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ABSTRACT

This study is to investigate the performance of a new BNR process using pre-
denitrification scheme focusing on nitrogen removal and the possibility of adapting a
computer simulation scheme in BNR process development.

By using a pre-denitrification basin, higher COD/NO3-N ratio could be sustained in
this BNR process. The results of the investigation showed a SDNR value of 9.04mg/
gMv/hr. In the anoxic tank. the average value of SPRR of 6.25mgP/gMv/hr was
observed to be very sensitive to SCOD load of influents.

By calibrating internal parameters (stoichiometric and kinetic parameters) of the
simulation model. the results of simulation for various BNR processes gave good agree-
ment with observed data. The major adjustment was given with three parameters,
maximum specific growth rate of heterotrophic biomass, short chain fatty acid (SCFA)
limit, and phosphorous release rate. With the series of simulations on varying
operational conditions, the simulation by computer program can be a useful tool for

' process selection. and design and operation of municipal wastewater treatment plant.
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Fig. 1. Schematics of pilot plant (Bio-NET
Process).
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Table 1. Operation condition for pilot plant
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Table 1& & 349 +dxdezM gL e
13~28CH 28 MLSSE 2500~5000mg/LE &
Agtgct. wgze AFAIMRYFFNB)E &
wexU 2 BAAZ(Anoxic. Ax) 0.8~2A1% ¥
7]Z(Anaerobic. An) 1.7~2A17t, &7 Z(Oxic.
Ox) 3.5~5A1te2 HHAA 71y A&y o
F AFATL 7~8.4/022 fAFAU. £
NEge FURF dv] 30~50%2 43t A4
4 Aro d3E AT URuse 100~200%2
181929 Step Feedv 0~30%2 WA A &
Astgcl. SRTE 6~15¥0] HEF e E
ML=

2 Aol AHEE dere AdtrAel e ¥2y
AA $&5E AH23n 2 AL Table 20 ¥
el AsleAgoez g SeAdBAE
FH4 842 Fuiso) Yn €A MelAF &
g RZor A 1A AMAA s} ARs2 FHsn
Ue dBololA Ui Alge T CODer 385,
TN 69. TP 13mg/Le® 3 st¢A ]3] Ha
Fdstel HE vl S Fe Aoz EAHYY 2
2 COD/TN Hl& 2.0~9.8. COD/TPHl& 16~
572 ¥zt ¥oe] 3n AT 2zt 5.9, 299 Aoz ¥
Melo] $2) et AYAQ 84434 COD/TN
8)Ql 7.2, COD/TPY] 458" RAletAG 2o gk
el glct.

N Phase I | Phase 0 | Phase Il | Phase IV | Phase V | Phase VI | Phase VI
Operating HRT, hr 8 7 84 8.4 84 7.5 7.5
Ax/An/Ox HRT, hr 2/2/4 1.7/1.7/3.5(1.7/1.7/5 1 1.7/1.7/5 ) 1.7/1.1/5 | 0.8/1.1/5 | 0.8/1.1/5
Step Feed Ratio, %" - - - - - - 30
Internal Recycle, %° 100 100 100 200 150 150 100
RAS ratio, %* 30~50 30~50 30~50 30~50 30~50 30~50 30~50
SRT. day 8 6 15 15 15 15 15
MLSS, mg/L 2500 3500 5500 5000 5000 5000 5000
Temp, T 26~28 25~17 15~17 13~16 14~15 14~15 14~15

* Inflow basis
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Table 2. Characteristics of influent wastewater

Parameters Range Average Remarks
Total 74~980 360 VSS/TSS = 0.74
S8, mg/L :
Volatile 37~620 270
BODs. mg/L Total 75~380 150
Total 160~625 385
CODcr, L
me/ Soluble 53~200 110
Total 33~99 69
Nitrogen, mg/L Soluble 34~56 45
NH4N 23~54 42
Phosoh 7 Total 56~20 13
osphorls. me POs-P 4~11 7
Alkalinity. mg/L as CaCO; 200~280 240
_ pH, Unit 6.64~7.76 7.3
TCOD/TKN 2.0~9.8 59
TCOD/TP 16~57 29
Table 3. Development of models for biological nutrient removal
Model Name Description Researcher Remarks
COD Removal
IAWPRC Model Nitrification Grady, 1986 IAWPRC Model Preliminary version
Denitrification
COD Removal Dold and Marari
IAWPRC ASMI Model | Nitrification ?9873 NS | JAWPRC Model final version
Denitrification
COD Removal
General Model Nltr.lﬁ?atxol? Dold. 1991 phosp.horus uptake by poly-p
Denitrification organism
poly-P Organisms
COD Removal
Nitrification
IAWQ ASM2 Denitrification Henze, 1995
poly-P Organisms
Chemical P removal
[AWQ ASM2d ’ Henze, 1999 | Phosphorus uptake by poly-p
organism
Provide kinetic and stoichiometric
[AWQ ASM3 4 Gujer, 1999 parameter for 10 and 20
Lysis process is exchanged
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Table 4. Influent wastewater concentration of input data in simulation

Parameters® Symbols Range Expelr?ment, Liter;rtlure" Liter:::ux'e"'
Total COD Sti 160~600 | 450 200 440
. Sa 30~90 70 20 30
Readily BD COD Ss
3f 20~70 50 20 20
COD Slowly BD COD Xs 230 90 190
Soluble inert COD Si 10~40 25 25 30
Microbial COD Xbh 25 20 60
Particulate inert COD Xi 50 25 50
TKN Nti 40~90 60 25 30
sol~TKN Snti 35~56 49 20
. NH4-N Snh 23~54 42 17 16
Nutrients
so0l~-BD) organic N Snd 2.4~8 6 2
sol-NBD organic N Sni 0.5~1.5 1 1
S-P Sp 4~11 7 3 3.6
Alkalinity Salk 200~280

* All value are given in mg/L. Alkalinity is expressed as mg/L as CaCQs, ** Ref. 4, *** Ref. 5
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Table 5. Effluent guality and removal efficiency in pilot plant

o Phase | phase 1 | Phase Il | Phase I | Phase IV | Phase V | Phase VI | Phase VI
CODcr 55(7T7)* | 54(84) 45(88) 36(90) 30(93) 33(93) 27(90)
SS 19(87) 25(91) 23(92) 18(94) 18(95) 16(96) 10(93)
T-N 13(70) 21(68) 15(78) 12(82) 10(87) 13(79) 12(82)
NH4¢-N 2.2(91) 9.2(77) 3.8(91) 2.8(92) 0.6(98) 0.45(99) 0.1(99)
T-P 0.88(88) 1.1(91) 0.85(94) 1.08(91) | 0.67(96) 1.1(92) 0.62(93)
"All values are given in mg/L (Effluent average conc.) **( ) removal efficiency, %
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Fig. 2. Effluent concentration and removal Fig. 3. NOx-N loading effect on denitrifi-
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Fig. 13. Relation of SDNR and ymax in si-
mulation.

Table 6. Value of general model parameter
for calibration

Parameter Unit Default | Calibrated | Remarks
Hmax /d 3.2 Ax 5
SCFA 5 Ax | 8
me | ™€ F/L 5 | an | 1

g P/g
fp.utl stored COD 1.0 Ox | 1.2
10

» 8

I
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g
2
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Fig. 14. Measured and simulated(default,
calibrated) profile of NOz-N.
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Fig. 15. Measured and simulated(default,
calibrated) profile of POs-P
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Table 7. Comparison of measured and simu-
lation value for internal recycle ratio

IR=100% IR=200%

Item |Reactor
Measured | Simulation | Measured| Simulation

Ax 0.46 0.53 0.5 1.24

NOs-N| An 0.89 0.52 0.5 0.6
Ox 9.83 12.71 7 9.3
Ax 89 15.35 6.75 8.82
PO~P| An 12.02 15.89 7 9.94

Ox 0.47 0.39 0.2 047

Ax 22.5 2212 16 14.83
NH:-N| An 17.9 17.59 11.6 12.68
Ox 1.2 0.97 1 0.98

Table 8. Comparison of measured and simu-
lation value for Ox SRT

Ox SRT=34 Ox SRT=5d
Item | Reactor
Measured | Simulation | Measured| Simulation

Ax 0.05 0.00 - 0.72
NOsN| An 0.45 0.00 - 0.76

Ox 1.1 0.08 - 13.82

Ax 17.93 17.18 - 11.62
POsP| An 1814 | 2340 - 12.35

Ox 045 0.37 - 0.36

Ax 46.1 48.12 - 22.94
NH:-N| An 38.9 49.45 - 18.76

Ox 325 48.52 - 279
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