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Modeling Formation of Aerobic Granule and Influence of Hydrodynamic Shear

Forces on Granule Diameter
DONG Feng, ZHANG Han-min, YANG Feng-lin

( Key Laboratory of Industrial Ecology and Environmental Engineering, School of Environment, Dalian University of Technology, Dalian
116024, China)

Abstract: A one-dimension aerobic granule mathematical model was established, basing on mathematical biofilm model and activated
sludge model. The model was used to simulate simple aerobic granule process such as nutrients removal, granule diameter evolution,
cycle performance as well as depth profiles of DO and biomass. The effluent NH, -N concentration decreased as the modeling
processed. The simulation effluent NO; -N concentration decreased to 3 mg+L ™" as the granules grew. While the granule diameter
increased from 1. 1 mm on day 30 to 2.5 mm on day 100, the TN removal efficiency increased from less than 10% to 91% . The
denitrification capacity was believed to enhance because the anoxic zone would be enlarged with the increasing granule diameter. The
simultaneous nitrification and denitrification occurred inside the big aerobic granules. The oxygen permeating depth increased with the
consumption of substrate. It was about 100-200 pm at the beginning of the aeration phase, and it turned to near 800 pwm at the end of
reaction. The autotrophs ( AOB and NOB) were mostly located at the out layer where the DO concentration was high. The heterotrophic
bacteria were distributed through the whole granule. As hydrodynamic shear coefficient k, increased from 0.25 (m-d) ™' to 5
(m-d) 7', the granule diameter under steady state decreased form 3.5 mm to 1.8 mm. The granule size under the dynamic steady-
state decreased with the increasing hydrodynamic shear force. The granule size could be controlled by adjusting aeration intensity.

Key words: aerobic granule; mathematical modeling; biofilm; activated sludge model; hydrodynamic shear force; granule diameter
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Fig. 1  One-dimension model of aerobic granules in the reactor scale and the individual scale
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Table 1  Stoichiometric matrix considered in the model/g-m ~
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Fig. 2 Model schematic of microbial metabolism

within aerobic granules
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Table 2 Kinetic rate expression in the model
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Table 3 Kinetic parameters for the simulation

P A inE EX Kl ik

GmaxAOB R BB [ CODy/ (CODy +1) ]/mg- (mg-d) ™ 5.33 [22]

KN114+A0B SN114+ A H/ mg- 17! 0.7 [23]

KNOZ’ AOB SNOZ’ T H/ mg- 17! 0. 001 [23]

FAMH (Xyop)  Kvogaow Sy HRIF AL/ mg 17! 0.001 [23]

Ko, a0n So, MU K/ mg- 1.~ 0.01 [23]

Mmaxa0B AOB Fe R A K R/d! 0.8 [23]

baos IR/ ! 0.1 [23]

GmaxNOB e KSR HEH [ CODg/ (CODy +1) 1/mg- (mg-d) ! 26. 83 [22]

KNOZ’NOB SNOZ’ AR/ mg L 0.05 [23]

Wi Kvosnon Syo; AL /mg- ~ L7 0. 001 [23]

(Xyos) Ko,non So, HUAIHE/mg- L~ 0.02 (23]

HomaxNOB NOB K /B KR /d ! 1.1 [22]

byos /A 0.1 [22]

Mok B A KR/ 2 [23]

Ko, So, MR/ mg- 1.~ 0.2 [23]

Key S¢ MAIHH/ mg L~ 2 [23]

KNOZ‘II SNOZ‘ AR/ mg- L7 0.5 [23]

KN()}’H SNO; AN L/ mg- L 0.5 [23]

ksro HFHF /A ! 5 [23]

Ksro Xpo HUFNH H/ mg - 1.~ 1 [23]

RHEE(X,) 25T002 HF XSTOﬁ?/fL%:@:ﬁ%/d:i 0.2 [23]

STONO;™ FET Xgpo BHAECE IR /d 0.1 [23]

bS‘l‘ON03’ BT Ngpo B A LR 3% /d ! 0.1 [23]

bro, PSRN/ d 0.2 [23]

binoy B B % d ! 0.1 [23]

buo- e/ 0.1 [23]

Tt IRIAEFTFITIE A [ CODg/ (CODy 1) ]/mg+ (mg-d) ™' 3.17 [23]

n BT/ d ! 0.5 BLINANIE

Sero (Xgpo +0.001)/( Xy +0.001) [23]

7, 1/[1+exp( =200 Sq +4) ] +1e—-12 [22]

Zo, 1/[1 +exp( =200 So, +4)] +1le-12 [22]

He Znoy 1/[1 +exp( —200 SNOZ- +4)] +1e-12 [22]

ZNO{ 1/[1 +exp( =200 SW{ +4)] +1e-12 [22]

Zsro 1/[1 +exp( =200 Sgpo +4) ] +1e 12 [22]
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Table 4 Stoichiometric parameters for the model

e X Kty itk
Yion THFE AN S,\H4+ F X yop 73R [ CODAOB/NM‘;r 1/mg+-mg ™! 0.15 [22]
Yyon THFE AN SM,Z— Hsf XN()BFE%?[ CODyop/N Noy 1/mg-mg -1 0. 041 [22]
Y100, THFESAALEER S B X 3487 %[ CODg;y/CODg ] /mg-mg ™' 0.85 [23]
Ystono; T RESANTFETR S I X gy B4 %[ CODgpp/CODg | /mg-mg ™' 0.8 [23]
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Yinvo; THREHAT Xgpo I X, BRE [ CODy,/CODgp ]/ mg+mg ™! 0. 54 [23]
Yivoy THFERANL X oo B X, BRA™ [ COD,/CODgy ]/mgmg ™! 0.51 [23]
ins Xero 19 N 285 [ N/CODgp ] /mg-mg ™! 0.02 [23]
i Xy M N [ N/CODy ]/mg-mg ™! 0.07 [23]
fi PIRIEIL A X, 7748 COD,/CODy ]/mg-mg ™' 0.2 [23]
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