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INVESTIGATION OF MODIFIED COD BEHAVIOR BY MODELLING OF
ACTIVATED SLUDGE SYSTEM WITH A MEMBRANE MODULE (MASM)

SUMMARY

Modeling of activated sludge systems with different configurations is a prediction
method for wastewater treatment systems since 1986. To understand the behavior of
the activated sludge processes, the modeling studies were developed for different
conditions that consider different types of processes such as removal of organic
compounds (ASM1), nitrogen (ASM2), phosphorus (ASM2d).

Nowadays, all these activated sludge models can be configurated with a membrane
which is a ground-breaking milestone for the traditional activated sludge process.
Membranes can separate the compounds according to their size threshold. This
provides a solution to the main problems comparing to conventional systems.
Therefore, it is a major leap which allowed to replace the always problematic gravity
settling by membrane filtration of biomass. Aside from a high-quality effluent suitable
for reuse, this innovation ended the restrictions of gravity settling on biomass
concentration in the reactor, simply by uncoupling hydraulic retention time (HRT) and
sludge age (SRT), in a much smaller footprint.

Usage of membranes in wastewater treatment systems leads us to examine the
operational and kinetical mechanisms of this technological development. To be able
to do this, Activated Sludge Models (ASMSs) can be used as again a perfect method to
understand the behavior of this treatment system which should be investigated in lab-
scale conditions before applying in real life. Therefore, many studies investigate the
activated sludge models that are modified with membranes.

According to this subject, this study focuses on creating a modified ASM1 as a new
model that requires a model structure for performance evaluation and control. In this
context, this study aims to define a new model, MASM for the activated sludge reactor
with a membrane module and evaluate its implications based on modified COD
fractionation and particle size distribution for different process configurations. Besides
biological treatability experiments, particle size distribution analysis gives valuable
information about wastewater characteristics. Therefore, the studies that combine the
information obtained from conventional characterization with biodegradation
experiments and PSD analysis are preferred for this study. Especially PSD analysis
should be used by making assessments about MBR modeling researches because their
operational mechanisms behave the same due to the separation of compounds
according to their size ranges.

Domestic, textile, and tannery wastewaters are the four wastewaters selected for this
study. All information about the wastewaters is obtained from recent studies that
include both biological treatment and PSD analysis. In this context, conventional
characterization gives information about the amount of particulate and soluble
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substance in wastewater. The biological treatability analysis demonstrates the
information about the soluble part of the wastewater by respirometry test which mainly
focuses on the hydrolyzation mechanism. PSD analysis provides information about the
size of pollutants by applying membranes with different size thresholds.

With the light of all these informations, a conventional ASM1 and a MASM were set
and they both consist of 3 bioreactors with the same volume. ASM1 system ends up
with a point separator as a settling tank and included a recycling system where the
MBR system ends up with a point separator as membrane also included a recycling
system. The conventional AS model has inflow, outflow, and recycle flow as 10.000
m3/day and the COD characterizations were introduced to model directly based on
selected references. Inflow and outflow of MASM are the same value with ASM1 but
recycle flow MBR model is four times more than the inflow as 40.000 m3/day and the
COD characterizations were introduced to the model according to their size ranges.
Therefore, COD components in the influent stream of the MBR model includes
captured COD if the COD parameter belongs to the size threshold larger than the
membrane.

Usage of MBR changes the COD concentration in the reactor because while some of
the soluble compounds pass through the membrane and appear in the outflow, some
of them captured by membrane due to their size thresholds larger than the pores of the
MBR. This makes these captured soluble compounds can be considered as particulate
matter because they could not pass through the membrane. This provides lower COD
concentrations in the effluent. In this study, the captured COD and effluent quality
were examined for three different wastewaters and a comparison of the conventional
and MBR system investigated based on their operational differences. Total soluble
hydrolyzable COD, Swr, and total soluble inert COD, St were taken into account
because they have a wide range of sizes range between 2-450 nm in related
wastewaters and creates reliable differences when MBR used. In MASM system Sut
was subdivided as captured Swxc and remaining effluent Spe. Similarly, Sit is separated
as Sic and Sie.

The model runs of both conventional AS and MBR based AS on different sludge
retention times by changing the volumes of reactors and the amount of waste sludge.
Then, the comparison of ASM1 and MASM models were done based on Sy and S
removals and effluent quality. The results of the study were investigated in two steps;
(i) AS configurations with different and (ii) same HRTs. Both steps include SRT
values from 1 to 8 days indicates superfast, high rate and conventional operations. In
the first step, the ASM1 model run with 4.000 mg/L MLSS while the MASM model
run with 10.000 mg/L due to smaller volume while there was no limitation on the
concentration of MLSS in the reactors of the second step.

According to Step 1, two main observations were displayed based on ASM1 and
MASM; (i) SHe values of MASM system were lower than ASM1 under superfast (SF)
conditions while SRT is below 2 days for domestic and textile wastewaters. Tannery
wastewater has quite a high Sy load comparing those two wastewaters therefore
minimum SRT value as 4 days were applied. In the results of the high rate (HR) and
conventional operations, Sxe remained similar for two wastewaters; for HR operation
around 3-5 mg/L for domestic and 13-20 mg/L for textile, for conventional operation
1-3 mg/L and 4-8 mg/L respectively. (ii) S removal rates were mostly lower for the
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MASM systems because it was calculated by excluded Swc fraction from initial Sno.
The conditions of Step 1 are not proper for the treatment of tannery wastewater even
high SRT levels were used; from 4 to 18 days. The outputs always display the usage
of the MASM system has lower removal rates and require modification which was
applied in Step 2.

According to the results of Step 2; (i) MASM system under SF conditions resulted in
lower She concentrations for all wastewaters. For example, in Step 1, She value of
textile wastewater at SRT value of 1 day was 95 mg/L for ASM1 and 33 mg/L for
MASM; in Step 2, the values are 95 mg/L and 18 mg/L respectively. (ii) Tannery
wastewater has a great improvement in the results in Step 2 also. While the Sne result
of MASM at SRT 4 days in Step 1 was 152 mg/L, it degreases to 59 mg/L in Step 2.
Besides, this value is more than 25% lower than 80 mg/L obtained in the system
operation of ASM1. On the other hand, in Step 2, the performance of MASM is better
than ASM1 at SRT as 4 days. However, when SRT increases, the performance of MBR
getting decreases. This might be the result of the effect of components that are captured
and accumulated in the bioreactor throughout the membrane.

Different COD fractions affect the effluent quality under different operational
conditions; especially soluble residual COD fractions, Sp, the influent soluble inert
COD, Si. In the ASM1 system, inert COD will appear always in the effluent.
Therefore, the MASM system is more favorable in this aspect. For example, while Sit
concentration of tannery wastewater is 214 mg/L will appear in the effluent of ASM1,
in the MASM model, 45% of Sir will be captured by the membrane and 118 mg/L will
stay in the effluent. On the other hand, the effluent quality of ASM1 and MASM
systems are approximately the same in Step 1 while this ratio changes in Step 2, and
the Ste concentrations of MASM resulted in 16% less COD concentration than ASM1
system due to better operational conditions.

As a future perspective, different modifications of conventional and MBR AS systems
for better operational results on effluent quality of wastewater and efficient system
runs considering used energy and sludge reduction may be developed by similar
modeling studies.
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MODIFiYE EDILMIiS KOI DAVRANISLARININ MEMBRAN MODULU
KULLANILAN AKTIF CAMUR SISTEMLERINDE INCELENMESI

OZET

Aktif camur sistemlerinin farkli konfigiirasyonlarla modellenmesi, 1986 yilindan bu
yana atik su aritma sistemleri i¢in bir 6ngorii yontemi olarak kullanilmaktadir. Aktif
camur proseslerinin davranis mekanizmasini ve kirleticilerin giderilme siireclerini
anlamak icin farkli modelleme galismalar1 mevcuttur. Ornegin, organik bilesiklerin,
azotun ve fosfor gibi bilesimlerin atiksudan uzaklastirilmasi i¢in farkli kosullarda
calisan sirastyla ASM1, ASM2, ASM2d gibi modeller vardir.

Giliniimiizde, tiim bu aktif gamur modelleri, membran kullanilarak modifiye edilebilir
ve bu sayede gelencksel aktif camur prosesleri bu yeni teknoloji ile iyilestirilebilir.
Membranlar filtre seklindeki yapis1 sayesinde atiksudaki bilesikleri boyut
biiytikliiklerine goére ayirabilirler. Bu durum, geleneksel sistemlerde olusabilen bazi
temel sorunlara bir ¢6ziim saglar. Bu nedenle, membran filtrasyonu, standart aktif
camur sisteminde en biiylik problemlerden biri kabul edilen ¢okelme tankindaki
biyokiitlenin ¢dkelememe sorunu igin bir ¢dziim olusturur. Bu yenilik, atiksuyun
aritim1 sonrasinda yiiksek kaliteli su olusturup bu suyun tekrardan kullanima uygun
hale gelmesinin yani sira, reaktordeki biyokiitle ¢okelmesi i¢in sorun olan yerg¢ekimi
kisitlamalarini hidrolik bekletme siiresini (HRT) ve ¢amur yasini1 (SRT) ayarlayarak
daha diisiik ayakiziyle saglar.

Atiksu aritma sistemlerinde membran kullanilmasi, gelistirilen bu teknolojinin
operasyonel ve kinetiksel mekanizmalarimin detayli sekilde incelenmesini
gerektirmektedir. Bu aritma sistemlerinnin davranis bigimerinin anlasilmasi i¢in en iyi
yontem Aktif Camur Modellerinin (ASMs) kullanilmasidir. Bu sebeple literatiirde
membran kullanilarak modifiye edilmis aktif ¢camur sistemlerinin modellenmesiyle
ilgili pek ¢ok ¢aligma mevcuttur.

Bu calisma temel olarak performans degerlendirilme ve kontroliine ihtiya¢ duyan
modifiye edilmis yeni bir ASM1 modelini olusturmay:r hedef alir. Bu agidan
calismanin temel amaci membran modiilii kullanilarak modifiye edilmis MASM
olarak adlandirdigimiz bir aktif ¢amur sisteminin farkli proses konfigiirasyonlar1 i¢in
modifiye edilmis KOI fraksiyonlari ve partikiiler boyut dagilim (PSD) iizerindeki
etkilerinin yorumlanmasidir. Biyolojik aritilabilirlik deneylerini yan1 sira partikiiler
boyut dagilimi ¢aligmalar: atiksu karakteri ile alakali olarak 6nemli ve detayl bilgiler
sunmaktadir. Bu sebeple bu tezde biyolojik aritilabilirlik calismalariyla elde edilen
konvansiyonal KOI karakterizasyonu ve PSD analizlerinin yapildig1 calismalar tercih
edilmistir. Ozellikle PSD analizi, calisma mekanizmasinin benzerligi itibariyle MBR
modelinin arastirilmasi ve yorumlanmasi i¢in 6enm arz etmektedir.

Bu calisma igin ii¢ atiksu; evsel, tekstil ve deri atiksulart secilmistir. Atiksular
hakkindaki detayl tiim bilgiler biyolojik aritilabilirlik ve PSD analizlerinin bir arada
yapildigr calismalardan alinmistir. Bu noktada, geleneksel karakterizasyon atiksu
icerisindeki partikiiler ve ¢oziilebilir maddeler hakkinda, biyolojik aritilabilirlik
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testleri ise hidroliz mekanizmasin1 baz alan respirometre ydntemi sayesinde,
cozilebilir kisimla alakal1 bilgi saglar. PSD analizi ise kullanilan membran sayesinde
kirleticileri boyutlarina gore ayirarak simiflandirir.

Bu bilgiler 1s181nda her biri esit hacimli 3 reaktdrden olusan biri konvansiyonel ASM1
ve digeri MASM olarak iki farkli model gelistirildi. ASM1 prosesi ¢okelebilir tank ile
MASM sistemi ise modelde ‘point seperator’ olarak adlandirilan membran ile sonlanir.
Iki modelde de geri devir mekanizmasi kullanilmistir. Konvansiyonel AS modelinde
giris, ¢ikis ve geri devir akimlari 10.000 m®%giin olmakla beraber KOI
karakterizasyonu secilen referanslar baz almnarak sisteme tanmitilmistir. MASM
sisteminde ise giris ve ¢ikis akimlart ASMI1 ile ayn1 iken geri devir akimi 4 kat fazla
olup 40.000 m¥/giin’e tekabiil eder. Bu modelde KOI fraksiyonlar1 boyut dagilimlar
da dikkate alinacak sekilde modele tanitilmigtir. Bu sebeple MASM prosesinin giris
akimindaki KOI fraksiyonlari, membran por boyutundan biiyiik olup igeride tutulan
KOI fraksiyonlarimi da kapsamaktadir.

Membran biyoreaktdor (MBR) kullanimi, bazi ¢oziilebilir materyaller membrandan
gecip cikis akiminda bulunurken, bazilari ise boyut biiyiikliigii nedeniyle membran
tarafindan tutulur ve reaktoriin icerisindeki KOI konsantrasyonunu degismesine sebep
olur. Membran vasitasiyla tutulan bu fraksiyonlar ¢ikis suyunda yer almayip ¢amura
karisacagindan partikiiler madde olarak kabul edilebilir. Bu durum ise ¢ikis suyundaki
KOI miktarinin azalmasini saglamis olur. Bu calismada tutulan KOI ve ¢ikis suyu
kalitesi 3 farkl atiksu i¢in geleneksel ve MBR sistemlerinde operasyonel farkliliklart
dikkate alinarak incelendi. Bu calismada, 6zellikle boyut dagilimi genis aralikta
yereden (2-450 nm) toplam hizl1 hidroliz olabilen KOI, Sur, ve toplam ¢éziilebilen
inert KOI, Sit, MBR kullanildiginda dikkate deger farkliliklar yarattig1 igin dikkate
alinmigtir. MASM sisteminde Snt, membran tarafindan tutulan Snc ve tutulamayip
¢ikis suyunda gozlemlenen SHe, Sit ise Sic Ve Sie fraksiyonlarina ayrilmustir.

Calismada reaktorlerin hacimleri ve sistemden atilan atilan camur miktarlar
degistirilerek farkli camur yaslari i¢in farkli konfigiirasyonlar olusturulmustur. Daha
sonra ASM1 ve MASM sistemleri Sn, Sy giderilmesi ve ¢ikis suyu kalitesi dikkate
almarak kiyaslanmistir. Sonuglar iki asamada; AS konfigiirasyonlari (i) farkli ve (i1)
aynt hidrolik bekletme siireleri (HRT) seklinde degerlendirilmis ve iki
konfigiirasyonda da SRT degeri 1’den 8 giine kadar olan siireler superfast (SF), high
rate (HR) ve conventional olarak adlandirilmistir. Birinci asamada ASM1 sistemi
MLSS konsantrasyonu 4.000 mg/L, kii¢iik reaktdr hacimlerinde ¢alisildig1 igin MASM
sisteminde 10.000 mg/L olarak secilmistir. Ikinci asamada ise reaktdr iglerinde
herhangi bir MLSS kisitlamasi olmadan modeller ¢alistirilmistir.

Birinci asamada (Step 1) iki temel sonug gozlemlenmistir; (i) evsel ve tekstil atiksulari
icin MASM sistemindeki She degerleri SRT degerinin 2 giin ve daha az oldugu SF
kosullarinda ASM1°’e kiyasla daha diistiktlir. Deri atiksuyu diger iki atiksuya gore
daha kuvvetli ve bu nedenle giristeki Sy konsantrasyonlar1 daha yiiksek oldugu icin
minimum SRT degeri 4 giin olarak almmustir. Bu sebeple SF kosullarinda
calistirilmamaktadir. HR ve konvansiyonel SRT operasyonlarinda Sne degeri iki atiksu
icin benzer sonuglar vermistir; HR kosullarinda evsel i¢in 3-5 mg/L, tekstil i¢in 13-20
mg/L, konvansiyonel kosullarda sirasiyla 1-3 mg/L ve 4-8 mg/L KOI degerlerine
sahiptir. (i) MASM sisteminde Sy yiizdesi, baslangictaki Sno fraksiyonundan Shc
fraksiyonu ¢ikartilarak hesaplandigi icin ASM1’e gore disiik kalmistir. Step 1°deki
kosullartyla yiiksek KOI degerlerine sahip deri atiksuyu i¢in 18 giine kadar ¢ikan SRT
degerleri uygulansa bile yeterli aritmi saglayamamustir. Step 1’de MASM sisteminde
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diisik giderim olmasi sebebiyle mudifiye edilerek modeller Step 2’de tekrar
uygulanmistir.

Step 2’nin sonuglarna gore; (i) SF kosullarinda MASM sistemi tiim atiksular i¢in
diisiik Sre konsantrasyonu vermistir. Ornegin Step 1°de tekstil atiksuyunun SRT
degeri 1 giin iken ASM1 sisteminin Sne degeri 95 mg/L MASM sisteminin 33 mg/L
iken Step 2’de bu deger ASMI i¢in ayn1 kalirken (95 mg/L) MASM’de 18 mg/L’ye
diismiistiir. (ii) Deri atiksuyu model sonuglari ise Step 2 kosullarinda daha iyi giderim
sonuclar1 vermistir. MASM sistemi SRT 4 giin kosulunda calistirildiginda Step 1°de
SHe degeri 152 mg/L iken, Step 2’de bu deger 59 mg/L’ye diismiistiir. Ayrica, ayni
kosullarda ASM1 sisteminde sonu¢ veren 80 mg/L. Swe degeri, Step 2’de %25
azalmistir. Bununla beraber Step 2 kosullarinda MASM SRT degeri 4 giline kadar
ASM1’e gore daha iyi giderim performanst gosterirken, SRT degeri arttikca MBR
performansinda diisiis gézlemlenmektedir. Bunun sebebi membran sayesinde reaktor
icerisinde tutulan ve biriken kirleticilerin etkisi olabilir.

Cesitli operasyonel kosullarm yarattig1 farkli KOI fraksiyonlar1 ¢ikis suyu kalitesini
farkli sekillerde etkileyebilir; 6zellikle biyodegredasyon sonrasi olusan ¢oziilebilir
KOI, Sp ve giris suyunda yer alan ¢oziilebilir inert KOI, S;. Konvansiyonel ASM1
sisteminde inert KOI hig bir zaman reaksiyona girmediginden her zaman ¢ikis suyunda
bulunur. Bu agidan membranin kullanildigit MASM sistemleri bu KOI fraksiyonlarinin
tutulmasi agisindan daha ¢ok tercih edilirler. Ornegin, deri atiksuyundaki St degeri
ASMI1 sisteminde giriste oldugu gibi ¢ikis suyunda da 214 mg/L konantrasyonundadir.
MASM sisteminde ise bu miktarin %45°] membran tarafindan tutulur ve 118 mg/L’si
cikis suyunda gozlemlenir. Diger bir taraftan, ¢ikis suyu kalitesi ASM1 ve MASM
sistemleri i¢in Step 1 kosullarinda yaklasik olarak ayni iken, Step 2 kosullarinda bu
durum degisir ve MASM sistemininde Ste konsantrasyonu ASM1’e gore %16
azalmustir.

Gelecekte yapilmasi beklenen ¢aligmalara destekleyici olarak konvansiyonel ve MBR
AS sistemlerinin farkli modifikasyonlarinin ¢ikis suyu kalitesi agisindan operasyonel
olarak iyilestirilmesi; enerji ve olusan ¢amur miktarinin azaltilmasi i¢in benzer
modelleme ¢alismalarinin gelistirilmesi 6nerilmektedir.
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1. INTRODUCTION

Activated sludge process is the main biological process configuration with a
universally accepted model for not only treatment of wastewaters but also
understanding and evaluating the fate of contaminants and biomass in the reactor.
Single or multi-component activated sludge models (ASMSs) are structured based on
COD as the sole parameter, which defines all components of organic carbon and
biomass together with COD fractionation based on different biodegradation
characteristics.

The organic content in wastewaters contains soluble and particulate matter. In
biologically treated conventional systems most of the soluble matter considered as
consumed by biomass and some of particulate matter are exposed to hydrolysis
reaction and most of it are separated by gravity settling. However, this mechanism is

not enough for high strength wastewaters to meet discharge criteria.

Membrane bioreactor treats the organic pollutants in the wastewater by biomass and
through membrane filter. Activated sludge processes with different membrane
modules are mostly used for treatment of wastewaters which has high COD levels.
Most of these wastewaters are classified as industrial wastewater. The treatment
processes basically start with a biological or chemical treatment or both, and instead
of gravity settling, the effluent pass throughout a membrane filter. Accordance with
the discharge criteria, the effluent after membrane filtration can be discharge to the

receiving body.

The feature of COD fractions depends on mainly their specific process kinetics that
must be introduced to the ASMs. Information of process kinetics can be understood
by respirometry technics and it is one of the major achievements to understand
substrate behavior in biological systems. Further more, assessment of pollutants in
wastewater also depends on their physical characteristics. The particle size distribution
(PSD) analysis by using lab-scale membranes gives information about approximate

size of the pollutants which can be very useful for estimating the fate of the COD



fractions. The PSD analysis includes separation of pollutants by membranes with size
threshold as 2 nm, 2-3 nm,3-5 nm, 5-8 nm, 8-13 nm, 13-220 nm and 220-450 nm.

Assessment of a typical conventional system can be operated by standard methods that
provides the conventional COD fractionation of related wastewater. The soluble and
particulate matter in wastewater can be differentiated by using a single size threshold,
450 nm membrane (Henze, 1992; Orhon et al., 1998; Insel et al., 2019). The particulate
part of the sample is assumed to be retained in the reactor as part of the biomass,
whereas its soluble counterpart by-passes the reactor. The soluble part is subject to the
respirometry analysis to understand the behaviour of soluble pollutans; direct
consumption of readly biodegredable COD or hydrolyzable COD. This structure is
successfully applied for ASM1 model that separetes sludge with gravity settling
however it is invalid for AS with membrane seperation because: the 450 nm size
threshold membrane becomes inefficient to the effective filtration size of the selected
membrane; this result a certain change in COD fractionation, with mass balances and
model structure. Therefore, the current practice of using ASMs for membrane systems

would greatly distort and undervalue system performance.

Depending on the wastewater characteristics the structure of the organic matter differs,
and the process should be arranged for proper treatment. Many industrial treatment
plants must deal with high COD load and apply difficult and expensive treatment
procedures. On the other hand, after treatment process, the produced sludge is another
problem that must be solved with different ways. The usage of membrane plays a role
solving these problems by decreasing the amount of produced sludge throughout
running the system with lower volumes. Besides high quality effluent which can be
used for other processes, the MBR innovation solves the restriction problems of
gravity settling.

In this context, this study aimed to investigate three different wastewaters: domestic,
textile and tannery by modelling of activated sludge system with a membrane module.
The important part of the study was to understand the behavior of the soluble organic
compounds which could not pass through membrane filter and accumulated inside the
reactor, the effect of using MBR on effluent quality comparing to the conventional
system and operating conditions. To reach this aim, the study combines the

respirometry methods with PSD analysis by using related studies.



In short, AS system with a membrane module (MAS) needs a new model as modified
version of standard ASML1 to be able to recover the performance and control of the
system. The evaluation of the model for different process configurations is based on
modified COD fractionation and PSD analysis which are applicable for domestic,

textile and tannery wastewaters with the information of related recent studies.






2. LITERATURE REVIEW
2.1 Activated Sludge System

Activated Sludge (AS) processes as the main step of Wastewater Treatment Plants
(WWTPs) always aim that provide healthy operation for all different loads of plants
as steady conditions as possible (O’Brien et al., 2011). As the oldest and most widely
used wastewater treatment method, a WWTP is a facility that has mechanical,
physical, chemical and biological operations that must be chosen according to
wastewater type which can be categorized as domestic, municipal, industrial and so on
(Hreiz et al., 2015). The biological part of the activated sludge process includes
extremely different microorganisms, groups of heterotrophs, autotrophs which are
together to perform different functions such as organic carbon removal, nitrification,

denitrifications, phosphorus removal, etc. (Orhon, 2015).
Historical Development

The history of activated sludge systems has been dating back to the late 19th century.
In the 1880s, Dr. Angus Smith discovered the effect of supplying oxygen to the
wastewater provides quick removal of organics in wastewater (Ranede et al., 2014). In
1914, Arden and Lockett realized that the amount of sediment is directly proportional
to the number of batches after the application of aeration. Therefore, they understood
that applying aeration has a huge effect on sludge because active biomass consists of
microorganisms and named the system as Activated Sludge Process (ASP) due to
aerobic stabilization of organic pollutants in wastewater (Ardern and Lockett, 1914).
After this innovation different experimental investigations were applied by researches
in England and the US that are focused on solving operational problems due to
mysterious microbial activities. The development of empirical expressions according
to the modifications of different processes always continue for maintaining the

stability and performance of ASPs in proper conditions (Orhon, 2015).



Basic Process Description

The developed ASP for treatment of different types of wastewaters like domestic,
municipal, and even industrial must contain basic components: a tank for aeration
named as bioreactor provides biological treatment followed by a settling tank also
called clarifier. It also includes a return activated sludge (RAS) system that transfers
the settled sludge that comes out from settling tank to the bioreactor for further usage

of active biomass. This configuration showed in Figure 2.1.

Aeration Settling
- > —— Effluent
Influent —— Tank > Tank
Return Activated Sludge
» Excess Sludge

\ 4 »

Figure 2.1 : The configuration of the conventional activated sludge process (Metcalf
and Eddy, 2003).

Before enter aeration tank, primary treatment should apply for sewage or industrial
wastewater by screen or primary sedimentation methods physically or chemically.
After that, the influent is introduced to the aeration tank where the biological activity
takes place. The combination of influent wastewater and biomass is known as mixed
liquor. Biodegradable pollutants in the influent stream are consumed by active biomass
in bioreactor and this removal process depends on hydraulic retention time which
depends on the volume of the aeration tank and flowrate of wastewater. The COD
concentration, food to microorganism ratio, amount of oxygen supplied and all
operational conditions like temperature could affect the removal efficiency. The
effluent of the bioreactor is directed to a settling tank and, in this part, the treated water
as effluent generally discharged to a natural water body if it does not need further
treatment. The rest of wastewater is biomass and it is settled by gravity settling and
named as sludge and some of it returns to the aeration tank to meet the needed mixed

liquor suspended solids (MLSS) criteria. The rest of the excess sludge that must be
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removed from the process and must be also treated by other processes like aerobic or
anaerobic digestion become available for disposal (Metcalf and Eddy, 2003).

This process expression is available for conventional activated sludge systems.
Besides, the configuration may certainly change according to the wastewater type.
Especially industrial wastewater must undergo very deep processes includes not only
biological but also chemical, physical treatments. The most important concern during
the decision process is the economical way of thinking of the treatment. Therefore, the
treatment procedure must be decided according to discharge criteria and its economic
impacts (Orhon, 2015).

2.2 Modelling of Activated Sludge System

Activated sludge models are used for very important reasons mainly to understand the
operation of the wastewater treatment plants or to build the plant. In this way, scientists
are used the AS models for teaching, design, control, and research studies about
environmental purposes. To understand the complex nature of organics, named as
Chemical Oxygen Demand (COD), their kinetics and behavior in treatment procedure

should be understood for further researches.

With the increase in the usage of computers, environmental scientists combine the
treatment processes with the models. At the beginning of the 1980s, International
Water Association members developed the firs AS model as Activated Sludge Model
No.1 (ASM1) (Henze et al., 1987). The model was designed for organic carbon
removal, therefore, includes the related kinetic and mass balances. This model does
not include nitrogen limitations and therefore led the researches to create other models.
In 1995, the ASM1 was followed by ASM2 that covers not only carbon but also
nitrogen removal (Gujer et al., 1995) and biological phosphorus removal was
considered another model ASM2d. In 1999, the ASM3 model was developed and
while it is similar to ASM1, it is differentiated from ASM2 because it does not include
biological phosphorus removal. Besides, ASM3 is similar to ASM1, it also contains
the storage mechanism of active biomass (Gujer et al., 1999).

Like all mathematical models, ASMs provide an opportunity to create a common
language to understand the behavior of pollutants and the operation of the system.

However, a model alone is not enough to evaluate the system work in real-time.
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Therefore, the model must be combined with a lab-scale or plot plant process to make

sure it works in real life.

The treatment processes can be differentiated according to their behavior depending
on time which means they are stated as a function of time. Most mathematical
simulations based on wastewater treatment developed as steady-state or dynamic
models. The steady-state model which is relatively simple has a constant flow and
loads and this makes them easy to be used in models. The dynamic models are complex
comparing to steady-state version because their flows and load can be varied according
to time. These models are useful for making predictions about the responses of time

depending on parameters (Henze et al., 2008).

For modeling purposes, there are different simulation programs such as SUMO,
AQUASIM, GOLDSIM, etc. and all of them serves for evaluation of different
wastewaters in different operations, environmental conditions, for making parameter
estimations or sensitivity analysis. One of the advantages of these programs is that
researchers do not have to enter all the model configurations every time, they include
predefined processes that are ready to use (Reichert et al., 1998).

2.3 Application of membrane module in ASM

In recent years the effluent quality becomes one of the primary concerns not only for
disposal but also for recycling and reuse activities because of the high increment of
water usage. Therefore, conventional Activated Sludge (ASM1) systems needed new

developments to meet the discharge criteria.

Usage of membranes in wastewater treatment activities as a solution to the problems
mentioned above is an advanced technology dating back to the late 1960s (Smith et
al., 1967). The technology-based on a combination of a bioreactor with a membrane
module and called Membrane Bioreactor (MBR) and provide valuable advantages. A
membrane serves as a barrier for suspended solids or the pollutants which have the
sizes higher than the size thresholds of membrane pores. The wastewater treatment
process with MBR ends up with a high-quality effluent and can be reused for industrial
purposes or even some household consumption (Visvanathan et al., 2000). MBR

provides a smaller size of the plants which causes a smaller footprint with reducing



sludge production. Therefore the wastewater treatment processes with MBR give
reliable results comparing to the ASM1.

The efficiency of biological processes developed by MBR is relatively complex than
other conventional processes. Optimization of MBR processes must include many
parameters together such as; concentrations of solids, sludge, and hydraulic retention
times together. On the other hand, from the operational way, the flux rate, material,
and energy costs should be considered. Membranes are classified as their material
type; metal or ceramic, membrane type; microfiltration, ultrafiltration or
nanofiltration, and module type; plate, tubular or hollow fiber. Also, filtration surfaces;
inner or outer skin, and module status as static or dynamic membranes and
combinations of all of them should be considered (Visvanathan et al., 2000).
Nowadays, the combinations of MBR like moving bed MBRs; membrane adsorption
or coagulation reactors; vertical submerged MBRs, anammox, anaerobic MBRs are
used with different biological reactor alternatives (Barwal and Chaundary, 2014; Tian
et al., 2008a; 2008b)

The model structure of the conventional system can be used in models based on
conventional characterization where 450 nm size threshold differentiated particulate
and soluble matter which are major COD fractions (Orhon et al.1998). However, this
definition is not applicable for MBR models because 450 nm size threshold becomes
unsufficient to the effective filtration size of the selected membrane which can have
much lower size thresholds like 220 nm, 13 nm, 2 nm, etc. (Rieger et al., 2012).
Therefore, it is vital to create models for MBR systems which is much more complex
than ASM1. To used the information needed for the model, Particle Size Distribution
(PSD) analysis must be applied with the addition of conventional characterization and

respirometric analysis.

COD as a specific fingerprint of wastewaters must be fractionated by the methods
introduced in the literature (Ekama et al., 1986). Identification of COD profile and
kinetic and stoichiometric coefficients can be done by Oxygen Uptake Rate (OUR)
profile. The experimental method developed by Germirli in 1971, serves to quantify
inert COD fractions and endogenous residual metabolic products based on COD
balance (Germirli et al, 1971; Orhon et al, 1999).



Besides these characterization methods, PSD analysis gives valuable information
about the physical characteristics of wastewater. It based on applying sequential
filtration/ultrafiltration from 1600 nm down to 2 nm, providing a specific size
fingerprint for selected samples. The supernatant of each filtration step must undergo
a respirometry test to identify the amount of COD for each size threshold
(Diilekgiirgen et al, 2006).

In the literature, there are many PSD studies with the combination of OUR
measurements applied not only domestic but also the industrial type of wastewaters to
understand the character of wastewater related COD fractionations deeply (Dogruel et
al., 2012, Karahan et al., 2008). In recent research, the PSD results of domestic
wastewater matched with soluble COD fractions with cumulative and differential size
distribution of soluble COD. In the study, the influent wastewater had the total soluble
COD as 120 mg/L and consists of 40 mg/L readily biodegradable COD, 62 mg/L of
soluble hydrolyzable COD and 18 mg/L inert COD. After biological treatment effluent
was included 27 mg/L of SH and 35 mg/L of soluble microbial products, SP.
According to the PSD analysis result, COD fractions at the size range of 2-8 nm can
only include Sl and SP because SS completely consumed during biological treatment.

COD particle at higher sizes could be assumed as remaining SH.

As industrial wastewater, tannery wastewater had been used by Karahan et al. (2008)
for a similar evaluation. After sequential filtration, the supernatants of 450 — 2 nm and
<2 nm were subjected to respirometry and it was clear that SS was found at size range
below 2 nm and most of SH located at <2 nm and also between 13-220 nm. It was also
realized that for tannery wastewater SI was distributed among all size intervals. These
two studies indicate that the size of COD fractions may differ based on the type and

nature of different wastewaters.
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3. MATERIALS AND METHODS
3.1 Model Structure

The used model is a modified version of Activated Sludge Model 1 (ASM1) by the
addition of the decay process and dual hydrolysis mechanism. This model includes all
soluble, particulate, and inert COD fractions together the heterotrophic biomass and

dissolved oxygen.

The main components of the model include not only conventional COD fractions but
also the fractions that are the result of the physical separation of MBR. Influent COD
fractions are total soluble (St1) and total particulate (Xt1) COD and they can be
classified as follows; readily biodegradable COD (Ssi), readily hydrolyzable COD
(SHy), captured soluble hydrolyzable COD (Shc1), soluble inert COD (Si1), captured
soluble inert COD (Sic1), particulate hydrolyzable COD (Xs1), settleable particulate
hydrolyzable COD (Xss1), particulate inert COD (XI1), settleable inert COD (Xis1),
(2) produced residual microbial products by decay processes; soluble residual
microbial products (Sp), particulate residual microbial products (Xp), (3) active

heterotrophic biomass (X+) and (4) dissolved oxygen (So).

The biochemical processes of the model are (1) growth of the active heterotrophic
biomass (Xw) by the consumption of readily biodegradable COD (Ss), (2) rapid
hydrolysis of readily hydrolyzable COD (Sw) to readily biodegradable COD (Ss), (3)
slow hydrolysis of particulate hydrolyzable COD (Xs) to readily biodegradable COD
(Ss), (4) rapid hydrolysis of captured soluble hydrolyzable COD (Swc) to readily
biodegradable COD (Ss), (5) slow hydrolysis of particulate settlable COD (Xss) to
captured soluble hydrolyzable COD (Shc) and decay of active heterotrophic biomass
(XH).

The structure mentioned above is given by Figure 3.1 and the components and the

processes of the model are shown in Table 3.1.

The components Ss, Sh, Xs, Si, X; represent total measured COD. Readily

biodegradable COD (Ss) is the first component consumed by biomass and may consist
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of simple components like simple carbohydrates, volatile fatty acids (VFAS) alcohols,
etc. and heterotrophic growth occurs by the utilization of this molecules as a function
of Monod type expression. Readily hydrolyzable COD (Sw) is converted to readily
biodegradable COD (Ss) by the hydrolysis process. In this model, the hydrolysis
process takes place dually and not only hydrolysis of soluble larger complex organic
molecule but also particulate organic molecules undergo to second hydrolysis process
to become simpler organics for utilization. This includes the hydrolysis of particulate
hydrolyzable COD (Xs) due to the hydrolyzation process deals with the larger organic
molecules, it is a slower reaction than the utilization of readily biodegradable COD.
The inert COD fractions as soluble inert COD, S,, and particulate inert COD, X, never
go through a biochemical reaction and while Sl directly leaves the activated sludge

process, X; can only be removed by sludge wastage.

The model emphasis also the main role of dissolved oxygen concentration (So) which

is a parameter in the switch functions of process rates.

The residual microbial products as Sp and Xp are the components of decay associated

processes.
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Figure 3.1 : Description of model components of the MASM a) Conventional
mechanism b) MBR mechanism.
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3.1.1 Reaction rates of models
Matrix representations for ASM1 and MASM were shown in Table 3.1 and Table 3.2

respectively. Model components of the conventional system are Sit, Xi, Ss, ShT, XsT,
So, Xp, Sp, and Xn which undergo growth, decay, and hydrolysis processes according
to the given process rates. In all models, switching functions were not considered due

to unlimited oxygen, So, and nutrients supplement.

Inert components as Syt and X, do not expose any reaction and directly appear in the
effluent stream. According to matrix given in Table 3.1, the rate of readily
biodegradable COD; Ss can be described as:

dSs BH Ss SH/XH Xs/XH
— = —-————X ky, ——— X —— X 3.1
dt YH KS+SS H h KX+SH/XH H + hX KXX+XS/XH H ( )

While growth reaction consumes, the hydrolyzation reactions produce Ss. The first

hydrolyzation consumes Snt where the second one hydrolyzes Xsr:

dSyt _ Su/XH

dt hKX+SH/XH H (32)
dXst _ Xs/XuH

dt - th Kxx+Xs/Xu XH (33)

The residual microbial products as Xp and Sp are produced by decay related reactions:

ds
d—tp = fsbyXy (3-4)

dX
d_tp = fprXH (35)
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Table 3.1 : Matrix representation of the modified ASML1 for conventional system (Orhon and Artan, 1994).

Model components —

SHT XsT So

Process rate

Process v
1 - YH A SS
Growth of Xn 7 i s Xn
Hydrolysis of Sy -1 I;f;%
Hydrolysis of Xs -1 khxlﬁﬁ
-(1-fs-
Decay buXH
fx)
Parameter COD COD COD CcOb coDb So COD CellCOD
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For MBR models, the matrix modified according to the captured COD where there are
two more hydrolysis reactions; settleable slowly hydrolyzable COD; Xss into captured
hydrolyzable COD; Shc and Swc into Ss. The hydrolyzation rate of S is just the same
as the hydrolyzation of Syt shown in equation (3.2). The modified reaction on Ss and

added reactions for Xss, Snc can be shown as follows:

dSs _ _H_HS_S Su/XH Xs/Xu Suc/Xu
dt Yy Ks+Ss X]—[ h Kx+SH/XH H + hX Kxx+Xs/XH XH h —KX+SHC/XH XH (36)
dXss _ _ Xss/Xu (37)
dt DX Kxx+Xss/Xu '
ds Sue/X Xeo /X
dSHe _ _khMXH + khx& Xy (3.9)
dt Kx+Suc/Xu Kxx+Xss/Xy
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Table 3.2 : Matrix representation of the proposed model, MASM.

Model components —»

Si Sic Xi Ss SH Xs So Xp Sp Xss  SHc XH Process rate
Process |,
1 1 - YH A SS

Growth of Xn — Y_H . 7 1 HH o pse XH

Hydrolysis of Sy 1 -1 khsﬁ

Hydrolysis of Suc 1 -1 %

Hydrolysis of Xs 1 -1 khxﬁ

Hydrolysis of Xss 11 #/:;XH

-(1-fs-
Decay fx fs -1 brXH
fx)
CO CoO CO CoO co co
Parameter COD COD COD coOD Soz Cell COD
D D D D D
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SUMO Structure

The SUMO is a simulation program that is used for environmental aspects especially
for modeling of activated sludge systems mostly municipal or industrial wastewater
treatments. It can simulate standard biokinetic models based on biochemical reactions
in a dynamically or steady-state base according to simulation modes. In the data
archive of the program called SUMO Museum, most known published models, C, N,

and P removal are included and ready for direct use.

In the program, the designer can make different configurations by design tools and the
plant set up by arranging tank volume, return sludge rates, sludge wastes, and so on.
The user can select any existing standard models or introduced a new model and the
model parameters and run the model. The output of the created model depends on the

user demands and again the designer must introduce the output requirements.

Kinetic Parameters

Model Components

: !

Model Library

A 4
Simulation —_ Analysis Results

Figure 3.2 : The elements of model structure.

Figure 3.2 describes the basis of the SUMO simulation model. According to the chosen
model, the kinetic parameters are assigned, and the user introduced the values of the
parameters depending on the wastewater kinetics. The influent composition of the
wastewater describes the model components and initial known COD fractions must be
remarked to the model. The model library is an excel format file and includes the
definition of all parameters, components, reactions, model matrix, and the variables

that should be calculated by the model.

The configuration of this modeling study consists of three CSTR that were linked to

each other and at the end of the process a point separator act as MBR. From the MBR
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module, the return activated sludge was linked to the first CSTR compartment and the
waste activated sludge undergoes to the dewatering process. Figure 3.3 describes the

configuration of the used model.

CSTR1 CSTR2 CSTR3 Point separator

Influent Effluent

— g

WAS pump

<

Dewatering
Wastage

oWo——-o))

Figure 3.3 : The configuration of MASM.

3.2 Structure of MASM

In this study, the modified model, MASM, run two treatment process as conventional
and MBR, and both systems operated with different conditions through selected HRT
and SRT values. The rate of the bioreactors differs according to the sludge age and
the wastewaters with lower COD loads like domestic and textile could be examined
with lower SRTs. Therefore, in this study, domestic and textile wastewaters run with
superfast; 0,3, 0,5, 1, 1,5, 2 days and high rate; 3, 4 days besides conventional; 6 days
operational conditions. However, the wastewaters which have high COD loads like a
tannery, run with high SRT values. On the other hand, the study divided into two parts:
Step 1 and Step 2. In the first step, the aim was to keep MLSS values as 4.000 mg/L
for conventional and 10.000 mg/L for the MBR system. In Step 2, there was no
limitation on MLSS but the same volumes for ASM1 and MASM were selected and
run. Because the volume of the reactors was the same, HRT values were the same also.
Table 3.3 and Table 3.4 indicates a summary of the operational conditions of this

study.
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Table 3.3 : Operational conditions for system configurations in STEP 1.

Wastewater type Runs ASM1 MASM
Ox (days)  ©n (hours) Ox (days) ©n (hours)
Domestic
Runl 0,3 07 0,3 0,2
Run2 0,5 1,1 0,5 0,4
Run3 1 2,2 1 0,7
Run4 1,5 2,5 1,5 0,9
Run5 2 3,2 2 1,4
Run6 3 4,3 3 1,7
Run7 4 5,6 4 2,3
Run8 6 8 6 3
Run9 8 9,4 8 3,9
Textile
Runl 0,3 0,9 0,3 0,7
Run2 0,5 2,2 0,5 0,85
Run3 1 3,6 1 1,8
Run4 15 5 15 2,2
Run5 2 5,8 2 2,7
Run6 3 8,6 3 3,6
Run7 4 10,8 4 4,7
Run8 6 14,4 6 6,5
Run9 8 16,6 8 7.2
Tannery
Runl 4 18,7 4 6,5
Run2 8 28,8 8 13
Run3 12 42 12 18
Run4 15 a7 15 22
Run5 18 57,6 18 25

As mentioned before, domestic and textile wastewater run at same and low SRT values
covering 8 runs for each wastewater where tannery wastewater run at higher SRT
values to achieve an effective treatment with 5 trials. To make the correct command,

the same SRT values were used in Step 2.
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Table 3.4 : Operational conditions for system configurations in STEP 2.

Wastewater type Runs ASM1-MASM
Domestic Ox (days)  ©n (hours)
Runl 0,3 0,4
Run2 0,5 0,72
Run3 1 1,44
Run4 1,5 2,2
Run5 2 2,9
Run6 3 44
Run7 4 5
Run8 6 6,5
Run9 8 8,6
Textile
Runl 0,3 1,2
Run2 0,5 2,4
Run3 1 3,6
Run4 1,5 4,3
Run5 2 5
Run6 3 7,2
Run7 4 10,8
Run8 6 14,4
Run9 8 17,3
Tannery
Runl 4 19,4
Run2 8 32,4
Run3 12 43,2
Run4 15 50,4
Run5 18 57,6
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3.3 The Wastewater Characteristics

In this study, three different types of wastewaters; domestic, textile, and tannery were

used to run by the modified model, and all information related to the study were

obtained from recent studies. The most important and common properties of these

wastewaters are that they have detailed characterization, not only conventional

characterization but also COD fractionation conducted with respirometry tests,

detailed biodegradability characterizations, and particle size distribution analysis

(PSD). Table 3.5 shows the characterizations of wastewaters according to related

studies.

Table 3.5 : Modified COD fractionation for selected wastewaters.

Domestic Textile Tannery
_>
\Fi\;?:\:ﬁgitrirs (Noyan et. al. (Dulekgurgen et. al.  (Karahan et.
2017) 2006) al. 2008)
Total COD (mg/L), Cm1 415 1.340 2.284
Total soluble COD (mg/L), St1 120 965 1.297
Total particulate COD (mg/L), XT1 295 375 987
Readily biodegradable COD (mg/L), Ss1 40 280 434
Total soluble hydrolysable COD (mg/L), Str1 62 460 649
Influent soluble hydrolysable COD (mg/L), SH1 15 100 406
Captured soluble hydrolysable COD (mg/L), SHc1 47 360 243
Total soluble inert COD (mg/L), Sit1 18 225 214
Influent soluble inert COD (mg/L), Siu 10 135 118
Captured soluble inert COD (mg/L), Sic1 8 90 96
Total particulate hydrolysable COD (mg/L), Xst1 253 360 720
Influent particulate hydrolysable COD (mg/L), Xs1 113 162 720
Settleable biodegradable COD (mg/L), Xss1 140 198 0
Total particulate inert COD (mg/L), Xit1 42 15 267
Influent particulate inert COD (mg/L), Xi1 19 7 120
Settleable inert COD (mg/L), Xis1 23 8 147
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Domestic Wastewater

Domestic wastewater taken from the inlet of the istanbul, Atakdy wastewater treatment
plant was used for the study (Noyan et. al. 2017). According to conventional
characterization total COD of the wastewater is 415 mg/L; consist of 29% of soluble
COD (St1) and 71% particulate COD (Xrt1) parts. The respirometry tests was used also
to estimate readily biodegradable COD; which resulted as 10% of the total COD; 40
mg/L (Ss1), readily hydrolysable COD as 15% of the total COD; 62 mg/L (Sn1) and
slowly hydrolysable COD as 60% of the total COD; 253 mg/L (Xs1). The detailed
characterization based on biodegradability outlined that inert organic matter consists
of 18 mg/L soluble inert COD (Siz) and 42 mg/L particulate inert COD (Xi1) so that
60 mg/L as total inert COD correspond to 15% of total COD. The amount of captured
COD by membrane was introduced to the model according to the PSD analysis of the
wastewater in related study. The amount of soluble hydrolysable COD that have bigger
sizes that 8-13 nm size threshold was 47 mg/L corresponds 76% of the total soluble
hydrolysable COD and this part is renamed as captured soluble hydrolysable COD
(mg/L), Shci. The rest of the COD as 15 mg/L (Swi1) corresponds 24% of the total
soluble hydrolysable COD can pass through the membrane. The soluble inert COD
with size threshold bigger than 8-13 nm were also retained in the system which
corresponds 8 mg/L as 44% (Sic1) of total soluble inert COD and the rest of soluble

inert part was 10 mg/L.
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Figure 3.4 : Differential particle size distribution of domestic sewage.

Textile Wastewater

Characteristics of textile wastewater could be very different due to different type of
excess processes. In this study, characteristics of textile wastewater obtained from a
plant located in Istanbul and involves 20 different process operations include cotton or
synthetic knit fabrics and dyeing processes. The conventional characterization resulted
as total COD was 1.340 mg/L (Co) consisted of 965 mg/L soluble COD range of 72%
(Sto) and 375 mg/L particulate COD range of 28% (X10). According to respirometry
results showed that readily biodegradable COD; 280 mg/L (Sso), readily hydrolysable
COD; 460 mg/L (SHo) and slowly hydrolysable COD; 253 mg/L (Xso). on the other
hand, biodegradability experiments showed that the total soluble inert COD (Si1) was
225 mg/L and only 5 mg/L (Sic1) of it could captured by membrane and the total
particulate inert COD was 15 mg/L. Therefore, 240 mg/L COD corresponds as 18%
of total COD belongs to inert part. The PSD analysis of the study indicates that the
soluble hydrolysable COD which have size threshold between 8-13 nm (Snc) was 360
mg/L and the rest of total soluble hydrolysable COD as 10 mg/L can pass through the

membrane due to lower size ranges.
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Figure 3.5 : Differential particle size distribution of textile wastewater.

Tannery Wastewater

Tannery wastewater has higher COD value comparing to domestic and textile
wastewater. The sample was obtained from Istanbul Organized Leather Tanning
Industrial District (Orhon et. al. 1999). According to related study, total COD was
2.284 mg/L with 1.297 mg/L soluble and 987 mg/L particulate part. Respirometry
experiments resulted as the readily biodegradable COD was 434 mg/L, readily
hydrolysable COD was 649 and slowly hydrolysable COD was 720 mg/L.
Biodegradability characteristics of wastewater showed that 214 mg/L COD belongs to
soluble inert and 267 mg/L particulate inert part. The hydrolysable soluble COD
captured by membrane was 243 mg/L where there was no captured soluble inert COD.
In Table pp, PSD results only given for influent stream of the wastewater due to no

experiment had been done for effluent stream in related research.
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Figure 3.6 : Differential particle size distribution of tannery wastewater.

3.4 Kinetic and Stoichiometric Coefficients Selected for the Study

Kinetic and stoichiometric constants of domestic, textile, and tannery wastewaters
were investigated from different resources. The most important point while deciding
on the values of constants was the references that have used a dual hydrolysis
mechanism. Dual hydrolysis kinetics in related studies listed in Table 3.6 with the

values which were selected for the model of this study.
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Table 3.6 : Kinetic and stoichiometric coefficients of different wastewaters.

Wastewater type Dual Hydrolysis
UH Ks bH Knhs Khs Knx Khx References
Domestic
3,5 3 0,2 3,5 0,12 1,7 0,2 Tas et. al. 2009
4,2 3 - 1,6 0,07 0,8 0,04 Orhon et. al. 2002
3,5 6 0,2 3,8 0,2 1,9 0,18 Okutman et. al. 2001
4 4 0,18 2,8 0,03 1,1 0,1 Hocaoglu et. al. 2010
- - 0,24 3,1 0,2 1,2 0,5 Orhon et. al. 1998
Selected for model 4,2 3 0,2 2,96 0,12 1,34 0,20
Textile
4,1 5 0,18 3 0,05 1 0,5 Babuna et. al. 1998
53 5 0,14 3 0,05 1 0,2 Babuna et. al. 1998
3,6 15 0,14 0,8 0,05 0,5 0,15 Babuna et. al. 1998
- - - 2,5 0,4 0,1 0,5 Orhon et. al. 1998
6 1 0,1 3,5 0,04 0,72 0,04 Yildiz et. al. 2008
Selected for model 3,6 15 0,14 2,45 0,09 0,68 0,28
Tannery 1,8 12 0,08 1,8 0,01 1,7 0,05 Karahan et. al. 2008
51 30-80 0,21 0,6 0,05 0,22 0,1 Munz et. al. 2008
- - - 1,1 0,2 0,3 0,2 Orhon et. al. 1998
2,1 30 0,15 0,4 0,2 0,28 0,1 Gorgun et. al. 2007
2,1 30 0,19 0,63 0,2 0,35 0,1 Insel et. al. 2009
Selected for model 2,2 28 0,12 0,91 0,13 0,57 0,11

3.4.1 Modelling approach

The model based on Activated Sludge System combined with a membrane module was
run at different operational conditions based on different parameters; i.e. volume,
recycled activated sludge, and sludge retention time. The results of the MASM and
conventional ASM1models were compared for the same conditions. The influent flow
rates of both two models were 10.000 m3/day. Conventional ASM has the same
configuration with the MASM with the only difference of recycled sludge flow which
is 10.000 m3/day for ASM1 and 40.000 m3/day for MASM. On the other hand, the
influent parameters for MASM include the captured COD excluded from total COD.

The comparison of these two models mainly based on removal efficiency on
hydrolyzable COD related to both volume and SRT parameters. Domestic and textile
wastewaters run with SRT values as 0,3, 0,5, 1, 1,5, 2 days which can be considered
as superfast, 3, 4 days as high rate, and 6 days conventional reactors. These SRT values
were applied for both conventional and MBR models with the same and different
volumes. Tannery wastewater has a higher COD load comparing to the first two
wastewaters, therefore, the SRT values selected as 4, 8, 12, 15, 18 days.
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4. RESULTS
4.1 Mass Balances for Hydrolyzation mechanism

The hydrolysis reactions of the models consider Sn, SHc, Xs to Ss and Xss to Shc as
demonstrated in Table 3.2. According to the table, mass balances She, Swc related to

this study at steady state condition written as follows:

Mass balance for hydrolyzation of Snra:

QSur1 — QSHg + Vrsyr =0 (4.1)
This expression is rearranged with equation 3.8 and since Sy < Xy , Syg/Xy can be

ignored, remained kn and Kx ratio is asummed as a constant, Ki:

Syr1 — Spe — OuKiSy =0 (4.2)

So, effluent Sye can be written as:
_ SHT1
SHE =~ (4.3)

The behavior of Syc in the system is just like the behavior of Xs because the membrane
makes some of the soluble hydrolysable COD drive as particulate matter. Therefore,

Shc become a part of sludge and it can be shown as:

VSHc
Ox

Pshe = (4.4)
According to information given above, the mass balance for hydrolyzation of Snc::

VSuc
Ox

QShc1 — + Vrgye = 0 (4.5)

When the equation (3.8) is inserted to the equation 4.5, it becomes:

Suc/Xu _ Xss/XH —
QShe1 = Psne =V (k Kx+Suc/Xu Xu — Knx Kxx+Xss/Xu Xu) =0 (4.6)

If a constant, Ko, is defined as the ratio of knx and Kxx and applied to the equation 4.5,

the result is:

0
Suer — isﬂc — OhK;Syc + OpK; Xgs =0 4.7)
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According to the equations above, both SHE and SHC are inversely proportional to
HRT; when the hydraulic retention time increase, hydrolyzation increases, and
therefore, the amount of Sye decreases. Also, She would be controlled by HRT where

Shc would be controlled by sludge retention time.

STEP1

In this step, all conventional models run with MLSS values as 4.000 mg/L and for
MBR 10.000 mg/L. Considering these values, the volumes for MASM were lower than

the conventional ones as expected.

Firstly, the selected model conditions applied to domestic wastewater according to its
characteristics and Kinetic information were given in Table 3.5 and Table 3.6. In the
selected domestic wastewater, the influent SH concentration constitutes 52% of total
soluble COD which were 62 mg/L for ASM1 and 15 mg/L for MASM. This means
there are some Sy components with high size ranges and captured by the membrane.
This value was entered into the model according to the PSD study of Noyan (2017).

The results were shown in Table 4.1.

When the models run with the operational conditions given in Table 4.1, the effluent
SH concentrations resulted in a narrow range of 1,4-2 mg COD/L for both system
configurations. If SH concentrations in the effluent are taken into account, the MASM

gives better COD results on Sh.

For textile wastewater, the influent SHT1 concentration constitutes 48% of total
soluble COD which were 460 mg COD/L and 360 mg COD/L of this SH, which was
captured by the membrane. The Sne decreased to 4 mg COD/L for ASM1 and 7 mg
COD/L for MASM at 8 days of SRT.

Tannery wastewater with a high COD load has 649 mg COD/L SHT1 that equals 50%
of total soluble COD according to the reference selected for this study. SRT values
were selected as 4, 8, 12, 15, and 18 days to achieve wastewater treatment and at 18
days the model ends up with 10 mg COD/L SH for ASM1 and 40 mg COD/L Sy for
MASM. The volume of the reactors at 18 days was 8.000 m3 for ASM1 and 3.500 m3
for MASM.
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According to Step 1, two main observations were displayed based on ASM1 and
MASM,; (i) SHe values of MASM system were lower than ASM1 under superfast (SF)
conditions while SRT is below 2 days for domestic and textile wastewaters. Tannery
wastewater has quite a high Sy load comparing those two wastewaters therefore
minimum SRT value as 4 days were applied. In the results of the high rate (HR) and
conventional operations, Sxe remained similar for two wastewaters: for HR operation
around 3-5 mg/L for domestic and 13-20 mg/L for textile, for conventional operation
1-3 mg/L and 4-8 mg/L respectively. (ii) Sn removal rates were mostly lower for the
MASM systems because it was calculated by excluded Snc: fraction from initial Snrs.
The conditions of Step 1 are not proper for the treatment of tannery wastewater even
high SRT levels were used; from 4 to 18 days. The outputs always display the usage
of the MASM system has lower removal rates and require modification which was

applied in Step 2.
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Table 4.1 : Sy removal in ASM1 and MASM systems operated for different

footprints (different SRTS).

ASM1 MASM
Shremoval SHe
SRT HRT SHE HRT Sn removal
Wastewaters o mg/L
@ ( moy N 0 M (%)
Domestic
0,3 0,7 60 3 0,2 14 6
0,5 1,1 30 52 0,4 10 33
Superfast 1 2,2 15 76 0,7 8 53
1,5 2,5 13 79 0,9 7 54
2 3,2 9 85 1,4 5,5 67
Hiah rate 3 43 5 92 1,7 4.6 73
g 4 56 36 94 23 35 77
Conventional 6 8 2 97 3 2,6 83
8 9,4 1,4 98 3,9 2 87
Textile
0,3 0,9 457 0,6 0,7 99 1
0,5 2,2 212 54 0,85 54 46
Superfast 1 3,6 95 79 1,8 33 67
1,5 5 56 88 2,2 29 71
2 5,8 42 91 2,7 23 77
Hiah rate 3 8,6 20 96 3,6 18 82
9 4 10,8 13 97 4.7 13 87
Conventional 6 14,4 55 99 6,5 8 92
8 16,6 4 99 7,2 7 93
Tannery
High rate 4 18,7 83 87 6,5 152 77
Conventional 8 28,8 39 94 13 84 87
12 42 19 97 18 59 90
15 47 15 08 22 48 93
Extended 18 576 10 99 25 40 94
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STEP 2

Activated sludge configurations adjusted to same HRT levels

Different than Step 1, in Step 2 the volumes of all models for conventional and MBR
systems were accepted as the same, where the MLSS concentrations did not have any
limitations. In other words, HRT values were kept the same for both models where the
MLSS values of MASM were lower than the first step.

In this case, the models were compared according to volumes based on selected SRT
values. The MLSS concentrations therefore approximately were the same for both
model systems. According to Table 4.2, it is obvious that the effluent Sne values
belong to the MASM, are lower than the ASM1 system. However, the removal
efficiency of MASM is higher only the 0,3 and 0,5 days SRT conditions while Sy

removal ASML1 is higher for the high rate and conventional operating conditions.

Operational conditions of Step 2 set for textile wastewater again using the same SRT
values in Table 4.1, but the reactor volumes are a bit higher than the domestic
wastewater. The results are shown in Table 4.2 below. The textile wastewater gives
better results under Step 2 conditions just like domestic wastewater. The concentration
of SHE on MASM is higher than the ASM1 both at low and high HRT values.

According to the results of Step 2, (i) MASM system under superfast conditions
resulted in lower Sxe concentrations for all wastewaters. For example, in Step 1, Ske
value of textile wastewater at SRT value of 1 day was 95 mg/L for ASM1 and 33 mg/L
for MASM; in Step 2, the values are 95 mg/L and 18 mg/L respectively. (ii) Tannery
wastewater has a great improvement in the results in Step 2 also. While the She results
of MASM at SRT 4 days in Step 1 was 152 mg/L, it degreases to 59 mg/L in Step 2.
Besides, this value is more than 25% lower than 80 mg/L obtained in the system
operation of ASM1. On the other hand, in Step 2, the performance of MASM is better
than ASM1 at SRT as 4 days. However, when SRT increases, the performance of MBR
getting decreases. This might be the result of the effect of components that are captured
and accumulated in the bioreactor throughout the membrane.

33



Table 4.2 : Sy removal in ASM1 and MASM systems operated at the same HRT

values.
ASM1 MASM
SRT HRT SHE Sy removal SHE Snremoval
VWastewaters @ () (mgl) (%) (mgll) (%)
Domestic
0,3 0,4 60 3 14 7
0,5 0,72 40 35 9 42
Superfast 1 1,44 25 61 6 60
15 2,2 18 74 4.6 73
2 2,9 13 81 3,4 77
) 3 4.4 8 87 2,2 85
High rate 4 5 5,7 01 19 88
Conventional 6 6.5 g e 1.4 91
8 8,6 3 95 1 93
Textile
0,3 12 459 0,2 99 1
0,5 2,4 197 57 27 73
Superfast 1 3,6 95 79 18 82
15 43 68 85 15 85
2 5 50 89 12 88
High rate 3 7,2 27 94 8 92
4 10,8 11 98 5 95
Conventional 6 14,4 6,7 99 3,5 97
8 17,3 3,6 99 3,2 97
Tannery
High rate 4 19,4 80 88 59 86
Conventional 8 32,4 32 96 30 93
12 43,2 18 o8 20 96
15 50,4 13 08 15 97
Extended 18 576 10 99 12 97

Superfast Activated Sludge Models

The most outstanding feature of Superfast Activated Sludge (SFAS) systems is that

they have very low SRT values and their sludge separation mechanism based on

membranes (S6zen et al., 2018). In this study, the SF system was applied for both
ASM1 and MASM in Step 1 and Step 2 as shown in Table 4.1 and Table 4.2 only for
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domestic and textile wastewater, tannery wastewater has high COD load to apply
superfast models. According to Step 1, there is almost no Sy removal both for domestic
and textile wastewaters at HRT lower than 1 h which indicates SRT lower than 0,5
days. Besides, MASM at HRT between 1-3 h works much better than ASM1 for both
Step 1 and 2 as a result of capturing Sni, as Swc1, accounted for the model MASM. In
general, the SRT value of 2 days can be considered as a breaking point that achieves

almost complete Sy removal in any case.

In Step 2 basically, HRT values were increased due to matching ASM1 and MASM
systems based on volume and MLSS concentration. For the superfast systems point of
view, HRT became a range between 0,4 to 2,9 h for domestic sewage and 1,2 to 5 h
for textile wastewaters where SRT range still the same as Step 1. According to
modeling results (i) even HRT values increased from 0,2 to 0,4 h for domestic and 0,7
to 1,2 h for textile wastewater, it did not affect the SHE concentration at SRT value of
0,3d. At SRT 0,5 d, ASM1 is still staying as ineffective on SHE as a concentration of
40 mg/L while MASM stayed at a level lower than 10 mg/L for domestic wastewater
because 47 mg/L influent SH was already captured by the membrane and returned to
the reactor. The SRT levels between 0,5 and 2 d, again MASM work better and SHe
stayed 3,4 mg/L for domestic sewage and 12 mg/L for textile wastewater while the
ratios of ASM1 are 13 mg/L and 50 mg/L for domestic and textile wastewaters

respectively.

Additionally, the model evaluation was extended to better understand the effect on
HRT on the removal of Sh. For this purpose, new runs based on the same SRTSs as
superfast conditions were applied while the HRT values from 1 h to 4 h were assessed
for each SRT values as 0,3, 0,5, 1, 1,5, and 2 days. The results of MASM showed that
She concentration always remained below 10 mg/L for all runs of domestic wastewater
and ASML1 results proved the decrease in Sxe with the increase of HRT. For example,
at SRT 1 d, Ske concentration was 28 mg/L for 1 h of HRT, and the concentration
drops down to 7 mg/L when the HRT was increased to 4 h. For textile wastewater,
similar results came up at a more visible scale because the wastewater has higher
influent COD and therefore the HRT effect on She seemed more apparent. For
example, for conventional AS system at SRT 1 d, the Swe concentration dropped from
240 mg/L to 81 mg/L when HRT increased from 1 h to 4 h. On the other hand, for the

membrane system operated at SRT 1 d, the MASM model resulted in a decrease from
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48 mg/L at HRT 1 h to 16 mg/L for HRT 4 h. These results indicate that the SH
removal inversely proportional to HRT.

4.2 Effluent Quality

The effluent quality, based on COD fractionation, is another concern of this study. The
results of each model ended up with its effluent quality that contains a small amount
of Ss and Sn that could not be hydrolyzed. Also, the soluble inert COD, S, that never
goes under a reaction, and the produced endogenous products, Sp remain in the
effluent. The particulate matter stays in the sludge as always. These actions are the
same for both ASM1 and MASM. On the other hand, models with membrane
separation also have the parameters; Suc, Sic as soluble, and Xss as particulate matter,
and these parts of COD could not be in the effluent stream due to action of the
membrane and therefore they are present in the sludge part. The comparison of the
effluent quality of wastewaters was based on the maximum SRT values that have been
tested, and these are 8 days for domestic and textile where 18 days for tannery

wastewater.

The results of the models belong to Step 1 shown in Table 4.3, 4.4, 4.5 for domestic,
textile, and tannery wastewaters respectively. Effluent soluble COD of domestic
wastewater, Ste, was 27 mg/L for ASM1 where it decreased to 19,4 mg/L in MASM.
However, this 30% drop could not be seen for other wastewaters where Ste is 247
mg/L for textile and 294 mg/L for tannery wastewater. In addition to that, the effluent
SH concentrations belong to membrane models even higher than conventional ones.
The reason is clear due to Step 1 models run with lower reactor volumes for the MASM
system than ASM1.

In Step 2, where the volumes of both ASM1 and MASM reactors are the same, results
are very valuable. Ste for domestic wastewater has a 35% reduction from 28 mg/L for
the gravity settling model to 18 mg/L for the membrane model. This can be explained
by the amount of soluble COD captured in the system. For textile and tannery
wastewaters, the same reduction cannot be reached because almost all amount of
soluble inert COD could pass through the membrane and appears in the effluent. On
the other hand, Ske concentrations are approximately the same for both ASM1 and
MASM systems.

36



To sum up, different COD fractions affect the effluent quality under different
operational conditions; especially soluble residual COD fractions, Sp, the influent
soluble inert COD, Si1. In the ASM1 system, inert COD will appear always in the
effluent. Therefore, the MASM system is more favorable in this aspect. For example,
while St concentration of tannery wastewater is 214 mg/L will appear in the effluent
of ASM1, in the MASM model, 45% of Syt will be captured by the membrane and 118
mg/L will stay in the effluent. On the other hand, the effluent quality of ASM1 and
MASM systems are approximately the same in Step 1 while this ratio changes in Step
2, and the Ste concentrations of MASM resulted in 16% less COD concentration than
ASML1 system due to better operational conditions.
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Table 4.3 : Effluent COD fractionation of domestic sewage for different SRT and HRT values.

ASM1

Ssi Sm1 Su Sp S X1 Cn

Influent COD (mg/L) 40 62 18 O 120 295 415

Effluent COD (mg/L) Sse. Sve SE Spe St Xte Cre

SRT

(@) HRT (h)

0,3 0,7 40 60 18 O 118 140 258

0,5 11 26 30 18 04 51 70 121

1 2,2 09 15 18 17 36 55 91

15 2,5 08 13 18 2 34 55 89

2 3,2 05 9 18 2.8 30 40 70

3 4,3 04 5 18 38 27 40 67

4 5,6 03 36 18 438 27 40 67

6 8 03 2 18 6 26 40 66

8 9,4 03 14 18 7 27 40 67

HRT (h)

0,2
0,4
0,7
0,9
1,4
1,7
2,3

3,9

MASM

Ssti Sm1 Su Sp St X1 Cna
40 15 10 0 120 295 415
Sse Swe S Spe STE
40 14 10 0 64

4 10 10 0,5 25
11 8 10 1,6 21
0,8 7 10 2 20
0,6 55 10 3 19
04 4,6 10 3,8 19
0,4 3,5 10 5 19
04 26 10 6 19
0,4 2 10 7 19
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Table 4.4 : Effluent COD fractionation of textile wastewater for different SRT and HRT values.

ASM1 MASM
Ssi Sm1 Su Sp Sm X11 Cn1 Ssti S Sn Sp St Xn Cn1
Influent COD (mg/L) 280 460 225 O 965 375 1.340 280 460 225 0 965 375 1.340
Sse Swe Sk See St XT1E Cre Sse Swe S See Ste
SRT (d) HRT (h) HRT (h)
0,3 1,2 278 457 225 O 960 140 1.100 0,7 280 99 220 0 599
0,5 2,4 21 212 225 1,3 471 70 541 0,85 30 54 220 1,6 306
1 3,6 4 95 225 34 327 55 382 1,8 4 33 135 5 177
1,5 4,3 2,7 56 225 5 289 55 344 2,2 3,5 29 220 5,8 258
2 5 1,9 42 225 7 276 40 316 2,7 2,4 23 135 8 168
3 8,6 1,2 20 225 10 256 40 296 3,6 1,8 18 135 10 165
4 10,8 0,9 13 225 13 252 40 292 4.7 1,4 13 135 13 162
6 14,4 0,8 55 225 16 247 40 287 6,5 1 8 135 17 161
8 16,6 0,8 4 225 19 249 40 289 7,2 1 7 135 19 162
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Table 4.5 : Effluent COD fractionation of tannery wastewater for different SRT and HRT values.

ASM1 MASM
Ssi Shm1 Snu Sp  Sm XT1 Cn1 Ss1 Sh1 Su Sp St1 XT11 Cr1
Influent COD (mg/L) 434 649 214 0 1297 987 2.284 434 406 214 0 1.297 987 2.284
Effluent COD (mg/L) Sse SHve SiE Spe StE  X7E Cre Sse. Sme  SE  See Ste
S(S)T HRT (h) HRT (h)

4 18,7 4 83 214 17 318 140 458 6,5 6 152 214 14 386

8 28,8 2 39 214 25 280 70 350 13 3 84 214 26 327

12 42 1,1 19 214 33 267 55 322 18 2,5 59 214 32 308

15 47 1 15 214 35 265 40 305 22 2 48 214 35 299

18 57,6 0,7 10 214 38 262 40 302 25 2 40 214 38 294
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STEP 2

Table 4.6 : Effluent COD fractionation of domestic sewage for different SRT and same HRT values.

ASM1 MASM
Ssi Sm1 Su Sp  Sn1 X11 Cn1 Ssti Sm1 Su Sp St X Cn
Influent COD (mg/L) 40 62 18 O 120 295 415 40 62 18 0 120 295 415
Effluent COD (mg/L) Sse Sve SiE Spe  Ste XTE Cre Sse. SHE S Spe Ste
S(E)T HRT (h)
0,3 0,4 39 60 18 O 117 140 257 40 14 10 0 64
0,5 0,7 28 40 18 0,2 61 70 131 4.6 9 10 0,4 24
1 1,4 1 25 18 0,9 45 55 100 1,3 6 10 1,3 19
15 2,2 07 18 18 19 39 55 94 0,8 4.6 10 2 17
2 2,9 06 13 18 2,6 34 40 74 0,6 3,6 10 2,7 16
3 4.4 04 8 18 37 30 40 70 0,4 2,4 10 3,9 16
4 5 0,3 57 18 4,7 29 40 69 0,4 2 10 4.8 17
6 6,5 03 4 18 6 28 40 68 0,4 15 10 6 18
8 8,6 03 3 18 7 28 40 68 0,4 1 10 7 18
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Table 4.7 : Effluent COD fractionation of textile wastewater for different SRT and same HRT values.

ASM1 MASM
Sst SHm1 Su Sp Sm X11 Cn1 Ssti  Sm1 Sn Sp St Xn Cn1
Influent COD (mg/L) 280 460 225 O 965 375 1.340 280 460 225 0 965 375 1.340
Effluent COD (mg/L) Sse Sve SE Spe StE  X7E Cte Sse. Sme  SE  Spe St
S(E)T HRT (h)
0,3 1,2 279 459 225 0 963 140 1.103 280 99 220 0 599
0,5 2,4 18 197 225 14 441 70 511 30 29 220 1,7 281
1 3,6 4 95 225 34 327 55 382 55 19 220 4 249
15 4,3 3 68 225 5 301 55 356 3,6 15 220 5,6 244
2 5 2 50 225 7 284 40 324 2,5 13 220 75 243
3 7,2 1 27 225 10 263 40 303 1,7 8 220 10 240
4 10,8 0,8 11 225 13 250 40 290 1,2 4,6 220 13 239
6 14,4 07 6,7 225 16 248 40 288 0,9 29 220 16 239
8 17,3 05 36 225 19 248 40 288 0,8 2 220 19 241
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Table 4.8 : Effluent COD fractionation of tannery wastewater for different SRT and HRT values.

ASM1 MASM
Ss1i Sm1 Su Sp Sm XT1 Cm1 Ssi  SH1  Sn Sp St1 X1 Cn1
Influent COD (mg/L) 434 649 214 0 1.297 987 2.284 434 649 214 0 1.297 987 2.284
Effluent COD (mg/L) Sse. Swe  Se  Sepe  Ste XiE Cre Sse. SHE  SiE Spe Ste
S(E)T HRT (h)

4 19,4 4 80 214 16 314 140 454 4 59 214 17 294

8 32,4 2 32 214 26 274 70 344 2,6 30 214 26 273

12 43,2 1 18 214 33 266 55 321 2 20 214 32 268

15 50,4 1 13 214 36 264 40 304 1,6 15 214 36 267

18 57,6 0,7 10 214 38 263 40 303 1 12 214 38 265
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5. CONCLUSION AND RECOMMENDATIONS

This thesis aims to understand the behavior of model components, especially Sh, inside
the reactor and also effluent under different operational conditions. The study has been
set up on model-based evaluation where the standard ASM1 model modified through
SUMO software for related operations. It is also important to say that three wastewater
types were investigated from a low COD level to strength due to making valuable

comparisons.

The basic ASM models based on a single size threshold of 450 nm which seperates
soluble and particulate ones components in the wastewater. This system describes the
COD fractions according to biodegredation characteristics regardless of any relation
with particle size. The system assumes the remained soluble components will showe
up in effluent and entire prticulate matter will stay in the bioreactor. This modeling
process is not suitable for AS systems work with membrane and therefore needs a new
sort of modeling where the size threshold decreased according to the filtration size of
the membrane. In this study, the filtration size of 8-13 nm was considered as suitable
for this new model based on recent related studies. This alteration mainly effects the
soluble COD fractions as Shc1 and Sic: which are captured by membrane and rest of
hydrolyzable COD, Sx and inert COD, S, which will appear in the effluent. This point
gives the main novelty of this study and describes the proposed model as MASM and

demonstrates the inadequency of ASM for applications on MBRs.

The new model structure created by MASM is necessary because (i) total soluble
COD, St1 contains Sh1 as major fraction for many wastewaters. For instance, Swi
fraction covers 48 to 52% of total soluble COD for domestic, textile and tannery
wastewater that were evaluated in this study. (ii) The Sn1 should be classified as Syic1
that cover 76%, 78% and 37% of Sn1 for domestic, textile and tannery wastewaters
repectively. This range is considerably high comparing other COD fractions and
therefore may cause incorrect evaluations if not considered in the model. (iii) This

approach is also correct for Sici, the captured part of Siz which is quite important
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fraction especially for effluent quality mostly for the conventional systems where the
inert COD never goes under biodegredation reaction.

MASM system also pays attention the reactor volume because it determines the HRT
level which directly effects the removal of Sn. For this reason, a compromise must be
taken into account between preferable system performance and smaller footprint
mainly for high rate MAS systems.
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