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Abstract 
To mitigate the faecal contamination of drinking water sources and, consequently, to prevent 
waterborne disease outbreaks, an estimation of the contribution from different sources to the 
total faecal contamination at the raw water intake of a drinking water treatment plant is 
needed. The aim of this article was to estimate how much different sources contributed to the 
faecal contamination at the water intake in a drinking water source, Lake Rådasjön in 
Sweden. For this purpose, the fate and transport of faecal indicator E. coli within Lake 
Rådasjön were simulated by a three-dimensional hydrodynamic model. The calibrated 
hydrodynamic model described the measured data on vertical temperature distribution in the 
lake well (the Pearson correlation coefficient was 0.99). The data on the E. coli load from the 
identified contamination sources were gathered and the fate and transport of E. coli released 
from these sources within the lake were simulated using the developed hydrodynamic model, 
taking the decay of the E. coli into account. The obtained modelling results were compared to 
the observed E. coli concentrations at the water intake. The results illustrated that the sources 
that contributed the most to the faecal contamination at the water intake in Lake Rådasjön 
were the discharges from the on-site sewers and the main inflow to the lake – the river 
Mölndalsån. Based on the modelling results recommendations for water producers were 
formulated. The study demonstrated that this modelling approach is a useful tool for 
estimating the contribution from different sources to the faecal contamination at the water 
intake of a drinking water treatment plant and provided decision-support information for the 
reduction of risks posed to the drinking water source. 
 
Key words: fecal contamination; drinking water source; E. coli; water quality modeling; 
MIKE 3 FM. 
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1. Introduction 
Faecal contamination of drinking water sources is a common cause of waterborne disease 
outbreaks (Hrudey and Hrudey 2004). Tens of thousands of people were affected by the 
recent outbreaks caused by the faecal contamination of water sources in Sweden, in the cities 
Östersund and Skellefteå in 2010 and 2011 (Skellefteå Municipality 2011, SMI 2011). The 
faecal contamination of drinking water sources can originate from a variety of faecal 
contamination sources, such as wastewater treatment plants, on-site sewer systems, 
emergency sewer overflows, as well as stormwater runoff from urban and agricultural areas. 
Therefore, the mitigation of the faecal contamination of drinking water sources and, 
consequently, the prevention of waterborne disease outbreaks, require the identification of 
contamination sources in the catchment area and the estimation of their contribution to the 
faecal contamination at the raw water intakes of drinking water treatment plants (WTPs). 
 
The contribution from different sources to the faecal contamination at the raw water intake to 
the WTP depends on the contaminant load from the sources and on the fate and transport of 
the contamination within a water source. The fate and transport of faecal contamination in a 
water source can be simulated by means of computer models which describe the 
hydrodynamic situation in the water source and take the decay of microorganisms in the 
environment into account (e.g. Ge et al. 2012, Liu and Huang 2012, Thupaki et al. 2010, Zhu 
et al. 2011). In terms of drinking water management, this modelling approach can be used to 
prioritise mitigation measures by providing information about the contribution of different 
contamination sources to the faecal contamination at the raw water intake of the WTP 
(Sokolova et al. 2012b). 
 
The aim of this article was to estimate the contribution from different sources to the faecal 
contamination at the raw water intake in a drinking water source, Lake Rådasjön in Sweden. 
To fulfil this aim, a three-dimensional hydrodynamic model of Lake Rådasjön was setup 
using the MIKE 3 FM software package. The hydrodynamic model of Lake Rådasjön was 
calibrated to describe the temperature distribution in the lake. The data on the contaminant 
load from different sources around the lake were gathered. The faecal contamination was 
described using the faecal indicator bacteria E. coli (not to be confused with the pathogenic E. 
coli bacteria). The fate and transport of the faecal indicator bacteria E. coli within the lake 
were simulated using the developed hydrodynamic model, taking the decay of this faecal 
indicator into account. The obtained modelling results were compared to the observed E. coli 
concentrations at the raw water intake of the WTP. This article investigates the influence of 
the different contamination sources located around Lake Rådasjön on the microbial water 
quality in the lake and illustrates the application of fate and transport modelling in the context 
of faecal contamination of drinking water sources. 
 

2. Material and Methods 

2.1. Study area 
Lake Rådasjön is a dimictic lake located on the west coast of Sweden. This lake serves as the 
main water source for the city of Mölndal (60 000 consumers) and a reserve water source for 
the city of Gothenburg (500 000 consumers). The surface area of the lake is approximately 2.0 
km2 and its catchment area is 268 km2. The maximum water depth is 24 m and the main 
inflow is the river Mölndalsån (Figure 1). The water flow in the river Mölndalsån varies from 
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1 to 20 m3/s and the average water flow is approximately 4 m3/s. The raw water intake for the 
city of Mölndal is located in the north-western part of the lake at a depth of 15 m (Figure 1).  
 

2.2. Contaminant load 
Lake Rådasjön is subject to contamination from various faecal sources. The concentration of 
E. coli at the raw water intake is monitored by laboratory analyses of regularly collected grab 
samples. The faecal contamination in Lake Rådasjön can originate from the on-site sewers 
located close to the lake. These on-site sewers release partly treated wastewater into a stream 
that enters the lake close to the raw water intakes (Figure 1). Faecal contamination also enters 
the lake due to emergency wastewater discharges that occur several times a year because of a 
hydraulic overload or technical failures within the sewer network. Moreover, faecal 
contamination can enter the lake through the inflow from the river Mölndalsån, which 
transports contamination from various sources located in its upstream catchment area. 
Furthermore, the faecal contamination could enter the lake with the surface runoff from a 
cattle grazing area located to the east of the lake and an urban area located to the north-east of 
the lake (Figure 1). However, based on the results of the earlier studies of this lake (Sokolova 
et al. 2012a, Sokolova et al. 2012b), we have concluded that the contribution from these 
nonpoint sources is generally much smaller than from the other identified contamination 
sources. Therefore, in this article, we do not take the contribution from these nonpoint sources 
into consideration. 
 
To account for the influence of the on-site sewers on the microbial water quality in Lake 
Rådasjön, it was assumed that the on-site sewers located in the vicinity of the lake discharge 
untreated wastewater to the lake via a small stream, location OS, Figure 1.The discharge of 
wastewater from the on-site sewers was estimated based on the assumption that there are 36 
people connected to these on-site sewers and that water consumption is 200 L/person/day. 
 
Within the sewer network in the vicinity of Lake Rådasjön, several emergency discharges 
were registered during the period 2008 – 2011 by the Municipality of Härryda (Table 1). As a 
result of these emergency discharges, untreated wastewater entered Lake Rådasjön at different 
locations (Table 1): from the pumping station Pixbo Päls (location PS, Figure 1), through the 
stream Vällbäcken (location V, Figure 1) and through the river Mölndalsån (Figure 1). 
 
It was assumed that the E. coli concentration in the untreated wastewater is 2×106 No/100 
mL, which is the median value calculated based on four measurements of the E. coli 
concentration in the untreated wastewater from the Pixbo Päls pumping station. 
 
The concentrations of E. coli bacteria in the river Mölndalsån were regularly measured during 
the period 2008 – 2011. During the period January 2008 – August 2011, the E. coli 
concentrations in the river Mölndalsån were measured on average two times per month, with 
exception of December 2009 and March 2010 when the samples were taken more frequently. 
Since August 2011, the samples were taken approximately once a week. 
 
Based on the available data and the assumptions regarding the contamination sources, the load 
of E. coli from different contamination sources into Lake Rådasjön was calculated. 
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2.3. Model implementation 

2.3.1. Hydrodynamic model 
To simulate the water flows in Lake Rådasjön, a three-dimensional time-dependent 
hydrodynamic model MIKE 3 FM (DHI 2011a) was used. The hydrodynamic model for this 
lake was initially set up in earlier studies (Sokolova et al. 2012a, Sokolova et al. 2012b) to 
simulate the situation in the lake during the year 2008. In this study, the model was further 
developed to simulate the situation in the lake during the years 2007 – 2011 and calibrated 
using the measured vertical temperature profiles in the lake.  
 
The MIKE 3 FM model is based on the numerical solution of three-dimensional 
incompressible Reynolds averaged Navier-Stokes equations using Boussinesq and hydrostatic 
assumptions (DHI 2011a). The model consists of continuity, momentum, temperature, salinity 
and density equations, and is closed using a turbulent closure scheme (DHI 2011a).  
 
The modelling domain was approximated with prisms (triangles in the horizontal plane) using 
a flexible mesh approach (Figure 2). The mesh consisted of 611 nodes and 1015 elements. 
The length of the triangles’ sides varied from approximately 40 to 90 m, and was adjusted to 
describe the coastline and bathymetry. 
 
Vertically, the lake was approximated with layers of varying thickness. This thickness was 
adjusted to describe the physical processes in the lake, taking into account that a greater 
number of layers increases the computational time. Hence, the range of depth where the 
thermocline is formed was described with layers of 0.5 m thickness, to enable the correct 
simulation of the high temperature gradients in the thermocline. On the other hand, the upper 
and the lower sections of the water column, where mixed conditions prevail, were generally 
described with layers of greater thickness. Thus, in the model the lake is divided into 37 
layers. The thickness of the two uppermost layers can vary depending on the water level in the 
lake (sigma-layers), while the other layers have a fixed thickness (z-layers). In an undisturbed 
state, the thickness of the two uppermost layers is 0.5 m each. These layers are followed by 
four layers of 1 m thickness each, down to a depth of 5 m. The range of depth from 5 to 19 m, 
where the thermocline is formed, is divided into twenty eight layers of 0.5 m thickness each; 
below there are two layers of 1 m and one layer with a thickness of 3 m. 
 
The model was set up to simulate the hydrodynamic situation in Lake Rådasjön in the years 
2007 – 2011. The hydrodynamic situation in the lake was simulated separately for each year. 
The simulation for each year was started from the middle of December of the previous year 
(except for year 2007, when the simulation was started from January 2007), when a 
homogeneous temperature field of 4 ˚C in the domain was assumed. The initial rest conditions 
in the lake were defined by the constant surface elevation and the flow velocity was set to 
zero. The open boundary conditions were defined by the discharge into the lake from the river 
Mölndalsån and by the water level in Lake Stensjön, located downstream of Lake Rådasjön 
(Table 2). The land boundary was defined by zero normal velocity. The temperature on the 
open boundaries was described as zero gradients. 
 
The model was set up to account for the hydrometeorological conditions (wind and 
precipitation on the lake surface), and to simulate the heat exchange between the atmosphere 
and the lake (Table 2, Table 3). The ice coverage of the lake during the winters (January – 
March) of years 2009, 2010 and 2011 was taken into account; there was no ice on the lake in 
2007 and 2008 (Table 2). The water density was formulated as a function of temperature. The 
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bed resistance was described by a constant roughness height of 0.05 m. The horizontal and 
eddy viscosity was simulated using the Smagorinsky formulation (Table 3). The vertical eddy 
viscosity was simulated using the k-epsilon formulation (Table 3).  
 
The hydrodynamic model was calibrated using the measured temperature profiles in the lake 
(Table 3, Figure 3). In order to accurately reproduce the thickness of the epilimnion, the 
settings for the minimum and maximum vertical eddy viscosity were adjusted (Table 3, 
Figure 3). The modelling results were particularly sensitive to the settings for the maximum 
vertical eddy viscosity. Furthermore, to accurately reproduce the water temperature in the 
epilimnion, the constants in the heat exchange module (sun constant, “a” in Ångström’s law 
and light extinction coefficient) were adjusted (Table 3, Figure 3). 
 

2.3.2. Microbial water quality model 
In order to simulate the fate and transport of the faecal contamination in Lake Rådasjön, the 
microbial water quality model ECO Lab (DHI 2011b) was coupled to the hydrodynamic 
model of the lake. ECO Lab uses flow fields from the hydrodynamic model to calculate the 
concentrations of the faecal indicators in the lake. The fate and transport of the faecal 
contamination were simulated using E. coli bacteria as a faecal indicator. In the ECO Lab 
model, the inactivation of the E. coli in the lake due to temperature and sunlight is described 
by Eq. 1 (Mancini 1978): 
 

Ck
dt
dC Temp
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Int

I
Sal

S ⋅⋅⋅⋅−= − )20(
0 θθθ       (Eq. 1) 

 
where t is the time; C is the E. coli concentration; k0 (1/day) is the decay rate at 20˚C for a 
salinity of 0 ‰ and darkness; θs is the salinity coefficient for the decay rate; Sal (‰) is the 
salinity; θI is the light coefficient; Int (kW/m2) is the light intensity integrated over depth; θT 
is the temperature coefficient for the decay rate; Temp (˚C) is the water temperature.  
 
The decay of E. coli and other faecal indicators in Lake Rådasjön was studied earlier during 
outdoor microcosm trials, which were performed in different seasons (March, August and 
November 2010) in light exposure and darkness (Sokolova et al. 2012b). Since no statistically 
significant differences between the persistence of E. coli in light and dark incubations were 
identified (paired samples t-test, p>0.05), the light coefficient (θI) in Eq. 1 was set to 1. The 
salinity coefficient (θs) in Eq. 1 was also set to 1, as Lake Rådasjön is a fresh water lake. The 
temperature (θT) and the decay rate (k0) coefficients for E. coli were set to 1.04 and 0.2, 
respectively.  
 
To estimate the influence of different faecal contamination sources on the microbial water 
quality in Lake Rådasjön, the fate and transport of E. coli released from the on-site sewers, 
with emergency discharges and from the river Mölndalsån (see section 2.2.) within the lake 
were simulated for the period 2008 – 2011. To distinguish between the influences of different 
contamination sources on the water quality at the intake, the contamination spread from every 
source was modelled separately. 
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3. Results 

3.1. Vertical temperature distribution in Lake Rådasjön 
The model was calibrated and the modelling results regarding vertical temperature 
distribution in Lake Rådasjön were compared with values measured on three occasions in the 
winter seasons and five occasions in the summer seasons (Figure 3). The comparison showed 
that the model described the measured data sufficiently well. The Pearson correlation 
coefficient was 0.99 (p < 0.001), the absolute mean difference between the simulated and 
measured temperature was 0.3 °C and the standard deviation of this absolute mean difference 
was 1.2 °C. The absolute mean difference and its standard deviation accounted for 4.7 % and 
17.0 % of the standard deviation of the measured data, respectively. 
 
The comparison of the measured and simulated water temperatures at a 15 m depth (an 
example is shown in Figure 4) demonstrated that the model generally reproduced the timing 
of the autumn mixing and cooling down of the lake during October – December in a correct 
manner. The water temperatures during the winter season (January – March) were also well 
described by the model (Figure 4). However, during the warming up of the lake and the 
formation of the thermocline (from March/April to September) there were discrepancies (up 
to 3 °C) between the measured data and the modelling results (Figure 4). These discrepancies 
indicated that the simulated thermocline started on a lesser depth and ended on a greater depth 
or, in other words, was more stretched than the actual thermocline (Figure 3, Figure 4). 
 
The changes in the vertical temperature distribution in the lake over time during one year are 
illustrated by Figure 5. 
 

3.2. E. coli concentrations in Lake Rådasjön 
The load of contamination (E. coli) to Lake Rådasjön from different sources during the period 
2008 – 2011 was calculated based on the available data and the assumptions described in 
section 2.2. (Figure 6 A). The source that represented the highest total load of E. coli to the 
lake was the river Mölndalsån, followed by the emergency discharges of wastewater that 
entered the lake through the river Mölndalsån and the contamination from on-site sewers 
(Figure 6 A). 
 
The contributions of different sources to the E. coli concentration at the water intake were 
simulated (Figure 6 B). According to the modelling results, the on-site sewers on average 
contributed the most to the E. coli concentration at the water intake, followed by the river 
Mölndalsån (Figure 6 B). However, the river Mölndalsån caused the highest peak 
concentration of E. coli (64 No/100 mL) at the water intake, followed by the emergency 
discharges that entered the lake through the river Mölndalsån (39 No/100 mL, Figure 6 B). 
 
The total contribution from the identified contamination sources to the E. coli concentrations 
at the water intake was compared to the measured E. coli concentrations at the water intake 
(Figure 6 C). This comparison showed that the contribution from the identified sources does 
not fully explain the measured concentrations at the intake (Figure 6 C).  
 
The measured E. coli concentrations at the water intake and the modelling results illustrated 
that the highest concentration in the lake occurred during the period October – March, while 
the lowest concentrations were observed in the summer months (Figure 6 C). 
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A major factor that determines the water circulation and the spread of contamination in Lake 
Rådasjön is wind. This was shown by the results of an earlier study about the wind influence 
on the contaminant spread in this lake (Sokolova et al. 2011) and confirmed by the results of 
the current study. Depending on the wind speed and direction, the contamination from 
different sources is transported faster or slower to the water intake; in the absence of wind or 
when the lake is covered by ice, the contamination transport is slow.  
 
Another important factor that influences the transport of the faecal contamination to the water 
intake is the vertical temperature distribution in the lake. In Lake Rådasjön, the thermocline is 
formed during the warmer part of the year (May – September, Figure 5 A). During this period, 
the thermocline reduces the vertical mixing in the lake. Therefore, the contamination that is 
released into the surface layers of the lake stays in the epilimnion and the spread of the 
contamination to the hypolimnion is limited by the thermocline (Figure 7 A). The water intake 
is located at a 15 m depth; this means that under stratified conditions in the lake (May – 
September) the raw water is taken from the hypolimnion or from the lower part of the 
thermocline (Figure 5 A). Starting from October, the lake is well-mixed from top to bottom 
(Figure 5 B, Figure 7 B). The winter stratification (December and February, Figure 5 B) is 
weak and is unlikely to have a major impact on transport processes. 
 

4. Discussion 

4.1. Modelling microbial water quality in Lake Rådasjön 
In this article, the contributions from different sources to the E. coli concentrations at the raw 
water intake in Lake Rådasjön were estimated using a three-dimensional hydrodynamic 
modelling of the fate and transport of faecal contamination. According to the modelling 
results, the contamination sources that contributed the most to the E. coli concentrations at the 
water intake were the river Mölndalsån and the discharges from the on-site sewers.  
 
The concentrations of faecal indicator bacteria E. coli, as well as of other faecal indicators, are 
not directly related to the concentrations of pathogens in the environment. This is due to (i) 
the different fate of E. coli and pathogens in the environment, as well as (ii) the fact that, 
unlike E. coli, pathogens are not part of the normal faecal microbiota and are only excreted by 
infected individuals (Ashbolt et al. 2001, Brookes et al. 2005). However, the E. coli 
concentrations provide information about the degree of faecal contamination of the water 
source; and the presence of faecal contamination suggests that pathogens may also be present. 
 
The fact that the simulated contribution from the identified contamination sources to the E. 
coli concentrations at the water intake does not describe some of the peaks in the measured E. 
coli concentration at the water intake (e.g. January – March 2009, end of December 2009, 
Figure 6 C) indicates that there is more contamination entering the lake than we have 
accounted for. This can be due to (i) underestimation of the load from the identified 
contamination sources and emergency discharges and/or due to (ii) the existence of unknown 
contamination sources or unregistered emergency discharges. This hypothesis is supported by 
the fact that several emergency discharges were registered after the increased E. coli 
concentrations were detected at the water intake, e.g. in December 2009 and December 2010 
– January 2011 (Figure 6 A). Although the earlier studies of this lake (Sokolova et al. 2012a, 
Sokolova et al. 2012b) showed that the contribution from the identified nonpoint 
contamination sources (not accounted for in this article) was generally much smaller than 
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from the identified point sources, the possibility that these nonpoint sources may have an 
influence on the E. coli concentration at the water intake cannot be completely excluded. 
 
The low E. coli concentrations at the water intake during the summer (Figure 6 C) can be 
explained by (i) the low load of E. coli from the river Mölndalsån and the absence of 
registered emergency discharges (with the exception of the year 2010), (ii) a higher decay rate 
of E. coli due to higher water temperatures and (iii) the influence of the thermocline on the 
water circulation in the lake. The thermocline that is formed in the summer influences the 
spread of contamination in a water body, as it separates and prevents the mixing of the 
epilimnion and the hypolimnion (Boehrer and Schultze 2008). The intake is located at 15 m 
depth, i.e. below the thermocline in the hypolimnion (Figure 3). Since most of the faecal 
discharges to Lake Rådasjön occur on the surface of the lake, in the epilimnion, the 
thermocline provides some protection against fresh faecal contamination for the water intake. 
However, since the presence and the position of the thermocline are not constant, the 
protective effect of the thermocline should not be relied on by water producers in the 
decision-making process, in order to avoid underestimation of the risks and the need for 
mitigation measures. 
 
Hydrodynamic modelling can be used to describe the microbial water quality in a water 
source, i.e. to estimate the concentrations of faecal indicators/pathogens at the water intake, to 
evaluate the variations in microbial concentrations over time and to identify periods of high 
risk (Brookes et al. 2006, Hipsey et al. 2008, Sokolova et al. 2012a). This information is 
necessary for an appropriate choice of sampling locations and frequency during monitoring 
programs. Furthermore, this modelling approach can be used to test various scenarios in order 
to examine, for example, the influence of different hydrometeorological conditions or 
alternative locations of contamination sources on the microbial water quality. This modelling 
approach provides information about the contribution from different sources to the faecal 
contamination at the water intake, and, therefore, it can be used to prioritise mitigation 
measures and to test their efficiency. The modelling approach presented in this study provides 
decision-support information for risk reduction management in the context of waterborne 
disease outbreaks caused by faecal contamination of surface drinking water sources. 
 

4.2. Outcomes and recommendations for water producers 
This modelling study of Lake Rådasjön was conducted as part of a project in cooperation with 
water producers in the cities of Gothenburg and Mölndal as well as representatives of the 
neighbouring municipality of Härryda. As an outcome of this project and partly due to the 
results of this modelling study, several positive developments took place: 

• the decision has been made to remove the on-site sewers located in the vicinity of the 
lake and to connect the houses to the municipal sewer network; 

• several malfunctions in the sewer network in the vicinity of the lake were detected and 
removed; 

• the municipality of Härryda has established an improved reporting routine regarding 
the emergency discharges from the sewer network; 

• the frequency of monitoring the microbial water quality in the river Mölndalsån has 
been considerably increased.  

The results of this modelling study provided decision-support data for future revisions of the 
extent of the water protection area around Lake Rådasjön. In addition, the developed model 
can be used to simulate the effects of various events on the raw water quality in the lake in 
near real-time regime and even provide short-term forecasts.  
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Based on the obtained modelling results, the following recommendations to water producers 
were formulated: 

• include the catchment area of the river Mölndalsån into the water protection area;  
• implement at-line monitoring of the E. coli concentrations in the river Mölndalsån, 

this will enable an early detection of increased loads of faecal contamination and may 
indicate malfunctions in the sewer network; 

• improve the maintenance of the sewer network in the vicinity of the lake and the 
methods for the early detection of the emergency discharges in the sewer network. 
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Tables 
 
Table 1 Emergency discharges of untreated wastewater into Lake Rådasjön 

Date Point of entry to Lake 
Rådasjön Duration, h Discharge, m3/s Volume, m3 

16 Jan 2008 Pixbo päls 4.0 0.0025 36 
26 Jan 2008 Pixbo Päls 18.0 0.0025 162 
10 Mar2008 Pixbo Päls 29.0 0.0025 261 
5 Oct 2008 Pixbo päls 4.0 0.0025 36 
26 Oct 2008 Pixbo päls 16.0 0.0025 144 
26 Oct 2008 Vällbäcken 4.0 0.0030 43 
14 Nov 2008 Pixbo päls 6.0 0.0025 54 
26 Oct 2009 Vällbäcken 6.0 0.0230 497 
24 Dec 2009 Mölndalsån 120.0 0.0100a 4320a 
2 Mar 2010 Mölndalsån 72.0 0.0100a 2592a 
16 Mar 2010 Mölndalsån 72.0a 0.0100a 2592a 
30 Jul 2010 Pixbo päls 5.0 0.0019 34 

13 Aug 2010 Pixbo päls 2.0 0.0014 10 
23 Oct 2010 Pixbo päls 3.0 0.0014 15 
17 Jan 2011 Mölndalsån 216.0 0.0100a 7776a 
7 Sep 2011 Pixbo päls 3.8 0.0015 20 
6 Oct 2011 Pixbo päls 1.0 0.0028 10 

10 Dec 2011 Pixbo päls 1.5 0.0028 15 
a Information was not registered and therefore these assumptions were made. 
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Table 2 Input data for the hydrodynamic model 
Type of data Time resolution Source 
Wind speed  3 hours SMHI a 
Wind direction 3 hours SMHI a 
Precipitation 1 day SMHI a 
Air temperature 3 hours SMHI a 
Relative air humidity 3 hours SMHI a 
Clearness coefficient 1 hour SMHI a 
Discharge in the river Mölndalsån 1 day City of Mölndal 
Water level in Lake Stensjön 1 day City of Mölndal 
Period of ice coverage -  City of Gothenburg 

a Swedish Meteorological and Hydrological Institute 
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Table 3 Parameterisation of the hydrodynamic model 
Parameter type Formulation Value Unit Note 
Horizontal eddy viscosity Smagorinsky formulation    
 Constant value 0.28  -  Default 
 Min. eddy viscosity 1.8E-06 m2/s Default 
 Max. eddy viscosity 1.0E+08 m2/s Default 
Vertical eddy viscosity k-epsilon formulation    
 Min. eddy viscosity 1.0E-07 m2/s Calibr.a 
 Max. eddy viscosity 2.0E-04 m2/s Calibr.b 
Bed resistance Roughness height    
 Constant value 0.05 m Default 
Wind friction Constant value 0.001255  -  Default 
Heat exchange Constant in Dalton’s law 0.5  -  Default 
 Wind coefficient in Dalton’s law 0.9  -  Default 
 Sun constant, “a” in Ångström’s law 0.175  -  Calibr.c 
 Sun constant, “b” in Ångström’s law 0.371  -  Default 
 beta in Beer’s law 0.3  -  Default 
 Light extinction coefficient 0.5  -  Calibr.d 
a Calibrated value; default value: 1.8E-06 m2/s 
b Calibrated value; default value: 0.4 m2/s 
c Calibrated value; default value: 0.295 
d Calibrated value; default value: 1.0 
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Figures 
 

 
Figure 1 Map of Lake Rådasjön. Symbols: OS – the discharges from on-site sewers, PS – the 
pumping station Pixbo Päls, V – the stream Vällbäcken that transports emergency wastewater 
discharges; black arrows represent the inflow to the lake from the river Mölndalsån and the 
outflow from the lake to Lake Stensjön; the circle represents the location of the raw water 
intake. 
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Figure 2 Computational mesh for the hydrodynamic model of Lake Rådasjön 
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Figure 3 Measured (crosses) and simulated (lines) temperature profiles in Lake Rådasjön. The 
winter temperature profiles (grey colour) were measured on 25 February 2009, 9 March 2010 
and 24 February 2011. The summer temperature profiles (black colour) were measured on 15 
August 2007, 22 August 2008, 19 August 2009, 13 August 2010 and 31 August 2011. The 
data on measured temperature profiles in the lake were provided by the Göta älv Water 
Management Association (GÄVVF). 
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Figure 4 The measured (dotted line) and simulated (black line) water temperatures at the 
water intake located at a 15 m depth (the measured data were provided by the city of 
Mölndal). 
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Figure 5 Modelling results: the vertical temperature distribution in Lake Rådasjön on the 15th 
of every month during 2008; (A) months with stratified conditions, (B) months with mixed 
conditions. 
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Figure 6 (A) Measured E. coli concentrations at the water intake and E. coli load from the contamination sources to Lake Rådasjön. (B) 
Modelling results: the contribution of the different contamination sources to the E. coli concentrations at the water intake in Lake Rådasjön. (C) 
The total simulated contribution of the different contamination sources to the E. coli concentration at the water intake and the measured E. coli 
concentrations at the water intake. Symbols in Figures (A), (B) and (C): green – the on-site sewers, red – the pumping station Pixbo Päls, black – 
the river Mölndalsån, purple – the emergency discharges through the stream Vällbäcken, blue – the emergency discharges through the 
Mölndalsån, black dots – laboratory analyses of the E. coli concentrations in grab samples.
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Figure 7 Modelling results (cross-section): the spread of the faecal contamination (E. coli, 
No/100 mL) from the on-site sewers within Lake Rådasjön on (A) 15 July 2008 and (B) 15 
November 2008. The cross-section starts at the location of the on-site sewers (“OS” in Figure 
1) and continues through the location of the water intake (“IP 2”) to the edge of the peninsula 
in the east (see Figure 1). 
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