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Abstract : The purpose of this study was to evaluate alternatives for stable operation of WWTP(Wastewater Treatment
Plant) with a higher rate of inflows and a higher concentration of pollutants during wet weather to minimize the pollution loads
being discharged into receiving waters. 3Q(Q: dry weather flow) of a base flow is normally intercepted and flows into WWTP
as it was current practice. It is revealed by simulation that the bypassing alternative of 1Q through secondary treatment and 2Q
into the stream after primary treatment was as good as it is expected.

The bypass pollution loads were in the range of 23.9 ~ 38.5 % of the total loads flowing into the WWTP indicating that the
bypassed flows need an extra treatment such as stormwater detention reservoir, high-rate coagulation with sedimentation, and
step-feed. The high-rate coagulation with sedimentation was the most effective with respect to removal of the pollution loads.
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Table 1. Typical conditions of wastewater treatment plant in study area

Capacity (m’/d) Population (person)

Type of sewer system

Watershed area (ha) Process

25,000 62,079

Combined sewer system 552

Activated Sludge process

Table 2. Operating condition of wastewater treatment plant in study area

Item Value
Capacity(m’/d) 25,000
Area(ha) 552.5
1st clarifier 1 line 2 line
Surface arca(mz) 778 @16m X H3m Z15.5m X H3m
Total volume(m®) 2,338 603.18m° X 2set 566.07m° X 2set
Retention time(h) 2.8 2.6 3.02
Aeration tank 1 line 2 line
Tatal volume(mr) 5220 W9m X L27m X H3m W8m X L24m X H3m

’ 729m’ X dset 576m’ X dset

Hydraulic Retention time(h) 6 6 6
Mixed liquid suspended solid(mg/L) 1,764
Solid Retention Time(d) 13
Dissolved Oxygen(mg/L) 1.2
pH 6.8
Temperature(°C) 12.8
Air flow rate(m’/h) 23,000
2nd clarifier 1 line 2 line
Surface area(m’) 988 @18.5m X H3m @17m X H3m
Total volume(m’) 2,974 806.4m° X 2set 680.94m’ X 2set
Retention time(h) 35 3.5 3.6
Others
Recyle MLSS(mg/L) 4,076
Recycle ratio(%) 39.3
Dewater sludge cake(m’/d) 164
T-COD in supernatant(mg/L) 21,000
The ratio of contain water in sludge cake(%) 80
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Fig. 2. Layout of treatment process and alternative process.

A A 2=8le] FAQl vlolEl(dynamic data)S ©]-8-5}] vl
MAFE F43he d77F EdstA 28 s i Vanrol-
leghem et al., 1999; Roubos et al, 1999). B A eojA] tj
AAHZY e A4 598F A G AR
FU48 HoT 2gaRon, A2 2D LY
HyEe FuxEe ASM Nod oA Akst AF A<
default valueZE o]&-3lgc)

(2) Adde »Ag4dy

AlEdeld Ao Wit RAYL sEAEF dr] 2
ol E o|&&tdtt. R4 dx} Fig. 33 o] &5 2
7§ TCODE HZH| Hla)| 1.8 mg/l 4 Toj=o] <f
82 %9 QAE B, SSE 0.1 mglrt 2& 2 %9
28 veRdo] AdEe] HElad CFe] nE2ds A
FHE Bl Aoz sl

frdgeell vlsle] daFAA Y FEFFErt =4 e
e, ole £8A AMAEE 2HE diWE SeAE A
A5 178 FAAR FEF A, 238z S99, 247
gl Fof Aukdart fYdEr] Wil 13 JRA F
297 frdael vlgte] 22 FEE FA3T ASE ¢
= st

ZeAele FdFEYg 2o Wdshes =4 3, non
steady-stateo] 2 2 A el A B A3 parameterES ©]-£-3}
o d&Fshe S AAZAg tha Aolrt E 929 §HA
7F Atk ot B Ao e oiS-EANerE X Eadgs
Hlastna she SHoz mRdlys FyPsigonz md
2 ZA9E vegez Z gigducte) S48 #Hrlske
FTog FYPHA

235 LMK Y SHAN Ha| 7|xAY
SN SR dgeAYt F ¢4 AAAS F
287 AAAPA Y EHE A337) A8t Fig. 4}
22 columng o]g3te} AMAYL AAsen, 1 2
#g HAAL F4547 AL T 298 AAnH
& J3dke #EA4E RSk
ARAPe F9rE 3o 1¥EA IYEEE AT

1 #18led FLM(Floating Layer Mecthod)¥Ho & A]si&}s]

=

N



4| S4B XM LA HSME HYSYYoll Bt 77 135

Table 3. Characterization of wastewater and selection of stoichiometric and kinetic parameter.

Ref.  Typical

- . "
Symbol Description Unit Value Value?  value?

Characteristics in wastewater

Si Soluble inert COD concentration in wastewater g COD m* 11.5 16.8 -

Ssi Concentration of readily biodegradable COD in wastewater g COD m? 51.1 33.40 -

Xu Inert suspended organic matter concentration in wastewater g COD m> 40.7 64.65 -
Slowly biodegradable organic matter concentration in 3

) & wastewater g COD m 97.2 35.15 -

Snoi Soluble nitrate nitrogen concentration in wastewater g NOs-N m? - 1.27 -

Snmt Soluble ammonia nitrogen concentration in wastewater g NHi;-N m> - 18.25 -

Snii Soluble inert organic nitrogen concentration in wastewater g N m™ - 2.65 -
Soluble biodegradable organic nitrogen concentration in 3

Swor wastewater gNm - 2.25 -
Slowly biodegradable organic nitrogen concentration in 3

Xnor wastewater gNm B 2.36 )

Stoichiometric parameters
g cell COD formed/

Yu Yield for heterotrophic biomass g COD oxidized - 0.49 0.67
Ya Yield for autotrophic biomass g cell COD formed/g N oxidized - - 0.24
fp Fraction of biomass leading to particulate products g COD/g COD - - 0.08
ixs Mass of nitrogen per mass of COD in biomass g N/g COD in biomass - - 0.086
ixe Il:/i[grs:ag)sf nitrogen per mass of COD in products from g N/g COD in endogenous mass ) A 0.06

Kinetic parameters

“H Maximum specific growth rate for heterotrophic biomass day” - 2.68 6.0
Ks Half-saturation coefficient for heterotrophic biomass g COD m? 30.0 53.07 20.0
Oxygen half-saturation coefficient for heterotrophic 3
Kos  piomass g O:m - - 0.20
Nitrate half-saturation coefficient for denitrifying -3
Ko heterotrophic biomass g NO-N m ) ) 0.50
by Decay coefficient for heterotrophic biomass day” - 0.14 0.62
“a Maximum specific growth rate for autotrophic biomass day’’ - 0.49 0.8
Knu Ammonia half-saturation coefficient for autotrophic biomass g NH3;-N m” - - 1.0
Koa Oxygen half-saturation coefficient for autotrophic biomass g O m? - - 0.4
ba Decay coefficient for autotrophic biomass day”’ - - 0.05-0.15
I/ Correction factor for #H under anoxic condition dimensionless - - 0.8
7h Correction factor for hydrolysis under anoxic condition dimensionless - - 0.4
: . : g slowly biodegradable )

Kn Maximum specific hydrolysis rate COD/g cell COD/day - 3.0
K Half-saturation coefficient for hydrolysis g slowly biodegradable ) ) 0.03
* of slowly biodegradable substrate COD/g cell COD :
Ka Ammonification rate m’ COD/g/day - - 0.08

* : COD 229 mg/L, SS 84 mg/L, T-N 23 mg/l, T-P 4 mg/L
Influent v ¥ I Efftuent
Aerobic tank
AnEReIN
SEENFA
SAXFPA
Primary clarifier offiuent Aoration tank 2nd clarifier effiuent
Sirwiated Simulated Observed
Observed Observed Simulated
1 2 1 2 TCODma) o o
TCOD{mglL) 239 20 | 22
WLSS{mgiL) 1,880 | 1898 | 1889
o) p- po SCOD{mgL) 180 175
SS(ma) P 103 2 MLVSS(mg.) 1,540 1,541 1,589 3S(mgl) 5.0 5.4
NH -N(mgiL) 18 % 16 | | Recyele vol.imdi) 4920 | 5361 | 4212 | | N -Mmg) 20 9.0

Fig. 3. Results of steady-state calibration.
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Fig. 6. Variations of inflow flow and water quality during Event 1 and 2.
Table 4. Comparison of inflow and water quality between Event 1 and 2.
Item Event 1 Event 2 Dry weather
Total rainfall depth(mm) 15 24 -
Duration(hr) 9 10 -
Average rain intensity(mm/hr) 1.7 2.4
(min ~ max) 1~4 (r~7
Average 25,198 29,335 25,269
Influent Range N _ _
flow(m’/d) (min ~ max) 24,864 ~ 25584 24,605 ~ 36,840 16,588 ~ 36,849
cv.” 0.015 0.157 0.056
Average 243 301 229
Range N
COD (min ~ max) 120 ~ 450 221 ~501 161 275
Influent
concentration” C.V. 0.424 0.358 0.159
(mg/L) Average 144 159 83
Range ~
SS (min ~ max) 81 ~ 326 93 ~ 432 42 126
C.V. 1.092 1.133 0.278

T e X .
: Event mean concentration, : Coefficient of variation,

" . 2002. 10. 28 ~ 2002. 10. 30
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Fig. 7. Variations of inflow and water quality during

Event 3 and 4.

Table 5. Comparison of inflow and water quality between Event 3 and 4

Item Event 3 Event 4 Dry weather
Total rainfall depth(mm) 61 67 -
Duration(hr) 9 17 -
Average rain intensity(mm/hr) 6.8 39 }
(min ~ max) (1 ~19 (1~ 11)
Average 43,479 43,142 24,669
h“ot&‘frﬁg 4 (minR{"gfnax) 24,192 ~ 98,880 24,939 ~ 74,976 21,946 ~ 26473
cv” 1.028 0.733 0.056
Average 319 305 229
COD (minRafgfnax) 190 ~ 575 21 ~512 161 ~ 275
Influent
concentration” C.V. 0.501 0.365 0.159
(mg/L) Average 189 183 83
ss (minRafgfnax) 44 ~ 475 85 ~ 407 42 ~ 126
C.V. 1.396 1.165 0.278

* i Event mean concentration, ** : Coefficient of variation, *** :

B SE SR M20AH H23, 2004

2002. 10. 28 ~ 2002. 10. 30
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Fig. 9. Effluent water quality of primary clarifier during
Event 3.
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Fig. 10. Total discharge load by Alt[ -1, 2, and 3 during Event 3.
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Fig. 11. SS removal load and SS concentration profile by Alt.II-1 and 2 during Event 3.
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Fig. 12. COD removal load and COD concentration profile by Alt.II-1 and 2 during Event 3.
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Fig. 13. Comparison of SS and COD removal efficiency and concentration profile between Step feeding(Alt.I1-3) and Alt. [ -3.
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Fig. 14. SS load mass balance by Alt. [ and Alt.Il during rain Event 3.
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Fig. 15. COD load mass balance by Alt. I and Alt.Il during rain Event 3.
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Fig. 16. SS load mass balance by Alt.II during rain Event 4.
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Fig. 17. COD load mass balance by Alt.Il during rain Event 4.
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