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Abstract

Since Korean govemment imposed a stricter regulation on effluent TN and T-P concentrations from
wastewater treatment plant, a new process has to be developed to meet these rules and this process
should remove TN 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 anoxici and RAS anoxic2 reactors in series. In order to ensure anaerobic state in
anaerobic tank, a part of influent is fed to RAS anoxic1 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. Aiso, 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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Fig. 1. Studying processes.
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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 thr N/A 2.5hrs 4.5hrs 8hrs
Table 2. Pumped flow with respect to influent fiow, Q, and number of pumps in each process
Process A20 Modified Johannesburg ucT
Pump
Flow of MLR #1 2Q 20 2Q
Flow of MLR #2 N/A N/A 0.8Q
Flow of RAS 0.8Q 0.8Q 0.8Q
Total Pumped Fiow 2.8Q 2.8Q 3.6Q
Numbers of Pump within system 2 2 3
Note: Q = influent flow for sach process
N/A = not applicable
e #Aglo] Omg/Lel] 7PAR oV, FAk2Z (Anoxic)d
Table 3. Influent characteristics for simulations NE 2% 20°C, 4ASE $YAdE NOx-NEE
Conditions 7} Omg/L7} & ¥bde] oh& zZojA ol Fxe
tor Design Aerage 27 et 57129 A9e] NOx-Nggs
BOD 140 117 #Y4 FEF BEFE $HLES BEFE
Ji b oy $E7h £ Aoz veEed, o ¥R/t ¥ %
P s a4 4% ANsgo] Fold WAY ANz B

972 4y,

al
x

3. &3t ¥ 1%

3.1, A2/038Y

Fig. 19 (a)& A203Y¥& RHAF3 3=,
Table 42] A2/0€ & A xA W) g 7} ¥hg
ZAXe A4 E Q AES BdF2 v AA
2 HF $£24 a8 BegE L5 13°C9 20°CHA
9] A4 Yol ¥E7} HE 372 (Aerobic) 9
dRYolerE #dgd FEH @Al 13°ColA
£ 2.5mg/L, 20°CellM & 0.7mg/lLE HeFo] A
At & A7 dle AR JEET. d@71
(Anaerobic) 2] NOx-N(NO;+NO;-N)FE& 2%
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Fig. 19 (o€ UCTEHE BEdFa e, <
THL rlzxd £oA FEE ARz AHE
2 1 FALZAM IJTE 3o ARHoz ¥
71Z9 #2714 A& A8 L=t Table 19
AtFE 7HA| 2 Table 39] &3 ZHA A8 o]
A& +8% A3 Table4e] UCT o lth. o
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& Ael7t gl Ao® vEyrt, PO PrEE,
e FHA Zol HE £2 wYrdE FIFd

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 15690 1484 1951 1908 1821 1773
Anaerobic NOx-N 000 000 000 002 000 000 000 000 000 000 000 000
POP 1135 262 1.56 1.85 1418 1352 170 171 1737 1741 1.70 1.7
NHN 958 814 892 762 963 829 88 760 919 82 854 749
Anoxic  NOx-N 167 000 187 298 266 314 129 218 490 543 275 340
POP 601 27 1.58 176  7.24 7.00 1.62 1.68 730 734 161 1.66
NH-N 253 067 249 067 249 067 244 067 194 059 207 061
Aerobic  NOx-N 775 669 786 951 879 982 733 875 1117 1214 889  9.00
PO-P 082 278 1.67 166 075 087 1.71 179 058 062 170 1.78
NH-N  NA N/A N/A N/A 570 411 557 403 NA N/A N/A N/A
RAS Anoxic  NOx-N  N/A N/A N/A N/A 3.65 447 352 470 NA N/A N/A N/A
PO,P NA N/A N/A N/A 1.34 142 170 177 NA 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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ue-g Sy}, uigge FALZ2Z 9 MLSS
TEe uhgeyA BAAZIT HI2RREH o]F
AxY, #Us9 20%7t WEEYA FALZRIZ
45 gdo ¥ag fUES FHEF 9
t} Table 5+ ¥E nxAe3Y 2 gz AF
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Fig. 2. Parallel BNR process.
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Table 5. HRTs for each reactor and total HRT for the paraliel BNR process as hour

. Reactor Anaerobic Aerobic RAS Anoxict RAS Anoxic2 Total

HRT, hr 1 4.5 2 05 8

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

Line No. 0) @ €) ® ® ® @ ® @ @ ) ® ®

Flow 1Q 08Q 02Q 300Q 200Q 1Q 209Q 099Q 11Q 001Q 1.09Q 2.09Q 2.29Q
Transport
Me G G G G G G G G G GorP G G P
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

Table 7. Concentrations of NH,-N, NOx-N and PO,-P in each
reactor for the Paraliel BNR process under various operational
conditions

Conditions. Elem. 13°C 20°C 13°C  20°C
Reactor Des. Des. Avg. Avg.
Anaerobic NH;-N 1532 1455 1412 1331
NOx-N 000 000 000 000

PO,P 1747 1761 737 677

Aerobic NHyqN 22 0.65 218 064
NOx-N 1143 1229 1115 11,99

PO,P 063 067 089 1.02

RAS Anoxict  NH,-N 1075 964 1007 9.0t
NOx-N 010 014 095 1.1

PO,P 1076 1024 422 397

RAS Anoxic2  NH;N 272 118 278 127
NOx-N 882 963 921  10.01

POsP 076 081 097 111

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
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Fig. 3. Effluent T-N concentrations in each process under vari-
ous operational conditions.
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Fig. 4. Effluent T-P concentrations in each process under vari-
ous operational conditions.
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