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Sammanfattning 
Vattenhantering i infrastrukturprojekt är ett viktigt ämne eftersom det kan påverka den omgivande 
miljön på ett negativt sätt. I projekt med förorenat mark kan vattnet innehålla allt från metaller till 
polyaromatiska kolväten, vilket medför svårigheter att hantera. Vattenföroreningarna orsakas av 
utgrävning, grundläggning, injektering, betonggjutning och bergsprängning. Vattnet kan delvis 
bildas av regnvatten som faller på byggarbetsplatsen eller genom schaktning under 
grundvattennivån. Det vatten som genom pumpning avleds från en arbetsplats eller uppfodras är 
känt som länsvatten. 

Syftet med detta examensarbete är att undersöka hur urvalet och tillämpningen av metoder för 
länsvatten kan förenklas och optimeras för att passa svenska förhållanden. Vidare är syftet att 
utvärdera hur informationen om olika tekniker är relaterad till hur entreprenörer arbetar i 
praktiken under vissa förhållanden. 

Avhandlingen består av tre delar. Den första delen är en teoretisk beskrivning av svenska lagar och 
utsläppskrav som gäller för länsvatten, vanliga reningsmetoder som används och hantering av 
länsvatten i Washington. Den andra delen är en fallstudie med ett studiebesök på byggarbetsplatsen 
Marieholmförbindelsen. Den tredje delen består av analytiska beräkningar och jämförelser mot 
provdata. 

Resultaten visar att vanliga container behållare bör endast användas för sedimentering av 
sandpartiklar eftersom ytområdet är begränsat vilket ger en kortare sedimenteringstid. De har också 
en begränsad flödeskapacitet vilket måste tas till hänsyn för att få en effektiv sedimentering. 
Specifika krav på övervakning och underhåll av container behållare bör finnas för entreprenören. I 
fall med mindre partiklar som till exempel silt bör användning av container behållare uteslutas, 
förutom vid användnings som försedimenteringssteg. 

Resultaten visar även att vid sedimentering av partiklar mindre än medelsilt är det nödvändigt med 
en uppehållstid på minst 10 timmar. Uppehållstiden kan däremot skilja sig från 10 timmar till allt 
uppemot 100 timmar för till exempel fin silt, som har en partikelstorlek mellan 0,0063 mm-0,002 
mm. För lera skulle detta innebära en uppehållstid på minst 100 timmar vilket motsvarar mer än 4 
dagar. Genom att använda traditionell sedimentering som reningsteknik skulle man antingen 
behöva ett stort sedimentationsområde eller ett mycket lågt flöde. Detta innebär att traditionell 
sedimentering är orimlig att använda sig av på grund av ekonomiska aspekter, rymdbegränsningar 
och effektivitet. 

Baserad på resultat och slutsatser, föreslås följande rekommendationer: 

• Vanliga container behållare som kräver hög underhållning och övervakning, 
rekommenderas inte att användas i större utsträckning än som ett försedimenteringssteg 
för partiklar som är mindre än grovsilt som har en partikeldiameter mellan 0,02-0,063 mm. 

• Det är viktigt att ha en helhetssyn genom att skapa tydliga riktlinjer för entreprenörerna. 
• Det är lämpligt att använda den hydrauliska effekten, A, för att säkerställa en korrekt 

konfiguration och god separationskapacitet. 

Nyckelord 
Vattenhantering, infrastrukturprojekt, länsvatten, vattenrening, sedimentation. 
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Abstract 
Water management in infrastructure projects is an important topic since it could affect the 
surrounding environment in a negative way. In projects with contaminated land, the water could 
contain everything from metals to polyaromatic hydrocarbons which entails difficulties in 
managing. The water can be formed partly by rainwater that falls on the construction site or by 
excavation below the water level. The water pollution is caused by excavation, foundation, grouting, 
concrete castings and rock blasting. This water is known as stormwater discharges from 
construction activities. 

The aim of the thesis is to investigate how the selection and application of methods for stormwater 
management from construction activities can be simplified and optimized in order to suit Swedish 
conditions. Further the aim is to evaluate how the information available about different techniques 
relates to how the contractors work in practice under some conditions. 

The thesis consists of three parts. The first part theoretical description of Swedish laws and 
requirements dealing with stormwater discharge from construction activities, common purification 
methods that are used and management of stormwater discharge in the state Washington. The 
second part is a case study with a study visit at the construction site of Marieholmförbindelsen. The 
third part consists of analytical calculations and comparisons to measured data. 

The results show that regular containers should only be used to sediment sand particles since the 
surface area is limited which gives a reduced sedimentation time. They also have a limited flow 
capacity, which must be followed to work properly. The requirement of self-monitoring and 
maintenance for the contractor should be increased. In other cases, with smaller particles to settle 
such as silt, regular containers should not be used greater than as a pre-sedimentation step. 

The results also show that for sedimentation of particles smaller than medium silt it is necessary 
with a residence time of minimum 10 hours. This means that for the soil type fine silt, which has a 
particle range between 0.0063mm-0.002mm, the residence time can differs between 10-100 hours. 
For the soil type clay this would mean a residence time of at least 100 hours which equals more than 
4 days. By using traditional sedimentation as purification technique one would either need a huge 
sedimentation area or a very small flow. Either of these solutions is unreasonable due to economic 
aspects, space limitations and efficiency. 

Based on the results and conclusions, the following recommendations can be proposed: 

• Regular containers demands a high maintenance and self-monitoring, and isn’t 
recommended to use in greater occurrence than as a pre-sedimentation step for 
particles smaller than course silt, which has a particle diameter between 0.02-
0.063mm. 

• Use a holistic approach by creating clear guidelines for the contractors. 
• Use the hydraulic efficiency, λ, to ensure a proper configuration and a good separation 

capacity. 

Keywords 
Water management, infrastructure projects, stormwater, purification, sedimentation. 

 



 

8 
 

Introduction 
Water management in infrastructure projects is an important topic since it could affect the 
surrounding environment in a negative way. In projects with contaminated land, the water could 
contain everything from metals to polyaromatic hydrocarbons which entails difficulties in 
managing. The water can be formed partly by rainwater that falls on the construction site or by 
excavation below the water level. The water pollution is caused by excavation, foundation, grouting, 
concrete castings and rock blasting. This water is known as stormwater discharges from 
construction activities. 

In almost every infrastructure project, a regulatory agency is involved. Their mission is to set limits 
of the contamination values of the stormwater from construction activities. The client, in this case 
the Swedish Transport Administration (in Swedish Trafikverket), needs to ensure that the 
contractor considers achieving these values in the procurement. It’s then up to the contractor to 
decide which kind of purification technique that is best suited for the water in question. 

Different techniques are used for water management in infrastructure projects. Depending on the 
sensitivity of the surrounding environment and the character of the water, an appropriate 
purification technique can be chosen. Some examples of techniques are sedimentation and 
filtration. 

Today there is a lot of knowledge about the different purification techniques and their functionality, 
but how does they work in real life? Since stormwater from construction activities has different 
compositions it’s often hard to decide which technique that is most suitable. The decision made 
today is in many cases based on previous experiences. Therefore there is a need of clear guidelines 
that are easy to follow to optimize and streamline the selection of methods for water management 
from infrastructure projects with different compositions. 

In this thesis different techniques for remediation of stormwater from construction activities with 
various characteristics will be described with focus on the most common techniques that are used in 
Sweden.  

Aim of the study 
The aim of the thesis is to investigate how the selection and application of methods for stormwater 
management from construction activities can be simplified and optimized in order to suit Swedish 
conditions. Further the aim is to evaluate how the information available about different techniques 
relates to how the contractors work in practice under some conditions. With support especially from 
the Swedish Transport Administration the theoretical background will be compared with how it’s 
applied in reality. This includes description of the methods, its advantages and disadvantages, scope 
and boundaries. 

Literature Review 
The literature that has been more relevant for the thesis is the following three reports: 

1. “Hantering av länsvatten i anläggningsprojekt: Användbar teknik och upphandlingsfrågor”, 
2. “Vattenreningsmetodik – Södra Länken Projektet” and 
3. “Hydraulic Efficiency in Pond Design”. 

The first report, “Hantering av länsvatten i anläggningsprojekt: Användbar teknik och 
upphandlingsfrågor” (Magnusson och Norin 2013), aims to identify the issues that various actors 
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are facing in planning and implementation of stormwater discharge management from construction 
activities and to propose ways to achieve a good practice regarding the procurement (Magnusson 
och Norin 2013). Suitable techniques and control of the stormwater are proposed and described. 
Additionally, the management in other countries is brought up and what lessons that could be 
drawn from this. 

The second report, “Vattenreningsmetodik – Södra Länken Projektet” (Jonsson 2002), contains a 
study of various purification techniques (Jonsson 2002). Existing facilities of “Södra Länken” are 
viewed and a proposal for a new design for “Södra Länken” is brought up. The new proposal is 
presented in modular form with dimensioning, financial calculations and impact assessment for 
each module. The report also includes a compilation of the pollutions arising from the construction 
of a road and the consequences and concentration limits for emission to different types of receivers. 

The third report, “Hydraulic Efficiency in Pond Design” (J. Persson 1999), is a PhD thesis about 
hydraulic performance and efficiency. How does the design affect hydraulic performance? What is 
hydraulic efficiency and how should it be measured? Which factors determine pond design? These 
are some of the questions that are answered in the report. 

Of course, other references and sources has been used in the thesis, see the list in chapter 10 
references.  

Methodology 
The thesis consists of three parts.  

The first part of the thesis consists of a description of Swedish laws and requirements dealing with 
stormwater discharge from construction activities (Chapter 4), common purification methods that 
are used (Chapter 5) and management of stormwater discharge in the state Washington (Chapter 6). 
Most of the information is collected from open sources.   

The second part is a case study. A study visit was arranged at the construction site of 
Marieholmförbindelsen to get a better understanding of the project and the purification facilities 
that were used. There were opportunities to discuss and ask questions to their contractors. In the 
case that the obtained data are not sufficient, sampling will be performed to increase knowledge and 
implementation of the methods. 

The third part consists of analytical calculations and comparisons to measured data. The aim of the 
analytical calculations is among other things to clarify how the different parameters are connected 
and influenced by each other. 

Laws and requirements 
The European countries have together developed a water framework directive to improve the water 
environment. Based on the directive, the Swedish water authorities have developed environmental 
quality standards. There are also environmental codes that explains which activities that are 
counted as environmental hazard activities, which then requires a permit and when self-monitoring 
is required. 

The European water framework directive 
The water framework directive (2000/60/EG) describes the EU’s common policy on water of lakes, 
waterways and groundwater (Europaparlamentet 2000). This directive was established December 
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22, 2000. The aim is to improve the aquatic environment through a common legislation. The work 
shall be based on water catchment areas and not by administrative boundaries. Sweden has 
therefore been divided into five water divisions where five counties have been appointed as water 
authorities for coordination within their division. The Marine and water authority (in Swedish Havs 
och Vattenmyndigheten) is responsible for the coordination of these five water authorities. In the 
future, the directives will probably be developed and play a larger part in the development of 
requirements for emissions of stormwater from construction activities into recipients. 

An important task for the water authorities is to develop environmental quality standards (EQS) as 
a benchmark of the quality status that the water should have at a certain time. There are 33 priority 
substances which the EQS has been developed in the water framework directive. In 2008, the 
environmental protection agency came out with advices on how these priority substances should be 
monitored (Naturvårdsverket 2008). Two examples of such substances that may be relevant for the 
stormwater from construction activities are lead and polycyclic aromatic hydrocarbons (PAHs, also 
known as polunuclear aromatic hydrocarbons). 

It is the Swedish environmental authorities that set requirements on the stormwater discharge from 
construction activities. Then the Swedish Transport Administration has to make sure that these 
requirements are fulfilled, which is a part of the procurement with the contractors. The 
environmental standard that is set for a project depends on the degree of pollutions in the water and 
the sensitivity of the surrounding area. It is therefore important to study the area in question 
thoroughly at an early stage.  

The Swedish Environmental Code 
According to the Environmental Code (MB) 9 chapter 1 §, discharge of wastewater is listed as an 
environmental hazard activity when the water can cause harm to human health or the environment 
(Miljö- och energidepartementet 1998). Furthermore, in 2 § wastewater is defined as waste. Since 
the stormwater from construction activities can cause inconvenience, the management is considered 
as environmentally hazardous. 

Under 9 chapter, section 6, it is prohibited to release wastewater in field, water areas or 
groundwater without permission or notification. Further in 9 chapter, section 7, it is required that 
wastewater shall be discharged and treated or taken care of in some way so that it does not affect 
human health or the environment. For this purpose, appropriate drain devices or other 
establishments are necessary. 

The regulation about environmentally hazardous activities and health (SFS 1998:899) deals with 
inter alia hazardous activities those are licensed or notifiable according to MB. In the purification of 
stormwater from construction activities in conjunction with remediation of contaminated soil a 
notification must be made according to 28 § of the regulation. The notification should include water 
treatment equipment as a safety measure.  If there is not a decontamination measure it must be 
notified to the municipal committee according to the regulation 13 §. This does not apply if the 
effluent is lead to a sewerage system. In that case, the requirements from the waste water principal 
shall be followed. 

Activities that are preformed near to water areas are regulated by 11 chapter MB (Miljö- och 
energidepartementet 1998). At excavation below the water table in permeable soils groundwater 
infiltrate into the pit. When this water then is pumped away from the pit it is counted as a water 
activity requiring a license unless it is obviously that either the public or private interests are 
affected.  
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The Swedish Environmental Protection Agency has published an informative guide on water 
activities called “Vattenverksamheter – Handbok för tillämpningen av 11 kapitlet i miljöbalken 
(Handbok 2008:5)” (Naturvårdsverket, Vattenverksamheter - Handbok för tillämpningen av 11 
kapitlet i miljöbalken 2008). 

According to 26 chapter 19 § MB, operators are required to perform self-monitoring on their 
operations to make sure that the human health and the environment is not affected (Miljö- och 
energidepartementet 1998). This control must be carried out without the authorities having to 
demand it. In addition to MB, there are regulations about operators self-monitoring. Regulation 
(1998:901) regards operators self-monitoring and regulation NFS 2000:15 that is a directive from 
the Environmental Protection Agency with support from the previous regulation (1998:901). The 
regulation about self-monitoring shall be applied to operations that require permits or notifiable 
according to 9 or 11-14 chapters MB. 

The environmental protection agency (in Swedish Naturvårdsverket) has published an informative 
guide about self-monitoring called “Egenkontroll en fortlöpande process, Handbok 2001:3” 
(Naturvårdsverket 2001). The main elements of self-monitoring are: 

• A documented distribution of the organizational responsibility for environmental issues. 
• Documented procedures for checking the equipment for operation and control. 
• Documented results of surveys and assessment of the risks of activities from a health and 

environmental perspective. 
• Procedures to notify the supervisor if malfunction occurs. 
• A list of the chemical products handled in the business. The list shall describe the product 

name, the extent to which the product is used and the product health and environmental 
harmfulness. 

Self-monitoring in purification of stormwater from construction activities could mean checking the 
equipment condition and function daily (Naturvårdsverket 2001). This can be done by e.g. 
measuring and recording some operating parameters such as flow, turbidity and chemicals. 

Purification techniques and methods 
There are different techniques and methods to purify the water that comes from infrastructure 
projects. The main purification techniques that are used today are sedimentation and filtration.  In 
addition to these two techniques, there are methods to either speed up treatment or focusing on a 
specific substance. These methods are: oil separation, methods for nitrogen removal, pH-
adjustment and chemical precipitation/flocculation. When choosing the purification technique for 
the stormwater from construction activities, aspects such as contamination level, extent of 
emissions have to be considered (Magnusson och Norin 2013). 

Sedimentation 
Sedimentation is by far the most common technique for managing stormwater from construction 
activities. In confined spaces and at high concentrations of suspended solids, it is common to add 
another purification step, chemical precipitation/flocculation, to accelerate the sedimentation.  

The principle of sedimentation is based on the water to flow into a basin slowly enough so that the 
particles can settle to the bottom where they are removed as sludge (F. Persson 2004). A 
sedimentation basin can be divided into three zones, see Figure 1: 

1. A zone where the flow rate of the incoming water is too high for the particles to be able to 
settle. 
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2. A zone of sedimentation in which laminar flow prevails and particles sink to the bottom. 
3. A zone of discharge where the flow rate of the water again is too large for the particles to be 

able to settle. 

 

Figure 1. Schematic diagram of sedimentation. 

When selecting sedimentation as purification technique it is important to adapt the facility with 
respect to the pollution level. The calculations for sedimentation shows that depth (or height) of the 
facility is insignificant (F. Persson 2004). However, it cannot be too shallow since the risk of mud in 
the outlet increases.  

Another thing to consider is the slopes to the pond, which due to safety should have a certain 
relationship. The slope of the walls should at least have a ratio (height to base) of 1:2. In urban or 
urbanizing areas even flatter slopes could be used to prevent access in the first place. Also 
construction barriers around both construction sites, and sedimentation pond should be used. 

Proper dimensions for a facility is given either by designing the whole system for maximum flow or 
by equalization basin for regulating the flow (Jonsson 2002). If the surface load is higher than the 
rate of descent no sedimentation will occur.  

One of the major problems in the sedimentation process is the unregularly flow due to e.g. extreme 
events. The unregularly flow reduces the efficiency of sedimentation due to turbulence at the inflow. 
To tackle this problem, one could deploy a balancing tray. Adding an oil separator in the 
sedimentation is also a common method to be able to meet the requirements for discharges to the 
receiving water. 

The theory of sedimentation is based on ideal conditions, in this case ideal spherical particles. The 
sedimentation for a single spherical particle can be calculated by Stokes formula: 

𝑉𝑉𝑠𝑠 =  
1

18
𝑔𝑔
𝜈𝜈

(𝜌𝜌𝑠𝑠 − 𝜌𝜌𝑤𝑤)
𝜌𝜌𝑤𝑤

𝑑𝑑2 

𝑉𝑉𝑠𝑠 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑔𝑔 𝑣𝑣𝑆𝑆𝑆𝑆𝑣𝑣𝑣𝑣𝑆𝑆𝑆𝑆𝑣𝑣 𝑣𝑣𝑜𝑜 𝑆𝑆ℎ𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑣𝑣𝑆𝑆𝑆𝑆 [
𝑚𝑚
𝑠𝑠

] 
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𝑔𝑔 = 𝐺𝐺𝑝𝑝𝑝𝑝𝑣𝑣𝑆𝑆𝑆𝑆𝑝𝑝𝑆𝑆𝑆𝑆𝑣𝑣𝑆𝑆𝑝𝑝𝑆𝑆 𝑝𝑝𝑣𝑣𝑣𝑣𝑆𝑆𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑣𝑣𝑆𝑆 [
𝑚𝑚
𝑠𝑠2

] 

𝜈𝜈 = 𝐾𝐾𝑆𝑆𝑆𝑆𝑆𝑆𝑚𝑚𝑝𝑝𝑆𝑆𝑆𝑆𝑣𝑣 𝑣𝑣𝑆𝑆𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠𝑆𝑆𝑆𝑆𝑣𝑣 [
𝑚𝑚2

𝑠𝑠
] 

𝜌𝜌𝑠𝑠 = 𝑃𝑃𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑣𝑣𝑆𝑆𝑆𝑆 𝑑𝑑𝑆𝑆𝑆𝑆𝑠𝑠𝑆𝑆𝑆𝑆𝑣𝑣 [
𝑘𝑘𝑔𝑔
𝑚𝑚3] 

𝜌𝜌𝑤𝑤 = 𝐷𝐷𝑆𝑆𝑆𝑆𝑠𝑠𝑆𝑆𝑆𝑆𝑣𝑣 𝑣𝑣𝑜𝑜 𝑤𝑤𝑝𝑝𝑆𝑆𝑆𝑆𝑝𝑝 [
𝑘𝑘𝑔𝑔
𝑚𝑚3] 

𝑑𝑑 = 𝑃𝑃𝑝𝑝𝑝𝑝𝑆𝑆𝑆𝑆𝑣𝑣𝑆𝑆𝑆𝑆 𝑑𝑑𝑆𝑆𝑝𝑝𝑚𝑚𝑆𝑆𝑆𝑆𝑆𝑆𝑝𝑝 [𝑚𝑚] 

A MATLAB script for Stoke’s formula is given in appendix A and the sedimentation as a function of 
the particle diameter is plotted in Figure 2 for a particle density of 2650 kg/m3 and a water 
temperature of 10 degrees. It can be seen that the particle diameter has high impact on the settling 
velocity (F. Persson 2004). It should be noticed that in the calculations of settling velocity of a 
particle, Vs, the parameter kinematic viscosity, v, is not only dependent of the temperature of the 
water. It is also dependent of the suspended solids in the water since increased suspended solids 
gives increased density which gives an increased kinematic viscosity. 

 

Figure 2. Settling velocity as a function of the particle diameter, with a particle density of 2650 kg/m3. 

Further, Table 1 below shows different settling velocities for different particle diameter (Magnusson 
och Norin 2013). It also illustrate the approximate sedimentation time for the different particle 
diameter to settle one meter. The different particle diameters can be compared with Table 2, which 
shows different soil types and their particle diameter range.  
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Table 1. Theoretical settling velocity for a spherical particle according to Stoke’s law. 

Diameter, d (mm) Settling velocity, 𝑽𝑽𝒔𝒔 (m/h) Approximate 
sedimentation time for 1 m 

0.2 99 36 sec 
0.06 9 7 min 
0.02 1 1 hour 
0.006 0,09 11 hours 
0.002 0,01 4 days 
 

Table 2. Different soil types with respectively particle diameter (ISO 14688-1:2002 2002). 

Diameter, d (mm) Soil type 
0.2-0.63 Medium sand 
0.063-0.2 Fine sand 
0.02-0.063 Coarse silt 
0.0063-0.02 Medium silt 
0.002-0.0063 Fine silt 
<0.002 Clay 
 

It is important to understand how the sedimentation works and how different parameters are 
related. The script was developed to illustrate the sedimentation rate of a particle in free settling for 
different particle sizes. In the second script, Stokes’ law was used even though it does not really 
apply on clay which is composed of flat particles. This information could be used further to 
understand and get an idea of the conditions that must be met before constructing the pond. 

Surface load 
Conventional sedimentation means that the facility must be dimensioned according to the theory of 
surface load, q (Magnusson och Norin 2013). A particle in the sedimentation zone will have a 
horizontal speed equal to the liquid flow rate, Vh (F. Persson 2004). To remove the particle from the 
water, the resultant of Vh and the surface load q needs to be sufficient to reach the ground before 
reaching the discharge zone. The figure below shows three particles moving towards the bottom, P1, 
P2 and P3. Assuming that P2 represents the smallest particle to separate it is possible to calculate the 
size on the facility. 

 

Figure 3. Particles settling paths can be used to derive the surface load theory. 



 

15 
 

Within the zone for sedimentation, the horizontal flow rate, Vh [𝑚𝑚
𝑠𝑠

], can be calculated as follows 

(Metcalf & Eddy Inc., o.a. 2003): 

𝑉𝑉ℎ =  
𝑄𝑄
𝐴𝐴𝑠𝑠

=  
𝑄𝑄

𝐻𝐻 × 𝑊𝑊
 

where 

𝑄𝑄 = 𝐹𝐹𝑆𝑆𝑣𝑣𝑤𝑤 [
𝑚𝑚3

𝑠𝑠
] 

𝐴𝐴𝑠𝑠 = 𝐹𝐹𝑆𝑆𝑣𝑣𝑤𝑤 𝑝𝑝𝑝𝑝𝑆𝑆𝑝𝑝 [𝑚𝑚2] 

𝐴𝐴𝑠𝑠 =   𝐻𝐻 × 𝑊𝑊 

𝐻𝐻 = 𝐻𝐻𝑆𝑆𝑆𝑆𝑔𝑔ℎ𝑆𝑆 [𝑚𝑚] 

𝑊𝑊 = 𝑊𝑊𝑆𝑆𝑑𝑑𝑆𝑆ℎ [𝑚𝑚] 

According to Figure 3, the surface load, q[𝑚𝑚
𝑠𝑠

], can be derived as: 

𝑞𝑞
𝑉𝑉ℎ

=  
𝐻𝐻
𝐿𝐿
→ 𝑞𝑞 =  

𝑉𝑉ℎ × 𝐻𝐻
𝐿𝐿

  

where 

𝐿𝐿 = 𝐿𝐿𝑆𝑆𝑆𝑆𝑔𝑔ℎ𝑆𝑆 [𝑚𝑚] 

Inserting Vh given above, the surface load q can be expressed as: 

𝑞𝑞 =  
𝐻𝐻 × 𝑄𝑄

𝐿𝐿 × 𝑊𝑊 × 𝐻𝐻
=  

𝑄𝑄
𝐿𝐿 × 𝑊𝑊

=
𝑄𝑄
𝐴𝐴

 

Thus, the surface load can be defined as the ratio between the flow, Q, and the horizontal basin 
surface area, A (Magnusson och Norin 2013). 

The surface load is usually used as a requirement by the Swedish transport administration in 
connection with procurement with contractors. In the case of Marieholmförbindelsen which is 
further described in Chapter 7, the surface load should not exceed 0.2 m/h. This requirement is a 
good start since it is reasonable for purification of small particles. With a surface load of 0.2 m/h it 
would theoretically be possible for particles down to 0.009 mm to settle with a water temperature of 
10 degrees and a particle density of 2650 kg/m3 according to Stoke’s formula. This means that soil 
type of medium silt can be settling according to Table 2. Contaminations in water are usually bound 
to fine particles. In order to separate fine particles it is often necessary to complement the 
sedimentation facility with chemical precipitation and flocculation. In normal sedimentation 
(rectangular basin with ideal dimensions and with an inlet and outlet that spread water across the 
basin width), it is more common to use a surface load of about 0.5-1.0 m/h. In the case of 
Marieholmförbindelsen, with an excavated outdoor basin and diverse catchment and flow, a stricter 
requirement was set. Therefore a surface load of 0.2 m/h was both reasonable and appropriate. 

Given the surface load of 0.2 m/h and knowing the expected maximum flow, Q, the contractors can 
easily calculate the area, A. By calculating the area of the basin the contractors could dimension the 
basin proportionally to the given surface load. 
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Separation capacity 
The theory of sedimentation is mainly valid for laminar flow (Magnusson och Norin 2013). Since the 
flow at the inlet and outlet is often turbulent the theory has limited validity for these conditions. 
Therefore the separation capacity, R[%], formulated by Hazen can be used: 

𝑅𝑅 = 1 − (1 +
1
𝑆𝑆
𝑉𝑉𝑠𝑠
𝑞𝑞

)−𝑛𝑛 

where 

𝑆𝑆 = 𝑁𝑁𝑁𝑁𝑚𝑚𝑁𝑁𝑆𝑆𝑝𝑝 𝑣𝑣𝑜𝑜 ℎ𝑣𝑣𝑝𝑝𝑣𝑣𝑆𝑆ℎ𝑆𝑆𝑆𝑆𝑆𝑆𝑣𝑣𝑝𝑝𝑆𝑆 𝑆𝑆𝑝𝑝𝑆𝑆𝑘𝑘𝑠𝑠 𝑆𝑆𝑆𝑆 𝑠𝑠𝑆𝑆𝑝𝑝𝑆𝑆𝑆𝑆𝑠𝑠 (𝑑𝑑𝑆𝑆𝑠𝑠𝑝𝑝𝑆𝑆𝑝𝑝𝑠𝑠𝑆𝑆𝑣𝑣𝑆𝑆 𝑜𝑜𝑝𝑝𝑣𝑣𝑆𝑆𝑣𝑣𝑝𝑝) 

The parameter “n” in the equation is a key factor for design and is also known as the turbulence 
parameter (EPA 2012). For n=1, there is a complete mixing while for n equals infinity it represents a 
plug flow. This factor takes into account the configuration of the basin and the effects of the 
different configurations on settling efficiency directly relating to the ability of the system to short 
circuit. This is depending on the location of inlet and outlet structures, flow spreaders, flow 
diversion structure for mixing etc. In order to calculate n, a hydrodynamic adjustment value, λ, has 
to be selected that best represents the configuration of the basin as it is described in the Figure 4 
below. 

 

Figure 4. Hydraulic efficiency, λ, a measure of flow hydrodynamic conditions in constructed wetlands and 
ponds; range is from 0 to 1, with 1 representing the best hydrodynamic conditions for stormwater treatment. 

The figure provides some guidance on what is considered to be good basin design with the higher 
value of (λ) representing basins with good sediment retention properties, where a value of λ greater 
than 0.5 should be a design objective (EPA 2012). If the basin configuration yields a lower value, 
modification to the basin configuration should be explored to increase the λ value (e.g. inclusion of 
baffles, islands or flow spreaders). 

The shape of the basin has a large impact on the effectiveness of the basin to retain sediments and 
generally a length to width ratio of at least 3:1 should be aimed for. In addition, the location of the 
inlet and outlet, flow spreaders and internal baffles impact the hydraulic efficiency of the basin for 
stormwater treatment. These types of elements are noted in Figure 4 as the figure “o” in diagrams O 
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and P (which represent islands in a waterbody) and the double line in diagram Q which represents a 
structure to distribute flows evenly. 

Once a design layout has been derived and an appropriate value of λ has been selected, a value for ‘n’ 
is then calculated using the following relationship:  

λ = 1 − 1
n
    𝑆𝑆 = 1

1−λ
 

Persson et al. (1999), investigated the influence of pond shape and inlet/outlet locations for 
different systems shown in Figure 4 (Persson, Somes and Wong 1999). The hydraulic efficiency, λ, is 
shown in the Figure for each system. The cases have been categorized into three groups; (i) good 
hydraulic effieciency with λ >0.75; (ii) satisfactory hydraulic efficiency with 0.5≤ λ≤ 0.75; and (iii) 
poor hydraulic efficiency where λ≤ 0.5. 

The settling velocity of a particle, Vs, is according to Stoke´s formula dependent of properties of soil 
type and water such as particle diameter, water and soil densities, kinematic viscosity of water and 
gravitation. However, when calculating the parameter q it is the dimension of the facility that has a 
significant impact which could affect the surface load. This means that if particle diameter or soil 
type is known, the sedimentation of particles Vs can be calculated. The surface load can now be set 
equal or lower than the value of Vs. A lower value for surface load will give a better separation 
capacity R of the pond. A higher separation capacity R can also be achieved by optimizing the basin 
via the parameter n which means that the ratio between width and length, baffles and location of 
inlet and outlet have to be chosen in an appropriate way. 

Assuming that q=Vs, the equation for separation capacity can be simplified as: 

𝑅𝑅 = 1 − (1 +
1
𝑆𝑆

)−𝑛𝑛 

The parameter n usually varies between 1 and 10, which gives a separation capacity shown in Table 
3. This shows that the separation capacity do not change to any significant degree for n ≥3, which 

gives a λ ≥2
3
. 

Table 3. Separation capacity as a function of the dispersion factor n. 

n 1 2 3 4 5 6 7 8 9 10 

R [%] 50,0 55,6 57,8 59,0 59,8 60,3 60,7 61,0 61,3 61,4 

 

In summary, this means that in a real case usually the soil type, particle diameter, d and the 
expected maximum flow Q are known.  Given the particle diameter, the settling velocity Vs can be 
calculated. Since the settling velocity Vs should be equal to or larger than the surface load q, the 
value of q can be determined. Given the surface load and the maximum flow Q, the required surface 
area A can be calculated. Based on the surface area a proper configuration can be chosen using the 
hydraulic efficiency λ. A minimum value of λ is 2/3 which gives a good separation capacity R.  

Several studies show that concentrations of suspended solids are correlated with the flow rate of the 
water, where increased flow provides a higher concentration of suspended material (Norin, o.a. 
2007). This is common since water with higher energy is silting up more sediment. Increasing the 
water flow causes the suspended particles to settle slower. 
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Containers and ponds 
There are three different system configurations which are used for sedimentation: regular 
containers, lamella containers and ponds. The configurations have their pros and cons which are 
shown in Table 4. Each system configuration can be chosen depending on the conditions that exist. 

Table 4. Pros and cons of different sedimentation configurations. 

Method Pros + Cons - 
Regular container -Simple and cheap method.  

-Good results for fine sand. 
-Small footprint. 
-Movable. 

-Poor results for silt and clay.  
-Requires some maintenance. 
-Limited capacity. 

Lamella container -Simple method.  
-Good results for course silt. 
-Small footprint. 
-Movable. 

-Poor results for clay.  
-Requires some maintenance.  
-Limited capacity. 

Pond -Simple method.  
-Good results for medium silt. 
-Good for large catchment. 

-Poor results for clay. 
-Requires large surface. 

 

Another form of sedimentation trap is a sedimentation container (Norin, o.a. 2007). It is very 
common that these are used as a first treatment step for the coarsest fractions of the suspended 
material. When the content of suspended material is high in the incoming stormwater it is enough 
with a relatively short residence time to separate much of the transported solid. 

Sedimentation traps are often designed as containers or tanks, which are relatively easy to move in a 
construction project as needed. This type of facilities requires continuous review because the 
residence time decreases as sludge accumulated on the bottom thereof. The sludge can be pumped 
out with by a vacuum truck.  

At lamella sedimentation, particles settle more efficiently than in corresponding surface in an open 
basin (Norin, o.a. 2007). The water goes between the lamella so that the particles can settle on them 
and then be collected on the bottom. Lamella sedimentation is a technology that is widely used in 
water treatment and can also work well on stormwater discharge from construction activities. A 
lamella sedimentation container can by preceded by a flocculation chamber where flocculants is 
being added for better sedimentation of small particles. 

Experience from purification projects of stormwater from roads is often used in construction of 
settling ponds (Norin, o.a. 2007). How big a pond should be depends on how long it takes for a 
particle to settle. 

Sedimentary basins are large ponds where the water gets a long residence time so that sediment in 
suspension have time to fall to the bottom and settle by gravity. It is common to also use a 
sedimentation pond as a retaining reservoir for the water which runs through the area before being 
discharged into receiving waters. Some recipients can be very small and vulnerable to sudden heavy 
water flows after major rain. Sedimentation ponds are a common method of purification for large 
construction sites that are not highly space limited. 

The required residence time for very fine particles to sediment is long, which often results in large 
basins. Sedimentation ponds are used very often in rainwater runoff from roads and very extensive 
research exists regarding this (Norin, o.a. 2007). In the past ten years the interest in open systems 
disposal of surface water increased dramatically, resulting in many newly laid ponds. 
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Sedimentary basins is the most common type of treatment suspended material overall. Often they 
occur in combination with other techniques, such as oil separation. The advantage of settling ponds 
is that they usually require very little maintenance. 

In Sweden, settlement ponds are often used also as leveling magazine so that the recipient do not 
overflow and thus generate more erosion. A sedimentation pond is not sufficient to settle very fine 
particles. In an extreme case for example, for colloids to settle the ponds needs to have a residence 
time of two years. 

Sedimentation ponds are constructed to handle the rain that in extreme cases could possibly affect 
the area. Because of this it is important to consider data on the amount of precipitation that is 
reasonable to expect and what is the worst case scenario in that specific area. Then the leveling 
magazine could be dimensioned so that it can withstand extreme rainfall with certain duration 
depending on the requirements of purification and recipient vulnerability. If only precipitation was 
considered to calculate the size of the sedimentation pond, the particle size and sedimentation 
velocity can be neglected. When sizing sedimentation ponds that have the main objective to work as 
a retaining reservoir, these parameters can be neglected.  

Simulated models show that the pond size should be 2-3% of the catchment area. However, this 
depends strongly on how the water is generated in the area. The models that have been developed 
are only depending on the water from the rainfall. In cases where also groundwater needs to be 
considered, the pond needs to be slightly larger. There is an optimum surface area for a 
sedimentation pond, which is the ratio of the pond area and impermeable area.  

An optimum specific surface area is in the majority of studies suggested to be around 250 m2/h. It 
could also be expressed as the effective specific pond area and should then be greater than 100-150 
m2/ha. This is a very easy way to determine a sedimentation ponds area, without consideration to 
type of contamination or stormwater flow rate. 

Filtration 
Filtration is a process of passing water through material to remove particles and other pollutant 
(Bourke, o.a. 1995). The pollutants consist of suspended solids (fine silts and clays), biological 
matter (bacteria, plankton, spores, cysts or other matter) and flocs. The material normally used as 
filters is sand, coal or other granular substance and can be classified as slow or rapid filters. The 
desirable characteristics for all filter media are: 

• Good hydraulic characteristics (permeable) 
• No reaction with substances in the water (inert and easy to clean) 
• Hard and durable 
• Free of pollutant; and 
• Insoluble in water 

In a gravity filtration system the water level or pressure (head) above the media forces the water 
through the filter media (Bourke, o.a. 1995). Depending on the purpose for which the water is 
required, the rate of the water passing through the filter media can be varied. The particulate 
pollutants are removed in or on the media in a rapid gravity filtration which causes the filter to clog 
after a period. The clogged filter needs to be cleaned by backwashing periodically, either when the 
pressure drop across the filter becomes too large or when fine particles could be found in the outlet 
due to that the sand filter is saturated (Magnusson och Norin 2013). When backwashing, the flow 
needs to high enough to expand the filter media bed so that the fine particles trapped in the pores 
detaches and washes away. 
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A pressure filter on other hand is completely enclosed in a pressure vessel e.g. a steel tank (Bourke, 
o.a. 1995). They have been found to offer lower installation and operation costs in small filtration 
plants. However, they are less reliable than gravity filters somewhat in general. 

There are also continuous filters were the filter media (sand) recirculate and are purified by 
continuous pumping see Figure 5 (Magnusson och Norin 2013). The inlet for water is at the bottom 
of the filter and at the top of the filter the treated water is discharged. This means that the water 
stream is upward and the transportation of sand downward. The sand is continuously pumped away 
for washing and new sand is applied on top. Due to the continuous removal of fine particles that are 
retained by the sand, the pressure distribution in the filter could be constant and independent of 
time. 

 

Figure 5. Continuous self-cleaning sand filter. 

The primary purpose of filtration is to remove suspended particles and treat the water from floc 
(Bourke, o.a. 1995). By using activated carbon (granular form) as a filter media taste, odour-causing 
compounds and other trace organics could be removed from the water. There are two principal 
mechanisms by which it removes contaminants from water (DeSilva 2000). These are adsorption 
and catalytic reduction. Residual disinfectants are removed by catalytic reduction and organics are 
removed by adsorption. Typical surface area for activated carbon is approximately 1000 m2/g, 
which is why the adsorption capacity is high. While it is very effective, the carbon handling 
equipment and operating costs are generally quite high (Bourke, o.a. 1995). 

Oil separation 
Oil tends to be present in stormwater from construction activities and must therefore be taken into 
account when choosing purification method. The treatment process should include some sort of oil 
separation. Just like the sedimentation theory, oil separation is considered as gravimetric 
separation methods were the differences between particle densities can separate the oil from the 
water see Figure 6 (IPIECA 2010). Since oil has lower density than water it will automatically 
separate. The oil particles will float on top of the water and the sludge, which has higher density 
than water, will settle. The oil floating on the surface could then easily be skimmed off. 
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Figure 6. Typical gravimetric oil-water separator. 

Nitrogen removal 
Problems with nitrogen in stormwater from construction activities are almost exclusively connected 
to rock blasting (Magnusson och Norin 2013). Nitrogen and oxygen in the explosives forms NOx-
gases. The problem is mainly when unexploded “bulk explosives” are spread further in water. In 
large construction projects with blasts, the nitrogen levels in the stormwater could increase and be 
significant. After the blasting work, nitrogen is left on the excavated rock waste where water in form 
of rain washes the nitrogen away. 

It is important to understand that the purification technique of nitrogen differ from the methods 
described. Nitrogen cannot be settled, filtered out or removed by an activated carbon filter. Instead 
biological methods are needed where nitrogen is converted in a first aerobic step from ammonium 
to nitrate and then in an anaerobic step to nitrogen gas. 

pH-adjustment 
The pH of the water can be adjusted and controlled by addition of certain substances. For example 
high pH values can occur by a variety of activities in a plant construction such as casting of concrete, 
demolition of concrete structures, grunting with cement etc. (Magnusson och Norin 2013). By 
addition of e.g. sulfuric or hydrochloric acid the pH can be reduced. Addition of acid requires very 
good control to make sure that the pH always is in the correct range to minimize the risk of 
overdose. Also from a working environment viewpoint it is hazardous to handle acid. Therefore in 
recent years it has become more common to use carbon dioxide for pH-adjustment (Magnusson och 
Norin 2013). Carbon dioxide has the great advantage that it is self-buffering, which means that the 
risk of overdose is small and also from a working environment viewpoint easier to handle. The 
carbon dioxide needs a certain time to resolve itself and the process is temperature dependent. 
When the carbon dioxide (CO2) is added to water (H2O) it forms carbonic acid (H2CO3) which then 
is divided into a hydrogen ion (H+) and bicarbonate ion (HCO3-) by following: 

CO2 + H2O  H2CO3  H+ + HCO3- 
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On the other hand, in cases with a low pH value, addition of a base is necessary such as soda ash or 
lime to get a neutral product. 

Chemical precipitation and flocculation 
Chemical precipitation and flocculation can be used to purify water from completely different types 
of contaminants such as bacteria and viruses, humus, organic pollutants, mineral particles and 
dissolved metals (Magnusson och Norin 2013). For stormwater from construction activities it is 
mainly relevant to use the technology to remove the mineral particles that are too small to be 
removed by conventional sedimentation. The purpose of the technology is to merge the mineral 
particles to flocks that more easily can be removed be sedimentation or flotation. The process takes 
place in two steps, first by neutralize the mineral’s negative surface charge in a precipitation step 
and then form flocks in a subsequent step. It is often easier to apply the method on muddy water 
with high concentrations of suspended solids than water that is relatively clear, with low 
concentrations of suspended solids. This treatment method is favorable for just stormwater from 
construction activities since the water often contains high levels of fine grain suspended material. 
The advantage of the method is that it gives very good purification results even at high levels of fine 
particles and particle-bound impurities. The disadvantage is that it requires a specialist in design 
and start-up together with both monitoring and maintenance during operation.  

Small particles are kept solved since the forces from the collisions between water molecules and the 
particles are greater than gravity (Sernstad 2014). Further, the particles are affected by electrical 
repulsive forces from their own surface charges were the negative charge predominates. These 
forces combined prevent coagulation of the particles and the following separation. The merge of the 
particles occurs in the process is therefore the result of a destabilization of particles which is usually 
done by an addition of chemicals. The chemical, also called coagulant, is a positively charged salt or 
an organic polymer that destabilize the particles that then can be brought together and form larger 
particles by Van der Waals forces.  

After neutralization of the negative particle charge, the particles come closer to each other by using 
bridges between, the particles then form larger flocks (Sernstad 2014). The sedimentation rate is 
proportional to the flock size and thus should be as large as possible to allow a rapid settlement. 

Management of stormwater discharges in the state Washington 
How does the management of stormwater discharges from construction activities work in other 
countries? One of the most successful places when it comes to complex issues of stormwater from 
construction activities is the state of Washington in the United States (Magnusson och Norin 2013). 
Here, these issues have been developed in a structured way using classification of recipients, 
technical solutions, authorization and control functions. 

Stormwater management at a permitted construction site requires a stormwater pollution 
prevention plan (SWPPP) that clearly demonstrates that all the requirements of the national 
pollutant discharge elimination system (NPDES) permit are met (EPA 2007). The SWPPP contains 
best management practices (BMPs) whose purpose is to decide the best measure to prevent 
pollutions in the environment. 

The best management practices (BMPs) are known as an important part of the NPDES permitting 
process to prevent the discharge of toxic and hazardous chemicals (EPA 1993). Studies have shown 
the success and flexibility of the BMP approach in controlling releases of pollutants to receiving 
water. The prevention practices have become part of the NPDES program to reduce the potential 
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pollutant releases. These prevention methods have shown that it is possible to reduce the costs as 
well as pollution risks through source reduction and recycling/reuse techniques. 

Some suggested measures to minimize the generation of contaminated stormwater are as follows 
(EPA 1996): 

• Minimize the quality of uncontaminated stormwater entering cleared areas. 
• Establish cut-off or intercept drains to redirect stormwater away from cleared areas and 

slopes to stable areas or effective treatment installations. 
• Reduce water velocities. 

Development of a stormwater pollution prevention plan (SWPPP) is a requirement according to the 
construction general permit and will help to prevent stormwater pollution (EPA 2007). A SWPPP 
describes all the construction site operator’s activities to prevent stormwater contamination, control 
sedimentation and erosion, and comply with the requirements of the CWA. It should include 
potential pollution sources, best management practices, inspections and follow-up records. The 
SWPPP development also gives a good opportunity to define roles and responsibilities of everyone 
involved.  

The national pollutant discharge elimination system (NPDES) permit prohibits anybody from 
discharging “pollutants” trough a “point source” into a “water of the United States” (EPA 2015). 
Discharge limits, monitoring and reporting requirements, and other provisions are mentioned in 
the permit so that the discharge does not hurt the water quality or people’s health. The NPDES 
permit is a translation of the general requirements of the Clean Water Act (CWA) but specified to 
the operations of each person discharging pollutants. CWA is the primary federal law in the United 
States governing water pollution. 

This will give the operator a specific limit of acceptable level of the pollutants e.g. a certain level of 
bacteria. The operator may then choose which method that is suitable to use not to exceed these 
limits. There are however some exceptions, where the permit contain certain generic “best 
management practices”. NPDES makes sure that the standards for clean water are being met. 

Department of Ecology (DoE) in Washington has approved purification equipment and techniques 
that companies use on construction sites for purification of stormwater discharge from construction 
activities (Magnusson och Norin 2013). One technology used is sand filtration where polymer 
chitosan is added as flocculants for the sand filter. Chitosan is produced locally from crab shells as a 
residue from the fishing industry and has also embarked in the Swedish market. It is an outstanding 
candidate but the unit price is still much higher than traditional inorganic flocculants (Yang, o.a. 
2016). Chitosan is one of the high-performance natural polymers, which has found to be useful in 
many fields including biotechnology, biomedicine, and food processing. 

Case study: Marieholmförbindelsen 
Marieholmförbindelsen consists of both road and rail construction (Trafikverket 2016). A road 
tunnel will be built under the river Göta älv in Gothenburg to reduce the vulnerability of the existing 
road system and road safety, and promote the environment and regional development. A railway 
bridge will be constructed to reduce the interference and increase the robustness of the whole 
railway system. Besides this, roads and railways will be built to link existing systems with the 
planned. The area on the east side of the river Göta älv is called ED2 and on the west side ED3, sees 
Figure 7. 
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Figure 7. Overview of the project Marieholmförbindelsen. 

Regarding the purification of stormwater from construction activities there are different facilities on 
each side. First of all, there are two ponds, one on each site. These were complemented by container 
solutions, either as a composite system with the pond or as a separated system.  

Looking at the drawings of the ponds ED2 and ED3, neither one fulfills the ratio conditions between 
width and length. The maximum ratio is 1:2.5 which is not sufficient enough and results in dead 
zones, poor hydraulic efficiency, etc. 

Before the start of the project, the Land and Environment Court (Mark- och miljödomstolen at 
Vänersborg tingsrätt) decided that the excess water from construction activities should be diverted 
to sealed collection-, equalization-, and sedimentation basin where sampling can be done 
(Vänersborgs tingsrätt 2011). On the basis of the sampling results, the polluted excess water should 
be treated in a treatment facility. This should be designed in consultation with the Supervisory 
Authority. 

The treated water should after purification fulfill the requirements given by Miljöförvaltningen at 
Göteborgs stad see Table 5 (Göteborgs Stad 2013). Contractors have an obligation to report to the 
client if irregularities arise such as increased pollution. 
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Table 5. Requirements for Marieholmförbindelsen given by the environmental administration in Gothenburg. 

Substances Benchmark 
As 15 µg/l 
Cr 15 µg/l 
Cd 0,4 µg/l 
Pb 14 µg/l 
Cu 10 µg/l 
Zn 30 µg/l 
Ni 40 µg/l 
Hg 0,05 µg/l  
PCB 0,014 µg/l  
TBT  0.001 µg/l 
Oil index  1000 µg/l 
Benzo(a)pyrene 0,05 µg/l 
MTBE 500 µg/l 
Benzene 10 µg/l 
pH 6-9 
Total phosphorus 50 µg/l 
Total nitrogen 1250 µg/l 
TOC 12 mg/l 
Susp. 25 mg 
Particles Requirement of at least 90% removal of particles 

>0.1 mm if particles are coming from the washing 
processes outdoor or equivalent. 

Flow In the discharge point of the recipient the 
emission amount, as instantaneous value should 
not exceed 1/10 of the recipient instantaneous 
flow. 

Observations during a study visit 
During a study visit to Marieholmförbindelsen, some observations could be noticed. For ED2 the 
outlet was well positioned in the middle of the short side. The inlet pipe had holes which made the 
water distribution evenly. However, the placement was closer to the corner of the pond. The ratio 
between width and length was though quite satisfactory. Compared to ED3 where the ratio was not 
sufficient and were both inlet and outlet of the pond was not placed strategically. The inlet consisted 
of five pipes pumping the water into the pond and it seemed that the design was not appropriate 
since some of the pipes were placed on the long side of the pond. 

The regular containers at both ED2 and ED3 were not effective since it had a small sedimentation 
area. These types of containers should only be used to clean the water from larger particles. The 
Siltbuster container (lamella) at ED3 was out of service during the visit. Although it should be more 
effective than the regular container it still seems to be sensitive to high pollutions and should 
therefore be linked to another sedimentation step. 

Results 
On site the suspended material can be measured as turbidity with continuous recording e.g. a data 
logger (Blechingberg 2009). By using this method one would get an immediate response to varying 
levels and simultaneously receive a confirmation if the limit is exceeded. The confirmation could 
then release an emergency alarm and stop the emissions.  

The relationship between turbidity and content of suspended matter is not always clear. This is due 
to that the content of suspended matter only takes account of particles larger than 0.0016 mm. 
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Studies in the Baltic Sea has demonstrated that the relationship between them is that the turbidity 
expressed in FNU (Formazin Nephelometric Unit) is approximately 60 percent of the content of 
suspended matter in mg/l (Blechingberg 2009). 

Since the Swedish Transport Administration is supervisor, data about stormwater from the facilities 
ED2 and ED3 were available. However, the data were only limited to outgoing water. To be able to 
draw any conclusions about the effectiveness of the facilities new samples of incoming and outgoing 
water were taken. The new samples shown in Table 6, 7 and 8, were taken by a consulting firm 
named Structor AB who has the assignation by the Swedish Transport Administration to perform 
two kinds of samplings, one called weekly and the second monthly. Weekly sampling means that the 
consulting firm needs to take one sample once a week at one point. Monthly sampling is performed 
during the period of 24 hours once a month. Each month the Swedish Transport Administration 
receives a report with sampling results from both the consultant and the contractors with some 
analyses.  

Both lab and field samples were taken. A filtered and unfiltered sample was sent to the company 
AlControl for a better assessment (see appendix C). During the field measurements the flow, 
temperature, conductivity, turbidity and pH were measured. The ED2 facility consists of a container 
solution as a pre- sedimentation step before the water flows into the pond. Due to the container as a 
pre-sedimentation step three samples were needed instead of two, one at the inlet of the container, 
one at the inlet to the pond and one at the outlet of the pond. 

The field observations for ED2 under low flow conditions, see Table 6, showed that the turbidity was 
around 24 FNU at the inlet to the pre-sedimentation (container). The number decreased to 12 FNU 
at the inlet to the pond and at the outlet it decreased further to around 9.5 FNU. However, the pond 
had two inlets, one directly pumped into the pond and one that went through a pre-sedimentation 
step (regular container). Under high flow conditions the results was not as expected since the 
incoming water had a lower turbidity then under low flow conditions, which is not usual.  

Table 6. Sampling results for ED2 (field measurement). 

 

However, the field observations for ED3, see Table 7, showed more expected results. Under low flow 
conditions the incoming water had a turbidity of 125 FNU which were reduced to about 23 FNU 
after passing through the sedimentation pond. For high flow conditions the turbidity reached almost 
1000 FNU which at the outlet were decreased to a number of 79 FNU. Although this is a reduction 
of about 92%, the number exceeds the limit of the contamination values. 

Sample name
ED2 incoming 

water
ED2 outcoming 
from container

ED2 outcoming 
from pond

ED2 incoming 
water

ED2 outcoming 
from container

ED2 outcoming 
from pond

Date 2016-06-02 2016-06-02 2016-06-02 2016-07-04 2016-07-04 2016-07-04
Sampler Johan Johan Johan Johan Johan Johan

Flow m3/h Low Low Low (1,18) High High High (6,17)

pH (field) LV 6-9 7,97 7,8 8,7 7,85 7,92 7,86

Conductivity (field) mS/m LV 449 497 440,0 242 241 253

Turbidity (field) FNU LV 44 23,59 11,49 9,52 13,61 11,22 8,08

Water temprature 17,1 19,6 22,8 15,7 15,7 17,3

Air temprature 27 27 27 16 16 16

ED2, sampling at low and high flow. Sampling of 
incoming water to container outcoming from container 

and outcoming from pond.

Guidelines valuesUnitAnalysis parameter
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Table 7. Sampling results for ED3 (field measurement). Yellow marked results are those which exceeded the 
guideline values. 

 

As for the Siltbuster container, see Table 8, the field observation were only done during low flow 
conditions due to the capacity of the container. The result shows that the turbidity increased from 
20 to 29 FNU which could depend on for example that the container is poorly maintained.  

Table 8. Sampling results for Siltbuster (field measurement). Yellow marked results are those which exceeded 
the guideline values. 

 

The filtered and unfiltered samples that were sent to AlControl (see Appendix C) are summarized in 
Table 9 to 13 below where some substances in the samples are given. As mentioned before the 
samples cover three different facilities, two ponds (ED2 and ED3) and a lamella container 
(Siltbuster). From the samples it can be seen that the amount of contaminations and particles 
decreases in most cases. It is also clear that many of the contaminations are particle-bounded, 
which could be seen comparing the unfiltered sample with the filtered. From the results in tables it 
can also be seen that some of the contaminations are harder to purify. 

Since ED2 had almost non turbid incoming water, i.e. low amount suspended solids; the 
purification process was not effective, see Table 9 and 10. As mentioned ED2 had two inlets, this 
provides water into the pond with different quality but probably also at different flow. 

Sample name
ED3 outcoming 

water
ED3 incoming 

water
ED3 outcoming 

water
ED3 incoming 

water
Date 2016-06-01 2016-06-01 2016-06-27 2016-06-27

Sampler Isabelle Isabelle Isabelle Isabelle
Flow m3/h Low Low High High

pH (field) LV 6-9 8,66 7,32 8,56 7,87

Conductivity (field) mS/m LV 6,71 7,56 279 313

Turbidity (field) FNU LV 44 22,6 124,7 79 990

Water temprature 21 23 18,7 18,7

Air temprature 25 25 19 19

ED3, sampling at low and high flow. Sampling of 
incoming and outcoming water from pond.

Analysis parameter Unit Guideline values

Sample name Incoming water Outcoming water

Date 2016-06-07 2016-06-07
Sampler Isabelle Isabelle

Flow m3/h Low Low

pH (field) LV 6-9 12,03 10,12

Conductivity (field) mS/m LV 334 232

Turbidity (field) FNU LV 44 20,106 29,07

Water temprature 24,1 23

Air temprature 23 23

Container, sampling of incoming and outcoming water 
from the container. Only field measurements.

Analysis parameter Unit Guidelines values
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Table 9. Summary of filtered and unfiltered samples for ED2 at low flow conditions. 

ED2  
(low flow) 

Suspended 
solids 
[mg/l] 

Aluminum 
[μg/l] 

Barium 
[μg/l] 

Iron 
[μg/l] 

Copper 
[μg/l] 

Manganese 
[μg/l] 

Zinc 
[μg/l] 

In 11 450 91 720 22 38 5,7 
Out from 
container 

5,4 250 100 430 26 34 7,5 

Out from 
pond 

7,3 140 75 140 17 14 2,1 

In, 
filtered 

- 8,1 86 22 21 19 1,4 

Out from 
container, 
filtered 

- 4,5 100 23 25 23 4,5 

Out from 
pond, 
filtered 

- 4,0 73 8,7 17 5,3 1,2 

 

Table 10. Summary of filtered and unfiltered samples for ED2 at high flow conditions. 

ED2  
(high 
flow) 

Suspended 
solids 
[mg/l] 

Arsenic 
[μg/l] 

Barium 
[μg/l] 

Lead 
[μg/l] 

Copper 
[μg/l] 

Chromium 
[μg/l] 

Zinc 
[μg/l] 

In <5 1,4 57 0,69 12 2,6 12 
Out from 
container 

6,4 1,4 57 0,54 12 2,6 14 

Out from 
pond 

6,7 1,4 56 0,41 13 2,7 10 

In, 
filtered 

- 1,4 54 0,029 11 2,0 2,2 

Out from 
container, 
filtered 

- 1,3 54 0,043 11 2,0 2,2 

Out from 
pond, 
filtered 

- 1,3 53 0,029 11 2,1 1,9 

 

For ED3 the incoming water was turbid with high values of suspended solids, see Table 11 and 12. 
The first case with low flow conditions gives a reduction of suspended solids of about 98%. The 
second case with high flow conditions gives a reduction of almost 95%. It is clear that many of the 
substances follow this reduction. 

The unfiltered results for the Siltbuster shows a reduction of suspended solids from 880 to 650 mg/l 
compared to the field observations that showed that the turbidity instead increased, see Table 13. 
This could be explained by the relationship between turbidity (FNU) and suspended solid (mg/l) as 
described in the beginning of this paragraph. 
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Table 11. Summary of filtered and unfiltered samples for ED3 at low flow conditions. 

ED3 
(low 
flow) 

Suspended 
solids 
[mg/l] 

Aluminum 
[μg/l] 

Barium 
[μg/l] 

Iron 
[μg/l] 

Copper 
[μg/l] 

Manganese 
[μg/l] 

Zinc 
[μg/l] 

In 480 2800 270 7700 16 540 250 
Out 
from 
pond 

8,5 950 160 660 8,6 56 6,6 

In, 
filtered 

- 12 190 280 1,4 300 9,6 

Out 
from 
pond, 
filtered 

- 10 140 10 7,9 4,7 <1 

 

Table 12. Summary of filtered and unfiltered samples for ED3 at high flow conditions. 

ED3 
(high 
flow) 

Suspended 
solids 
[mg/l] 

Aluminum 
[μg/l] 

Barium 
[μg/l] 

Iron 
[μg/l] 

Copper 
[μg/l] 

Manganese 
[μg/l] 

Zinc 
[μg/l] 

In 650 7600 140 17000 17 600 63 
Out 
from 
pond 

34 900 110 1200 5,9 110 10 

In, 
filtered 

- 5,6 110 <5 4,3 310 1,6 

Out 
from 
pond, 
filtered 

- 5,4 98 <5 4,4 64 <1 

 

Table 13. Summary of samples for Siltbuster. 

Siltbuster Suspended 
solids 
[mg/l] 

Arsenic 
[μg/l] 

Lead 
[μg/l] 

Iron 
[μg/l] 

Copper 
[μg/l] 

TOC 
[mg/l] 

Zinc 
[μg/l] 

In 880 84 870 55 2200 3600 1000 
Out 650 50 430 36 730 2000 450 
 

Findings/Results/Data analysis 
One part of the thesis is to compare analytical results with measured ones. By taking samples of the 
facilities used for the project Marieholmförbindelsen it was possible to compare these with the 
expected results (see appendix B). The calculations show the percentage separated particles, which 
could be compared to the number of turbidity or suspended solids that has been measured. In the 
calculations the soil type is clay and the particle size is 0.002 mm. 

Given the flow and area for each pond the sedimentation velocity has been calculated using Stoke’s 
formula, see Table 14. For more details see appendix B. Futhermore, the surface load has been 
calculated as a ratio between flow and area. Knowing the sedimentation velocity and surface load 
the percentage separated particles can be calculated, this is also shown in Table 14. 
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Table 14. Sedimentation velocity, surface load and percentage separated particles for ED2 and ED3 based on 
the flow and area. 

 Flow [m3/h] Area [m2] Sedimentation 
velocity [m/h] 

Surface 
load 
[m/h] 

Percentage 
separated 
particles [%] 

ED2 6,17 (high) 10×30 0,01 0,021 36 
ED2  1,18 (low) 10×30 0,01 0,0039 84 
ED3  6,17 (high) 16,3×30,4 0,01 0,012 49 
ED3 1,18 (low) 16,3×30,4 0,01 0,0024 89 
 

The results that were obtained were not expected. One reason for this was that the flow meter did 
not work, which means that there is no data for the flow except what could be estimated on-site 
(high and low). The second reason was that the incoming water had big differences in character; at 
ED2 the water was very clear compared to ED3 where the water was very turbid. Because of this, 
other possibilities to compare these ponds and samples were approached. 

Instead of trying to compare the ponds directly to each other, calculations were made for each pond 
and compared to the samples. Through this comparison, the “actual conditions” (calculated) of the 
ponds could be compared to the “real conditions” given by the samples. In other words, the theory 
could be compared to practice, i.e. the sedimentation effect in real life. The figures below shows the 
percentage separated particles as a function of the flow, since a bigger flow obvious decrease the 
effectivity. 

For ED2, the exact flow is measured to 1.18 m3/h (low) and 6.17 m3/h (high) (see Table above). 
These numbers could be inserted into the function below (see figure 8 for ED2 and figure 9 for ED3) 
to get a depiction of how the “actual conditions” should look like. The percentage separated particles 
at ED2 for a flow of 1.18 m3/h should be 89%. For the higher flow 6.17 m3/h the percentage 
separated particles should be 36%. The “real” percentage separated particles due to the samples 
performed was 60% under low flow condition and 41% for the high flow condition (see appendix B). 
This means that ED2 underperformed under low flow conditions and outperformed during high 
flow conditions, despite the fact that ED2 had a pre-sedimentation step (regular container) which is 
not taken into account. 

 

Figure 8. Percentage separated particles as a function of the flow for ED2. 
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Since there are no exact data regarding the flow for ED3 (only estimated data), the calculations 
where done reversed. Known that the “real” percentage separated particles under low flow 
conditions was 82% and at high flow conditions 92% reversed calculations could be performed to 
estimate the estimated flow and see if it is reasonable. Assuming the “real” percentage separated 
particles the estimated flow for low flow condition should be about 1.15 m3/h and for high flow 
condition about 0.65 m3/h, which is unreasonable. This leaves some question marks on the 
calculations and equations used.  

 

Figure 9. Percentage separated particles as a function of the flow for ED3. 

The results from the samplings were difficult to interpret. ED3 had high turbidity values at the inlet 
and slightly low values at the outlet. ED2 on the other hand had low turbidity values in general. It 
could be noticed was that the container solution, at ED2, as a pre-sedimentation step made a big 
difference to the turbidity. The hypothesis is that the distribution of the particles in the water is of 
great importance. As it is known small particles has a longer sedimentation time compared to bigger 
particles which has a shorter sedimentation time. For example in the case of ED2 the particle 
distribution could disfavor the sedimentation since the incoming water was already very clear. 
Unlike ED2 it could be noticed that the incoming water at ED3 was muddy. 

The particle distribution in the water is therefore of great importance, i.e. how the grain sizes are 
distributed. Small particles are obviously more difficult to settle away. If only it had been e.g. sand 
mixed in the water, all would probably settle at the sedimentation step. 

Discussions, conclusions and recommendations 
If comparing stormwater discharge management from construction activities in the state 
Washington with those applied in Sweden, there are some similarities in the working methodology. 
As mentioned earlier, the state Washington has requirement to establish a stormwater pollution 
prevention plan (SWPPP), which could be compared to the Swedish environmental impact 
assessment (EIA). In both cases, a permit is required. The EIA describes the impact that the project 
can have on the environment, which measures should be taken and what would happen without 
them. The SWPPP contains identification of potential sources, appropriate measures and 
monitoring/inspection activities. When it comes to stormwater discharge from construction 
activities, Washington is in the fore. It appears to be more consideration to the topic than in 
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Sweden, where there is limited attention to the issue. The requirements in Sweden are focused on to 
choose the best management practices, but in many cases other options are chosen due to economic 
or convenience reasons, lack of knowledge, etc. Sweden lags behind when it comes to creating a 
holistic approach around stormwater from construction activities issues. It is desirable to 
systematize and create clear guidelines that suits Swedish conditions. It is certain that some 
elements in the approach used in Washington would fit in Sweden. Contractors need more clear 
guidelines in order to fulfill the environmental code.  

Regular containers should only be used to sediment sand particles since the surface area is limited 
which gives a reduced sedimentation time. They also have a limited flow capacity, which must be 
followed to work properly. The requirement of self-monitoring and maintenance for the contractor 
should be increased. In other cases, with smaller particles to settle such as silt, regular containers 
should not be used greater than as a pre-sedimentation step. 

For sedimentation of particles smaller than medium silt it is necessary with a residence time of 
minimum 10 hours. This means that for the soil type fine silt, which has a particle range between 
0.0063mm-0.002mm, the residence time can differs between 10-100 hours. For the soil type clay 
this would mean a residence time of at least 100 hours which equals more than 4 days. By using 
traditional sedimentation as purification technique one would either need a huge sedimentation 
area or a very small flow. Either of these solutions is unreasonable due to economic aspects, space 
limitations and efficiency. That is why for example chemical precipitation and flocculation would be 
needed for purification of particles smaller then medium silt. During recent years, a new polymer 
called chitosan has been used as a flocculent. It is natural and simple to use since the risk for 
overdose is negligible.  

As it was mentioned before, the only requirement that the Swedish Transport Administration had at 
the construction site Marieholmförbindelsen in Gothenburg was a surface load of 0.2 m/h. The 
surface load depends on the flow and area, which means that the contractors can dimension the 
facility area for an expected maximum flow.  Given the maximum flow and the required surface 
load, the area which is the product of length and width of the basin can be calculated. As it is shown 
in subchapter 5.1.2, a hydraulic efficiency λ larger than 2/3 would be sufficient to obtain a good 
separation capacity. The hydraulic efficiency is also used to obtain a proper configuration of the 
basin. 

Thus, in a real case the soil type and particle diameter are usually known after geotechnical 
investigations at the construction site. The expected maximum flow Q can also be obtained through 
a hydrogeological investigation and average recurrence interval of extreme rainfall.  Given the 
particle diameter, the settling velocity Vs can be calculated. As it is shown in subchapter 5.1.2, the 
surface load q should be less or equal to Vs which means that the surface load is determined. Now, 
given the surface load and the maximum flow Q, the required surface area A can be calculated. In 
order to select a proper configuration based on this surface area, the hydraulic efficiency λ can be 
used. Using a λ larger than 2/3 the design of the basin can be determine i.e. the ratio between width 
and length, baffles and location of inlet and outlet. In this way, a good separation capacity R can be 
achieved.  

It is important to notice that in the calculations for designing sedimentation facilities 
approximations and simplifications have been used. 
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To summarize the recommendations are as follows: 

• Regular containers demands a high maintenance and self-monitoring, and isn’t 
recommended to use in greater occurrence than as a pre-sedimentation step for 
particles smaller than course silt, which has a particle diameter between 0.02-
0.063mm. 

• Use a holistic approach by creating clear guidelines for the contractors. 
• Use the hydraulic efficiency, λ, to ensure a proper configuration and a good separation 

capacity. 
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Appendix A – MATLAB function 

MATLAB function 
This MATLAB program calculates and plots the terminal falling velocity at different particle density 
and particle diameter see subchapter 5.1. 

function f=Ut 

%Funktion som ber#knar sedimentationshastigheten f#r partikel vid fri 

%sedimentering f#r olika partikelstorlekar. G#ller f#r 
sf#riska partiklar 

%(Stokes lag). G#ller allts# egentligen inte f#r lera vilket best#r av 

%flata partiklar. 

 

format long; 

%------------------------------------------------------------------------
- 

%F#rst varieras partikeldiametern: 

d=[1*10^(-6):1*10^(-7):2*10^(-4)];  %[m] 

Pdens=2650;    %Densiteten f#r Lera 

[kg/m3] 

Vdens=1000; %[kg/m3]. M#jlig felk#lla d# susphalt 
ger h#gre densitet 

 

t=10;                       %Vattnets tempratur 
[Celsius] KV=(1.78*0.001)/(1+0.0337*t+0.00022*(t^2));  
%[Ns/m2] g=9.81; %[m/s2] 

 

%F#r sf#riska partiklar g#ller Stokes lag, enligt 
nedan. Vs=(((d.^2*g)/(18*KV)).*(Pdens-Vdens))*60*60; 

 

%------------------------------------------------------------------------
- 

%Skapar graf #ver 
l#sningen  

figure (1); 
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plot(d, Vs, 'r-'); 

title('Sedimentation as a function of the particle diameter, with 
a particle density of 2650 kg/m3') 

xlabel('Particle diameter [m]') 

ylabel('Sedimentation[m/h]') 

 

axis([0 2*10^(-5) 0 1]); 

 

%Markerande linje vid sedimentationshastighet p# 0.4 
m/s y=0.4; 

x=1.272151384234708e-05; 

line('XData', [x x 0], 'YData', [0 y y], 'LineWidth', 

1, 'LineStyle', '-.', 'Color', [0.2 0.4 1.0]) 

 

%Markerande linje vid sedimentationshastighet p# 0.3 
m/s y=0.3; 

x=1.101715416206796e-05; 

line('XData', [x x 0], 'YData', [0 y y], 'LineWidth', 

1, 'LineStyle', '-.', 'Color', [0.2 0.4 1.0]) 

 

%Markerande linje vid sedimentationshastighet p# 0.2 
m/s y=0.2; 

x=8.995468704882153e-06; 

line('XData', [x x 0], 'YData', [0 y y], 'LineWidth', 

1, 'LineStyle', '-.', 'Color', [0.2 0.4 1.0]) 

 

%Markerande linje vid sedimentationshastighet p# 0.1 
m/s y=0.1; 

x=6.360756921173540e-06; 

line('XData', [x x 0], 'YData', [0 y y], 'LineWidth', 

1, 'LineStyle', '-.', 
'Color', [0.2 0.4 1.0])  
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Appendix B – Sketches and calculations for ED2 and ED3 

Pond sketch for ED2 
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Pond sketch for ED3 

 

 

  



 

40 
 

Calculations for ED2 
ν [m²/s] 20°C = 1,004×10-6  

ρs [kg/m³] = 2650 

ρw [kg/m³] = 1000 

d [m] = 2×10-6  

g [m/s²] = 9,82 

ED2 low flow (Q=1,18 m3/h): 

A [m2] = 30×10 = 300  

n [-] = 3 

Surface load 
𝑞𝑞 =  𝑄𝑄

𝐴𝐴
=  1,18

30×10
= 0,0039 𝑚𝑚/ℎ  

Sedimentation velocity 

Ѵ𝑠𝑠 =  1
18

𝑔𝑔
𝜈𝜈

(𝜌𝜌𝑠𝑠−𝜌𝜌𝑤𝑤)
𝜌𝜌𝑤𝑤

𝑑𝑑2 = 1
18

9,82
1,004×10−6

(2650−1000)
1000

(2 × 10−6)2 × 3600 = 0,01 𝑚𝑚/ℎ  

Percentage of separated particles 

𝑅𝑅 = 1 − �1 +
1
𝑆𝑆
Ѵ𝑠𝑠
𝑞𝑞
�
−𝑛𝑛

= 1 − �1 +
1
3

0,01
0,0039

�
−3

= 84% 

ED2 high flow (Q=6,17 m3/h): 

Surface load 
𝑞𝑞 =  𝑄𝑄

𝐴𝐴
=  6,17

30×10
= 0,021 𝑚𝑚/ℎ  

Sedimentation velocity 

Ѵ𝑠𝑠 =  1
18

𝑔𝑔
𝜈𝜈

(𝜌𝜌𝑠𝑠−𝜌𝜌𝑤𝑤)
𝜌𝜌𝑤𝑤

𝑑𝑑2 = 1
18

9,82
1,004×10−6

(2650−1000)
1000

(2 × 10−6)2 × 3600 = 0,01 𝑚𝑚/ℎ  

Percentage of separated particles 

𝑅𝑅 = 1 − �1 +
1
𝑆𝑆
Ѵ𝑠𝑠
𝑞𝑞
�
−𝑛𝑛

= 1 − �1 +
1
3

0,01
0,021

�
−3

= 36% 

Calculations for ED3 
ED3 low flow (Q=1,18 m3/h): 

A [m2] = 30,4×16,3 = 496  

n [-] = 2 

Surface load 
𝑞𝑞 =  𝑄𝑄

𝐴𝐴
=  1,18

30,4×16,3
= 0,0024 𝑚𝑚/ℎ  
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Sedimentation velocity 

Ѵ𝑠𝑠 =  1
18

𝑔𝑔
𝜈𝜈

(𝜌𝜌𝑠𝑠−𝜌𝜌𝑤𝑤)
𝜌𝜌𝑤𝑤

𝑑𝑑2 = 1
18

9,82
1,004×10−6

(2650−1000)
1000

(2 × 10−6)2 × 3600 = 0,01 𝑚𝑚/ℎ  

Percentage of separated particles 

𝑅𝑅 = 1 − �1 +
1
𝑆𝑆
Ѵ𝑠𝑠
𝑞𝑞
�
−𝑛𝑛

= 1 − �1 +
1
2

0,01
0,0024

�
−2

= 89% 

ED3 high flow (Q=6,17 m3/h): 

Surface load 
𝑞𝑞 =  𝑄𝑄

𝐴𝐴
=  6,17

30,4×16,3
= 0,012 𝑚𝑚/ℎ  

Sedimentation velocity 

Ѵ𝑠𝑠 =  1
18

𝑔𝑔
𝜈𝜈

(𝜌𝜌𝑠𝑠−𝜌𝜌𝑤𝑤)
𝜌𝜌𝑤𝑤

𝑑𝑑2 = 1
18

9,82
1,004×10−6

(2650−1000)
1000

(2 × 10−6)2 × 3600 = 0,01 𝑚𝑚/ℎ  

Percentage of separated particles 

𝑅𝑅 = 1 − �1 +
1
𝑆𝑆
Ѵ𝑠𝑠
𝑞𝑞
�
−𝑛𝑛

= 1 − �1 +
1
2

0,01
0,012

�
−2

= 49% 

(Metcalf & Eddy Inc., o.a. 2003) 
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Appendix C – Samplings for ED2 and ED3  

Low flow for ED2 2016-06-02 
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High flow for ED2 2016-07-04 
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Low flow for ED3 2016-05-16 
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High flow for ED3 2016-06-27 
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Sampling for Siltbuster 
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