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Abstract
Due to rapid industrial development, population growth, and improvement of living standards, the amount of sewage

and wastewater, including nutrients, is increasing every year. In addition to the increasing amount of sewage and
wastewater generation, untreated linked treated water (manure, livestock manure, industrial wastewater, leachate,
food waste) is also increasing, and many of the linked treated water flows directly into nearby sewage treatment
plants. The associated treated water causes many problems because of its own characteristics, low flow rate with
high concentration compared to existing inflow sewage. In order to solve this problem, it is necessary to investigate
the quantity and quality of the connected treated water whichh is flowed into the sewage treatment plant, and
a study the effect on sewage treatment. Therefore, in this paper, we would like to examine the effect of the linked
treated water. Seasonal effect associated with water pollution conditions was considered. In addition, a scenario
was created through the distribution and inflow of connected treated water along with the water temperature conditions.
Through scenario analysis, we intend to optimize the operating conditions of linked processing.

Key words : GPS-X, modeling, Linked Treatment, Sewage Treatment Plant

"To whom correspondence should be addressed.
Department of Civil Engineering, Seoul National University of Science and Technology
E-mail: kgil@seoultech.ac.kr

* Sungji Kim Department of Civil Engineering, Seoul National University of Science and Technology, Korea / Master's course (7im_sg@seoultech.ac kr)
* Kyungik Gil Department of Civil Engineering, Seoul National University of Science and Technology, Korea / Professor(kgil@seoultech.ac.kr)

Journal of Wetlands Research, Vol. 23, No. 1, 2021



LM E

Azgol mid F7lohs A 2ol G455 AgE%
T57h A 29 Foz JFARE TS oF
5= g =Fe] wid F7kshe SAlel 91k (Shin, 2016). ¥
ibA o2 steAejolMe A8 Y424 ZASHE &
Y=o olzfgt steAelE g AE, AA 2 FAPL £
AHEHIm and Gil, 2017). 4 steAFole 2, 4t
e, HE, St 22 uA St dA fA=
AAAZ T UohKim et al, 2007). AAA 2T B,
VEER, MESF, 7| AgHS 5 1R H4ES <
T steA o AAlste sig ArgA Q] RES HolF
= X2"e Tetth(Lee and Gil, 2020). GAAEE A3
ot olfE Ik A4 Fstd $HES RS TS
o 4 e AYFAS Aok star, A T3], /7]
e 5 ofggo] 7] Rl AT sEEAHEFOoR AA
A2S 235t YohKim and Shin, 2012). H]H g dA
Aol AL 71E Fdsteet Hluge i f9H 1
v]5t2 T (Lee and Gil, 2020), SEEA =
HEYS o 7|E FYstrET Wi =2 &
AtHKim et al., 2019). o]&} 22 E
AA e Fol Jrof ks AYETH
SR &Gl dFE E & AH(eong et al., 2016).
steA 2 o]} 7 Fog s 4 o3}, A
o}

=3
T 37 edns 271 AN EE 334 £ 53

ORI
P oo I

)

By
N

e g2 BEAES 7HAA Ik(Lee et al., 2020). o<}
22 BAE 25ty YaliA skEA gl A Sd==

AAMEIe] F @ 57 o] 2A} Wasty, oA
o AL G So et A7s BasithKim et al,
2019). & A7 Agalr] el A7kt AAA Aeko]
we A9 uRtE S8tE #4597 B ol4d)
AL A7s} olzolAw Q. 4ot wde B¢ A5
X gy sfAe Fe Ae] A LAXAL £EY &
gou, werls AAsiA Lds] 9IF HgE Bug

StHChung et al,,
Hydromantisof| 4] 7H@gt el
g mas ‘GPS-X'2 ALt dAEo] dge

8
iz QA Aol BE 4o 21E RS 1
AARYA PR4 £4€ AEag Fo PR 5
"ol AV Al A Se 24€ Destel AR
G R B B 9FAAE 2ol Avtele
£ WED AUe 3 A9 BES e 202 ¥
Mot gt

2.1 ALY Srad2| 2

Ao BEA Agg fofA Arxzio] At of4A
24-E AAofof et whebA Aol ARt shaeA S
ot# Fig. 13 Z2 #H4g FalA A7 st-A=EdS
ARt SHEEEA 2018 HiEO R AAAYE A
o Hof watd E{F A} 500m’/d ol4fe] st 2%
T AAAEE Adch= skeAedS 1887142 ZAE S
31, 500m’/d olate] steAE F AAAEE AldchH=
St )2 17HAR ZAME ST oetA 2 A4 A

Symbi ng(:BNR- 1% 7H 2], M, 1% BEEFYENY, 5%  4stage- B3, 3%
. mbie, t )
Linked, SJMMR % TR gy sz 24201% BNR, 2% AQ, BioCube, -Bio-SAC,
Over < ' M, | 1% BNR,
500m?/d TBCR-IL, 1%y 1 o
188,(28%) SBE. sppr, 1% BNR
1% SBR, 2% . ». BNR-3, 1% C
—— RBC, 1% §-BC 1% BSTS-I, 3%1%
Omniflo PID. CASS, 1%
sBR, 20 1%
oDIs, 1%
0oD-
ATS, DeNiPho, 10%
. 1%
Unlinked, NBS, 1% CSER, 3%
Over
500m3/d MSBR, 2%
483,(72%) MS-BNR, 1%
KSMBR., 1% KIDEA, 2%
ICEAS, 3% HBR- ,
GrsT. 1% s N\ Huidyne-
KSBNR, 1% HDF, 1% HBR-I, 1% " SRR 1%
-
Fig. 1. Sewage treatment plant selection process for research
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Table 1. Sewage treatment plant facility information

N Facility Status & Scale . )
Facility Facility Capacity
W L H EA
Embarkation 6.3m 6.0m 4.6m 1 174m*/d
Primary Clarifier 6.5m 25m 3.0m 4 1,950m*/d
Anaerobic 6.5m 7.0m 5.0m 4
Bioreactor Anoxic 6.5m 7.0m 5.0m 4 6,110m%/d
Oxic 6.5m 33m 5.0m 4
Clarifier 6.5m 33m 4.0m 4 3,744m*/d
Table 2. Sewage treatment plant optimization scenario
Parameter Flovv3 rate SS BOD COD T-N T-P te{np. pH
(m*/d) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (©)
Range 7,580~36,017 59~548 107~403 56~200 14~66 2~7 10~28 6~8
Average 13,014 220 240 117 45 5 20 7

Table 3. Characteristics of influent wastewater

Scenario

Sewage Treatment Plant(STP)

Influent Tank 100%

Anaerobic Tank 100%

Anoxic Tank 100%

STP impact analysis

Aerobic Tank 100%

Anoxic Tank(0%)

Influent Tank(100%) :
Influent Tank(80%) :

 Anoxic Tank(20%)

Influent Tank(60%)

 Anoxic Tank(40%)

Influent Tank(40%)

 Anoxic Tank(60%)

Optimal condition analysis

Influent Tank(20%)

: Anoxic Tank(80%)

CHEHCIISISIONCHONCNC)

Influent Tank(0%) : Anoxic Tank(100%)
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Table 4. Results of Kinetics parameter estimation

o] AAEA o Be parameterE olsfsh=d 7 7
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Symbol Unit Default Application Symbol Unit Default Application
Yh gCOD/gCOD 0.62 0.59 nno3pao - 0.7 0.8
Ypao gCOD/gCOD 0.615 0.525 Kapao gCOD/m’ 3 4
Yaut gCOD/gN 0.14 0.13 Ko gO2/nf 0.1 0.2
muh 1/d 5 6.505 Kno gN/m’ 0.4 0.3
bh 1/d 0.3 0.1875 Kalk mole/m’ 0.2 0.1
qpha 1/d 2 1.8 baut 1/d 0.10 0.13
qpp 1/d 1.4 1.2 KO2 gO2/n’ 0.4 0.5
gpha 1/d 2 1.5 Kh 1/d 2 3
qpp 1/d 0.5 1.1 nno3 - 0.5 0.7
Kalk mole/n’ 0.4 0.5 nfe - 0.3 0.4
[ O Measured == Estimated |
20

-
N

T-N(mg/L)
)

S N A O &

o

0.2

50

100 150

200 250 300 350

Operation period(days)
(A) T-N

‘ (O Measured == Estimated

0.18
0.16
0.14
g 0.12
0.1

P(mg/L

- 0.08
0.06
0.04 %
0.02

SEEAIEE A233 A=, 2021

50

100 150

200 250 300 350
Operation period(days)
(B) T-P

Fig. 2. Simulator model verification



£ sk Wi F A8 ARl 2A 9T A
© WHe =5), Wi FEREE 24 T =

=4 W 3 F4e % 2d9 A, 2dd
S st AFGEA] ¢F2 HlolHE Abgste] A=

4% Bbet ze WAL 5
UAE 24 9 s 24E& 919
Qiztel 712 Zre TWA Task Groupell o8l A|AE 7]
(Default) Zt& 50-200%2] oA HIlE =%
St ofRs 34 9 mdgS g2 19719
o] fdad 2 UReES v e IPP, 181971
219 Zre w24 181 o]|F o] e nEATS

Ash ARE-= At

— oL
o
4>
_>|il.
o

ol
=

£5t

3.2 Ay +22AE S8 AARE| 2Ar2 =5

AR e Bt AgdelHe $stn, AAA
P4 48T 4 Gk AHSL wEsA Aek oA
9o 4AEel e 2 AT PEHo B 15C,
og 25°C, 7k 20C, AL 10Ce] REE BT} wetA
7} ARS sk 422 ABeolde] Agot, BR4

25

o] T-N, T-P9] £3& AmHsict 10CxAAA T-N
7.51mg/L~19.76mg/L(Hw:14.00mg/L), T-P 0.0401mg/
L~0.0971mg/L(E#:0.0744mg/L)& YEryth. 15CxA
oA T-N 6.77mg/L~18.12mg/L(¥7#:9.20mg/L), T-P
0.0511mg/L~0.1131mg/L(g+#:0.0729mg/L), 20TxA
ol T-N 3.61mg/L~9.91mg/L(¥+:8.02mg/L), T-P
0.0511mg/L~0.1131mg/L(B:0.0729mg/L), 25CZZ
oA T-N 5.07mg/L~11.22mg/L(®¥+:8.35mg/L), T-P
0.0391mg/L~0.2181mg/L(*:0.0681mg/L) 2 L}E}SITE,
ANE v o R AAAY HHpe EA A 20Tx
AoA #74 Hd T-N 8.02mg/L, a4 B+ T-P
0.0729mg/L2 Wby, o2 42 X710 H|ajA @2
HHe o845 Uit ol Foll AAIAE flof 24
22 & 5 Ak
3.3 AIE20|Md AlLl2|2 MBS
274 HEM

- ="

Algdleld Al Sl AAA
w4571 AAsiA AlgdelH HolHE vre

o Ago

1o =2

.
o=z

0.25

L]
20 1 0.20 4
Q 15 . Q 0.15
o 8 o))
S £ . .
= o
Z 104 ‘l’ ; = 010 - ; e .
*
5 4 ; 0.05 ; % %
*
. . . .
0 : T T ; 0.00 T . : :
10°C 15°C 20°C 25°C 10°C 15°C 20°C 25°C
Temperature Temperature
(A) T-N (B) T-P

Fig. 3. Effluent quality according to temperature conditions

Table 5. Effluent quality by scenario condition

T-N T-P
Scenario Min Max Avg. Min Max Avg.

(mg/L) (mg/L) (mg/L (mg/L) (mg/L) (mg/L

J STP 1.68 17.73 7.58 0.0080 0.1920 0.0445
@ 4.31 14.91 8.02 0.0248 0.0894 0.0682
@ 4.27 14.91 8.37 0.0199 0.0829 0.0692
©) 2.7 10.31 8.22 0.0097 0.1498 0.0671
@ 2.51 10.23 8.42 0.0159 0.1491 0.0683
® 4.31 14.91 8.02 0.0248 0.0894 0.0682
® 3.97 9.21 8.15 0.0118 0.1259 0.0634
@ 5.58 12.51 9.27 0.0498 0.1258 0.0819
5.43 13.98 9.16 0.0258 0.1198 0.0821
® 6.21 11.52 9.21 0.0137 0.1237 0.0774
2.51 10.23 8.42 0.0159 0.1491 0.0683
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