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Developing a New BNR (Parallel BNR) Process by Computer Simulation
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Abstract

Since Korean government imposed a stricter regulation on effluent T-N and T-P concentrations from
wastewater treatment plant, a new process has to be developed to meet these rules and this process
should remove T-N and T-P, economically, from weak wastewater that is typical for Korea’s combined sewer
system sewage. In this study, a computer simulator, BioWin from EnviroSim, Inc. was used. Three process-
es — A2/0, Modified Johannesburg, UCT- had been simulated under same operational conditions and a
new process — Parallel BNR Process - had been developed based on these simulation results. The Parallel
BNR process consists of two rows of reactors: One row has anaerobic and aerobic reactors in series, and
the other row has RAS anoxicl and RAS anoxic2 reactors in series. In order to ensure anaerobic state in
anaerobic tank, a part of influent is fed to RAS anoxicl tank in second row. This process had been simulat-
ed under same conditions of other three processes and the simulation results were compared. The results
showed that three existing processes could not perform biological phosphorus removal when the average
influent was fed at any operation temperatures. However, the Parallel BNR process was found that biologi-
cal phosphorus removal could be performed when both design and average influent were fed at any opera:
tion temperatures. This process showed the T-N concentration in effluent had a maximum value of 15mg/L
when design influent was fed at 13°C and a minimum value of 14mg/L when average influent was fed at
20°C. Also, T-P concentrations had a maximum value of 1.3mg/L when average influent was fed at 20°C
and a minimum value of 1.1mg/L when design influent was fed at 13°C. Based on these results, we found
that this process can remove nitrogen and phosphorus biologically under any operational conditions.
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1. ME AP 26l E - Agstn ded, o A9
HWEE sk A Al ERACE Ho gl
ol & 7Fed ALY ¥FL 7] AHEE Y o s FRE I skeA R fdFEd =S
S O ARESE ekl tigt AE AFA st Aol SAolH
2. ol W asANe AUsE 4Afes 190 2w wd A%E ESH FHe
A ggate wWeke] Z7E ] AlFstdnh. 19709 olE AGdA AEE VeS EYste] AEae
o A9 sl Ade AP Wit A W e Sl A A vles g - A8
Ao RAFAQ Jgg dFE FAEY AYwS n stu vk Il A A AESH FHE
gate] sk o fr1E Astgoy, g A L] A E R Sk AFAsEoR <l
2l5e] A o4 el m=lEy] AFE 1980 @ Aol wls) 2 AmrE o sk, e
REE sz 293s fdste da 2 o 1 FAVIE Adstn A F A2 g F A F
= A AAGE Wete] ZFE Y] AlFSATE o] =7F A7 20mg/L 3 2mg/L]l ARg wjE Bk
2L o2 A= 2001d 1049 =y aEln AAES nddloketedl, ol FHdI
A& FHE APete] 2006374 4R ol 9 g Vs AT ARE Hoig 9Es] s A
A BE }—rﬂﬂx‘«l Ao e Zoh 9474 FEH RIS At o8 kA b2 21 4F
g F A4 4 oo Yk wEF7ES AAE ot HFH AEHMAE FIsta oF VR
At R, 20011)). o] FHL HWEFE = 24 s A e NLElE Rt
g9l =5 Add wgt gE2A #HAsk =, AFE Bd2 1980dt 2 AESE 1% A
FA719 RYRE 397AE F AaE OmgL, W ATFE AFS Folzelgl F3alA] AfEE
Z 92 8mg/LE 7tz WAEg A o2 AT 4 o 1987de] IWA(International Water Association) <]
AEH UE7HAE & 242E 20mg/L, & & 49l JAWPRC(International Association on Water
2mg/L7t %2 kg Edl, 20009 dt4% ®Ado]  Pollution Research Control)o] Task GroupE 7d3t
osid F 18270 F 4709 A AHElge o AEIHA fr1E 9 AxAAE Alededd
B F Ah BEE 20mg/L o[4S Yebiz, 23 F e Activated Sludge Model(ASM) No. 12 w3
A Aol Al B E AEEs dmgLE Y olu(Henzeeral, 1987) 19950 A2t $7]
' Aoz Y, ol Aol 40 fol 9 &, AL E 2 AAE AEHAE & de ASM
23 ALdE= 200603714 BANE AYstns @ No. 27} 3R E AT (Henze et al., 1995). o] o] 3o
A 2ol AANDE AR eo}r st Aoz Vel = ASMNo.2E WHE3 ggo] o] %}ifﬂ]i’i_:_
THEEF, 2001a). ES o]lF o] &3 nmsleAF AA 2 +d FH
3¢ o da 2 A5 AAG] Hs 8l -8 Astel] Wigk A3yt LR AT (Buhr ez 4l 2001,
gt 9 A&k Fyo]l H&H =, AAHQ o]  Bratbyeral, 2001).
2 A3 Il 7P AWLdsiA AeEHn
otk A& FHol /- Agd xe olg 7 2. AT HHY
5@ A0 ¥ED oz} B 3 2
ATUoLF, 4 AUSE s4ol AFa] olF AR ABAIAL o gM T A4l
Arr AMgste 249, geln gEke] 24 2 Ajstn, sul AYE wEF Ve AL,
Qo] wjEH o] T Fats BYAA A V1L TE T Hl&l AE g2 AR AHE
o Aztg FAS 74At & 6= Chesapeake Bay FHS 7/M#aly] falde 22 &1 24 7]
FHAL E F U o5 NG 74 Ao XE  EY EA FHEC dig AEHHE a5t
¢ 54, 71F 24, agla AYS wE 71EE 4 3l JHRe AYHS gotste Aol dAH
nste] ZF A Go] 2o H3 YESH ur  OF FIHojof gtk B R V& Ll F
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Table 1. HRTs of each reactor and total HRTS for studying processes
Reactors Anoxic
Anaerobic Aerobic Total
Processes RAS Anoxic Anoxic
A20 1hr N/A 2.5hrs 4.5hrs 8hrs
Modified Johannesburg 1hr 0.5hr 2hrs 4.5hrs 8hrs
UCT 1hr N/A 2.5hrs 4.5hrs 8hrs
Table 2. Pumped flow with respect to influent flow, Q, and number of pumps in each process
P
rocess A20 Modified Johannesburg UcT
Pump
Flow of MLR #1 2Q 2Q 2Q
Flow of MLR #2 N/A N/A 0.8Q
Flow of RAS 0.8Q 0.8Q 0.8Q
Total Pumped Flow 2.8Q 2.8Q 3.6Q
Numbers of Pump within system 2 2 3
Note: Q = influent flow for each process
N/A = not applicable
ARl Omg/Lell 7Aook, F4k2 % (Anoxic) o
Table 3. Influent characteristics for simulations
5 cerm NE 2% 20°C, AAFE #9949 NOxNsE
Conditions 7b Omg/L7} @ whle] thE 2eA o= Hmo
Item Design Average ool UEhdth. 57129 A9d NOxN:Zs
BOD 140 7 #U4F BE7 28542, $HLE} 855 O
= . e TR Ee Qo e, ol vE7 B
. 5 24 5 Adsigol kold AT @Hor Bwd
o PO Pee] Agel sloire #42E 13°C,
AAFA 9 A Adstne @r1zdA 9
o2 At 3ol gl Aoz vehed, ot 13°Ce 3¢
e 2 Bo e AdatgR i @7z
3. 2 % 1nz 2 R NOxN £ A& oz dg ¥
A8 Aow ARAL o EeH Hi uksh Pol
3.1. A2/034 she AP PO PrEg BANFE @724
Fig. 19 ()& A2/OFHS HAFE A3, o o o] 13CAN 4A5H FLAAT 24
Table 4] A2/0€ & &A= Wste] WE 2k W go] 57)%9 PO, PEE} Img/l o|8E HAF
ZollAe] Aa gl ARE HAFE A AAl 5 9oy o wrEo] whA olw: 20°C AASA
SR A g ex S8 ICS 20°CAN - goinele 1 wEsl 3mgA g@ke Ao
o AR grver Fok HE 2712 Aerobio) Sl gy aen Jasd §9 Ade exd @
FEYolse fda FA% BAG] B3°CAM  Hglo] 7]z o WEo] WAHA o} 57]%
= 2.5mg/l, 20°CelM = 0.7mg/LE BeiFel 4 o pOPrEE 1 7mg/LE Uit o
Astele 2 AV fle A2 YEEH. @71F Taple 19] AFFS A= A2ZOTHS U 8144
(Anaerobic) 9] NOx-N(NO,+NO;-N) sE& 259 2o Agats A YEEA o A A EA7F 9L
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© AL2 vEET. £ 0.8mg/L 9§ BelFa glent, 9l Ee] B
Z e FdFd FdAde 2 FEIF

3.2. #% JohannesburgaH 1.7mg/L ool H& Zoz yeyt, dB=
Fig. 12] (b)& W& Johannesburg®% (modified Table 1&] A}ek-S zt= W3 ¥ Johannesburg 32
Johannesburg) & Hol5=11 1=, Johannesburg ¥ =] Sl HL&sle A Hd 2 YA AE

Hel WEEr] Fiaddzd FYFE FAre T8 A AA AV e AeE YER.
THolth, B AFdME F FU5 10%7F ]

we-zo] §9EE AoE sl Table 19] A}%t% 3.3. UCT3H

Zty Table 3¢] M2 s Algdolds & Fig. 18] (o) UCT3WH<E BoF1 ledl, o
& 3}9itt. Table 42] Modified Johannesburg %% ZF FHE "71x9 A Fae A=A AR
Hhezo A dRUokd, NOx-N A& 2 POP A 41 FALzdA e s aadozr 3
TEE BAFE Zor HeErt 13°Cl AY V1xY 7Y fAE HE AAEEd. Table 19]
w7z FAFA BAGle] 2.5mg/l A% ARFES 7HA|aL Table 3¢ &3 2o A AlEH <]
2 HAFYUa, 20°CoME 0.7mg/l. IS Hol AL F33 A3 Table4e] UCT Lol tt. o
T3 gl Al & BAl7E gle Ao YE  EoA] HAFE upeh Zeo] Helge] dRUYolA
Sk @712 NOx-Neie &4 27dd #Ag8le] 4 32t He 3712 44§58 UE ¥

= )
Omg/L F=E HoAFu Qlo] drizxe drige 2
FAEGDL FEHAT Dr)ZdAMY PO PEE F Ao
= o .

71z Q1 WEol #FHE HAAFE FUA

Table 4. Concentrations of NH3-N, NOx-N and PO4-P in each reactor for each process under various operational conditions

Process Cond. A20 Modified Johannesburg UCT
Reactor 13°C 20°C  13°C 20°C 13°C 20°C 13°C 20°C 13°C 20°C 13°C 20°C
Elem. Des. Des. Avg. Avg. Des. Des. Avg. Avg. Des. Des. Avg. Avg

NH-N 1654 1584 1522 1433 1687 1605 1569 1484 1951 19.08 1821 17.73
Anaerobic  NOx-N  0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PO,P 1135 2.62 1.56 185 1418 1352 1.70 171 1737 1741 1.70 171

NH;-N 958 8.14 8.92 7.62 9.63 8.29 8.88 7.60 9.19 8.2 8.54 7.49
Anoxic NOx-N  1.67 0.00 1.87 2.98 2.66 3.14 1.29 2.18 4.90 5.43 2.75 3.40
PO,P  6.01 271 1.58 1.76 7.24 7.00 1.62 1.68 7.30 7.34 1.61 1.66

NH-N 253 0.67 2.49 0.67 249 0.67 244 0.67 1.94 0.59 2.07 0.61
Aerobic NOx-N  7.75 6.69 7.86 9.51 8.79 9.82 7.33 875 1117 1214 8.89 9.00
PO,P 082 2.78 1.67 1.66 0.75 0.87 171 179 0.58 0.62 1.70 1.78

NH;-N  N/A N/A N/A N/A 5.70 411 5.57 4.03 N/A N/A N/A N/A
RAS Anoxic  NOx-N  N/A N/A N/A N/A 3.65 4.47 3.52 4.70 N/A N/A N/A N/A
PO,P NA N/A N/A N/A 1.34 142 1.70 177 N/A N/A N/A N/A

Note: Cond. = operation conditions
Elem. = elements
13°C Des. = Design influent characteristics with 13°C of reactor temperature
20°C Des. = Design influent characteristics with 20°C of reactor temperature
13°C Avg. = Average influent characteristics with 13°C of reactor temperature
20°C Avg. = Average influent characteristics with 20°C of reactor temperature
N/A = not applicable
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Ml o Wae] Fael ¢k Hgd, ol UCTZE A 3 shezie addoz 4ued 22 9
Hol &7z MLSS(Mixed Liquor Suspended 91 AAE a8 = Ju T3 A3} JJAEHE F
Solids) .25 =/ FAAZ F glol @71x7F 7k A, &5 AA 29 st fdde Bz &
4 5 9E vAE ol AY) R Ao AR FHoz 4ESY 42 % 9 AAE SPT &
gt F, UCTE A e e wdseal e 39l AFH Algdelde A MEEd
7 @71z FEHe #AR wEEeA dkgee]  th Fig.2e NEdE BHE aEAIHE HoFn
FAFZFY 10020 A5, @719 MLSS #%+ e, ¥712(Anaerobic) 9} 5 .7]3=(Aerobic) 7} 3t
wgseAe 120 E, UCTERe 29 Qo] 3¢ o1 An, & & e wgsen Fin
Me FALz2RE 7122 MLSS7F F3%HE  Z1(RAS Anoxicl)zh of whE&ejA] FAFAZ2(RAS
AR o3} FWE(Fig. 1 (09 MLR#)5F0]  Anoxic) 2 7AHe] ek wgeln] Fiazl
F95%] 100%7F e A g7]xe] MLSSE % & JohannesburgZH o] # Fabzzel o] yag
£ waaze] 120 Ho] ¥r1ze MLSSEEsl Aol BAHE WA NOxNE A7 ste
T2 W BE 128 S EA Hol A= AA  wkgs Fditt, wEeyR] FALz229 MLSS
oz @712k 4 dE MLSS Fdo] 2o  2FL wMezed TALZIY F7|22HE o|F
4 9o ageg B £E F94 UCTER oA, Fd59 20%7F dksseA FAazlz
A AESE A AAE £33 AAdE G712 U8 2 Lo #1EL FFES oY
o A71E v FW HlEl AA foF He Ao tvh Table5¢ WE n=AFy 4 whex AF
= A AZHe HolFm )i, Table 62 Fig. 29] 2 line
3 FFE FUFF Qol IR §% L oy
3.4, #H¥E 1z XNz2|Z¥(parallel biological ©2 YeRNSt}. o] Tabled|r HojF= vie} 2
nutrient removal process) o] o] Alx®loA 2FHE HZY Fr& foH
NEe] FHe BRA SAePs Aade] dwa Bz olFHolol & F A% FUF £ Wy
A Adeln e FHold A2OE Adetne  23M(23Q, e Tl v Bed AL i)

FRA AT fARE AASde] f18E A%l F9 PEsE 53] 42 oz Ve,
E 2re #AQlel Aa E 2 AAM ZAHe A Table 7 7} wk-gZo|A 9 tRUolg AL F
o= guhgoy, @4 F A £9 B £2 BaFm ged, §9 £247 BAglel 13°C
FHdol fdHeE A5 A=} QA AAE o= dAME 2.2mg/l A=, 20°CellME 0.6mg/LE
FHAHE o9& Row dehgrh avEE @ Ex Qo] dFFon At £YHE Aow
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Fig. 2. Parallel BNR process.
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Table 5. HRTSs for each reactor and total HRT for the parallel BNR process as hour

Reactor
HRT Anaerobic Aerobic RAS Anoxicl RAS Anoxic2 Total

HRT, hr 1 45 2 0.5 8

Table 6. Flows with respect to influent flow, Q, and transport methods for each line in parallel BNR process

LineNo. O @ @ ® ® ® @ @ o) @ ®

Flow 1Q 08Q 02Q 3.09Q 2.09Q 1Q 2.09Q 099Q 11Q 001Q 1.09Q 209Q 2.29Q
Transport

G G G G G G G G GorP G G P
Methods

Note: 1) Line numbers are corresponding to those in Fig. 2
2) G: gravity flow
3) P: pumping
4) WAS(Waste Activated Flow) was assumed as 0.01Q

ety A2lsd w27t He 27129 NOx-N¥

Table 7. Concentrations of NH,-N, NOx-N and PO,-P in each T 11-12mg/Le] W9l

reactor for the Parallel BNR process under various operational

conditions A 72 F929 UCTEHS A b Il
Hg =& Aow 7R A o

Condiions. Elem.  13°C  20°C  13°C  20°C O] Ho . L}E]:%DL ﬂul ]j’; o o=
Reactor Des. Des. Avg. Avg. < 2 244 Ws] dAgle]l BAE e AR
P =

Anaerobic NH;-N 1532 1455 1412 1331
NOx-N  0.00 0.00 0.00 0.00

£ 0.6-1.0mg/Le] MHS Ze Aoz Yehy, 7]
PO;P 1747 1761 737 6717 & UE IWIA= 2 Hd FHEo| &
&

del= A5
g4 o MEZEA o 2 = Ao
Aerobic NHoN 22 065 218 064 aHoz 4wy < AZE Fdse dom
NOX-N 1143 1229 1115 1199  YEFSTH
PO,P 063 067 089 102 Ba 357 3WHol FF 2 AN E A
RASAnoxicl NHeN 1075 964 1007 901 =4  AAE FIE F e A2 UCTTH9
NOx-N 010 014 095 121 tdoz Uehd o ]z MLSSEEE =4 %
RASAnoxic2 NHeN 272 118 278 127 Ad olatm HHF 4ol §dHE AL UCTZY
NOx-N  8.82 9.63 9.21 10.01 o] d7]z% MLSS =5 1,500mg/L7]— 5= uhd o)
PO,P  0.76 0.81 0.97 111 _ o =
e n=AFgHe] A5l loldE 3,000mg/L
Note: Cond. = operation conditions 7} o] e Zgdkd A BAZHA 2u)e] 37
Elem. = elements
| AE Fake 2 2= ol Ao 1r
13°C Des. = Design influent characteristics with 13°C of e sd= 7K 7 sle Jle velk
reactor temperature
20°C Des. = Design influent characteristics with 20°C of 3 5. _g_tél =E i-IE _/Ik = A4 g o] 52
reactor temperature . = .
BioWineo] o ]75_% ol 8 A A 'l ?_]_ SN
13°C Avg. = Average influent characteristics with 13°C of - ] ] kA S 7i © 'L
reactor temperature = }‘]Ea O]{\i?j_’ ‘/'IY: 3}1\’1: j’d’ﬁ]i :o'_tgtg Jﬂ‘{l: <+
20°C Avg. = Average influent characteristics with 20°C of 24 2 0] =2 5 24 ZAdH=E geotd &4 gt}
reactor temperature Fig. 3e _TOL%J% q E]—’,‘— _7(:;_ P = y_oj] F=
AoR A7 $dol #IHE A% WY A
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D =i steAie)del AA sdo] flEe 4 7 AT A dgo® spdEdden A4 Ay
Sole AVOTHE Asdehne J1Ed YW 1 Aojl(F)7h 54l 2AFAUL.
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e e vetod, B 440 499% 4 HD2
¢ slzel 2zl wEA FHe A%AA o
AAE FhetA] Fate Aoz Ueisitt 7B71% (2001) FsteA e 71 EdA HaA
) AESE A2 9 9 AAS T sgAge]  FET 0l drs BA.
AR e A)E 2] — ki 2 §9]
Agae A%, A5 T AR @Agez o IO TEE AREE A0 08 5
5 O 2] b=} sl ’
Epstom, oo maAQl wul7h st = Barnard, J.L., Weston, P. and Coleman, P. (2001) Design and
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