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Abstract

The calibration of Activated Sludge Model No. 1 (A$) for operational mode of wastewater
treatment plant (WWTP) in Ziar nad Hronom was perfed. Simulation program of single
sludge process (SSSP), based on the Monod typkeocal reaction kinetics was applied.
Measurements of diurnal variation of wastewatewfémd composition at the influent and
effluent of biological stage of the WWTP were cadrout. The experimental data were
transformed according to structure and process oaeigs of the mathematical model. Pre-
denitrification system was used to transform aléng biological treatment technology
operated at the WWTP to computer scheme. The a#tior of mathematical model involved
operational the parameter values (solid retentror,trecirculation ratio) and the values of
biokinetic parameters. The residual sum squaregdaet the experimental and calculated
values of process components was used as an objéatiction. Availability of the calibrated
model for description of dynamic behaviour of theldgical stage of the WWTP follows

from the work.
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Introduction

Biological processes are widely used for the rerholvarganic, nitrogen and phosphorus
impurities from wastewater. Main reason is the ity of achieving high elimination
efficiency of these pollutants from wastewater. rehare usually also lower capital and

operational costs in comparison to physical-chehaind/or chemical processes.
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A wastewater represents raw material with high flowd composition variability to be treated
in order to rich required quality for dischargimga receiving water. The extension of
biological processes from carbonaceous impurigesoval also to nitrogen and/or
phosphorous removal has increased complexity ofemager treatment systems. WWTP
configurations and their operation are more comgleaddition, more stringent effluent
guality limits have to be satisfied. Thus, the sgsimust be well designed and operated
optimally in order to meet these effluent standavidk reasonable operational costs. The vast
boom in computers and mathematical modelling indasades have brought new
possibilities also in wastewater treatment procedssign and plant operation. Dynamic
simulation programs are applied mainly for proag@sration and intensification. The
objective of the work is to present the resultthefcalibration of the ASM 1 model for

description of dynamic behaviour of biological stag the WWTP in Ziar nad Hronom.

Theory

Numerical models for activated sludge plants haa@ntbecoming more popular and are
generally used as a powerful tool to increase #tailéd knowledge of the process and
system behaviour, for optimisation studies, fomiray and teaching, and for model based
process control over the last decades (Sperin, &088). The state-of-the-art model for
biological wastewater treatment processes is tHdAGlenze et al., 1995). There are 13
process components, 8 biochemical processes, abibHifietic parameters included in the
model. Basically, the Monod type reaction kinetecapplied to describe the transformation
of process components through biochemical processksled in this concept. The example
of the Monod type reaction rate for oxygen consuomplby aerobic growth of heterotrophs

and autotrophs can be expressed as follows:

rOz_l—YHHH( pE) j(K PSo) ]p(xB,H)—

Yy Ks+p&) ) Kon P S0)
heterotrophs
457-Y, P (SNH ) ] P (So)
- H P(Xg) 1)
YA A(KNH +p(SNH) KO,A +p(SO) oA
autotrophs
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whereKyy is ammonium saturation constant (mg YnKo 4 is 0xygen saturation constant for
autotrophs (mg dif), Ko 1 is oxygen saturation constant for heterotrophs dmg), ro is
oxygen consumption rate (mg &™), Ks is readily biodegradable organics saturation
constant (mg dif), Swx is ammonium nitrogen concentration (mg JnSo is dissolved
oxygen concentration (mg dfj) S is readily biodegradable substrate (mg3inXs a is
concentration of autotrophic biomass (mgnXs 4 is concentration of heterotrophic
biomass (mg dif), Ya is yield coefficient of autotrophic biomass (¥ is yield coefficient of
heterotrophic biomass (4 is maximum growth rate of autotrophic biomas®) @nd 4 is
maximum growth rate of heterotrophic biomas)(@he kinetics and stoichiometry of the
model is typically presented in matrix form, e.grize et al(1987).

Various simulation programs for both steady statk@&namic simulations of
nitrification and denitrification processes havemeeveloped. The SSSP (Bidstrub et al.,
1987) based on the above mentioned ASM 1 was asetyhamic simulations presented in

the following part of the work.

Materials and Methods
WWTP of Ziar nad Hronom

This WWTP consists of mechanical and biological stagh aerobic sludge stabilization.
Combined sewer system is used for wastewater tolfedMechanical pre-treatment consists
of screens and aerated grid tank. Alternating déoétion treatment technology has been
designed for the biological stagehere are 4 parallel oxidation ditches with totduwvoe 12
000 nt. Combined mechanical and pneumatic aeration akeagn order to introduce
sufficient amount of oxygen for aerobic biologigabcesses. Internal recirculation ratio
varies from 50 to 100. Circular secondary setttantks are applied to separate activated
sludge from effluent wastewater. The WWTP was desidoetotal pollution load of about
59 000 population equivalents (p.e.), from whicgamic load corresponding to about 19 000
p.e. originates from industry. Actual organic lahding performed dynamic measurements
corresponded to 34 900 p.e.

Alternating denitrification

This biological treatment technology is known as-Bienitro process. The technology

represents a technological modification of pre-tiditiation (Pedersen a Sinkjeer, 1992). The
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basic BioDenipho process consists of two circutactors (oxidation ditches), which are
operated alternatively as oxic and anoxic readtbe alternating cycle is divided into four
phases (Fig. 1). In phase A the raw wastewatertieduced into anoxic reactor (Reactor 2).
Denitrification is performed in this reactor utiig organic pollutants in wastewater.

Simultaneous accumulation of ammonium nitrogen freastewater occurs during this phase.
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Fig. 1. Scheme of alternating denitrification cycle

At the same time, the first reactor (Reactor Dperated in under aerobic conditions. Thus,
nitrification process and accumulation of nitritedanitrate nitrogen are carried out in the
reactor. The effluent from this reactor contains Emwmonium and nitrate nitrogen
concentration and is discharged to secondaryrsgttinks. In phase B there are both reactors
operated in aerobic condition. The raw wastewatettieduced into the first reactor during
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this phase. During this phase is second react@ré@mious phase operated as anoxic)
prepared for discharging treated wastewater iridh@wing phase (phase C). In phase C is
the first reactor operated as anoxic and the seonons operated as oxic. The raw wastewater
is introduced in the first reactor. Wastewaterischkarged from the second reactor during this
phase. Oxic conditions are maintained in both mraauring phase D. The raw wastewater is
introduced into second reactor. Treated wastewsidischarged also from second reactor in
phase D. Stage C and D present practically mimage of stages A and B (Pedersen

a Sinkjeer, 1992).

High operational flexibility with regard to maintang of oxic and anoxic volumes is
characteristic for this technology. Aeration isted off during anoxic phases.
Sedimentation of activated sludge in reactor is@néed by mechanical mixing during these
phases. Standard BioDenipho technology is usualiygthed for 57 to 67 % of nitrification
volume and 33 to 43 % denitrification volume. Iétl’s need for enhanced biological
phosphorus removal, the anaerobic stage can bé&/at/n front of the circulation aeration

tanks.

Wastewater flow and composition

Experimental measurements of diurnal variation ofteaater flow and composition at the
influent and effluent of biological stage during 2durs were carried out. The experimental
concentration data of organic and nitrogen polligavere transformed according to the
structure and balanced process components in tMLASodel. There are four fractions of

organic pollution involved in the (Henze et al.8T%

CODinfiuent = CODhom =S+ § + Xs+ X| (2)
whereSs is readily biodegradable substrafeis soluble inert organic mattefs is slowly
biodegradable substrabs,is particulate inert organic matter a@@D,on, iS chemical oxygen

demand of homogenized sample. According to Peder&nkjaera (1992) Eq. (2) can be

rewritten as follows:

X = CODhom - CODxiirr - Kgop - BODhom + Kgop - BODxir (3)
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whereKgop is biological soluble fraction of organic substrakpressed as COBQODyonm IS
BODs (biochemical oxygen demand) of homogenized samaptd83 O Dy, is BODs of filtrated
sample through membrane filter. Pedersen a &ir{&j992) published for municipal
wastewateKgop value 1.52.

Modification of EqQ. (3) leads to:

CODhom = CODxir + Kgop . BODhom - Kgop - BODxie + X =
L ODyir +Kgop - BODhom-S+ X =S5 + X + Kgop . BODhom
4)

For particulate inert organics fraction it follodvem Eq. (3):

Xi = CODhom- S - Kgop - BODhom (5)

Te content of soluble inert organic matter can Isessed as follows (Pedersen a Sinkjaera,
1992):

S = CODiir - Kgop - BODr (6)

whereCODy; is COD of membrane filtrate of wastewater sample.
Likewise, the readily biodegradable organic fractim wastewater can be evaluated as

follows:

S = Kgop - BODiir = Sss+ Ssr= 0.75Kgop . BODjir + 0.25Kgop . BODi (7)

whereSss is slowly biodegradable soluble aBgk is readily biodegradable soluble substrate.

Thus, the inert soluble fractidh can be calculated:

S =CODxirr - Ss (8)
Combination of Egs. (6) and (8) gives:

CODhom=S + X + Kgop . BODhom 9)
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Modification of Eq. (2) yields the following relatiship:
CODom=S + X + S+ Xs (20)
Combination of Eq(9) and (10) leads to:
Ss + Xs = Kgop . BODhom (11)
Xs = Kgop . BODhom - Ss (12)

Nitrogen pollutants content in wastewater whenitegr and nitrates are negligible can be

evaluated as follows:

Niot = SuH + Sup + Xnp (13)

Where Ny is total organic nitrogenSyy IS ammonium nitrogenSyp is soluble organic
nitrogen andXyp is particulate organic nitrogen.

The following terms can be obtained for organic agén fractions in wastewater when
considering relationships involved in the datal@s8SSP simulation program:

Suwp = 0.433 Niot - Swh) (14)

XND =0.567 Ntot' S\IH) (15)

Transformation of the WWTP layout into computeescé

From the results of design calculations followsgog-denitrification system total oxic
volume 10 200 rhand anoxic volume 1 500°niThe designed total oxic volume for
simultaneous denitrification is the same. The reglianoxic volume is 2 600°for this
system. Thus, operational value of anoxic volunigetser approximated with calculated

denitrification volume for simultaneous denitrifica. However, the whole bioreactor
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volume by simultaneous activated sludge processeslscthe total volume of existing
biological stage. Thus, pre-denitrification systeas\gelected to approximate and transform

of alternating denitrification technology into coatpr scheme.

Results and Discussion

The value of soluble inert COD content in the wastew($) was obtained experimentally.
The sample of mixed liquor suspended solids withdrénam the WWTP in Ziar nad
Hronom was aerated in a batch system. COD contastanalysed in filtered samples which
were taken from the system at selected time peribus results of the kinetic test are

summarised in Table 1.

Table 1. Residual COD values in the wastewater duimnetic test

t [h] 0 1.0 2.0 3.0 4.0
COD[mg.I"] 65.8 53.9 47.9 47.9 47.9

Experimental value 47.9 mg.for soluble inert COD ($results from the batch test.

The value of endogenous respiration rate 11.3 Thig’g(related to organic content of
activated sludge) follows from respirometric measuents carried out with activated sludge
sample taken from the WWTP. Experimental and caledlaalues of respiration rate at

various concentration values of acetate are ginérable 2.

Table 2. Results of respirometric measurements

S[mg.I" 0.96 1.91 3.83 4.78 5.74
Ix.exp[Mg.g~.h"] 15.5 24.9 23.5 28.7 82.5
rxcaic [Mg.g*.hY 12.9 23.6 40.8 47.7 53.7

The values of Monod equation parameterg €10.0 mg.! and kmax = 147.3 mg.g.h?)
were evaluated using grid search optimisation ntetmrresponded values of respirometric
rate k caic. Calculated using the above parameter valueslsmesammarised in Table 2.
Experimental values obtained during nitrificatiortdbatest performed with activated sludge
sampled from the WWTP are given in Table 3.
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The average value of ammonium nitrogen removaldsi®y.g'.h*. The average value of
specific rate of nitrite/nitrate nitrogen increas®.3 mg.g.h™*.Very low nitrification activity
of activated sludge follows from nitrification battests when comparing with the literature
data, e.g. 3 to 15 mg'di* (Chudoba et al., 1991).

Table 3. Results of nitrification test

t N-NH,4 N-NO; N-NO
[hl [mg.I"] [mg.I"] [mg.I"]
0 21.8 57.4 0
1 14.96 62.9 0.5
2 14.79 63.1 1.5
3 12.15 65.4 2.0
4 3.67 72.3 2.1
5 1.58 77.2 1.1
6 1.44 78.1 0.1
23 1.0 78.2 0

24 0 78.1 0

The calibration of the ASM 1 included examinatiorefiect of operational parameter values
(solid retention time (SRT), internal recirculatiand recycle) and biokinetic parameter
values on prediction of effluent wastewater potintiThe calibration was carried out with the
aim to achieve minimum difference between experitadeand calculated concentration
values of effluent wastewater pollution. Effluerdredard values given by the Slovak
Governmental Regulation (2005) were used to evalieg quality of effluent pollutants
predictions by the model. The concentration valeesndividual pollutants in daily
composite samples were calculated from the pohutads as a flow-weighted (Q) average;
for example, the concentration value of ammoniutrogen in 24 hours composite sample

was calculated as follows (Derco and Kovacs, 2002):

2fQ(t). p(N-NH ;[ t) dt
% (16)

(N_NH ; )24—h = : 24
[Q(t) dt
t=0

Maximal values of N were determined from N-NKHN-NOs; and Nyg in the effluent, i.e.

maximal value for:
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> (N-NHs + N-NOj + Norg) = fi(t) (17)

The time dependencies of ammonium nitrogen andt@liidrite nitrogen concentration

values for various values of return sludge recatiah ratio R; are presented in Fig. 2 and 3.

il 5] 10 15 20 25
time (h)

Fig. 2. Time courses of experimenta Y and calculated concentration values of NaNH
(Swn) in effluent for different values of R - 1.1;A - 0.9;x - 0.8;00 - 0.7.

12

Fig. 3. Time courses of experiment® Y and calculated concentration values of N-N@d
N-NOjs in effluent for different values of R[J - 1.1;A - 0.9;x - 0.8;00 - 0.7.
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Dynamic simulations were performed for SRT = 20 d emternal recirculation B = 0 as the
results of previous calibration.

Corresponded concentration values for ammoniurogein in 24-h composite
samples as well as concentration values of oxim$aof nitrogen (nitrate and nitrite nitrogen)
in 24-h composite samples are given in Table 4.0ds correlation of the experimental data
of ammonium nitrogen and oxic forms of nitrogenypdes dynamic simulation performed

with return sludge recirculation ratigsR: 0.7 (operational value was 1.1).

Table 4. Measured and calculated concentration saltiaitrogen pollution in composite
samples (SRT =20 d, Q = 8 216.h", Qec= 0 n.h™).

N-NHy,4, 24-h N-NO, 24-h Ninorg., 24-h
Rrs 1 1 1
[mg.l] [mg.I] [mg.I]
11 1.40 7.40 8.80
0.9 1.37 7.02 8.39
0.8 1.37 8.36 9.73
0.7 1.36 8.76 10.12
0.6 1.34 9.22 10.56
0.5 1.32 9.73 11.05
0.4 1.32 10.31 11.63
exp. 0.53 8.08 8.61

Further decrease of return sludge flow is accongghwith highly negative effect on
concentration values of oxic forms of nitrogen amparison with positive effect on
concentration value of ammonium nitrogen. Consetiyiethe content of total inorganic
nitrogen (Nhorg) iN cOomposite samples increased.

From the results of the ASM 1 model calibrationdperation mode at WWTP in Ziar
nad Hronom it follows that alternating denitrificat technology can be approximated in
computer scheme with acceptable quality by pretd&oation system with zero internal

recirculation and return sludge recirculation rddje= 0.7.

Conclusion

The ASM 1 model was calibrated for operational mailne WWTP in Ziar nad Hronom.
The SSSP simulation program was used. The measueofafitirnal variation of
wastewater composition at influent and effluenthaf biological stage were carried out.

Significant organic shock load was observed dunregsurements.
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The alternating denitrification system can be appnaxed by pre-denitrificatin system when
transforming into computer scheme. The best fit betwthe experimental and predicted
valuesof ammonium nitrogen and nitrite/nitrate nitrogeassmachieved by dynamic simulation
performed with return sludge recirculation rati@.d=rom the results of the calibration it
follows that the mathematical model describes tioegsses in alternating denitrification
biological treatment system with sufficient accyrérom practical point of view although
organic shock load occurred during measurementanitoe concluded that ASM 1 represents
powerful and perspective tool for biological waster treatment processes operation. The
model enables to predict the responses of the tuei@atment system to changes in influent

wastewater flow and composition as well as openatiparameter values.
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