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Modeling of treatment mechanism in aerated filter

HE S #B #F FE O
Taira HIDAKA*, Hiroshi TSUNO¥, Isao SOMIYA**

Abstract; A kinetic model of an aerated filter is developed. The aerated filter has the combined functions of biofilm
reactor for biodegradation of organic matter and filter for removal of SS under aeration. The filter considered here is an
upflow type filter with a sedimentation part at the bottom part. The developed model is applied to an aerated filter
incorporated into the pre-coagulation and biofilm reactor process, in which removal of nitrogen and phosphorus as well
as organic matter is intended. The aerated filter is applied after the position of denitrification tank in the nitrification-
denitrification biofilm process to be expected to remove residual organic matter and SS and to restore DO concentration.
The developed model is verified by comparing calculated results with the experimentally obtained data. It is clarified
by using this model that the ideal height of the filter is about 2700 mm and the operational HRT of 1 h in the aerated

filter can be available in this process.

Key word; aerated filter, kinetic model, pre-coagulation and biofilm process

1. Lol

FEMAREIL., EPEOMNE UERRAMZ2 S ICKE L TE» 5 OBKIC X Y ARAZFRRIEL
L. BHBLUTAHICHELEMEMICLD SS O3B BEREDEORERL L 2RI O NEERTH
5. EMESBE. BEAEEL DIRIN, EROEYMFHRIGEL D, BAR-—XTCEEOLEHSHFS
NTW3, EEOMEFITIE. BEERET DL AP TABINAOEDOUBE 7O A2EL LT, BL2DE
AHERALGNE DY, BESD, HHTKENRE LT, BREARERAAAFIRE - EME 7O X0
IR R L R EHRER FOBET %, N4 0w 7’52 MEBOERICL DEAE Y. ZOER. kiR 20C
% FEAEKEHIIBN T EYPREBOKEZNHERHEMHRT) 8h T, FiH SSEEX SmgL LTZE, #i
H! T-ATU-BOD ¥#EIL 5 mg/L LITF %, HH T-NEEIX3 mgNL LT %, £ U THE T-P BEIX 1 mgP/L LL
TERELTHEDOIENTEE, EYIUBEOERBICHARAEFREARIEZ, BN LEBREERNB L
U SS ADKRE, 25T DO BEOREEOKIEEZ TR LUz, BRIIBIBEZER TSI L TRRE
BIUNESHZERTE, A70 v ALBREOREZER LT T KOGELBICERATETHLII L
PRENE. L LAaMS, FEHEARICHIT 20UBESEOEES X BB RHFEHEEE T ORI O ZHI,
FEMARDETNVEDNEBETH D LEZ 5N 5,

*ETER K K TR R R IR I % & ¥ — (Research Center for Environmental Quality
Control, Kyoto University),
IR R LR E RIS T2 E % (Department of Environmental Engineering, Kyoto University)
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FEMARITOERE S LT, 2BV SEYEZNNRE L LI 7N
AREEINEEME L - EEOKEETHEELZEELTRD. Zh \__/

LEERUEEFIMMEABETH 2, 22 CERETIL. FEM2HE Effluent
ORBLELONBERICED L, ChbrAasbes®EE V0 —— Upper part

y133

BEEZTV., Z20EFVERWTEIHEER FORNEEA 2,

]

2. BEM2EOESVE e Filtration part

21 EFNVORE Diffuser

™. Filter

FEM 2 ROBARE E Fig. 1 10T &5 ULHR OIS 35, o
EEIC RS A AR T R AT 5 LARR A2 Ui-. WEMRIEL.
SERFHTHAMEN > RERSMATF LT, SEEpumRRE | | Bottom part
{5 RLRAMIIET VT, AR LBESERAMIES VTETL 3 )
Fo LT, BNERELERT DI, KEEREFVE LY SS
FHETNVEEAEDEL, Fig.1 Schematic diagram

of the aerated filter

22 KEEHEFN

BIFFEORE 7T A TOKBEEHRERIT. (FEEMEYE XL T 2MEDIC L 2ERYOBRILGETH
b, KEEREFNVIERFIEID YDEFNEEEY Uk KEEREEOREZEE Table 112, TFNVER
X% Fig. 2 IO T REEZH Y LT, EREEBEERYC). BARESEEESYIC,). BEREG).
R ERAEE B Cp). BAREERAERI(Cp,). FEEMREEHECp,). BIUTERMRESE
HE(CHERE L. BOREERE AR RBEMEIC L > TIHBLEI N TR). ENFRITERMEER
WMBL VRSB BREERY L0, ZOEEEENZNI)BIVU-Y)TH %, HHREEHEERY
FHRBEHEIC L - TERENR). MOEATEMRICEEI N, (-NOBETHREI N T ELRE
LB, MEERER)E. 1-OOHETHOHBIN T ZBRIREIIRD, B DOPUBLTI-4HD
e THEMELEREMERY E R3S oMM ERILERY L 2 5, MREEEER. BRIt AEEOmE
PEE L, POEFNZNHEEOM CHBERYBLVRBR)DITDONZ L LT, AM L TOEMELRER
B Table 2 ICEEHBIE L ZOECEER L CRIGER ICRIFTRERFOXRBICE T 2HARE LT
T, RISEECHAERICH -7, AEERLZSICEL TR, 0 REGHSE 1 ARBEITEERETED
Michaeris-Menten OX T, MEMEEICEL T 1 REBSTER LR, LT, BEEE()®. HEXE
TOMEDDBEEDR). FBTEDR(HEER L. 8. WHENZKIE CODCr £#[mgCOD]T L b, %

Table 1 State variables 4
. — (4) (¥o)
Symbol State Variable Dimension Cp) C
Ci Recalcitrant dissolved organic mgCOD/L oo R, C _z_J
compounds (1-4) (1-Ye
O Biodegradable dissolved organic meCOD/L (&) R
* compounds & __? CO2 «—1-1)
C3 Dissolved oxygen mgO,/L (-¢& \V(Y)
Cpl Recalcitrant particulate organic mgCOD/L R
Cqi compounds (mgCOD/m?) R;
o : : =

Cp2 Biodegradable particulate organic | mgCOD/L

(Cq2) compounds (mgCOD/m?) ) .
Cp3 mgCOD/L Fig. 2 State variables and

(Cq3) Suspended heterotrophic bacteria (mgCOD/m?) transformation paths
Cr Attached heterotrophic bacteria | mgCOD/m’
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PRERIZH

BREICH

TERERTEREEEREEL L,

K,a=K,a(20)-1.0247%

0" =(14.16 - 0.39437 +0.007714T° — 0.0000646T° )x [1 +

I BMEBHICEALTRUTORC LV RERERYE

HI/2

10.24
T, Kol 3RIEREBEEERE1/A]. KaQ0)E/KiE 20°C 128133 Ka [I/h]
BHEBFRERE mg0 /L] BL Y HIZKEmMITH 5, MEIC L 28O BHIE

)

B AEER LR 99,

M

@
TIE/KR[PCL OMEEM

121 700[mgO,/mgCOD] D

HME D B EOEER 21 5 [mgO,/mgCOD| DEEEDEBEI N AL Lz, CAL LD DONZRLBILT, &

SEOD

FHERBETEDLLDII LA,
UEZEEHT, HBTRERE

BHTH %

Table 2 Reaction paths and their rate equations

¥ TOKEERIZBELTD, SRETROEEREIL. Table3IZRT &

1. Hydrolysis of particulate organic compounds

note.

K, +C, K02+C

Cp, . :
=k -2 . R,; reaction by suspended
R, £+, Cpy - 1, [mgCOD/L-h)] [ 4 "2
Cp, Rj; reaction by attached
=k K +cp, Cr-fo 1, [mgCOD/(m?-h)] [pacteria
2. Uptake of biological dissolved organic compounds Rate coefficient
c c ky; [mgCOD/(mgCOD-h)]
R .=k - 2 . 3 .Cp, - COD/L-h ky; [mgCOD/(mgCOD-h)}
HERTR N K, G Z (mgCODAL-MT L™ [y
C’7 C kya [1/0]
Ryp =k, Cr-fo - fi  [mgCOD/(m>h)] [k [1/h]

3. Self-degradation of heterotrophic bacteria

Half-saturation constants
K,; [mgCOD/L]

K,; [mgCOD/L]

Koz; [mgO,/L]

Kos; [mgO,/L]

Correction factor for

Ry =k, '}’()f_j_—c}’CP3 'fe, [mgCODAL-h)]

Ry =k - —S o S [mgCOD/(m?*h)]
K, +C, '

4A. Attachment of heterotrophic bacteria

R, ,=k,,-Cp, [mgCOD/(L-h)}

temperature
61
8,1

4B. Detachment of heterotrophic bacteria

Temperature
T; [°C]

Bacteria density when
limitation exerts
Crj; [mgCOD/m’)

Maximum bacteria density
Cma; [MgCOD/m?]

Ry =kyy-Cr-f, [mgCOD/(m*h)]
Effect of temperature
1y =6, 0 o= 627—20 ]
Limitation of bacterial growth on attached surface
. Cr-Cr, .
£, =Lif(Cr<Cr), 1-———=1Lif(Cr>Cr) ]
rmax - Crl

Acceleration of detachment

. Cr-Cr, .
fu =Lif(Cr<Cr), 14D, - ————;if(Cr>Cr) ]

Crmax —Ly

Detachment constant
Dy; [-]
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Table 3 Changing rate of each state variable

C1 Fcl,;zyc(Rm“'CURm)

mg/(L-h)
6] FC:,/ =(1—YCXR1A+wRIB)_(R2A+wRZB) mg/(L-h)
(6 NP N =KLa(0t_C3)_7CO(1_YC)(R2A+wRZB)_yBO(1—§)(R3A+wR3B) mg/(L+h)
Cp1 | Fop, =4 Ry, +@R,;) mg/(Lh)
Cp2 FCp;,} = f(l -4 )(R3A +wR33)‘(R1A +wR15) mg/(L-h)
Cps | F , =YR, — Ry, ~ R, +0R,, mg/(L-h)
Cr | Iy, =YR25—R3B+%—R4B mg/(m*+h)

note. @ ; [m’-(surface area of media)/L-(reactor volume)]

2.3 SSEHEFN

KK T, SERTHICBI 5 SS HAOIBEIE. SREICBY 2 SS HAORERE 2 ERT 2EF

ZIER LTz

(DAKRTE

FREARE EMRXCERELZOT, ARTHSIEBME UCHELE. LAl BRICKSKERDEL
hozD, Tl UTOMEDETAZDONAZDT, 4BICL D KEOENERE Lz, ARTHOE
FTIWVELGEE Fig. 3ICTF3. nEICAEI L. RAKEE O, MADL Y TORSEE s BULRTMHE L

o MERERIUTOLBYTH 2,
(dC. D

3)

)

&)

©®

Q)

®

(10

e :z?G1;5+cu)+FbJ

<.%%=%@b-qﬂ+§kh—Xh+Cﬁ+ﬂJ
f%i:%&hq—q)+§k%4-x%+CWJ+QM (=2~ m1)

\ % = —g—(c,,,,b_1 -C,, )+ —Ll—z- (C,-,,,rl -C, )+ Fe o,

( d_cj.t’:i = -I%‘Cp,-,l + % (~Cp,, +Cpy )+ Fop
f‘%’i = -g—(cp,,0 ~Cp,y)- kf (Cp., ~Cp.o)+ —[{—)2- (P =2+ Cpa)+ Fop

| % = %(Cp,, =G, %(CP,,J ~Cp,a )+ %(CP,,H ~2Cp,, + €y )+ Fop G2 -nD) ©)
ngti,nb _ % (Cpons ~Cp0m )- —%prb + -é—); (€11 = CPu, )+ Fay

CIT, C I I BT BERRERLS | OEBE(mg/L). Cp, 35/ HICHIT B SS BSY i OREmg/L], Fe
Fe,;\& Table 3 IR T SREEBOE(EE mg/(L W] & ZIEEEERK ], Q ZRE[m’M]. VIZEHE
DEE[m®]. D IXHERE YN, n, X AR THODENER-). L IEZEEOFLEERm]). 5L i)
THbd, BKEECLVDPUBRIIRSREELSIHIEMEZONZ0OT, SEERHEDE LV OEIKBL

TELETHEE,
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(2) AR

RESBIIRWTIE, ABAAOE
BYEEORDEESEEEEICH
LT—RRIETH D NS> HEEORE
FLdHE LTHELDETIVADIHRES
T3, k. ET)VOBHRLE
BEL. EICESRLE TEER &
BEBYVEEIREUUNEBLUREE
—REIGIZED—FELTREL T3,
NG EZEE LIPS, KIAE T SS
A OHEBLVRIBEE B 212 1 RE
JBE UTEE LU, B, T T SS
RADABIC L 2HEEZRETLTCHD.
KEEEETIVOETHRRENE
HWEOAMADNEBLCRIBEICL S
EMIEOTEL & IX XA L 7=0 BRI,
SEREDBE #ITS 20T, nEAD
SEERIT o, BRSNS & BIFAER
SOEEFIERLDT. ThENOHE
THRFREEFEIE2RGEREL. —
Ed 28288 L -ERERSIEE
O THEShRWE L=, 8z, 78
BRIIBEERMIC 2V T DR ERE
L EF NV OBER% Fig. 4 12T,
PMENFRNIUATORICRIN D,

Q/ |4 'CP inb

T

Q/ |4 .Ci.nb

CPi Cinp #:[The “n, th” tank]

Q/V'sz,nb—l T f T D/LZ '(Cpl,nb*l_cpt,nb)
Q/V 'Cl,nb—l k:/L 'Cpl,nb D/ '(Cz,nb—-l_ct,nb)

. kJ/L -Cp, 0y
Q/V Cp’J ‘ J D/Lz '(Cp:,/—cp:.ﬂ»x)
ov-c, tA birccu
Cp,,Cy b « [The “f th” tank]
oIV Cpyyy T 1\ DIL* «(Cp,;.—Cp,))
o C,py Y DIAC=C)
kJL Cp,;
. —> Flow
: 3> Diffusion
Influent TVT ---------- >  Sedimentation
Cpl'O’ Cx,o »> CP:,x, CL] [The “lst” tank]
vl
“s th” tank
Cpiss Cis [The ©s :
(Sedimentation part)

Fig. 3 The concept of the bottom part

- Soluble material g
<«4— Particle material Cpm@V (+ )y @IV

k.Cq i+ :

Media (Cg; ;) < Filter (Cpyju1, Cjor) :[The *j+1th” tank]
ka(cpl.jﬂ_ylcpmin)
Cp, QV | i (I+ N)C,QV rCn OV
Detachment:
kLCqy
Media (Cq;)) Filter (Cp,;, C)) :[The *j th” tank]

kCPi=¥CPrin)
Attachment:

Cpl,/—-lQ/V

L+ CL0

v C.o

Fig. 4 The concept of the filtration part

—171—



dc,
._‘vlng 0 -{—r%C’,yz —(1+r)%c,‘1 + g,

a v "
—" 1+ ’)%Cu 1 2 C, -+ 2r)%C,J +F (=2 ~n-1)
% = (1 + r)% C,)nf‘1 - (1 + r)%Cu,/ + FC’ ,n;

dc;;” = %Cp‘,ﬁ =Cp,, -k, (Cp,, - 7,Cpun )+ kt0Ca,, + Foy, G=1~)
dc;g" —%(Cp,, ¥ Chmn - kiCY,, + Py, G=1~n)
djt’j =F,, (=1~n)

(an

(12)

(13)

(14)

(15)

(16)

2T rIEBAKIINT AIERELL. Cp, LB HEITBIT D AN SS LS | DEE[mg/L]. Cq, 5 I
BIFDAMIIMNE L SS e | QBIAMERERD = 0 DE[mgm?]. F,|E Table 3 I1Z7FRT Cr @*ﬂ:ﬁﬁ"
[mg/(m*-h)]. k,i% SS HBEEEEM /). k1L SS BBEEZEM/h]. y i SS FORS | D2 SS FHATIC
DBEECy=1) Com [ TRIKFH SS BEmg/L]. n L ARBOSENEE[-]. B LV old BEARIGEE {z&%‘&ﬁ
b DAMEEREMYLITH %, Cq,, iZ2WThH, Cp, LEAROKEEHREZRE L. TOERILEE Fe,, [mg/(m*
WIE. Fo, CARICLTEH L2, SEEEROMI. BEHbDZoHIC SS HERICLST —EE Lz, 5
MEZDABICHANRTRE HEEEZTHRL SS=0 £ F R s >7=0T, BERLEE Con, [(mg/L1Z

ZASSHAIIOWT AMICL BHERE L =,

SRV o | /.J~.

()AL
AR LS 7 HICAE LR AHEF TSV TEREL, MEEEREUTOLEh &5,
ac,, o )
—t = 7(C1,1-1 ~C )+ Fe, =1 ~n,) a7
dCp,;, _Q .
7:;@ ~Cp, )+ Fyy, G=1~n,) (18)
ZIT. ndAREBODEMEHITH %,
s / Table 4 Experimental conditions
mm ' RunNo. T 2 3 2
Date : <98/1/27 | *98/3/31 | *98/6/19 | 98/7/25
4 mm ; ~3/18 | ~6/18 | ~7/24 | ~9/10
. . . Time elapsed day 1~49 [63~1421143~179{180~226
Fig.5 Schematic diagram of [ o o =c [ 18~19 | 20~27 | 26~32 | 30~33
the filtration media LV i m/day 21 21 21~62 21
Aeration rate 'm*/(m’-h)§ 2.4~6.0 [0.6~18| 06 |0.6~12
Height of filter| _mm 1100 1100 1100 550
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Table 5 Rate constants and coefficients for Table 6 Values for the proposed

biochemical reactions model of aerated filter

k| 007 } K |360) 4| 05| rep 1 Bottom part
k02 [ K |20 [, [001 | 7| 1 D=—0.0022+0.156 [m¥h] (y<69.3)
k [0.005 |k, ] 056, ]1.02] ¢ |3000 D=0.0036 [m*/h] (¥269.3)
ky | 001 [ Ky | 05 ] 6,] 1.02 | Crow | 6000 k=2.82 [m/h]
k{0002 £ 103 | ¥Y | 05| D, 10 Filtration part

K ,a(20) = 1.94x"**[1/h]

k=150 [1/h]

k,=0.005y+0.565 [1/h] (x=0.6)
k,=0.235x +0.53 [1/h] (,=21)
r=0.1]-]

Cpmin:2'3 [mgL]

Upper part

K ,a(20) = 3.48x"*°[1/h]

x :Aeration rate [m*/(m’-h)],
y:LV [m/day]

3. EFNVOEST
31 EBEES

EFNVOREEIZ, A0y b7 MERICE VB OINET YRRV TUT o2 ERICAVWETFRES
RiE, BERE 300 mm. & 1800 mm. K8 124 L TH 3. BEAICE Fig. 5 IR THOLLED 0.8~0.9 T
HEFV 7oL VBAMERE LR, BREARTIIERLLE LT, AERTHICKE LEZHEEICL I ER
BT,

FRMEARADFRBIREL. E2EAEFTT IV TERRA LR, Bliud. ML —FRICEDHT#
Ellze PL—H—FEF T4 —VICE D EEFEREET>-EMST MY D AKSEERAB BRI
BAL. BB CERGEERZAET DI L TiToke Ka XEMAINV N EAIES Uk, HEREES M) D

WL BIEEBEICLDEEL

BRERERTIE, BHTKERNRE LARE-EYE 7D I2BN T, THFRETCOERYREB L
UL, 7vh )RERN@ b)) — MERRETORE, FEYEHMC L) OREICA HIFTOMNE L LT
SMAEREEAMRAAE . ZOBMIT, BEARYEB L O SS MADKRE, 256U DO BEORIETH .
HRMEARDOEEGRRMFIEL, Table 4 IZFRTEB D TH 5. Run 1l BLTRun2 TREXER, Run3 THEHLV %
I ERDPLEEHE L, Rund TRHAKREE R Uz, 1~2 BIZ—RIFEREETWRD 6 EEGR 21T

W BEKEEHEZEE U CUBERERIEELR, 2L T, HiESS B0MBERERRHIET 54T, SS
RERFEICDWTIRET Uiz BEOMIERER. FEMARADOHEAK20L ZIRM L, HHESEL, ER
B DB MCHY T 2KET 15om OMAT SSEEOREREMZRET S L TKDE Y,

32 ERERErSIal—1al ol
KEBEBRTFNVICEWRERE-EZ, Table5 IR T. ThHDERT T XEK OO WESEITRE
LTH b ERYICMOTIRE T8 U CFIEZLYRE@EENTDH 5. SS BET TV TRE L-HEREIL Table 6
ELDEEBITHD, IBEBRVWThOERICLDB/OSNEETH 2,
FTREBMHEORIEZRIT o, BRERE. N —YV—~EREEB LU SS HERERSOEELD, 3
ERTER(14 #8). AEEE(10 ), BLUAFKLHU D 3 HHITAE Lz ZXRE 0.6, 1.8, BLU 3.6 m*/(m*:
WOBEDREE T OERT/AEG {1 L BRE EOOBERIIOWT, ERERE 70y T, StERBREH
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T, Fig. 6109 Chi b, FEMI2RBORBMREIEHIN TV I LELLN D,

ARTEHTOMBREEEHIZOWTZ., FEEOEYEEAVT =282 mh & Uiz, SHIREOMEIT LV
DB e UTEE L(Table 6 288), AR M TORA SS OMMBEED> I 2L —> 3 VEHEERHA . B
i, PRI L= SSEOD, RASS BICHT2EE ) THH., WEROBERE L ITBREDBRE,
Run 1~Run 4 BT ZPET—FE 70y MC, FEBREIMETFG 71257, IhLD. FLVIZIEU
FBAREPLCHRIhWTWEEEZ SN,

WIZAKRBTO SSHEIZET 2EREERT o2 ARERZEMIILE Run 4 DREHERLD. 26KD
FEETOSSEEDPREZ, COBRELEZ T, ARBOSEERIL 10BL Lz, EREBLTLVO
EEL, ChoNENT2EFBNRIEEIND L L. AMEEEROREELZEENR ML
BERMETKD, LV D21 m/day ICBWTESEZELI B AHARun 1 BLT Run 2), o TIZERED
0.6 m/(m* W)IZHB VT LV 2E(E B7=5ERun 2B LT Run T DWW R = FIBEHEE EHE - OBREZ
NZhFig.8 BLUFig.9ICRd.. ChLhREEEREROEIR. D ZERIILLEFIMITHREL 2.
L 2R SSBIIS UEFRH SSEEOHRERIE Fig. 10 BLUFig MIZZhZOTRT LB TH S,
EADEHEET, FOMPEIMEZTLU TV S, BIEZHRE T 2 20V SS BB LUH SS EEIF AL
T2OT, BIERCRE LRSS BORORH SS EEOHBEEZ RO TR L. WINOBIEIIBWTSH,
HEE R BEITVVEDETEEI N T WS, B, I SS BH 2 kg/m’-bed 117 TEAME L D KD O EED

— 1 o LvV2l
14 ———————oop + 06 X 1.8 B o o o Lva
12 O 36 s=——Calc. § 0.8 E LV:{m/day] A LV62
: kS S I LV 21 (Calc.)
— Air : [m*/(m*h)} g 06 LV 42 (Calc.)
= 08 g : LV 62 (Calc))
= 0.6 5 0.4 E.
0.4 E
02 2
0 [72]
0 1 2 3
128 Time [h]

Fig. 6 The experimental results of the Fig. 7 Calculated and experimental
tracer test and the calculated sedimentation efficiency
results

E 3L k;=0.235x +O.53 ‘ ‘E 3 k4 =0.005y+0.565

2t (LV:21 m/day) - ! 2 (Air; 0.6 m*/(m’-h))

§S2fp Feeeiboeos gE2f----- S P

E ~ 2= F

Rl e e ESLE

5 57 F

g i kS E ‘ : |

8 0 1 1 1 8 0 1 i L
0 2 4 6 8 0 20 40 60 80

Aeration rate(x ) [m’/(m’+h)] LV(y) [m/day)]

Fig. 8 Effect of Aeration rate on Fig. 9 Effect of LV on detachment

detachment coefficient coefficient

—174—



30— Air: [m*/(m’+h)] O Air 0.6 30 Air:0.6 m/(m’h) oLv 2l

T | LVi2lmday GAirl8 - LV: m/day] oLV3i

% f A A 2.4 = F ol aLv42

E20F 0 Air 3.0 E20F . oLV 62

e B Air 3.6 g f « Calc.

Sk 3 © Air 6.0 S 10 a0 tglLt

w2 T L .

2] 0 b m;&ll %% » Calc. 7 o E ﬁa . .A

0 0.5 1 0 1 2
Trapped SS [kgSS/m’-bed] Trapped SS [kgSS/m’-bed]

Fig. 10 Calculated and experimental Fig. 11 Calculated and experimental
effect of aeration rate in the effect of LV in the aerated
aerated filter filter

= —O— Influent

=) 10 E ~ T 150 ® Effluent

W 8 F Qeg— A~ E - ° A e E ffluent (Calc.)

E (E \0'0\ g100 F /%

~ 6 F L [ ] 3 E L

ER e S C

S 4 E[ ® Effluent g 5o F

© 2 E|—— Effluent (Calc.) 2

o E o

0 E P S S S U T Y Ql) 0
w
0 50 100 150 0 50 100 150
time [day] time [day]
Fig. 12 Calculated and experimental Fig. 13 Calculated and experimental
DO concentration S-CODCr concentration

RENTWD, Thid. BIERORA SS EENEL., ZOBREGHELOEMEL R >TLEIEDTH S,
VICE3RBEEEOEME. 2FEAZBICBNWT, LV S TBEEEOHEHIC RS EEERIFT & LEERIE
fJ> PBOMEII—BL T35,

KEEHIZDONTOD, Runl BELUW Run2 ICBIFZ2HABLUHRHAEORIELORITHERIL Fig. 128
LT Fig. 13ICRTEeBY T, EHEE2 DY M, SHEEERBTELE. 22T, BAREERYOBRE
&, ATU-BOD,EEDEFED 1/0.7f52 L7z, DO BEOHEEIIEAEIZIZIF-BLTH D, FRMELE
TODO BEOEHFERUGETH 2. AEYRECLEERD L<BRIN TV S,

DEED, BREEFNVEFEEARAOREIRE, ZSBL LVICI 2R SSEEAOXE, BIUKE
EMFPHZEOBRIIBAL>280EEZ N5,

33 HEMBRERTORS

FERRLEETNEER LT BREE - EYE 70 & 2T 25 A RO EHEER FORE 2 4 7.
BEEMT. R NEGROET T 2HKBHOKE 17°C 2HEE L. FREARNORAKEDEAEEZ S
ZIZL T Table 7ICRT EBHICEEL =,

TITIE. BEMARIIBIT AREHRERF L LT, AEREBL T LV ICONWTORE 21T o>/, LB
MEMHO AR 2FE 52O HRT 2 1 h & LT, BEARBEORF£2To/k, ZDEHIZ, LVBLTARK
B8RO SSEEMNBIEAKE L L smg/l ICET 2 E TOABMEREE RO, ZO/BR
X Fig. 14 IZRTEBDTH B, MEHHHBOTE S-CODCr BER LT DOEELHDE TR LR, MiER
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Table 7 Conditions for prediction ==Backwashing interval (h]

@ Conditions ~ §-CODCr Cone. [mg/L]
Temperature °C 17 ——— DO Conc. [mg/L]
HRT h 1 =_ 307 7 8
Aeration Rate | m*/(m’*-h) | 0.6 =3 | é(\ 1 =
z E [ 162
@ Influent water quality Rl R E
S — 30 é"@ :<—1 R, 14 :
S-CODCr mg/L 25 22 10} 1.9
SATUBOD | mgL | 10 £ | f/ 28
DO mg/L 0.3 g% Eoo wod

0 1000 2000 3000 4000 5000
Height of filter fmm]

Fig. 14 Effect of Height with HRT of 1 h
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Ihi b, K7D X TIRIFEEB L CEREMOLEG o, T ETFONEE2 1 hTITS228T &
PIER I UCERITBRNONES HRTThIBE T LD AETH DL EZ 6N D, 2B, HHEEEZ 30
DR 10 K 20 ) TITD & L THEFHK DU KBICN T 28 &2 BHLEZE A, 5% TH
Dz, REHEKEZER LT, ARO 7Dt A THRBEBEEA L TWHE LIEP PO7 2RI LT,
FREARZT LTOMBIZAE WS Z & CHUERREIEN 3h OEMEE 4 5,

4. Fr®
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ErHEEEL. IVRAHMEEERICHEES5XDL L, S6EHEMCL2ERYNOBLARBREE
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BEIEIIN 5% TH B,
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