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An application of fuzzy control for a single basin,
high-load nitrification-denitrification reactor.
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ABSTRACT; The single basin and high-load biclogical denitrification system with
alternative aeration is an excellent system which consists of simple components and
performs flexible operation. Usually indirect parameters such as DO, ORP and pH etc.
have been used to control denitrification reactors. The authors tried to monitor NH4-N
in a reactor by using newly developed automated analyzer combined with UF sampler,
and then tried to control the operation of a denitrification reactor by using fuzzy
inference. The fuzzy control system infers a suitable condition from multi-variables
(NH4-N,DO,ORP and pH) obtained in an actual process. The fuzzy control system per-
formed quick response and high nitrogen removal with stability and easy maintenance.
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TABLE-1 Experimenial apparatus

Sy Receiver tank V=20m', PE

gt Biological reactor | V=38’ 2. 2mé X 10m™>, §$

HEIETRAE  Recirculation tank | V=8m’. WD MAX4m, mixing with air,$$

OGS Submerged Submerged axial Ilow aerator (down flow with draft tube)
IREEE zerafor Q=30n7/min X 2mAq X 15kw

B T uy- Aeration blower roots type blower with inverter-motor

UFJ& UF unit =0, 3-3m'/#x 5mAq X 3, Tk

TABLE-2 Composition of subsirate(screened collected human excreta)

pH TS {mg/1) | BOD{«)|TKN («) |NH~N({<) |C2 ~ (<) [TKN load in the reactor
when feed ratio=10k@Q /d

Jan 1.9 12,900 3,600 2, 200 1,700 1580
19917 €20;0,32) | (12;2,300) ] (2;430) (11;370) [(20;340) [(11;370)| <o 0.579kgN/m'/D

Mar 8.2 15,500 4,700 2,960 2,300 1, 740
1991| (22;0.4) | (18;2,700) | (12;1,860) | (22;510) |(22;430) [(13;280)| <= 0.77%kgN/m'/D
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Aun—v, THRICEDRATOESZ S 2L THAT B2, W NY M
bEZBORETH D V- LOEAERIC L b BFMHE OHICES L
LENERTCEBTEZEVWDNTWS, Fer— DR TEL
if x=small and y=big then z=medium [x, yUHBcE 2588 (Foeadl)
BN ] E Vot V- NV TERTHOHFOERPBEETH 2
HOHETSHBo L veRToR)~ (i BioweR)

Fig-2 An example of sequential
control program using
ammonium analyzer
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iCPU 180286 FPY 160267
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Fig-3 Basic flow of the fuzzy
conrirol system
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()
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‘LA OF NITRIFICATION \
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i (0 4 PZB:%ggpt‘ve Big ' D R,

[M:Nothing & :Good condition *rOSILVE o ‘
Fig-4 Relationship of each 2 paramefer Fig-5 An example of making fuzzy rule
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ZERL. CORRBYAREEEEZ LI CORZEALTOREREZ LABENIRET S b
D EENTWD, Fig-5 DEN%E 9 DRSS LRKREERT 2 LAROMB{E L2, HTOMOEE
i3 pH=PB, ORP=NBTH 25, COROBIERRZEZEOHINTS 2O TEZRE Blovd)=Pb& 5, CD&
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DEZRROHFER LTS (LIIBRM L, PBICK E (BN, PBIZD LIINZE RS NP LD %ERS] )
B, COMBORIEEILOEARASIFETig-7 OUNIDPILATRRD E CATIT-Td, Fig-Tica vy ba—i
TS5 AO—HERTH, IOBEITIIORPTIRPIOMEER 2 mMOIETHI. DOTIRPBCS mMOIETHINE
BTWBDTHDEIMEVC LIRS, COLIICLTIRER (CoBAR 7Ty —AR) 11, &isES
w7y VxR s, HAL L TREOETRESEBE LA EMLBEA T EZFERALTWS, Ay
RFLATRA v IN— vy TR RiER ey — v EFHLTEH O, Fig-6 OINDIRECT VARIABLEASF vt-y5 7B
BTh 35 COFE I -y TRIBUCERIE (BEIEEME) LFEM (W TANT2) OREEE-T
Wh,

{SFZY.RPX ] ! h :[Nitrifi;:Rai)i(oi Mode } )
INDIRECT VARIABLE f«[ Membership function ] OOPFILP
{ PH deviation } A e——
aPHI = aPHAV - aPHSP: PB( 0.0, 0.5, 0.5 ), dDH(S) = P :
X(-05, 0.0, 05 ), — AORPG) = ORP:
{ ORP deviation } e o bt Mol
Rt < dORPAY - et 00 500 500 ) aPHAV(2) = PHMAV: [MAV : Moving Average(imin)
000 0o > (NOIRECT VARIABLE +-Uherbersp fucton
e ' { PH deviation }
TPHORP.) figures show pH and aPH =MV—WPB(_U-U. 05, 05 ).
't 2PH = PR then (ORP(IY) values respectively )|
if 20RPl = PB then BLOWd = Z
i 20RPl = 7 then BLOW = PS: (FOR 0% ) (PR )
If 20RF = NB then BLOWd = P& BLOWd=HBL: PB( 2.0), BLOWe=HBLPB( 5.0),
it PH =2 then P 10) P 30)
if 20RF = PB then BLOWA = Z X« 00, L oo,
if d0RP = 7 then BLONG = Z W10 =2
i 20RPl = NB then BLOWd = Z: hB( -2.0%
if aPH = NB then
Ef a0RP ‘_—' P8 then BLOWd f NB: 1 PH,DO,0RP,NH4}
!fa('RPIIthmBLOﬁd:f‘SE if 2PH = PB then
if a0RP = NB then BLOWd = Z y if 20RP = PB then BLOWd = Z
e
Fig-6 A part of fuzzy rule statement Fig-7T A part of fuzzy control program
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contro in a shock load
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Fig-10 Time-serial variation of each
paramefer under fuzzy control
v
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BoTWBEHRENS, Fig-11 Equilibrium curve of NH,
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» T e =
0, SIEEEBWEERT . plid 1 BEEREITHLILRL TIME (min)
2o NOx-NIZIRERER(Z60mg/i Bl LT & b BEHRNY Fig-12 Time-serial variation of each parameler
BT Uit BRZEEE I Tng/ 2 /Rt TH DULSS vader anoxic mixing(batch mode)
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Nitrification
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Fig-13 Time-serial variation of
each paramefer through 1 cycle of

operation measured every 2 minutes
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SEQUENTIAL CONTROL by ORP ey e SEQUENTIAL CONTROL by NH4-N
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(Sequential control mode by ORP or NH4-N (monitored every 1 Hr) )
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(Fuzzy control mode (monitored every 30min) ]

1-22

Fig-14 Comparison of NH,-N values monifored under sequential control mode and fuzzy control mode
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