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## 4270332121 : MAJOR ENVIRONMENTAL ENGINEERING
KEY WORD: EGSB / DOMESTIC SEWAGE / ANAEROBIC TREATMENT / GRANULAR SLUDGE BED / UASB

TULACHAI JAEMSAI : EFFICIENCY OF EXPANDED GRANULAR SLUDGE BED
REACTORS FOR TREATING DOMESTIC SEWAGE. THESIS ADVISOR: ASST.
PROF. CHAVALIT RATANATAMSKUL, Ph.D., 163 pp. ISBN 974-17-2435-7.

This research was a study on the efficiencies of Expanded Granular Sludge Bed (EGSB) reactors for
removal of COD, BOD and SS. The research examined the effects of the hydraulic retention time (HRT) and
upflow loading velocity on the system performance.

The research was divided into 2 experiments. The first experiment studied the effect of hydraulic
retention time at 2 and 6 hours and maintained the same upflow loading velocity at 0.5 m./hr. The second
experiment studied the effect of variation of upflow loading velocity to 3.5, 6.5, 10.0 and 12.0 m./hr. and
maintained the same hydraulic retention time at 2 hours.

The wastewater used in the research was domestic sewage from the Engineering building of
Chulalongkorn university. On average, the feed flowrate was 8 and 24 litres per day at hydraulic retention
time of 6 and 2 hours, respectively. The sewage had 160 mg.COD/I., 65 mg.BOD/I., and 45 mg.SS./I. From
the results obtained at steady state condition, it was found that the system performance in terms of COD and
BOD was higher than 50% and 80%, repectively. The effluent had 45 mg.COD/I., 20 mg.BOD/I., and 12
mg.SS./|

The experiments indicated that the hydraulic retention time of 2 hours was sufficient for COD and
BOD removal efficiencies. The increasing of upflow loading velocity did not increase the COD and BOD
removal because with low COD concentration there was enough efficient mass transfer due to 37%
expansion of sludge bed at upflow loading velocity of 0.5 m./hr. and temperature range between 25 - 28 °c
was also optimum to achieve high performance for anaerobic bacteria.

The experiment of improvement in.ammonia nitrogen removal.from EGSB reactors' effluent by zeolite
column was found that the effluent of empty bed contact time (EBCT) of '8 hours had concentration of

ammonia nitrogen below 35 mg.N/I. with breakthough time of 35 days. The zeolites' capacity was 7.5 mg.N./I.

Department_Environmental Engineering Student’s signature..........ocooiiiii

Field of study Environmental Engineering. AQVISOr's Signature..........ooovvviiii
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F19799 1.1 AruantRzes@eguaululszmasing o (Seghezzo uazAne, 1998)

component Pedregal (Brazil) Cali (Colombia) Bennekom(The Netherland)

Settleable solids(ml/l) 8.2 - -
SS

Total 429 215 -
Fixed 177 106 -
Volatile 252 107 -
BOD 368 95 231
COD 727 267 520
Nitrogen (as N) 44 24 45
Organic 10 7 -
Ammonia 34 17 -
Phosphorus
Total 11 LS, 18
Orthophosphate 8 - -
Oraganic 3 - -

E.Coli (in 100 ml.) 4x10" - -
Sulphates 18 3 15
Chlorides 110 - -
Alkalinity 388 120 350
Calcium 110 - 4
Magnesium 105 - 2
Temp ( 0C)

Maximum 26 20 20
Minimum 24 24 8
dl a % al oI/ a

MA19NN 1.2 @mmuummmL@ﬂqmuhﬂ?xmﬂ%ﬂ (AL, 2545)
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(2531-32) (2535)

TDS an./a. 624 403

Aaalss un./a. - 40.5

daLpl {n./a. - 46.5

fadu un./a.N 10.8 26.6

Naginm un./a.P 3.8 3.3

filan nN./4. 49.7 26.8

ﬂﬂﬂLL‘ﬁ\‘iLL‘ﬂ')‘LA@’ﬂﬂ un./q. 55.3 13.9

FOG NN./A. - 1.4

Wi - 7.3 7.1

ANNANITIUNA un./a.CaCoO, - 224
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791 2.4 ArudiiusszdnemnAnfTeateslalasauuarAsauuy

15a1n1A894178111 7 (substrates) [ﬁiwj (Joseph wag Frederick, 1992)

GIBB'S FREE ENERGY PER REACTION, KJ
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0o 4 20
S TN
10~2 -\D\ @ N
1074 \
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Graphical representation of the hydrogen-dependent thermodynamic favorability of
anaerobic reactions. Legend: (1) Propionic acid oxidation to acetic acid; (2) Butyric acid oxida-
tion to acetic acid; (3) Ethanol oxidation to acetic acid; (4) Lactic acid oxidation to acetic acid;
(5) Acetogenic respiration of bicarbonate (CO;); (6) Methanogenic respiration of bicarbonate;
(7) Respiration of sulfate to sulfide; (8) Respiration of sulfite to sulfide; (9) Methanogenic
cleavage of acetic acid; and (10) SRB-mediated cleavage of acetic acid. Basis: acetic acid, 25 mM;
propionie, butyric, lactic acids and ethanol, 10 mM; sulfate and sulfite, 5 mM; bicarbonate, 20
mM; and, methane, 0.7 atm

HYDROGEN
PARTIAL
PRESSURE,
atm

19NN 2.1 ANnANUBATEA LRI nendsing reenszuaunisiiainia

(Joseph Wag Frederick, 1992)

Some Redox Hall-Reactions Responsible for Anaerobic Microbial Conversion of Selected Substrates.:

Oxidations (electron donating reactions) AGg, KJ
“Propionate — Acetate: CHaCH,COO™ + 3H,0 — CH,CO0™ + H" + HCO; + 3H; +76.1
Butyrate — Acetate: CHyCHCHCOO™ + 2H;0 —2CH,CO0™ + H' + 2H, +48.1
Ethanol = Acetale: CHLCHOH 4+ H:0 —CHyCOO™ + H' + 2H; +9.6
.Lactale — Acetate: CHCHOHCOO™ + 2H,0 =CH;CO0™ + HCO; + H' + 2H, -4.2
Acetate - Methane: CHLCOO™ + H;0 =HCO; + CH, =31.0
Respirative (electron accepling reactions)
HCOj — Acetate: 2HCO3 + 4Hz + H° = CH;COO™ + 4H;0 -104.6
HCOj; — Methane: HCO3 + 4H; + H* =CHy # 3H;0 -1356
Sullate — Sulfide: SOL + d4Hy + W —HS + 4H;0 —-151.9
CHJCO0" # SO% + H' —2HCO3 + H:S -59.9
Nilrate — Ammonia NO3 + 4H; + 2H" —NH: + 3H;0 -599.6
CHyCOO™ + NO3 + H® + H30 =2HCO; + NHJ =511.4

Mitrate — Nitrogen gas: 2NO; + 5Hy + 2H° =Nz + 6H;0 -=11205
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NITLIUNNININTUANULL EMP (Embden — Meyerhof Patthway) nglagazgnaand ladiilu

nanlwgin Aall
CeH,,04 +2 NAD" + 2 ADP + 2P —-mmeemmv > 2 CH,COCOOH + 2 NADH + ATP (1)

Taoulsd NAD azgnldiiludorhdidnnsauuaslalnsiay  inliiAia NADH

v
wazdantanas H " nanalu NADT nausn lflvdanmss  sail

2NADH = | - > 2NAD" + H )

fnlalnsauegundanandunniidaaniazni liannis (2) @1un3afiaann

dnelilannlfias  uaznanlnginazgnaendladeialilnaraiduacdialaie(CH,CoA ) il
2 CH,COCOOH +2 NV\D pe— > 2CH,CoA+2CO,+ 2NADH (3)
arinalaleargneagdatnaNellunsnavdAnnIaNALNIIATNATP il

2 CH,CoA N 2MNDIP r 2P == > CH,COOH + 2 ATP (4)
lesanaunas (1) (3) uax (4) dndeeiu  aZldUfenfianysalid

CH,,0, + 2H,0 + 4ADP + 4 P —-memenee > 2 CH,COOH + 2 CO, + 4H, + 4ATP (5)
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neaTnsnlafing o1 NADH Uasilaas H 1asail

CH,COCOOH + 2 NADH + ADP + P ---neemev > CH,CH,COOH + 2 NAD +ATP+H,0 (7)
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v
wazannglaa 1 aausonannaalnginle 2 lua duiuazmaansalngin
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a o

an 1 e Teasgndesdansifussinalae laindnfsne

CH,COCOOH + NAD" = - > CH,CoA + CO, + NADH (8)
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CH,CoA +NADH = - > CH,COOH + H, + NAD" (9)
WesNANNTT (7) (8) wa¥ (9) Wneaafy - azleannissadl

CeH,,Os+ 3ADP + 3P ——-erem- > CH,COOH + CH,CH,COOH + CO,+ H, + 3ATP  (10)

AURDBUN 3 N15A519NTAasERANAINNIAtINUTT LR DY 9

(acetogenesis)
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Tadin AINAHL

CH,CH,COOH + 2H,0 ----m- > CH,COOH + CO, + 3H, (11)
CH,CH,CH,COOH + 2H,0 - > 2CH,COOH + H, (12)
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1619nel

4H,+ CO,-wmmmee > CH,+ 2H,0 + 324 kcal (13)
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- WUATN FEAF9RmMUAINNIARZT AN (acetolastic methanogen) WLANHINY

a o

daulnnylfannnisunnsiaaesnsaesBRnaail

CH,COOH  —moeme >  CH,+ CO, + 6.71 kcal (14)

(14) lindeauldeanalunisansedaneed) n1slasvezgmnlfduimuenanindule

o

v aaa dld 1 o j
snatfisennilalasauduunaanasanuiail

CH,COOH + 4H, - > 2CH,+ 2H,0 + 39.01 kcal (15)

%
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o dl ¥ 1 dl ¥ d‘ I = o [ o aa
‘wmmumimzﬁqmmimmnmum? (14) 4N BAZIEAALNENWNARINTUNITANINTIRUDI IR

i

it
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]
|
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|
|

Hydralyss ang | | Acsagencsis and
Temnondation | gehydopgona ton

317 2.5 napdeudeasandsulunszuaunislaania (Metcalf uaz Eddy, 1991)
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2.3 i:uugmmﬂﬁ (Upflow Anaerobic Sludge Blanket, UASB)
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e
Ehvetge bharke)

Pﬁillﬂ e EHlwsanl EMlugnl
Ll - — —
M‘\. .
inugry | SWoge blarkel @—-—] Shudge bed
., - ket

DifTerent configurations ol high rate oflmodesh anacrobic dasewaler
treatment systems. {a) Upfow anacrobic fifier; (b) downllow anzerobic filter; &) Msiel
bed; (d) expanded bed; (e} comtact process; (f) upflow anacrobic siudge blanket
(UASB) digester; (£) anacrobic Muid bed reactor (RALF); and (h) expanded granular
sludge blanket (EGSE) digester

U7 2.6 sruuuuul¥ennaniuniszusmngs (high rate) Usetnmneing 9 sau

U

NagzuUi FWmunTunn v (Van Haandel wa Lettinga, 1994)
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2.3.3 dszunnaad Granular Sludge ludsnsnleieeal (Lettinga wazAniy, 1994 19

ey aunast, 2536)
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duuan %qﬂi:ﬂﬂuﬁfmLLUﬂﬁﬁ‘ﬂumﬂmju 1sun  Hydrogenic acidogens
Sulfate reducers Methanosarcina Way H2-utilizing methanogens

%’uﬂma Tun Hydrogenics acetogens WAL H2-utilizing methanogens
\11 Methanosarcina  Methanococcales Wag Methanospirillum

duluy  uuuaiGalssinn Aceticlastic Sedaulunjiily Methanosaeta

Hydrogenic scidagens
Sulface-reducers
Metkanosareing spp.
Hi-using meshanogens e,

| Hydmpenic scetagens
{2 using metharogens

[ Meshanosaeraspp i

Bulsbgiid 2% sl Granuie
|

Gipi

G Active glucose use
::A:&a’eptmna:u uza

iha; At Ha use (high affinity)
Hita: Active M2 use (low aficity)
Ahas Aclive acetate use (high alfinity)
Alac Actove acetabz use (iow atinity)

Concentration ——p

7U7 2.9 lnssa¥vreadinqadnlussuugiateatiintnundanginaGuiot uazmniy, 1992)

wuARIEENgs H2-utiizing methanogens ludunanquazdunaniaaauen

' a

A | ] Aa o = A % Ao . S
FNiuAD  NgNULATETUNeNiAINTeUNAL1d substrate 15N (low affinity WraNAN
\ A = g . a2 - A \
Ks 49) NNUUANGEETUNANN  wazlUANTENgH Aceticlastic Natiduluil affinity Nganan
(A1 Ks A1) uuAnEangw Aceticlastic Tudunans  nasiialinqaaTn (Granulation) ulass
% o o 1 1 Y a £ dl 1 = a ] a
2519 T UANHUZAINANAINA TN ARNINUIR A AN NN ANADUUATN T UARZTNA Tatan
MLLﬂL&ﬂ@N"}J@GLﬁmﬁg@’dﬂwﬁmﬂu Aceticlastic methanogens (@daulviafilis Methanosaeta)
WudoudAylunisuanimulagande substrate i asBienTdunanaaninanannIzi
= N "o H ° X A A
nsmUeATNIeLAN T NgNTuNanuarduna1s Inevisl Methanosaeta ThiuiAiEeNEA)
, 4 f 4 . o o 4o -
affinity gaNINNAA (Ks ANINNEGR) IuﬂQNLLUﬂVIL?ﬂ Aceticlastic methanogens Tn@a3NIuNAR
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TAsaaduasaun ATt ULl Af Felunda sfudufusnsnisdesanns
substrates LL@:m@LLwémzmmmmsﬁLﬂum@mﬁmmﬂ@'ﬁ?ﬂﬂwﬁm@%w lutin
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(Fang WazAnUy, 1994)
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2.4.1 ANNAIATYI9Y Extracellular Polymers (ECP) slamaiialnqadn (Granulation) (Schmidt
LA Ahring, 1995)

Extracellular Polymers (ECP) an By TianunsniagwlEv 1 lusseu
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a

(Schmidt waz Ahring, 1995)
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2.4.2 nszuaunsraNAuiludnqad@n (Granulation) (Schmidt waz Ahring, 1995)
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(Schmidt waz Ahring, 1995)
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UMBUN 3 Irreversible adhesion  AfauGELIaLTT89INALNSS (ECP)
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= Y o < p ~ & A Ny
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' v
al 1
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Tnaaiutissinludiapsgninegludy ECP  uaziNanNainIuA1edAqaTdn WA

.if v a [ uﬂl 1 %’ = 7 o o =3 =
uananddannannissiniaa snes luin@adnanausa ludaqaTn

{a) The reversible association of 1wo bacteria becomes
ereversible adbesion, BECP are used 1o bind the two bacienia to cach

ather, (B Cell division ey ides sister cells that are bound within the
FCT (e} Microcolony formanian. (d) Granulition is a lunction aof cell
division within the microcolonics and new recruiiment of bacteri
Froven thie Tgund.

3171 2,13 nalnaasnissaudaszndauunnize 2 walnaande ECP aunang

{fluiinqaaTn (Schmidt waz Ahring, 1995)
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2.4.3 nalnnaiadenznauqdumaed
y R co £ 9 a @
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2.5 AR NANAABNITININRITELU gialadll
251  qauunil (Temperature)
sruugleleal AN NI IR INIVIN Y AN &Fung
a a a al k% 1 A
wanyiAnlnrasuuanFals 2 409 Ae
- doamasui@n (Thermophilic)  lutasliaziigrungiilszunns 50 - 60
ANANLTALTEIR
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=
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wdidnlutaamasuAaA (Thermophilic) azldmnsnnseiaednsauyie liaanisa
ndndillanan (Mesophilic) ussinacliuuanGuetudosioslisian (Mesophilic) 10

1 o o %’ al dl ala a 1 dl 1 a
ndnlunstntnun@e Wasanwanmasiunanazd ﬁ'ﬂﬁ\lvlf)ﬂﬂﬂqﬁ‘Lﬁ@ﬂuLLﬂ@\?[ﬁlﬂ@m%ﬂN
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Aa & aa ~ - A 2
LLLIANLTEINHALIN LN (Methanogens) Nﬂqqﬂ1qm@ﬁqWL@quﬂW@‘@ I@El‘]/]"llu

1
yaa =
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=
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a a dl % I ol a2 a a a dl % ! b3 49{

wuAnFanaelmuizensasyAuinreswu AN Benaiansagnise s uanan
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o

A Taevinldszuinintimuuul¥anniAadslannanetssanns 1,500 — 2,000 NN/A.
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dgl o [ % Adl o o ] ¥ ¥ a a ¢
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a a a = o Y 1 v 1 M v
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2.6 szuURaLadl (Expanded Granular Sludge Bed, EGSB)
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al cl/ o o o o %’ aa ¥
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APININ  wazieNatganananniszediilug  arnudngnsnaializeneengNqa

R o Y ¥ A vl ' .

anifaduluaneiudAand ludemvanzassn  1ainnssesue Ks (half velocity
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1
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= a é’ A aa =
izuugmmmwimﬂwwuwum AR 7eUURALRAY (Expanded Granular

a
]

v 1 v
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a
3
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1
o

1 MoldfArandanisinaelugog 0.5~ 1.5 u/ 4. ¥190AIN9 (Kato uazARLY, 1994)
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'
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7. adndnialaan (flocculent sludge) azgnanaaan (wash out) ANTTLL

8. Usz@nsn naa97e UL IUN1INIRARITUAIUAREVTAADANDLAADUT19AN

!
=

[ a aa aa o o v o o
dedfnsalluszundaeaiilgouantia lun1afunszussynigelndipesiud
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ussnndansduriatiged 30 nn. Flas/au.u-du Tasdilsz@ninwlunisanAndlen 85 - 95
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N13NAENN IARANT81999 PWENNDARRTN AUTlunarAaINAENIINI9ENE

= o

v
NHIRANTHIUTN biofilm  lFiFandndnsnistiasastaensinaqadnludnqadn N
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dsngnisailiaziinanssnundnAryriadnanniainlisensonluielinsal A1 gradient

2

2a9ANTNdW Y biolayer adualneldanniszes Fick (Fick's first law )

F = - D dC/dx
F Pa flux 199898479 1178 substrate

¢ Ae AIINWIUILY biolayer
D Aa diffusion coefficient

dC/dx A gradient 983 subsrate Tu biolayer

aun1sllAesnedn flux 289419079M3NRL biolayer Auagiu gradient
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1a9ANdnduuas s IuiUdARTaRm v LI Agtlsgees biolayer  ATlUUATIGEET
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1) AN NTUIRIATENUT

2) #1Ks 109ULIATBEAMELLsEINNTe4 substrate T

3) ANNNWUNYRY biolayer  WU4N mass tranfer resistance avlifinasie
biofilm #AZlAAINTY 1 1.

o

4) Argnsnaial]isengagalu biolayer

AONUUINYUINNS )
RN ITNINENAY



36

2.7 nMsAnENeinuND
271 MsilndnReNdanudNTusmuas U e gNT uAessULELIaLa ALl

2.7.1.1 TNRAURDAA
nsAnetszaAnsninesssuuiniaund@sguaunislfianiazigumugiem

1ARNNMAARINUI LN ALLLERTLAUABIUAL 1976

Lettinga wazAaLe (1983) 1é’ﬁqﬂﬁiﬁﬂmmﬁ‘ﬂqﬁmﬁﬁLﬁﬂﬁqmzﬁuuqmmmﬁ
Tusefuaud tealddalinsnieweasd Wsuime 120 ans  Ineld granular sludge a1n
sutirTatndaantssesinnailuinge naidminde 12 1a. sreziaalunnmaaed
17 deu  wdnsgrunl 187 20 asrnmaion  wddquTuilendlen 248 - 581 un./a.

1 & <

wudlszansnnlunisandlenian 72 wesidus wazantilenls 62 wasidus

siesn g s insndegauleeldgieeatioun 120 ans dwAnua
wanfuinwiniy 32 - 40 ax. wsildianismeaeslugdewgouugil 12 -18  aeAmaLTes
%i@ﬁf‘iw@m;mu@giumq 420 - 920 31/, uaYlHiide Ty digested sewage sludge H
Useaninmlunistindedlenwindn 48 - 70 wefidusd  uazanA iledld 30 - 45
wWefdus  deananlunisanifiusziy 3 e wazldnnsldadnsaiianaaiuiingg
degamiluds gietead suin 30 ans Nenmal 21 esdiEades  TleRt iy
520-590 1n./a.  MwaNAUAn 91N naaeadunan 1hen @ Nnnandlenls 57

- 79 wefidus uazanlilenld 50 - 60 iwlafidus
Fernandes uazAndy (1985) —Anwaszuuglaeal auin 124  &ms 7

o o % al dln v = a a [ | = 1 o
'LI’]'LI@u”lL@ﬂﬁj‘lﬁju‘ﬂN’]uﬂ’ﬁﬁ‘mﬂﬁ];‘iﬂ‘ﬂuLL@Q filsz@nsnawlunisamaniileaminiy 50 - 80

! 1
1y I aa

wefidus Maain 3129w, - Tan19ANgINg)RT 20 BeATALTE

u

de Man uazmniy (1986) #nanalu Seghezzo wazmmiy (1998) lFMnnag

Anwnistindaindeguauludigeweal varsawialdun 0120 0.240 6 uaz 20 AULN.

2 A A

uwazldnnisagidnssuugiereall avniatndedaladlen 500 - 700 Wn/A. A

suvlugoagouuni 12 -18 aamgaiad waniuin 7-12 an.  Jdss@nsnanlunig
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Tiinlen uardlanls 40 - 60 wWafidus waz 50 - 70 Wefidus auansu asldseey

nanlunNmeaed 12 nau
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Ruiz azAnde (1998) “memmﬂm@vuumm@m 11117Rs R e luse sy
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aadea  aeldielinind 2 9 awiegaay 2 ans 1BaRAEleARAE 693 1n/a.  ne

Mai 2 NNI9AAGY sludge digester TFUAAASNNAINNAITTLNBTUAR RS TR N0
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o £ dl 1 < dl o I dl a [ ¥ Na
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\wWefidus

2.7.1.2 TR UNNAES

u

Barbosa WAY Sant” Anna (1989) #1analu aNma (2536) @919 UN1g
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22U I ANANWINAL. 4 TN AAAANITNAADY nagsaINNINAusz UL sz 1
= al % =3 1 al al dlo/ o o (=3 1 U
wauENdunmriunguuuanGendufafuiudanay (granules) Taeianizlugaaringves
-~ = s AN va | e 2 ~ =
NINARBINLINNVLNADY 8 WM. NAIRNANLAEFNAY (start up )seuvlumeun 5 ssuud

Usransnwlunrasdlenuarilanwindy 74 weafidusd uay 78 Wefidus muansu

Lalit Kumar Agrawal (1991)  ldvinnsmaaessvuugiowal  awia

Ufnsnl 140 ans 49 4 1m9 Teldidedanmeidaidlen 500 un/a. Wiaanin 8-

&

24 3. wudnHlszAnsnnlunianndndlen 85 wlefidud Annscussynansaurised 1.56
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e

AN (2536) ﬁﬂmﬂi:aw'ﬁmwmiﬁﬁﬁmﬁﬁLﬁﬂﬁmu‘imﬂﬁizuuqmmmﬁ
WUUANAeEALTRNUURNNT 11A 24.4 ART 49 3 W, ﬂ’wﬁmﬁﬂLﬁﬂ‘gmumﬂwﬁwmﬁﬂ
Fealmiffuanududugnsaurialnanis i Asuuasafuingnan 4.5 - 24 gy, nnex
UsmnaNTWREWITL 022 - 159 nn. leR / aua-Su uazAnmiEalnadusziing 0.13 -
069 w/ay. lngldmzneuvinieannteinseslunisGudussunlufnn 61 nnJ/au
snd e lunn s fuanmanisanneaiivdsannss i Buduihuan 3 e NANNT
Annudngnnsoandles dles wavaadudauaiuass 1§ 76.4 - 881 76.9 - 92.9 uay
59.7 - 84.8 iafidus  mNANAL WA TN 12 - 24 . sAnBaiwlunis

v 1
Tinldunnsneiuetnedn L1 wazannarin A dleAuazaesuiuriuasslusinfean

a

AMNILUUNAIAINTT 20 LAY 30 NA/A. AINAISU  ANAWIUTNUIAININ 9 1. 1svdnd

o % 901 = oI/ di 1% %)I ?:/ 23 = dla IS
ﬂ’]‘Wﬂ’}?‘LI’TLIﬁu%’&ﬂi@ﬂﬂ’fm"ﬂﬁiﬂﬁ@ﬂLZLI@L’J@’mﬂu'V&u@Q NILTINTINNENARIINTEULNAN

]
aal

95U 25.6 - 101.3 &/ an. @lanndngazi Tasidoulsznauingy 52 - 68.2

a
v
(=3 & ! o ! k4 <

e sifue danudunzneunydaianndnduaesndaaauasslaan g 1ade 19 NN./AL.N.

v
o

TnaiAugedunznal 0.55-0.70 4.

Chernicharo Way Machado (1998) lavinn1sAnmnszuvastsynanldsae

!
=) '

FTULYIRIRATIUATAAFIANNANYIZLL  [19N9891599NA (Anaerobic Filter, AF) 2 TnT5ia

o 1 o % Qa/ d‘ = o ¥ d‘ =
WUIUNU LAZAWNITUUIVNNABNANNTEULE LDLAL I@Hﬂ\‘lﬂﬁ“ﬂ\‘liﬁ‘@’]ﬂ’]ﬂ Tan 1 azdgl

a

wuunsluadianau (upflow) uazaai 2 Wunisluaas (downflow)  sruvgaaaiiizuim
416 ans HawadudnAudnany 30 48, 49 4.5 1. 1AANa Tuma 4-6 TH. ANIEINTg
Twa2uwinAy 0.99 - 1.49 w/aN.  FxUUVINNIUNTAUIAINTIWTIFLNAENIAINIZ UL
96/ al A a a 96/ a a0 A =
sNtAnrenienuls  E@steus- UstinAua WRadAglensan 640 Nn./a.

Tlanazane 239 N/, UAZIANUWINUINUARENINAL 202 1N./4. anuansAansiluszes

IS 1 o % IS a a A a = a
nan 11 wudnszuu %L@L@@U/ﬂ\‘lﬂﬁ‘ﬂ\ﬂﬁ"ﬂqﬂ’]ﬁ Nulsz@nsnwlunisanaralanuazilenas)

a

Tugng’ 85 - 95 ulafifud  warddlan N Ay 60 - 90 Un/a. DlaRAN9Y 40 NN./A.

!
a1 o ! it

wazresdumausesiAiAndl 25 un/a.  Ieessuugiawalilsvd@nininlunisinia
=

Hlangandn 80 wlefifusmaaanimeass  uazaeuisuacuaasieanangaleaiiian

FEUINN 16 - 36 WN./A.

Krispa Shankar Singh (1992) IAnInnsANIEeann Lalit Kumar Agrawal

Taelfundudumsziinedlan 500 unJ/a. 19nanin 3 - 6 19, wudnNlszdnsninlunig
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Mdpdlan 92 wefifius fadin 3 au. AnMszusINasBuYss 4 nn. Tlad / au.N.-Tu

FRIINFUANRE 141 ART / NN.TIAANDNNIAA sreiz10an lUN1INAAAY 6 LAY
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Gnanadipathy as Polpasert (1993) fnanialu Seghezzo warAnly (1998)
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1 v
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2.7.2 msininunfegngusmaszuugiala@iluseau Pilot waz fullscale plant

Louwe Kooijmans Way Van Velsen (1986) 31e1ULlse@nsnnssuuiingm
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Udaniesnd Ussmaladude  gailussuvgiewal 1109 64 aU.N. ANHWIELLN
a = 9 foi ¢ AR Y o o N Ao A A
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901 = 1 dg’ ndl 1 al al al al 2
URenadngzuy 1 90 sla WUl 4 sl wusiannsnandlesuaziilenls 75 - 82
Wafdus Ay 75 - 93 wWasldus ANNatnl  U3EAnsannliunisanuaduiauaNuans i

AU 70 - 80 wilaside

Ui 215 Aneouzaesdednsniyewaltindnulfaguauaun 64 a1,

MiesAd laduide (Louwe Kooijmans Waz Van Velsen, 1986)
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Draaijer bazAnLy (1992) 19neaunnsAnEluszazinan 12 wanly

NS gy o o & o P \ | a = - -
sruvgiaealasldinininda g 11 IATN29INIE NI B ULA LA L UL RS LA LA
Tnerldvinnisaanuuuuazneaielull 1985 Mdesn s dszmadune  uazliBuatu
srULFAIAARUNEeuT 1989  Teatintimanunsniintdmunds 5,000 au.u.fadw Iaed
dfnsaifawin 1,200 au.y. vinnsEnssuulnelldvinme  Glehvenin@awiniy 563
anJa.  graziianlunig start up s2UL WNAL 10 dUad 1wanfin 6 . Usz@nsninlu
nN7am dlan Tlas WATIaduianINuaes WNAu 74 75 way 75 wlafidus aauasy

~ o -4 A T Ao A v o

uwazivelritunnsgnitivaesduag  (Oleh 80 wn./a.) 1p9Ns2UL post treatment

1 uaznudnguuu)iludesneuuin liinanssnusedss@nanmeruy  anduusiEann
fnananaslutes 3 dilasl Ngaungiilszunns 20 esA s Tes

Schellinkhout #a% Collazos  (1992)  l@nnn1sneaasluszau pilot scale
fuszezioan 4 T sewsuugaeaiianin 35 ALy, AeTUIWAY 2 Wioe uaTANAIY
facultative pond AN 107 A4, LAENITAIARALANALAN 5 - 19 T8, A1N1T0AR

Flanls 66 - 72 wlefidus  antilan 16 79 - 80 wlefidusd uazanaaandaianuaals 69 -

70 wlafidus

¥ o v dg’ 3| L% % a o o 901
Lmﬂmuwmﬂammmwm@mmﬂummmﬂumimwﬁ‘::uu%lL@Lmumumm
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LZQEI‘I]N%LWI UAITINUN Iﬁ@NLlIEI ImﬁlLi‘NVﬂﬂ’]iLﬁ‘ﬁ\lmu?zUU (Start Up) LM@L@@“@@W@N

a

1990 Tmmzuuﬁﬁﬁmﬂgﬂ@@ﬂLmumz%m%uﬁﬁﬂmﬁﬁLﬁmmuﬂ?mm 31,000 au.4. fiaduy
dndefianilen 360 Wn/a.  Mdegeledd 2 dmuadiar 3,360 AL TSI
A1NAnE facultative pond “a1nNT3AN® 3 T waiuin 5 1u. Usz@nsninlunisuniisd
Tah wiiu 70 - 77 wlefidusd  Teadsgeeaiilsz@nsnwlunistindsdlanminbu 45 -

o <

60 tadifus

Kiriyama kazAtue (1992) TinnnsAnelsz@nsnnszuugowaild
o o %’ al a Z// dll o v dlu/ o rdll 1 v
tniann@aguey Tnefnss membrane module WWainunineEuaansINat e
nnlalaslada  Teanndoavgnindjisenludoutinewnazlvaselldeiegaead W
wenidu  Digested sludge vaaasiui@edlaniaas 300 Nn/a.  6RINITiMa 240

o A a ac o o a5 a

ALLN/AY  DNszussnanstuvisd 1.4 - 2.0 nn. Blem / auu. -1 dszAninanlunisan

@laf 70 - 80 1lafidus
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Haskoning (1996) #nanalu Seghezzo wazAndy (1998) lAsnea1uN13ANEN
Trathdarideguaudledifnf suwde fufuszuugeesd wazilszuu pond Filiaen
An 1 Julu post treatment Hulhsenssaumiednuiranssidaunadenuarguniung
YasBAELATIsa T laUFANEld Ganga Action plan  FTILANSTELLAIS ReWEE
1994 srazoaafiinsdne 13 Weu  guaun@ludeFnanidanuulacludas 18
aeAEanalugguug AUl 32 evAgadsalungiew  dnsnnsTLIINANTBuYTLed
sruvgealiving 0.95 nn.dlen / auu-Ju  uarlu polishing pond Winfiu 0.13 nn.&
08 /au.u.-3u Tmﬂuﬂﬂﬁmmmﬁﬁmmm‘“]’\iLmu@@muﬁﬁﬁqr:immmﬁmmm
Ganga Action plan (filaf 30 wn./a.uazuidsuaquant 50 un./a.)  svezainlugielea
Ty 8 . A gieledd 12,000 auw.  Andlesrndedniedy 1,183
an/a.  Usz@nsnnlunisanalen fled wazaedldeuwsouass windu 81 86 waz 89

wefidud snasu Taendss@nsnwlugewailunisandlen windu 51 - 63 wesidusd

wardlafwingy 53 - 69 wasfdusd mua1e

2.7.3  nsinind L EANNLTNTUAILAS U LR ETNTUARETEULRALR AL

Kato uazAniy (1994) Inanisfneilsz@ninnaesssuraanaily
svdudesfifnnslaeldivaaeal awm 2.5 ans NN 30 evmaaita  lag
naaasiuidsaniueniueanudndusn 2 A1 Ae dleAtszann 600 waz 200 NN./A.
Tiansutisnimasaaiu 2 g0 Tnausasgaidudaeatiaumnaiuuazin@alsznmg
al o dl o a [ % 9&; v dl v
BHbIh Tranmasesgan 2 innisEneniAluteidineasuan i ETuw

a :j/ dg/ dl =8 a dld 1 o
AANTAAULIZNI 3.8 NN/A.  TRTLNDANKINAN TSN LAANAANTLAUNNAANITNNIUURITLLL
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ma?mmmmmﬂimmeummmzuumhmmLmﬂ@zmm 600 WN./a. - LaznInN1gilan

1
aa o A

Aaiuin  widnlsyansnlunisandlaniaAigenan 90 ulafifius Anszussnnans
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100 - 200 1n/a. wuditszAnnanlunisanilangendn 80 wefidud  Nniszusenn
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|
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NANNTAAANTIAAT INALALNALTAT 1 LL@ZZ\iﬁ;ﬂQ’Wﬁ‘t‘]_IU@@L@ZQLIZQ’]M’]?‘D‘LIWUﬁ]u’]LZQEWm"]]I'ﬂm

q

1 v
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& S 1 a a
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Rebac LazALy (1995) 1gnnnsAnmLsdnsnnaessruufaead i

1
14 1

svdutietiRnslnelddeaaieall aum 4.3 @ns aadudigudnaade 5 gu. @

grUUgReINIA 10 asAumaiEsa o Issldi@eanszuutiniadde s uagld

Q

v
o a

@endu nealusiusumesng (volatile fatty acid) Miaaasariimanuidudulsyaunns 1,000 un./
A, svussn@sawvisd 12 nn. @len / aus-du wavaannieandt 1 9N, svey
nanlunimeaes 240 51 nagandun 120 Auszdnsnmlunsandlen 80 - 96

wlasfidus



Van der Last uaz Lettinga (1992)  31g1unnsvaaedszUudaegddingg

%’ al a dl a = Y o dg’ dd‘
UNALTNTUTUNA 120 am? NYIUNIN 13 ANANLERLTLEIA I@ﬂi‘ﬁﬂqmﬂfﬂqﬂﬁ‘ﬁi‘u‘u%L‘ﬂL‘ﬂ?ﬁ‘LI‘VI

I lunstndnin@elssugenszany  deljnenifaunaduiigudnats 19 9. g94 u.

Miierideguauannindludles Bennekom dsiidvdladiade 350 an./a. uiaagg
Fau uay 250 un./a. lutanguu wazinsLLERsNTgUInE AL AaEn g
Tuaagludag 5 -7 w/an. lugnsggleufinanfufn 29w, wudewnInaniled
azanelfiade 45 Wefifud uasilrngeqede 84 wefdud uaziade 27 wefdudl lutag
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nalu  uavannsnandlensanliiaae 29 wafidusd uariAgean 69 wlefidus
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A3 2.2 aadstIneiusuugeatuaaRwain iniminRugus (Seghezzo uazAnIL, 1998)

Application of upflow anaerobic reactars fo sewage treatment. If not indicated otherwise experiments were conducted in UASB reactors

Place Vol. Temp Influent concentration tme | ™) Inceulum HRT Remwal efficiencics in the Stateup Period Reference
(tm*) c o thy reacton () {months)  (moniha)
coD BOD S8
10D con BOD TS5
(CODgy)
South Africa w008 20 560 (148) P Adtive sludee 2 W (49) [T 1 | Pretorius, 1971
Netherlands 00 21 520-590 (73-75) NP Digested sewage sludpe Yy 571-19 (50-60) -7 NP | Lettinga et al.. 19:3b
Netherlands Y] 12-18 420-920 155-93) NP Digested sevage sludge 2-40 48-70 {3In-45) L] NP k) Lettinga er al.. 19%3h
Metherlands o120 15-20 248-551 1163-376) NP Granular sludge 12 n (62) NP NP 17 Lettinga et al.. 1981h
Netherkands 0120 7-18 100-400 53-474 10-70" Granular sludge 4-14 45-12 {3-39) 50-89 NP 12 de Man et al.. 1950
Netherlands b 10-18 1X)=900) 53-474 n-Tme Granular shudge 9-16 Al-0l) (42-48) 55-175 NP 12 de Man et al., 1986
Netharlands 20 11-19 100-%0 S3-424 =7 Girnular sludge 6:2-18 =49 (2)-46) NP NP 12 de Man ef al., 1986
150-5500 43157 30-40°
Colombia 64 25 267 95 NP Digested cow manure [ 75-82 75-93 0-80 6 9 Louwe Kooijmans & van Velsen, 1986; Lettinga
; - 3 etul., 1987
Netherlands 0l 12-20 190-1180 (50-300) NP Granular sludge 7R n-75 (20-601) NP « NP NP de Man ef al., 198%
Netherlands o116 12-20 150-600 (T0-250) NP Granular sludge 2-3 NP (20-60) NP NP NP de Man et al., 1984 (EGSD reactor)
Merico ¢l co12-18 465 NP 154 Adapted acrobic sludpe 12-1% 63 NP 3 NP >12 Monroy et al., 19588
Braal 0120 19-28 627 387 Ry [ None 4 ™ b/ 72 4 9 Barbosa & Sant’Anna, 1989
Italy 33 7-27 205-326 §5-153 100-250  None 12-42 M-56 40-704 55-80¢t NP 12 Collivignarelli er al.. 1991: Maaskant et al.. 1991
India 1200 20-30 563 214 418 None 6 Rz EA] 75 25 12 Draaijer ef al.. 1992 5
Netherlands 120 >13 91 1291 - Granular sludge 37 16-34 (20-51) None NP 35 van der Last & Lettinga, 1992
Netherlands 205 16-19 kL] 1291 - Selfl cultivated on sand 1:5-5-8 =W (= 40) None NP » van der Last & Lettinga. 1992 (EGSB reactpr)
Columbia 35 NP NP NP MP e 5-19 Oh=172 79-50 69-70 NP 48 Schellinkhout & Cullazos, 1992 4
Netherlands 12 138 976 454 641 * Digested sewagpe sludge L 44 3 50 47:0° NP » Buogte et al., 1993 {UASB-septic-tank) -
Netherlands 12 129 8 467 468 * Digested sewage sludge 512 : R 145 540 NP M Bogte ef al.. 1993 (UASB-septic-tank)
Netherlamds -2 117 1716 hd0 1201 * Granular sludge 2025 60 50 71 NP 13 Bogte er al., 1993 (UASB-seplic-tank)
Indonesia 086 NP NP NP NP NP Ity W-u w245 9i-97 NP i Lettinga ef al.. 1993 (UASHseptic-tank, black
waler)
Indunesia (31 NP NP NP NP NP M 67-77 up to 82 T4-81 NP ] Lettinga er al.. 199 (UASB-scplic-tank, grey +
black water)
Thailand 000 30 450-750 MNP NP Ditferent sludges A-12 o) NP NP >T 4 Gnanadipathy & Polprasert, 1993 .
Brazil 120 18--28 188-459 104-255 07-236 Granular sludge 5-15 Gl n 70 >2 k1] Vicira & Garcia, W2
Colombia 3360 24 380 160 220 None 50 45-60) =78 = 60 >h > 6 Schellinkhout & Csorin, 1994
Brazil 67-5 16-23% 402 515 k) Digested sludge (A ™ 80 87 NP 14 Vicira et al.. 1794
Netherlands 0200 15.8 650 w6 a7 Digested sludpe 30 37-38 2606 83 Mone s Wang. 1994 (HUS! reactor)
Netherlands 0-120 158 397 254 33 Granular sludge 20 27-48 (32-58) NP Hene 3 Wang. 1994 (EGS! reactor)
Puerio Rico 0052 =20 82 352 103 Digested sludge f-24 578 NP 69 =4 16 Tang et al., 1995 :
Indin 12000 18-32 1183 454 1000 NP T | 51-n3 53-69 =64 3 13 Haskoning. 1'a: Tare ef ul., 1997
Inia 5000 18-32 A 205 362 NP 8 62-72 65=171 -7 £ 1 Hauskoning. 1'6b: Tare e wl., 197
Brnzil a1?’ NP 00 NP 303 Non adapied sludge 13 84 NP 76 2 >7 Chernicharo & Borges. 17

NP: not provided: o: soluble: *; air temperature: *: expressed as COD: +: obtained at temperatures of 15-20°C, HRT of 12 hand V,, of 058 m h™".
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Faulsfisn AMISY 3.5 1/, | AuIEe 6.5 1/an. | AaI§210.0 W/an. | AaE912.0 [/,
dude | dheean | dwfe | draan | dnde | dheen | dde | dheen

e (pH) wae| 815 7.98 8.15 7.98 8.37 8.13 8.37 8.14

n=13 sD| 022 0.20 0.22 0.16 0.12 0.09 0.12 0.06
funnH (Temperature) wae| 281 277 28.1 27.6 27.8 27.4 278 274
(2 Taieg) n=13 SD.| 09 0.9 0.9 0.9 1.0 1.0 1.0 11
Taan§A (ORP) 10y -338 -337 -362 -364
(HadTad) n= 13 __.SD 15 13 13 16
dlad (COD) wae| 184 54 184 57 156 61 156 62
(Ha@dniu/ams) = 224 Spil & 530 7 30 11 39 12 39 11
1lsv@Ansnnnnsindndlan 1ael 70 68 59 58
(%) n=22 SD. 6 7 12 14
unidledfigninda 2t 3.11 3.03 2.28 2.26
(NFa/3) n=22  SD. 071 0.74 0.95 1.02
fiTa# 5 %u (BOD,) Viastun wde| 67 19 67 19 64 19 64 21
(Hadniu/ang) n=17 SD. ] 1 5 1 6 5 6 4
lad 5 5u (BOD,) avane A 11 12 10 11
(Haanin/ang) n=3 SD. 2 3 1 3
tlaz@ninwnisnndniilan 5 Ju by 82 82 85 83
(%) n= 3 SD. 5 6 2 4
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(Ha@nfu/ams CaCO,) n= 13  SD. 33 36 33 43 23 19 23 24
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(Haanin/ams CaCO,) n=13_  SD. 13 12 13 11 10 9 10 10
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ROANTNANITINA n=13  SD. 0.061 0.056 0.024 0.023
IaudsuIaUaa (SS) LQ’EI?J 58 13 58 14 35 11 35 10
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aaaudanzruanslaaring (VSS) wde| 58 13 58 14 34 u 34 10
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B 1@t 0 0 0 0
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Andululngan (TKN) e 58 59 58 76 74 76 74
(Naaniu/ang) n=17 SD. 11 11 11 12 8 7 8 8
Fale (Sulfide) wae| 30 1.0 3.0 0.8 4.7 1.0 4.7 1.4
(Naanfu/ang) n=>5 s 1.2 0.6 1.2 0.3 1.2 0.3 1.2 07
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Sample Mame: SOP Name: Measurad:
Start up tul ‘Wednesday, January 08, 2003 1:55:54 PM
Sample Source & type: Measured by: Analysed:
EGSB sludge Tutachai Jaomis ‘Wednesday, January 08, 2003 1:55:55 PM
Sample bulk lot ref: Result Source:
Measurement
Particle Name: Accoessory Namae: Analysis model: Sensitivity:
pellat General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.620 o1 0.020 o 2000000 um 10,20 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 1.764 % off
Concentration: Span : Uniformity: Result units:
0.6964 S\al 1.280 0.374 Valume
Specific Surface Area: Surface Welghted Mean D[2,2]: Vol. Weighted Mean D[4,3):
0.013 mig 459953  um 065535 um
a(0.1): 314,282 um df0.5):  G64.951 um d{0.8): 1558583 um
Farticle Size Distributlon
14
12
= 10
£
o
E 8
2
= &
4
2
0 -
0.1 1 10 100 1000
Particle Size (um)
| Start up, Wednesday, January 08, 2003 1:55:54 PM
%@ [Gasipm [ Vohrma %] iza [y | Vo %] [Sirajum [Veme %] [Sie umy[Voame %] [Sizs [ [ Volume 0%
o [EL= 100 7.0 EFa] T
(T by o1 2:2 1128 x 79 x ®x g w00 ':::
o [0 ofe a0 L am it am B o wsiilin 150
e o 149 0 e sy
oz am Dz p 1.508 w e g TaE . BT 5
oo 5 o asm 17T o 12810 om s oo X245 e
| om .13 o am
| aowo g i e 200 14150 002 ToaR? 5
anas am am? o x 2244 o, 15887 b 112468 ase ORI s
o680 i 0356 o 2518 o TS oo L] i BT AN
acse ' | 28 " 20 e ot 41 500 an 1062 X4 e
am o am s ar w0
a0 ok o4 B avm fdi E-2E Bitd 15 ] 1ieEs sl
o o s =1 1Az 1281 515
Lt oo (1] o4 o o
oo nses ET-] e 200000 amn
oo am 1] [ an T8
o aew 4417 EIT=T a4 15mete
am am nm oy Y= s
0900 e ano o S04 o E T pred 21 786 o e &40
ane are | sy ET 0508 20000
(% U B e ams o T g FEHTD 4
om e oo oz (2]
e 12 7008 L 55 B, i
anml.mm: Mastersizes 2000 Ver. Version 4.00 Fis nama: Tuld
Mahssm, UK Banal Humber - Rscord Mumbar 27
Tied = #[dd] (D) 1884-B02458 Fax +[44] (0} 1888-B02TES 08 Jan Z003 0334 09
o w
g 11 msnszanpruavasadndandnlnsoiddieai

TutaaFuduszuy (Start up)




146

Result Pellet Analysis Report

Sample Name: SOP Namae! Measured:
HRT & he W 0.5 m/hr tul Wednesday, January 08, 2003 2:27:25 PM
Sample Source & type: Measured by: Analysed:
EGSE sludge Tulachai besrrvia Wednesday, January 08, 2003 2:27:26 PM
Sample bulk lot ref; Result Source:
Measurement
Particle Name: Accessory Mame: Analysis model: Sensitivity:
peliet General purpose Enhanced
Particle Ri: Absorption: Size range: Obscuration:
1.520 0.1 0.020 o 2000000 um 1785 %
Dispersant Name: Disparsant Rl: Waeighted Residual: Result Emulation:
‘Walar 1.330 1.086 % o]
Concentration: Span : Uniformity: Result units:
0.3858 ol 2246 0.767 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Welghted Mean D[4,3]:
00417 mfig 143,728 um 625293 um
d0.1): 59.017 um di0.5): 584416 um d(0.9): 1371373 um
9 ——__ _Pariicle Size Distribution
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Sample Name: SOP Name: Measured:
HRT 2 hr V 0.5 mihr tul Wednesday, January 08, 2003 2:08:06 PM
Sample Source & type: Measured by: Analysed:
EGSE sludge Tulachal Jaomeai Wednesday, January 08, 2003 2:08:07 PM
Sample bulk lot ref: Result Source:
Measurement
Particle Name: Accessory Namae: Analysis model: Sensitivity:
peliet General purpose Enhanced
Particle RE: Absorption: Size range: Obscuration:
1.520 0.1 0.020 to 2000000 um 2091 %
Dispersant Name: Dispersant Ri: Waeighted Residual: Result Emulation:
Water 1.330 0.537 % Off
Concentration: Span: Uniformity: Result units:
0.3810 Vel 4,362 1.43 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Val. Weighted Mean D(4,3]:
0.0514 miig 116.818 um 514.040 um
2(0.1): 51.326 um ai0.5); | 283589 um di0.9): 1288.281 um
Particle Size Distribution
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Sample Hame:

HRT 2 hr V' 3.5 m/hr
Sample Source & type:
EGSB sludge

Result Pellet Analysis Report

SOP Name:

tul

Measured by:

Tutachal Jasmesi

-

Measured:

Wednesday, January 08, 2003 2:15:47 PM

Analysed:

Wednesday, January 08, 2003 2:15:48 PM

148

Sample bulk lot ref: Result Source:
Measuramant
Particle Name: Accessory Name: Analysis model: Sensitivity:
pellet General purpose Enhanced
Particle RI: Absorption: Size range: QObscuration:
1.520 0.1 0.020 to 2000.000 um 1879 %
Dispersant Name: Dispersant Ri: Weighted Residual: Result Emulation:
Water 1.330 0.871 % Off
Concentration: Span: Uniformity: Result units:
04770 %Vl 1.819 0.592 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.0364 m¥g 164766  um 745008 um
d{0.1): 62837 um d{o.5):  775.609 um di{0.8): 1473547 um
Particle Size Distribution
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Result Pellet Analysis Report
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Sample Name: SOP Mame: Measured:
HRT 2 hr V 6.5 mihr - 2 tul Wednesday, January 08, 2003 2:43:58 PM
Sample Source & type: Measured by: Analysed:
EGSB sludge Tulscha Joomaai Wednesday, January 08, 2003 2:43:59 PM
Sample bulk lot ref: Result Source:
Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
pellet General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.520 a1 0.020 fo  2000.000 um 17.72 %o
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.586 % Off
Concentration: Span : Uniformity: Result units:
0.2030 %Vol 9.662 3 Volume
Specific Surface Area: Surface Weighted Mean D[3,2): Vol. Weighted Mean D[4,3]:
0.0797 meig 75.294 um 456.713 um
d{0.1): 32.849 um d{0.5): 131.539 um d{0.9): 1303.765 um
Particle Size Distribution
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Result Pellet Analysis Report

Sample Nama: S0P Name: Measured:
HRT 2he V 10 mir -2 tul Wednesday, January 08, 2003 2:52:11 PM
Sample Source & type: Measurad by: Analysed:
EGSB sludge Titachan Snermsai Wednesday, January 08, 2003 2:52:12 PM
Sample bulk 1ot ref: Result Source:
Measurement
Particle Name: Accessory Name Analysis model: Sensitivity:
pellet General purpose Enhanced
Particla RI: rption Size range: Obscuration:
1.520 0.1 0.020 o 2000000 um 2048 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water . \\ % off
A
Concentration: Result units:
0.2449 “val Volume
Specific Surface Area:
0.0778 miig
daid.1); 36.922 um d(0.9): 1005.109 um
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Result Pellet Analysis Report
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Sample Mame: SOP Name: Measured:
HRT 2 hr V 10.0 mfr -1l tul Thursday, January 23, 2003 3:01:25 PM
Sample Source & type: Measured by: Analysed:
EGSB sludge Tulachal Josmsai Thursday, January 23, 2003 3:01:268 PM
Sample bulk lot ref: Result Source:
Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
pellet General purpose Enhanced
Particle RI: Absorption: Slze range: Obscuration:
1.520 01 0.020 to 2000.000 um 14.25 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.378 % Off
Concentration: Span : Uniformity: Result units:
0.1885 %Wol 7.056 216 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.0679 mlg 88.403 um 429.342 um
d(0.1): 39.256 um d(0.5): 163.992 um d{0.9): 1186352 um
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Result Analysis Report
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Sample Name: SOP Name: Measured:
HRT 2 hr W 10.0 m/hr - 1l tul Tuesday, February 11, 2003 3:28:02 PM
Sample Source & type: Measured by: Analysed:
EGSBE Dafult Tuesday, February 11, 2003 3:28:03 PM
Sample bulk lot ref: Result Source:
Measurement
Particle Name: Accessary Name: Analysis model: Sensitivity:
Default Ganeral purpose Enhanced
Particle RI: Absorption; / Size range: Dbscuration:
1.520 /R // 0.020 fo 2000000 um 1369 %
Disparsant Name: Dizpersant R 4 / Weighted Residual: Result Emulation:
Watar 1.330 g 0952 Y off
Concentration: Span ; J I,k__rlfnrmity: Result units:
0.3201 Vol 2118 1 0.712 Volume
"’-"-.' . e
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.0384 mtlg 0724 um ‘ 653716  um
d{i.1): 63.354 um d{0.8):  1394.046 um
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Result Pellet Analysis Report
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Sample Name: S0P Name: Measured:
HRT 2 hr V' 12 mihr tul Wednesday, December 04, 2002 3:24:54 PM
Sample Source & type: Measured by: Analysed:
EGSB sludge Tulachai Jaomsni \Wadnesday, Decamber 04, 2002 3:24:55 PM
Sample bulk lot ref: Result Source:
Measuremant
Particle Nama: Accessory Name: Analysis model: Sensithvity:
pellet Genaral purpose Enhanced
Particle Ri: Abserption: Size range: Obscuration:
1.520 01 0.020 to 2000000 wum 11.45 %
Dispersant Name: Dispersant Ri: Weighted Residual: Result Emulation:
Water 1.330 0.661 % Off
Concentration: Span: Uniformity: Result units:
02061 YVl 4.482 1.45 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Welghted Mean D{4,3]:
0.0493 mig 121,699 urm 499 361 um
d(0.1): 54,111 um d(0.5): 267.443 m d{0.9): 1252.7T39 um
Particle Size Distribution
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Result Pellet Analysis Report

Sample Name: SOP Name: Measured:
HRT 2 hr V 12.0 mf/hr = 1l tul Thursday, January 23, 2003 2:46:19 PM
Sampla Source & type: Measured by: Analysed:
EGSBE sludge Tulachai Jaemsai Thursday, January 23, 2003 2:46:20 PM
Sample bulk lot ref: Result Source:
Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
peliet General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.520 0.1 0.020 to 2000000 wum 26.21 %
Dispersant Mame: Dispersant RI: Weighted Resldual: Result Emulation:
Waler 1.330 1.014 % Off
Concentration: Span: Uniformity: Result units:
0.7134 %ol 1.930 0.634 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.0356 mfig 168.533 um 701.037 um
di0.1): 66.670 um d{0.5):  704.389 um d{0.9): 1426.070 um
Particle Size Distribution
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Sample Name: SOP Name: Measured:
HRT 2 hr W 12.0 muhr - LI ful Tuesday, February 11, 2003 3:19:50 PM
Sample Source & type: Measured by: Analysed:
EGSB Defult Tuesday, February 11, 2003 3:19:51 PM
Sample bulk lot ref: Result Source:
Meaasuremant
Particle Name: Accessory Name: Analysis model: Sansitivity:
Default General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.520 0.1 0.020 to 2000.000 1241 %
Dispersant Name: Disparsant Ri: Weighted Residual: Result Emulation:
Water 1.330 0.445 % off
Concentration: Span : Uniformity: Result units:
0.2222 YWl 5089 165 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vaol. Weighted Mean D[4,3]:
0.0498 miig 120.368  um 485,686 um
d{0.1): 54.701 um d(0.5): 233015 um 1240.558 um
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acidity (meaq/i)

G 2 4 & 8 10 12 14
alkalinity (mecyl)

917 A-1 N9 a4 Deffeyes TUANIAMNANAUSILUINANWANALANINNIA

Naniazieasig “}(Van Haandel ua Lettinga; 1994)

5119 p=1) W luneswaAsanawn e (acidity) THINERNAURANRNNNATINNNA

v v 1
(alkalinity) Juinde wazAieT  setuainnsazanisavnAtan nngadaaziin bl 14 lunng

%
°

o L7 o a Y o = v v
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A ' .o ~ Y
NTUALRLUAIAIRNTNA NV A AN L@ﬁtﬂﬂlﬁm‘ﬂ&lﬂ@

! ¥ ¥
AINYANNINARBINLIATTAN 2 T3 AHIT AT 0.5 /A, dayaainniamaaesisil

alhi

1) /1N

2) 1N

ANTWANTIIVINA (Alk)

=
WL

nealuduszivedng (VFA)

wanladleulngiau (NH, ")

laf (COD)
neolusfuszimene (VFA )

wenluflelulnsian (NH, )

qlaf (COD,)
NN INUNaZaNeEn =

Alk . =

Il

341

6.80
8.15

50

1.00

49

139

40

0.80

49

45

0.001 tua/ams

6.80 NN.ANYA/ARNT

UN./AMT WABLTEINATUALLEA

NN.ANYA/ART

UN./AMT WABLTEINATUALLEA

NN.ANLA/ART

1n. ulngaw/ans

NN./ART

AN./A8RT LAALTINANTLALURA

NN. AN A/ART

un. lulnsaw/ans

NN./ang

(64 Wn./am9)

Ay  Aes = 7.83

AN NINwaaDeffeyes (NANWIN A.) Az lel

an1nnaatid (Acd ) =

5.80 " NN.ANYA/ART

AN NI WA FUD LA (Cti) = (A, +Acd,)/2

Alk

+
= Al + VFA, - VFA_+ (NH, _ -

(6.80+ 5.80) / 2

6.30

NN.ANYA/ART

0.0063 @Na/ANT

NH, ) 0.0071



3) Anuidnduresiivuiiiac, )

4) AN NTU 9N NLRaTaIWN

(C

me)

0.0068 + 0.0010 - 0.0008 + ( 58 - 58 )0.071

0.0070 @Nya/AnT

anudindupniuaulasanladiinnac, )

Bunudlannonnndn / 64

k1l

(139-45) /(64 x 1,000)
0.0015  INa/ang

= 0.001  Tua/ams

5)pK, = 17.052T + 21521 log T - 0.12675T - 545.56
T = 26.4+273 = 2994 LpadY
pK, = 6.36
pK, =  1.50 (26.4 83Aaialdas)

6) anaun1s  f

(op
I Il

4.88

O
[l

=. 0.51

o)

Lo

ge
I

0.11

7) WaTineanaInNITLL =

05*[b-(b -4c

0.5 * [5.58 - (5.58" - 4x1.38

pK1 -

6.36
7.33

)0.5

]

(Ky+Cy+ Cy+ Crg = Crg = Alk ) / Alk_

(0.033 + 0.0063+ 0.0015 + 0.0015 - 0.0010 - 0.0070) / 0.0070

Ky G+ Cy <Alk_ ) / A"

0.033(0.0063 + 0.0015-- 0.0070) / 0.0070°

)0.5

]

log fe

- log 0.11
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v
AMUABATINNT A TE91N A8 U8981AT = 100 AL.N./5U

EGSB Extended aeration AS | EGSB + Zeolite

VAN (1N 3 20 3+8=11
YUNATILANDINA (13) 13 83 46
YUIATIANAZNAY (N3) - 20 -
Bunoudlalas (u3) . - 33
1Bunaudlelasl (nN.)  bulk density = 770 NN./aL.4l. 4 - 25,410
NaCl #l#luns regen. (nn./1l) - - 7,548
1.ANRINY
1.1 nea¥eea 50,000 412,000 184,000
1.2 m’ém@;uﬁﬂ
- Q‘Ll‘fiﬁl,af;l (0.1 kw) 41994 1 Lﬂdﬁim 16,000 16,000 16,000
- IANBINIA (2.7 kw) - 100,000 -
- PBaunzney (0.1 kw) 2 8,000 -
1.3 %‘uj \iuszuuvie ssuulnin (20 % vedA1as| 16,500 134,000 113,500
nuﬁwm
1.4 3lalasf ] - 254,100

794 82,500 670,000 567,600
2. AMeaiun1g (unal)
2.1 Anln# 1,800 51,000 1,800
2.2 AndaN1ings (5 % mmmmm??'@\ﬁm) 800 6,200 800
2.3 Nacl Wlun1s regen. + nasansan - - - 45,300
Renfunis regen. (20 % 992 1ANANILAN)

794 2,600 57,200 47,900
nueagnislduedszuy 20 1
é’unumwamqmmmu (Un/au.u.) 2.33 19.92 16.86
FUNUNINAR IFINAIAMU (L9/AL.H.) 0.07 1.57 1.31
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