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Abstract

A BNR comprehensive performance evaluation (BNR CPE) system was established employing system—oriented evaluation

methodology for biological nutrient removal (BNR) processes based on the CPE techniques developed by U.S. EPA for evaluation

of conventional biological processes. The BNR CPE system applied to five domestic BNR plants adopting A%0 process confirmed

that all target plants except the smallest one had not any serious defective performance and process stability was enhanced with

increasing plant size. The system also clearly verified relatively poor performances in anoxic reactors without exception mainly

due to influent carbon limit rather than functional defect. Consistent good performances were confirmed even during both winter

season and wet weather generally known to be difficult to achieve satisfactory removals. Presentation of evaluation results by

modified radar chart system simplified and clarified the evaluation and analysis procedures. The BNR CPE system could not only

discover readily the causes of present and prospective poor performances but also facilitate the suggestion of their optimization

options. Mutual effect and cause—and—effect among operation parameters and unit processes were also found easily using the

evaluation system. The system justified that the adverse effect of defective operating parameters could be compensated by other

favorable parameters, especially in anaerobic and anoxic reactors as well as during the winter season.
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Fig. 1. Structure of BNR CPE.
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Fig. 2. Algorithm for grading of evaluation parameters.
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Table 1. Evaluation parameters and weights for BNR CPE
(A4O process)
Module Evaluation parameters Weight
HRT 15
DOIn (estimated) 09
Anagrobic NOx,in (estimated) 0.7
Influent C/P ratio 09
Final effluent TP @ 3.0
HRT 14
DOIn (estimated) 09
Anoxic Internal recycle ratio 1.0
Reactor Influent C/N ratio 1.2
Final effluent TN @ 3.0
HRT 1.2
MLDO @ 1.2
Oxygen availability 1.3
Aerobic MLSS 1.3
pH 0.6
Water temp. 1.3
Final effluent BOD @ 3.0
Surface overflow rate (SOR) 30
Depth of weir 2.0
Solids loading rate (SLR) 3.0
Final Sludge volume index (SVI) @ 20
Clarifier Final effluent SS @ 30
Configuration 20
Return sludge removal 2.0
Return activated sludge control 2.0
Sludge Controllability 1.0
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Fig. 3. Grading of anaerobic HRT using graphical method.
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Table 2. Standard table for BNR CPE
(example of anaerobic reactor).

Standard Table for BNR CPE
1. Reactor
Current Operating Condition Points
Anaerobic
Hydraulic Retention Time, h : Weight: 1.5
> 30 )
above 25 7 30 0
above 20 T 25 25
above 157 20 5
above 1.0 7 15 25
above 05 7 1.0 0
< 05 -5
Influent C/P ratio (BOD/TP) Weight: 0.9
> 30 5
above 25 ~ 30 25
above 20 ~ 25 0
above 15~ 20 25
< 15 -5
Final effluent TP, mg/L  Weight: 30
<10 5
above 1.0 7 15 25
above 157 20 0
above 20 T 25 25
> 25 -5
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Fig. 5. Performance evaluation of final clarifier.
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(3) Sludge handling facility evaluation module
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Table 3. Evaluation of target plants using BNR CPE.
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Fig. 6. Performance evaluation in winter season.

47—



Journal of Korean Soclety of Water and Wastewater
Vol.23, No.4, pp.417-430, August, 2009

BNR stx2| z|Msts 2sh gotgHeE 3
Comprehensive Performance Evaluation

57 Avke HRFAS 71202 ARt A o)zt
A2 ‘Eﬂo}ﬂl ﬁi UL} Sk ASH BE Hhex
°] HRT, 5345 C/P 2 O/N B, MLSS 59] #57} 571t
< 55 e, MLSS 7k Aol giAsk] A%t T4
Hel ez <5k Zo|xuk HRTS} 5994 C/P 2 ON
H] S7h= ALE f9003 s 55 15 5EY &
71l 7118ka 9k Ag AL felfgol Ayl

12%4 % Fkag vbd C/N, C/P ¥l 247F 9% 2 13%
AuH F7hs0h web] AL d] 9518 uok e
HRT9} f71=% SR F QlojA] A3l % &3

2 A} LA g Aow B 4 90, 2
Aelgas vk 2|95t SR
zfol= QANE o] g ke FH5H3
L SRR AR S & A%e Bole
#9 BEE W 2 5 f71ERE) ?
Holl= XERTHE 3159] f2Ago]7] “H% lfﬁ, Egh f
o 3 3 Al BARERE GFS v
shebe),

SR, HFWAA B7PHeA % Fig. 6049} ko] AH
ol SVI B7ha7} vhoba] Zeix3734o] A5l e A

ﬂﬂl%

?
==
O
>~1
%
-
a?‘

ol
o
o
)4
9,

de & F AR ol FE Al tgak] S8l
AR pEoldlels F7HA170 MLSSell oJgh A3l 8 i
T Aol dEFS IAA Qar glom Bd JAA|RE
BF7PE A8 Aii] 2% el =3eko], AL
2 Qg HAA s 58T Al A qlvkar 7k

gjzte], 2 A5-2] BNR CPEAIANELS #83810] A&7 2]
a] =

s H3E dE sk Bla, F7Ige =A, i
Aedge] Aol 2k A5 A sAst glol 48]

+ HRT 571} &adle] 5
[}

7) AolE ZeM=EI}
R skl AlA 2] SR el e A gl
ARG RUAE A8 I Glonz ek

ole] FRle Ak i vola)2s Al7IAR, He)
owawwﬂ webilis 59) #2F 2 do] etk 2
gebd 5 3l 53] BNR slrAfe]gellr= Azl 22
el vt £ C/N, C/P v} 7 Whg-30] HRT 59
23X A3} ;qa]xl-/d of 2 8kS n|7 FE glomy

79 719 steh Wl A gl U fel% Bt ek

. Final effluent TP .
Anaerobic : [ : Output

HRT

—e— Rainy
,,,,,,,,,, =O= All periods

Final effluent TN [ : Output

HRT

******* —e—Rainy
~O= All periods

Internal recycle

Water
\ temp.

=e—Rainy
- i
Oxygen All periods
availability

NOx,in® DOQin . DOin
ratio
. Flnal effluent BOD . -
Aerobic [ : output Clarifier [Final effluent S| ] : Output

N

sV s SN SLR

Return activated \ == ~ - = X configuration

sludge control i
Return sludge —*—Rainy
removal =O=All periods

Fig. 7. Performance evaluation in rainy season.



A By - 257 o= SIR| =
23 43, pp.417-430, 8%, 2009
whebA 2 A2] BNR CPEAIARS: o] &ato] Z-9-A] Az L. A A& Ag7gel thst US. EPA?] 7]& CPE
&5 Astell mEE A4S Flsl] flsto] Avhd s WHES 7MEe 2 F7H -5 BNRE 2afo], AldE 2
F7he R o] nokth o Al 4 ok TEshd grRIAbE St 9 VA A4 5= 5% 9t
HiAA o] 293 SRR g 4] A2 EX 71 B RS S oke] Ak By g
A olr 7t sgA o] Aras gl 597E 74 gEE AT HoRA, AedAle B8 dSAEEEE,
7HA 9] 37 B3 X‘UP‘QE gstod, 7k FIRRIAPEE 470 SRRJMAER AFH 7} 7Fsd AY0FH dlde] BNR
Aelge] gnkd et BrHaE 293k g A% 3 CPE A28l 758 5= QlSith s v Ald s
7Her el nlasglch R Q13 A3t A} e AR R Tl
A, Jéﬂﬂ% TE Aol thst g7k sellA ek 2A, Aok R w2 ARE Aol e A AIE A5
o Fa(DBD) 7} 2pol7k §lel, elldt Eel rpdel A2 A Wl ohet A, Al B7IRke] vl
S Wé s Ashe fle Zlo® wesith vkex gl 19 FHoF o} FA19] S vjefo] skl 1 vl
A o] B Aepdat Pavt 719 sdeelar o ek A Bt golakqlth
A SeAA A ERE HAe7h drpdel Hav] 4% 1
&, bl A A e obF WEe] /1oL & 2. & A7elA 759 BNR CPE A 2519 2873 gRls
AAYAEL 250 Halgrhs AR s 2 Aot glatel =huel AYOFH BNR sheAlel s dPdo s 53
s & T st 3587 AR A3, Frh g 571 AR dES Haat
7} Rhgx gl 7 A ol d52 H7RIAPER B NS ALfshe e &F e 2 A7 v
5953 rlashd Fig. 74Jr Ay, gupde) =29 $7F 71 i RSl ute Bt Fgstar /ARl s
olelell= MA 0% Hae} A Apo|7} A gt 7t A1 Fr7t 7Fs e AT 5 AL, TR A S
o] szt A9 fle= A & 5 Uk 28, A el ek dAsksl o A 9 ’“EWXMAW 37t =
iz grpdel el S7ke Qlsko] Fig. 74 BE Al A= Al FEA 0w, TIAET Ttz
dellA HRT7F g thv] 10% 748t 1 A7k vhas 5ol A o m FoRgo] H = ol A &
stobgl ovt Aeoll Ade AT e 52 o, Aepr] Bt #4922 AC/N#lel| T2 7|18k itk v
HEfSlel gal] & HEs odd 4 9 /95 O/N 4 el d71x *é%% Fo gk oM A9 fAksklt) B
C/P H] Ate o Askalgle otk ol guhde] As Aol T RS oA R g e Ashs jle
] 0}7} A s Ao el el 1% Aoz H7rE
= G Ak = 31 Ads] dejstal Slas Hole
ot BE?'EE Fopdol Whex W A G g 2dxz1L

3. < BNR CPE°l| lsto] whel 2x1Q1Ake] g ohzt
AR Yl Zh AH7e) e de SolatA stoted 4
AT 57 A gEe] AdE A SE S vudo®

Are] AR aE WA 5 Sith o] A
& 71%28} Fakazell FrEe e, diiFoR fid
wkEnh @, 72 Aed e Aebd GrkE AvRot C/PBIvF C/NB]7L whe 9ol = HRT7F 71stal 18] Q1
B= 3711 7t Fig. 79 7 3 g LAJEk Aso] dEahd Aeldso] & sk olofAA gk,
ok & 7P distEel DA A= C/NH], C/PH], 71 HIEhe) A sl g T el vl A
MLSS W §55SS7F 9512] 241203, 10, 1 9 14 % 57kF 3 kel §7]§_ el o Y A e
AL A 2 wsls ek okkT LhR] BRIk 3 Fosir et RksE A9 Ui
&+ Fig. 79] 7 A&+ sl S lady

ot
o X
rE

rin
o‘fu

1+ 3% 774500 S e A
SHA17)% kg7 Q3 Bolabl stele 4 919

6.2 & o). o)g} o] 7)) BrhgA oz o] BE AP
B34 9 ARYS) 9P IS golsta whesl shejar

BNR sH-A214 SRA5H7 ) B2 BNRCPE A & 9l 4% ¥ B7hlsdlo] 43508 759982

g AT, AEST S BNR Aeld B7) Agse]  oivla

409 ——



Journal of Korean Soclety of Water and Wastewater
Vol.23, No.4, pp.417-430, August, 2009

BNR stz Z|X3tE o8 "HItUgE 2

Comprehensive Performance Evaluation

4. 2 BNR CPE®]| ¢Jsto] @Ao] A-sAlat a1z} o]
FHoklAp EE ¥ ohufet 1o sk 3Rt AlA = gola)
Ak B U] A H A sk e /dHelA,
BNR&7d -72] &7]% 9 kx| oo e
A AL A gl v #H A3 Fede s8] g
713 9 A 9SS & AldTE dARAE TV
z9] HA3k= 93 588 2x= Fogicky FHra
TARRZE B AC/NHEgh= 24 A|9lddl= #H A sk
{8t IRk sk WA ibo] gl o, 274 M=
$7)1% 9 A eA vlwA golgh fAwe fAREe ®
5 AARTE AAAA o] 7Fssithal S Qi o
QA 0% A EAE Sl HATE AE F7IAA 7
I EHAAGAE §5F FAdo] AlFd] LFE o 19
A EC daiM = AARA = 5HS NRA = 2art
ek @7k ek

5. BNR skl ol skt 4 Qi A% H
o i L) FRAEB A, F T BE A
q

T AT ARl T2 TS FUF il
UhE HRTS7HE 79 C/P 9 ON HI 9] S7P7H 3aA3E&
g1e = QI8lek 53] A2AN S s e
SIARE A5t AFs 3t A 2] Aoz} Uik Avbdels 9%
dofp] o] 2 tiAl F94% S71el Wk HRT7F 2
Zeafar o] el 131 ON, O/ BI7F ot 24
SIIARE, FA A A5 obF WiEe] YA ERIAIA

719] 2pol7} llth

QoI T A2ATY Aa FPPES 7}
QIAi7re] AE R Bake BAR alAlel 5o S
e AR A%, A A, B2 D HHB
ol £8e % 4 9le Ao 47hEw ol BNR T4
kst AAle] %7h 59 A7) At G W Aol
57 Alek A AR 1 Qo7 2 Roz s,

[

AF A

o] 1E-E 20064 ARAL(@AAAALY AT
ALIH) 0.2 SRS EARE] 4 A2 ot AT
& (KRF-2006—311-D00613).

anEs
L s Aa, AR, $uE, 439 (2009 24584

BELs 484 BNR 349 S8 7L A5 BF, ofekgE s}
3] 2009 #AsteHTEES] =FF PG-49.

1A, o734 (2001) AHPOIA Y] S3UHY Be] FAH
S 81, gFg §788]%] 26(4), pp.71-82.
A, FEA, 01573 (2006) AHP7|HE 283 [TZZ 3]
E AERS B7VHe] 71X A, Information systems
review, 8(1), pp265—285.

L AHA, AEA, A94, AT, S, AR (2008) Dr.

Wastewater program®] 242 53t 3l<=3]2]3 2ol v
= 8lHE Q7L HEEGER] 22(6), pp647—655.

5. FH (2005) HHFFHSAE vHIAE A2

6. 55t o|ule, "] W7 (2003) W=+ EPAS] CPE 719

11.
12.

13.

14.

15.

16.

17.

Hl=0]
& olgst =l skeA e B, fErEFE e, 2505,
pp.535—543.

VA, AN 25T (2004) AR A2/08EA B A9

24 37), gyl els a8 F e 2004 FE F
AgreeEs] =27 D-10.

L ZRA, eAY, BHE (2007) HE7t 25 ALP/THE &

£33 w7 SR AR QALY TSR] 24,
8] 24(2), pp95—106.

s5IHIE

-8 (2004) FTFERAE Y LGB HF N
10.

A% (2007) 2006 FFFELAIAY LY HPEH 24

3}

R (2009) FTEY BA3F

Olsson, G. and Newell, B. (1999) Wastewater Treatment
Modelling, Diagnosis and Control 1WA
publishing, London.

Randall, C.W., Barnard, J.L.. and Stensel, .D. (1992)

Design and retrofit of wastewater treatment plants for

oM,
.—{n‘.

Systems,

biological nutrient removal Technomic Pud. Co.,
Pennsylvania.

Stephens, H. L., and Stensel, H. D. (1998) Effect of
operating conditions on biological phosphorus removal,
Water Environment Research, 70(3), pp.362—369.
U.S. EPA (1989) Handbook: Retrofitting POTWs, U.S.
EPA, Washington.
U.S. EPA (2002)
evaluation (CPE). BASICS, U.S. EPA, Washington.

Water Environment Federation (2005) Wastewater

Comprehensive performance

Treatment Plant Design, Water Environment Federation,

Alexandria.



