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o] FF FEE 11.0 mg/L, 88 mg/lL, 4.2 mg/lL, 3.5 mg/L, 9.8 mg/L, 0.87/0.17 mg/L (poly aluminium
chloride(PAC) /P F3hol o, AAES 22 95.3%, 87.6%, 96.3%, 96.5%, 68.2%, 55.4/90.3% ©]3]Th
dol&e A S A,08} Bardenpho 57 -2 TBUEHAE o] &8s TEAEFG T} vwA] °F 1.9~3.8
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ABSTRACT : A simple dual sludge process, called as KNR® (Kwon's Nutrient Removal) system, was
developed for small sewage treatment. It is a hybrid system that consists of an UMBR (Upflow multi-layer
bioreactor) as anaerobic and anoxic reactor with suspended denitrifier and a post aerobic biofilm reactor,
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filled with pellet-like media, with attached nitrifier. To evaluate the stability and performance of this system
for small sewage treatment, the pilot-scale KNR® plant with a treatment capacity of 50 m*d was practically
applied to the actual sewage treatment plant, which was under retrofit construction during pilot plant
operation, with a capacity of 50 m*d in a small rural community. The HRTs of a UMBR and a post aerobic
biofilm reactor were about 4.7 h and 7.2 h, respectively. The temperature in the reactor varied from 18.1C
to 28.1°C. The pilot plant showed stable performance even though the pilot plant had been the severe
fluctuation of influent flow rate and BOD/N ratio. During a whole period of this study, average
concentrations of COD¢;, CODwmn, BODs, TN, and TP in the final effluent obtained from this system were
11.0 mg/L, 8.8 mg/L, 4.2 mg/L, 3.5 mg/L, 9.8 mg/L, and 0.87/0.17 mg/L (with/without poly aluminium
chloride(PAC)), which corresponded to a removal efficiency of 95.3%, 87.6%, 96.3%, 96.5%, 68.2%, and

55.4/90.3%, respectively.

Excess sludge production rates were 0.026 kg-DS/m’-sewage and 0.220

kg-DS/kg-BOD lower 1.9 to 3.8 times than those in activated sludge based system such as A,O and

Bardenpho.

Key Words : Upflow Multi-Layer Bioreactor (UMBR), Kwon's nutrient removal (KNR), biological nutrient
removal (BNR), dual sludge, small sewage treatment plant
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Figure 1. Schematic diagram of the dual sludge KNR® system.
Table 1. The physicochemical characteristics of the pellet-like media used in this study.
BEE NBEE 9] R A
Pb N.D.
5% Cu N.D. _
KER=h] e h=Bev ] ]
%—%/\Q As mg/l— N.D. ﬂ]ﬂﬁo%"]%‘ﬁ
Cd N.D.
10% HCI 2.2
wfekad 5% H2S04 o 16 AFLol| A 1684|715
A& 5% NaOH ’ 1.3 A sk
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ol = Al E - 0 -
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20,000~40,000 mg/L7}A] sZ3sto] A4, njgE 24 += PP (Poly propylene) % (Poly ethylene) 5] &7}4A
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(b)

Figure 2. Views of the pilot-scale KNR® plant. (a) Pilot-scale

KNR® Plant; (b) Interior view of the UMBR.

Table 2. Operation parameters of the pilot scale plant

Aerobic biofilm reactor/with

UMBR inclined plates

Sludge  Clear
Blanket Water

Nitrification  Clarification

Zone Zone Zone Zone

Dim(‘r*;‘)s“’” 22D x 26 He 26 W x 35 L x 3.0

Volume(m) 69 3.0 15.0 6.0

HRT () 33 14 7.2 2.9
DO (mg/L) < 0.2 > 2.0 mg/L

Recycle ratio

(% of influent) 100~200
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Table 3. The characteristics of influent sewage

Parameters Range
BOD; (mg/L) 70.2 ~ 152.2
CODy,, (mg/L) 45.7 ~ 112.0
CODc¢r (mg/L) 148.8 ~ 355.7

SS (mg/L) 29.5 ~ 382.1

TN (mg/L) 20.0 ~ 41.7
NH,"-N (mg/L) 11.8 ~ 39.1
NO; -N (mg/L) 0.1 ~ 0.9

TP (mg/L) 0.65 ~ 5.07
PO,”-P (mg/L) 0.29 ~ 243

F2 (1) 18.1 ~ 27.1

pH 6.8 ~ 7.4

BOD/N 2.3 ~ 6.5
Influent flow rate (m®/d) 18.5 ~ 64.0

80 H

Avg. Flow Rate = 41.2 m%d
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Figure 3. Variations in influent flow rates (a), BOD/N ratio,
and BOD/P ratio (b).



72 FE0/z A28 A2z, 20065 62

- yale]

i R B

&

BOD/No| 3 o]tz )= 3l
32. f71E 2 1HE A

%o #-2x¥ BODs;, CODg,, CODy,, SS FEHEE
Figure 4ol a3l 7t ©h9uk-s-x Hi BOD; 55
#4914 116.3 mg/L, UMBR% 17.9 mg/L, 55 4.2 mg/L
ojgloH, i CODwn F5+= Y5 73.8 mg/L, UMBRZ:
16.0 mg/L, "7 8.8 mg/Lo|l o, CODe, F5= 495
239.7 mg/L, UMBRZ 32.2 mg/L, 7 11.0 mg/LO=E
LERs T %—?1%°§‘§ %715 A AL UMBRZS] BOD A
7€, CODyn AAE 2 CODg, AAEL 242 84.0 (75.4~
91.4)%, 77.5 (62.0~86.6)%, 86.0 (69.8~93.1)%°|1, A
Al BOD A|A&, CODyy #AAE, 9 CODg AAES
96.3 (93.9~98.7)%, 87.6 (77.1~93.7)%, 95.3 (92.1~97.6)%
© 2 vehgtl. UMBRZOIA ednkso] oJs) tjitie] 4715
o] AL, FeA] F&(Floo)oll F2EA] A 52 x5
%2 e FEo|E4 BOD At fEHo| % Az
HA o] Arkslzzio] fA1E ZAow et 7} %21%%5
Jﬂ& SS EEE 4914 118.6 mg/L, UMBRX 16.6 mg/L,
3.5 mg/LoE YElstE UMBRZOAN FH37, &2
%—011 o)t BE A Sof o5 83.4 (40.6~97.1)%2] SS7} A
Hol, & BAEY 349 1¥ = FotE HAislsto] g4
%L | 7Fs3tA skl gAZE {E SS= GAEHE

22}

A

ﬁ OEE mE rLr B

FB _1_4

160 -
120 A

80 4

—&— Influent
40 —=— UMBR effluent
—A— Final effluent

20 Nt fenl o U

O,MMMMWM

BOD, (mg/L)

0 20 40 60 80 100 120

Time (d)
(@)
160 A
—&— Influent
120 | —=— UMBR effluent

—A— Final effluent
80 WWW\/

coD,,, (mg/L)

0 20 40 60 80 100 120
Time (d)
(©)

COD, (mg/L)

SS (mglL)

o] AW s F2 s VIS FE <
o7 ArREE -l AlAE, AA SS A
99.6)%= ek

O

A5 AA = HFA]
A& 96.5(84.4~

3.3 A& AAEA

> 7} A4kl (Nitrifiaction)

71 RGOS 0182 WEAUTYE 7150 ek
YJElol ONHIZF 52 Afole 7S AAshs 79
u] 45 (Heterotroph)o] It} A7gslo] AL 7F =7 27}
ok Akl (Autotrophic mtrlﬁer)O] 5-2(Wash out)¥
of AASHE0] AStEE BAZE QI ek 0] Yo} ul 42
o] A& F3kEE A9 Aol B vAdE
3!,]. x]_7]_0301:/ﬂ XM}i]_-ﬁLg] :LUiaHx Hx}ﬁ:c ;‘(}_O]E o]aH ;<1/\]_
Bt Al Ato] A} o] 3k Euek(Mixed culture)ol]
oJa) WAL= EAS As] 8, 2 AFtelxE g
A} AAAES Belele] $Ash oFLeA BHL
AT BB 1l B Akl

R o

29 aE
A AAEEB% o H e A ue, gAzlN A4 Al =
Aol §A48S ok 5 ek

400 -
320 ¢
240 +

160 +
—&— Influent

—=— UMBR effluent
60 —A— Final effluent

20 -
6 2‘0 4‘0 60 86
Time (d)
(b)

120

400 A
—&— Influent
300 + —m— UMBR effluent
—4A— Final effluent
200 +
100 ‘.ﬁ[\
0 A ke, M AR AN AI AL
0 20 40 60 80 100 120

Time (d)
(d)

Figure 4. Variations in the organic matters and suspended solid in the treatment of sewage by the pilot
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Figure 5. Variations in the ammonia (a) and specific nitrification
rates (b) in the treatment of sewage by the pilot plant.
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Figure 6. Variations in denitrification efficiencies under various
conditions. (a) effects of nitrate loads on denitrification
efficiencies; (b) effects of BOD/N ratio on denitrification
efficiencies.
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Figure 7. Nitrogen removal performance of the pilot plant.
(a) variations in total nitrogen; (b) profile of the
nitrogen species in each unit process.
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Figure 8. Phosphorus removal performance of the pilot plant.
(a) variations in total phosphorus with and without
PAC; (b) profile of phosphorus species in each unit
process with and without PAC.

Figure 8 9] R F?l swist 9 Uit s-& vebd
ok A7 F 7183421 PAC (Poly aluminium chloride)
o] B foll whE AAIA EAS Blusigick oFEFA 7t o
A TP} PO, -P 55 89155 2.59 (0.65~5.07) mg/LS}
1.24 (0.29~2.43) mg/Lo|33, UMBRZE 1.26 (0.12~2.73)
mg/L8} 0.87 (0.15~1.70) mg/Lo|2lal, W5 1.11(0.16~
1.83) mg/%} 0.81(0.15~1.36) mg/Le]Sltk. Figure 8(b)E A
K, UMBRZOA 113 Qo] Fd W S0 AAR=
Hhd, 8% QAR PO, PO AAES Hith F919] F%
7} 2] 9k 31 PO,T-N/TPE] H]E 50% o]3lQ] = Atk &)

olo

olo

CLEAN TECH., Vol. 12, No. 2, June 2006 15

FAER] Fskr 549 18T u, 2 AuTges Uy
W4 FA7|FE (TP<2 mg/L)S WA 7)== 2 og 8]
gle Ao At ey SUE 2] REste] A
584 QIAAE Y3 B3s 2xo] HLE7] oEe At
A E) o] 4 AT s TP U4 QAlAEo] tha
Qg B e SAS uelshd AR A A=

A Fto] AL HI)SJAE T8t Qg AAsH= W
o] 7} a&A 2AYHY & Sk o)} Ee ofE TS
A Flol] w2 QA A Aol wat A etk Al

AS A3 T 54AZE ALOs 11% T2 4 PAC (Poly
aluminium chloride)Z 42 108] 3Xske] A F9l% 20
2/d (14 ml/d)©.E UMBRXo| F3lic}t oBE%9] & 7t
@A TP9 PO, -P 55 4955 3.26 (1.18~4.30)
mg/LS} 1.32 (0.31~2.80) mg/Lol$i, UMBRZE 0.29
(o 17~0.54) mg/L9} 0.17 (0.06~0.35) mg/Lo]iL, Wi

= 0.30 (0.18~0.65) mg/$} 0.17 (0.08~0.38) mg/Lo]lTh
Figure 8(b)2 A9 ®H, F4%¥ PO,”-P7} UMBRX0| ¢
¥l PACe] &3] 80% o) S AE ] AARS &+ Tk

OFEESIM UMBRZS TPAIA &3} PO,”-P A7 &2 22}
51.0 (10.2~77.8)%3} 21.5 (0.0~77.3)%°)21, AA| g+
Ao TPAIAET POS P AAEL 242} 55.4 (11.7~85.1)%
9} 227 (0.0~86.8)% % LIEFGITE oFEEQ]E UMBRZ
TPAAET} PO -P AIAES 242} 90.9 (72.8~95.9)%8) 81.5
(45.2~93.0)%019} L, KA A2]&7g 2] TPAALT} PO -P A
AL-L 747 90.8 (72.7~97.4)%S} 81.3 (37.9~92.6)%= L}E}

0,
2
2
i
il
2
1o
:Oé
)
—(o
°

3.5. JolsuA] A

n Haasg_@oﬂ}q Joi&e] A Qe UMBR%] &e]AAW
of AT T5%E 2 B, ReE -2 FFY el
A} 20,000 mg/L. o]0 & FEg dojLelx] F ¢

mE
TEoE wEsIGltE EeiA A S FAAMTE FRE &
HA AWM S 7](sludge interface analyzer)E ©]-&3to] F7]
How =R} ololZe|x| Uyl W AJARS Table 40] 4
2lalolek. JoiseiA) uhieke: 9l 71502 0.026 kg-DS/m”,
AA" BOD5 71522 0.220 kg-DS/kg-BODCZ UERITE A
g3l 8] wEA2 0]73A|9F AO (Anaerobic/anoix/oxic) AlG 2] &
AEEAE olgshs amAEEde AP AR SRT(Solid
retention time) 3t°] 10~20 d 9& w35l B /a3
I A=A FY L] SulA] AR vaskd Jolse] A B
o] 1.9~3.80) A7El= 0% vepite, ol9h 2 ol
LA ko] A2 e 3 #8881, s MLSS
Z A% E UMBRZO] &£#A] §3} (sludge loading rate,
kg-BOD/kg-MLSS - d)7} S| ARxkslg0] 31 (MLVSS/MLSS
<0.67), MEFA tirkago] 37|20 Bt e @l ofg) o



76 FE0/= A28 A2z, 20065 62

Table 4. Comparison of the excess sludge production

Influent Influent  Waste sludge Waste sludge g o Sludge production rate
flow rate BOD; frow rate conc.
(m*/d) (mg/L) (m*/d) (mg/L) kg-DS/m’ kg-DS/kg-BOD
KNR® system 41.3 116.3 23,970 0.026 0.220
Typical ~ SRT? 10d 41.3 116.3 8,000 0.100 0.860
BNR
process”  SRT? 20d 41.3 116.3 8,000 0.05 0.430

Y Typical SRT values (10-20d) in biological nutrient removal process using activated sludge such as AsO
yP 8 P 8 g

and Bardenpho
It was determined by the following equation

SRT (d) = JgSL%Z

where, V (reactor volume) = 13.8 m' (HRT 8h), MLSS : 3,000 mg/L,
SS, (waste sludge concentration) : 8,000 mg/L

Qw (waste sludge flow rate)
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SAHL e Flog woEch

rf

4. A

2R S EAYE 98] AYe 50 mY/d TR
Ze]z] KNR® 522l ZHES A% A7E ooksld

3} .
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mg/Le] HoZ FelEdch £ s 2 18.1~27.17T,
pHE 6.8~7.40|3ch
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