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� e WWTP � ow diagram used in AS-
PEN+ (v8.6) is presented in Figure 2. � e 
preliminary clari� cation, aeration, Acti� o® 
(Veolia 2018) and secondary clari� cation 
have been simulated with RYIELD reactor 
models based on yields of remaining COD, 
BOD and total phosphorus values. � ese sim-
plistic models have been selected to describe 
the complex wastewater treatment processes 
in the estimation of seasonal extreme condi-
tions. Chemical dosings are assumed to be 
based on plant control systems and dosing 
system operation does not depend on exter-
nal seasonal process parameters like tempera-
ture or inlet � ow rates. Also solid separation, 
screening and sand separation are neglected 
in this process model. BODREAC and CO-
DREAC are considered to model clari� cation 

and aeration units, CODBYPASS and BOD-
BYPASS model Acti� o® unit in bypass water 
circulation. 

Results
 � e simulation model can be adjusted to 
correspond correct actual outlet values by 
setting correct yield parameters for reac-
tor units. � e interesting part is the extreme 
conditions where correlation based yields are 
set in simulations. � e WWTP year report 
did not include daily information about by-
pass water treatment e�  ciencies. � e Acti� o® 
unit puri� cation e�  ciencies were simulated 
with ASPEN+ to match the reported overall 
e�  ciencies (Table 2), and the di� erence be-
tween e�  ciencies at main stream and by-pass 
stream is minimal. 
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Figure 2 ASPEN+ � ow diagram from wastewater treatment process.

Inlet, t/d Bypass t/d Temperature °C COD (Inlet) COD (outlet) E�  ciency in 
COD
 removal (main 
process)

E�  ciency in
COD removal
(by-pass)

73700 3395 15.3 750 39 0.948 0.948

89500 7841 17.7 660 47 0.929 0.925

165000 65037 14 550 54 0.902 0.9015

247000 100804 8.2 300 36 0.875 0,88

Inlet, t/d Bypass t/d Temperature °C BOD (Inlet) BOD (outlet) E�  ciency in 
BOD
removal (main 
process)

E�  ciency in 
BOD
removal (by-
pass)

73700 3395 15.3 390 5,9 0.985 0.982

89500 7841 17.7 260 4.3 0.983 0.989

165000 65037 14 220 13 0.941 0.941

247000 100804 8.2 120 15 0.875 0.875 

Table 2 Simulated by-pass water treatment e�  ciencies, comparison to main stream e�  ciencies
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� e � rst simulations were performed for 
maximum � ow rate 275000 m3/d. In simula-
tions the maximum allowed BOD, COD and 
total phosphorus (Ptot) at outlet were set to es-
timate maximum loadings in inlet � ow. � e 
e� ect of temperature to BOD, COD and Ptot 
is presented in Fig. 3. Ptot yearly variation is 
3.4-20 ppm, and maximum allowed amount 
is 6-8.5 ppm. Minimum COD was 290 ppm 
in 2016, which is exceeded at max. in� ow 
even above 6.5 °C in� ow temperatures. � e 
calculated BOD and COD process e�  ciencies 
were 0.62-0.9 and 0.70-0.93 at 275000 m3/d, 
respectively. At average 77000 m3/d the BOD 
and COD e�  ciencies are 0.99-1.00 and 0.89-
0.95. Minimum BOD was 120 ppm in 2016, 
which is not possible to achieve with 275000 
m3/d in� ow. 

In the next set of simulations the e� ect of 
� ow rate was estimated based on 15 °C tem-
perature in inlet � ow, Fig. 4. It can be found 

that at 120 ppm BOD inlet values BOD limit 
10 ppm will be exceeded above 230000 m3/d 
in� ows.

Conclusions
A wastewater treatment plant performance 
to seasonal e� ects has been studied, namely 
temperature and in� ow loading. � e actual 
plant data in this study has been used. � e 
simulation set-up instead of complex reac-
tion modeling was done using correlating 
the whole year daily data to determine pu-
ri� cation e�  ciencies. � e extreme seasonal 
changes at heavy rain seasons will be di�  cult 
to keep the BOD and COD quality within al-
lowed limits while Ptot quality is possible to 
satisfy the limits by authorities. Also, simula-
tions revealed BOD quality as most sensitive 
to inlet � ow variations. Interestingly, at high 
� ow rate loadings the wastewater tempera-
ture has a clear e� ect in puri� cation.results.
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Figure 3 E� ect of temperature to maximum phosphorus, COD and BOD loadings in inlet at 275000 m3/d.
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Figure 4 E� ect of inlet � ow to maximum BOD loading in inlet at 15 °C inlet � ow temperature.
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