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ABSTRACT

The success in anaerobic systems on treatment of medium and high strength
industrial wastewaters encouraged the researchers to study the anaerobic treatment
of domestic wastewaters. The aim of this investigation was to observe the
treatment potential of domestic wastewaters in the anaerobic upflow sludge
blanket reactors (UASBR), determination of hydraulic and kinetic factors affecting
the performance of the system and to develop a compact treatment system for the
regions of Turkey having a mild and warm climate by using the experimental data
of the study. The experimental studies have been performed on an anaerobic
upflow sludge blanket reactor for about one and a half years in laboratory
conditions.

Key Words: Anaerobic upflow sludge blanket reactor, Domestic wastewater, Nutrient
removal, Second order substrate removal kinetics.

HAVASIZ ARITIMI

OZET

Orta ve kuvvetli endiistriyel atiksularin havasiz artiminda saglanan basarilar,
aragtirmacilar1 evsel atiksularin havasiz aritimi konusunda yogun c¢alismalar
yapmaya yonlendirmistir. Bu calismanin amaci; havasiz yukari akish camur
yatakli reaktorlerde evsel atiksulari aritma potansiyelini ortaya koymak, sistem
performansini etkileyen hidrolik ve kinetik faktorleri belirlemek ve deneysel
sonuglardan yararlanarak Tiirkiye’nin sicak ve iliman iklim kusaginda yeralan
bolgeleri igin paket aritma sistemi gelistirmektir. Bu amagla laboratuvar
sartlarinda yukari akigh havasiz camur yatakli reaktérlerde 1,5 yil siiren deneysel
bir calisma gerceklestirilmistir.

Anahtar Kelimeler: Evsel atiksu, Havasz; yukart akisli camur yatakl reaktor,
Niitriyent giderimi, Ikinci mertebe besin giderim kinetigi

YUKARI AKISLI CAMUR YATAKLI REAKTORLERDE EVSEL ATIKSULARIN

1. GIRiS

Evsel atiksularin havasiz antimi ile ilgili yapilan
caligmalar, kullanilan atiksuyun o6zelligine gore ii¢ ana
grupta toplanabilir. Bunlar:

- Evsel atiksularla yapilan ¢aligmalar

- Endiistriyel atiksulart da igeren evsel atiksularla yapilan
calismalar

- Evsel atiksu karakterinde hazirlanmus sentetik atiksularla
yapilan ¢aligmalar

Evsel ve sentetik atiksularla yapilan caligmalarda KOI
(Kimyasal Oksijen Ihtiyact) giderimleri % 70 — 90
arasinda gerceklesirken, endiistriyel atiksular1 da iceren
evsel atiksularin artiminda  endiistriyel  atiksularin
ozelligine bagh olarak diisik KOI giderimleri elde
edilebilmektedir.

1. INTRODUCTION

The anaerobic treatability studies of domestic
wastewaters can be separated into three groups with
respect to the characteristics of the wastewaters. These are:
- Purely domestic wastewaters
- Municipal wastewaters including industrial effluents
- Low strength synthetic wastewaters

While 70-90 % Chemical Oxygen Demand (COD)
removals are observed in anaerobic treatability studies of
domestic and low strength synthetic wastewaters, lower
COD removal efficiencies may be observed for domestic
wastewaters containing industrial effluents due to the
presence of possible inhibitory substances.

Recent developments in the field of anaerobic treatment
have proved that the anaerobic treatment processes are not
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Havasiz aritma alanindaki son gelismeler, havasiz
aritmanin  kuvvetli atiksularin yanisira diigiik organik
madde igerikli atiksularda da basari ile uygulanabilecegini
ortaya koymustur. Havasiz aritma kompakt, basit ve
ekonomik bir proses olup restoran, otel ve tatil sitelerinde
olusan evsel atiksularin aritimda kolayca uygulanabilme
Ozelligine sahiptir. Kismen ¢6ziinmiis atiksularin havasiz
aritiminda diisik hacimsel yiiklerin kullanilmasi1 daha
uygundur. Gergekte, yiliksek oranda partikiiler organik
madde iceren kompleks atiksular graniiler ¢gamurlu yukart
akigh havasiz camur yatakli reaktorlerde aritilabilir.
Flokiiler camur igeren yukari akigh havasiz ¢amur yatakli

reaktorlerde, giristeki askida katilar  biyokiitlenin
metanojenik aktivitesini diiglirdiigii i¢in yiiksek miktarda
askida katt madde igeren atiksularin aritiminda

graniilasyon prosesi ger¢eklesmeyebilir (1).

Evsel atiksuyun aritinu ile ilgili yapilan ¢aligmalardan
elde edilen sonuglar asagidaki sekilde Ozetlenebilir
(Cizelge 1):

e Evsel atiksuyun havasiz artiminda, atiksuyun
icerdigi endiistriyel atiksuyun miktar ve 6zelligine
bagh olmak iizere % 30 ile % 85 arasinda KOI
giderimleri elde edilebilmektedir.

e  Evsel atiksular oldukga yiiksek organik yiiklerde bile
yeterli  verimlerle  antilabilmektedir.  Aritma
sistemlerinde bir saat kadar diisiik hidrolik bekleme
stireleri uygulanabilmektedir.

e Evsel atiksularin havasiz aritiminda olusan fazla
camur aerobik aritma proseslerine kiyasla ¢ok azdir.

e  Havasiz antma sistemleri, Ozellikle havasiz ¢amur
yatakli reaktorler, evsel atiksularin aritimi igin
ekonomik bir aritma alternatifidir.

e  Havasiz ¢amur yatakli reaktorler basit, kompakt ve
diisiik maliyetli olduklart i¢in kullanim imkanlar
daha fazladir.

e Havasiz aritma ¢ikis sulart bir su kaynagina
verilmeden 6nce niitriyent giderimi gereklidir.

2. MATERYAL VE METOD

Havasiz artilabilirlik ¢aligmalari, 10.35 litre aktif
hacime sahip laboratuvar olgekli yukari akigli havasiz
camur yatakli bir reaktorde (YAHCYR)
gergeklestirilmistir.  Calisma boyunca reaktor kesikli
olarak beslenmistir.
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restricted only to the high strength wastewaters, but also

they can successfully be applied to dilute low strength

wastewaters. Anaerobic treatment can be considered as a

compact, simple and economical process and it can easily

be applied for the effluents from restaurants, hotels and
holiday resorts. Using lower volumetric loadings in
anaerobic treatment of partially soluble wastewaters is
more appropriate. In fact, complex wastewaters containing
high amounts of particulate organics can also be treated in
upflow sludge blanket reactors with granular sludge. In the

UASBR having flocculent sludge, influent suspended

solids decrease the methanogenic activity of the biomass.

Thus, there is no guarantee for the granulation process in

the treatment of wastewaters having high amounts of

suspended solids (1).

The following conclusions can be drawn considering the
anaerobic treatability results of the related literature (Table 1)
so far:

e In the anaerobic treatment of domestic wastewaters,
COD removal of 30 to 85 % is possible depending on
the ratio of industrial effluents in the municipal
wastewaters.

e . Domestic wastewaters can be treated anaerobically at
high organic and hydraulic loading rates. Hydraulic
retention time as low as one hour is applicable.

e Excess biological sludge production in the anaerobic
treatment of domestic wastewaters is very low
compared to the aerobic treatment processes.

e Anaerobic treatment systems, particularly UASBR, are
very feasible and attractive alternatives for the
treatment of domestic wastewaters.

e UASBR's are simple, compact and low cost reactors,
so they are easily applicable.

e Nutrient removal in the effluent of anaerobic treatment
systems may especially be required before discharging
into enclosed water bodies.

2. MATERIALS AND METHODS

Anaerobic treatability studies were performed in a
laboratory scale UASBR having an active volume of 10.35
1. The reactor was fed intermittently during the course of
the study. Some characteristics of the feed are presented in
Table 2. The same reactor had previously been used in
another anaerobic treatability study fed by synthetic low
strength wastewater and the sludge in the reactor was
used as the seed for this study which has reduced the
period
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Table 1. Data from Literature
Cizelge 1. Yukar1 Akighi Camur Yatakli Reaktorlerde Evsel Atiksularin Havasiz Aritimi

Temperature (°C)/ COD, CODg CO]? Removal (%) SS; SSg 0 Reference/
Sicakhik (mg/) (mg/l) KOI giderimi (%) (mg/l) (mg/) (hr)/ Saat Kaynak
8-20 300 - 50-60 - - 12 )
12-16 688 150 78 - - 24
[204-1253] [79-304] (69)
(337) (106)
[182-439] [40-253]
7-20 500 164 67 - - 12
[117-1100] [35-299]
(338) (133)
[69-666] [10-227]
20 [100-900] - 65-80 - - 8-48
9-20 500 (80-180) 75 - - 8 )
300-650
9-20 400-600 110-180 70 - - 24
8-20 [200-900] - 54-72 - - 8 3)
(60-89)
15-20 [322-950] - (30-80) - - 8
9-12 - 18-45 - - 8
19-28 627(151) 163 74(89) 376 105 4 4
14-23 205-326 108-204 31-56 - - 12-42 )
(50-110)
15-19 500 - 40-55 - - 8 6)
(65-80)
11-12 400 - 30-50 - - 8
(55-70)
9.5-10 500 - 30(55) - - 8
35 341 - 65(83) 88 34 4 (@)
20 424 170 60(82) 188 58 4 )
23 406 142 65(83) 191 59 4
21-25 265 133 50 123 33 4.7 9
30 450 - 750 - 90 - - 1-24 (10)
20-30 563 + 164 149-178 74 418 104-134 6 (11)
[68-74]
18-28 368 -516 - 83 21-41 - 10 (12)
50 21-41 - 4
486 — 694 - 68 - - 15 (13)
782 - 83 393 6-9
352% - 86*
782 - 83.4 393 12
352% 88.6
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Table 1. (Continued)
Cizelge 1. (Devam)

Temperature (°C)/ COD, CODg COD SS; (mg/l) SSg (mg/1) 0 Reference/
Sicakhik (mg/1) (mg/1) Removal (%) (hr)/ Kaynak
KOI giderimi Saat
(%)
19+£3 400 + 64 142 +£37 64 - - 14.5 (14)
[317-523] [92-227]
18+3 403 + 63 149+ 30 63 182 +48 45+19 11
[213-538] [72-184]
21+3 407 + 61 142 +£27 65 195+70 49 +23 8.8
[213-595] [92-198]
22+3 459+ 84 206 + 46 55 219+ 57 74+33 7.2
[322-561] [143-273]
22+2 374+31 152+ 18 59 192 + 64 45+9 7.0
[340-406] [126-170]
25+2 194 + 65 89 +20 54 91+39 34+ 14 7.5
[113-331] [50-129]
28+ 1 188 +37 83+ 10 56 6711 24+8 6.1
[133-228] [73-97]
25+2 258 50 103 +£39 60 113+43 37+16 6.2
[164-350] [26-216]
21+3 307 + 63 117+29 60 149+ 72 49+21 5.1
[199-477] [73-186]
18+2 285+ 63 189+ 44 236+ 164 105+112 44
[211-406] [106-236]
22+4 393 +76 280 + 25 207 + 60 78 £49 5.0
[316-479] [246-304]
30+5 445 £ 120 98 £32 72 <50 12 This Study
[230-610] [50-160] [61-88] /Bu Calisma
1s)
30+5 255+120 73 +£34 69 <50 23
[67-550] [34-195] [44-88]
30+5 380 £ 230 114+71 65 <50 11
[32-780] [20-274] [38-79]
30+£5 240+ 17 7017 70 <50 18
[216-255] [74-86] [60-82]
30+£5 230+ 113 77 £40 62 <50 8
[55-580] [20-168] [38-93]
20+5 245+ 125 65+£42 73 <50 6
[90-520] [30-150] [42-90]
20+5 290 £+ 105 76 £40 73 <50 12
[140-475] [30-145] [58-90]

S : Influent COD/ Giris KOI’si  Sg : Effluent COD/ Cikis KOI’si SS; : Influent Suspended Solids / Giristeki Askida Kat1 Madde
SSg : Effluent Suspended Solids/ Cikistaki Askida Kat1 Madde () Soluble COD values/ Céziinmiis KOT Degerleri
[ 1Range/ Aralik *Values on the BODjs basis /BOI; cinsinden verilen degerler

Table 2. Characteristics of the Feed
Cizelge 2. Calismada Kullanilan Evsel Atiksuyun Ozellikleri

Parameter/Parametre Range/Arahk
Temperature /Sicaklik (°C) 5-28
TKN/Toplam Kjeldahl Azotu (mg/1) 24-120
NH; /Amonuyak (mg/1) 24-88
Total P /Toplam Fosfor (mg/l) 2.7-4.3
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Calismada kullanilan evsel atiksuyun o6zellikleri Cizelge
2’de verilmistir. Caligmada kullanilan reakt6ér daha 6nce
havasiz artilabilirlik ¢aligmasinda sentetik evsel atiksu ile
beslenen bir reaktdr olup reaktdriin igindeki ¢amurun bu
caligmada as1 camuru olarak kullanilmasi isletmeye alma
devresini kisaltmistir. Reaktér 3:30 ile 8:00 saatleri
arasinda beslenmemis, giiniin geri kalan kisminda ise
saatlik debi yarim saat araliklarla kesikli olarak reaktore
verilmigtir. Kiigiik yerlesim birimlerinden gelen evsel
atiksuyu karakterize etmek amaciyla boyle bir besleme
diizeni secilmistir. Calisma boyunca, hidrolik bekleme
siiresi 6 - 24 saat, hidrolik yiik 1 — 4 m*/m?.giin ve organik
yiik 0,266 - 1 kg KOI/m®-giin olarak gergeklesmistir.
Evsel atiksu kaynagi olarak Istanbul Teknik Universitesi
kampiisiinde olusan evsel atiksular kullamlmigtir. Calisma
kapsaminda asagidaki hususlar incelenmistir:
- Kesikli beslemenin reakttr verimi tizerindeki etkisi

- Iz maddesi deneyleri ile reaktoriin  hidrolik
ozelliklerinin belirlenmesi

- Hidrolik parametrelerle aritma prosesi arasindaki
iliskilerin belirlenmesi

- Antma  prosesini  karakterize eden  kinetik

parametrelerin belirlenmesi
- Cikis suyu Ozelliklerinin degerlendirilmesi ve ilave
aritma ihtiyaci
Calisma boyunca reaktér giris ve ¢ikis suyunda debi, KOI,
sicaklik, pH, askida kati madde parametreleri diizenli olarak
Olgiilmiistiir. Biitlin parametrelerin analizi AWWA Standart
Methods (1989)’a uygun olarak gerceklestirilmistir (16).

3. SONUCLAR ve TARTISMA

Calisma 1.5 yil boyunca slirmils ve calisma boyunca
toplam yedi kararli hal gerceklesmistir. Herbir kararl
hale ait besleme oOzellikleri Cizelge 3’te , kararli hal
isletme parametreleri ise Cizelge 4’de verilmistir. izleyen
boliimlerde ise deneysel ¢alismadan elde edilen sonuglar
degerlendirilmistir.

of start-up. The reactor was not fed between 3:30 to 8:00
am. During the rest of the day, the hourly flow of the daily
feed was pumped in 30 minutes of continuous feed and 30
minutes of no feed intervals. This feeding regime was
applied to simulate the flow rate of the domestic
wastewaters from the small communities. In this study,
hydraulic retention time was between 6 to 24 hours,
hydraulic loading rate was in the range 1 to 4 m*/m>.d, and
organic loading rate was in the range of 0.266 to 1 kg
COD/m’-d.

The domestic wastewater from the sewage in Istanbul
Technical University campus was used as the feed. The
following parameters were investigated in this study:

- Effects of intermittent feeding on the
performance

- Determination of hydraulic flow characteristics of the
reactor by the tracer experiments.

- Determination of relations between the hydraulic
parameters and the treatment process responses.

- Determination of the kinetic parameters for the treatment
process.

- Evaluation of final effluent and additional treatment
requirement.

During the study, parameters including flowrate, COD,
temperature, pH, and suspended solids have been regularly
monitored in the influent and effluent of the reactor. All
parameters have been analyzed according to AWWA
Standard Methods (1989) (16).

reactor

3. RESULTS and DISCUSSION

The study continued for about one and a half years and
was composed of seven different steady state stages.
Characteristics of the feed were different in each stage as
indicated in Table 3, and the results obtained are
summarized in Table 4. The evaluations of the
experimental study results are presented in the following
sections.

Table 3. Characteristics of Domestic Wastewater for Seven Steady-States
Cizelge 3. Yedi Kararli Hal Boyunca Evsel Atiksuyun Ozelliklerinin Degisimi

Parameter/Parametre CODinfiuent /KOI Giris (mg/l) pH Alkalinity/Alkalinite (mg/l)
Range/Arahik Average/ Range/ Average/ Range/ Average/
Ortalama Aralhk Ortalama Aralhk Ortalama

1-62 230-610 445 6.6-8.6 7.6 150-700 470

63-129 67-550 255 6.3-8.4 7.6 75-600 265

130-156 32-780 380 7.6-8.5 8 130-500 275

157-181 216-255 240 7.5-84 79 175-275 220

182-326 55-580 230 5.6-9.6 8 25-600 260

327-431 90-520 245 6-7.8 7 70-250 140

432-445 140-475 290 6.3-8.5 7.7 125-360 245

145
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Table 4.

Steady State Operating Parameters
Cizelge 4. Kararh Hal Isletme Parametreleri
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Hydraulic
Organic Loading Loading Rate, Ly
Time from Rate, Ly, (kg COD/m’.d)/ (m*/m’.d)/
Start-up (d)/ Baslangigtan Flow Rate(l/d)/ 0(d)/ (giin) Organik Yiik, Ly Hidrolik Yiik, Ly
itibaren Zaman (giin) Debi(l/giin) (kg KOI/m®.giin) (m*/m’.giin)
1-62 20.7 0.50 0.890
63-129 10.8 0.96 0.266 1.04
130-156 222 0.46 0.395 2.15
157-181 13.8 0.75 0.320 1.33
182-326 31 0.33 0.690 3
327-431 41 0.25 0.970 397
432-445 20.7 0.50 0.580 2

3.1. Organik Yiik ve KOI Giderimi

Calisma siiresinde organik yiik 0.2 - 1 kg KOI/m® giin
araliginda degismistir (Sekil 1). Giris ve ¢ikis suyunun KOI
degerleri ve her bir kararli hal i¢in KOI giderimleri Cizelge
5’te verilmigtir. Calisma siiresince ulasilan kararli hallerde
KOI giderimleri % 67 — 87 arasinda gerceklesmistir (Sekil
2). KOI giderim hiz1 (Ry) 0.76 olarak hesaplanmustir (Sekil
3). Kararh halde ¢ikis suyundaki KOI degerleri genelde 50
mg/l civarinda &lgiilmiistiir (Cizelge 5°de verilen KOI
degerleri her bir kararli hal boyunca ol¢iilen degerlerin
ortalamasidir). Giris KOI’sinin miktarina bagli olarak cikis
KOI’sinde artis olmakta ve bu da diisik KOI giderimi ile
sonu¢lanmaktadir (Sekil 4). Cikis suyundaki askida kati
madde genelde 50 mg/I’nin altinda degerler almustir.

TableS. Performance Data for Different Operation Conditions
Cizelge 5. Farkli Isletme Sartlarinda Elde Edilen Verim Degerleri

3.1. Organic Loading Rate and COD Removal

Organic loading rates were varied in the range of 0.2 to 1
kg COD/m’-day during the study (Figure 1). Influent and
effluent COD concentrations and COD removals for each
steady state operating conditions are presented in Table 5.
COD removals at the steady state varied in the range of 67 to
87 % in this study (Figure 2). COD removal rate (R;) was
determined as 0.76 (Figure 3). Effluent COD concentrations
were generally 50 mg/l at steady-state operating conditions.
However, increase in influent COD concentrations caused
increase in effluent COD which resulted relatively low COD
removals (Figure 4). Effluent suspended solid concentrations
were generally less than 50 mg/1.

COD Removal
Temperature in Organic Loading Rate Influent COD Effluent COD Efficiency E
Time(d)/ Reactor (°C)/ (kg COD/m’.d)/ Sy, (mg/1)/ Giris Sk, (mg/1)/ (%)/KOi
Zaman(giin) Sicaklik Organik Yiik(kg KOI’si Cikis KOI’si Giderimi
(°C) KOI/m’.giin) Sy, (mg/l) Sg, (mg/) E, (%)

1-62 30+5 0.890 445 100 78
63-129 3045 0.266 255 75 71
130-156 30+5 0.395 380 115 70
157-181 30+5 0.320 240 70 71
182-326 30+5 0.690 230 75 67
327-431 20+5 0.970 245 65 73
432-445 20+5 0.580 290 75 74

3.2. Sicaklik, pH ve Alkalinite

Havasiz artma prosesinin  kararligiim en Onemli
gostergelerinden olan pH ve alkalinite parametreleri
deneysel calisma boyunca siirekli olarak Olgiilmiistiir.
Reaktoriin fiziko-kimyasal kararlilig1 giinliik olarak dlgiilen
pH ve alkalinite parametreleri ile izlenmistir. Calisma
boyunca reaktoriin pH ve alkalinitesi sirastyla 6.7 - 9.7 ve
100 — 750 mg/1 arasinda degerler almistir. Calismada giris
suyunda amonyak yiikselmesi nedeniyle pH kisa bir siire
yaklasik olarak 9 degerini almis ve bu reaktdr veriminde
onemli bir disiisle sonuglanmustir. ik 5 kararli halde
reaktdriin sicakligi 30 + 5 °C, son iki kararli halde ise 20 +
5 °C dir.

3.2. Temperature, pH and Alkalinity

The two most important indicators for the stability of
anaerobic reactors are pH and alkalinity. These parameters
were continuously measured during the study. The
physico-chemical stability of the reactor was continuously
monitored by measuring pH and alkalinity in the reactor.
The reactor pH and alkalinity ranges were between 6.4 to
9.7 and 100 to 750 mg/1, respectively throughout the study.
Concentrations of ammonia increased when pH was nearly
9 for a particular time period of the experimental study,
and this resulted in a substantial reduction in reactor
performance. The reactor temperature was in the range of
30 + 5 °C for five steady state operating conditions while
20 + 5 °C for the remaining two series.
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3.3. Reaktor Biyokiitle Konsantrasyonu

Reaktordeki biyokiitle dagilimimni belirlemek {izere,
kararli hallerde reaktoriin cesitli seviyelerinden alman
camur numunelerinde ugucu katt madde deneyleri
yapilmistir. Reaktoriin  biyokiitle dagilimimin homojen
olmadig1 ve yer yer su cepleri tesekkiil ettigi goriilmiistiir.
Organik yiikiin artisina bagli olarak sistemde biyokiitle
azalmasi olmakla birlikte, reaktér bu azalmadan fazla

etkilenmemekte, 6000 mg/l gibi diisiik biyokiitle
konsantrasyonlarinda bile sistem kararliligini
koruyabilmektedir.

3.3. Reactor Biomass Concentrations

Biomass concentration measurements carried out on
samples taken from different heights of the UASBR
revealed that the distribution of the biomass along the
height of the reactor was not uniform. The amount of
biomass gradually decreased with increasing volumetric
or hydraulic loading rate. However, the performance of
the reactor was not affected significantly even for average
biomass concentrations as low as 6000 mg/l and the
stability of the treatment process could be maintained.
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Figure 1. Variation of Ly and Ly; vs 0.
Sekil 1. Ly ve Ly degerlerinin 6 ile degisimi.
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Figure 2. Variation of E, S; and Sg vs 0.
Sekil 2. E, S; ve Sg degerlerinin 0 ile degisimi.
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Figure 3. COD removal rate vs organic loading rate.
Sekil 3. KOI giderim hizinin organik yiik ile degisimi.
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Figure 4. Time course of influent and effluent COD
Sekil 4. Giris ve Cikig KOI’sinin zamanla degisimi

3.4. iz Maddesi Deneyi ile Reaktoriin Hidrolik
Ozelliginin Belirlenmesi

Reaktdriin dispersiyon katsayisini belirlemek iizere LiCl
ile deneyler yapilmustir. Reaktor icinde ortalama lityum
konsantrasyonu 10 mg/1 olacak sekilde sisteme giristen ani
olarak LiCl enjekte edilmis ve uygulanan  hidrolik
bekletme siirelerinin li¢  kati kadar bir siire boyunca
reaktor ¢ikisinda Li konsantrasyonlari 6l¢iilmistiir.

Deneysel caligmadan elde edilen sonuglar Gama
Dagilimi ve Modifiye Gama Dagilimina uygulanarak
degerlendirilmistir (17).  Sonuglarin Modifiye Gama
Dagilimina daha uygun oldugu goriilmistiir.

Modifiye Gama Dagilim Modeli Gama Dagiliminin
gelistirilmis sekli olup, gama karigim bolgesi ve piston akim
bolgesinden olusur. Akimin bir kismu gama karisim bolgesi
ile bunu izleyen piston akim bolgesine ugramadan dogrudan
piston akim bolgesinin girisine gider (Sekil 5).

200
time (day)

3.4. Hydraulic Modeling by Tracer Studies

Tracer experiments have been performed with LiCl in
order to determine the coefficient of dispersion. LiCl was
injected instantaneously into the inlet of the reactor so that
the average concentration of Li in the reactor was about 10
mg/l. The variation of Li concentration in the reactor
effluent was measured during a time period of three times
the hydraulic retention time, in each experiment.

The results from the experimental study were evaluated
using Gamma Distribution and Modified Gamma
Distribution Models (17). It was observed that these results
were more suitable for Modified Gamma Distribution Model.

Modified Gamma Distribution Model is a more
sophisticated version of Gamma Distribution Model and
contains a gamma-mixing zone and a plug flow zone.
However some of the influent by-passes the gamma-mixing
zone and flows into the inlet of the plug flow zone (Figure 5).
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Qr Qr

Qr Q
»| Gamma-mixing zone/ Gama
S (I') karisim Bolgesi
Q, Vi G
QZ Co

By-pass flow / By-pass akim

Figure 5. Block diagram of the model

Sekil 5. Modelin sematik gosterimi

Burada;

Q : Gama (') karigim bolgesindeki debi

Q, : by-pass akiminin debisi

Qr : Toplam debi

\ : I'-karigim bolgesinin hacmi

V, : Piston akimli bélgenin hacmi Vt

: Toplam hacim
C..C Gy Iz maddesi konsantrasyonlaridir.
Modifiye Gama Dagilimi1 Modeli ani enjeksiyon halinde
asagidaki gibi yazilabilir.

A\ 4

IPlug flow zone/ Piston akim bglgesi

G vV,
where;
Q : flow rate of [-mixing zone
Q; : by-pass flow rate
Qr : Total flow rate
\% : volume of T'-mixing zone
V, : volume of plug flow zone
Vr : Total volume of the system

C,,C;,C; : Tracer concentrations

Modified Gamma Function Model can be expressed as
in the form of Equation [1] for the pulse injection of the
tracer:

—pB
p —=(0-1)
B0)=—POB_ g y(p-Dl-t +(1-B)SO-1) [1]
(1-0PT(p)

Burada ; where ;
B : I'-karisim bolgesindeki debinin oran1 (B = Q,/Qr) B :proportion of flow rate of [-mixing zone (B = Q,/Qr)
T :piston akim bolgesinde boyutsuz bekleme siiresi T : dimensionless retention time in plug flow zone (T =

(t=Vy/Vy) V,/V)
0  :boyutsuz zaman 0 :dimensionless time

&  :Dirac Delta Fonksiyonu

- Bartik¢a karigimin etkisi artar.

- P’deki azalma aksiyal yondeki karigimin azalmasma
kars1 gelir.

- 1 degerindeki artig piston akim etkisinin artigina kargi
gelir.

Modifiye Gama Dagilim Modelinin parametreleri 3 = 0.9,
©=0.1 ve p =2 olarak bulunmustur. Bu degerlere gore ,
calismada kullanilan havasiz ¢camur yatakli reaktor, hidrolik
olarak ardisik iki tam karigiml reaktdrii izleyen bir piston
akiml reaktor gibi diistintilebilir (Sekil 6).

Havasiz ¢amur yatakli reaktorlere evsel atiksular gibi
seyreltik atiksular verildigi zaman genellikle yiiksek
hidrolik yiikler uygulanabilir. Iz maddesi deneylerinden
elde edilen sonuglar gdzoniine alindiginda; havasiz ¢amur
yatakli reaktorler pratikte seri bagli iki tam karigimli
reaktor gibi diisiiniilebilir.

3.5. Kinetik Modelin Olusturulmasi ve Kinetik
Degerlendirme

n. mertebeden besin giderim kinetigi dikkate alinarak
havasiz aritma i¢in genel diferansiyel esitlik asagidaki gibi
yazilabilir [2] (18).

§ :Dirac Delta Function

- Anincrease in 3, corresponds to an increase in mixing

- A decrease in p corresponds to a decrease in mixing in
axial direction.

- Anincrease in T corresponds to an increase in plug flow

The parameters of the modified gamma model were
determined as f = 0.9, t = 0.1, p = 2. Considering these
results, the anaerobic upflow sludge blanket reactor system
can be hydraulically considered as two completely mixed
and one plug flow reactor in series (Figure 6).

When diluted wastewaters, like domestic wastewaters
are treated in anaerobic upflow sludge blanket reactors,
generally high hydraulic loading rates are applied.
Considering tracer study results, the UASBR's can be
considered as two completely mixed reactors in series for
practical applications.

3.5. Kinetic Model Development and Kinetic
Evaluation

Considering an n-th order substrate removal kinetics, the
general differential equation of anaerobic treatment can be
expressed by Equation [2] (18).
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s
dt

Burada,

Kns) : n.mertebe besin giderimi kinetik sabiti (1/giin)

X : reaktordeki ortalama biyokiitle konsantrasyonu
(mg/l)

S;ve S : giris ve ¢ikigtaki besin maddesi konsantrasyonu
(mg/1)’ dur.

[2] esitligi n = 2 i¢in integre edilirse 2.mertebe besin
gideriminin kinetik ifadesi

YORS (%1)n
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(2]

where,

Kns) : n-th order substrate removal kinetic constant

(1/d)

X : average biomass concentration in the reactor
(mg/l)

Siand S : influent and effluent substrate concentrations
(mg/1)

Integrating Equation [2] for n = 2 yields the second order
substrate removal kinetics expression as:

5t
L [3]
I+ kZ(S) -X-0

seklinde yazilabilir. Burada 6 hidrolik bekletme siiresidir. [3] where 0 is the hydraulic retention time (d). Rearranging
esitligi yeniden diizenlenirse Equation [3] yields

S0 g, 31 [4]

S-S kyg) X
[4] ifadesi elde edilir. [4] esitligi asagidaki sekilde In general Equation [4] can be linearized as follows:
lineerlestirilebilir.

S0 b (5]

S1-S

Deneysel calismadan elde edilen veriler lineerlestirilmis
Ikinci Mertebe Besin Giderimi Kinetigi Modeline
uygulanmig [5] ve deney sonuglarinin modele ¢ok iyi
uyum sagladig1 goriilmiistir (= 0,9924).

Calismada ikinci mertebe KOI giderim kinetigi reaksiyon
hiz katsayisi  k, = 0217 gin' (= 0,009 saat") olarak
belirlenmistir. Bu deger KOI’si 700 mg/I’'nin altindaki
sentetik evsel atiksu i¢in hesaplanan k, = 1,665 giin" (=
0,069 saat™) degerinden daha diisiiktiir (19). Bu sonug evsel
atiksuyun sentetik evsel atiksudan yaklasik 7 kez daha az
hizla antilabildigini gostermektedir.

Olgiilen ve modelden tahmin edilen degerler arasindaki
korelasyon katsayisi 0,9924 olarak hesaplanmustir (Sekil 7).
[5] esitligi kullanilarak modelin parametreleri a = 0,0045 ve
b = 1,399 olarak belirlenmistir. Bu degerler kullanilarak [6]
esitligi elde edilmistir.

Smodel =51 '(1

Atiksuyun  biyolojik  parcalanabilirligi b ile
tanimlanabilir (b=1,399). b arttikga atiksuyun biyolojik
parcalanabilirligi azalir.

The eobtained experimental data obtained were applied
to the Lineralized Second Order Substrate Removal
Kinetics Model (Eq. [5]). It was observed that the
experimental results perfectly fit to model predictions.

The reaction rate coefficient of the second order COD
removal kinetics was determined as k, = 0.217 day'l (=0.009
hour™) in this study. This value was lower than k, = 1.665
day™! (= 0.069 hour) which was found for the synthetic
wastewater with COD concentrations less than 700 mg/l
(19). This result indicates that domestic wastewater might be
treated with a rate of seven times lower than that of the
synthetic wastewater.

Coefficient of correlation for measured and predicted
values by the models was 0.9924 (Figure 7). The effluent
COD from the UASBR can be determined using Equation
[5] with a = 0.0045 and b = 1.399 and the equation is
obtained (Eq. [6]).

)

The biodegradability of the wastewater can be
identified by linearized model coefficient (b=1.399). The
model coefficients increase as the biodegradability of the
wastewater decrease.

0
1.399-6-0.0045
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—e—Q=20.71/d
= 2=Q=31.01/d
—=—Q=41.01/d

Dimensionless Concentration

Dimensionless Time

Figure 6. The comparison of the dimensionless concentration, E(0), versus dimensionless time, 0, values obtained from the experimental
study and modified gamma model curves

Sekil 6. Iz maddesi deneyleri sonuglar1 ve Modifiye Gama Dagilimu egrilerinin boyutsuz zaman, boyutsuz konsantrasyon ekseninde
gosterilmesi

S, -0
S\ _SE

r=0.9924

=1.399 6 - 0.0045

0 0.2 0.4 0.6 0.8 1 1.2
0(d)

Figure 7. Plot of the model equation for laboratory scale UASBR
Sekil 7. Laboratuvar 6lcekli YAHCYR den elde edilen sonuglarin ikinci Mertebe Kinetigine uygulanmasi
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3.6. Yukar1 Akish Havasiz Camur Yatakh
Reaktor Cikis Sularinin Ilave Aritim

Reaktor c¢ikisinda azot ve fosfor degerlerinin desarj
standartlarinin iizerinde olmasindan dolay1 ¢ikis sularmnin
ilave aritimi gerekli olmustur. Ca(OH),, NaOH ve ¢imento
kullanilarak hava verilerek ya da hava verilmeksizin ¢ikis
sulariin bu amagla kimyasal aritimi yapilmistir. Ca(OH), ve
NaOH ile yapilan kimyasal aritma caligmalart amonyak
gideriminde etkili olmanustir. Fakat, Ca(OH), ilavesi ve iki
saat havalandirma sonrast tatmin edici sonuglar elde
edilmistir. Optimum Ca(OH), dozu 300-350 mg/1 (pH = 11)
olarak belirlenmistir (Cizelge 6). Ca(OH), ve 2 saat
havalandirma pratikte uygulanabilecek uygun bir deger
olarak tesbit edilmis ve ortalama TKN, NH; ve Toplam
Fosfor giderirleri sirasiyla % 65, 74 ve 90 olarak
gergeklesmistir.

Table 6. Results of Additional Treatment of Anaerobic Effluent
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3.6. Post Treatment of UASBR Effluents

Since the concentration of nitrogen and phosphorus in the
effluent of the UASBR are higher than the discharge
standards, an additional post treatment may be required.
Chemical purification using Ca(OH),, NaOH and cement
with and without aeration was applied to the effluent of the
UASBR for this purpose. Chemical post treatability studies
with Ca(OH), and NaOH were not effective for ammonia
removal. On the other hand, chemical treatment with
Ca(OH), together with 2 hours of aeration was found
satisfactory. The optimum dosage of Ca(OH), was
determined to be 300-350 mg/1 (which corresponds to a pH
of 11) (Table 6). Average removals of TKN, NHj; and total P
were 65, 74 and 90 % respectively indicating the proposed
post treatment is feasible for practical purposes.

Cizelge 6. Havasiz Reaktor Cikis Sularinin {lave Aritimindan Elde Edilen Sonuglar

Anaerobic Effluent/ Havasiz Reaktor Cikis Suyu

After Ca (OH), + 2 hours aeration / Ca (OH), ilavesi ve 2

saat havalandirma sonrasi

TKN (mg/l) NH; (mg/l) P (mg/l) TKN (mg/l) NH; (mg/l) P (mg/l)
24.10 24 27 8.4 6.2 03
: 9 1.6 415 297 03
34 33.7 23 17 16 04
- 53 - - 30 -

Baslangigta 0,9-107 koli/100 ml olan ham evsel atiksuyun
toplam koliform konsantrasyonu havasiz reaktor ¢ikist 0,2-
2.10° koli/100 ml’ye kimyasal ilavesi ve havalandirma
sonrast ise 0,2:10° koli/100 ml degerine diismiistiir. Havasiz
aritma ile kimyasal ilavesi ve havalandirma sonras sirasiyla
% 80 — 94 ve % 75 — 98’ lik toplam koliform giderimi elde
edilmistir.

4. SONUCLAR

Bu caligmadan elde edilen sonuglar asagida maddeler
halinde verilmistir :

- Yukan Akigh Havasiz Camur Yatakli Reaktorlerin
hidrolik o6zellikleri Modifiye Gama Dagilimi ile
tamimlanabilmektedir. 1z maddesi  deneyleri,
calismada kullanilan YAHCYR’ {in hidrolik olarak
seri bagh iki tam karigimli ve bir piston akimli
reaktor gibi diisliniilebilecegini gostermistir. Piston
akim bolgesi tiim hacmin yaklasik % 10’unu
olusturmaktadir. Bu da sistemin pratikte seri halde iki
tam karigimli reaktér olarak kabul edilebilecegi
anlamina gelmektedir.

- Evsel atiksular higbir kimyasal madde ilavesi
yapilmaksizin YAHCYR’lerde yaklasik % 70’lik
verimlerle aritilabilmektedir.

- Reaktordeki biyokiitle kararli halde 20 000 mg/l
civarinda dengelenmekte ve hemen hemen ihmal
edilebilecek  miktarda fazla ¢amur iretimi
gergeklesmektedir.

- Evsel atiksuyun  antildigi reaktorlerde biyokiitle

Total coliform concentration of raw domestic wastewater
was about 0.9-107 coli/100 ml. It reduced to about 0.2-2-10°
in the UASBR effluent and to 0.2-10° after chemical post
treatment with Ca(OH), plus 2 hours of aeration. It can be
concluded that total coliform removals in the anaerobic and
chemical post treatment stages were about 80-94% and 75-
98% respectively.

4. CONCLUSIONS

The results of this study can be summarized as follows:

- Hydraulic characteristics of the UASBR's can be
defined by the modified gamma distribution model.
Tracer study results have shown that, the UASBR
used in this study can hydraulically be considered as a
completely mixed and one plug flow compartments in
series. The volume of the plug flow compartment
constitutes about 10 % of the whole system. The
system may also be considered as two completely
mixed flow reactors in series for practical applications.

- Domestic wastewaters can be anaerobically treated in
mesophilic UASBR's with COD removals about 70%
without any chemical treatment.

- The concentration of the steady state biomass in the
UASBR's are balanced at about 20 000 mg/l for
domestic effluents and the excess biological sludge
production is almost negligible.

- The biomass in UASBR's which treat domestic
effluents, are flocculent structure in general.

- The effluent suspended solid concentrations are very
low and rarely exceeds 50 mg/1.
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genelde flokiiler yapidadir.

Cikis suyundaki askida kati madde miktart oldukga
diisiik olup nadiren 50 mg/1’yi asmaktadir.

YAHCYR cikisindaki KOI kararli hallerde genelde
yaklasik 50 mg/l olup zaman iginde nadiren 70 mg/l
degerine yiikselmektedir.

YAHCYR ¢ikigindaki amonyak , toplam fosfor ve
toplam koliform degerleri yiizeysel sulara desarj igin
uygun degildir. Ca(OH), ve 2 saat havalandirma ile
amonyak ve fosforda Onemli giderimler elde
edilebilmektedir.

YAHCYR’de gerceklestirilen havasiz aritilabilirlik
caligmasindan kararli hal i¢in elde edilen sonuglar ile

COD's in the UASBR effluents are generally about
50 mg/1 at steady state and rarely reached to 70 mg/1
for transient conditions.

Concentrations of ammonia, phosphorus and total
coliforms in the UASBR effluent do not conform to
discharge standards of surface waters. Chemical
post treatment with Ca(OH), with 2 hours of
aeration provides significant removals in both
ammonia and phosphorus.

Anaerobic treatability study results obtained from
the UASBR perfectly fit the second order multiple
substrate kinetics model at steady state operating
conditions.

ikinci mertebe besin giderim kinetiginden elde edilen
sonuglar  arasinda mikemmel bir uyum
goriilmektedir.
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