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A Combined Water Management Approach Based on River Water Quality Standards
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ABSTRACT. The objective of the research project described was to develop a combined water management approach for a catch-
ment area, including the sewage system, the wastewater treatment plant (WWTP), and the receiving water. The combined approach
was designed to provide both “good water quality” - as defined in the European Water Framework Directive - and cost savings. The
investigations were carried out in Odenthal, a small municipality (12,500 p.e.) in the river Dhiinn catchment in the western part of
Germany. Emphasis was placed on investigation of the impact on the receiving water of pollution resulting from discharges at
stormwater overflow tanks (SOTs), combined sewer overflows (CSOs) and the WWTP. These structures are the interface between the
urban wastewater system and the receiving water bodies. The river water quality standards applied were deduced from an intensive
monitoring program relating to the sewer system, the WWTP and the river and creeks. Specific threshold concentrations for ammonia,
dissolved oxygen and nitrite were defined, depending on the frequency of occurrence and the duration of the overflow from SOTs and
CSOs. The higher planning costs, primarily the cost of the monitoring program, were compensated for by cost savings relating to the
construction of SOTs and the WWTP. In total, considerable cost savings were achieved in comparison to the previous separate design
of the sewer system and the WWTP. The present emission-based regulations imposed - in this case study - more restrictive require-
ments and resulted in higher final systems costs than would have been the case if the costs had been on the requirements deduced
from the biological analyses of the receiving water data.

Keywords: Combined sewer overflow, integrated modelling, receiving water, river water quality standards, stormwater overflow tank,

wastewater treatment plant, water management

1. Introduction

Combined water management approaches - regarding
the sewer system, the WWTP and the receiving water - are
becoming more and more important (Crabtree et al., 1998;

FWR, 1998 & Schiitze et al., 2002). Recent case-studies, e.g.
Griining & Orth (2001a,b), Griining et al. (2002), Mark et al.

(1999) and Vollertsen et al. (2002), have highlighted the
advantages of integrated control strategies. New simulation
and optimization tools have been developed in this context
(e.g. Rauch et al., 2002; Schiitze et al., 1999). Nevertheless,
the implementation of combined water management ap-
proaches using standard instruments - existing models and
measurements - is rare (Harremoés, 2002).

Additionally, as regards the design of structures (e.g.
overflows and stormwater tanks), many planning standards
applied today to protect receiving waters from discharges
from urban wastewater systems are emission standards
(effluent standards). Local circumstances and the demands
of the receiving water could be taken into account more
appropriately, if river water quality standards (receiving
water standards, environmental quality standards (FWR,

* Corresponding author: email@holgerhoppe.de

1998), immission based standards) were also applied (e.g.
WEFD, 2000). River water quality standards describe con-
centrations, which must be achieved in the receiving water.
But, as regards river water quality standards, there is still
lack of knowledge and data with regard to methods of
selecting combinations of measures in terms of a combined
water management approach (Chocat et al., 2001; Lange-
veld et al., 2002).

Taking these thoughts into account, a research project
was launched to develop and apply an approach that permits
an immission-oriented assessment of the impact of dis-
charges from the combined sewage system (immission-
based approach). The developed approach presented in this
paper is based on an extensive collection of data and read-
ings in the drainage area, the sewage system, the WWTP,
and the receiving waters in the area of the municipality of
Odenthal (Germany). The emphasis was laid on an investi-
gation of the impact of discharges from combined sewer
overflows, stormwater overflow tanks and the WWTP. To
determine the permissible water pollution load, concentra-
tions meeting the requirements for a body of salmonid-
spawning water were inferred with respect to dissolved
oxygen, nitrite, and ammonia content. These threshold con-
centrations (guide-values) were to be defined relative to
exposure periods and frequency of occurrence.
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2. Description of the Project Area

The municipality of Odenthal, with a catchment basin
of roughly 40 km’, is situated in the Bergische Land area in
North Rhine-Westphalia, Germany. The terrain of the muni-
cipality is characterized by grassland and wooded areas. The
main receiving stream, with a mean low water flow of
1 m’/s, is the Dhiinn, which is dammed up to provide drink-
ing water supplies upstream of Odenthal. The catchment
area of the sewer system covers 319 ha. The residential area
is largely drained via a combined sewage system (212 ha).
Some relatively small areas of the town, located to the east
of the Dhiinn and drained by a separate system, are con-
nected to the WWTP by a pressure main. In a few of these
small areas the sewage is treated in small domestic sewage
treatment plants. These catchment areas will be connected
directly to the sewer systems during the next 10 years. Fig-
ure 1 gives an overview of the drainage system.

The sewage system as a whole consists of four storm-
water overflow tanks (SOTs) with volumes of 95m’ to

Creek “Schwarz-
broicher Bach”

River Dhiinn

1500 m® (total volume 3150 m’, specific volumes of
30 m’/ha to 100 m3/ha), a retention tank, and five combined
sewer overflows (CSOs). The CSOs are designed to reduce
high combined wastewater flow rate peaks. Peaks of (less
polluted) storm sewage are discharged into the nearby
receiving water. According to Standard ATV-A 128E (AT V-
DVWK, 1992), an overflow into the river has to be avoided
at least for rainfall intensities of less than 15 1/(s-ha). The
SOTs provide storage capacity in the combined sewer
system for combined sewage during rainfall. The recom-
mended maximum specific volume in economic terms is
40 m*/ha (ATV-DVWK, 1992). If a SOT is filled during a
rainfall-event, the combined sewage is additionally dis-
charged into the receiving water. The largest of the SOTs in
the Odenthal catchment area is located close to the WWTP.
Besides being discharged into the Dhiinn, combined sewage
is also discharged into the three small creeks Leimbach,
Waschbach and Schwarzbroicher Bach (Figure 1). The sew-
age system has no real-time control system.

The WWTP Odenthal (operated by the Wupperverband,

Water supply
reservoir

Z/Creek “Scherfbach”

v rain gauge

catchment area

"""" main combined sewers

= ' pressure main (separate system)
7N\ River Dhiinn and creeks

X] combined sewer overflow (CSO)
Bl stormwater overflow tank (SOT)
. retention tank

Figure 1. Overview of the drainage system in the Municipality of Odenthal.
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the local association in charge of water quality management)
is designed for 12,500 p.e.. Due to the ongoing increase in
population, plans are already being made for the expansion
of the treatment plant. A detailed description of the project
area and the system operation may be found in Orth et al.
(2003).

3. Monitoring-Programs and Data

The Wupperverband makes routine spot-checks of the
Dhiinn’s water quality at various points at 14-day intervals.
In addition, at the WWTP discharge point (combined efflu-
ent from the treatment plant and from the SOT “WWTP”)
and at the CSO “School”, the back-ground concentration
(COD, BODs, TOC, Ntor, NHs-N, NOs-N, NO,-N, PO,-P,
SS and chloride) has been determined in the receiving water
upstream of the discharge points, in the form of 15-minute
composite samples, for 37 storm sewage overflow events
(16 for the CSO “School” and 21 for the SOT “WWTP”).
These measurement-programs were carried out from 2000 to
2002. The dissolved oxygen, pH-value, conductivity, and
temperature parameters were measured continuously at
S-minute intervals over a 14-month period as part of the
measurement-program. A detailed description of the mea-
surement facilities at the combined sewage discharge points
may be found in Weilandt et al. (2001).

An evaluation of aerial photos of the municipality
formed a basis for determining the overall drainage area. By
means of these evaluations it was possible to classify the
sizes of the various drainage areas and their utilization. On
the basis of these results, the degrees of impermeability
were then ascertained, the results being validated by local
inspections. The gradient classes of the areas were estab-
lished by means of a digital model of the terrain. All the data
collected were stored in a geographical information system
(ArcView®) and used to create a sewer simulation model of
the sewage system (ESRI, 2003). In addition, forecast data
for the planning periods up to 2010 and 2020 were also
drawn upon.

As the existing cadastral plan of the sewage system was
incomplete, a consulting company was commissioned by the
Wupperverband to carry out extensive follow-up surveying
work. A re-survey was conducted especially of all the CSOs
and SOTs. To permit the calibration of the sewer simulation
model, the flow rate was measured at eight of the CSOs and
SOTs and in the three main combined sewers upstream of
the WWTP. The water levels of the SOTs were ascertained
in addition. Figure 2 provides an overview of these measur-
ing points.

To determine the degree of pollution during dry
weather flow (DWF), the COD, BODs, TOC, Nyor, NH4-N,
NOs-N, NO,-N, PO,-P, SS, and chloride parameters were
recorded (six days, 1-hour composite samples). At the

WWTP and CSO “School” discharge points, 15-minute
composite samples (37 storm sewage overflow events) were
taken to ascertain the degree of pollution of the storm
sewage (the above-mentioned parameters being determined).
At the same time, the dissolved oxygen, pH-value,
conductivity, and temperature parameters were measured at
5-minute intervals. The quantities of sewer infiltration water
were ascertained on the basis of the nightly minima of the
readings of the inflow rate into the WWTP, the last five
years (1996-2001) being used as a basis. By means of the
nightly minima of the readings for the flow rates through the
three main sewers, the quantities of sewer infiltration water
were able to be assigned to each of the sub-catchment areas
belonging to these sewers.

The precipitation was measured continuously (tip-
ping-bucket gauges) at four stations in the catchment area
during the project (2000-2002), so that the impact of un-
equally distributed rainfall was ascertainable.

Alongside ammonium, nitrate and phosphate concentra-
tions and turbidity were also measured online in the WWTP
outlet. Inflow and outflow curves were recorded to enable
the data obtained to be used to calibrate a dynamic simula-
tion model SIMBA® (IFAK, 2003) for the WWTP based on
the Activated Sludge Model No. 1 (ASM 1) of the Interna-
tional Water Association (IWA, 2000).

4. Evaluation of Threshold Concentrations
for the Receiving Water

First of all, in the course of a preliminary limnological
investigation (Podraza et al., 2000), all points of discharge
from the separate and combined sewage systems were
examined in order to find out whether a comparison of
macrozoobenthos colonization upstream and downstream of
a discharge point yielded significant differences that were
attributable to the sewage discharge.

At three discharge points (combined discharge from the
WWTP and the SOT “WWTP”, the CSO “School” and the
SOT “Lanzemich”), significant changes were detectable.
Thereupon, the investigation program was intensified at
these points. Both upstream and downstream of the dis-
charge points, the macrozoobenthos population was re-
corded quantitatively seven times at four-weeks intervals.
During the storm sewage overflow events, the background
concentrations in the receiving water and the pollutant
concentrations in the overflows were measured. Using the
flow rates, it was possible to calculate the resulting con-
tamination of the receiving water downstream of the dis-
charge points on the basis of the background pollution and
the pollution of the discharged storm sewage. This con-
tamination was then correlated with the results of the macro-
zoobenthos investigations in order to analyze the links be-
tween the contamination and the changes within the
biocoenosis.
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Figure 2. Overview of the measuring points in the Odenthal drainage system.

To help to assess the allowable contamination occurring
in the receiving water, the results of the fish tests in the
literature (e.g. Alabaster et al., 1979; Hamm, 1991; Hay-
wood, 1983; Hvitved-Jacobsen, 1982; Jacob et al., 1984;
Russo & Thurston, 1977) were taken into account addition-
ally. The data stock was completed by our investigations
(Podraza et al., 2002) with fry released into the water up-
stream and downstream of the discharge points. The results
enabled inferences to be made regarding the impact on the
water contamination. Fish exhibit greater sensitivity to
ammonia, nitrite, and dissolved oxygen than the other water
fauna. As the Dhiinn is to be classed as a potential stretch of
salmon-spawning water, particularly stringent requirements
have to be met in terms of water quality. Based on the
above-mentioned data, immission-oriented threshold con-
centrations were deduced (Podraza et al., 2002; Orth et al.,
2003). Tables 1 to 3 present these threshold concentrations
for ammonia, nitrite, and dissolved oxygen, which are to be
complied with in particular, but not only, downstream of the
discharge points.

These threshold concentrations are based on the dose
principle, i.e. the maximum concentration to which an
organism can be exposed without this having a serious ad-
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verse effect depends on the duration and frequency of the
exposure. The allowable concentration ensuing from a short
surge of pollution may be far higher than that produced by
pollution sustained over a long period. At the same time, the
same pollutant concentration leads to a lower degree of
damage if it rarely occurs than if it occurs frequently, so that
threshold concentrations have to be formulated correspond-
ingly more stringently if more frequent occurrence is in-
volved.

Table 1. Threshold Ammonia Concentrations (in mg/L) for
the River Dhiinn, Depending on the Duration of Discharge
(Exposure Period t in hours) and the Return Period (T, in
years).

Exposure Period (in hours)

Return Period (in years) t<1h lh<t<6h t>6h

T,>2 seldom 020 mg/L  0.15mg/L  0.100 mg/L
2>T,>0.25 medium 0.15mg/L  0.04mg/L 0.020 mg/L
T,<0.25 often 0.10mg/L  0.02mg/L  0.002 mg/L
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Table 2. Threshold Nitrite Concentrations (in mg/L) for the
River Dhiinn, Depending on the Duration of Discharge
(Exposure Period t in hours) and the Return Period (T, in
years).

Exposure Period (in hours)
Return Period (in years) t<lh lh<t<6h t>6h

T,>2 seldom 2.3 mg/L 1.80 mg/L  1.00 mg/L
2>T,2025 medium 1.5mg/L 1.00 mg/L  0.05 mg/L
T,<0.25 often 0.3 mg/L 0.15mg/L  0.05 mg/L

Table 3. Threshold Dissolved Oxygen Concentrations (in
mg/L) for the River Dhiinn, Depending on the Duration of
Discharge (Exposure Period t in hours) and the Return
Period (T, in years).

Exposure Period (in hours)

Return Period (in years) t<1h lh<t<6h t>6h

T,>2 seldom 2.5 mg/L 4.0 mg/L 5.0 mg/L
2>T,2025 medium 4.0 mg/L 5.0 mg/L 6.0 mg/L
T,<0.25 often 6.0 mg/L 6.0 mg/L 8.0 mg/L

Acute toxic exposure means exposure leading to a
significant reduction in stocks of guide organisms even if
only short-time occurrence (< 1 hour) is involved. A corre-
sponding threshold concentration must not be exceeded at
any time, especially downstream of discharge points, so that
the criterion in this respect is the maximum concentrations
occurring. At the same time, the actual level of the threshold
concentration depends additionally on the frequency of
occurrence and a distinction was made between three fre-
quency levels. The return period T,> 2 years (frequency
level <0.5in 1/yr) indicates that the corresponding con-
centrations are valid for events occurring less than once in
two years. The return period T,<0.25 years (frequency
level >4 in 1/yr) indicates that the corresponding threshold
concentrations are valid for events occurring more often
than four times in one year.

Nevertheless, a pollutant concentration lying considera-
bly below the level of acute toxic exposure can have simi-
larly serious effects if the exposure time is long enough.
Leaving aside the fact that a habituation effect cannot be
ruled out, maximum permissible concentrations, which must
not be exceeded on a mean basis if chronic damage is to be
avoided, can be arrived at in this respect, too. These con-
centrations are considerably lower than those for acute toxic
exposure and, in the case at issue, have to be broken down
again based on the exposure time. A distinction is made
between an exposure duration level of one to six hours and
one exceeding six hours. These threshold concentrations are
additionally graduated depending on the frequency of occur-
rence, too. All in all, for each parameter, nine threshold con-

centrations were derived from each of the three exposure
duration and exposure frequency levels.

5. Methods of Validating Compliance
with the Threshold Concentrations

The methods used to validate compliance with these
threshold concentrations were sewer system simulations,
dynamic treatment plant simulations, water quality simula-
tions, and the pertaining measurements. However, for the
following reasons, these instruments (models and measure-
ments) cannot be used on their own, but only in a suitable
combination:

e  Evaluation of the readings enables the resultant water
pollution levels to be established for individual events.
However, the readings alone do not allow reliable con-
clusions to be drawn regarding the frequency of occur-
rence of the events in question.

e  Based on the water quality model of the German Asso-
ciation for Water, Wastewater and Waste (ATV-DVWK)
created as part of this Dhiinn research project (Nie-
mann et al., 2001; Wiinsche & Erbe, 2002), at the ex-
pense of a great deal of time and drawing on large
quantities of data, qualitative statements can be made
with regard to the repercussions of individual bound-
ary conditions such as combined sewage discharges.
As it is individual events that are described, statements
regarding frequency are only possible to a very limited
degree.

e  The same applies to dynamic treatment plant simula-
tions, which, like the water quality models, are primar-
ily used to establish the repercussions of variations in
individual boundary conditions in the course of time.
Due to the complexity of the models and the large
quantities of data required, this instrument is not suit-
able for a long-term simulation - at least, not at pre-
sent.

e  Pollutant load simulations, in the form of long-term
simulations, are used as an instrument for evaluating
the pollution discharged via the CSOs and SOTs. The
results of the routinely-used pollutant load simulations
yield no information on individual events, since the
values calculated are, e.g. mean annual discharged po-
llutant loads and mean annual stormwater overflow
rates, whereas degradation, sedimentation or remobi-
lization processes are not taken into account. However,
for the purpose of validating compliance with the eva-
luated threshold concentrations for water pollution, the
concentrations relating to individual events are cru-
cial.

To validate compliance with the threshold concentra-
tions a hydrological sewer simulation model based on the
program MOMENT® (B.GS., 2001) was established and
calibrated by means of the catchment area data, the local
precipitation data and the flow rate readings. As a local pre-
cipitation measurement system has only been in existence
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for a two-year period, the precipitation data series used for
the long-term simulation was that of a nearby station (Fig-
ure 1) recognized by the State Office for the Environment as
being valid for the area of the municipality of Odenthal. The
data are available for a period of 20 years.

The flow module of the sewer simulation model (MO-
MENT®) used for the purposes of the project enables the
storm sewage overflow rates established on the basis of a
hydrological model to be output in a resolution of five min-
utes for the entire period of the simulation. Comparison
calculations using the hydrodynamic flow model DYNA®
(Tandler, 2004) yielded comparable results for the area in
question (high sewer slopes, few backwater zones) as far as
flow rates are concerned.

To describe the degree of pollution, the concentrations
recorded were analyzed to yield time dependent 90-percen-
tile values (for the SOT “WWTP” and the CSO “School”).
The range of the computed 90-pecentile values was proven
to be valid by comparing the results with concentrations
mentioned in the literature for similar circumstances (e.g.
Brombach & Fuchs, 2003; Brombach et al., 2004). Accord-
ingly, this gives the pollutant concentrations of each of the
two structures - CSO and SOT - in relation to the duration of
the combined sewage overflow. Figure 3 shows the ammo-
nium-concentration (NH4-N) measured for the CSO “Sch-
ool” during 16 storm sewage overflow events. Due to the
sampling technique (15-minute composite samples, start of
the sampling depending on the water level), the capacity of
the automatic-samplers (maximum of 24 different samples
during one overflow event) and the unequal durations of the
storm sewage overflow events analyzed, the total number of
readings for each time-step is different. The 90-percentile
values were then linked (on a time basis) with the simulated
flow rates derived from the sewer flow model.

The pH-value and temperature, which are essential for
ammonium-ammonia dissociation (NH4-N — NH3-N), were
determined on the basis of the readings (mean values) and
graduated according to the four seasons, the parameters
based on separate quarterly values then being linked to the
flow rates derived from the sewer flow simulation.

At the sewage system /treatment plant interface, the
simulated rate of inflow derived from the sewer flow
simulation was used. As, in the case of storm sewage, the
inflow to the WWTP is limited to 2 x DWF (dry weather
flow), it is solely the initial characteristics and the duration
of storm sewage inflow that are crucial to the treatment
plant simulation. Based on the inflow pollutographs re-
corded for storm sewage inflows, the simulated flow rates,
and the existing readings taken from the treatment plant
outlet, the dynamic simulation allowed a realistic assess-
ment to be made of the behaviour of the treatment plant
during inflows of storm sewage.

Based on the results of the dynamic simulation and the
readings in the treatment plant outlet, outflow pollutographs
were inferred as a function of the rate of inflow on a sea-
sonal basis (90-percentile values) to enable seasonally-
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induced changes in the behaviour of the treatment plant, due
to the impact of temperature, to be taken into account. The
pollutant loads discharged from the WWTP were deter-
mined by superimposing the simulated flow rates and the
inferred outflow pollutographs. Any input variables addi-
tionally required, such as pH-value and temperature in the
outflow, were calculated as mean values of the readings,
again, depending on the season.

On the basis of the extensive measurements, it was
possible to ascertain the background concentrations (NH,-N,
NO,-N and BOD:s) and the pH-value and temperature para-
meters of the water in the river. Likewise depending on the
season. Based on the readings at the next water-level gauge
located downstream of the catchment area, the 10-percen-
tile values of the flow rate in the receiving water were
calculated for the various seasons.

Taking into account the flow rates calculated and the
pollutographs derived, at the CSOs, SOTs and the WWTP
and the background concentration in the receiving water
(Dhiinn), it was now possible to determine, for each dis-
charge point, the water pollution ensuing downstream. The
long-term (20-year) precipitation data series served as an
input variable.

The frequencies of occurrence were determined by
evaluating the concentration values in the form of partial
series (depending on the three duration stages). The partial
series were assumed to be exponentially distributed. The
assumption was proven using graphical analysis (McCuen,
1989). This made it possible to compare the concentrations
occurring in the receiving water (Dhiinn), depending on the
level of duration and frequency of occurrence, with the
threshold concentrations. As an example of the results ob-
tained, the ammonia concentrations (NH;-N) calculated in
the Dhiinn downstream of the CSO “School” discharge
point, depending on the frequency of occurrence and the
duration level are shown in Figure 4.

6. Planning Scenarios

Mainly two scenarios - the actual design of the system
and a newly developed, optimized system for the planning
period up to 2020 - were investigated using the described
combined approach. Based on the actual design of the sewer
system and the WWTP, all discharges from the combined
sewage system including the WWTP were tested to verify
whether the threshold concentrations established are being
complied with for the Dhiinn as a stretch of salmonid-
spawning water. By way of an example, Figure 5 presents
the nitrit parameter result for the CSO “School” (scenario:
actual design of the system). Whereas no exceeding of the
threshold concentrations for nitrite was established in re-
spect of chronic pollutant levels, as regards discharge
frequencies the 0.30 mg/l threshold concentration for acute
toxic loads was exceeded by 9 % as regards the frequency
level >4 1/yr. In this case, the threshold concentration can



H. Hoppe et al. / Journal of Environmental Informatics 3 (2) 67-76 (2004)

12

X readings

10 - X 90-percentile

Concentration of NH,;-N (mg/1)

4
X
%
2 A < X 5
x X X X
;%;@g% g x X X X x X x
g X x
X X X x X
0 X . . X%Xxxlxxxlxxxl . .
15 75 135 195 255 315 375 435 495 555

Duration (min)

Figure 3. Concentrations of ammonium measured during 16 storm sewage overflow events and 90-percentile
values calculated in relation to the duration of the storm sewage overflow events (for the CSO “School”).
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Figure 4. Ammonia concentrations (calculated) in the Dhiinn downstream of the CSO “School” discharge point,
relative to discharge frequency and duration level (exposure period) - scenario: actual design of the system.
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be complied with by adjusting the throttle at the CSO
“School” (increase of flow rate to the stormwater tank and
the WWTP located downstream in the sewer system). The
(iterative) adjustment of the throttles in the system leads to a
better utilization of the existent storage capacities and a
reduction in the stormwater sewage volumes discharged.

With a view to developing an optimized overall system,
a forecast was prepared based on the development of the
Municipality up to the 2020 planning horizon. The question
was also investigated as to the extent to which the water
quality of the Dhiinn would be influenced by “controlling”
releases from the reservoir located upstream of the project
area in a way that would reproduce the Dhiinn’s natural
dynamic flow regime (lower releases in the summer months
(critical case), higher releases in the winter and spring
months). It appeared that, if this were done, the threshold
concentrations would not be exceeded in the summer
months as a result of combined sewage discharges.

7. Conclusions

In addition to compliance with the established river wa-
ter quality standards (threshold concentrations) and the State
of North Rhine-Westphalia’s emission-orientated require-
ments regarding sewage systems and WWTPs, e.g. “Stan-
dard 128E” (ATV-DVWK, 1992), the primary objective was
to minimize cost. As an expansion of the WWTP was

absolutely essential, a modification of the planned expan-
sion was developed that compensates for the construction of
additional tank volume in the sewage system. This objective
was attained by increasing the maximum permissible storm
sewage inflow rate to above 2 x DWF. This meant that al-
though tank volume will have to be added to the treatment
plant, considering the fact that an expansion is necessary in
any case, this necessary increase in tank volume is con-
siderably less expensive than having additional tank volume
in the sewer system. In order to meet the requirements of
“Standard 128E” (for the planning period up to 2020), ass-
uming simultaneous compliance with the established river
water quality standards - in terms of threshold concentra-
tions - and in order to avoid further tank construction in the
sewage system, the maximum permissible inflow to the
WWTP has to be increased.

As demonstrated by the aerial photographs of the drain-
age area and the flow rate data recorded, the runoff-effective
area proved to be considerably smaller than had been as-
sumed in the previous planning operations. In combination
with the adjustment of the throttles in the sewer system, this
leads to a considerable reduction of the estimated cost, as
the roughly 800 m® of new tank volume (equivalent to 25 %
of the total existing volume), which had already been al-
lowed for in the plans, is no longer needed. Willems et al.
(1999) mentioned average specific costs of between
500 EUR/m’ and 1,250 EUR/m’ for a stormwater tank. The
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Figure 5. Nitrite concentrations (calculated) relative to the discharge frequency in the Dhiinn downstream of the CSO
“School” discharge point and threshold concentrations (duration level: < 1 h) - scenario: actual design of the system.
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costs saved in this respect considerably exceed the expenses
incurred by the measurements and the redesign work.

With this integrated and immission-based approach,
design alternatives for the catchment area, the sewer system
and the WWTP can be examined, bearing in mind the
specific requirements of the receiving water, in order to
improve water quality and to cut costs.
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