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Abstract

The application of Fuzzy Reasoning to the control of sewage treatment process was prospected
with literature review. The review showed that most of the studies were devoted to the control
of pumping stations and development of operation support sytems for activated sludge
processes, e.g., the diagnosis of treatment conditions, detection of operational problems and
inference of countermeasures. Based on those studies, a novel control system and strategies for
activated sludge processes using Fuzzy Reasoning were proposed in this paper and the system
is composed of Fuzzy Instrumental Control and Fuzzy Diagnosis Systems. The former relies on
the information from the instrumental measurement of the primary and secondary effluents,
i.e., flow rate, turbidity, the concentration of organic matters and pH, and the latter on
the information of the observation and judgement of operators, on-site measurements and
microscopic observation. Integrated application of both systems was discussed for the effective

control and maintenance of activated sludge processes.
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Table 1 * Instrumental information of influent SS and COD, and recommendable
countermeasures
Instrumental information p .
of influent k:;gieljs Countermeasures
SS COD £
L I Q
ncrease Qw
I\}/II L Low Decrease Qr and Gs ( or Exccute intermittent aeration )
L K t ti
“sen .

M M Medium eep present operation

H Increase Qw and Gs

L

. Decrease Qw { or Interrupt Qw )
II\{/I H High Increase Qw and Gs

Symbols: L= Low; M= Medium; II= High. Qw, Qr and Gs represent the flow rates of waste sludge, return

sludge and air,

Fig.2

Table 2 Instrumental

respectively.

[ 1]

[}

- L M H

LY Acid Neutral Alkaline

[H]

(a}

0 ] 1 I
4 5 6 7 8 9 10
p H

Membership functions of effluent pH for Fuzzy Instrumental Control
System. Netty parts indicate the possibie pH range of process and pH
analyzer failures. Symbols: L= Low; M= Medium; H= High.

information of effluent SS and COD, and possible cause or recommendable actions

[nstrumental information

of influent Treatment condition Dcdi(c)f;iizhudge Possible causeacotliforx;:‘commcndablc
SS COD )
L A great possibility of changes in treat-
I ment condition, except for "L and L”
M ’ or "M and M” in Table 1. Give priority
Favourable treatment to the influent information.
L M Keep present operation in case of "L
M and M” or "M and M” in Table 1.
L ] o ) ~ Rising sludge Nitrification and low cffluent pH
Solids-liquid ~ separation is Deflocculation Low loading
H poor, but substrate removal N - .
M efficiency is high. Ovcracrated sludge  High DO level in the acration tank
Filamentous bulking Consult Fuzzy Diagnosis System
L Sollds—hq.uld separation is ordinary, but substrate Low DO level in the aeration tank
removal is poor.
M Dispersed growth High loading
H Both solids-liquid separa- v loatlng sludge Consult Fuzzy Diagnosis System
. (Scumming)
tion and substrate removal -
H are poor. Development of anaerobic zone
Anacrobic sludge (Structural defect of the aertion tank
or diffuser trouble)
Symbols: L= Low; M= Medium; H= High.
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Fig.3 Schematic diagram of Fuzzy Instrumental Control System.
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Fig.4 Membership functions of effluent colors for Fuzzy Diagnosis System.
Symbols: CL= clear; CY= cream yellow; YE= yellow; BL= black; WH=

white.

Condition 1

Floatation

IR

Condition 2 Condition 3

-+
Siudge~-ligid
interface

Condition 4

Fig.5 Sludge-liquid interfaces in the measurement of sludge volume with a one liter cylinder.

Sludge condition

is normal

in Condition 1,

flocculation

is poor

in Condition 2,

density is low in Condition 3, and consolidation is poor in Condition 4.

Table 3 Countermeasures to poor sludge conditions

Sludge condition

Mechanism

Observations

Possible cause

Recomendable countermeasures

Dispersed sludge

Poor flocculation

Defiocculation

No floc formation

High loading

Decrease loading by diluting
influent sewage/extend SRT

Dismantling of floc

Low loading
Severe shearing stress

Execute intermittant aeration
Adjust aerators

Rising sludge

Floating sludge

density
Anaerobic sludge

Overaerated sludge

Decrease of sludge

Adhesion of N,
gas to sludge

Denitrification

Increase underflow rate from
secondary clarifier

Softening of
sludge/scumming

Adhesion of fat and
oil/growth of ac-
tinomycetes

Gas production of
H,S, CO,, H,, etc.

Decomposition of sludge

Remove influent fat and oil/
skimming
Prevent development of

anaerobic zone

Dismantling of floc

Overacration

Decrease air flow rate Adjust
acrators

Filamentous
bulking

Poor consolidation

Abnormal growth

ganisms

of f{ilament microor-

Alter the process to anaerobic-
aerobic or sequential batch
Processes

Based on the categories by Pipes

30
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