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Development of Advanced Wastewater Treatment

System using Anoxic-RBC Process

Myung-Seob Choi

Department of Civil Engineering, Graduate School,

Pukyong National University

Abstract

This study was conducted to investigate anoxic-RBC and its
application in advanced municipal wastewater treatment process to
remove biologically organics and ammonia nitrogen. The study shows
that effluent COD and nitrogen concentration increases as volumetric
loading rate is increased. However, the concentration changes of
NO2-N and NO3-N were found to be little in comparison to COD and
NH4+-N.

The result also shows that with the volumetric loading rate increase,
COD removal efficiency and nitrification also appeared to be very high
to record 96.7—-988% and 925~988% respectively; however,
denitrification has been decreased to 76.2~88%. That is, denitrification
rate is more affected than COD removal efficiency or nitrification rate
by the changes of volumetric loading rate.

The surface loading rate of RBC reactor were 0.13~6.01 g
COD/m*-day and 0.312~1.677g NH4+-N/m’-day in each experiment and



increased proportionately as volumetric rate increased in the process.
However, the nitrification rate was found to be higher than 90%.

Increase of internal recycle rate has little effect in COD removal and
nitrification, and denitrification. These factors slightly increases as the
internal recycle rate increases up to 200%; but, after this there was no
more considerable increment.

When the applied COD decreased that is as COD/N level dropped
down; the change of COD removal and nitrification were found to be
little. However, denitrification was observed to be reduced to 62.7%,
when the applied COD was 0.20 (COD/N=2.48)g COD/L-day.

Thickness and density of the biofilm in RBC reactor was measured
as 0.13~0.141mm and 79.62~83.78mg/cm’ respectively in the beginning.
The thickness and the density of the biofilm in RBC reactor were
found to be increased as the surface loading rate was increased. The

value of parameter A,..n and k... in the batch kinetic tests were
1.586 gC/g VSS-day and 0.276 g N/g VSS-day respectively.
Kinetic constants of denitrofier in anoxic reactor: Y. K., K, and k

were 0.678 mg VSS/mg N, 0.0032 day', 290 mg N/L, and 0.108 day'

respectively. P and Ks value of nitrification and organics removal in
RBC reactor were 0556g N/m’-day and 1871g COD/m’-day
respectively.

In  the npilot plant of anoxic-RBC-anoxic-RBC, BOD and
total-nitrogen (T-N) removal efficiency was decreased as volumetric
loading rate increased; but, the removal efficiency changes of T-N
were found to be little as compared to BOD. Increase of internal
recycle rate has few effect of BOD and T-N removal rate. Also,

influent allocation (to 2nd anoxic reactor) has been found to be little

_xi_



effect of BOD removal efficiency rate. However, T-N removal
efficiency was found to be increased up to 84.19% when the influent
allocation rate was 30%. BOD/N ratio applied to 2nd anoxic reactor
was observed increased to range of 3.65~4.37 as influent allocation
rate increased to range of 20~35%. But excessive influent allocation

rate may have adverse effect, such as decrease of denitrification rate.

- Xii -



A2

1.1 974

i
ol

T
LS

}.

0]

oM Rl HEz Ex

e gmifo}

[o)

T

F3H(Nitrification) ®

JA
sl

Hee
2 $% $34a2 @AY

=4
o

AP

Fraelg dAel Fae A ool

ol F]
= ©

e

¢+

%
B

T 24 0]

1

<)
“

24 A2AA 7Igel i3

3F O
&=

T

TAZEoR M

gl M= 1996

[e)

+

2]} <

Ze3

3

o we}

7

]

oltH(BEF, 1996). LY o5

A

3}

A

KN
=

z]t

A

tefAl o e AAeln, 200198 EHE 7

—

._OL

ol

3

-
T4

21

A
de

g

L
L

A+ 3 HYH#HH(Rotating Biological Contactors; RBC) <
ek 20~40% AAH

ol

N

@l 744 Aeto] et s1E Al

[¢]

=

NS AR Az v go] go] =

ol
£
ﬂo

Ho

o
ﬂAuO

A

ey
CE

¥ Ae¥ A (Waston, 1985)0. &

.]

A
]

| Az Aoz deid dckMetcalf

+3]

tﬁl ’

% A/O % Bardenpho ¥4 FA(Anoxic)

L

A=
174wt

qYseA P
o

o7

f

L

<

o]

19l 0 &

SER!

2 detellA wol AMgE

[e]
1991).

5



oy

wir

0T 4% A

A@e)r} e e Ao dehtm gk

S
T

—
fiie)

o

Xé o]

g4 &8A &

t4 Anoxic-RBC &#< Pilot Plant 28& %

B7NEe] 8o,

TAE ¥

1538
°]-&

}

W At 2y

A=
T

3t

S

RBCZ

BRI

g



AEHE AHgste FRele Ao, RBC, A4, AEdaY So] 9
H(Metcalf &, 1991), 53] RBCx olulx] w]g 2 {2 - w5nje] Ak He
FAHLTE, S AFANAMNE 2 Heisde 94T F dx duA0 =
BE Hol glo} Aol FAdol dlom ZWe WY w4 R Hajo] HE
g 7 doe Aol Ath(E, 1994).

ueEpd & Ao E EAEE F9 #7182 2 AAE BA AAY F A=
AEsteAE 8-S NEsy] Slste], Fabsle] wl FupHolm My R &n
Hlel =g BAAQ RBCE ol &3t A4LTHE 4% Anoxic-RBC F4L

NEstaat g
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1.3

4
=

#1917

131 A& 3

Heukelekian¥} Heller(1940)= S @54 %2 ZEE A8t Mz g &
dol HEHH} wnkagitation)o] Aol A vAE JFE ATt
RHE ASHer Y wutg & AlRAM 1¥2] & AlgRd g4 o AT
o] FE7F WSS BESIAY 1 F Zobell(1943)2 HEWA oMo AL ook
v FE7F YE W o dAFE Busiyoh av T3 Rulo ik )
7 U W x=d, FME, ZAde gubgdd glojMe ¥nE Jide] ¢l

A, FEolat U EF(sodium caseinate), @l 1xZ2HQ 2 o dE( 3t 7}o]

El(chitin) &9l loj= 52 3FH(significant) F3Fo] AN 93}
&7 Aokl oM 4 FFAE T 9B (coating)A7)E WYL
FRolxdg FZolY AMTE B ®ol RAAI|=H F&3FHQ ol HE A

2tH(Eirich, 1969; Yao %, 1971; Glaser %, 1979). 2ejy} #|$xjg] Rolko )
oM Hickey(1980)2] A& A3l B2 #3t dA771 A9 Qe
A ojr}

Cheetham(1984) 5& AET FAHL njiEo] E&3a 4+ 9= e oA

(Media)ell ##A1A Aste 9oz FdeATHAN 713 A7 He

A2 o2 7Ax) Qe edsAelol Qe AHgET Qth MERE AgsE T
Holl= Ao, RBC, A4, A, B3y So] dEd(Metcalf 5,
1991), 58 RBCE olvA & 2 4 - wyue A7, AL FRATE, &
AFADNNE B APEES 94T & A& A, 4BA7F 222 Ho| glof
A Fddel Ae A agm ZyRe Wy A Eae Rk B8 &

Athe Aol ATHA, 1994).



1.3.2 RBC

RBCe 7+ vl=9 J. Doman(1929)°] 274 35cm¢ YAAL 3| ™%
25cm Aoz widetel PG AFErt lon, 1954dd e ME
Stitigart FHSAAE 2% Im, T2 6mme) B 00% dgoz vl
o A3 A3%E 1960l H. Hartmann’} 2 X390 2 3 StuttgartAl
Busnau TEA 2} 35w, d@d3te 19649 F. Popelel ofsf &
#5e] RBCO 7127F St} 19653 Isikuro(¥E)E FEulsr 3k 3344
2], eFAst Foll tish A7EdE/F A”YeH, 19673 Motooie A PAPS
a5t
Antonie(1974)= & 710 & 3] WAl ~ 8 (air drive system)d] 7§ 53]
AAEd v ot e AATFE FHAA FYUF Aoz o
AT 197613 Lue-Hing 5 RBCol 93 T ASt¢-e 4E A4
gle fF7183 G4ty isls F4oz 9y AlSHT oy, Aga
< g4 AY Ay 59 23 Agdad v HEox|x] ¥s
o2 Bugn. RBCE H3 71E9 23 HeAlde Heag AngE ¢
o BEH7I= gt AFaidely BAEHA A Fo 9 {7159 A
A 5 AHigl Ex oz RBC/F AH49 1 9lew(Antonie, 1974; Poon &,
1981) lagoon %4 (Chittenden %, 1971), €714 A3% %5 (Lue-Hing
5, 1976) 59 Aol ol &dr}

2 2

o
¥,

Ol
=5

el 2S5 197090 Fel A7 AAHEA AEHE 9 BE o)
olFojH o0, 1980 t) FHRE T Fddidn F& FHo ATt U4
HAh 1985 EE AEEte] BF 3 AR JEAFE Yol NAYBE
adel AT ol F 19999 P2 4RIASES AHYEE, FRIREEs

A rvgntel g 58 AFste] dusgn



133 ALAA A

b - AeA el AaAAE AP wHoeN A/O T4 AYO T4 5
o] Wol o|&x3 A (Bridle 5, 1979; Bachelor, 1982; Argaman %, 1986;
Sakai &, 1990; Hiroshi %, 1990; Toshihled %, 1991). 3k Fujii%t
Boonyarat(1993)= Anoxic® Oxic ¥H$39 #&4 %9 NHs -N, Alkalinity
% NO; -N7F 232 ksl whe g2 whgoz iy 4593, A0 ¥
Aollel AdA T-N A7 588 #9453, w$&(Recycling ratio) 2282 F
WAl Anoxic ¥HEZZ9 {4 Ful&(Influent allocation ratio)e] & o}
Ehdigich. ey, AY0 FH9) A9 23 A4 AAE 98 uress
(Internal recycling ratio; Ist Oxic—lst Anoxic)S t¥-5 L3117 glo] o
of gt HEZF "asith v §(1995)& AYO FAHL ol&sta Aad] iz W)

FeEs 2 NsE 40 Adste] g

b
g}
i
ol
o
2



. o}&3 w7

2.1 RBC

2.1.1 RBC9] %3
RBC= A28 H Y stdEAM Fig. 213 Zo] FAdsts 9439 ®
el FRste] FJREE nAES olgdtd HEFT SHERAS AAG
Mo F3o TAEA sty gl AlgEo gon ed9 7
AgA FA Bust AP o)d g WA} Algo] FYHm Uk
RBC+= 22F A2je) & Aoz {718 AA HH902 da 2olx 9l
»

S gmuob}t 44 Nstsmz Wis 2How

rr
T
r-{o

R LI PUE R R R
dEel FiA Adde £9T 4% ¥ X AR (shudge age) S B
R dhef 23 PAA e weH LA} AEBo] Bazlont,
RBCY #angge 4addoz v 2o 942 27 Hof &9



RBC Units

CORRUG ATED
MEDIA ~__

WAS LSS WASTEWATER

Fig. 2.1 Flow diagram for rotating biological contactor process and oxygen
supply(U. S. EPA, 1975).



2.1.2 RBC9 943

RBCe AAES ujdz oly fuy & F5A7Ie #5343 agx
Aret s T8 gaE FEn A2 F2 g (polyethylene)
AEe] Fetagor vhEojxn ndE R3S g 2¥AE A §t7) H )
A ey F3g ZEE AA g

A ZvA e Fig. 229 #e] 40~55% 7t#e] #gol Brla HHLE
of mel A A RN TV wdR JFFozH dFFdE 1.5~3.0m
FAC wAEe]l AAstA =Hw, 2 vAdEe] MLSS ¥%E+ 30,000~
50,000mg/Lel 23tA Hel w2 #9

2 wad Fe AR ¥ HYEEE AL 5

ul

2

0% A% WAl vlgEBo] Bor

iInfluent Effluent

Excess Sludge

Fig. 2.2 RBC flow sheet

e Ao w} w5 EFo] ol FofXn AHEZH] PxHE AS F
ofett. Bar BEF 2 Y GAE FEstd A drFdME &7
E 27 F2 o]Foixn FHHRXME AASTL dojdn. dwe FE
2Eje} 7]ojo 21& 7] A2 FE3 2 (mechanical drive system)3 %o nu}
72 R dxE ¥ BAiH(ar cup)€ F FUHE GEFTVIE Q& @
A= e EA(torque)dl 93] 3 AdteE A 2" (air drive system)ol] &) o] F

oAk, F 7o 2g 3 AA 2" (air drive system)?] 2§ F3v|o HA7E

-9 -



o ofyel AEe] MATHES FUAA fdF Aor Ldd g
(Antonie, 1974).

RBCell o3t mAlsteet 23 b9 Ags §7183 gryete] 2
e FTA 2] AFEH glon HEgaegd HSHAY dedy 5

4%

ol 22 Aol s figeiAx v ez RuHU%(Antonie F,
1974, Antonie, 1976; Lue-Hing %, 1976). RBCx =3 7|£9 2a gl A
el Aefae Ang fstd 455 d AdFooly 45 A A
o Fol o f71E9 AA & FAars Exoz RBC/ AHEE 1 glow
(Antonie, 1974; Poon %, 1981) lagoon % < (Chittenden %, 1971), & 7|4
43t% FF5(Lue-Hing %, 1976) 59 AHgdx ol g%},
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2.2 RBC 399 593 a4 4=

AEehE el Bg F5A 242 vad go| d7Holx gtiWilliamson
', 1976, Rittmann &, 1978). ZLeiv} ol2fdt Rde] A8 S 93 2L
FHA(flux)e] T3 FAA A 3 o] BaA fHoh web vgEY v

7 AA BE(film) H7kek AEL WA 7jd &
A, s=7u, B39 54, 714 AALE § vnd ZAHs7)7 LojshA #
¢ RdgTe] 430 oA vk webd o3 XdEe AEu T 73
AA FHEH AFes A VIdstn dod, A FAe FA Hgde g
Ags w3 Qo

Kornegay(1968)7F 712 gt 2 @S dbA Al A Clark(1978) ol 93 wn ¢
Atd 2L vdEL YRz NAdg 2 Z12AAA 593 s
of @A og L&Y Fd2H BHHOZ nPYEg Fda ZA Q
B 23 S B8, RBCAE dA &80 7hsstez B dFoME
AL A Clarksel o#iA R At Kornegay 2l
2L ol gt #xe Y +8H mdg ugsigd,

sxWe wdolel A gelg nAPEL FA9 FF Tl o B
doz fFAET ol 2P witold ¥ W RG mAPEo] HA
24 71d g s e BESAH o ofHx] ¥e VAL FESF

O = o =
2 §2E0 Wexd 49 2L 429

e

=

o)
uy]
O
B
2
o
i

T
—

flr
N
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=2
=
30{5
o
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D ¥ 4% vae

(iX_)Ag: Ya- (—d_s—)uA (2.3)

o] 7] A1, (4&)&: ¥ wgge) YFEE [ML AT

Ya: #2 4gel g ol dd 44AF

4 238 Ay,

(dX/dt)Ag . g’ﬁ

_12_



2l 242 o (Xa/Xa)E ¥4,

(dX/db) a, X
A _ #a-Xa z(_cﬁ

4714, Xa @ F&

Ha -
2) B/ A3 vAE
()= (%),

A 279 #HRo (X Xg9F H3H9,

(dX/dt)Sg ’X
Xs S _ s Xs :(g_’_S_
Ys

..13_

(2.5)

(2.6)

(2.7)

(2.8)



2 259 A 28F 4] 2.1 WHYshd,

QQ_____.UA'XA_ _#S‘Xs_
V(G )9 S Qs FAEE - By

(2.9)

OZQ-SO—Q-S,;T -AW—T - Vs (2.10)

v E o] Monod4]el] w&rchd,
_ S
L=, R+S (2.11)
A 2118 4 2100 digsha,
(#mla X4 S (#m)s Xs- S
0=0-S-Q- S~ Ya ) K+S AL Y ’ K+ S Vs
(2.12)

A71M FFdged % wAES FAFF o3 v B Fol vl o

@3] Holq FHAdgd o7 A RE FAY & Jdoerz A 212&



g3 2ol "

OZQ'SO_Q'Se_ (ﬂm)A . XAS

v, K.+S A, (2.13)
2 2138 A,
Ay _ Ya K, Ya's (2.14)
Q- (S—S) (ta XaS ' ()a-Xa-S '
K
LKy 219
. X
A7, P = (u+AA (area capacity constant, mg/m’' - d)
R = Q (i{ __ S) (removal coefficiency, mg/m' + d)
Al 2148 A Aol disllA AaElsta 4 21671 Do
— 0. o (K1 1
Av=Q (S5 - (7 -5 + &) 2.16)
2] 215% 71&717F Ks/Poli HEWHo] 1/PY AAe] =of P, Ks gtol
AREY 4 216023 $24 $4¢ BENY & U= B9 ¥W
4g 7¢ 5 qd

_15..



23 BEH ALAA

8 WRF $2 FAYR] FAX(T-NF 27hgol weh Aejg A% W) e
2% AAS] A% FAA} 2
2 Yisteh BAUste 2o BB AAYe] £5 AgHR Qo

SAHL o ol d ALAA WRe

231 343

BERH HEAedA FLHYLRBEL F718 S o &3] AZTTFPL 5t
I FAel NHy-N Zee] FAE ol &3t AAE NHS-N 9 ez %
IR SHIIVNAREN g8 AAE 5 ded FSIUYAE 9
AL AAE 2 Fol e Hon g Ro] SYFETIYE] 28 o] Fo]
ZtH(Leslie Grady %, 1980). ti¥-#2 njHEe AXFAL Yatod NH -N

e AAE o] geA FERRY 2L T2 F2 NO;-N e 2
€ NH,-N #eo] a2 dfsle o] &al7|% 3t}

AEFEoR FatEojAs A4 4 Y F7189 vAE TS B
AZb e, NHo-N 3eje] da7t 243 o)A 20 s 4Bstd #4x
2ol AAA NN G FAZ AgEE oz Yehud oLn g

L

1 &4 2NH, +30,~2NO; +4H' +2H,0+E (2.17)
2 ©A 2NO; + O;—2NO3; +2H* + H,O+ E (2.18)
FZuk g 2NH; +30,~2NO; +2H" + H,0+ E (2.19)

FBUSAol hehd QA5 BN AT AAUAE COE o8l HE
g Bashe AUAZ o) guth ust Al ool Nitrifiers’t 44HE 3}
S ZTHEPA, 1975 Gujer 5, 1980).

2
rlo
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55NH; + 760, + 109HCO; —CsH, 0, + 54NO, + 57H, O+ 104H, CO,
(2.20)
A00NO; + NH; +4H,CO,+ HCO7 +1950, —CsH;0,N+3H,0+ 400NO;

(2.21)

o
i

[e]
kg

NH{ +1.830,+1.98HCO;
— 0.021CsH,0;N + 1.04H,0+0.98NO3 +1.88H, CO;

(2.22)

FEREA A AHRE Fiakst FAHAME 1 go NHS-NE& A3A) 7]+
g ok 7 g o ¢Fe=rt Zasio

Autotrophic nitrifying bacteria F oA Nitrobactere= 3714 Z 73}t A
NO; -N& NO;-Neg ®3IAI7] anoxic ZWIA NOs-N& NO: -N,
NHs-N, N:O 522 #dr7e 7155 7Hxxn g7 wEge] 371420 2
anoxic 31 ojtjell Mt F4 Jhestchkn <eix loh(Eberhard Bock, 1988).

A FAWAAM Gryobd At A FaE bsis e 2AAbE 34
v 3% 54 Q) nitrifying bacteria’t Bedstn 1890 A AL o2 Eely
Atk o7lele NH.-N  AFsa#l Nitrosomonas®t  NOz -N - A3t <)
Nitrobacter7} 312™ °lg2 Al ¥7] F¢Aelth. 284U, Nitrobacter 5l
= NO; -N& o] &3to 4 A%t acetated ©] &3}
o AFHE AR Ao EY, SULY o4BY AUF 0|4E
VAAEEY Aol =g W HAEE A AR FH=2AE 233
oof gtrh = 3H3H AAQ TH(COD)L 50 mg/ £ ol3l, AEH AhQF
ZF(BOD) 14mg/L ©l8tel 22 {715 %3t dedres F&59d nAdEo]

WA @A glemg His mAEY &= of AAA He &t

%)

ON
Pr‘i
rir
b
1
s
v
Ho
rlo



g7 A I H(Weng 5, 1974).

A F7Ee] Adbstel AggE Fr Aow Hudn
glycerol, acetate®} 22 3FEL  Nitromonasl= =
peptone(l~10mg/Le FX)& 25~60 % AL AFA<Ex ZALE Zydicn
@A Aok oled #7189 Al ol @] Hanaki(1990) 5& 54
G PIBEY FEU Aaste] Majsio] dojutr] wEe] gEyjo}l Abst b A

=8 BFaATIY, B3 Nitrifier7t 38E %7t whe F459% vjAdE9 44
¥eol o8} 2 ¥ ammonia®te] TS F2A7)7) wRolu o]
Al d g AExxe DOW0Smg/L)ANA 7Hsdaga sy,

Aist vidEe #FxAd o v wge YehWEd Sharma and
Ahlert(1977)2] @ -<j 943}@ Nitrosomonas= NHs -N ¥ %7} 100mg/L ©|&}
M= A8 Aalans ¥x Fov 8000mg/L AXNE ¥ & A3
Aabsts AP stk Aabs s A% A pHE 75~85 oA pHE
6~9 AME FAizte F2dA AP, AH2xE 28~32 T ol 5 C

ﬂJ

AUs agoe A3 dFL vHA Fou} 02mg/L ol ME Aargst

232 ¢4

2 (Denitrification)& At 2 o}d4r-g 71A) A4 SFEZ AFAA = &
Aol 7kx Aee AAsEEE Ny NO% NOE ¥§stth naZe] §7)8
= oole o AadiAl FAY FAE HFAAFEA(final electron acceptor) 2
AHESIEA ot HATE Aa vlAz WMElEE Ao gAuNgolt MEEHE
ALAAN AHEEE §71849 Feis A 711 g2 339 F ded, 49

AEEe #7184, dRerde 47184 371 2 AL WAEE @A
paE 47184 olgatt ol o
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Table 229 2 tHEPA, 1975; Beccari %, 1976).

Table 2.1 Denitrification rates with various carbon sources

Denitrification rates
Carbon sources Temperature(C)
(g NO; -N/g VSS-day) P
0.21~0.32 25
Methanol
0.12~0.90 20
0.03~0.11 15~27
Sewage
0.072~0.72 -
Endogenous Metabolism 0.017~0.048 12~20

2o  #AstE PAEL Pseudomonas  sp.,  Micrococcus  sp.,

Archromobactor sp., Bacillus sp. 5% #2 £o] gon Fih 278 oA

AU} b A £8AR AgEE 9od FL59Y tHele} SE
o 7)o &g},
249 BUe T 3u AP AAUZF 3 dud saHe

(nitrate assimilation) ¥ 24+ <] 328 (nitrate dissimilation)ll €3] o] F

..19_.



A4 slez AP BUL B 2L B BAE ANUA DAAG

Akunna.(1992) &2 %7] COD(ZF32) @ NOs-N H]7} 53¢ & <
grYotstrt Fag AAE #d AzEn s ZAE FEU F7HEl
we, pruotstyl gagh wel gdg2 Fvlstdth ®3, Akunna(1993)
T 8714 A A7 drYetsyt FFH a9 Fe A E(glycero) 2
e SR dojum, Z2Ak# 3 4b(lactic

e wENEH frlus
acid) 2 ¥ 2EAY B2 TR EHNdE BANEIL Faw AN B

N03 + %— CBleOﬁ_’NOZ -+ % COZ + % HzO (224)
NO, + —é— C6H1206—>% N, + % CO,+ % H,0+ OH~ (2.25)

NO, + % CeH 1,05 + HzO—’% N, + %— CO, + —} H,O+ OH™ (2.26)



Aol A vl 7 2683 17201t ey, ujAE A4S A F¥=

~7F ol g E Y] wEel AA vE 919 2EY Brh(Akunna 5, 1992). #7214
A Alagol M Mg dd S gde @ dojuAw, detd oz wee A

X

d38te 84 = (Methanogenic activities)® 3 22 4983 =doA 4
HE o o= 22A4E dojd Fo dojuA "Ho(McCarty 5, 1988;
Harper &, 1985).

Methanogenesis

CH3;COO™ +H"™ — CO,+ CH, 4G°= —35.83 KJ (227

2H2+%COZ - %CH4+H20 AG°= —135.6 KJ (228

Denitrification

2NOy +5H,+2H" — N,+6H,0 4G°= —1120.5 KJ (2.29)

-2 8 Nor 4+ B 44
CH;COO™ +5 NOy + 5 H' — 2HCO; + 3 Ny+ ¢ H,0 (2.30)
4G°= —811.7 KJ

i

°]

o
H

2d weeiols wWggg weelold Ao oid g v

H
S Fh BEE /AT £ At i dig AA Yo, T3 22 dhy

4

glotet Hadd elejotes JuAl, 24 Z29 24 J2la g §7)4k

¢

224 pHE 23 339 Qate|n], wreHAHolN Lalgd st A7
2 Heggd F9 pHe 453t & g#axgozy deg, ¥
pHE 9~1082 A Jehdo a3y

[e]
7o
FTRAAE FUY B¢ 2ANSAE EFEn Mo pHl 959 pHEG
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SA UEst e o] A2 SF R FEnAA AAE SRR EAM

of ¢g FsAE wFoltH(Takasi 5, 1989).

233 B Yo g FAALAA

a2 AE AASY] st ¥ 714 (Anaerobic), FAFA(Anoxic) 183
© 7]/ (Aerobic) A Holt} ¥HgxE EFslY Algsln ok Fae e &
FAAA s EF AHgHE FAEL AY0EH, 597 Badenphod A,
UCT (University of Cape Town)d A, Z28]1 VIP(Virginia Initiative Plant)3
A Fol sled, FWe 7 AYOF A9 Badenphod H S F2 Algstm g
=3

1) AY0%A

o slatd oz LSS& wig s
of $€t
Return
3
influent | Anaerobic Anoxic Aerobic Sedimentation LEHyent
TF 1 stages stages stages

Return sludge Waste sludge

Fig. 2.3 A%/O Process
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2) 5%4 Badenpho& %

Badenpho#

Hel AeAgL wEeAst fdate 34 o4 B2

oA freisel waRgo) dojdmA co] WEHE AoeRE AU |
A AnoxicEoMNE 3714 Atz RE WE BEE TeAn g Mo

Ve5F o) g4

#718¢ g4

o2 sto Yol astaz BAHE

Aol oJ3te] AlxgolA TAE Fake) o 70%7F d7)e A A A"
FHe 194 2r1zdME A3t dojy ¢RUotg Aoz AsA7E
TAlol BODAZ S #A w9 Qo] 4Pt 294 AnoxiclHE &g
T PIRBES WAEZH ot thAl Asutgo] doju} HA HEze
S Hisg}

RO

Influent

Return

Anaerobic

Anoxic | Aerobic | Anoxic | Aerobic Sedimentation ——»

Return sludge Waste sludge

Fig. 2.4 Bardenpho Process
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m. Ajs £ A3uy

3.1 Anoxic-RBC ¥4<& o8¢ #7184 ¢ 44 AA 54 4

311 4393 x

2 ATolM ARER AF AXE Fig. 313 Zo] opade o) 43y
Anoxic-RBC ¥H&x JHz wheon, ¥hgr] B9 #2& AnoxicZe 7
¥ 25Wx25Lx20Hew, #EEH o 9s%em, RBC wexe A%
2OWXTSLx20Hew, &84 oF 287, AMZE 25Wx25Lx30Her, &84 of
15¢ 2 Azpsted 20T &2 A syt

FAE ROl e W FEiAe) BES A 20 pme] THAAE R
shelow, Seixlel RBC We229) #42 WAs] daie dolung dxshs
% RBC %8zl 38 982 020cn, $7 2 mol o}aBE olga3on, o)
Age) Fag gstel TUAYS sel 45 % AANAY. ALBE F 544

flo

ouf, olAE H2 sbs gUHL ¢ 30 mo|Y, IALEEE 10mpmoE Y
o A, WRers 2 S8R dkpae n|S2AEA(PC peristaltic pump,
IPC-8; Masterflux, 7520-47)8 o]|&3ld EZFZF ol43dtd A Fswa o

2 AnoxicZd LA FH

s
§

[N

Fig. 3.1 Schematic flow of the experimental apparatus.
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¥ Ago) ALgE 2 wgxel 2o

2
Im

4 % AL Table 3.13 2,

Table 3.1 Dimensions and parameters of the experimental units.

Reactor Parameter Values
Dimensions, cm 25Wx25L x20H
Anoxic Revolution rate, rpm 20
Volume of tank, 2 9
Dimensions, cm 25L X T5W X 20H
Number of media 54
Media material Acrylic
Diameter, cm 20
RBC Thickness, cm 0.2
Submergence, % 45
Tip speed, m/min 471
Surface area, m' 3.0
Revolution rate, rpm 10
Volume of tank, ¢ 28

..25_



NH," N 40 mg/ ¢ o2 ZA 3o &t

-
i

fll

4

|

i
X,
b

o
|o

K

= NHCIS A gsbgion, 7el 242 de) ¥l Tables] Jebd uls} 2

=

b 2AE g e B Byste FEEEE a0z

Fig. 3.2 Composition of synthelic waste water.
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Table 3.2 Composition of synthetic waste water (based on 250 mg COD/L).

Constituents Concentration Remarks

Glucose 0.27 g/L

NH,4ClI 0.153 g/L based on 40 mg NH4 -N/L
NaHCOs3 0.25 g/L

Na,HPO, 0.05 g/L

* Trace element solution 0.1 mL/L See the composition below
Tap water to 1 Liter
* Trace element solution Concentrated

H3BO; 50 mg/L

FeCly - 4H:0 2,000 mg/L

ZnCl; 50 mg/L

MnCly - 4H20 500 mg/L

CaClz - 2Hz0 80 mg/L

(NH4)sMo70: - 4H20 50 mg/L

AlCls - 6H20 90 mg/L

CoClz - 6H20 2,000 mg/L

NiCly - 6H20 50 mg/L

Na:SeOs 100 mg/L

EDTA 1,800 mg/L

HCl (30 %) 1 mL/L

(2) 4F VgL

= gl AHEE 4F TAELS AnoxicEd A$- 8t

AE ol&dta] o 4000mg/L HA Yo, RBC &

< AFske W&zl AH¢3 447] Table 329 AxFAHF FUFE S

°F 60UzF ¥ 9 &

- 27 -




L

saien, &

289 PAe §95 tskel pH, TCOD, NHy N& $4sgom, 250

w1 ¥2

NEE GAAEEl §95 2 FESE A 34 A3

d

tfsted SCOD, NHa -N, NO2 -N, NO3 -N, TSS, VSS, €#e]xE Table 3.3

7} o] Standard Methodsel ofs] &4 83t

Table 3.3 Analytical methods and instruments

Item Unit Method and Instrument
pH - pH Meter (Hanna)
COD mg/L | Potassium Dichromate Open Reflux Method

NH; -N mg/ ¢ | Phenate Method (Hach DR/4000 spectrophotometer)

Sulfanilamide and n-(1-naphthyl)-ethylene diamine Method

NOz -N me/ £ {Hach DR/4000 spectrophotometer)

NOs -N mg/ ¢ | Brucine Method (Hach DR/4000 spectrophotometer)
TSS mg/L | Total Solids Dried at 103-105T
VS mg/L | Volatile Solids Ignited at 550C

Total

mg/L | Acid-Base Titration Method

Alkalinity
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inJ
N

Fo 23 Exp. I ~VaAlel #7te 7183 %
Zon, RE AN £01x &3 9 yrege
100 % 200 %= 33, 2+ Al Ao 47|
7HA] A8

Table 3.4 Conditions of each experimental

Loading rate(g/ ¢ -day)
Item N
COD NH; -N
Exp. I 0.26 0.041
Exp. OO 0.33 0.052
Exp.Hl 0.51 0.080
Exp.IV 0.76 0.119

(2) HE-+=3 WAzt e xHa 54
3

CEFE RRVE TS

iaN
i)
e
b

O

=]
L
o

(3) COD F-3} ®ste] WE e 54

Table 349 Exp. M(COD/N=6.33)¢] &2 33l

&< 100, 200(Exp.I0), 250 %

051g COD/ £ -day %
°F 0.30(COD/N=3.86)

0.080 g NHs-N/ ¢ -day®] Z7elx COD £AR3 &S
2 0.20(COD/N=2.48) g COD/ £ ~day& ZAs}e] AL St}
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3.2 Anoxic-RBC FA&oA2] f7|24d 2 AL AA 523}
321 AEAH
B Ao AREE Ad AA = Fig. 313 Y98, A8 zaA) © B

wolA Aol 24 2 A% U4, AR, FARHS A3 S

322 23y

=
ws}
'®)
=
033
4::
28
i
ox

AL TAES HFAN F TAdT B0 FA= Y Ay
5 TEE EL olFFH B A¥L AzFsigon, &4 nAggue £
Al 2 "REE vAE BF 27] 9ARE uvidole} sidie} Alole] uAHAA F
2% vol AMFEHH, 39 af)S wol ol vAES ¢d geAlA olel

e HolX &L 9 %2 FHs A vABTY FAY S 24

(<]

8T U4R FASEE 2 Rahad AW Az A6 M2 4% wg
@ vdol Aol THNA BT 2HE AL 7w}

& 23 FsAvig dicjel el Fabd vl B2 S go] Yo} A&

i
e
3
o
N
r
Mo
=Y
ﬂ

Thickness(L; mm)

(Weight evaporated)
(denszty of water)(surface area of media)

(3.1)

Density( Xy, mg/cm')

mg_ VSS
= “(biofilm thickness)(surface area of media)

(3.2)
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3.3 Anoxic-RBC-Anoxic-RBC Pilot &4 54 A3

331 A3AA
Al AR AY A Figo 349 #o

Anoxic RBC-Anoxic-RBC #H3-% #ei2 wEQon o

= AN —

: . W il nH . ,
Al % 2 AnoxicFel A4S 457x45x307cw, HEEH oF 4Q8¢9oem A 1

RBC whg-39 729 45%x135"x30"er, frE 84 of

°F 1440, A 2 RBC gz
A5 45" %45 %30 em, FEEH oF 484 2 7t7bel §AM= 1131 1R 3
1L

C ARz 455 x50, G EE A oF 100 = A =sto] A X8l

Fig. 3.3 Picture of the experimental apparatus.
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Influent allocolion

Internal Recycling

O

[f Pﬁeoi?grfll)
N N

Anogxic Reactor(l) RBC Reactor{l) Anoxic
Reactor(if)

l ~(3)

L—o——ElTuent

N Sludge Recycling
A4

Sewage water

Fig. 3.4 Schematic flow of the experimental apparatus.

o
ok
424
lo

Atk RBC w329 34 43L& #40cnm, ¥4 15 me PE AAEL o
o, oAEY AL 9t ZUAHIYE st 45 % AAAAT HAYRL A
1 3 RBC whgzo Zt2y 447 & 2270 0w, |48 22 7bs gdae 742}
°F 88 H 44 melfler, AL 10mmez SFHT fdAF, WEeE
R £8A S vhu e Z(magnetic pump, LC-100)8 o] £3le] Eatz
2 o]F3te ARt og A 1 AnoxicZol| Y AZ

2 2l AH8E 4 gz B4 54 2 722 Table 3591 Q9ks
Aok
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Table 3.5 Dimensions and parameters of the experimental units.

Reactor Parameter Values
Dimensions, cm 45W x45L x30H
1st and 2nd ]
) Revolution rate, rpm 20
Anoxic
Volume of tank, £ 48
Dimensions, cm 45L X 135W X 30H
Number of media 44
Media material Acrylic
Diameter, cm 40
Thickness, cm 0.15
Ist RBC
Submergence, % 45
Tip speed, m/min 471
Surface area, m’ 88
Revolution rate, rpm 10
Volume of tank, ¢ 144
Dimensions, cm 451 x 45W X 30H
Number of media 24
Media material Acrylic
Diameter, cm 40
Thickness, cm 0.15
2nd RBC
Submergence, % 45
Tip speed, m/min 4.71
Surface area, m’ 4.4
Revolution rate, rpm 10
Volume of tank, ¢ 48
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332 HA=x9 A
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To
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ol

oF

Hel gl 14 YR5

ot
=
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<]

g & A Y

A

]

Ho

W

H
L

&t M COD, 196mg/L: BODs, 165mg/L; T-N, 235mg/L; NH4 -N,

21.6mg/L; NOsz -N, 0.66mg/L; SS, 16mg/Lth.

R

7
gl

U E

(2)

<7

4

—~~

el el

ted oF 4,000mg/LE Al Ao, RBC

3]

ol

A&

R AN A

el pH, BODs, T-N 2 SS& 53

S

of o
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333 234y

(1) #shstel otz Azl 54 29

Fere) AURe e AW Bxp [ ~MwAd] 718 §712d 9@ 2
4 ¥EEe Table 36% 200, LE DA o4 #8 L WREBS §
G5 el debel 27 100 2 200 %62 AT, 4 VAN SH/E 4

ezt 109 o4 9 Wzkx) Sske

Table 3.6 Conditions of each experimental

Loading rate(g/ ¢ -day)
Item
BODs T-N
Exp. | 0.157 0.023
Exp.II 0.233 0.033
Exp.II 0.317 0.044

(2) WFE-T&8E vz gE X 54
Table 3.69 Exp.IlY Fatxdo)A HE ¥k&-S 100(Exp. IV, 200(Exp. ),

250(Exp.V) 2 300(Exp.VI) %2 243t d48S F3hst9t.

(3) Frd e ®slo] ME He 54
Exp. VI2] Zio]A Al 2 AnoxicEE 4732 20(Exp.VID), 30(Exp.Vll) &

35(Exp.IX) %2 29 §UAA A¥e Fastach

i=4
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O
ol
o
e
L
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o
N
e
X
o)
i,
B
-3
X
At
oX

T718E % dREYobd HA FaWige] we A 54E& Hriehrl sk
COD % NHs-N %5 27t &F 240 % 40mg/LZ A8 f 732 5
7FNA Exp. 1~V 4942 4388 #33 23 ® 413 2& 44398
UElth COD % NHy -N ¥3t#& 747} 0.25~0.76 g COD/ £ -day 2 0.04
1~0119 g NHy'-N/ ¢ -day W2 Z7HN7 23 /&5 Fo 47182 ¢ 2
A FEW3E Fig 413 2o) vehyt

Table 4.1 Operational results

Exp. I Exp. I Exp. [ Exp. IV
Q () 376 48.3 739 1105
HRT (hrs) 23.6 18.4 12.0 8.0
Internal Recycle rate 20 Q
Sludge Recycle rate 10 Q
COD Influent (mg/ ¢) 250
Load (g/ ¢ -d) 0.25 0.33 0.51 0.76
Effluent (mg/ ¢ ) 2.87 461 6.19 8.28
7 (26) 98.8 98.2 97.5 96.7
NHs -N Influent (mg/ ¢) 40
Load (g/ ¢ -d) 0.041 0.052 0.080 0.119
Eff. NHs =N (mg/ €) 0.46 1.56 2.19 3.00
Eff. NO2 -N (mg/ ¢) 0.17 0.14 0.66 0.95
Eff. NO3 -N (mg/ ¢) 4.20 467 5.15 554
Nitrification (%) 98.8 96.1 945 92.5
Denitrification (95) 88.0 84.0 80.0 76.2
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w5hgol Z7hgel W §E4%e COD 2 3
A%S eI Ed, COD 2 dmuel o 4§ A¥R wWa £7] v
e $ES ushigiow, olF we £xz Fgddel =2y
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i
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e, NO2-N % NO:z; -N¢| Z9 COD % NH4 -Nell ula] ®3tg 7l

ppm, T-N 60 ppm °l3tZ YElYE Ao
o8 feEh
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Table 4.2 Varnations of effluent COD and nitrogen concentration with

operating periods( mg/ )

Operating
Item periods COD NHs -N NO; -N NO; -N
(day)
Exp. I 1~25 2.87 0.46 0.17 4.20
Exp.1I 28~51 461 1.56 0.14 4.67
Exp.II 53~78 6.19 2.19 0.66 5.15
Exp. IV 80~104 8.28 3.00 0.95 5.54
12 Ex
p.1 [ Exp. Hl | Exp. lll | Exp. IV
0.25gCOD/Lday , 0.33gCODiLday , 0.51gCODiL-day ¥ 0.76 g COD/L-day
0.041 g NHy/L-day | 0.052¢g NHy/L-day | oosog NH4/L-day 0.119 g NHy/L-day
~ 10} I |
<
E) —e— COD | |
T s o NH'N |
2 —o— NO,-N |
e
£ —0— NO,N | ]
qc, 6 : s 0o O
g o H 1..-'. l..l... -
o . ‘ O » H
2 O ‘. -..’. -'
=
[} (]
= D0-o00-006-40-0
a: =
1] oot og-o

'_.-- r ...Q...C
0 0B-08-88B0BB8-0-0-000-00-0-00
0 20 40 60 80 100
Operating periods (day)

Fig. 4.1 Variations of effluent COD and nitrogen concentration with
operating periods.
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Fig. 42%= Exp. I ~V¢9 55 $9 COD %2 #E& v 522 Yl A
°lw, Fig. 4.3& 7zt AgdANAMY {7152 AAZE, F4SHNH, -N AA
&) 3 2EEge] HEge vehd Aotk 1’el uvehd sle} o] Exp.
[ ~IVe #255 F9 CODsXEx Table 4.2+ #Hit 2.87~8.28mg/LEA
9%.7~938 %4 w& AAee UEhhN oW, §F5 T NH-N9 55 94
Bt 046~3.00mg/L2A F3t% F7hl% 78l 925~988 %9 & A
fHee Bt f24 $9 NO: -N % NOs -Ns=& A% Ay 7tz o
0.17~09mg/L % 420~554mg/Le MR Yelton o] o €3S
Absl BE 3T 76.2~880 %R FatEgo]l T bl wel g@sbgo] taste
e ESvh Fig. 439 ZAatelx Fate] Frvte we 7128 AAL, 2
Aeke 9l gdsigo]l BF adste ZFS Uehie Ro® dehgEd, Rt
F S #7182 AAE 9 Adstgrds 22380 98 o A 1A

= AeR et 3 %9 $ahgel Frhgel gmiel, o}da, A4 BEr)
7

s

3

¢ ol gled T 37 £Esb obas 2 AN BRIt
Fehs SEmn RUel 357} Sk S50 2 JoR Mol wAS e

o flo] Aishg o) Zad] % Aow HH

RBCol 1@ EAIsHst 2% Ardslsel A #7)
dSE TR 29 AHEH R oy Mg 84
5o 24 Aol va) N@ixA gon Pl

T wmskow Hao gHdsE AT A4S
73

Fol= e EARHAE S

al
32,
X2,
i)
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Table 4.3 Effluent COD and nitrogen concentration in each experimental

(mg/D
Item COD NH,-N NO; -N NOs; -N
Exp. 1 2.87 0.46 0.17 4.2
Exp. I 461 1.56 0.14 467
Exp.1I 6.19 2.19 0.66 5.15
Exp.IV 8.28 3.00 0.95 554

12

-
-] o
T T
> 0O o

Effluent concentration (mg/L)
N

0 Exp. | Exp. T Exp. 1l Exp. IV

025gCODLday  033gCODL-day  051gCODL-day 0769 CODIL-day
0041 gNH, NL-day 0052gNH, NL-day 0080gNH, -NL-day 0.119 gNH, NL-day

Fig. 4.2 Effluent COD and nitrogen concentration in each experimental.
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Table 4.4 Efficiencies of COD removal, nitrification and denitrification in each

experimental(%).

Item COD Nitrification Denitrification
Exp. 1 98.82 98.85 88.02
Exp.II 98.18 96.08 83.97
Exp .11 97.54 94.52 7997
Exp. IV 96.73 92.46 76.20

100

95 - a ¢
m -
X
3
o
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L sor g
= o
i C 0
75+
® COD removal
O Nitrification
0/ O Denitrification 7
q 7
0 i S 1 1 1
BExp. ! Exp. Il Exp. il BExp. IV
0.25 g CODIL day 0.33 g CODIL- day 0.51gCODML-day  0.76 g CODVL- day
+
0041 gNH, NL-day  0.052gNH, NL-day 0.080g NHy'NL-cay 0.119 g NH, NL- day

Fig. 4.3 Efficiencies of COD removal, nitrification and denitrification in

each experimental.
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Table 4.5 Operating results of applied characteristics in RBC.

Exp. 1 Exp. O Exp. I Exp. IV
COD Conc. (mg/ ) 25.8 33.1 36.3 40.7
Load (g/ ¢ -d) 1.30 2.14 359 6.01
NHs' -N Conc. (mg/ L) 6.20 9.06 10.51 11.35
Load (g/ ¢ -d) 0.312 0.585 1.039 1.677
NO2 -N Conc. (mg/ L) 0.03 0.05 0.04 0.07
NO; -N Conc. (mg/ 2) 0.11 0.16 0.23 0.45
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Table 46 Influent COD and nitrogen concentration applied to

experimental( mg/ )

RBC in each

0041 gNH, Ni-cay 00R2gNH, NL-day 0080gNH,"NL-cay 0119 gNH, NL-day

Item COD NH, -N NO; -N NO; -N
Exp. I 2577 6.20 0.03 011
Exp II 33.06 9.06 0.05 0.16
Exp. Il 36.28 1051 0.04 0.23
Exp.IV 40.68 11.35 0.07 0.45
0 —y "
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Fig. 4.4 Influent COD and nitrogen concentration applied to RBC i

each experimental.
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Table 4.7 COD and NH:-N loading rate applied to RBC in each experimental

(mg/ .

Itemn COD NH; -N Item COD NH, -N
Exp. I 1.30 0.31 Exp.II 359 1.04
Exp. 1l 2.14 0.59 Exp.IV 6.01 1.68

7 30

O oo .
=6 O NN 425 :'
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« 415 ;,
g’i 3+ .E
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5 z
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Z

0 | 1 1 | 0.0

Bl Bq il B il Bp. IV

025gC0DLday  033gC0DL-day  051gC0OL-cy  0.76gCODL-chy
+
0041 gNH, "NL-cy  Q0R2gNH, "NL-cay 00B0GNH, NL-cly 0119gNH, NL-chy

Fig. 45 COD and NHs -N loading rate applied to RBC in each
experimental.
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Table 4.8 Operational results

Exp. IV Exp. Exp. V Exp. VI
Q () 73.9
HRT (hrs) 12.0
Internal Recycle rate 1.0 Q 20 Q 25 Q 30 Q
Sludge Recycle rate 1.0 Q
COD Influent (mg/ £) 250
Load (g/ ¢ -d) 0.51
Effluent (mg/ 2) 6.86 6.19 5.87 578
7 (%) 97.3 975 97.7 97.7
NH:-N  Influent (mg/2) 40
Load (g/ ¢ -d) 0.080
Eff. NHs -N (mg/ £ ) 2.29 2.19 2.12 2.10
Eff. NO2 -N (mg/ £) 0.68 0.66 064 0.63
Eff. NOs -N (mg/ ¢) 6.11 5.15 5.10 4.87
Nitrification (%) 94.3 945 94.7 94.7
Denitrification (%6) 77.2 80.0 80.3 80.9

Table 4.9 Efficiencies of COD removal, nitrification and denitrification in each

internal recycle rate(%).

Item COD Nitrification Denitrification
Exp. 1 97.28 94.26 77.25
Exp. 1l 97.54 94.52 79.97
Exp.lI 97.68 94.69 80.29
Exp.IV 97.72 94.73 30.94
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Fig. 4.6 Efficiencies of COD removal, nitrification and denitrification

in each internal recycle rate.
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Fig. 47 Variation of effluent COD and nitrogen concentration

each internal recycle rate.
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Table 4.10 Operational results

Exp. M Exp. VI Exp. Vi
Q () 73.9
HRT (hrs) 12.0
Internal Recycle rate 20 Q
Sludge Recycle rate 1.0 Q
COD/N ratio 6.33 3.86 2.48
COD Influent (mg/ £ ) 250 152 98
Load (g/ ¢ -d) 0.51 0.30 0.20
Effluent (mg/ £ ) 6.19 4.72 2.14
7 (9%6) 97.5 96.9 97.8
NHs'-N  Influent (mg/ ¢ ) 40
Load (g/ ¢ -d) 0.080
Eff. NH4' -N (mg/ 2 ) 2.19 1.41 0.74
Eff. NO2 -N (mg/ ¢) 0.66 0.59 0.68
Eff. NO3 -N (mg/ £) 5.15 5.70 13.35
Nitrification (%) 94.5 96.4 98.1
Denitrification (%) 80.0 80.5 62.7
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Fig. 48 Efficiencies of COD removal, nitrification and denitrification for
COD loading rate.
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Table 4.11 Biofilm thickness and density in each experimental

Item Exp. 1 Exp. 11 Exp.1 Exp.IV
Li(mm) 0.130 0.132 0.136 0.141
Xe(mg/cm) 79.62 81.02 32.34 83.78
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P e BEA Fage Il e nAE RHEEE Y Aoz A,
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Table 4.12 Microbial attachment rates in each experimental.

Microbe attachment rate (mg VSSlmz-day)

Item Exp. I Exp.II Exp I Exp.IV
‘ 398.1 411.3 430.77 472.6
Microbe attachment| 7 ¢ 4155 442.3 463.4
rate
412.3 405. 426.3 484.2
(mg VSS/m°-day) >3
389.6 428.6
500
°

8

8

8

| i | !
Bxp | B I Bxp 1l Bxp IV
1.30 g CODInf- day 2.16 g CODVn- day 3.89 g CODIn?- dlay 6.01 g CODVnt- day
0312gNH, Nif-day 0S85gNH, Nnf-cay 109 gNH, Nif-day 1677 gNH, Ninf-

Fig. 4.10 Microbial attachment rates in each experimental.

_54_




2 AT A ol &d RBC ®Hgzo] A2 o= Aakzbabe e oW Nitrofier)
2 TEHG S B E(Heterotrophs)ol FEst olEo] AABA 7] w

Bl AFLHL AF AEHA nAEFE ARARE R BeHolg 19

p

T
o
)
tjo
ofN
o
123
2
o
o)

>
1)

2

o
fu

N

2

o
4
29
o
st
fu
~
i)
B
o
o
o
o

g8t FAHstojob gttty et B Ao E YodaZl AFEE S S8
g AozA Hd wrE& ko] 7| %3 Heterotrophs® Nitrofierd d&& H
7vat7] flsted ofefe] 4]& o] &3t

(YmaxH/XT) + (7maxN/XT) = 1 (4.1)
kmaxH kmaxN
YmaxH _X_Ii . kmaxH
7 max N o XN kmaxN (42)

ANA, YViaew @ T71EAA Hgub$ 4 5(g COD/day)
Yoiaxn © $EYLAA Hourg %= (g N/day)
Braxr @ AW 718 A A Bl &% (mg COD/g VSS - day)
Boaxn - AW FEUAA ¥4 =(mg N/g VSS - day)
Xy ' Heterotrophs®l ZA (g VSS)

Xy o Nitrofiere] A& (g VSS)

7t 4% 9AYA RBC ¥8x AER W EAss das} e gost
FTEHAG B AAHE fa) AR WPL T A8RE o)g3 T
maH 2 Tmane 242} 0.807~0.963 g COD/day 2 0.107~0.136 g N/day <]
W2 2AAUTY. o] 279} A 418 o] &3t Fig. 4113 o] LA H
A Kmat 2 Kmaxn® ZH7F 1568 2 0276 day '2 =& HAh o] s
S A 429 WUstS Heterotrophs® Nitrofierel A& H7g Az

- 55 -



Fig. 4129 22 2345 28 + U

2ol v vle} Po), AAHow Bstgo] Frhgel uel RBC wh
53 uloll Heterotrophs & & 743t WA Nitrofier7te] &2 &
Zbete S e o oA Fig. 440 YERd npep 2ol
Z1Edol Bel 2RHA7] W

of gEUotydiel Z

2
o]
03]
O
rE
olo
BN
2
2
Jo
z2 ,
i)
rr
Jo
N
fld
iy
RIS
olN
N
oft

of Wg AL e dvn B whel gk duyEw B st @

d V1A diE BABATE dYEHA @on, X3 Heterotrophs7t

Nitrofiero vls) 7]do]8 3 MEFAHS =7 w27] W&ol NHS-N A A
E

RE, RBC ¥H&x AER Y EA8ls 243l wHgoly FHGAnYE
o] AF3E 9% VUL ol§ 15T Aoz ddd
A Exp.1 ~IVelA RBC R®FgZeo] 271d COD/Ne9 Hl7} z+z; 415~
3452 Az #Astn ¥ Ao =T Hol Fig. 4129 84138 AL wy

Aoz Fad.

- 56 -



r?=0.9630

= o3k Y=-0.1741X + 0.2761
1]
o°

[ ]
)
)
>

o
-
2]

—
>
—

Z

>

(1]

£

| .

0.0 - i L
0.4 0.8 1.2 1.6

'maxH / XT (9 C/g VSS - day)
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Fig. 4.13 Graphical determination of kinetics for anoxic reactor.
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Fig. 4.14 Graphical determination of kinetics for RBC reactor.
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Table 4.13 Operational results

Exp. 1 Exp. O Exp. I

Q () 286 396 560

HRT (hrs) 24.0 180 12.0
Internal Recycle rate 20 Q
Sludge Recycle rate 1.0 Q

BODs Influent (mg/ ) 165 170 163

Load (g/ £ -d) 0.157 0.233 0.317

Effluent (mg/ ¢) 13.2 20.5 23.0

n (%) 94.3 90.1 39.7

T-N Influent (mg/ £) 24.3 237 22.4

Load (g/ ¢ -d) 0.023 0.33 0.044

Effluent(mg/ £ ) 5.11 5.80 6.09

7 (%) 789 75.3 72.6
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Table 4.14 Efficiencies of BOD and T-N removal, in each experimental(%).

Item BOD T-N
Exp. 1 94,32 78.94
Exp. I 90.12 75.33
Exp. 1 89.7 72.56
100
SE
- 8
Q
c
Q2
0 80k O
g 5 ]
- H
2 ]
© 7} E
£
)
14
O BOD
/O TN /
4 /4
0 1 1 i
Exp. | Exp. Il Exp. {ll
0.157 g BOD/L-d 0.233 g BOD/Ld 0.317 g BOD/Ld
0.023 g T-N/Ld 0.033 g T-N/Ld 0.044 g T-N/Ld

Fig. 4.16 Efficiencies of BOD and T-N removal, in each experimental.
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Table 4.15 Efficiencies of BOD and T-N removal, in each internal recycle

rate(%6).
Internal recycling rate

BOD T-N
(%)
1.0Q 88.09 71.47
2.0Q 89.70 72.56
3.0Q 90.24 74.83
4.0Q 91.29 77.83

100

S - W
- 8
(&)
c
Q2
) 80 |-
g H
o B
S e -
o | 0O
: 70 E
K u]
, O BOD |/
A o TN A
0 | 1 1 1
1.0Q 20Q 25Q 3.0Q
Internal recycling rate (%)

Fig. 4.18 Efficiencies of BOD and T-N removal, in each internal recycle
rate.
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Table 4.16 Operational results

Exp. 1 Exp. O Exp. I
Q () 286 396 560
HRT (hrs) 24.0 18.0 12.0
Internal Recycle rate 2.0 Q
Sludge Recycle rate 1.0 Q
BOD; Influent (mg/ £) 165 170 163
Load (g/ ¢ -d) 0.157 0.233 0.317
Effluent (mg/ £ ) 13.2 205 23.0
n (%) 94.3 90.1 89.7
T-N Influent (mg/ ¢) 24.3 23.7 22.4
Load (g/ £ -d) 0.023 0.33 0.044
Effluent(mg/ 2 ) 5.11 5.80 6.09
7 (%) 789 75.3 72.6
200 Exp. VI Exp. VlI Exp. Vili Exp. IX 30
:'\J‘ —425 j
=g B
S £
‘E 150 - -120 ~
S 5
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Fig. 4.19 Variation of BOD and T-N concentration in each experimental.
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Table 4.17 Efficiencies of BOD and T-N removal, in each influent allocation

ratio(%).
Influent allocation ratio

BOD T-N
(26)
0.1 91.29 77.83
0.2 92.31 80.37
0.3 93.65 84.46
0.4 93.13 83.10

100
@—/"’8" 7 -
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>
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Q 80 - D
& i O
et g8
©
3

70 -
£
[}
(2

O BOD
y O T-N /
7 7
0 1 1 | 1
0 20 30 35
Influent allocation ratio (%)

Fig. 4.20 Efficiencies of BOD and T-N removal, in each influent allocation
ratio.
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Table 418 Vanation of BOD /N ratio applied on 2nd anoxic reactor in each

experimental.

Exp.l Exp.II Exp.l Exp.IV Exp.V ExpVl Exp VI Exp VI Exp.IX

BOD/N

ratio

251 2.72 2.62 2.68 2.98 2.68 3.65 4.30 4.45

5.0

45 -

3.5

BOD/N ratio

30

0.0 1 L 1 ] 1 [ 1 1 1
’ Exp.1 Exp.l Exp.ll Exp.lV Exp.V Exp.VI Exp.Vil Exp.Vill Exp.IX

Fig. 422 Varation of BOD /N ratio applied on 2nd anoxic reactor in each
experimental.
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$2 | Vanations of effluent COD and nitrogen concentration with operating periods( mg/ )

Operating
Item ;ggrio;ﬂs COD |Average| NH; -N |Average| NO; -N |Average| NO; ~N |Average
ay
1 2.4 0.74 0.16 4.3
3 35 0.43 0.24 4.2
6 26 052 0.20 48
8 3.8 0.48 0.18 38
11 3.7 0.46 0.13 46
Exp. I 13 25 2.87 0.35 0.46 0.15 0.17 49 4.20
16 2.8 0.42 0.15 34
18 3.2 0.55 0.21 4.2
21 2.4 0.38 0.13 39
23 25 0.39 0.16 3.8
25 2.2 0.36 0.18 4.3
28 6.9 1.95 0.12 45
31 4.6 1.64 0.16 49
34 4.2 153 0.17 4.7
36 4.3 1.62 0.12 4.2
38 45 152 - 0.15 46
Exp. 0 11 38 461 146 1.56 011 0.14 50 4.67
43 42 1.43 0.13 44
46 46 1.45 0.16 5.1
49 4.8 1.48 0.15 4.7
51 4.2 151 0.14 4.6
53 88 2.35 0.45 5
55 6.3 2.14 0.63 55
57 5.7 2.26 0.45 5.4
60 6.9 2.13 0.68 5.0
62 5.8 215 0.67 51
Exp. 65 6.2 6.19 222 219 0.82 0.66 54 5.15
68 57 2.13 0.74 49
70 55 223 0.46 5
72 6.0 2.16 0.68 52
75 5.8 212 0.92 51
78 5.4 2.17 0.74 5.0
80 114 3.42 0.89 56
82 84 3.06 1.02 49
84 79 2.96 0.87 52
87 8.6 2.87 0.69 5.8
89 78 297 0.98 54
Exp.V 01 82 828 208 300 0.94 095 48 554
04 8.1 296 0.84 59
9% 76 297 1.00 6.2
98 75 2.96 0.98 5.8
101 8.2 295 1.23 5.4
104 7.4 2.92 1.02 5.9
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£ 2 Effluent COD and nitrogen concentration in each experimental( mg/ )

Item COD | Average | NH4 -N | Average | NO2 -N | Average |[NOs -N| Average
2.4 0.74 0.16 4.3
35 0.43 0.24 4,2
2.6 0.52 0.2 4.8
3.8 0.48 0.18 3.8
3.7 0.46 0.13 4.6
Exp. 1 2.5 2.87 0.35 0.46 0.15 0.17 4.9 4.2
2.8 0.42 0.15 34
3.2 0.55 0.21 4.2
24 0.38 013 39
25 0.39 0.16 3.8
2.2 0.36 0.18 4.3
6.9 1.95 0.12 45
46 1.64 0.16 49
42 1.53 0.17 4.7
4.3 162 | 0.12 4.2
45 152 0.15 4.6
Exp. 1 38 4.61 146 1.56 011 0.14 5 4.67
4.2 1.43 0.13 4.4
46 145 0.16 51
4.8 148 0.15 4.7
4.2 151 0.14 4.6
38 2.35 0.45 5
6.3 2.14 0.63 55
57 2.26 0.45 5.4
6.9 2.13 0.68 5
58 215 0.67 51
Exp.Il 6.2 6.19 2.22 2.19 0.82 0.66 5.4 5.15
57 213 0.74 49
55 2.23 0.46 5
6 2.16 0.68 52
58 2.12 0.92 5.1
5.4 2.17 0.74 5
114 3.42 0.89 5.6
8.4 3.06 1.02 49
79 2.96 0.87 52
8.6 2.87 0.69 5.8
7.8 297 0.98 54
Exp. IV 8.2 8.28 298 3.00 0.94 0.95 48 5.54
8.1 2.96 0.84 59
76 297 1 6.2
75 2.96 0.98 5.8
8.2 295 1.23 5.4
7.4 2.92 1.02 5.9
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F£ 3 Efficiencies of COD removal, nitrification and denitrification in each experimental.

Efficiency (%)
Item
COD Average |Nitrification| Average |Denitrification| Average
99.01 98.14 86.9
098.57 98.99 88.54
98.9 98.75 86.73
98.5 93.78 8R.68
98.51 93.81 86.59
Exp. 1 98.96 98.82 99.15 98.85 86.89 88.02
98.82 98.97 90.22
98.67 98.59 87.25
98.99 99.04 83.86
98.98 99.05 89.44
99.13 99.11 88.08
97.2 95.27 84.05
98.18 95.99 83.62
98.31 96.03 83.38
98.3 95.89 84.92
98.24 96.39 85.11
Exp. 98,55 98.18 95,88 96.08 81.44 83.97
98.35 96.32 84.68
98.18 96.34 83.06
98.14 96.43 84.71
98.31 96.3 84.68
96.27 9418 80.69
97.46 94.31 78.01
97.75 94.26 79.42
97.34 94.48 7977
97.79 94.78 80.78
Exp. 1l 97.49 97.54 9453 9452 79.21 79.97
97.76 94.86 81.23
9787 9453 81.15
97.72 9452 79.59
97.69 9452 78.97
97.82 94.73 80.8
95.51 91.14 74.33
96.81 92.23 77.21
96.94 91.89 75.26
96.57 92.98 79.81
96.74 92.76 7.2
Exp.IV 96.69 96.73 92.78 92.46 78.89 76.20
96.69 92.69 76.05
97.07 92.84 75.49
97.08 93.05 77.14
96.77 92.32 75.05
97.11 92.81 75.76
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1-£ 4 Influent COD and nitrogen concentration applied to RBC in each experimental( mg/ )

Item COD  ‘Average| NHs -N |Average] NO. -N |Average] NO3 -N |Average

25.7 6.25 0.04 013
26.9 6.03 0.02 0.12
235 6.25 0.03 0.15
284 6.13 0.04 013
253 6.21 0.01 0.09

Exp. I 24.6 25.77 6.16 6.20 0.05 0.03 012 0.11
273 6.25 0.06 0.05
26.8 6.29 0.03 0.08
24.3 6.34 0.02 0.15
235 6.12 0.05 0.14
27.2 6.21 0.03 0.09
324 8.8 0.01 0.3
316 9.3 0.03 0.21
334 9.4 0.05 0.15
322 8.6 0.06 0.16
30.6 . 89 0.05 0.09

Exp. I 348 33.06 94 9.06 0.09 0.05 0.13 0.16
328 95 0.08 0.16
35.1 89 0.02 0.14
315 88 0.06 0.15
36.2 9 0.04 0.13
36.2 105 0.02 0.21
354 10.4 0.03 0.32
389 10.6 0.02 0.23
40.2 10.7 0.06 0.21
33.6 104 0.04 0.19

Exp.1l 38.4 36.28 10.3 10.51 0.03 0.04 0.24 0.23
35.6 10.2 0.05 0.06
375 106 0.09 0.16
34.6 10.4 0.04 0.18
354 10.7 0.05 0.42
33.3 10.8 0.01 0.35
39.6 11.3 0.04 0.36
40.1 10.8 0.06 0.54
38.7 11.8 0.08 0.25
375 10.6 0.06 0.43
412 11.2 0.12 0.62

Exp.IV 308 40.68 123 11.35 0.09 0.07 0.45 0.45
405 11.6 0.05 0.18
435 114 0.06 0.56
418 109 0.04 0.65
44.2 114 0.08 0.42
40.6 115 0.04 0.48
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¥2 5 COD and NHs'-N loading rate applied to RBC in each experimental( mg/ ).

Item COD |Average{NH; -N| Average| Item COD | Average{ NH4 -N | Average
1.286 0.313 3.559 1.032
1.364 0.306 3.514 1.032
1.166 0.31 3.33 1.044
1.444 0.312 3.969 1.056
1.279 0.314 3.299 1.021
Exp.1 | 1218 | 130 | 0305 | 031 | Expm | 3812 | 359 | 1022 | 104
1.362 0.312 3.529 1.011
1.359 0.319 3.702 1.047
1.242 0.324 3.435 1.032
1.173 0.305 3.481 1.052
1.375 0.314 3.323 1.078
2.085 0.566 5.849 1.669
1.987 0.585 5.928 1.597
218 0.614 5.655 1.736
2.068 0.552 5.589 1.58
1.994 0.58 6.09 1.656
Exp.ll | 2244 | 214 | 0606 | 059 | ExpIv | ©868 | 601 | 1813 | 168
2106 0.61 5.982 1.713
2.296 0.582 6.430 1.685
2027 0.566 6.151 1.604
2.373 0.59 6.540 1.687
6.034 1.709
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5-Z 6 Efficiencies of COD removal, nitrification and denitrification in each internal recycle rate.

Efficiency(26)

Item . o Denitrificatio
COD Average |Nitrification| Average 0 Average
97.01 94.41 77.92
97.10 94.02 75.85
97.31 93.86 76.68
97.34 93.99 76.92
97.33 94.76 78.33
Exp. 1 97.37 97.28 93.97 94.26 76.95 7125
97.32 94.78 78.43
9752 94.26 77.38
97.45 94.42 76.83
97.17 94.11 76.3
97.18 94.32 78.13
96.27 94.18 80.69
97.46 94.31 78.01
97.75 94.26 79.42
7.34 94.48 79.77
97.79 94.78 80.78
Exp. I 97.49 97.54 9453 94.52 79.21 79.97
97.76 94.86 31.23
97.87 94.53 81.15
97.72 94.52 79.59
97.69 94.52 78.97
97.82 94.73 80.8
97.47 94.75 80.67
9757 94.34 79.28
97.68 95.05 80.23
97.71 94.4 79.38
Exp.1 97.88 97.68 94.49 94.69 80.41 80.29
97.67 95 80.81
97.71 94.78 81.11
97.57 94.61 80.56
97.84 94.8 80.15
97.53 94,98 81.71
97.6 94.55 79.39
97.73 94.77 80.91
97.81 94.43 79.87
Exp.IV %777(? 97.72 gjg? 94.73 S} Sé 80.94
9778 94.95 81.67
97.72 94.9 80.98
97.91 94.59 80.71
97.72 94.73 80.94
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% 7 Efficiencies of COD removal, nitrification and denitrification for COD loading rate.

COD loading rate

Efficiency (%)

(g/L-day) COD removal Nitrification Denitrification

0.47 96.27 94.18 80.69
05 97.46 94.31 78.01
0.5 97.75 94.26 79.42
052 97.34 94.48 79.77
0.52 97.79 94.78 80.78
0.50 97.49 94.53 79.21
051 97.76 94.86 81.23
0.51 97.87 94.53 81.15
0.53 97.72 94.52 79.59
0.50 97.69 94.52 78.97
0.50 97.82 94.73 80.8

0.31 97.27 96.14 80.67
0.31 97.65 96.7 80.27
0.30 96.18 96.57 80.43
0.30 96.85 96.32 79.92
0.30 96.54 96.41 81.04
0.19 97.71 98.39 65.4

0.19 98.24 97.93 59.49
0.20 98.47 97.74 61.24
0.19 97.56 98.52 61.84
0.19 97.36 98.33 65.7

0.20 97.6 97.93 62.56
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5 8 Variation of effluent COD and nitrogen concentration for COD loading rate.

COD loading rate COD NH4 -N NO; -N NOs3; -N
(g/L-day) (mgfl) (mg/l) (mg/l) (mg/l)
0.47 8.8 2.35 0.45 5
0.5 6.3 2.14 0.63 .
0.5 5.7 2.26 0.45 54
0.52 6.9 2.13 0.68 5
0.52 5.8 2.15 0.67 5.1
0.50 6.2 2.22 0.82 54
0.51 5.7 213 0.74 4.9
0.51 2.5 2.23 0.46 5
0.53 6 2.16 0.68 52
0.50 5.8 2.12 0.92 51
0.50 54 2.17 0.74 5
0.31 4.2 1.56 0.63 5.62
0.31 3.6 1.24 0.45 573
0.30 58 1.35 0.68 5.68
0.30 47 1.42 0.74 559
0.30 53 1.48 0.46 5.87
0.19 2.24 0.65 0.68 12.65
0.19 1.69 0.78 0.67 13.78
0.2 1.56 0.89 0.82 13.56
0.19 2.34 0.57 0.74 13.42
0.19 2.56 0.69 0.46 12.98
0.20 242 0.84 0.68 13.68
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K2 9 Variations of effluent BOD and T-N concentration in each experimental.

Operating periods Concentration(mg/L)

(day) Inf. BOD Inf. T-N Eff. BOD Eff. T-N
1 164 24.6 8.56 497
2 158 236 9.76 4.96
4 173 246 6.36 5.08
7 150 227 11.26 4.85
9 154 269 8.16 5.22
12 169 245 7.46 5.38
15 172 234 10.16 491
17 143 24.1 9.66 518
19 182 273 7.16 5.06
22 162 225 6.36 5.31
26 169 236 10.06 523
28 178 24.9 11.26 5.02
30 153 23.6 12.32 5.08
33 178 24.3 11.45 5.28
35 173 23.5 15.06 532
38 159 276 13.46 5.54
40 168 256 17.66 6.12
43 175 21.6 15.66 6.24
45 196 239 17.96 5.56
49 153 23.6 14.36 551
52 167 20.8 19.06 567
55 172 245 19.06 5.98
58 163 22.1 18.26 6.25
61 188 23.8 18.97 6.15
63 149 20.4 20.27 6.27
65 168 265 13.67 5.93
68 135 24.8 18.47 5.87
71 158 194 15.67 5.61
74 143 21.3 17.57 6.15
76 168 23.6 14.67 592
80 173 20.5 15.47 6.47
82 182 21.6 13.37 6.46
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= 10 Efficiencies of BOD and T-N removal, in each experimental.

Removal Efficiency (%)

Item
BOD Average T-N Average
94.78 79.8
93.82 78.98
96.32 79.35
92.49 78.63
94.7 80.59
95.59 78.04
94.09 79.02

Exp. | 93.24 94.32 7851 78.94
96.07 81.47
96.07 76.4
94.05 77.84
93.67 79.84
91.95 78.47
93.57 78.27
91.29 77.36
91.53 79.93
89.49 76.09
91.05 71.11

Exp. O 90.84 90.12 76.74 75.33
90.61 76.65
88.59 72.74
38.92 75.59
88.8 71.72
89.91 74.16
86.4 69.26
91.86 77.62
86.32 76.33

Exp. 90.08 89.7 71.08 72.56
87.71 71.13
91.27 7492
91.06 68.44
92.65 70.09
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F-E£ 11 Variation of BOD and T-N concentration in each experimental.

Operating periods

Concentration{mg/L)

frem (day) InfBOD InfT-N  EffBOD EffT-N

61 188 23.8 18.97 6.15

63 149 20.4 20.27 6.27

65 168 26.5 13.67 5.93

68 135 24.8 18.47 5.87

Exp.l0 71 158 19.4 15.67 561
74 143 21.3 17.57 6.15

76 168 236 14.67 592

80 173 20.5 15.47 6.47

82 182 21.6 13.37 6.46

85 162 24.5 21.95 6.93

88 184 23.8 23.54 7.04

Exp.IV 91 196 26.4 19.65 6.71
94 172 239 21.35 6.68

9% 180 24.3 19.24 6.41

99 172 20.6 20.62 6.91

101 156 21.3 16.48 5.56

104 168 256 15.98 5.82

Exp.V 106 172 235 17.23 556
108 170 18.7 16.28 535

111 169 223 15.83 5.56

114 175 21.7 16.69 9.43

117 182 245 15.56 4.96

120 156 235 14.98 4.96

Exp.V] 124 168 20.8 13.69 5.06
' 126 154 184 14.48 4.55

128 169 21.3 13.48 4.58

131 172 235 14.78 4.96
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2 12 Efficiencies of BOD and T-N removal, in each internal recycle rate.

Internal recycling rate

Removal Efficiency(%)

(%6) BOD Average T-N Average
86.45 71.71
87.21 70.42
89.97 74.58
1.0Q 88,00 ! 71.47
87.59 72.05
89.31 73.62
83.01 66.46
8991 74.16
86.4 69.26
91.86 77.62
86.32 76.33
2.0Q 90.08 89.70 71.08 72.56
87.71 71.13
91.27 74.92
91.06 68.44
92.65 70.09
89.44 73.9
90.49 77.27
3.0Q 89.98 90.24 76.34 74.83
90.42 71.39
90.63 75.07
90.46 7498
91.45 79.76
904 78.89
91.85 75.67
4.0Q 906 91.29 7597 77.83
92.02 78.5
9141 78.89
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H-% 13 Variation of BOD and T-N concentration in each experimental.

Operating periods Concentration(mg/L)
ftem (day) Inf. BOD Inf T-N Eff.BOD Eff. T-N
117 182 245 15.56 4.96
120 156 23.5 14.98 4,96
124 168 20.8 13.69 2.06
Exp.VI
126 154 184 14.48 4.55
128 169 21.3 13.48 4.58
131 172 235 14.78 4.96
133 159 24.3 13.56 4.48
135 168 236 12.98 4.56
Exp. Vil 138 162 22.8 11.86 4.76
142 169 235 12.78 4.42
145 173 219 12.65 453
148 183 24 .4 11.21 3.89
151 169 22.6 10.68 3.62
Exp.VI 153 164 245 10.96 3.48
156 168 23.6 10.65 3.68
159 169 22.7 10.56 355
162 173 22.8 11.02 3.62
165 169 20.6 11.96 3.36
168 178 235 11.12 3.65
Exp.IX 170 169 164 10.27 3.55
172 146 26.4 11.45 418
175 172 22.6 11.68 3.61
178 169 235 12.12 3.79
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% 14 Efficiencies of BOD and T-N removal, in each influent allocation ratio.

Influent allocation ratio Removal Efficiency(%5)

(%) BOD Average T-N Average
91.45 79.76
90.4 78.89

0.1 o180 91.29 o7 77.83
90.60 75.27
92.02 78.50
91.41 78.89
91.47 81.56
92.27 30.68

0.2 92.68 92.31 79.12 80.37
92.44 81.19
92.69 79.32
93.87 834.06
93.68 83.98

0.3 93.32 93.65 8080 84.46
93.66 84.41
93.75 34.36
93.63 84.12
92.92 83.69
93.75 84.47

0.4 9592 93.13 7835 83.10
92.16 84.17
93.21 84.03
92.83 83.87
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H£ 15 Variation of BOD and T-N from lst reactor in each experimental.

ftem Concentration(mg/L) Removal Efficiency (%)

BOD T-N BOD T-N
Exp. | 13.19 525 91.99 78.42
Exp. O 20.52 7.53 87.9 68.21
Exp.[I 23.04 88 85.84 60.78
Exp.IV 29.29 10.91 83.51 54.38
Exp.V 20.31 7.87 87.94 64.55
Exp.VI 18.58 6.92 88.86 68.53
Exp. VIl 23.02 6.31 89.06 74.69
Exp. VI 25.69 5.98 89.52 77.84
Exp.IX 2764 6.21 89.71 76.57
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