and the slowly evaporated, 
infiltrated or led to an additional conveyance or surface water system. 
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Used in urban design retention ponds can contribute with great 
recreational and aesthetic value. Water in urban areas increases humidity 
and is positive for the local climate. The dry retention ponds can be 
landscaped to a recreational space and therefore easily be incorporated 
into park design and planning (Fig. 1a-c). 

Open flow canals 

Open flow canals are retention systems that can be built in existing 
infrastructure leading water to another type of stormwater management 
e.g. a swale or retention pond. The canals task is to be a transport way 
for stormwater and to slow it down, reducing top flows. 

From an urban design point of view open flow canals are an aesthetic 
contributor to the urban environment and dramatically change the 
precipitation of an urban space. It can be designed in many different 
ways to fit the area and is not expensive to construct. The problem 
might be to keep the canals clean to prevent flooding and compatible 
with e.g. snow clearing. 

2.2.2. Reduction of runoff volume 

Green roof  

There are basically three different types of green roof, intensive, semi-
intensive and extensive. Intensive green roofs are like gardens with a 
thick soil layer and high vegetation e.g. trees and large bushes. Semi-
intensive roofs have a thinner soil layer and hence a lighter type of 
vegetation of grass, small bushes and other plants of that size. Extensive 
roofs have only a thin soil layer with a limited flora. The extensive roofs 
are often covered with drought resistant succulent plants that demands 
minimal maintenance (Scandinavian Green Roof Association, 2012). An 
extensive roof can reduce the total runoff by more than 50 % according 
to a study made at the University of Connecticut (Clausen, Gregoire, 
2011). The cost for a green roof varies depending on what type but 
according to the Swedish company Veg Tech, a sedum green roof starts 
at 250 SEK and up depending on the mounting cost (Karlberg, 2012). 
Important is that the building structurally can hold the increased weight 
of the roof. 

In urban design a green roof not only contributes with an increase in 
roof runoff but also a varying colour spectra and local climate 
improvements. Green roofs are a visible improvement but can also be 
designed to access recreationally as a garden a major positive effect in 
hard urban areas. They also help biodiversity within the city and by 
increasing evaporation and transpiration resist the heat island effect 
(Dickhaut et al, 2011). Studies also show that green roofs have a positive 
effect on lowering noise levels (Lagerström, 2004). 

Figure 1a, b and c. Dry retention pond designed as a 
playground. a) Left, the pond is dry for 90 % of the year. b) 
Middle, with a medium rainfall the water integrates to 
playground. c) Right, at high rainfall the playground takes the 
shape of a water filled pond (Dickhaut et al, 2011). 
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Permeable surface layers 

Permeable surface layers include asphalt, concrete or pavers that allow 
water to pass through the porous medium and infiltrate (Dickhaut et al, 
2011). Both pervious asphalt and concrete allows water to rapidly 
percolate through to avoid large stormwater runoff. Pervious pavers are 
usually made of concrete block, brick, stone or cobbles that are pre-
made. They are placed to form interlocking patterns on a porous ground 
(sand bed or drainage system) and the hollow spaces are filled with sand 
or gravel. This makes it easy for the water to infiltrate and reduce runoff 
(Dolittle et al, 2012). Permeable pavement systems are usable both for 
pedestrian and vehicle traffic and studies have indicated that they require 
less frequent repair then regular paving (Dolittle et al, 2012). Though, 
there are other studies that show that they clog relatively rapidly 
especially in the Nordic climate where winter tires affect the paving. In 
parking lots and pedestrian spaces the traffic load and wearing are not as 
great and clogging therefor less (Dickhaut et al, 2011). 

Pervious pavers come in many shapes, sizes and colours which can add 
to the aesthetic amenity of an urbane space together with reducing the 
stormwater runoff. It can also be used to reduce noise by slowing down 
traffic (Dickhaut et al, 2011). 

Bioswales 

Swales are vegetated gently sloping drainage features with grass or dense 
vegetation that store, transport or let stormwater infiltrate. They can 
have either an impermeable base or a permeable one depending on 
usage. Vegetation in the swale slows the water down and filters it letting 
sediments and pollutions settle whilst letting the water infiltrate or 
transport to a downstream management. Swales are attractive, cost-
effective, can create visual enhancement and promotes biodiversity by 
creating a natural habitat. They can reduce the number of pipes and total 
cost of stormwater drains required at a new development (Dickhaut et 
al, 2011; Dolittle et al, 2012). 

Within urban design swales can rather easily be integrated into open 
spaces, housing areas and parklands. Inevitably, they need space and 
land area. When designed carefully swales can create an interesting area 
that can be used for recreation when dry (Dickhaut et al, 2011). 

Trenches and vegetated infiltration zones 

Trenches and infiltration zones are planted spaces designed for rapid 
infiltration of stormwater runoff. These types of systems can be made 

Figure 2a and b. a) Left, a bioswale at a parking lot in Portland, 
Oregon (Doolittle et al, 2012). b). Right, a swale at Vanåsgatan in 
Malmö, Sweden (Stahre, 2008). 
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Figure 3a and b. a) Left, green infiltration spaces that function as a 
recreational space at Tanner Springs Park, Portland, Oregon. b) 
Right, divided in three sections with green infiltration space, 
natural marshland vegetation and the wet detention pond. The 
pond is a key element for the handling of stormwater in the area 
(Dickhaut et al, 2011). 

with highly technical solutions and layers for e.g. retention, infiltration 
and filtration. These are often constructed by sand, gravel or other 
substructures (Dickhaut et al, 2011). The cost of these stormwater 
management solutions vary depending on site conditions and type but 
can be constructed relatively cheap. 

Rain gardens and street planters are two type of planted infiltration zone 
commonly used (Dickhaut  et al, 2011). A rain garden is a landscaped or 
natural depression which works as infiltration and treatment basins. It 
can have a natural receiving of runoff or through an inlet pipe. The 
water is temporally stored in the rain garden before it infiltrates or is 
taken up by the plants. Positive effects are among others the 
improvement of water quality by filtering of pollutants and settling of 
sediment as well as natural groundwater recharge (Dolittle et al, 2012). 

In urban design and planning these types of solutions can be adapted 
and incorporated to a diverse setting of structures. Public and private 
gardens, parks, roadside planters, sidewalks, driveways and more. They 
can ease up a hard paved area adding green values that improve the local 
room. The environment can drastically improve (Dickhaut et al, 2011). 

Infiltration zone 

There are also infiltration zones and techniques that are not vegetated. A 
dry well is one type of infiltration zone. It consists of a perforated pipe 
underground surrounded by coarse material like gravel that lets water 
infiltrate easily into the ground. In some cases there is also a catch basin 
for sedimentation within the system. Dry wells can easily be installed as 
long as the area has sufficient drainage. The negative part is that there is 
limited treatment so this type of system is not allowed for all types of 
stormwater and not in areas close to wellhead protection areas, 
groundwater resources or other sensitive biotopes (Dolittle et al, 2012). 

As an urban design implement, an infiltration technique of this kind is 
suitable in a private garden with little pollutants in the stormwater. It can 
also be used in high-density urban areas with lack of space where the 
systems can be placed beneath the street surface. 
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Skeleton soil structure 

Another type of combined infiltration zone and tree planting is the 
skeleton soil. It was originally conducted to help urban trees get access 
to water and air in hard paved urban areas (Pettersson, 2006). It is built 
up by highly porous material in which the trees are planted in contact 
with. Runoff from roads, pavements or other hard surfaces is lead to a 
well where it is later distributed to the skeleton soil where it infiltrates 
(Alm, 2005). The structure often has a bottom layer of an impervious 
material of e.g. clay or geo-fabric to contain the water so that the trees 
can utilise it. This is also preferable if it is not desirable for the water to 
percolate. There are different ways of constructing the structures 
depending on its purpose. To this report, no studies on the treatment 
effect of skeleton soil structure have been accounted. Some adsorption 
and sedimentation of particles are likely to appear as well as some uptake 
of nutrients from the trees. 

Skeleton soil structure is a good way of ensuring better growing 
conditions for trees and plants. Within urban design green spaces and 
trees are of great value both for the local climate but also for recreation, 
wildlife habitat and biodiversity. 

2.2.3. Treatment 

Filter 

There are many different types of filters with different objectives. They 
can be above ground or   chambers build underground designed to treat 
stormwater runoff (Dickhaut et al, 2011). In conventional stormwater 
handling filters are used today to sort out litter and other larger object 
preventing it from entering the stormwater pipe. Examples of these are 
litter racks, gross pollutant traps and sediment basins (Begum, Brown & 
Rasul, 2008). 

There are also several newer techniques where filters are used to treat 
water from pollutions and nutrients. Sand and gravel are typical primary 
filter mediums (Dickhaut et al, 2011) but studies on other filter media 
are being done. In Denmark a project on Dual Porosity Filtration (DPF) 
are tested to see how the treatment affect runoff from roads. DPF is 
designed for adsorption-type removal of dissolved contaminants and 
sedimentation-type removal of suspended solids. A pilot plot has been 
running in Copenhagen and the results look promising. The filtration 
system is considered having a good potential for treatment of road 
runoff water and is expected to be tested in full scale in Copenhagen 
(Bjerager et al, 2011). 

Like infiltrating systems, filters can be placed beneath the surface and 
can hence be a good alternative in high-density urban areas with heavily 
polluted water runoff. Surface filters can be integrated to urban, 
landscape and architectural design in many ways e.g. edgings along 
canals, buildings or green spaces (Dickhaut et al, 2011). 

Floating biomass 

An innovative new tool for nutrient management in ponds, slow-flowing 
waters and lakes are floating treatment wetlands. They consist of 
emergent wetland plants growing on rafts or tethered buoyant mats on 
the water surface. The roots from the plant grow through the mat and 
into the water below utilising nutrients from the water as well as creating 
a large surface area for adsorption and biofilm attachment. This makes it 
especially ideal for deep and fluctuating waters levels like reservoirs, 
dams, ponds, lakes and estuaries. Floating wetlands are now being trailed 
and applied for water quality enhancement in different places around 
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New Zealand to improve the sustainable performance (Headley et al, 
2011). 

In urban design these types of floating wetlands could be used in larger 
existing dams, rivers and canals. In stormwater ponds situated in less 
dense areas or where the attraction of actual water is less important 
these could be an alternative. 

Bioretention 

Bioretention is a collective name for a number of different techniques all 
using bioretention for the treatment of nutrients and pollutions as well 
as reduction of downstream runoff. They are shallow landscaped 
depressions with engineered soil and enhanced vegetation but the shape, 
size and type of vegetation varies from case to case. 

Due to the possibility of designing bioretention so differently the 
systems can be landscaped to fit a variety of urban spaces. If carefully 
designed, the space can be used for recreation when dry and after a 
heavy rain visitors might even be able to enjoy the water. 

Biotope 

A biotope in the subject of sustainable stormwater handling is a 
constructed landscape of deliberately assembled plants and, sometimes, 
animals to achieve ecological sustainability. From a stormwater 
perspective a biotope aims to improve water quality by natural 
oxygenation and other processes. Reed beds or other wetland growth 
are typically used for this purpose (Dickhaut et al, 2011). 

Biotopes are used in urban design not only to improve water quality but 
also to add to the aesthetic values of water features and ponds. The 
design of the area can be done with strategic placement of e.g. reed bed 
to create a shelter from wind and unpleasant sight of the city. This can 
create a recreational place to spend time in as well as increasing 
biodiversity within the city. 

2.2.4. Reuse 

Another way of reducing stormwater runoff is by harvesting the 
precipitation and use it for other purposes. Water scarcity is not a 
problem i Sweden but there is still a lot of energy used to transport and 
treat water. Rainwater can be used within the private garden just by 
collecting the water from the roof in a barrel. Other more evolved 
techniques are e.g. reusing rainwater to flush toilets or use in washing 
machines so called grey water. Reuse of rainwater can also be utilised 
within a number of industries where the water quality does not have to 
be at drinking water standard (Begum, Brown & Rasul, 2008). 
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3. CASE STUDY -  SUSTAINABLE STORMWATER 

HANDLING AT KVARNHOLMEN  

A case study on sustainable stormwater handling has been done in order 
to implement knowledge from the literature study. After contact with 
the municipality of Nacka the ongoing project of turning Kvarnholmen 
into an waterfront living and working area was chosen. The project is 
divided in to several partial planning areas and the one studied in this 
report is Developing Plan 4. 

3.1. Background 
The case study area Kvarnholmen is a peninsula situated in Nacka 
municipality in Stockholm Sweden (Fig.6). To understand the problems 
that might arise with stormwater a background study is done. 

3.2. History 
The history of Kvarnholmen dates back several hundreds of years but 
up to the 19th century the island was more or less uninhabited. In the 
late 1800-hundreds the land was developed for industrial use with 
among others the big mill Three Crowns that is still standing today 
(Nacka municipality, 2012). 

The industrial history of Kvarnholmen consists of the mill-business, 
bread factory 1931 and a macaroni factory 1934 on the north side. 
Housing for workers were built in the mid 1900-hundreds and are still 
there today even though the mill and food industry ended in the late 
1990‘s (Nacka Municipality, 2012). In the middle of Kvarnholmen a 
number of small terrace-houses designed by the Swedish architect Olof 
Thunström are placed together with a couple of multiple stories slab 
block house. This housing area was built in the early 1930’s and are one 
of the first and best preserved areas with this type of functional 
development (Hammarlund-Larsson, 1987). 

On the south side oil industries have, since the late 19th century, used 
the island for storage of oil and other petroleum products in cavities in 
the bedrock as well as in cisterns above ground. The products have been 
handled, received and loaded at the shipping ports on the south part of 
Kvarnholmen where the study area Developing Plan 4 is situated.  

 

 

Figure 4. Picture of Kvarnholmen from the south. The South wharf 
and Sill wharf is circled (Nacka Municipality, 2012). 
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A lubricating oil factory has been active on the south east part and just 
west of the Oil depot the Stockholm Super phosphate factory lain. As 
can be assumed, the environmental impact on the water of 
Svindersviken and soil of Kvarnholmen has been massive (Bengtson, 
2004). 

3.3. Geological, hydrological and vegetation description  
Kvarnholmen has a very accentuated topography with steep slopes 
especially on the south side towards Svindersviken. It mainly consists of 
old granite rocky ground and in some places a thin layer of till on top 
(SGU, 2012). The fauna is coniferous tree, mixed forest and some 
features of garden plants which are leftovers from the time when there 
were summer houses on Kvarnholmen. There are some old oak trees on 
the southeast cape and also some valuable flora in the south slopes. 
Kvarnholmen can to some extent be regarded as a green wedge of 
importance for the migration of insects from Djurgården across Saltsjön 
to the green areas of the north coast of Nacka (Bergström & 
Westrerdahl, 2005).  

The water surrounding Kvarnholmen is Svindersviken on the south side 
and Saltsjön on the north, both brackish. In line with the Water 

Framework Directive these waterbodies should reach good status by a 
set deadline. Saltsjön and Svindersviken are part of the water prevalence 
Strömmen which have been investigated by the Swedish Water 
Authorities and the County Administrative Board in Västmanland. The 

quality of the water in 2009 was set as moderate ecological potential 

and the deadline of reaching good water status, both ecological and 
chemical, was extended to 2021 (VIS, 2012). This means that a number 
of measures need to be done in order to meet the objective from the 
European Commission. One is prevent pollutions and nutrients to enter 
the waters via e.g. stormwater. 

3.4. Soil pollutions 
The County Administrative Board in Stockholm have put together a 
document of some of the county’s most polluted areas connected to old 
industries. The south area of Kvarnholmen including the area of 
Developing Plan 4 is in the report. The area is classified as Risk class 1 
meaning a very high risk for human health and the environment. The 
classification was motivated by the high amounts of pollution and the 
risk of spreading together with the sensitivity of the area when it is 
converted to a living area (Bengtson, 2004). 

Figure 5. Picture of the south west part of Developing Plan 4. Here 
the steep slope of the rock can be seen (Ramböll, 2011a). Photo: 
Sofia Åkerman. 
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Pollutions found in the soil and sediments are hydrocarbons from 
petrol, diesel oil and heavy fuel oil as well as heavy metals like arsenic, 
copper and lead. Traces of trichloroethylene have also been found north 
of the lubricating oil factory. The amounts of pollution are high and 
locally very high in the south part of Kvarnholmen and in the sediments 
offshore in Svindersviken. The groundwater is assumed to be heavily 
polluted. Hydrocarbons and copper are regarded as highly dangerous 
whilst arsenic and lead are very highly dangerous (Bengtson, 2004). The 
risk of the pollutants spreading is evaluated by the County 
Administrative Board to be great. This is due to the soil conditions and 
the closeness to water. The soil mainly consists of till on bedrock and, to 
some extent, filling material on bedrock. The spreading from 
Svindersviken to connecting water bodies is set to moderate to high 
(Bengtson, 2004). 

3.5. Developing Plan 4 
The developing of Kvarnholmen is made in several steps and this case 
study is looking at the fourth one, Developing Plan 4 

3.5.1. Planning description 

Developing plan 4 is situated on the south border of Kvarnholmen and 
the planning area is approximately 4.5 ha. It will have a mixture of 
housing and working spaces with seafront houses, a marina and a 
boardwalk next to the waterfront. 

In the most western corner of the planned area a small park will be 
created. Continuing west there is the South wharf (I). It contains of four 
eight to ten stores tower block houses. The buildings are connected in 
the back by three store houses which rooftops are planned to work as 
recreational spaces for the inhabitants. In the middle a high 18 stories 
building called Vertical house (J) is planned as a connecting point with 
the higher platform and the wharf. It will be connected to an elevator to 
ease the difference in altitude. Continuing east a partly on-water 
building, Entrée house (K), will be built followed by seven houses on Sill 
wharf (L) with steep saddleback roofs facing the waterfront. On the 
other side of the road that follows the sea line is the Lower development 
(M), housing in four stories and a parking garage. On top of the garage a 
terrace is planned. Uphill there is a yard planned for recreation for the 
inhabitants with playground for kids, green areas etc. It is framed by the 

Figure 6. Developing Plan 4 (Nacka Municipality, 2012). 
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Lower development and Upper development (N) which consists of 
multi-storey dwelling (Nacka Municipality, 2012). 

In the east part of the planning area, the Ocean wharf (O), a swimming 
pool complex is suggested to further relate to the waterfront living area. 
The planning area will have, besides the waterfront boardwalk, a pipeline 
footpath through the planning area (Nacka Municipality, 2012). 

Outside the developing area of Developing Plan 4 a new bridge will be 
built to connect Kvarnholmen to the mainland at Nacka. The bridge will 
pass over the developing area and the run alongside the north part just 
next to the Upper development (N) (Nacka Municipality, 2012). 

3.5.2. Soil remediation 

As a part of the developing process pre-studies on the soil were done by 
Kvarnholmen Utveckling AB in order to evaluate the pollution situation. 
They were conducted in 2011 and form the base of the application on 
soil remediation to the municipality and the registration according to the 
Environmental Code considering digging and post treatment of polluted 
mass and bulk. The area will be sanitized and in some parts it has already 
started. According to the application the soil remediation company will 
conduct a soil remediation to soil class 2 within the area up to the level 
of +1.2m. The rest of the soil materials up to the final level of +2.5m 
are not in the application (Kvarnholmen Utveckling AB, 2012). 

3.5.3. Stormwater investigation 

A stormwater investigation for Developing Plan 4 has been made by the 
Swedish company Ramböll. In the report they come to the conclusion 
that the best option for handling stormwater is skeleton soil structures 
that should be made to handle the water from roads, pavements and 
parking areas. The water from roofs and courtyards should be lead to 
planters. The planned skeleton soil is dimensioned to handle a ten year 
ten minute rain with the volume of water that falls on the pavement, 
parking and street (Ramböll, 2011a). In the stormwater investigation 
report calculations with the programme Storm Tac has been done which 
concludes that the amount of pollutant in the water will be within the 
restrictions after the soil is remediated. In Storm Tac the average runoff 
coefficient after construction was calculated to 0.47 and the yearly 
runoff to 16 300 m3 (Ramböll, 2011b). 

3.5.4. Stormwater strategy and policy in Nacka municipality 

The municipality of Nacka has produced a strategy for the handling of 
stormwater within the borders of the municipality. It highlights the 
importance of sustainable handling of stormwater by, in first hand, 
dealing with the stormwater locally. It manly strives to achieve the 
environmental quality objectives: zero eutrophication, a good built 
environment and flourishing lakes and streams. Following the strategy 
might also have a positive effect on other objectives like good quality 
groundwater, a balanced marine environment, flourishing coastal areas 
and archipelago, thriving wetlands, non-toxic environment and a rich 
diversity of plant and animal life (Bandman et al, 2008). In the policy 
that followed the strategy a number of important points were listed. 
Among them were ”Stormwater should be returned to the natural cycle 
as soon as possible and primarily handled locally within the property”, 
”To reduce the environmental strain of stormwater building material 
with the least environmental strain should be chosen. If there still are 
pollutions these should be handled at the source” and ”All physical 
planning that can effect stormwater should  be done long-term and 
observe the assumed climate change” (Nacka Municipality, 2008). 
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3.6. Climate change 
Climate change is an important aspect consider when working with 
stormwater. The predictions from the Swedish Metrological Institute 
include increased precipitation with 10 - 20% over this century (SMHI, 
2011). There are regional variations but the precipitation will mainly 
increase during autumn, winter and spring. It will rain more often and 
more intense. In the south part of Sweden, precipitation during 
summers will decrease but the events of rain will be more intense 
(SMHI, 2009a). Increased precipitation will affect the runoff and the 
total runoff in Sweden will increase by 5 - 25 %, with great regional 
differences (SMHI, 2011). To avoid flooding of systems and leakage of 
pollutants is crucial to recognise this while planning for sustainable 
stormwater handling. 

Effects of climate change also results in a milder climate here in Sweden. 
The average temperature will increase slightly more in winter than in 
summer which affects the snow and ice relations. The heating will lead 
to a prolonged vegetation period (SMHI, 2009a) which can be of 
interest when it comes to green infrastructure and other sustainable 
stormwater handling solutions. 

3.7. Methods 

3.7.1. General methods 

The case study is based on available material regarding the location and 
developing plan of Kvarnholmen. The planning description, 
environmental impact assessments, design program and other 
documents published. Investigations, surveys and reports on soil 
pollution, stormwater and other municipal documents were provided by 
Nacka municipality. Data, statistics and other information came from 
the Swedish Metrological and Hydrological Institute (SMHI), The 
Geological Survey of Sweden (SGU) and the County Administrative 
Board. 

Information on different stormwater techniques and solutions were 
gained during the literature review and applied on the cases study in 

Figure 7. Subareas A-E of the watershed for calculation of runoff. 
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order to evaluate and suggest sustainable stormwater handling at 
Developing Plan 4. The watershed is greater than the planned area 
which will result in excess water coming into the area. The watershed 
was divided in partial areas, A-E, based on where the runoff would be 
generated and flow. The parts are divided by height curves and physical 
structures like buildings and roads (Fig. 9). This would help to calculate 
the storage needed for the dimensioned rain. 

3.7.2. Calculation of runoff 

To calculate the dimensioned runoff the rational method was used. 

qd dim = A * φ * i(tr) 

qd dim = dimensioned stormwater flow 

A = area watershed 

φ = runoff coefficient 

i(tr) = dimensioned rain intensity 

tr = rain duration which in the rational method is equal to the inflow of the area (tc) 

The area consists of varying nature types so different runoff coefficients 
are used to calculate a reduced area and get the dimensioned stormwater 
flow. The nature type and the responding runoff coefficient (Table 1) 

come from the Swedish Water and Wastewater Association. The flow is 
based on a ten year rain with a duration of 10 minutes, a demand from 
the municipality, and i(tr) for this area is assumed at 228 l/s * ha 
(Swedish Water and Wastewater Association). 

To include climate predictions a climate factor of 1.2 are being used to 
the calculations based on SMHI predictions (SMHI, 2011). 

 

Table 1. Runoff coefficient in regard to different type of surface. 
Translation from Swedish Water (Swedish Water and Wastewater 
Assocation,2011). 

 

Type of surface 
Runoff 

coefficient,  φ 
 

Roof 0.9 

Concrete and asphalt surfaces, bedrock with 
steep slope 

0.8 

Rock paved surface with gravel joints 0.7 

Gravel road, steep sloping rocky park area 
without mentionable vegetation 

0.4 

Bedrock with medium slope 0.3 

Gravelyard and gravel path, unbuilt city section 0.2 

Parkland with rich vegetation, hilly rocky forest 
land 

0.1 

Cultivated land, grass plot, meadowland 0-0.1 

Flat forest land with compact vegetation 0-0.1 
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3.7.3. 3.7.3 Green roofs  

A green roof can on a yearly basis reduce the roof runoff with around 50 
% and can be regarded as storage. Approximate area of roof with the 
possibility of adding green roof is 8850 m2, the five houses (L1-7 in Fig. 
8) are considerate to have too steep roof slopes. The water holding 
capacity is approximately 10 l/m2 (Karlberg, 2012). Green roof coverage 
of 90 % is estimated (Table 2 and 3). 

3.7.4. Skeleton soil 

Information regarding area and porosity of the suggested skeleton soils 
comes from the conducted stormwater investigation. The estimated 
porosity is 30% (Orvesten & Stål, 2007) and the area, length and width 
can be seen in the table below (Ramböll, 2011b). On the south wharf 
there are two alternatives due to the possibility of a conflict with 
pipelines under the house. In case two, the width of the skeleton soil 
would become less than half. The depth of the porous layers of the  

skeleton soil was estimated to 0.8 meter (Orvesten & Stål, 2007). The 
calculation of storage in skeleton soil does not consider any eventual 
overflow pipe. 

3.7.5. Planters 

Planters can be constructed in many different ways depending on plants, 
location and other criteria. In the calculations for storage volume the 
choice of soil was a pumiced-stone mixed soil with organic material and 
green compost. The soil has a total pore volume of 76 % but it is 
unlikely to assume that all of pores the can hold water without drowning 
the plant. A porosity of 45 % is used in the calculation which equals the 
water holding porosity at the pressure of -10 cm. 

The area of planters is based on rough assumptions and can be adjusted 
in case of lack of space and need for more storage. 

Table 2. Available area for mounting of green roof. 
 

 A B C D E 

Available area for 
green roof (m

2
) 

1729 3728 1297 - 324 

Total area with 90 % 
coverage (m

2
) 

1556 3355 1167 - 292 

Table 3. Location and area of the suggested skeleton soils from the 
stormwater investigation. 

 

Location 
Length 

(m) 
Width (m) Area (m

2
) 

South 
wharf (1) 

200 4.3 860 

South 
wharf (2) 

200 2 400 

Sill wharf 350 4.5 1575 
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3.7.6. Retention ponds 

The area and depth of the suggested retention ponds is made on rough 
estimations based on measurements from the illustration map. 

4. RESULT AND DISCUSSION  

In the following chapter the results of calculation and suggestions are 
presented together with the discussion. The chapter ends with a general 
discussion on sustainable stormwater handling both in regards to the 
literature study and the case study. The result and recommendation is 
presented in two parts, the first is based on the division of subareas (A-
E) and the second on stormwater handling solutions with 
complementary pictures. 

 

4.1. Calculations 
Runoff from the sub areas, A-E, are presented below together with 
calculations over possible storage of different stormwater solutions. 
Initially a summering table of the five areas is presented with the 
generated runoff with and without the climate factor. Below, more 
detailed calculations for each subarea are presented. 

4.1.1. Partial area A 

Area A has a total area of 2.27 ha and includes the south wharf. 0.26 ha 
is rooftops and 0.28 consists of roads, parking and sidewalks. The 
remaining area of 1.77 ha is divided into estimated nature types to get a 
runoff coefficient according to Table 1. 

Total reduced area is 1.14 ha which results in a dimensioned runoff with 
260 l/s. That equals a volume of 156 m3 for the 10 minutes and with 
consideration of climate change the dimensioning volume is 187 m3 
(Table 4). 

Table 4. Resulting table of the dimensioned runoff for the 
different subareas with and without the climate factor. 

 

Partia
l area 

area 
(ha) 

reduced 
area (ha) 

q d dim 
(l/s) 

volume 
(m

3
) 

volume climate 
(m

3
) 

A 2.27 1.14 260 156 187 

B 1.22 0.48 108 65 79 

C 2.31 1,12 256 154 184 

D 0.95 0.39 90 54 65 

E 0.38 0.16 36 22 26 
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In partial area A there are a lot of excess water coming in to the area 
running down the bedrock. The houses create a barrier for the natural 
flow of the water. It is therefore important to have an appropriate 
solution for the division of the stormwater. Looking at the calculations, 
the skeleton soil structures can handle the runoff from roads, parking 
and sidewalks during a dimensioning rain even though the storage of the 
skeleton soils is based on dry soil with no water content. It should also 
be possible to lead more water, e.g. from roofs and court yards, to the 
skeleton soils even though the water from roads preferably should be 
kept separate from cleaner runoff.  It is important that the runoff divides 
equally over the area. If not, some skeleton soils would be saturated and 
stormwater would either runoff though a overflow pipe or possibly harm 
the trees whilst others would not be used to full capacity. The actual 
potential also depends on what level the overflow pipe is placed. Still, 
there should be enough storage to handle the dimensioning rain. 

It is not likely that all the generated water in the subarea can be handled 
locally. Some of the water generated uphill from the partial area A can 
be collected in a retention pond places in the planned park. The pond 
could be designed to fit into the park and be used for recreation when 

Table 6. Suggested solutions for area A with storage calculations. 

storages 
area 
(m

2
) 

dept
h (m) 

water 
holding 
capacity 
(l/m

2
) 

porosity 
(%) 

storage 
volume 
(m

3
) 

handle water 
from 

Skeleton 
soil (1) 

860 0.8 - 30 206 
road, 
sidewalks 
and parking 

Skeleton 
soil (2) 

400 0.8 - 30 96 
road, 
sidewalks 
and parking 

Green 
roofs 

1556 - 10 - 16 roofs 

Retention 
pond 

(9x5) 0.5 - - 22 
excess water 
coming down 
the hill 

Table 5. Runoff coefficients and reduced area for partial area A. 

type of area 
area 
(ha) 

φ 
reduced 
area (ha) 

runoff (incl. 
climate 

factor) (m
3
) 

Roofs 0.26 0.9 0.23 38 

Road/parking/sidewalk 0.28 0.8 0.22 37 

Hilly rocky forest land 0.43 0.1 0.04 7 

Concrete and asphalt surfaces, bedrock 
with steep slope 

0.26 0.8 0.21 34 

Bedrock with no mentionable vegetation 1.05 0.4 0.43 71 
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dry, but serve as a buffer for runoff when intensive rain occurs. The 
pond could not nearly be big enough to handle all of the water why 
some overflow at the most intensive rains has to occur. This should not 
create problems for the recipient when most of the water is generated in 
natural vegetated land. 

The area north of the planning area which is included in subarea A is a 
part of another developing plan. The possibility of the new development 
there affecting the runoff area is great why the amount of runoff might 
be overestimated. This would be positive when less water would runoff 
down towards the development. 

4.1.2. Partial area B 

Area B consists of the Upper and Lower development and the 
intermediate courtyard. The total area is 1.2 ha which includes 0.41 ha 
roof. The remaining 0.81 ha has been divided based on the demands on 
different runoff coefficients (Table 7). 

The total reduced area is 0.48 ha and the dimensioned runoff 108 l/s. 
Adding the climate factor and transforming it to cubic meters results in 
79 m3 (Table 4). 

The roofs stand for the major part of the runoff in this area and the 
possibility of infiltration is limited when the intermediate courtyard is 
built on top of a garage. The area is also limited in spaces to construct 
major stormwater handling solutions. Even though the green roof 
creates a large storage in this area it is not optimal for peak flows. Two 
other alternatives are planters or a retention pond. Depending on how 
the structure below ground with the garage is planned, a part of the area 
could serve as a retention pond in different steps. Dry or partially dry it 
would serve as a playground and at heavy rain, as infiltration and 
evaporation place for stormwater like the example in fig.1. Because the 
courtyard is built on top of a garage it is important to make sure that the 
structural work can handle the extra weight of the water if the solution is 
to retain it in the area. Planters could have a role to handle stormwater 
but how fast the water can infiltrate and hence reduce the peak flow 
depends on the design. A rough estimation and calculation show that 
the total area of planters can serve as a 27 m3 storage. The buildings of 
the Lower development could lead the excess runoff generated at 
intensive rains to the skeleton soil structure on the Sill wharf in subarea 
C even though mixture of runoff is not preferred. Still it can be useful to 
collect the rainwater from the roof terraces, at least during summer 
month, and use for irrigation with planers and pots. 

Table 7. Runoff coefficients and reduced area for partial area B. 

type of area area (ha) φ 
reduced 
area (ha) 

runoff (incl. 
climate factor) 

(m
3
) 

Roofs 0.41 0.9 0.37 61 

Parkland with rich vegetation 0.57 0.1 0.06 10 

Gravelyard and gravel path, 
unbuilt city section 

0.24 0.2 0.05 8 
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4.1.3. Partial area C 

Area C consists of the Sill wharf and the Vertical house. The total area is 
2.3 ha of which 0.35 ha consist of roofs, 0.58 ha of roads, sidewalks and 
street parking. The rest of the area is divided to get the appropriate 
runoff coefficient (Table 10). 

The total reduced area is 1.12 ha which generates a dimensioned runoff 
of 256 l/s. That is equal to 154 m3 and 184 m3 with the climate factor 
(Table 4). 

The skeleton soil creates a large storage that can handle water from 
roads, sidewalks and parking. It can also handle excess water from e.g. 
the lower development if divided properly. A problem arising in this 
subarea is the amount of generated water outside of the planning area in 
the left part of the sub area, next to the Vertical house. As in subarea A 
this water could be released directly to the recipient since it is generated 
in natural land. Planters are not a critical stormwater solution in this 
subarea since the skeleton soil creates such a large storage. Though, it is 
important to create good growing conditions for the vegetation planned 
in this area and therefore stormwater is a valuable and sustainable 
resource. 

4.1.4. Partial area D 

This area is completely outside of the planning area but it was found 
important to include as it contributes to the watershed. The 
responsibility of the stormwater lays within the developing plan for the 
planned road but excess water could flow into the planned area of  

Table 8. Suggested solutions for area B with storage calculations. 

storages 
area 
(m

2
) 

depth 
(m) 

water 
holding 
capacity 

(l/m
2
) 

porosity 
(%) 

storage 
volume 

(m
3
) 

handle 
water 
from 

Green roof 3355 - 10 - 33 roof 

Planters, 
gardens 

100 0.6 - 45 27 
roof, 
pathways 

Retention 
pond 

40 0.5  - 20 
roof, 
pathways 

Table 9. Runoff coefficients and reduced area for partial area C. 

storages 
area 
(m

2
) 

depth 
(m) 

water 
holding 
capacity 

(l/m
2
) 

porosity 
(%) 

storage 
volume 

(m
3
) 

handle 
water from 

Skeleton 
soil 

1575 0.8 - 30 378 
road, 
sidewalks 
and parking 

Green 
roofs 

1167 - 10 - 12 roofs 
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developing Plan 4. The total area is 0.95 ha but the reduced area comes 
to 0.39 ha. This generates a total runoff of 65 m3 for the dimensioned 
rain with the climate factor. 

4.1.5. Partial area E 

Area E is situated in the east part of Developing Plan 4 and is called the 
Ocean wharf. The total area is 0.38 ha and has a reduced area of 0.16 ha. 
The total generated runoff in this area is 26 m3 including the climate 
factor. The area consists of a walking path and only one smaller building 
here designed as a café’s or such. There is no road that could affect the 
stormwater with pollutions and it is a relatively green part of the 
developing plan. The roof of the building could be planned as a green 
roof. If so it would create storage of around 3 m3. But the relatively 
small amount of runoff can partly be lead to planters around the cafe 
and the green area nest to it. Overflowing water to Svindersviken should 
not be a major problem seen from an pollution point of view. On the 
other hand this might be a social place where stormwater can act as an 
integrated part of the urban structure and give more added values. 

4.2. Overview of the suggested stormwater solutions at 
developing plan 4 

In these section the suggestions for sustainable handling of stormwater 
at Developing plan 4 is presented on a general base. First with a 
summering table and then in sections with placements, some pictures 
from the Design program and example pictures from real cases. These 
are all recommendations but further calculations and studies are needed 
if implementation is to be done. 

4.2.1. Green roofs 

A majority of the rooftops in the suggested plan has already a flat roof 
or a roof with low slope. They would work very well with an extensive 
or semi-intensive green roof that will reduce the runoff from the roof 
with around 50 % on a yearly basis. The roofs work best during the 
summer month so the excess water need to have an alternative handling 
as it hits the ground. Because runoff from roofs contains much less 
contaminants then water from roads and pavements it is a good idea to 
keep hem separate. Economically an extensive sedum green roof cost 
around 250 SEK and up much depending on the difficulty of mounting 
(Karlberg, 2012). 

Table 10. Suggested solutions for area C with storage calculations. 

type of area 
area 
(ha) 

φ 
reduced 
area (ha) 

runoff (incl. 
climate factor) 

(m
3
) 

Roofs 0.35 0.9 0.31 51 

Road/parking/sidewalk 0.58 0.8 0.47 77 

Hilly rocky forest land 0.55 0.1 0.06 10 

Concrete and asphalt surfaces, 
bedrock with steep slope 

0.21 0.8 0.17 28 

Gravelyard and gravel path, 
unbuilt city section 

0.62 0.2 0.12 20 
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The storage capacity of a green roof depends on how wet or dry the 
roof is when a rain falls. Generally the roof cannot be regarded as a peak 
flow reduction but as a long-term storage. As can be seen in the 
calculations the storage of green roofs are not critical when it comes to 
handle the dimensioning rain but it can still be seen as an important part 
of the total sustainable stormwater handling. 

4.2.2. Planters 

The excess water from rooftops at the South wharf, Sill wharf and the 
two town squares, the Vertical place and the Sill place, planned in the 
area can have planters to handle the stormwater runoff. The planters 
could have a similar structure to skeleton soils but much smaller adapted 
to lower plants and small bushes. The courtyards in street level could 
have runoff to planters placed within the area that will also handle the 
excess water from the roof. The soil should be of skeleton structure or 
porous with pumice stone. These types of planter do not have the 
capacity to handle great amounts of stormwater at a short amount of 

Table 11. Summary of suggested stormwater handling solutions with function, 
placement and added values according to WSUD. 

 

Sustainable 
stormwater method 

Stormwater 
function 

Placement Added value, WSUD 

Green roof Minimising roof 
runoff by around 
50 %. 

On all houses besides 
the five waterfront 
houses on the Sill 
wharf with steep slope 
roofs. 

Besides reducing the amount of 
runoff they also work as a retention 
magazine. Green roofs have a good 
effect on the energy usage of the 
house by adding an isolating layer, 
hence lowering heating costs. Green 
roof also have a positive effect on the 
urban climate and air quality by 
suspending air pollutions and 
counteracts the heat island effect. 

Bioswales /Planters Handling runoff 
from the two town 
squares and some 
excess runoff from  
the roofs. 

On all inner courtyards 
both at Sill and the 
South wharf. On the 
two town squares, the 
Vertical place and the 
Sill place. 

Adding green to the hard urban area 
and improving air quality. 

Skeleton soils Handling road end 
pavement runoff. 

As suggested in the 
Stormwater 
investigation. Under 
the pavement and 
parking areas along 
the road. 

Creating better conditions for the 
planted trees by ensuring air and 
water. The trees creates a more 
living urban area and improves the 
local climate by preventing air 
pollution. 

Rain gardens or 
intensive roof garden 

Handling excess 
runoff from roofs. 

On the roofs of the 
intermediate lower 
houses at the South 
wharf and the terraces 
of the lower 
development on Sill 
wharf. 

Creates a lushes garden and 
recreational area for those living in 
the houses. An intensive garden an 
e.g consist of eatable herbs and 
plants.  

Retention ponds Retention of larger 
water flows and 
reduce the amount 
of runoff from 
roofs. 

On the bigger 
courtyard between the 
upper and lower 
development or just 
left of it where it is 
planned as a 
submersion. 

Designed in a attractive way it can 
work both as art and a recreational 
place as well as a stormwater 
retention pond. 
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time hence they are not used for peak flow reduction. But the 
importance of using the stormwater as a resource when planning 
sustainably still makes them an important part of the stormwater 
management for the area. 

4.2.3. Rain gardens or intensive roof garden 

The intermediate rooftops situated between the tower block houses on 
the South wharf would work well as a recreational area with rain gardens 
handling the precipitation and excess runoff from the roofs. Here 
different features of involving the natural water cycle and making water 
visible could be created. The same goes for the green area in between 
the upper and lower development where garden planters would increase 
the green soothing expression of the courtyard as well as serve an 
alternative stormwater handling solution. As for the planters, a 
roofgarden that can be of interest here is not optimal for just looking at 
peak flow reduction. But if designed properly it can combine stormwater 
handling, recreation and good vegetative environment. 

4.2.4. Retention pond 

For heavy rains detention ponds of different kinds are a good idea. In 
this area spaces are short so if detention storage is built it needs to have 
multiple areas of usage. Like solutions from other countries with 
temporary storages that when dry would be used for recreational area or 
perhaps as a playground for children. This could be placed in the area 
between the upper and lower development as a buffer and at the park 
land planned in the west part of the establishing area. It could combine 
sustainable stormwater handling and recreational area. 

Figure 8a, b and c. a) On top, the vertical place town square 
(Nacka Municipality, 2012). b) Left, examples of integrated 
planter from Portland, Oregon (Doolittle, 2012). c) Right, another 
example of a planter (Banach & Pirard, 2011). This type of 
planters could be integrated at the two town squares and along 
the two wharfs. 
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4.2.5. Skeleton soil structure 

The proposed solution of skeleton soil structures would be a good idea 
for handling the polluted water from the roads and parking spaces. It is 
a good idea to keep the more polluted waters from roads and sidewalks 
to one solution. It would also be a good way of ensuring good growing 
conditions for the trees along the roadside. If possible, the skeleton soil 
structures should be complemented with an oil separating filter to 
prevent oils from ending up in the soil at all. 

4.2.6. Design aspects 

Mentioned in the design program is that there are several places left in 
the planed area for the possibility of including art as a part of the urban 
structure. In this waterfront living area, including water in the urban 
design would be an added value at the same time as the stormwater gets 

handled sustainably. Open water canals can be a beautiful adding to the 
town squares planned and a way of transporting the runoff water from 
the steep rock to the planters. Or overflow channels from the planters 
to the skeleton soil structures. Though it is important to take under 
consideration the problem with limitation in access open water canals or 
gutters can have. Water flowing art can be a nice architectural adding in 
the urban environment e.g. features in iron to match the stair going up 
from the Sill place. Integrating work by a famous or up and coming 

designer can create more adding to the cultural values. Sea stone or 
other decorative stone can be placed in the edge on planters or 
bioswales to slow the water and also creating a beautiful element in the 
urban space. 

Figure 9a, b and c. a) On top, Developing Plan 4 seen from the 
south west (Nacka Municipality, 2012). b and c) Examples of 
green roofs at Västra Hamnen in Malmö, Sweden (Veg Tech, 
2012) 
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4.3. General discussion 
To be able to handle urban stormwater sustainably there are, i most 
cases, not enough with one solution or technique. Multiple small scale 
solutions that allows water to be in its natural cycle locally helps create 
sustainability in multiple ways. 

In this specific location, Kvarnholmen, there is little room for 
infiltration direct so desired is to handle stormwater in another way. If 
the water should not infiltrate there are other ways of returning it to the 
natural water cycle, evaporation and plant uptake hence transpiration is 
two other options. But there is a shortage of space and available area in 
this developing area so design, urban planning and stormwater solutions 
needs to be integrated. The suggested ways of handling stormwater is 
focused on green infrastructure in ways of slow or retained the 
stormwater to increase evaporation and at the same time enjoy the 
benefits of water in the living area. In other solutions precipitation 
becomes an asset in creating a green urban area and the skeleton soil 
structures help the trees and other plant get good growing conditions. 

If sustainable stormwater handling is involved as early as possible in the 
planning process it is less expensive. The problem in this case might be 
that the municipality or company funding in the project are typically not 
the ones that get the full gain from it. Better health for the people living 
in urban areas, less pollution in the water rarely gains e.g. the 
construction companies. As the report from the US showed, green 
infrastructure creates more jobs. The additional founding lays today 
solely on municipalities with some exceptions for special programmes. 
This is why national incitements are needed to implement more 
sustainable stormwater handling. 

Figure 10a, b and c. a) On top, the south wharf with the lower 
intermediate houses (Nacka Municipality, 2012). b and c) 
Examples of roofgardens from other projcts (VegTech, 2011) 
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5. CONCLUSION  

Worldwide sustainable stormwater handling is an up and coming way of 
dealing with the problems connected with stormwater. The problem 
looks different in different parts of the world with e.g. water scarcity and 
draught in Australia and parts of the US to flooding and pollution of 
water in Europe. Hence there are different ways of promoting and 
initialising sustainable and green ways of handling it. In the US it has a 
strong federal support with funding as well as a state involvement, both 
national and local laws and regulation. Australia is similar to US in the 
federal involvement but countries in Europe handle it on different 
levels. In common for all European countries is the WFD which have 
set guidelines on how to work with water, including stormwater. In 
Europe the responsibility lies on a locale scale with the municipalities 
that are responsible for funding stormwater projects. But sustainable 
stormwater handling is on the rise as a multi valuable choice to grey 
infrastructure, often less expensive and adding more values to urban 
areas. 

There are a number of techniques and ways to handle stormwater 
sustainably that adopted in WSUD gives more added values to an urban 
area. Greener cities help improve the locale climate, counteract the heat 
island effect and reduce the amount of air pollution. At the same time, if 
thoroughly designed, areas for stormwater handling can be used for 
recreation increasing the well-being for the inhabitants. Investing in 
green infrastructure can also create new jobs and generate economic 
activity. 

To handle stormwater sustainably at Kvarnholmen, Developing Plan 4, 
multiple solutions should be adopted. Infiltration is limited at the 
developing site so other solutions needs to be introduces. As mentioned 
in the stormwater strategy of Nacka, the stormwater should be returned 
to the natural cycle as soon as possible and primarily handled locally 
within the property. By implementing small scale stormwater solutions 
like green roofs, planters, rain gardens and skeleton soil structures this 
vision can be met. 

5.1. Further studies 
Further studies are needed in order to fully evaluate the recommended 
solutions at Kvarnholmen. Other solutions of interest that has not been 
discussed in this paper are also of interests to study further, e.g. the 
possibility of retention storage in the existing rock cavities. Though they 
are polluted today with the leftovers from the oil that used to be stored 
there might be a possibility to use them in connection to a filter or other 
treatment solution. Skeleton soil structures needs to be studied further 
in the aspect of pollution retention and eventual spreading under certain 
conditions. In relation to the literature study further studies can be 
conducted on the national management of stormwater, e.g. how can 
Sweden work with national goals for stormwater and what federal 
incitements can be adopted in order to stimulate green infrastructure 
and sustainable stormwater handling? 
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