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Abstract

The four-stage denitrification-nitrification system with step-inlet was developed in order to
prevent operational troubles in activated sludge plants, such as filamentous bulking, pH drop of
the effluent because of advanced nitrification, and so on. Pilot-scale treatment experiments using
municipal wastewater were conducted to clear the treatment characteristic and the optimum
operating condition of this process.

The equations were introduced to simulate microbial behavior in this process based on
population dynamics. Then, the coefficients of these equations were determined by the results
of pilot-scale treatment experiments and some reference, and it was revealed that the simulated
water qualities in the reactor agreed with the results of pilot-scale treatment experiments. The
simulation results suggested that this process is more suitable than the conventional activated
sludge process to prevent the filamentous bulking and pH drop of the effluent because of
advanced nitrification, within wide operation range of primary settling tanks. The nitrification-
suppressed operation was more effective than the nitrification-enhanced operation to prevent the
filamentous bulking, also, the shorter solids retention time (SRT) was effective to prevent it.
The four-stage denitrification-nitrification process with step-inlet can also prevent the filamentous
bulking, if nitrification-suppressed or nitrification-enhanced operation was switched according to
the nitrification activity with wide range of water temperature.

Key Words : four-stage denitrification-nitrification process with step-inlet, filamentous bacteria,

bulking, nitrification, solids retention time (SRT), growth rate, nitrification-suppressed operation,
nitrification-enhanced operation
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Table 1 Growth rate and microbial ratio of activated sludge of four-stage denitrification-nitrification process
with step-inlet
Group name Microbial growth rate (r'c) equired SRT for microbial growth microbial ratio in activated sludge
(176 () (9)
{(h,- S o h.e S s ). Xy | {(h Sepi Fha L (dSBBDn+dSBBSa_dSPBP)
1 3 oyt | 1 LR
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bacteria —(hy+h)* 65X, 1+ (hthy) 86

except filamentous
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(# = k)l —(hth) 0

Notes) BOD with orthophosphate uptake :
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Oxygen uptake rate without nitrification : dSpgp= K 5/p*dSpr

Kk pp=Kp/p*dSpr/(h a* Xp)
¢ kppa=kpprdSpr/has
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(h,* 2 Ly T hye 2 p Sy — N 9N,
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Table 2 Mass balance equations of dissolved BOD in four-stage denitrification-nitrification process with
step-inlet

Stage name

Dissolved BOD utilized in each stage

Effluent dissolved BOD in each stage

First stage
(anoxic)

dS;51=dSgpn T dSgop = Koy O T Kgp* S
(utilization ratio of filamentous bacteria (F)/aerobic
heterotrophic bacteria without filamentous bacteria

B)

# Y, Kg+Sy, X7
dK g5 =dSpg0/dSpen = IR

g Ye KetSp X'y

Sep="7""Sw, t *Si— (km'on..1+km>'sm)

_r
€ +r € +r

Notes) S, =S, =0./8"" (Sm—spu) — ko X'y

0, SO0y =r/(€ +1)* K ovi*Syas
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R MYy Kot Sy 2:Sy  X'x
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K. .=
dKees #4Ye KotSus Kat2-Spy X5

# S ¢ S # S
dSyp= 0 hye (S e X+ X =S — b (B2,
w0 s T, s Y [ SeTSem 0 (R
Second' stage (utilization ratio of F/B) ﬁix )
(aerobic) s Y, Ki+S, n
dK = me.YB.KSB+Snm.X F ’ * o
T w'Yr KetSpm X ’ B
dssm = dSBDa3 + dSBDn3+ dSm)pa = kBa * 0Au3+ kBN * ON..a + kBP ° SM — 1— ¢ + € +r
(utilization ratio of F,/'B) BT S 1+r St

- (sz *Oa ke Oya T kgr Spid)

Notes) Ss=dS,y0

0,:=04=(¢ +r)/(1+r )-0,
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dK; =
e HuYe KetSp X'

yZ S, “ Z S,
A8y = 0+ (G2 2 X+ “Xed) | Sapr=Sua— 0 *hyr (22—
o Yy KatSme M Y KgtSy [T T Y, K tSy,
Fourt}? stage (utilization ratio of F,/B) N
(aerobic) + " 'K “Xe)
_HYy Ky tSy, X p Kot Son,
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Table 3 Coefficients of the equations to simulate the microbial behavior in A,0,-process’™ "
React
Group name co:?ijtforn Coefficient name Symbol Value Unit
ield fficient /
Both Giross yie coe. icien a 0.4 ¢-5S/g-BOD
diti dissolved organic matter
condition
activated oncitio Gross yield coefficient /SS b 0.95 2-5S/g-SS
suludge Anoxic | OXidized organic Koy 2.86 g-BOD/g-NO,"N
matter/denitrification nitorogen
Aerobic Autolysis coefficient [ 0.05 g-SS/g-SS/day
Both
con(:lition Maximum growth rate Hos 3 g-SS/g-BOD/day
Substrate (dissolved organic
Aerobic matter) saturation coefficient with Ko 60 mg-BOD/!
heterotrophic denitrification
erotrop . " — -
A G 1d ff} t with
bacteria noxic ro'ss~).'1e A coefficient wi Y, 0.5 ¢-VSS/g-BOD
¢ denitrification
excep -
filamentous ggg?;lc matter uptake/leached Kgp 6.9 g-BOD/g-PO,-P
bacteria .
i t ilized/PO,-P
Ortgalzuc matter utilized/PO, Ky, 1.83 ¢-BOD/g-PO,-P
Aerobic uptaxe - —
Gross yield coefficient Ys. 0.6 g-VSS/g-BOD
Autolysis coefficient [ 0.06 g-SS/g-SS/day
Maximum growth rate (10~13TC) 0.246 - 1.54™"
® . - -NH4-
(13~25%) = | 0.246 - 1,08 | E7SS/E"NHA-N/day
Nitrifyi Oxidizi t saturati
itri y.mg Aerobic xi ?ang agent saturation K, 0.75 mg-0y/1
bacteria coefficient
Autolysis coefficient [ 0.05 g-SS/g-SS/day
Gross yield coefficient Yy 0.20 g-VSS/g-NH,-N
actinomycetes Maximum growth rate Ko 2.0 g-SS/g-Hexane extracts/day
(Gordona Oxidizing agent saturation
K 0.5 -0,/1
amarae, Aerobic coefficient o1 me
Rhodococcus Autolysis coefficient [ 0.04 g-SS/g-SS/day
sp.) Gross yield coefficient Y, 0.41 g-VSS/g- Hexane extracts
Bo}tl? Maximum growth rate © 3.8 g-SS/g-BOD/day
condition "
g::t’:re_‘;m“s Anoxic | Gross yield coefficient Y., 0.5 2-VSS/g-BOD
! Aerobic Autolysis coefficient O e 0.04 g-SS/g-SS/day
Gross yield coefficient Y. 0.53 g-VSS/g-BOD

notes) T ; water temperature (C)

BEAENEL VKL ZoTWVS, $£7-, Fig 31280
THEBER CEEMEIMEL 2 2HEBFH 2, Thid,
ERMETIRIFEROGHEIHE) BHES EREIATVS
ZENBRREEZEZONDD, FOEEFIKEL RV, Eo
T, SZRERELATFHRIZ, A0, 0B K
BLLTEY., ZO0ERELTHERTEDZ LV D,

4. REEEDFHROTFR

A0, BT 2 B REEIHIRH R & M WAL,
SVI RUMBKEZIEL L CHE L. RDEOFE
i, HRT= 8L %22 X HICREL., B 1 ~DRA T
v FHAKIX0.5, HiREXEFEIFS0% & Lz, HAKE

(3. BOD 200mg/! (M ¥ & ¥ BOD 93mg/1). SS & &
180mg/I. Kj-N & B 35mg/I (P NH,-N 26mg/1). T-P
4mg/1 (PEMHEYEPO-P 2.2mg/1) & L, SRTDOEE
DTFOETIE, ROLEitho SSBREEREZ50% & L7z,

4. 1 BRMKBRMRERNEZ IHE

FAKIR20C CHEMEBREE (MLSS) %1,500mg/1
ICEZE L, BT SSBREFRE 0 ~90% T TELL
g/ EDOMEAD NO,-N & SVI RUTERH RO
HFREMEFEL OB E Fig. 4 1R T, Fig. 4121k &
WIFRGER L2 HE (REFR) OBROHETRLL,
Fig. 4 £ D, SVIid, TN DL T b RALEMER
EROBIMAME->TERA LTS, LA L, £EIFAT



ZERBRSUF SIS TG e O Bl E e /T

18
Influent

16 water temp.:17.3°C
BOD:152mg/1
S S:100mg/1

14 NH4-N:15.3mg/]

NH4-N,NO3-N,PO4-P(mg/1)

Influent First stage effluent Second stage effluent  Third stage effluent Fourh stage effluent
[ calculated NH,-N E§ measured NH,-N
[} caluculated NO,-N [ measured NO,-N

calculated Dissolved PO,-P measured Dissolved PO,-P

Fig. 2 Relationship between experimental results and calculated value of effluent water qualities
in each stage

20

equivalent line

X

calculated value
(NH4-N,NO3-N:mg/1,SVI X 10)
S
X

>

0 5 10 15 20
measured value (NH4-N,NO3-N:mg/1,SV1 X 10)

{} Nol effluent NH,-N ¢ No.2 effluent NH,-N A No.3 effluent NH,-N
3 Nod effluent NH-N | No.l effluent NO,-N € No.2 effluent NO,-N
A No.3 effluent NO,-N @ No.4 effluent NO,-N X svi

Fig. 3 Relationship between measured value and calculated value fo effluent water qualities
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