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ABSTRACT

ASM1 model is one of the most widely used models of activated sludge process which is
the interest of researchers. This model was first proposed in 1987 by the IAWQ group and it is the
first formal model of activated sludge. In this research, to evaluate the consistent of model’s result
with the reality, the data of wastewater treatment plant of south of Isfahan was used. This treatment
plant covers a population about 800000 people, and the activated sludge method is used for treating
municipal wastewater. The components of ASM1 mode such as fast biodegradable substrate
parameters (Ss) and slow biodegradable (Xs) and the concentration of total COD, total nitrogen,
suspended solids, nitrate nitrogen and Kjeldahl nitrogen were measured within 68 days and were
included in the model. For modeling, the STOAT software was used where the ASM1 model was
implemented. To calibrate the model, four cases from bio-kinetic coefficients of ASM1 model was
obtained based on the results and the model was corrected in the default values. These coefficients
include maximum specific growth rate (um), decay coefficient (Kd), yield coefficient(Y), and saturation
constant (Ks). The model results were consistent with the realityy.
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INTRODUCTION

The activated sludge process is one of the
biological wastewater treatment methods which are
used widely in the industrial and sanitary wastewater
treatment. Aeration tank and final sedimentation
tanks are the two main components of this process
(Nelson et al., 2009). Variable flow, mass loading
and other characteristics of the wastewater
entering to the treatment plant, proportional to time,
complicates the activated sludge process (Barnett
et al., 1995). The complexity of the wastewater
treatment has dramatically increased in the past
decade because of the need to remove nitrogen
and phosphorus compounds in addition of organic
carbon. Mathematical modeling is a powerful tool to

design, improve utilization, predicting the process
behavior in the future and process control (Olsson
etal., 1999), (IWA Task group., 2000).

Many efforts were made to develop a
model of activated sludge from the early 1970 s.
finally, the JAWQ group, offered the first formal model
of activated sludge in the 1987. Nowadays, the
activated sludge models of ASM1, ASM2, ASM3 are
available as a proper tool for modeling the processes
of carbon oxidation, nitrification, denitrification and
biological phosphorus removal (Fenu et al., 2010).
From the listed model, the ASM1 model is faced with
more fortunate among researchers (Sarkar et al.,
2010). ASM1 model is an internationally accepted
model for modeling the activated sludge in the urban
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wastewater treatment. ASM1 includes 8 activated
sludge process that these process are as follows
(IWA Task group., 2000):

1-Aerobic growth of heterotrophic bacteria,
2- Anoxic growth of heterotrophic bacteria, 3-
aerobic growth of autotrophic bacteria, 4- die and
decay of heterotrophic bacteria, 5- die and decay
of autotrophic bacteria, 6- hydrolysis of particulate
organic matter, 7- hydrolysis of particulate organic
nitrogen, 8- Ammonification of Dissolved organic
nitrogen.

Also, this model consists of 13 components
that are listed in the following (IWA Task group.,
2000):

Concentration of inert soluble organic
material, mg COD/L

S,. Concentration of readily biodegradable
soluble substrate, mg COD/L

X,.  Concentration of particulate inert organic
matter, mg/L

X;. Concentration of slowly biodegradable
particulate substrate, mg COD/L

Xga - Concentration of active autotrophic particulate
mass, mg COD/L

Xgy - Concentration of active heterotrophic
particulate mass, mg COD/L

X,. Concentration of non-biodegradable
particulate product arising from biomass
decay, mg COD/L

S, - Concentration of soluble oxygen, mg/L

S,,- Concentration of soluble biodegradable
organic material, mg N/L

S, - Concentration of soluble ammonium nitrogen,
mg N/L

S,,- Concentration of soluble nitrate and nitrite
nitrogen, mg N/L

X,p- Concentration of particulate biodegradable
organic nitrogen, mg COD/L

S,k - Alkalinity is typically reported as mg/L as

CaCO3

Clarification, Thickening and maintenance of
sludge activities are performed in the sedimentation
tank. If any of the above operation faces with
difficulty, activated sludge process will not provide
the necessary output criteria (Cakici et al., 1995),
(Takacs et al., 1991). So, each of the clarification and

thickening process should be modeled in the settling
tank. The amount of solids that are considered in
each of these processes in the sedimentation tank,
have a great impact in the concentration of effluent
suspended solids.

Today, in order to design, control, predict
system behavior and operator training, modeling and
computer simulating are increasingly used. Modeling
software package of wastewater treatment such as
SSSP, STOAT, AQUASIM, EFOR, GPS-x and WEST
are available on the market (Liwarska et al., 2010).

Many pilot and laboratory scale results has
been modeled but modeling with the characteristics
of full scale wastewater treatment plant less has
been done. Siegrist and Tschui modeled two Swiss
treatment plants by using ASM1 model (Siegrist et
al., 1992).

Ozer et al used the results of four treatment
plant to evaluating the ASM2 model (Ozer et al.,
1998). Carucci et al modeled the wastewater
treatment plant of Rome to evaluating the nitrogen
removal (Carucci et al., 1999)

Two large wastewater treatment plants
in the Netherlands were modeled by using GPS-x
software by Makina et al (Makinia et al., 2002.
Nuhoglu et al modeled the Arzynkan wastewater
treatment of Turkey with ASM1 model (Nuhoglu et
al., 2005).

In this study, in the first section the
characteristics of influent and effluent wastewater
from the conventional activated sludge system
were measured in wastewater treatment plant of
the south of Isfahan over a period of 68 days. Also
the considered biokinetic coefficients include yield
coefficient(Y), decay coefficient (k ), maximum
specific growth rate (u_) and saturation constant
(K,) were obtained through experiments and were
used as an input of ASM1 model. In the second part,
mathematical modeling of wastewater treatment
plants of the south of Isfahan was done by the STOAT
modeling software. Finally, the measured output
values were compared with the values predicted by
the model.
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Wastewater treatment plant of south of Isfahan

The wastewater treatment plant of south
of Isfahan is located in the southeastern part of
Isfahan and long the Zayandehrood river and it is
located approximately at the 1563 meters above sea
level. The first phase of this wastewater treatment
plant was begun to work with trickling filter method
in the year of 1967 with a capacity of 90000 people.
The second and third phases of that were exploited
in 1983 and 1987 respectively by the conventional
activated sludge method and each of them with a
capacity of 400000 people. The influent flow is about
130000 m¥/d. The input wastewater after passing the
screening and Grit chamber units is entered into the
four primary sedimentation tanks that each volume
is 2500 cubic meters and with a diameter of 35
meters. Then the wastewater enters into two aerobic
thanks at each phase to biological treatment. The
total volume of aeration tank is 32400 cubic meters.
Then the output wastewaters are entering into 4
secondary sedimentation tanks with a diameter
of 60 meter. The volume of each of the secondary
sedimentation tank is 8105 cubic meters. The effluent
after passing the Chlorine contact tank is navigated
to the Zayandehrood river for agricultural uses. In
figure 1, the image of wastewater treatment plant
of south of Isfahan is visible.

MATERIAL AND METHOD

The desired samples were obtained from
input wastewater, aeration tanks and effluent of
wastewater treatment plant of south of Isfahan
during 68 days. The values of physical and chemical
parameters were examined by the measurement
method in the Standard method book (APHA, 2005).
TSS, VSS, BOD, sBOD, COD, sCOD were analyzed
every day and TN, MLSS, NH4-N, NO3-N were
analyzed three timed a week. It is noteworthy that
NO3-N and TN parameters were analyzed by using
Commercial test kits. To determine MLSS, sBOD,
sCOD, the Whatman GF/C glass-fiber filters were
used.

Wastewater characteristic

After doing experiments on the wastewater
treatment plant of south of Isfahan, test results were
statistically analyzed as summarized in Tables 1 and
2.

Table 1 : The characteristics of input and output wastewater treatment plant during 68 days experiments

TKN
out, mg/l

coD cobD sCOD sCOD TSS TSS VSS TKN
out,mg/l in,mg/l out,mg/l in,mg/l out,mg/l in,mg/l in, mg/l

in, mg/l

BOD
out, mg/l

parameter BOD

in, mg/I

240.00 82.50 575.50 171.33 178.12 44.99 226.33 105.33 183.42 68.23 54.47

Average

10.50 54.24 25.50 23.90 4.84 26.27 13.37 25.67 9.93 2.80

35.91

standard
deviation

CV

0.13 0.09 0.15 0.13 0.11 0.12 0.13 0.14 0.15 0.05

0.15

98
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As can be seen in tables 1 and 2, for the
desired parameters in the input, output and inside
the aeration tank, mean, standard deviation and
coefficient of variation were calculated by using the
SPSS software. For example, the average of input
and output BOD and COD parameters were obtained
240, 82.5, 575.5, 171.33 mg/l respectively.

In probability theory and statistics, the
coefficient of variation (CV) is a normal measure and
it is used for measuring the distribution of statistical
data. In other words, the coefficient of variation,
express the average dispersion for one unit and it is
a dimensionless value. this coefficient is a number
less than 1 and if it closes to 1, indicates a greater
dispersion and if it closes to zero, indicates the lack of
proper dispersion and proper correlation of statistical
data (Forkman., 2013). According to the statistical
results presented in Tables 1 and 2, the range of
coefficient of variation for the conducted experiments
are between 0.05 to 0.015 and this range indicates
the proper correlation between results and their lack
of dispersion.

Modeling the wastewater treatment of south of
Isfahan

For modeling the process in the aeration
tank, the ASM1 model was used. In the sedimentation
tank, clarifying process and thickening was modeled
through dynamic sedimentation tank model. This
model was presented by Takacs et al with name of
Generic model (Takacs et al., 1991). STOAT 5.0 was
used for implementation of model.

The general plan is entered in the software
including primary sedimentation tank, aeration tank
and secondary sedimentation tank which is visible
in Figure 2. After the above steps, the characteristics
of input wastewater, physical dimensions, used
model in each unit and some of the operational
characteristics were defined for the software and
could be seen in figure 3 as a sample. then by
running the program, observing the modeling results
was possible.

Components of ASM1 model: ASM1 model
includes 13 components and these values should

Table 2 : The characteristics of wastewater aeration tank during
68-days experiments

parameter MLSS, mg/l MLVSS, mg/l DO, mg/l
average 2982.58 2407.46 1.65
standard deviation 454.74 346.60 0.21
(OAY) 0.15 0.14 0.13

Table 3: The components of ASM1 model for wastewater
treatment plant of south of Isfahan

parameter value
S, .Concentration of inert soluble organic material .mg COD/L 30.0
S, .Concentration of readily biodegradable soluble substrate. mg COD/L 148.12
X, .Concentration of particulate inert organic matter. mg/L 161.0
X, .Concentration of slowly biodegradable particulate substrate. mg COD/L 235.88
S, -Concentration of soluble oxygen. mg/L 1.65
S, -Concentration of soluble biodegradable organic material. mg N/L 18.0
S, -Concentration of soluble ammonium nitrogen. mg N/L 43
Sy -Concentration of soluble nitrate and nitrite nitrogen. mg N/L 0

X, -Concentration of particulate biodegradable organic nitrogen. mg COD/L 4.45

ND
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be determined for the model. Thus according to the
experimental results and available information in the
wastewater treatment plant of south of Isfahan, below
values were determined for some of the components
and it was entered to the model which can be seenin
Table 3. For other components, the default values for
sanitary wastewaters in the software were used.

According to table 3, the sum of S, X, S,
and X, parameters will be equal to COD which is
equivalent of 575 mg/l. Also the sum of S i S i
S, and X, parameters equal to the total nitrogen
concentration minus non-biodegradable nitrogen.
The sum of mentioned parameters is equal to
65.45 mgl/l. the total input nitrogen according to the
experiments is equal to 68.23 mg/l. the amount of
difference between them is about 2.78 mg/l and this
difference is the non-biodegradable organic nitrogen
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which is not entered into the ASM1 model. S is the
concentration of dissolved oxygen. According to
experiments the average of SO is 1.65 mg/I.

Model calibration

Model calibration is one of the most
important steps of modeling. In this step, the
values are assigned to some or all of the kinetic and
stoichiometric coefficients and they are based on the
conducted experiments on the desired wastewater or
they are driven from the results of other researchers.
The purpose of the model calibration was to closing
the model prediction results and the experiment
results. In this study, by using the experimental
results and following equations, the values of
biokinetic coefficients were calculated (Mardani et
al., 2011).

Table 4: Comparison of experimental results with the model prediction results for the
carbon compounds

parameter CcoD sCOD out , mg/l p COD out , mg/l
out, mg/l sbCOD snbCOD pbCOD pnbCOD
out, mg/l out,mg/l out , mg/l out , mg/l
experiment  average 171.33 44.99 127.34
model average 167.82 48.38 119.45
difference 2.05% 9.98% 6.20%
Table 5 : Comparison of experimental results with the results of model
prediction for the nitrogenous compounds
parameter TN TKN out , mg/I NO3-N
out, mg/l NH4-N Org-N out, mg/l
out, mg/l out, mg/l
experiment average - 54.47 -
model average 53.74 53.56 0.18
difference 1.67% -

Table 6: Comparison of experimental results with the model predicted
results for the suspended solids

parameter TSS out, mg/l VSSout, mg/l nVSS out, mg/Il
experiment average 105.33 - -

model average 113.35 108.12 5.24
difference 7.61% -
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Fig. 1: Image of the wastewater treatment plant
of south of Isfahan

Where SRT is Solids retention time, d and
Y is Biomass yield, mg VSS/mg sCOD and U is
Substrate utilization rate, mg sCOD/mg VSS.d and
k,is Endogenous decay coefficient, 1/d and S is
Influent substrate concentration, mg sCOD/L and
S is Effluent substrate concentration, mg sCOD/L
and X is Biomass concentration, mg VSS/L and &
is Hydraulic retention time, d and K_ is Half-velocity
constant, mg sCOD/L and k is Maximum rate of
substrate utilization, mg sCOD/mg VSS.d and pm
is maximum specific growth rate, 1/d

By using the equation 1, the chart of 1/
SRT was plotted versus U and by curve fitting; the
values of Y and K, were calculated. On this basis,
the Y and K coefficients were determined equal to

Fig. 2: The general plan entered into the STOAT software to start modeling
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91872014 10:16:48 PM

Activated sludge aeration tank 1

Hame Activated shudge seration tank 1
Process modsl 1w #1

Volume [7) 32400
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Wastage method Hone

Stage from which MLSS i wasled 1

Stage in which MLSS is measued 1

Secondary sedimentation tank 1

Name Secondary sedmentation Lank 1
Model Genenc

MNumber of vestical layers ]

Sulace aea [mf] 130

Depth of tark [m) 23

Depth of feed [m) 2

RAS Flow Rate

Wastage method Corstant rate

Control setation tank Activated shadge setation tank 1
Control asration stage 1

Fig. 3: The selected model and physical
dimensions entered to the STOAT model to

0.411 VSS/mg sCOD and 0.984 1/d. the chart was
shown in figure 4.

Then, by using equation 2, the chart of 1/U
was plotted versus 1/S and by the curve fitting; the
amounts of K and K_ were evaluated. In figure 5, the
mentioned chart is observable. On this basis, the K
and Ks coefficients were determined respectively
20.496 mg sCOD/mgVSS.d and 71.12 mg sCOD/L.
in the following, by using the equation 3, the amount
of um coefficient was obtained 8.424 I/d.

RESULTS AND DISCUSSIONS

To evaluating the results, the results were
divided into three groups. The first group includes the
effluent carbonaceous compounds, the second group
includes the effluent suspended solids and the third
group includes the effluent nitrogenous compounds.
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Then, the closeness rate of experimental results and
simulation results were compared.

The effluent total COD includes the
biodegradable soluble COD, non-biodegradable
soluble COD, particulate biodegradable COD and
particulate non-biodegradable COD. The model
outputis visible in figure 6. Also the obtained results
of table 4 are comparable with the model predicted
results.

According to the above table, total predicted
COD by the model has a difference about 2% with
the conducted experimental results on the effluent
of wastewater treatment plant of Isfahan. For each
of the COD components, this difference is about 7%
and it is an acceptable value. The nonbiodegradable
soluble COD in the input of model was considered
about 30 mg/l of the inlet COD and as expected,
this value remained almost unchanged and at
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the effluent, it is expected about 29.89 mg/l. the
biodegradable soluble COD was applied in the
input model about 148.12 mg/l and its amount in
the effluent was observed about 14 mg/l and in the
output of the model, it was obtained about 18.49 mg/I.
According to the experiment results the particulate
COD in the effluent was observed about 127.34
mg/l and based on the model output, this amount
that is the sum of the biodegradable COD and non-
biodegradable COD was predicted about 119.45
mg/l and it has 6% difference with the observed
value in the experiments.

The total output nitrogen includes ammonia
nitrogen, organic nitrogen and nitrate nitrogen.
The predicted values of the model output can be
seen in the figure 7. Also, in table 5, the obtained
values of experiments with the predicted results are
comparable.
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Fig. 4: Diagram of Y and Kd coefficients
determination

Fig. 5: Diagram for K and Ks coefficient
determination
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According to Table 5, the observed effluent
Kjeldahl nitrogen in the experiments is about 54.47
mg/l which has a very low difference about 1.67%
with the predicted value by the model which is
equals to 53.56 mg/l. due to the low SRT about 10
days, considerable nitrate is not produced and the
difference between input and output nitrogen has
been entered to the produced biomass. According
to the model results, the produced nitrate was about
0.18 mg/l and dissolved and particulate organic
nitrogen were about 8.9 mg/l and the total effluent
nitrogen is predicted about 53.74 mg/l. the effluent
suspended solids contain volatile suspended solids
and non-volatile suspended solids. The output
predicted model can be seen in Figure 8. Also,
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in table 6 the model predicted values and the
experimental results are comparable.

According to the experimental results, the
value of effluent TSS was obtained about 105.33
mg/l and the predicted TSS by the model was about
113.35 mg/l. these two amounts have a difference
about 7%. The amounts of VSS and nVSS were
predicted by the model, respectively 108.12 and
5.24 mg/l.

Considering the mentioned information, the
model output with biokinetic calibrated coefficients is
acceptable and the model results with experiments
have less than 10% difference. To adopting the
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model results with the experimental results, we
can calibrate other model coefficients by using
experiments or manual to obtain the other optimized
coefficients.

CONCLUSIONS

The wastewater treatment plant of the south
of Isfahan was modeled in the STOAT software.
For the aeration tank, the ASM1 model and for the
secondary sedimentation tank, the Generic model
was used. The characteristics of output and input
wastewater from the conventional activated sludge
of the wastewater treatment plant of the south of
Isfahan were measured during 68 days and these
were entered into the ASM1 model. To evaluate the
results of modeling, the results were divided into
three groups. The first group includes the effluent
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carbonaceous compounds, second group includes
the effluent suspended solids and third group
includes the effluent nitrogenous compounds. To
calibrating the model, the biokinetic coefficients of
K K, K Y, b, were measured in the 20 centigrade
degree and it was used instead of default coefficients.
Then the simulation results are compared with the
results of the experiments. The experimental results
show a good adoption with model outputs and the
maximum observed difference is less than 10%.
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