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Abstract In 1999 the Activated Sludge Model no. 3 (ASM 3) by the IWA task Group on Mathematical
Modeling for Design and Operation of Biological Wastewater Treatment was presented. The model is used
for simulation of nitrogen removal. On the basis of a new calibration of the ASM 3 with the easy degradable
COD measured by respiration simulation runs of this paper have been done. In 2000 a biological
phosphorus removal module by the EAWAG was added to the calibrated version of ASM 3 and is now
serving the current requirements for modelling the enhanced biological P-removal. Only little experiences
with different load situations of large-scale wastewater treatment plants were made with both new models so
far. This article reports the experiences with the simulation and calibration of the biological parameters using
ASM 3 and the EAWAG BioP Module. Three different large-scale wastewater treatment plants in Germany
with different treatment systems will be discussed (Koblenz: pre-denitrification; Hildesheim: simultaneous
denitrification with EBPR; Duderstadt: intermediate denitrification with EBPR). Informations regarding the
choice of kinetic and stoichiometric parameters will be given.

Keywords Activated Sludge Model no. 3; EAWAG-BioP-Module; simulation; nutrient removal; EBPR; full
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Activated Sludge Model no. 3

The Activated Sudge Model No. 3 (ASM 3) was publishedin 1999 by the IWA Task Group
on Mathematical Modeling for Design and Operation of Biological Wastewater Treatment
(Guijer et al., 1999). Better possibilitiesto identify biological processestoday haveresulted
in the development of the new model ASM 3 to simulate nitrification, denitrification and
degradation of COD. Compared with the ASM 1 (Henze et al., 1987) the new model
describes storage of organic substrates, decay of heterotrophic organismswas modeled by
the endogenous respiration and smaller anoxic yieldsfor the heterotrophic organismswere
used. The process of Hydrolysis slowly degradable COD (XS) is not depending on redox
conditions and has asmaller significance because the lysis process (with the production of
slowly degradable COD) hasbeen replaced by endogenous respiration. Hydrolysisof nitro-
gen has been combined with Hydrolysis of COD. The decay rates for endogenous respira-
tion of heterotrophic and autotrophic organisms are reduced under anoxic conditions
(Nowak, 1996; Siegrist et al., 1999). For thefollowing simulationsthe calibrated version of
ASM 3by Koch et al. (2000) has been used. The main differenceto theoriginal publication
(Guijer et al., 1999) isthefact that readily degradable COD isnot measured by filtration but
by respiration. Furthermore slowly degradable COD (X) includes soluble and particular
components.

EAWAG Bio-P-module

The EAWAG Bio-P Module (Rieger et al., 2000) completes biological phosphorous
removal to ASM 3. The perceptions of ASM 3 have been integrated in the BioP-module
too. For this endogenous respiration replaces lysis, different yields for aerobic and anoxic
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conditions are used and anaerobic decay was al so neglected for the PAOs. The model adds
11 additional processesto the ASM 3 to describe the EBPR. The fermentation of COD has
been omitted because in municipal wastewater this process does not seem to limit the
release of phosphate at anaerobic conditions. Glycogen as a additional substrate pool for
growth is not taken in consideration as there could not be found a significant influence on
the enhanced biological P-removal. The processes of chemical precipitation have been
integrated additionally in SIMBA 3.3" (IFAK, 1999) in the way they areused in ASM 2d
(1999).

Koblenz Wastewater Treatment Plant

The Koblenz wastewater treatment plant was extended until 1992 to a total number of
inhabitants and populations equivalents of 320,000. The plant was designed as pre-denitri-
fication and consists of a primary treatment, a first biological stage using trickling filter
(only operated in the case of storm water flow) and a second biological stage with a usual
aeration system. Rectangular tankswith horizontal flow are used for final clarification. The
plant hastwo parallel linesthat show astrong gradient of concentrations caused by thelong
tanks. Figure 1 showsthe plant system.

Both lines of the aerated tank and the secondary clarifier were taken into consideration
in the simulation, that was done with the calibrated version of Koch et al. (2000), so phos-
phorus removal was not modelled. Measured data was available in the influent with total
COD and filtrated COD as well as readily degradable COD (average value measured by
respiration). Inthetank thetotal suspended solids, the concentrations of oxygen at different
pointsin longish tanks (plug flow reactor) and the effluent concentrations of ammoniaand
nitrate were known for the simulation period (13.10-19.10.1994). The BOD/TKN-ratio at
Koblenzintheinfluent isvery low, asit is about three. The influent load of the new lineis
different from the old one, as the wastewater of paper production is dumped into the new
line. The influent fractioning in % of total COD was as follows: 61.5% Xg, 10% X, 15%
Xgy» 3.5% §. For the readily degradable COD exists measured data that shows that this
fraction was 10% of total COD (measured by respiration) in theinfluent to the denitrifica-
tiontank. Theretention timeisabout 11 days.

The WWTP at Koblenz is not operated with enhanced biological phosphorus removal.
Chemical precipitation was integrated in the simulation by taking in account the average
precipitation sludge amount as additional part of TSSin the influent of the denitrification
tanks. Thetotal suspended solidsin the aerated tank have been calcul ated different fromthe
way it wasdone at WWTP Hildesheim. Theoriginal calculation of TSSin ASM 3wasused
at Koblenz with good results.

Because of the fact that thetanks are quitelong (e.g. 1:8 (width: length at the new line))
with high gradients of concentration (plug-flow) it was decided to model the plant with
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Figure 1 Wastewater treatment at plant Koblenz (right), simulated TSS [kg/m3] in the old line, (thin line:
simulated values, thick line: measured values)
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several tanksinline. Measured data of oxygen concentration are available at six points (old
line) and four points (new line), the aerated zoneissimulated as six respectively four tanks.
Average oxygen concentrations are especially in the old line quite high with 3.2 gOzlm3.
Measured oxygen concentrations are used in the simulation by reading the datafrom files
and comparing and adapting the oxygen valuesin the simul ation with the measured data by
PID-controllers.

Theresults of the simulation of the ammoniaeffluent valuesare shownin Figure 2.

For the adaptation the capacity of the nitrification was raised, as with the standard
parameters of ASM 3 asufficient nitrification could not be realised. For thisthe saturation
coefficient of the nitrification for oxygen has been decreased. For different plantsand mod-
elsit was observed at the ISAH that the nitrification capacity with the standard set of bio-
logical parametersis modelled too small. For thisthe saturation coefficient for oxygen was
reduced from 0.5g/m3t0 0.13 g/m3. Inthe old line the online data of the last day isfaulty as
the measurement unit was broken. The average ammonia concentration in the effluent
of the aerated tank is simulated well. The dynamic values have the same tendency as the
measured data.

The modelling of denitrification was more difficult at the WWTP Koblenz. The
BOD/TKN-ratio of about threeisquitelow although the average nitrate effluent concentra-
tions of 6g/m? are quite good, so denitrification in the secondary clarifier wasintegrated in
themodel with an additional tank of 20% of thetotal SC volumeinthereturn sludge stream.
Furthermore simul ation reveal ed that the volume of therecycle stream to get back nitratein
the denitrification tank was measured wrong at first, asthe quantity of nitratereturned even
with total degradation wastoo small to fulfill the measured effluent data.

After increasing nitrification with the decrease of the saturation coefficient of oxygen
Ko, aut 10 0.13mg/l results could be cal cul ated as shown in Figure 3

The saturation coefficient of oxygenKq , hasbeen decreased as only with this param-
eter nitrification at the plant at Hildesheim could be modeled well. As could be seen from
the picture the simulation results compared with measured data are quite good. The satura-
tion coefficient of oxygen for the heterotrophic organismshat been increased from Ko Het™
0.2 to 0.5 g/m3. Furthermore the reduction of the anoxic decay rate was set to the value
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Figure 2 Results of the simulation and measured data of ammonia [g/m3] with the ASM 3 within the valida-
tion period of 6 days in the old line (right), new line (left), (thin line: simulated values, thick line: measured
values)
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Figure 3 Results of the simulation and measured data of nitrate [g/m3] with the ASM 3 within the validation
period of 6 days in the old line (right), new line (left), (thin line: simulated values, thick line: measured values)
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proposed by Koch et al. (2000) Nyo_eng et = 0-9- This value was changed by Rieger et al.
(2000) for the implementation of EBSPR-proc&sses, but at WWTP Koblenz we only model
nitrification and denitrification.

Inthe diagramsit could be also seen that at the end of the validation period a difference
exists between thetime when simulated and measured peaks occur at the plant, which could
beahydraulic problem.

Hildesheim Wastewater Treatment Plant

Thewastewater treatment plant at Hildesheim isbuilt with abiological stagewith nitrifica-
tion, denitrification and biological phosphorus removal. The plant is run using the ISAH-
process, the main asset of which isthat the return-sludge is denitrified in a separate anoxic
tank in order to prevent any possible impairing of the phosphate removal through return
nitrate. If necessary, additional substrate can be fed from the anaerobic tank. Of the four
lines planned for the activated sludge plant, two were built and started in July 1987 (Figure
4, |eft side), in order to use operation experiencesfor the construction and upgrading of the
other two (Figure4, right side), which both are running since 1997.

The WWTP at Hildesheim is operated like simultaneous denitrification. The plant is
modelled with atwo layer approach of Alex et al. (1998). The two layers exist principally
for the whole length of the tank and have recycle streams separated from each other. The
substance exchange can be done by definable exchange streams and additionally by the
choice of velocity gradient between the two layers. With this gradient the mass balance of
the substances is controlled. Additionally the substance exchange could be influenced by
the definition of mixed streams between thetwo layers.

For the simulation of the plant at Hildesheim measured online-data of total COD, filtrat-
ed COD, TKN and Ammonia was used. The readily degradable COD was about 16% of
the total COD. Additional online data was available in the effluent for ammonia, nitrate
and PO,-P. For the calibration of the TSSin the aerated tank we used ameasured factor of
1.1 COD/TS.

In thefollowing the plant has been simulated in two different periods of times. The first
one models a period with ahigh plant loading before the extension of the plant in 1995, the
second period showsthe old line after upgrading the plant and much lower loading rates. It
was possibleto simul ate both situations with small changes of the biol ogical parameters.

Simulation of 1995 data (20.5.95-25.5.95) with high influent loading (SRT ~11 days)

This data set has been simulated yet with different models. The problem until now was
the modelling of the phosphorus removal. Within a six-day-validation period without pre-
cipitation is found arelatively high peak of PO,-P in the effluent, which always has been
hard to simulate. The peak is about four and a half times higher than the average effluent
data.
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Figure 4 Flow sheet of the two types of lines (left = running since 1987, right = upgraded and running since
1997) at the wastewater treatment plant at Hildesheim
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The simulation (ASM 3 with EAWAG BioP-module) shows an excellent correspon-
dence. Theinfluent fractioningin % of total COD wasasfollows: 49% X, 15% X|, 9% X5,
11% § and 16% S;. The simulated results of the hard to hit PO,-P effluent concentration
peak werevery good. Theresultsare presented in the Figures5 and 6.

The effluent values at Hildesheim concerning nitrogen removal have been simulated
without greater adaptation of biological parameters. Only the nitrification wasincreased by
decreasing the saturation coefficient of oxygen K, 5, tothevalueof 0.13 gOzlm3, which
wasalso done at WWTP Koblenz to get abetter fl ow descri ption.

Figure 6 shows the simulated and measured PO,-P data. It could be seen that the
PO,-P-peak was modelled very well. Thiswas possi ble because of achange of two biologi-
cal parameters. The polyphosphate storage rate g, Was increased from 1.5 d~1to 2.3 d2
and the maximum storage of polyphosphate K was changed from 0.2 g/m? to 1g/m3. As
this maximum content of phosphate could not be reached in reality we examined that the
reached concentration of polyphosphate of PAO in simulation still were lower than the
measured values of 0.2—0.34 gP/gCOD. For thisthe adaptation should be possible.

Theother picture showstheresultsof the nitrate effluent val uesthat reached without any
change of parameters and have good quality compared with the measured data.

A research at the ISAH (Wichern et al., 1999) showed that the effluent results concern-
ing PO,-P at Hildesheim were also reached well with the model of the university of Delft
(Murnleitner et al., 1997). Although the PO,-P-peak has not been simulated at 3 days
immediately the average effluent values were modelled without any change of biological
parametersfor the enhanced biol ogical phosphorusremoval.

Simulation of 1997 data with low influent loading after upgrading the plant (SRT ~38 days)

After the upgrading of the WWTP at Hildesheim the influent load of the older line was
much lower than before (influent fractioning in % of total COD: 54% X, 13% X|, 9% Xz,
7% § and 17% Sy). The sludgeretention timewasraised up to 38 days. Asaresult the efflu-
ent concentrations of all soluble componentswere lower than in the first period. The aver-
age PO ,-P effluent concentration was about 0.2 g/m3whichisnormally difficult to model.
Theresultsfor nitrate and phosphatewiththe ASM 3 + BioP module are presentedin Figure
7. Effluent values of ammoniawere simulated well, so they are not shown here.
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Figure 5 NH,-Nand NO5-Nin [9/m3] effluent curve simulated and measured for a representative load at
the wastewater treatment plant at Hildesheim
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Figure 6 PO,-P-effluent curve simulated and measured for a representative load at the wastewater
treatment plant at Hildesheim
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Figure 7 NOg-N and PO ,-P-effluent curves [9/m3] simulated and measured at the wastewater treatment
plant at Hildesheim (1997) with low influent load

Asi it could be seen in the pictures the results for nitrate concerning the dynamic and
the absolute quality were very good. The average PO,-P data was also reached, but the
dynamic modelling shows deviations yet. During calibration of the phosphorus removal it
was significant that the elimination responds very sensible to the parameter Kpg pp in the
EBPR-module from EAWAG, that was reduced from 0.2 g/m? to 0.12 g/m3 and leads to
lower effluent values of PO,-P.

Duderstadt Wastewater Treatment Plant

The wastewater treatment plant at Duderstadt was designed asintermitted denitrification with
an integrated pre-anaerobic volumein the round aerated tank to establish enhanced biological
phosphorousremoval. The plant isoperated with ahigh sludge retention time of about 29d (sim-
ulation period 2.-9.10.1994) and without aprimary settling tank. For thishigher concentrations
of particular componentsin the influent to the aerated tank can be expected. For simulation an
influent fractioning in % of total COD was used asfollows: 57% Xg, 24% X, 10% Xg,,, 3% §
and 16% S, Theintermittent aerated tanksare operated by acontrol of oxygen and ammonia.

Theinfluent values of TSS calculated by ASM 3 have been adapted to measured data of
TSSby adding an additional mineral fractioninto theinfluent.

For Duderstadt again nitrification and phosphorus removal was increased. The satura-
tion coefficient of oxygen KOZ, Ayt Was set to the value of 0.18 gOzlm3 to model average
effluent values of ammonia. As it could be seen in Figure 8 (Ieft picture) the dynamic
simulated curve of ammoniadid not reach the minimum effluent values of Omg/I. A change
of the maximum growth rate for autotrophs Wy, ., @nd of the saturation coefficient of
ammonium Ky, 4, a'so didn’t show better results. Nitrate and PO,-P effluent concentra-
tion showed better resultsas can be seenin Figure 7 (right picture).

For thisdenitrification wasincreased with the saturation coefficient of oxygenfor the het-
erotrophic organismsKg, = 0.5 g/md and the reduction of the anoxic decay rate was set to
the value proposed by Kochetal. (2000) N0, end,Het = 0-5, which was al so done at Koblenz.

Thechanged parametersfor Hildesheim al'so showed good modeling resultsfor EBPR at
Duderstadt (Polyphosphate storage rate g increased from 1.5 d~! to 2.3 d%, maximum
storage of polyphosphate K, from 0.2 g/m3to 1g/m3).
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Figure 8 NH,-N-effluent curves [g/m3] (left figure), NO,-N and PO ,-P-effluent curves [9/m3] (right figure,

NO,-N upper curves, PO,-P lower curves) simulated and measured at the WWTP at Duderstadt (1994), thin
line: simulated values, thick line: measured values
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Changed biological parameters

Inthefollowing there are presented the val ues of the kinetic and stoi chiometric parameters
that were adapted to simulate the measured data of the plants at Koblenz, Hildesheim and
Duderstadt. Basis for the parameters are the publications of Koch et al. (2000), who had
done changesinthe original parameters of ASM 3 and Rieger et al. (2000).

Significant in the table above are two facts. In the five studied simulations (two lines
with different loadings at Koblenz, two loadings at Hildesheim and one at Duderstadt) we
had to adapt the nitrification for a better flow description that was simulated worsen with
the standard parameters. That was done with the decrease of the saturation coefficient for
oxygen of the autotrophic organisms K, , - The change of the parameter K, 5, results
from initial difficultiesto model the surface aerated recirculation ditch at Hildesheim with
adaptation of K, A that did not show good results.

Also the enhanced biological P-removal was increased at the plants at Hildesheim and
Duderstadt. Adapted weretwo coefficients: the polyphosphate storage rate g to the value
of 2.3 and the maximal storage of polyphosphate K ., to 1.0. Although the maximum stor-
age of polyphosphate wasincreased the simul ated polyphosphate contents of PAO in simu-
lation did not exceed normal maximum contents of of 0.2—0.34 gP/gCOD (e.g. Rieger etal .,
2000b) recommended also in ASM 2d or the EAWAG BioP-module. So K was used as
calibration parameter for EBPR.

Conclusions

In this paper different large scale treatment plants have been modelled with the Activated
Sludge Model no. 3 (Gujer et al., 1999) in the calibrated version of Koch et al. (2000) and
the EAWAG-BioP-Module (Rieger et al., 2000). Five different |oadings were examined at
Koblenz (predenitrification, two lines with different loadings, SRT~11d), at Hildesheim
(simultaneous denitrification, EBPR, two different |oadingswith SRT~11d and 38d) and at
Duderstadt (intermediate denitrification with EBPR, SRT~29d). Information on the plants,
their loading situation and the actual fractioning of COD used for simulation are presented.
Denitrificationin the secondary settling tank wastaken in account for al plants.

Good simulation results were achieved using the new models. Easy degradable COD
(S inall simulationsrunswas measured by respiration not by filtration, assuggestedinthe
original publication of the ASM 3. For the typical German wastewater of the three
simulated plants it can be recommended to increase nitrification and EBPR to establish
suficient biomass for degradation of ammonia and phosphate. Good experience was made
with the EAWAG-BioP-Module, that was able to model strong variations of the effluent

Table 1 Changed biological parameters for the simulation of the plants at Hildesheim, Duderstadt and
Koblenz, compared with the published values

ASM 3, Gujer Kochetal. Hildesheim Duderstadt '94 Koblenz
etal. (1999) (2000)/Rieger '95/°97 (2lines, different
etal. (2000) loadings, '94)
Nitrification
Ko, aut[90,/m?] 0.5 0.5 0.13/0.13 0.18 0.13
Denitrification
Ko, [96,/m°] 0.2 0.2 0.2/0.2 0.5 0.5
NN, end Hetl] 0.5 0.50/0.33 0.33/0.33 0.5 0.5
P-Elimination
Knaxpao [9p/9cse] - 0.2 1.0/1.0 1.0 -
App [1/d] - 15 2.3/2.3 2.3 -
Kpo, pp [OP/M3] - 0.2 0.2/0.11 0.2 -

(Wrecommended value of Koch et al. (2000)
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PO,-Pvaluesat normal sludgeretentiontimesof ~11d aswell aslow PO,-P concentrations
at high SRT of ~38d.
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