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Nitrogen Removal in Oxidation Ditch with Intermittent Aeration

WAREZ cHEE-T - FHABAT - BeB—"T - mmge”
Hiroyuki ARAKI® ,Kenichi KOGA® ,Katsuto [NOMAF*
Youichi AWAYAH,T.etsuya KUSUDA™

ABSTRACT ; One of the processes of nitrogen removal in the oxidation ditch is achieved
through the control of aeration time. Operating conditions on nitrogen removal with
high efficiency by this method have not obtained yet. The purpose of this study is to
establish the oxidation ditch system with a high rate of nitrogen removal by
intermittent aeration. Effects of intermittent aeration on nitrogen removal were
studied by experiments with bench scale- and full scale-plants and by simulation on
the system. The condition of the optimum operation ( aerobic and anoxic periods ) for
a high rate of nitrogen removal was found out. The condition substantially depends
upon the rates of nitrification and denitrification. Due to operating the full scale
plant system with intermittent aeration ( cycle time is 45 minutes and aerobic ratio
is 0.42 ), a high rate nitrogen removal efficiency of 81% was performed without adding
any alkaline matters and organic carbon sources. The comparison of the observed data
and the results of simulation revealed that the rates of nitrification and
denitrification depend upon the conditions of intermittent aeration.

KEYWORDS ; oxidation ditch, intermittent aeration, nitrogen removal, nitrification,
denitrification
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Table 1 Kinetic Model for Oxidation Ditch system

ZT0, BRBREEVHEICEE, B

with Intermittent Aeration

ERELRBTEBRERAD DI
AFEFNICEDYIal—vark
fTolee EFNLARENS X -9 — %
Table 1,212 ¥, MIRBIHRICK
BEFIF -V T4 vFENRSE
BHEE2ZLEAR LTS, %/-DO
B LCObHMRBI AR TRENTT A
OFHIEEL . BROCTI RS ¥k
BRIZIGCTF 4 FRELEODODE
L2 LTHROHES, HH&T
%% B 13BOD, NH§{-N,NO;-N T, L§
NOLEBEYME L L.MLSSI3 EHED
BleBiEEAE WD T—EE LT
B U726 NO; = NIZIEATK, KD
WBEAEFELZWVWOTHB L,
SEBORIGEERICIE, Monod A%

EQUATIONS OF REACTION RATES

“BOD
re1= Lt ! DO a- X
. Keait+S1 Ko+DO '
-NHj-N
r = erSZ DO . X
" Ks:+S2  KontDO %2
- NOG—N_
. =Uss's3 S1 S(1- DO Yeas- X
%27 Kss+S3 Ksio+S1 Kop+DO :
EQUATIONS OF MASS BALANCE
-BOD
481=10-51,+0r-S1— (@+0r) -S11/V—r s, —a* r 55
- NH3}—N
452 [0-520+0r-52— (@+0r) -S2I/V— r o
-NO3—N
983 (0-$30+Qr+83— (@+Qr)+S3INV—r 53+ r 5
DO
40— [Q-DOo-+0r-DOr — (@+Qr) *DOI/V—Ca-r 51— Cu- 1 52
—Ko-X+KLa(D0s—DO)
“MLSS
X (@ Xo+reXr— (@+0r) XINVHY- r gy +Yar 1 s

+ Yo rss—Kd-X

Az, BEESRS B DOKAR I Monod
BHirgsbnbFZKELRE R

Table 2 Numerical Values of Parameters Employed
FDa;, ay, as lFFNFILBOD in Kinetic Model
BALMREE., MEE. BEEDH
RY00EEETH 5, symbol quantity name value
a ,-f>s‘ weight fraction of maximum specific ratel {0.15 day™!
heterotrophs (BOD) of BOD oxidation
3. ERZEENUERAE Ksi saturation constant for BOD 100 =g/l
Ko, Koo |saturation constant for DO in BOD oxidation 0.5 mg/l
~ and denitrification respectively
az-Vsa2 weight fraction of) maximum specific rate see Fig. 17
31 EBRRR (nltrlfnng bacteria of nitrification
81t » MBERIGICEE 5K IT Ks2 saturation constant for NHZ-N 0.5 mg/l
, Kon saturation constant for DO in mitrification 1.3 ag/l
cLcid. A
THT 3 ARHO a;-’x)s; weight fraction of maximum specific rate\]| see Fig. 18
. HRAM., DO, pH. Ki&. denitrifing bacteria)* \ of demrteification
N ¢ Kss saturation constant for NG3-N 0.1 wg/t
SRT ST S0507, KR Ksio saturation constantfzor BOD in gcnltn;ncatlon l[)g mg/1
8 A . a BOD consumption coefficient in demitrification | 2.
SEGCDHDOEBRERNS-0 Cp DO consumption cocfficient 1n BOD oxidation 0.5
R Y y c DO consumption cocfficient in nitrification 4,57
iCFig.1 IR TRBREE % D ’ K: Do corﬁunptlon rate ;n cnd0§§nous decay 0. 0;_’ d;y"‘
N KLa overall oxygen transfer coecfficient 72~173 day”
BIAsBobEEAMO&HEID DOs saturation coencentration of DO 8.8 mg/l
_ ) L Y yield coefficient for heterotorophs(BOD) 0.5
Al —iZ LRI ICERE T 7=, Yn yield coefficient for mitrifing bacteria 0. 15
. Yo yield coefficient for denitrifing bacteria 0. 36
RICnBsEI3 2.8 2, BE&KS Kd endogenous decay rate 0.055 day™!
BRI30.7¢THD, BRELL S1:BOD (mg/1) $2 : NH3-N (mg/I)
N , . S3: NO3-N (mg/l) V : volume of the reactor
W Z P £ < -0 70 DO : dissolved oxigen DOr: dissolved oxygen of return sludge

RSBHBEEEAELTND, E X
BRizEEE (20°C) T, &

Q : influent flow rate (1/min) Qr :
1 MLSS (mg/1) Xr @

% Subscript § means the influeat concentration of each substrate,

return siudge flow rate (1/min)
return sludge concentration {(mg/l)
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Table 3 I0Hf AZH % RT, bl
3.2 EHFEBR (YIal—iav A _12.3m
SR EH) -

STal-y s VEREAET D _Lle it 200
=512, Fig. 1 AE0EE LB Fig.1 Bench Scale sl
HREHRBBIT oo ERIIERS Reactor
(25°C)‘C“ﬁwf ﬁﬁf\?ﬂ(biﬁﬁfﬁ ::j:@r :2'3(;)1) Fig.2 Full Scale Test-Plant
B HDE¥AREKEEE
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Table 3 Experimental Conditions in the Bench Scale Experiments

%#%@~&Lﬂﬁﬁﬁa&l Cycle Q HRT § NHs*-N | NO3™-N [ NO2"-N| T-N CODcr | Alkalinity MLSS Temp
o s 5 2 S 12 T mn ml/min hr mg/1 mg/1 mg/l mg/1 mg/1 mg/1 mg/1 T
7 2 A z
20 1.94 24 }25.9~]0.10~{0.07~]38.2~ | 173 ~ | 172 ~ 3026 ~
LTEBETotz. O 31.5 0.22 0.15 46.9 200 198 3223 19
45 1.94 24 | 28.9~]0.06~ }0.01~}36.0~ ] 231 ~| 173 ~ 3140 ~
Keon Kk & % Table4 32.3 | 0.63 | 0.04 | 50.9 | 320 189 3433 ] 19
iR, AFOHAE, E
SRR E ks kA Table 4 Experimental Conditions in the Bench Scale
DR ATAKDBEDKT Experiments ( use for simulation )
Ltz TF /M#Hi & D
EREAREL T cycle | aQ HRT | NHa*-N | NOs™-N{NO."-N| T-N | CODc. | mLSS Temp.
WMABEZ2EELTND, min wi/mn | he | wg/1 | omg/t | omeg/t | mest | omest wg/ °C
3.3 IS5 LR 30 4.0 12 7.4 0.9 0.1 11.5 49.2 1934~25421 23

MRBRHRICEDAERREDOTREEHRT 21-0 10
BEZr -V TOABRERET -2, FRICAWETS > -
H#Fig. 2, E8i &Mt % TableS5IRT, 4  FOBEYDEER
BT TR T70L-% - 5FLT15, MATKIZER run ! 2 3 4
B BEROTILMATAEBOCHS, By [C¥e'e (n) | 20 | 95 | 60 60

. 0.42 )| 0.34 | 0.50
WHKEF « » FICHASE HOBIKERE D, By 7y, |oorobic ratio |0.36
_ MLSS (mg/1) 3430 | 2950 | 2900 | 2950
TEBBLET 00 —REERBELTRWLWTED, £ TFK

sV 90 | 99 | 89 | o7
BRI - N= 70 - SHFAEKABRBRARLTO S, [y, 289 | 336 | 341|329

Table 5 Operating Conditions
of the Full Scale Test Plant

ETKOERKIIT 1+ » FRAMD TV, Efo, BRLBMBA | o inf. G/min) | 9.8] 9.8 8.2 9.2
ABEEICRITTEEER O, 71 vy FRARBGEEHAK |0 ret. (I/min) | 12.0 | 13.6 ] 12.0]12.0
LO0.45um DR TS50 74— TABLI- LD HMBK HRT (hr) 30.6 | 30.6 | 32.6 | 32.86
LUt T7L -0 ON-OFF@s 4 v— 12k 0, =71 [Teme. O 12.4 105 10.3]10.7

D0 max (mg/1) 1.0] 1.2] 1.3] 1.5

—F —EBEIERFICiE, BIROWEED <= F + v F I Tz
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Fig.5 Relationship of Effluent
Concentration and the Aerobic Ratio
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AEROBIC RATIO

Fig.4 Relationship between the COD
Removals and the Aerobic Ratio in
the Bench Scale Experiment.
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WelrEoTWwd, 2O LD 12,

LSBT o f-BEREg S5 R Table 6 Summary of Average Performance Data
812 B W TN o &#EE U E

MR- TVRBEITHD, W RUN 1 2 3 4
EZOMESIIKBSWIOEES Z | Ocle (un) 20 4s 60 60
. ﬁm%ﬁ@ﬁ%\ Bah INF. | EFF. | REMZ ] INF. | EFF. | REMS | INF. | EFF. | REMX | INF. | EFF. | REM%

o0 (mg/1) | 180 15| 91} 200| 1| 5| 170] 9| e5| 235] 25 w9
BoED, RICHEOME - K&a
= TN (mg/1) |25.2) 7.3) Ti|17.8| 3.4} 81]33.3|15.7] s53[28.8|10.1] 65

e N Ey -
BETHBID, BEEOEBICD  {win me/) |18.1] 6.3] 65]10.8] 3.0] 72|25.7|15.0] 42]20.7] 8.1

61

NTIIIESHBESICRAPLETEH [NV (mg/1) [0.05]0.00] — [0.05{0.01] — |o.01}0.01| — Jo.06{0.03] —
2, ERBOSES. BEEBEOBE |MWIN G/ | 02]0.08] — ) 0.2] 0.4 ~ | 0.1] 02] - |oa5] 10| -
Alkalt.(mg/1) | 136] 102 — | 130 96| - | 161 130| — | 132] 100] -

B, 74 07088, #Ecko
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