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!BSTRACT�
In developing design support software and operation 

support software for advanced wastewater treatment 
plants, JFE Engineering uses the “Activated Sludge 
Model” advocated by International Water Association 
(IWA). As examples of development, this report describes 
model construction and verification for design support 
of  oxidation ditch (OD) facilities and model construc-
tion for operation support of an advanced treatment pro-
cess with a microbiol carrier, together with an example 
of practical application.

1. Introduction

3EWAGE�WASTEWATER� TREATMENT� PLANTS� GENERALLY� PER

FORM� BIOLOGICAL� TREATMENT� USING� MICROORGANISMS� CALLED�
ACTIVATED� SLUDGE�� !CTIVATED� SLUDGE� CONTAINS� DIVERSE�
MICROORGANISMS� WHICH� FORM� A� COMPLEX� ECOLOGICAL� SYS

TEM� INVOLVING� REPRODUCTION�� DEATH�� AND� PREDATION��#ON

SEQUENTLY�� MICROORGANISM� TREATMENT� PERFORMANCE� NATU

RALLY�CHANGES�WITH�THE�CHANGE�IN�THE�OPERATING�CONDITION�
OF� THE� PLANT�� BUT� ALSO� WITH� ONE� IN� INmUENT� QUALITY�� !T�
SITES� WHERE� PLANT� DESIGN� AND� OPERATION� CONTROL� ARE� PER

FORMED��IT�HAD�BEEN�CONSIDERED�DIFlCULT�TO�ADAPT�SIMULA

TION�TECHNOLOGIES�TO�SEWAGE�WASTEWATER�TREATMENT�PLANTS��
AND�UNTIL�NOW��SIMULATION�TECHNOLOGIES�HAVE�NOT�REACHED�
PRACTICAL�APPLICATION��

)N�������)NTERNATIONAL�7ATER�!SSOCIATION��)7!	�PRO

POSED� AN�!CTIVATED� 3LUDGE� -ODEL� WITH� THE� AIM� OF� CRE

ATING� A� WORLD� STANDARD� FOR� NUMERICAL� MODELS� OF� ACTI

VATED�SLUDGE�SYSTEMS��AND� IN������� THE�)7!�ANNOUNCED�
!CTIVATED� 3LUDGE� -ODEL� .O����� WHICH� IS� A� MODEL� FOR�

REMOVAL�OF�.�AND�0�AS�NUTRIENT	��IT�HAD�BECOME�NECESSARY�
TO�ESTABLISH�A� RATIONAL�METHOD� TO�COPE�WITH� THE� INCREAS

ING� COMPLEXITY� OF� PROCESSES� AND� INCREASED� NUMBER� OF�
OPERATIONAL� CONTROL� FACTORS� ACCOMPANYING� THE� ADOPTION�
OF� ADVANCED� TREATMENT� TECHNOLOGIES��,ARGE� EXPECTATIONS�
WERE�PLACED�ON�THE�!CTIVATED�3LUDGE�-ODEL�AS�A�TECHNOL

OGY�WHICH�RESPONDS�TO�THESE�NEEDS��

*&%� %NGINEERING� BEGAN� RESEARCH� ON� PRACTICAL� APPLI

CATION� OF� THE�!CTIVATED� 3LUDGE� -ODEL� IN� ����� AND� HAS�
DEVELOPED� DESIGN� SUPPORT� SOFTWARE� AND� OPERATION� SUP

PORT�SOFTWARE�WHICH�USE�THE�!CTIVATED�3LUDGE�-ODEL��!T�
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2. Construction of Process Model 
for OD Facilities: 
Development of Design Support Software

!S�PART�OF�A�PROJECT�CALLED�h*OINT�2ESEARCH�ON�0RAC

TICAL� 5SE� -ETHODS� FOR� !CTIVATED� 3LUDGE� -ODELv� WITH�
*APAN� 3EWAGE� 7ORKS� !GENCY� IN� PROGRESS� SINCE� ������
*&%� %NGINEERING� HAS� BEEN� ENGAGED� IN� THE� DEVELOPMENT�
OF� DESIGN� SUPPORT� SOFTWARE� FOR� THE� /$� METHOD�� WHICH�
HAS�A�SUBSTANTIAL�RECORD�OF�USE�IN�SMALL
SCALE�WASTEWATER�
TREATMENT� FACILITIES�� 4HIS� CHAPTER� DESCRIBES� THE� METHOD�
OF�CONSTRUCTING�A�MODEL� FOR� THE�BIOLOGICAL� REACTION�SEC

TION�AND�SEDIMENTATION�SECTION�OF�/$�FACILITIES�IN�*APAN��
A� METHOD� OF� REPRESENTING� AERATION� EQUIPMENT� OF� DIFFER

ENT�TYPES��AND�THE�RESULTS�OF�SIMULATIONS�BASED�ON�WATER�
QUALITY�DATA�OBTAINED�FROM�ACTUAL�TREATMENT�CENTERS�

2.1 Composition of Constructed Model

2.1.1 Composition of model

!CTIVATED�3LUDGE�-ODEL�.O���D� �IMPROVED�.O���	�
WAS�USED��4HE�COMPOSITION�OF�THE�SIMULATION�MODEL�CON

SISTED� OF� A� BIOLOGICAL� REACTION� TANK�� WHICH� WAS� DIVIDED�
INTO�MULTIPLE�STAGES�BASED�ON�A�REPORT�BY�-IYATA�ET�AL���	�
AND�A�SECONDARY�CLARIlER��WHICH�WAS�DIVIDED�INTO�A�REAC

TION�ZONE�AND�SEDIMENTATION�ZONE�

#ONCRETELY�� AS� SHOWN� IN� Fig. 1�� THE� REACTION� TANK�
FORMS�AN�ENDLESS�WATER�CHANNEL�DIVIDED� INTO���ASSUMED�
PERFECT� MIXING� TANKS�� IN� WHICH� A� MIXED� LIQUOR� OF� ACTI

VATED�SLUDGE�IS�CIRCULATED�AT�A�SPECIlED�mOW�RATE��)N�&IG��
��� THE� INmUENT�SECTION�q��EFmUENT�SECTION�i��AND�AERA

TOR�SECTIONS�w��u�ARE�ARRANGED�CORRESPONDING�THE�STRUC

TURE� OF� AN� ACTUAL� FACILITY�� AND� THEIR� CAPACITIES� ARE� SET� AT�
SMALLER�VALUES�THAN�THOSE�OF�THE�OTHER�SECTIONS�eny�

2.1.2 Expression of oxygen supply 
in aeration equipment

!S� AERATION� EQUIPMENT�� A� VERTICAL� SHAFT
�M� SH





��� JFE TECHNICAL REPORT No. 3 (July 2004)



JFE TECHNICAL REPORT No. 3 (July 2004)� ��







��

7ASTEWATER�4REATMENT�0ROCESSING�3IMULATION�4ECHNOLOGY�5SING�h!CTIVATED�3LUDGE�-ODELv

TEMPERATURE��!S� A� RESULT�� THERE� MAY� BE� CASES� IN� WHICH�
TREATMENT�PERFORMANCE�DETERIORATES�AND�TIME�IS�REQUIRED�
FOR� RECOVERY�� #ONSIDERING� THIS�� AN� -,33� CONCENTRATION�
OF�������MG�l�OR�HIGHER�WAS�JUDGED�NECESSARY��

"ASED� ON� THE� RESULTS� DESCRIBED� ABOVE�� THE� PLANT�WAS�
OPERATED�WITH�THE�-,33�CONCENTRATION�SET�AT�������MG�l�
IN� SUMMER� AND� ������MG�l� IN� WINTER�� !S� SHOWN� IN�
Fig. 12�� THE�EFmUENT�.�CONCENTRATION�DID�NOT�EXCEED�THE�
TARGET�VALUE�AT�ANY�TIME�DURING�THE�STUDY�PERIOD�

3.5 Summary

!� MODEL� WAS� CONSTRUCTED� FOR� THE� PURPOSE� OF� DEVEL

OPING� SIMULATION� SOFTWARE� AS� AN� OPERATION� SUPPORT� SYS

TEM�FOR�ADVANCED�WASTEWATER�TREATMENT�PLANTS��MICROBIOL�
CARRIER
TYPE�ANAEROBIC
ANOXIC
OXIC�PROCESS	��4HE�SIMULA

TION�MODEL�WAS�CONSTRUCTED�BASED�ON�STUDY�DATA�FROM�AN�
ACTUAL�TREATMENT�PLANT��WITH�SPECIAL�ATTENTION�TO�THE�OXY
ࠀ
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