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New Aeration Control System Based on Ammonium Measurements
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Sewerage Plan for the Prevention of Global Warming in Tokyo
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PAFF e EEHIZB VT, THEAMFICH T3 5720121k, HilERE BAF72BfR 25 < 2 ERKLER
AR T D, £, REFNI/NFRBIHUC TAERMER 2 @Ex T 0 LETHoTZ b, HlllfFEROM
a3 2 ENRBEEFETHoTo, ARIOBHAORER, KELRFEIFEDS R PRk 26 43 HITTH
BT LTz, SHIZ, WR25HFED TRx 5 ' ond ! TARKELEa 7 —)V) CTREFELSET
HTENTET,

A% b Ml ERICK T 2 B 2w R Z X U, BODR W TIEORF%, K LHETHELNLE
MR AMOFEIZHAENL THETZ,

SEXH

1) @58 K HOUHED N KE BB ALE ) 2013
M P i B IR 2 A 2 B ISR ~ 81 s MK R 88 it i D et~ |
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2-2-1 BE{L AOAO & & BE UL AO SE D ALERIRN IR O L8R

PAERSs — NAEEBET SRR A Y 2 — KEE R
AR L, SEHE R, @ E. OFE &, & Tk

1. [FC®HIC

P AKEAER X —ITFERIC 128 (1~12 7)., LRI 1248 (183~24 5) OSUSERH D |
A THEBED 7RV EEE T o 7228, BSOS 1~3 513, Rk 24 £ THI L - TRaEED 3 4/
WE (A~DEEK) Shbd & & bIcHERmAETRSNTZ, ZORE, RIS 1~3 513, mi%
TR K OEEBE R Om LIz X C R CUEN KDL E 2D EREZHIHTE S
SN AFENTZ, BEEEZHIET S EE LR, BREIEO T A P —E 52K 25 5ES, A RIEM
O PN BRI T A P —F 2K > T HFIERHE SN TWD A, AiE TS 0 AR
A (LT, PO4-P) OiBEIEH, & X0 ADOMEMEZ DL ONME T T 5 R[EEENRH D Z &b,
B X —TIXAREEOCEIEDT A —E 2K 50 ER ENAEDEEE G- i< - g
FPRIE LT, AOAO i) %425 2 L1c L=, AOAO i, BIEEDAFEHM CARL LT
fptEzE% (LT, NOsN) 2 #%EOMHBFEM CHNAEREZE ST HETHY, EREOHIHE &b
IZRER CLF. TN) OHIBREIRTE 5, Pk 256 FEICY B F—TH LN RIZ DN T
WwET 5,

2. A%
2.1 MEEME ®1 ERRGBOLHE

A R SOl DR &2 3 1SR, BOGHE 8% 15~38 | 48~65 | 18~0% | 108~128
DANKZEL 7T0m THY ., AR LZL D REOEE | £HY(287m?) 1L
ISR 1~8 ZCIfREEENEE STV EFzE 4(A B, G, D) FHL A B CD LEXR
BR. 4~12 SHICEREEER R, WA ok R
" E1 e e ARIKZE (m) 3.85 |
LRGN &> TR Y 1~ Bidis = — *

. . - . . 3NIKiR (m .

AT L AR THGUKIRD 8.85m, [ o — 5230
B 8RS IR AT R A A (DA HEHE DOEDE SUS304
T. DO i) #4T->TEY ., D BRI K BHEE H244EE | Ho2fEfE ‘ H20%E H19%& R
DO 7 0.8~1.2mg/L L7325 L HIZEEL HlE 7= DO (DEIEE K i) RITERE

TWb, 728, &S OLBLK B K OSREHIEEIZOWTE, S EICEGH 23 20T,
P SR AR D ALBR K e Jy ONEGRTG IR B & 5 D 12 THI- THEREZ KD T 5,
2.2 REHE
TR IL, BREED B D NG 2, 3 52 L CFRk 25 21247 > 72, Runl (7/1~7/31) T,
TAV—EOREREICLY . A~D [RIEOEKHEL % 2 548 AOAO ik, 3 Sl AOOO 4
(LLF. AO¥%) & L. Run2 (8/1~) TiE, KO RBELZHERT H-0, 2 5 AOTE, 3
T AOAO i & LTz, AIXT A —"&BAEE 10~20%. O IXBAEE 100%DIREEAE KT,
FHAWIR S, WO D BRI A OTEEG IR EY (BLF, MLSS), PO+P, 7 oE=T7 k%R
(LAF, NHa-N), dipgEerizEsdR (LT, NO2-N), NOs-N ZfH oM L7, F7o. #ks, A~C
[EIFE KA DWW T b L, BUSTENOKEIRE S & i Lz, 7pds, REREAATH T2 =
> NH4-N 2378 U7= 7/1, 7/10, 7/11, 7/16 ® 4 ARIX, T —% 24 L T 217> 72,
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3. R x 2 D EIEFKRIH/KEDEAREFHE
3.1 DEIEXRImKEDLLE Run1(7/1~7/31) Run2(8/1~10/11)
EFRSORABLE{EM 1. D EEEL | Y 228 15l 22 15l
e L . AOAO:% AO3% AO3% AOAO
B/ KEL ORI 2 3R 2 1n T d MLSS 1,110 1,090 940 920
W, M CRBUIEFTH Y i L NH,—N 03 02 02 02
H NHa-N X ONO2N IFEWERETH - NO,~N 0.1 00 0.0 0.0
7-. %7-. NOs'N % 5.4~11.5 mg/L ® | NOsN 8 0.0 81 77
HITHERS LU 45, Runl OB = = = =

TIXAO# 9.0 mg/LLAOAO £ 7.8 mg/lL ¥ TEZH=R+8E

TAOAO DM 1.2 mg/L, 13%15< . Run2 TiE, AO ¥ 8.7 mg/L, AOAO #: 7.7 mg/L T
AOAO D73 1.0 mg/L, 11%&02>7-, —F . PO+P O EEMEIL, W7 Run TH
1.3mg/L THY ., ZTR N7,

1 ERASTORBEEL

3.2 RIGHEAKEEENSMDLE

AO K TN AOAO D RSN KB I 45 A o —] (8/20) ZFhZFhX 2, K3ITrT, A
VR T, iR L b C RIS TR T LTz, W AR OWT Y, Wil CRIEED /¥ — > Th
0. AOAOQ EIC TR SN EREHEM BT 5 0 AW OEACIX 20 - T2, EHRNEIT, AO %
DA BRI CTIIMEITIEE A CHEE T, C B THYEAEA TV =Dzt L, AOAO T,
C B T o 72 22K D —45025 BRI IZEl - 72720, B R THEILAEITLTEBY . S HICFD—
s Clal i O HERR FEFE THLE STV DRI RS C & 72, D Bl R D T-N (X AO £ 10.1 mg/L,
AOAO £ 8.5 mg/LL TH V., AOAO IED A 1.6 mg/L, 16%{K0 - 7=,

2 NEDKERESM (2548) 3 ADADEDKERESM (3548
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3.3 ZREHIE® . =

: EREAIEAR . ‘ . %3 ZAEOHETHIE

EREOHFFEHEAEF 312777, AOAO ED 57 Runl : ~ ‘
T 9%, Run2 T 1%(&7 -7, NOsN, i b Rungp | M0 | FOR | POROR
SNBSS Ao I8, = DB IC ST 4.8 B1E | /vy | 2110058 | 19248
TS, ooy | 180925 | 184505
4. £

B Z—IZB VT, AOAO EIZ—ED T-N

NIeh BIREFREN TH o7, TOEBITHONTELE L,

4.1

IR A, TR 24 FEOMRICE (8 F1E) DV AALIRIRDL
X 41RT, Yk X =T, it ¥ — & TSR
ARG R IR EE DMK < . BOD & OY COD O4ERIEHIMEITZ 1
Zi 60 mg/L, 41 mg/L Th D, ZD7H, A RIRREHSHEIC
BiF5POsPOHHLEIT/NSFHERELTHISEDY A

RIGHERAKBEEDRE ERZEERE
PRk 23 FEE DY o H —DRUSHERAK BOD XU COD =

(NOsN & LT) KUK EDHITEZN R 7S

A

PO,-P(mg/L)
w
5

2.0 4

w“ \/W_F

N

BRERITED, /- T, BWRRFEM BV THAERZEICHET
EOHABMITIER LN TSN D,
x4 £ Z—ORISHETRAKBOD B U COD(H23)

48 sA e6A 7R 8A 9A 108 118 12 1A 28 3R

——8S AR ——sSHEDEH

4 BRRICEDY A

AR5 (H24)

(mg/L) | ZHER |ZAnzax|WATRBR| HH Bl | MNEER| BAE &R B |(aPEER| HEE R | RUEEER
BOD 120 110 140 73 130 100 120 110 81 81 60 80 64
coD 63 55 82 62 55 59 62 56 52 51 41 52 45

B S OVl 2 O 2 2 HEE T 2 728, SOCETEAK F 72 I30LBEK 8.5 L ISIREHIE
1.5L & 15 mg/L #2220 NOs-N ZiEG L, HEERFIREEIZ L T NOx-N OfRRFZE L 25 ~7z, /Kifi
25 CI N 15CIZEBIT 5 NO-N ORRRZE L #X 5 KK 6, RD7-PEHE LK 5 1R T, K
AR E W56 ORERE T, WK E W55 3.0~3.6 (5 TH V., /Kilk 15CTiX

25CD 0.5~0.6 5272 > 7=,

16

*

15
S MLSS:680mg/L
=) i

13 y =-0.6821x + 15.4:

x5 BEBEE

15 MLSS:810mg/L
y =-0.3638x + 14.425 B
14 p = B
Z ® R? = 0.9948 > % R2=0.9721 KR ESE (mg/gSS - h)
12 * 13 \ 3.0
. & . RS A KR %5 R .
o MLSS:780me/L S o MLSS:790mg/L 25° pid roER
S 10 y=-2.3419x+15.25}‘\ 1 y =-1.3834x + 16.011 IRk +3E % 5 1.0
z R? = 0.9856 = R?=0.9843 5 R AKRRE R 1.8
9 < 10 C
e BB 0.5
8 . : 9 : :
0 1 2 3 0 1 2 3 4
FsMH(h) FM(h)
o RICHERAKGREFRE — WAEKGREFE & RISHERAKHRIZFE  mLEKGREFRE

5 NO,N m#ERZ{E (25°C)

6 NO-Nmi#ERZ{E (15°C)

PLEX Y, BEEEITAEEMIEEICKFET 20, Yt ¥ —CIERISHETAG IR AR
7o O MR T DA /N S < KBNS S DICHEFERENMET 55 L FHEEIND,
Fo, EPNCIEE XV LR O G BKIEOEEEZITOT W D, RAKIRIICK
UNTIE, B SR A oD i 230 P DM T 3 2 B AT B U O LR EE b 975 & PRl s ihvb, £
D=8, HIBEAFEME COML RS T 2 kN RN BT, AOAO % AO RICET N E
I KEEMRETEDEEZOND, EOREDKIEE T AOAO EDERET 2 D0 5| &t & Wik

LTWE720,
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4.2 CREFOERTIKE

BAE, CIEED T A P —EDHEZ 10~20%& L TWAH, HEERFIRIEN R 14 Th 5 " HerE
NEFTOND, REAZEESEIERTIE, FJA VP —FOREZILITK-720, —iB, B2
PHC L7z U T ERRTHONEE L, UL, EENROMRE XA 7 L0 HEEE OB IEO#E
G, T ERD ZENREE LY, T2, TOMOER E LT, MAEOKEN 7.0m &EE
DOEFEREA LD RS, REY —UDBRONTWARERE LB X 6D,

4.3 DO HlHDOAFF

B AKE, EEEL O D A DO ORRRE(LO—F %X 7IZ7R7, FBEED 2 5 BT
1%, RALBK &ALBK NIRRT 5 TRERBRERMTOILTWAHTZH, DO O F 7%
FEAER BN, —TJ, BEOH D 2, 3 FAITIX, FEEIROMIE K ONBEBEE DM L
2L KEDD R OEERHCHAILE O WIFEH 2B W T, KKERETYH D [FE 2L
WEENZZ20 DO MW EHT 2, 72, 2. 35zt 5 L. 2 5O FHHEIE 0.8 mg/L 7544+
NTWDEFIH N W2, 2 SHOKEN DN ENTHEEND, 3.3 ©ilC TREEE DL
HBABH L2, DO BHIEMENSANTWD Z & RONEMRRKENRHATH D Z L5, B
R EFHET 5 ONRETH D,

®7 RISERAKE. ZERERV D ERE D0 DEFRZEL (8/8)

5. £&H

FRBED & 5 SNEIZIB VT, CHEIED T A4 V—EFHE LK > T AOAOEE L, fiEx1T-o 7,
ZORER, MEAFEEIZIHIT D2 MEDR L OEREHHEIRICLY, AOEL I TaEFRE 1 F
FREE, EEEA 1~9%HI T2 2 LN TE o, APREITMRUEL DRV ATH LD, =
O OHNEEITIZRARH 0 EAR L mARNICIRE S alfetE @y, L, B
BUICE D KEROENOLET REBENERINTWDLERIZE N T, BEEL T <ifED & 5
FETHDLEEZDLND,

S E XAk

1) B - ERRSE - IERTE SRR - LR EE TS & OALERIR LB IS O T i 4T [B R AKERFZESE
FENTEE pp. 170-172, 2010.

2) BEfF/KAVERMRR \C 8 1) D R RREDOM E& B L8 LWVEREEREORSE (550 [T
AIERFFEFE R AL pp. 820-822, 2013

3) PEERAR V7 L A G EEALEE (AOAO 1) I2361T HARIBEKHIE N BA%E 26 50 [B] F/KIEAFZE%E
FEATHESE pp. 889-891, 2013
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i

=k

4) B - IR - RS - AFREE (AOA0TR) W ERB LY ORREMERE - FAKEHE
Vol. 37 No. 450 2000/4

p=4
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2-2-2 FHyrBKBELUXI—ABEKICETSIERNEICET HEH

HrKELEYE X —
WA BRG. RBUMR wm—. LB K, EW B2, BiH O OBE

1. FL®IC

PRy B AKFAE X — R CITEKIEBICHEERS R+ 2122 0 BRI ET 3 5 K
IGHEN BT S, £, MR RFHICEVWTLERMAN SR THIT-OMNEL 4
AT AT, LBEKORERRBENEG WV, ZO LD, HHRITEFEIZDT > TERLHIC
BALTHREZEAA TS, ZADLOMBEIZR LT, ML ESOMREZM D 72D D &
WREEEEEZRF T 2RV AZIToTO THMET D,

2. BEEZFORK

2.1 BEEZOERE

TRy WKFELY X — X HRME (AFLBEEES 106 7 n’/H) & FEMER (A 48 7 m®/ H)
THER SN TWD, B, AEREDHICHEALLZ FTKEIEEREZEME~HKL, €DK
D Z R Mg ~EAKRKLTOE LTS, LrL, MEALFEORES, EAKF 7 HEHOH
KWEOFEHICIY, CZZ 7 FOMER TOLBKEIZHEHHE L (THEMHE., &8
MM, RAKBEHE) CRE<EARY KERABETLZ2ZEEFELVREIZHD (K1), 20
7o RAFICAVER 24T 5 72 0 12 1d B & BR E il S0 i 2675 T8 S8 | BOG AE N o I 4 95 T R EE (MLSS
BE) SOKEFEUANAOHBEZ LD EDHSCHCEHRT LI LN ROLND,

M1 REE-—HEH-YDFEHLEKEDHTR
M1 REE—#EH-YDOFEYNEBKEDKR

2.2 BEERORICHE

VS i O SOSHEIT 128 H 0D . TN THEHMBAT, BEHEE (FRE->%) b LIEXAIET
HEELTWD (K1, 2), £, RS L E ZERMlIZ—x—TxIc L Tk v, £/#ITA
WIZHN. L TWD, 20D, HEEEFL LEBRICHBEOSBUC BN 5 m, 2
CAZHBER DI R AR - EARET 2 LEHMITEALALLTWAR EDORH
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RN D,
x1 REEOHRE ®2 BREOEGKR (FR25F 10 AR)

a8 8100 m’ AO;%

KiE 4.5m 1,35 RHED1.25/6 BEIERMD1/4%FE T) MK ER
BRKE 4.1 m RSN, 75/6 M 1F K ER (R FL1E260 1 m)
BsA 2| 2,4,5 6,95 ZAEE (FIRIE>R) (RFLE300 1 m)

[5] B4 5 6[E1 3% (A~F) 8,10, 11, 128 2k (BRLAOR) (SFL#R260 um)

XISRISBIIBR[RBEFRLIEICK YFELET,

3. EKEHIZCEITAMHEILEEDRY #H A
3.1 mMYMBH+DOBE

Rk 23 12 H ~3 A XA O IGHE CHMBAE N EIT L. T v E =T HEROER,
CODMED EH . FHHRE O T 7 EALEKE 2N EA Lz, ZHE To Bk x5k o F 5] %
HH . MLSSIBENE W ERFERERO —>Tidnh B2 Y, 22T, MAKDOKIRIZ
B U7z 372 MLSS IR 22 Tl L CHEFFE PR ZAT O MV M A 21T > 72, HFE MLSS B JE % 3%
ET DO FIEEZ (1)~ (DIZRT, i, Ak 23 4FEICEE O ROSAE CHUm b 23 81T L
WO 7o RO A K O KD 20C %= T 2R A2 KIE# & L7,

3 MSSEEOCHEENDHRTER (1) £3 EHFOO~®
TSR D E 9 I A KRR
@ @ ©) @ 920°C O B |7 B 7
[2 0°CI=$1+BMSS (R) = | 1400 | 1600 | 1800 | 2000 | C\ i %g‘f
R T SS T MLSS ¥ BE 7 J# 2 72 [#]
Kim mg . e
15 | 1.980 2263 2546 2828 | MCOSONEIETD
16 | 1.847 2111 2,375 2 639 (2 E1E 200mg/L % 7
17 | 1,724 1,970 2,216 2462 | L 4.
£IBDKE— 18 | 1,608 1,838 2,068 2 297 \
19 | 150 1715 199 2144 | (2 F3EMERET D
T 20 1,400 1,600 1,800 2,000 | —MEIICHEFR DR EE
21 | 1,306 1,493 1,679 1,866 | 4% 10°C 5 LA
22 1.219 1.393 1. 567 1741 NI . o
| BEDKE 23 | 1,137 1,300 1,462 1,625 ’fﬁéﬁg’i%ki%f
24 | 1,061 1,213 1,364 1,516 | Hckdlans, =
25 000 1,131 1.273 1.414 | o BI%E H & i A IR 78
26 024 1,086 1,188 1,320 | o hs LA
97 862 985 1,108 1,231 )
28 804 919 1,034 1,149 | E®MLSS R 1/2
29 750 857 965 1,072 | 5 (RISHEEEAR 2 f5iC
30 700 800 900 1,000 | smop) (=i kg

E L, X1 28N,

TRAKENTE DRI
HEZNLSSEE 2

ZORXDPDL ., WAKIEN 20COICNE/R MLSS IEE A2 L LT, KIEXE/LLE & =

DOMLSS IREZFHE L, £3 21EK L,

(3) FEBEOWAKILE MLSS R, R O MR P D B e A KR A 20°C O BF 12 &4 Z 72 MLSS

I BE &2 P | BARAE D 3 2 PR 3 2 (5% 8 R O i A KR 25 23°C O IRF 12 MLSS 3 £ 1300mg /L

-(T-20) /10

= (20°CORFFICHEGMSSRE) X 21
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FERE CALEE T & TV LI, 20°C ORFIZ . ZE 72 MLSS 2 1T 1600mg/L & 72 0, 5@ D EK il 23
HAEEMLSS JRE L 72 %), 72 35 | V8 il i% C It A KR A3 20°C 0 R 12 4 2 72 MLSS % £ 1% 1800mg/L
L0, @ DEE A B IR MLSS R & L7z,

(4) WAKIBBEAL LTZRICRICE D BEE CRER+3ICITA TV DN E R L M
WG U TEIEEZIT ) (LER+STRVWHGEZLVBEORVROL F W OFIC B EME%
EHEADHE),
3.2 MYMAHDOKER

Wk 24 5 FE OAK KB EIIC BT D AKIE O FENT K 23FEE L IZIERBETH Y (17C~20C
Th oz, Tk 23 FEOKKBHIZER T D MLSS 2 1500~ 1800mg/L (12 /& 0 FEHfE) 12
® L. PRk 24 £ BEIX 1900~2200mg/L & 720 . MR HREMEICENVETER ST L2 LN TE
72 (K2, ZhiICkD ., Frk 24 41T FRL 23 L LR TT v = 7 % 500 0 e
EREMREICMADLDIENTE, BHRESLCODERLEOEMEMN S b ZEMICLE BT
ATz n (K3, 4), B, —HOHIRIE-KZ2To TV T, 7ovE=THEH
RHEMMBEERN/RE SN, 2O TIE, ABREIEOXRREREMEZ LIF 25K % &
ol LML, MRELTREMICLEELITX O, AIFEE LY ZRECEEAGED
HTHIR T 2 2 & 3T & (6 RS AT B L 9%HI ) o

M2 MLSSEED#R (1210 F1)

B 2 MLSS REH#® (12 BDF
M3 MAKPOFUEZT7., BMEBUEEROHR

M4 BMEKOBERE. CODEDHR
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4 BRZERERLORYHEH
4.1 R 25 FEDQLERR

Rk 25 FE XD B AERBE L XRRAE N EFREMO " HE A ZEEEEAL, BE
BERICHT CTRYMAEZITY 2L & Lic, FELWIIRIFEERD S I L TV 7o 3P
EOKIRM B TEOEE T, WIS T 2 AKENKEIZHEM L (A4t 35%H) |
FOGEE N EL Ieolafeh, — 8O CHMBRIEAEIT L CLEY, 2ERBEN L
AL (CER25% 3 H18H~5H31H) (M5), 20#%, RLENMRIEER-TZEFD
i (CERR 2647 H~9 A) IR O LBREIE 2 & 2 - KBEAR O SR & % E
EIE B OHNIKZIT S 720, Wik O AKEITAIEE LV D ol (B4 L 19%
W), Wb Z FDICAITZDRMIC R T2, 2 EFZRELZRKTSEIWMVMAEIT D
ZEE LT,

S MRKPOLERREEDHED

4.2 RIEHEAMBEBTOREZRESELINYBEH

IHETHEAKEILEHRIICHILZT) 2R TSR, BELTICITO 2 &
MEELholelcd, RERREZERTIEL2ENTE o/, ZO—KELT, Wi
R OPNANKEDND IR NI ROSHE RS ATE I 3 1 2 B K< 22 0 0 il 225 IN i
MBHIENBZDLNTZ, Ll 1HKKE T ORI O i R R & O i R D 72 8 |
MK BEOHEBELEREDOK Y IALFOREIZITIRAN DD, 22T, ZhAboflFog
THEMATRERIY MR EE X T,

— BRI . TG R &

“ k5 R US| TR L b o A E I
= WD E RO RE RO D b
ﬂ“ — THERBEMR L., RAICEHRY
%““‘\y»f”’L\“ﬂ=¢>+~z¢:i— AL UTHIMS NS B2 NS
o DM MBERLD 2 & & LT,
' Zd. WHEERRIL T H LA AR
° 4ﬁl5ﬁlﬁﬁl7ﬁl8ﬁ19ﬁl I10)51111}51112?]'1}5]12J5]I3JEII BLEATHNE (55~65%) T
S8 (6), A2 ST

X6 REFREEOHS (12EDFEY) LTWAhot. 22T, —Ho
Fofl (1 5 (A03E) . 12 5 (&L AOEE) ORXEBREFLZIHICED T T70%E L, ZEHEALAH
ORR\BEBET AL ELTE (8A 13 H~), Ik, IREFIEEDOZE TR S IR ETGJE
DHEIHFEELE_RTEHWEZ > 7Z#HBIX, MAKER DL, REBRARN 7 %2 &KIEKORE
TEBRELZEATH, MAKEBICXH L THEXEERENBEREIZZRDE-2DTH D,
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4.3 MYMEADEHER

KEBREZ@BO CHEEBEETo7E A (175 49-68%, 12 5 62—70%) . WH & b KIS
R 5 C O (NH3+NO2+NO3) S 2% 2mg /L FRER F L2 &b otz (K7 @ BEROEE
ZEwWle B EEBROMR CER 25 4F 7 H~10 H)),

W T OBl A0 15 T iz L T\

" RIGHE K % T 0 (NH3+N02+N03) 2 BE 512 B % LTS T R L
13 SO G 2 D 2T R (10 5
2 0 M) ZR. AR O
= 2L B R 7 VBRI & b L7
%9 [ (F 4, 5, M8 : 10 HmAME
z 7 T | RER) L H T 3 RER S & TR
T s . . . | o mmBLEEZA. FRTOEE
ISWEEN ISWEEE 2SWEEN 2SMEEE | - mREREO S 12

7T REFEELEFNRDOEZLEDLLE SO ROSFEOR M IC BT 5 e #E
BEEMN 2mg/L EBER N &R b»n

> 7,
x4 FEBROZERETE x50 BEBOEEGEH
£ B EAE - DOREE 10548 12548
A, BEIEE DEIRE FEIES B ERE (/) 9,620 | 12,680
& 400 m’°/h| 0.7 mg/L 2.5 mg/L %= Btk OEE m'/8) | 18,150 18, 060
RIEEIRE (%) 53.0 70.2
— I R VIR 6 JE 2R Tl R

10, 125 DR “DEZRRE =105 . e o e
SHOBRERTOSZRRE .mg ZATO &V VBN R LZEITIR D

EINDHTD, REFIED EH W
12 5#CTYHAMENENLT D Z
EEBAL TR, SROFHE
TR I ol (K9), L
DL 12 5O ARIKICBITS D
AMOMHZHLRFHIRoTEY
108 198 168 B A E T LTV B o b B
K8 10, 25D ELEEXREEDLR LHHXND. D,
FLIALDOEFBERD
ZVWBERZICD A LB R
R AL 2 B A LA AT
LHARTELS oS
bbb,
D% EELL A0 1L TE
5 &2 1T > T D fth o Al (8,
10 B 4f) 12D\ T b ik
HBIREE 7092 & o TiE
a2 THo72 & 2 A, BitE
B9 10, 2EHMOYAREBRE B & s TR R I R
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NO>EEZBRBENET TCEOAINKTFTIEBmNHRLNTEZ,
TOLTE—HORYVMHAIC L VR EOBERWSEHE T CEZLHE AL ETSRBLADWN

5. F&H
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2B, Rk 24 49 A~11 A K H) O Let 6.0
Wz Hlo, 27 v FHELEKES Y O 50 LR LR ’éﬂ%u%
PR O BMRIE S BAE LT, SEMBIC SV E 40
. MEKR. B AAM MLSS 2. £25 2 80
v FHTIZER%E Th-7-(F 2 2]), Kk @ 2.0
ICOVWTIEAT y 7HTLETOERVERD #o10 -
ATz s, M, o S IZ BV T, 0.0 A SesE R T

N . 0.50 0.70 0.75 1.00
KR & X BB R BRIEDN R b 2 25 o

Einh . ERES~OERET/ININVWEE R,

412, A7 v ERBAKEY T2 0 A
BOBEFEEZRT, AIKICAOND EYIC, AT v 7THBEL 2D &, 6 iFEM Tt a1
MT2b00, FHEZMTIXIZE-ECTHBL, R LTAT v 7O EFICHEVERE
NHEEIN L 7=,

ERHIM IR, DO F &2 AW R EHEC L0 (DO HE), B FEEIickB VYT el
FIFAIE L7 EE AT TV, 2O, ATy 7N ERT 3 L, 58 TR
BML, % 5 CIRMEENEL T, 20, AT v 7O ERICHEN, B AR
TIEE IC L E e M EN R E SHINT 5 — . 5 4P TR R &SGR IS LB e
HIKEREZ TR, @EEERE o7 tEXZOND, £2TC, ERENAT v b E L
BITEINT 5 2 & 2B <=0 NHa-N FIENIC X 05— K0 o ik & 2 #1842 iz 12> T
Bt L7z,

4 ATy THHENBKRKELZLZYERE
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4. BB OMHEEFE
EEFIF, EHER (NHoN, NOx-N) &, AHER (CAESEST I ]R%E) OFFT

bbb, BHKETHEEAZSIE L, NHae-N 25735 &, 5 MmEREMCORE &N KD
L, KB ERBEO FHEZR X T EEZ20NE, 2020, H-HKMEHOO
NHa-N R, MHKEEERRE L OBREEAL NI LI BT, ARERBEEZ 5 0
KEEFZREN 8.0mg/LUU T &R L) RfEIcH#ET oL s L,

ZIT, UG COBBERICEATLIWENEZ S L0, F XM HO O NHeN BE L
MM EFEREROBGEEZETRX (RO) 28z, AXEHWT 1RGO K2 FZH R
Rz R, @ HREREE O ZHME & B LR A 5 1T, AKICEOND X I IT,
FERPE LEHBEMEPIBBRA LI b, BEERRERLE A H OO NHeN B
& OB EITROTEE D LWL,

B, AT v 7 1.0 (10 A3 5) Tk

AR R D% IEIRFEE TOREN AR

_(A-Kx (a+R,+Ry)

E 'C)
T Lo kR, EHERRERS G 1+R, +R,
BEVHETFLEEER LN, _NH&o @
RO%ZHWT, RUSHAK NHaN i NH4,

JE % 1Tmg/L (FF3E) . PR A E R E
E % 0.5mg/L (i /KERM) &35 &,
MLER K 2% REE 4 8.0mg/LLLTF &3 57

T ZE R
DI E I E BB ERIT 60% L FHE

Ey: M ZEFRBRESE

a: AT v

R, : WL IEER . R, : 15 IR L
NH4y, : ROGHE 3 AKNH, — N

TEf, ZIT, AT v 7B A NHAo s B UM ONH, — NI

NH4-N $il i 2 | MR 2 R R L

N OBO%FRE LD K D ITHREL 1.00 0.75) o5
THEEE L, AL LB KA ER 0.80 % 0 “: P —to15) 075 O
WEZMREEL T2, R 31, THEH 0607 (0.5) 0.75)  (0.75) (0.75)
O AT v 7L K E, F 0.40 ©-15) e IS E R

IR O NHeN 2o | zzz R E AR

Pl Fe OV 1 RAVER K O 1) A2 22 3
BEZRT, v, 7 — XXX
ERORNE S ENANE I (8% - 18-S
BEZX, PORT v THIZENT

RS S A P RGP
X () 12T v 7L

M5 BEEZZRORER (ERMELRAED LR

(FR 2459 A~FM25 47T H)

£33 RTYTHILDUNEKLEEREE
(Ep25%F 1 A~2 AREER)

MK E
A0 38 7K B E—irsiE EHRERREE SEXR
25y T _ Lty AR
(m®/h) H A NH,-N (mg/L) * (¥ EM®) (mg/L)
(Nm®/m®)
0. 50 954 1.1(1.0) 0.58 1.3 sl ) 8l
0.65 980 4.2(3.5) 0.56 7.3 5.0
0.75 893 5.2(4.5) 0.56 7.7 5.0
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G K NHaoNRENZIEE r L7225 X 92l L7z,

RICALBNLD X HIT,

KA OO NHeN BEEZRT P2 L IS E OEICHI#E L

Tofn, WEIKOEERRBE/RC, LBEKEYL D XREITIRAT v 7RIS E TR —E L 22

Sl INXY, FFKMEomMbEEHlET 5 2
OHEMEZIH TEDZ Enphoilz,

5. AL¥E’K NH4-N B E D — 5 Hil i

2T v 7 A0 IETIE, REW RIEGTE

T, ATy OB H RS % 56 &

TEAK
TEfkiE (=7 w7

@ NH, Nt

IR O IR A TIT O 2
AR > NHa-N i B34 H K

RN C )
ES -]

— %= PG
S8 ERES
[ )

BERAREO EFEN L3R5
Ve ZOT®, 2R EAKE OB

6 1RZRRIEENRAXE

5, BOD Ofv 7 ERS A2k LAAWEEIC, 5 58 H 0 o NHa-N ¥ 2 H45 -4 5 &

ML, BMET -2 255

Gi) ~ =R
HfEE 2.0~3.0mg/ll BEEL L,

(a+Ry+Ryp) XNH4p1+ (1—@) XNH4ip,

i 6)

7o ZZT. NH4-N i, 55—t
SAEH O & 5 T SR R
FELTWDLZ D, ok

5 A EEE AT 9 12iE. % NHaN NH4,,, @ %=
AWM LEE R E RO D NH4 ) mia ©
NH4 -

NH4-N BEORMBRMEEZBH S M IZ

o02,out

NH4’02,out: NH4’02,in -

(1+R+Ry)

(NH443 in—NH402 miq) XV1
V2

- @

ISR N 1 NH,-N 2 B

TP NH,-N B RSl

I A8 H O NH,-N

V1 : & KA E

TOMEND - T,

61T K DIT, B MERE
R~ 135 — 2 S T 7K DIE IS
FOGHETRAKB AT » 7

V2 5 AF SR NH SN

E=N

IR ENETOMA &

K4 RICERAKESF

MAT D, ThaBET

fHlLi& | BiRE NH,-N = E B F191E (mg/L)
LE. B OHEMAND BRI 2TV | omg | 528 | RoRAAK | B Bofam
NH4+N {);% E B it@ RN B (mivm) 7 (m3/h) | (m3/h) (EAE) >|\:l<|'54—|21 é%ﬁéfﬁﬂlgx
DIERT ZEMTZ D, 1070 0.75 140 260 18 7.2 (6.5) / 5.7 (5.5)

IhEE RO
NH4-N GFaHRME 2 & | Al
SMETHE KB OO
NHoNRERFHETX 2 (R@),
EEIZKO ., @% AWV THE AFE M A K
EFiHiAk D NHaN JEEZGHE L, FEHHEE
g L7 B a2 X 7R T, T 2 TR,
AR THRAKELED B EHHEE S & ICF
WU, FEREE, 1R 2L 24 BERE
TEK - I LEREROEHETH D, FIK
R BND X DT, & AR A K O
K@ NHaN JBEFHEMEIZENREE BBk
—H Lz, Thkv, F5HET NHaN il
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MAEITS Z & T, AEK NHsa-N RBEZ —F 10.0

CHETE B LB RSN, 80 1 e WIRAT 5 7A20)
6.0 m 3% (il R K A20)

6. NH.N &0 s 40 -
TRk 25 FEED 4 H D 1 ARG E X, 4L 2.0 0A0d '
PRAK D22 FEE 8.0mg/L LA T, NHs-N & 0.0 o — .
FE 2.0~3.0mg/LFLEE & 72 % & 5 72 NH4-N % BERml) 20 Alme/l) FHRRNm3/mS3)

EETHGFRMOEREZHELTND, 4 B8 MIBRKREE (FRK 2544 4~8 8)
H~8 AD 1%, 3 RIISCHDORER - &1

ARERB L ORHEKEYS 2V RREBOFYHEALM 812RT, KIZAOND L HIT, 1 RUSE
L EKE, EEEL LIS, 3RS E Y b REFRFRE RS T,

1. £&H
FiRokolc, 27 v 7R NHoN IS ICET 20 BEREL2S . A7 v 7 A0 EITBW
THLVERVE 2 HEFF L Dok Al & 2 K 2 IS I W T, UTO XY RmANRE L L,

c ATy T HREAA A KE,RIAKE) EEL T 5 L, WEERMN L35~ REEN
4 s,

CAEKERIREIL, AT v T, MLIRTER ., BIRIREE, B H 0o NH4-N 2
ECTHIETE 5,

- NH4-N #2475 2 & T, A7 v 7O IS SRR ER N A2 6 TE 51E 0, LBK
NH4-NEEZBBIrh —EDHEICHIETE 5,

<R 25 AEFE DR EE TIX, AT v 7 A0 IEITHIBRIER A20 35 & i LT, AFRKE R R
FE, K ESHTZVEREE LI 1TEL EERL TS,

SEEH

D) A NGB R FHB AR . 27y AR — MR E — P RIEREF =2 7 v (), F
Bk 14 4 3 H

2) KEFEFIEN : NEFKFAEL X —D AT v 7 A0 IEIZHOWT, YRk 19 4F FEKE B B E
3) WEEMBHE N EWKHAEE X —D AT v 7 AOIEIZOWT ) SERL 21 4 EEKE E EHE
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2-4-5 XZBE_SKBEEUAI—ICETAH#HMEEORMEIZIONT

(FEHI|E)

T T AREATS B AR

1. EFL®IC

it AT K G A T “E'Es?ﬁ%ﬁxa)mﬁ&
KREBEOMRESE B L. LEEE D FEMN (2L
T FEA) AR T-NEELZEHAELEL L
THEVEFICER D A TWD, Wik 2 — o il
FHEEEEIR1OEBYTHY, ILZE 5K
BAEvr 22— (P, d£2) oBEMITKbEL
WHD LR TND,

— RN R R KA X 13 Y, DM
WIRKEEB N RER — . MEAKEN DR N
D ENEFRBEAOHIJEAAE LV, B H—
VXIS K H 52 K B AN KD 40, 000m®/d T Bl L T
WORSHEIIR 2ICATEIICTIR, 38D 2R
FIOIHTEH D, ALk FAEAR T b
INRBL A2 Y e v 7 — 2B T, iR TN R

2 EZEKREAERL L Z— KEE IR
Ok ZK, fot —#k. 0H —B. K =+

X1 THRDLDEEREEYZ—BRIE

KA T-N % JE B R
s —4 | (mg/L) | 1R HEAL
(kWh/m?)
bz B — 7% 9.5 0.116
P 2 JEE 9.3 0.126
k%5 8.0 0.114
& 12.5 0.134
% B E i 9.6 0.132
N E 10. 7 0.128
T 8.8 0.128

x2 WBEHAK., VEEN
(kEE=-SKBEELVE2—)

B & BRIAFIZHERF LoD TR BAAZ o HIl k12 B Y 1 % 3 %
MATTRK 256 FEOEMERETSHDOT AU J5 2 2T N0 | R R
oo, A,0 75
A PR RE 22, 400 20, 500
2. ZHMEBORMOEZS (m’/d)
WEOREIZ LY, EEEOEIE S A E
HO2END LRSS 2L TEN RO 0T
ﬁiﬁﬂ BNDZERMoTVNDE YV, Dz 35.0 .'-. Ceeees ATK —— nETAK
BEOKRERE RO BEEERE L, 50 |
%@%ﬁ AL TRERIRY REBOEES 3| )
BE1BAHBT B LB —0FHELE. n //Nxﬂw”@ B
¥ BEENLDORE BB EZ <D Z 200 1/ V\JAN\ K
T-NRELFEMOZNENIZHONT, HA 15.0 ° V\’\_
D EREE 2 MREE L, BT IS U Tk al & i 45 oo

BHEDODEEZITHI Y, SO ERE R
EWIET D EA2F _oF# L LT,
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3. BEBOXRM 1 BEEKICOWNT
EREOEIEAERE 1 RICTH L, BREABICIILBEKEELZHI NN D Z L

M, FHAETIZ (}lu]\7k@ff“ffi%ﬁﬁ*ﬁ@fégi;ﬂ%%*ﬁgﬂi?éJZ\E??&)Ofco

B 1IXFpk 26 4R 4 AR R BICHE W THA FKRE X OBAE LA K D NH,-N 2 FE O R R 2 b
%aﬂﬁbfzﬁ%%i&%t%@T%é

B 1R T XIS AT KD NH,-N I 9:00 (2 K & 7220 . RS HE§E A K NH,-N J& B 1%
RRENT 12:00 AiRICHR K E R o7, Fio, KM FFITHT TIED WA FAK NH-N R
EORK TFIZEbE, K A K 14000
NH-N BREEAME T L7, ZofkR 13000 — R
EROSHERN O/ AL, 4 A % 12000
O RWZFH T 5 ERBROLEGE 11000

AL ERS S T ER S0

L. Rl bEFICHT TR TS % 8000

L EHEETE T, ™ 17000

%2 0% 1.3 REEH O A F % 6000 == RN
RIZOWT, £BEZICH T 2 4 A 69é§€§@§$§¢9¢§%§$§§99$§§§
DOHFEHEEZRERYI TR LIS D H? Z2REOBRBTI
Tho, B, FH. KA, KA (R 25 4 4 A ¥ 1)

BT o A M H Tk R & O Z B g m
WCEWRR N2 EbZEZNEREXA L TERRLE,
B2 lZRd Eolc, BFRET 14:00EH2D EHZIZIUD, 19:00 12K KER ST, —H,
Hioﬂm\ﬁ#ﬁmi 6:00~10:00 T, AMEEHZRSAMA T 1-3 ZHEFFERENL
8,000Nm*/h &, BRORERE 1 B TORRNEREICFLWEE R, 202 &b, #
DO ERERE 1 B LT 201, ABEZRVWZ 6:00~10:00 ICTRETHZENEE LWV &
Zzbhi,

4, BEFREBEOEZRME 1 EEGADOXE
41 BEFREREEODILEICLIRLEEZRATER

I ZTIE7T~9 HOEHIZEBWT 13:00~16:00 ® 3 B, EME N — 2V #HEO-DD 1
BIEEAZER L TS, UM mIIK 2 LB REERENELL, 1| HEE K
L7, T-NRED EH%E, KE~OREENBRSEINTL, 22T, BHKEZMZHODOF
BREEEZHOLT LIS ~0ERAME T, HEREMAOXRNREE T-NREEO
FRAEmMEITL 2R LE, 22T, kaﬂ%lJBE XA FRSBBREZIGHL CEii L., iF¥
B PR o@®BKA, BEESIS25E L, 2,000m’/h & Lz, £72. HAKHIRZ £
LB, KIS ~DAKEEEZE L. 10:00~15:000)55#F‘§Jk L7,

£33 AEEHDEI/NI—2

4.2 HFiARE —
L%@i5ﬁﬁ%i&¢ﬁ@%&ﬁé*k#%\%ﬁ% 50 e
DOTHENPENERBAIZ, RIWCARTHKEHBREZ L a | 13:00~16:00 0.6
g —ralid %Lﬁﬁ@’\& /b‘vo“fﬁﬁ%ﬁb\ b3 LISk 00 s ) 0.3
EE T IE O, R OBRIEZAT > 72, b | 0.3
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4.3 REHR

3W/NNZ—2a, bENENIZOWTHIAHM TO NH,-N BJE &b KIS AE 3 A KO NH-N
B EEZ RS, "¥—2 aTiE, "N¥—r b X T, HFKHMCTO NH,-NBENMES, i
AKIBBENSFENZ 06, ABFHICE ORI ~OZRAMBH DR ETROONDL D &
L 72, _

E Ml =y ToRE 2P T ANHAN 8 1R AANHAN
RORMALERT., ey —0 5 S0 | SRMENH4N 1 - 3R PR
RIGHE e B R @i R o S
BEEEETS L. RO ERE 2
WA DIT 17:00~20:00 L MEE L 7-, Z E
R4 LY, Ay—a THRMEE L aGEEH0.6)  bOKE%F0.3)
OEBEENMETLTEY ., AREGHIZ
PO EERA AR TE S T LR 3 AL 1. IS NH,-NEE . NH,-N B & =
A (PR 254 71~9 AEXATY)

X 512 3R ALER K T-N B %2 /R 7,

BUSHEC R ORI RS 2 T

B oe, MO L LTI-NRE 2510’000 — ]
ENETFT 500, 22:00~1:00 & ~ 5.000 13ROI

HeETE7m, W5 L0, ¥ —1b ﬂ[ﬂéﬁﬁ . 14 8%aatem ED

T R S TN R A #H 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00
limg/L EFTERE LWL —F,

SKH = a TRHARE REBNRL B4 ZREORIE
Img/LFRETHBE LI, 2D K5I, _.13.0

KRB TRBEA T-NEED LR 20 110 -

MTx DL bR, £ 40 e —

ERoOBRICMA, /KMo E A 70 ——/

REEREE LB Chot T b, 50 ——3%TNa = — SRTNbD

V5 VR R 2% F 0D — W 1 70 4 B 55 0 S & %@Q %\-.@ cﬂ-}@ 4}3& & & & S

BEIC RE2RMER BN -T2 L

k. B OB HEREY — 2 X5 3RFREES Azo FEEK T-NEE

v N RFRE AR O 3 B 1 BiEE IO

T, ARG EZFER+ 2 Z & & L, 12 : AR 0.5
10 132 = vy

5. 1 4EERMEDRE 281\5\‘&Q ~ 2

5.1 EEEBOEAE 1 AEE e R 092

612 6:00-10:00 D 1 HIEHEEE Ly | —eme G AT-NG3 _— r02%
MiL76H 30 HE ElLTOARY | T NN 01
6 H 2 H O ME/KE DR ZE{L % R 0 b ———iMdfkT-Pe/s0 |
T, ME O T-NREICRKE 2EWIT SEPS QQ QQ SO QQ QQ O
MWL D AMBERBITED S b BT RN I NP e
TholZ b, iho 1 hEE K6 ﬁ&zu.ukﬁa)ttisa (ER 25468 2H.308)
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ISR K T-NIREIC G 2 D BIT/h S v &l LTz,

5.2 BHAE-VHARKMETEOZIRME 1 5 &k
HEWE ) — 7 i

s e CO LRI & — 3%
ICHR T D 1 BRSO R % REE WRETGIR R 1 R —— AT IR 3 R
Lz, @RI 7ICR L 400 AR — EiEH3AR o
BY T, 10:00~15:00 £ TD ’ L& E s '
L3 RS HIE A B & RO AT, 06
1,000m*/h F2EE A5 800m®/h F2 1,000 g Hutnnn 0.5
giemmL, mEpeis 5o 800 (OMEEEEREEEEEREEEREERRELE o &
500m’/h (ZHE BE L 72, E 600 - HHEEESEHHEEHHEERHEE o3
BMmAKBIC > @EEE P ] i ot I
i 400 bk nepnng 02
ZL7 6 A 5 HOWBHBRHA S l QO
(7:00~10:00 D 1 4 815) o EEEUEEUERUDUT e
0 T 1T T T T T T 17T 1770 T T T T1T°T1 T T T 17T 771 0.0
EHhiE LR EX 8ITRT, O O O 0O 0O 0 O o O O o O
SS9 S 9 S22 2 29
7H 10 HiX 13:00~16:00 @ mggg;gggﬂmmb
| BEEEIC S Db S PR O B7 E&ERR (FR25TH10B~118)
T-N RE EF 238 S h T,
S, ER#EAETLRLALLSY T A TN 67151
2. IR AKEZIREFRTCHEKR o Bt /KTP 6 A5H — JiKTP TH 10 H
12.0 0.5
LESREZEZDND, B, R 10.0 A S 045
BHREE IS RS EAME Do | S 035 %
THUBMEE L, 0 AmmIcE S (Ee [ O35 &
KEBBBIROLT, LERMEIC & 40 92, €
BWTH T-PILKBECHBEL TE 2.0 :8&
@ N @ﬁ%?ﬂ&iﬁﬁ??’io?’:o 0.0 rrrrrrrrr1rrr1rrrrr 1 11 11 1 171 0
S O O O O O O o o o o o
LRI
SoRBESZEo AR
B8 ikKEDLE

6. ETEHEOIRMIZIOWLT

Ui —Tik, il T JV (GEREAEZEEK) L ool ik RFICHT B O il 5 9L 2 36
HLTWS, b2, ., KMIWRLEZL) RJFHEME T-NREOHATER Y 7 7 % )F.
EH VBB THRAL TS, 22T, BYHMEIT 1 EMBEMCOFEE, RFEELHMEIIT 4 1
A72b0FEYE, BEMBEIFHAEECTHL, 20X RBHHIZL Y TIE0 AR D
Ak wo% HIETDHZENTETND, L THMI LB EZEYIED | 4% 0ER
BHICHERNTTWD,

WAL OBz o F 5 L. 8 D a Ll T-N R E RS O 0 JFUEALAS Bl i & VR D258 e
W, TOZEnb, 9/2 (k) ICKEICKE B H 2o WISk 2 I L <R &%
BT 2 EEICKO, TSI T-NREZEFEALEbOD, FREMEZETSED
ZENTET,
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10.0
s 18] S A2 B - HIEAE
o e L A PR
bq .
Y
\ZE/ 8.0 -
=
7'0 ) v M
K
6.0 I 1 T 1 1 T 1 1 T 1 1 T 1 1 T 1 1 T 1 1 I 1 1 I 1
0.150
0140 Van *
E 0.130 M //
—; 0.120
&£ 0110 fommmmmm e \'---IL-\""C--;;-,?\‘---/‘
% 0.100 b. e \v/
. 0.090
0'080 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 5 6 7 8 9
H H H H H H

M9 EFEEIST7 (EE) T-NEE (TH) REM

7. “—#HEBERMOER

FAIWFER2F4 A5 9 A FTodt -~ To " HiE B R A TT, k25 FE L2
HMOFEAICBE LTI, PR 24FEE LD LEI 2o TWDN, ZTHITERENK 250mm
I o Tl Th D FENOREBIC LD Rk 24 FFE & b~ K 813 8%LL B> TE Y |
BERICEDFFIADOIREN /NS RoliZ bbb T, EHEMEE NI\ L &
MTE, Zhid, EEE 1 AEREMZ RBICESS LT E5LIEENnR D,

T-NIREIZE L TIEER24FE LD 05K A > N TFF D2 N TE,T~9 Al —ERH.
HIRRERZEHODER AT o722, T-PREIZ6 AURERBETHY . Y ALIRIZEE
DD Z Lixnoi,

4 FRODFELFHO_SHEERNMEKR

H25 H24
4 A 5H 6 H TH 8 H 9 H

| LM
LBRIK B (T m?) 1, 464 1,483 1,523 1,568 1,489 1,495 9, 022 9,879
% Bk FE J) (T kWh) 182 206 176 178 165 164 1,070 1,101
J AL (kWh/m®) 0.124 0.139 0.116 0.113 0.111 0.109 0.119 0.111
T-N(mg/L) 8.0 8.4 7.7 7.7 6.5 7.4 7.6 8.1
T-P (mg/L) 0.67 0.46 0.53 0.37 0.35 0.50 0.48 0.61
1 &R (h) 66 8 133 169 180 223 779 464
F% i & (mm) 187 34.5 158 64 74 225 742.5 996. 5
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8. F&oH

gk 25 EEHICHE W T 1L HORFMANZLEREBEEOFHEZIT WV FHEAIC 1 AEE%
T ORI, R Z RO Z LT, KE~DOEBELR/NRICIMZ DD, EEMEHEZ T
HIENTET,

FOGHE D FBARP & WRERAFICB W TS BRIFHEIC L0 iAKEZ IR LIRXEGR&E
EERT LT, KIS A~OBREAMEKEL, | AEKRCEREZHMS LTH., B KE
BRI N TE T,

Fo B2 JRHENE T-NREZETERT 52 & E I KRABIR I O AL IT RS L.
WO 72 LR 24T O Z N TE T,

BIE TR ICR ) 5 1 AREEBEGHICI 2, BAE— 7 RN T L2 ¥Rk 25 4F 10
ALBEIZOWTY, BEKRHAICH T 2 XM | FEROBUEZ M L T\ b, LR %
HERL-ooEHRBRE CKEZME LN DEREHZIT WV EEEE OIS0,

2% Xk

DI A EA s X R 1 5RO R AR & 2 E M E OISV T, ERE 23 FEE T
7K @R F 72 8 R = i SR
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2-4-6 BEBHREKBELUOA—IZBITHA5T72FE=7 DO #HIEHD
EEAICEIFTH=EREIZDNT

WEE ~FTAKEFE BElAAKEAE 22— M —K

1. FCL®HIC

BRITIX T =27 Z 22010 2SS, BEDHRTAHWICH T TEH = 2L X — %
DEARLKMBETROLELEZIT> TWVWD, FFIZKLE TROE HHEE &1L T KAER2RE
TRKERFEEZEDDLTO, ~BOBEBHEAIFEARDONDL, TO— KT, KE~OEE
ZOWTHLEELRTIZZRS 20,

BHEKHAE X =TI KGO X DML ENDHERZHB T 2729
BRI /N R, AT L RN LK OT »F =7 DO (Dissolved Oxygen : &
e ) WG 2, Fpk 22, 28 4FE 0 3O LHEICLVEHINT, TOKE, DM
XM EER FIEEEN T D7D, WS O DORFNP M EE 7o 7,

AL TIE.ENOOBMEDOEAICELIET TORSEMBICLIBMENHEREZHRET D,

2. ZEHME
2.1 Elmt#k

Vo X —OKLEEHRIZIEREERICOPNTEY, £R50O 1 HY%7=0 OWHEE
X, db% : 320,000 m3, F-% : 80,000 m3 (& Ff : 400,000 m3) Th D, 4, & EER
HMOEFEAT oM RARICE DL R 1ITRT,

® 1 BRREELE

1 IR £ & 49.0 m X1 8.1 mX /K 10.0 m
RS 15,880 m3
s 1 AL H 7 1k 1 1k
i 4 21 (151, 2 51)
& 1l =] 1 4K 4 [A] %
AR AT L ARF LR
— [ & W J AR E B3 7 2 - B & e =X
[ EWISES 5.5 m
K % 408 & /1t
) =X A B A BB X — AR
= % 3AH
o WA« T H O 350 mm°300'mm
Ja i=:8 120 m3 / min
Ja= ya| 75 kPa
H 71 200 kW
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1. FC®HIC
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HERIE B LR Ll RERBEHEZA-> TWV5D,
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Emﬂ
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RIUICHEHTAT vy VT T BT o2mLMKEOEBROHER ZRT,

AT v U770 F TR 256 4 4 ABIE, GIRAEE 50m3/h @ .0 BKEER 12
BEbHDH, TONRITEE AN 4/, KRB ELPAE (LT, I&EA] Evwo,) 24
B, RN A4BETHL, ERMOND 2 B81F., BB HMICEFTETH D,

ﬁ@ﬁ@mﬁﬁﬁéi?@%\ﬁﬁﬁﬁi&mA “%ﬁﬁ%%%%ﬁ#é:k%ﬁ%
LT, ERBoMERm EE2X D72, (€A O & B XM IC— MR % £
7=,

— 178 —



R T AGE R B EE-2014-  Vol. 38

K1 BAHBRATIYSTIVHMCIETIZELBRKEOERDHTR

Wrk 184F | SRk 194F | SRk 28 4 | Rk 23 4 | Rk 24 4F | SRk 24 4R
4 H 4 H 5 H 8 H 2 H 5 H
(it 10 & 10 & 9H 6B 56 4 H
{29 AR — 2 A 2 A 4 fH 4 FH 4 17
g =it — — 16 2 H 3AH 41
3. WRAZR
3.1 HWEE
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3.2 BR®E

INETHBFIZORA U AN—FZHEEZMER L TR EZ, 42 N— 5 HERIC
W GiEEZERT DT, FRERICAEDEZ#ED Z2ELNDE— FE2REZ LN AHE
720 . Bl H ZEEE (1,500G), £ G1(1,300G), & G2(1,000G). & G3(800G) D 4 Bt d
TR, HRERICELEZE - FBRIRTEDI LT,

PERM Dm0 J)iE 1,800G THh o727, WRMIIHWHMERMEAKR L TWoH e, ek
F0HEWVEL) THEEBERAEOGKE TT% 2T N TE 5, KiE M) TOER
W, mOBKEOBHEOH hE2Mz s AT, BHEABEOHEEZXK > TWVW5,
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F 21K BR . KB ERBL O R E R T,
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® 2 FHEDBKEDMLE

G g =X K8 H & wEERB
AN EE (m3/h) 50 50 50
FEHEEKW) 160 110 160
= B i (kW) 55 22 55

4. FAEFERVRAEHR

Rk 24 5 AN B ERE 264 2 HETO 10 70 H BT, #EskA Lt B AN [F B 12 Edis L
T ZOREERM L Z1T 5 72,

B, HMAT YT T RNTIE, F—FEER T ETT—Fa o _XYOHICEL ST
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B L THONTZW R L L BRMOHIBIROERE R 4 125-T,
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35,000 //.#7.\\, 86

- 30,000 84
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Eﬁ 25,000 '\/ / \\ 82 f
N2 ) %
i /(___1 &
S 20,000 N \\\\i“ 80 g
& \X\\*//? i
B 15,000 78 <
10,000 -—-ZEME |- 76
5,000 BN 4 74
0 TR 245 FH255 "
5B 6A 7H 8A 98B 108 11A 128 18 2A
3 BRKHBER AFIRE®D A REIRMIK
£ 3 BAKEIRAFTEDFREMER
FiEYWE (mg/L) A5 (%)
15 15> =&/ 1y &KX =&/
BR KR ASEIR | 31,000 43,000 14,000 82.6 88.2 78.4
T4 WEREBUBEOHIEDREDLEER
fE E 2 (A) i B & (B) Bl 38 2 (=(A-B)/Ax100)
FREN=E 131kWh 64kWh ¥52%
BRI AR 0.38% 0.26% v32%
F—Xx&K=E 77% 77% 0%
SVYZUSaRMR 100 64 ¥ 36%
COo:#fE =tk 100 59 VY41%
(1) BAHHEKD CO4EH R % % 0.382kg-CO2/kWh. &4y FE4E#H k@ COs HE H 1%
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WMEFT D, A7V —=2Z7HEF1IRESLZVHNSHTHETZ2ZENTE, ZHRIK
DIEMHERZRET 2 & ERIBICFRRZEMETE D,

4. EREH

Rk 24 EEIC 11 KBAERE X — KOS R TFT O/ 74 PR IZ oW T pH
ZWEEA O THEREOFRERZ ERMICERE L, 22T, pHZWIEIC XL D45
BE RIS AEGE 2 BT 5,

Rk 244 5 AICKR I AKEAY X — O W RIS bR ZE T pH 2 Wik k5
R 2 AT o TR R, HEREEIT THEE] Ko Thole, 70, £#KFAEE X% —T
BR{OFRRRBRENEF T IEFLZEDL RS EOF2HMERMOBEHN O 7R TR
KEMEZEMML TR, P 24 F 1 BICHELEZRGERIZ, EEHE (RXEX
27) I W TH o7, ZDF-H, [EO LEFITHEWREKSEE DB INT 5 ERiICiE
PEROLZHZ EM LT, CNETORBEY A 7V TIEFR 24FEEDOELREICIT D T
ETho7D, BrAMB L TCHERMBO LB T ELERLZHER., HEORKRE
EREATL2EFICRIEEMLZET T LN TEL (K3 (a)),

—J . FRk 24 4 8 AIC/NE KT AR v X — O BB TR D i i B 3R i T pH 2 Wi
WX DR AT o A B, HEE®EIT TEH] Ko Thortm, 2. R AT YN
Ao cllE L RRBEEIE, REM (RREK 24) LV KiEIZERWEM T
HolZ EMB MBREDNITFIRBFLTVND EEX PR U4EEICERTETH -
TIEME IR O M A RAEE M Lz (£3 (b)), YBHERMB XN E T3IHEY
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A 7V TIEM R &2 28 # L TV 7228,
LR, 23 THEENK 3 EHE

14EIEfH L C3ES AL 72 b AEY AL 71 L
WM CT&xBZ & Eoiz,

x3 pHEMEICESEREN

(a) wif L 6l

H E B B
it 5% } l H
=% i B2 5% fi Jiid B A p it v _ -
1 SN A
. 4.1 TE 21
=
o R B A ’ I M PR 3.9 HE 21 27
KEEL L ¥ — | s = . =
3 NN A
. 4.2 & 26
=
(b) ZE fif = f51]
H E B B
it 5% W R % ; ! H
=% bt B2 3 ikt B2 A p it o - T e
N 1% ok A5 U0 D
1% M R 9.4 iE 12 #7 24
KA s — 5L 7 g A " A
Bz, FRESEEIZBWT S R 24FEE L RBEICABAEE X —, A T

T pH 2

NNEURE

IV EEM L TCHERAT I ETax AT AT TR,
LEELE. ZOLIICpHEZ2WMEZHOVWENERBOMBEE L2 MG T 52 212
v, THREeEEsHET LI LR TE T,

5. SHORE
L EIBE% L7 b

SWEIC X DR EHALZED TWVWD, £ OR R,
KEAEE S Z — DR &K

WOLHEINNTEEED
BN TR T ELARFEIZEMT L2 TFTETHY
WD AR TH S,
pHZ Wik CIEMHEROMER I EZ EEMNICHET HZ LIT &

o A

0o TEME R O AT Y A
BRI YE I o0 5T T

X

HR2 Wik i3 KRR R REOMREICE SV TWD D 4 %IETE

RAHZ OB RBMICHOVWT O REICLLIFMABEHTREPMRAET D22 L2 TEL
TWo,
Fl, AROMETpHZWIEC LB REDOFFMEREN TTEE] HKTH 5K

W IV ole, HHEROFRRMMZ 2 ETEYHEMEL T,

ZEHER L THREZXIVEODL I ENLETH D,

LT, WEMERUAAO R A TH DG R A O R RE )
TOHORELZERL WD, BERE DI T L7228 o5 s b5 Al
29I pENETFLAREWVWE EbLT WD pl 2
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ThoreTHIND,

EROUAACENERHOLEL LT, BRI ORENS H D, IHMEKOHER
T, FARP 7 L= RECIVRERBO LEEZHTL2LENH Y KR & F
MIZMx CTHI2REORBARDOND  ZZ TIHEEHKOBRBMAOZHEET H 2 & T,
RAIWEERERITE L LI L TWVEZN,

6.

i, B 3% A *‘Té%ﬁﬁ@%i%ﬁ%ﬂﬁ#éﬁ&kbf pH ZWrikz % L7,

HZ2WEOR R, EROBER DA ZMIC, T fEICHRBICHETE D5 A
_%é”mwﬁﬁ:%d<ﬂﬁ%mﬁ$ty&—%$/7%f@%¢é_&_;D\
— O R TR 24 EEKR O 25 EEICIEMEROZHY A 7 VA2 N ET
F0b IFEREREML, RBTLFEFEZHB X, piZHEOTFEHICLY 2 ET
DEDDOLZEWN O ERM RO RICESFFMIZE D PHHERICTE D W2 ZH R
AREICZR D, a2 A MHIK EESETFOMEE oM 2D 2 &N TE I,

S & X #k

1) JIMEEBE : FULO TCOMRREEN, REEBKFEHKRA, p69 (2011)

2) tEHEANRRAEFEH S BERIEHEMO F5l & (X) (FAKEMEZKMR) , pb
(1994)
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3-1-2 HINKBEEVE—ICETSARBEEDEE

RURAEEDREICDONT

WEE ZTAKEFHSHT TKEERL ¥ — KEE K
BEE B il B R KR, T EEL

1. FL®HIC

KIGEBEEIZ, PARKLBGICB T 2 HmEFNEBREEL LTHELOHNLN TV DN,
Wpk 24 4FE 4 AICRE SN BREEARGFEICB T, T2 efAEMEDBER ICHEHL
TREEXEESOHBEICOVWTHEZITW, BEORFELZXK L) &S, BIE, KIBHEEL
DO RKBEBE~OEBEORELAMRFT LTS,

L7 L., FARLBIZCBT D RBEOEEBHICOWTITMARD VWO RBR T, DL
FEiX, FARLAEGICH T 2 BMAEECHREHRSIIZRRERLZREIT N THRINS,
AFEIT, KIBEEMORENAETH YD . EHAEMIZE RO KIGEBFEZEE HFiETH
HF VX a— VERIEEREME (UTF IF gk vwy,) tdmc, e kb
MOVEWRERECTOIBERMBREEREMEOR )PS0 7 H—ECC Bk (LT
ECC EsHiyE] Lo ,) MO 7 ux®7 H—E.coli BsiiiE (LLF IE.coli ik &9 ,)
EHWT, KIBEOEREZHRE LD TH D,

2. REREBELOAE

AR S0 J L BRSO KR R
LOBEHOOEDIZ, K
155 18 BE 5k D 5 A 15 Ye 4R
EELTO®END D,

KIGHE B O x5

72 8O BARERICERK T

PEbEENTEDL [5

BB GDFEEE & L T

SR LwHrEZFT

HHrlV, ZoEZHFEE
fFirs—pHlé& LT, F1

W3 3 kR o K E
WEPEELD &, &2H

O AA BT O] )1 A

F T pH, BOD, SS &

DO oA B IE 9 Hik

S HEEZEAL TS —F T RBEBERICOWTIZ 10FEU ELZ 0 8E U EAREE
Lo TWA 2,

— I, A AT CTIE, BOD 2 1.0mg/l A FThHDL LI REHR S THY, ZDOXKH 72
BIFIICSAEBRERHKRORADEREL D EITEZ LIS WD EnG ., 20 RBEERESIX
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HAMROERZHMEH I TV D aREEN R END P,

MAT, RIBEHBEPEERELICE-L 0L >0MlE & LT, BEXRBEEORE
W TE D HENEBESN LR ET OGNS, ilid, RKBEZEZRNEST S 2 &
FEIFMICORETH 7R, RKIBGEZO O ZEHEMEL THHIL LS W orE I8
NolebDBEZ LD,

3. XIGEBHELEXKBEDELL
RIGERE & 1T, —RICET 7 7 L%,
Bl OBEE T, A2 OML TH A
LWk E ERT D IR B D 1 PR SR
MEEORMHmE SN TEBY, LT LHAK
Xt L THETIERWY, ZoRER S5
ABIZ R > THEESNRTWDRWERT
NRBAEWREBEE L TCEHT» L ER
S, EL —EHICEAEIAL TS,
KIGHERE L WD 4RI, LiIZRT &
INCVFI R I D2 0 TlEle <, 1 KEERLIABEOESR
SAEEBREORIE L R 2EHOMBHToH
D, HSETULRHAEFIRAMRTH D —FH . KBWIX. Escherichia coli &\ ) F4 % FF
S TW5b,

4, KBEBEICHT IEMLA®T

[FAROKEORE FIEFICHET 285 (BM3THE 12 H 1THEAE - BEERADTH1
5) ROBRBERENED DAL RIBEBEORE HIETIX, T Y EBEHIEICX
LYW RENDBHESN TS, £, KEFHBEIZH»DL D KBEBEHONE CTIX, 2
TAI-TVIT NI U =B T A 3 o (LB-BGLB) 12 X 5 S Bl Bk
NEHEELTHES ATV D,
TARMHEAKDOFAHKERLES =27 L Tid, HAEKORMAH®RE LTALE - HkK -
HAKAKCHr»rb DR, FFERBBLEEMEICL D KBEIMBEASIL, BREAKICE
S TIHEEMICRBEESNZALEREA S TV,

oM, KBEBEORAEFEL LTIEZ, MF-= > FUEHMERH S, KBEESORR
Fiko—Fl %X 2 1R T°),
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TV v a— )VERIE K B Wk
(KIBH )
—| FiREEEE
HEMBEEER M
(RBHE. KIBERE)
LB} s (KRG RE)
— ERRR Fe e $c i
i TE T S BL BT SR R
(KIGH . KIGHEE)

MF-x o B O 2R L ORI B RE)

RBER. KBERRE —

L ATy —ik

HGMF-4§ £ i 56 BB R KB ik
(RIBE . KRB

— EPERER

7 T R SR R R s ik
(KNG H)

2 RBEBRUKRBGEORRA X

. REARE
51 RAERNREE
(1) w4
Rk 25 4F 5 A bRk 26 4 8 H £ T
(2) FAEX SRR B
I KA o 2 — i A K K OV K

5.2 BEBREEEXREHMEZZERLL-ERH

RIGEBEOREFEL LTHESNLTWD T YV EEHED S 356~37C T 18~20 K [H 15
BITHEHESNTVWDLIN, ZOREETHRE ESND OIXKRME (Escherichia.coli) LL4+
\Z Citrobacter J& . Enterobacter J& . KlebsiellaJg & EN b, 7. 7 YV EEMELE Huv,
44.5F0.2CCHEL TCEILICERREZEDTESABEERBEBESR TL —# D Klebsiella
BOMEENBREBENTLE S ),

AMETIEH, FTARKRABRAGBEICTRBEBEMTRHEMREGLZELEH Y, S HICKBEBED
NEFETHLZT VEMBEEERAEM N B THY . M THEFIELREOERETH
HT NS, FREMBAEEREREHIEIZER LI,
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5.3 T ViEHhik
OB 1 ml P KRG EBEZ A 300 UL EH 2 EEbila Bz 2\ TiX, ZOEEKD 30
~200CFU/mI B EIC2 D L2 ICART D, 22 L, HENZ L HFET S & Bbn 2k
DWTIE, RIBE#EH A 100CFU/m]l L TFICZ22 X9 ICHMEART 5, LTIC, 7V E#
B X D BETEERT,
(1) WERE 1ml ZEMICPIMLT, BE Yy —LIZAND
(2) BTRICHEMESE, 5CREREICHEERLTVWET Y Xy a— LERER 10ml BE %
ki (1) oEEY v —LITMRD
(3) Mz 7T VEMPEELRVHNICHE E FOICREA S, &E - BT 5
(4) BHREFEICIEBEOan=—RERT L2220+ 2720, KBl LlIcE b
Bz Nz CTHm T
(5) B ANZERICEE -7 b, ¥y — L &AfHEL T3IB~3TCOHEEELED T T, 18~
20 R Es &+ %
(6) H&%L, BERO0.5mll EOR~EML GO E Tk Lo, ERMLan =
—ZFHT 5
% O EFREBEEZANMERILICVYy— LV 2/KE 1HMELTIEET S,

5.4 BEAFE
K2I1T, WHRIT-TWVWDLT VEHE, SRH ISR LR ERREEERE LD
m &7 A —ECC 5 #iiE kU7 v €7 A —E.coli £ #i1 i O Il & & F & OV & Bl 2 7= 7,

®2 AEXHRUVAERRE

1% 44 B4 3= iE R o e N WEC S A & B FE
S = 18 ~— 20 4] 35~37°C KAS = BE
KA = RBE

ECCEs H#1v= 24 B¢ [ 35~37°C
KAG =
E.colilss Hi 2= 24 B3 Y 35~37°C IS B

5.5 BMERIE®ELL

WRDF VEEWIEIC L DR TIE, ERO0.5mPl b, FR~EAL A MK E - IT ko
an=—%ZRBEBELLTHIT Y FTHE LTS,

T YEMEIT, KIBEBECH T 2@RGZ2EH0Echrzd, K3IRT LBV
RO RBEBEOEES RTRAROan=—DR IR B EEZLND, L. ERXE
DODREIZEBNTIE, R~ EOMHEEIIRRKROae ==, BaPNEVIRA
(Br 7)) Zrdan=—=, MA4ZRTEIIICHBEMIELT TV ILEBENar =
—bRAETHRE, TORBRUSLCHEBOBTOLTHE T2 L ERH V| BHE-FEEDH
MR Z BT 2FEM G D7 <R,
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B3 FyiEttoaon=— M4 TVEMEIOABEHMIDZ—

— . FEMBLEERREHECLIONEDLE., —KRME., RBEELXOCRBEITZ
NENOHERAOBEICIN L THEAZEATSMEMEATHY, 7YKL TIEAD
A= ALNERI 5 TND,

512" ¢ ECC kL&, —HMETAA,. RIBEITF G, RIBEUSNORBGE
IR0 an=—2FlK+ 5, £7-. M 62T Ecoli iMiEDL AL, KIGE O H» %
WES DEHROZDICKBEIFAC MOMEBICONWTITAGDan=—%2ERT 2,

IOEOl s, TYBMELLET L, FREBBAERREMIEICIDHET
. BSHEROHMICIRBREZEST L2, BHITHNT L ENTE D,

M5 ECCiEiEtnanmn=— 6 Ecoliffthtdanm=—

6. WREEHE
6.1 MATKIZCETLHHER

MANTKICEBIT AT VMBI KIBEEE ECC ikl X2 KIBE K & o &
R TIZRT, SEOMETIE, —EOHBENRBO LI, KIBEBEEOKN 4F 2N KEBE T
»H o7,

WIZT VMBI XD KRIGEES L Ecoli 5B L 2 KIBEZOEGE X 8 I12RT,
AEOFHECTIZ, ECCHHELRKIZ-TEOHBENEBO b, KIBEEE O 5 E 2 K
EHTHoT,
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1T TYEME L ECCHEMEDER 8 TVIHEME L E.coli BihEDARK
(RATK) CGRATK)

6.2 IEREMATVLEBKIZCEITSIHER
WEMBALIEKICB T 27 YEMIEICL 2 KIBEE S ECC REHYEIC X 5 K E K
COMBRAERIICART, SHOBMEETIT -EOMBENRED SN, KBEEZDOK 5 E 28K
e Tdh o 7o,

WIZT VMBI L D RIBEBES & Ecoli i HIEIC X 2 RIBE OB A 10 1277,
AR OFHETIE, ECCRMIELRKIC - EOMBENRD L., KIBEBEROR 4 03 K5
BThol,

B9 FVEH#HixL ECCHEHZDOEEK B 10 T ViEiE & E.coli BiEDE &
(15 5 Al Al AL 2 K ) (1 R EMAT LK)

6.3 WRKIZCEITZHER

BRI T DT Y EHIEIC L2 KRIBE R & ECC BBl X 5 KIGE K & oK%
1HIZART, SEOFAETE - EOHERNRO LN, RKIBHEBEROK S HFINKLGE CTH -
7=

WIZT VMBI LD RBERESE Ecoi ls MBI L2 KRIBHEH OG22 X 12 12/R7,
ABEOFPHE CTIE, ECCHEMELREIC - EOMBENRRBO LN, RIBEHEOK 4 2 »NKIG
BHTbhoTl,
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11 FyiEix & ECC HBi#iE DBk 12 TVEMEL E.coli BH#ixDBARK
(WA K) (MR K)

6.4 EE

LN T K SR AR AT R K M VR K O I A&y 5 ECC By ik, E.coli B Hiik & b I
TYBMIELER L THEWHBEAGE LN, MREOBA NS, AR OKEFHREFE L LT
TYRMEEZMONCTRBEBERZRET S22 L1k RKIBEBERE OB S KRG E#K
DHENAIRE TH D Z &N I T,

7. BEZEDHRERE
1.1 HREE

ECC Kz #ftyE & O E.coli £k Tix., X 13
WaRT EOICHAD — ¥ fFE 22 = — 2N
T 5,

F M M4IERT I, REFFOKRIGH
B KIBEOFEAEEICHT T 2 ARG ERNES
XoHreE, RKBEEE., KBEEKO—BKMEO =
B=—NEHEEHRT L ENE . KBEES
KGEOag=—RN+GICAEFTE T2
ZENHER I NG,

TARRBRFIEICE DT VL OMRBIC T,
FEUBE 1 ml I KGR R A 300 L &
LHEEbNA%GEIX. HED 30~200CFU/ml
BEIZR2E5CHFRT WM TWw
%0,

ECC i HiE D&, KIBE & KIGBHE LA O
RKIGEREZ RRFICHRE T2 EREO 20D
X — b EIZERGE. KRIBE LSO K E
RO —MEO SHEEOEMEZ RT a1 =
—DMARMICIRET D Z iy, JERE
DEFMEIZ L > TiE, WERNEHEED 21 =—
PUShOEBEOaa=—0"%8%E2 5D TLE W,

K13 —f#MEao=——

14 ZHEHB|LF-aO=Z—
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WESGEEOF B AEHET D2 8EEL H D,

ToXokhElEnL, LT, V¥ — LV EICABTATARTOEED a2 =—%2F
KRB ITEE L RO 30~200CFU/ml &4 2500, WENRREMD a0 =—DHh%E Z O
NI ED LT 200, BETIXLEND D, FTARRGIEICKL DT VE#EOM®
Az, TR 1 ml I KRIBEREEN 300 Ll EHD EBbN2GE . BEEMD 30~
200CFU/ml BEICR DX HCHRT 5, LR#lind 5,

INE, MOMELNKBEEar=—0AFT2YET LI LICEIVHBIZEH LI T2
EEPICREDENTHRBEINTVWLIFEHTHY, aa=—HOFH R EELEHET LN
BHd Db,

1.2 BBEEOHE

ECC Bi =, E.coli 5= & I KIGH
HHEDave=—%Ek+T 5, LirL. X
57T L2, KIBHEOHEEZ T~ T H &

ODRIETH->TH, OEFLan=—°F

FE S BIROHAE (KM 156 BhAN) . &
LICIEBRRELH<WmEANL REHTH D

mE, RIBEE L THYICIT@EMEEZ D <:>
BEENRTae=— R HETLIZERNH D,

BN ae = — 2o TlE, R

FiEEGFRT D728 LT, Y- H15 ZEO@ELNa0=—
EATHZENEE LW,

8. m®EIC
KIBEOREIZHOWTIE, BIERT SN TS FARBRFETIZHEEIC Lfith 5h T
AR AN
WA 2 T HRNERBRERREMETH-S TH, BEMEOHE Tl LT 72
HIZERRL AR O EZR S OIITmTN A AL ar =—0HR W R OEE [FE 72
EO, AT REBENEINTVWS, TOLIRBELTERT LD, S5RLMED
ERIZAT CHRAEDZEMI D OEAEMRHEICEHHA TWD,

5| A >k

1) ELEZ @A - IR R T KRES : FARKLEKOFMHHKEEES~ =271, F
B 17 4 H

2) BREEH K - REKBRBEER « WAk 24 4F A 3t F KA I E 75 31

3) P AEZ D HANWIN O KRG EFEEICE T 28098 (2) —Z B O R EE O BB T
—, WREMRER FHF T ER 2010

4) RWEIE D - KN B 5 K OVR G B A0S B 3 2 B8R 7 vE o /e a, RO #8882 B 2% iF 58 T 47
#2012

5) HART/KEWS : FARERGIE—2012 F/Rk— (2012)
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3-1-3 MHLEEBEICE T HFHFEDEAIZDONT

HEBH — TACESHET INVEKFEAEY X — KEERR
Oirkafetst /ImE BRLIAF AINEB—

1. [XCHIS

P BE (X SUCRE ORI 2R 2 ECREERR T TH D, €O, K ¥ —Tli5%m
HEM O TSN, MEFEPH SN TOARNEDID, £ 4 —MTOF — & ) T&E TV
WORBIRTH D, €I T, By F =Tk, ZEOBERM T TORLEE O FRHRTE 217 2 BRIC
fii 5 CRRERIR L SWEETEN L CHIOTEORRERET D,

2. RESEDHE

L D #E. @&@77xz%ﬂﬁ TIRE O TEDHEETHL (FESR), 77 230k - IRE
—EL LTIRE D LIEE. HEO7 7 2 apiRmiEE—o#E &2 L, o7 7 2 a0z L
TIlRl—&EOBERAAG 2 7 TE &ﬁéoik e RAARE X, IRE D BWOIRE HiE, FHEEIC LV RE S
. EE OBOEE HE, Bl EZ I LTRIE, 07 7 2 aNTR—&ME0 R EEENEF
BICHETE 5, MERIRE I DNELNDIETIZDO N L, WEEHT EHENEI 2D 720,
W2 DO LA MNL S DL Z LN EE LY, Z2 T, BE O EBRSEDLZ LT, BRBEMET S Z
MR MR A D DO HHEFFTH Z N TE S, £, IRE DKM ZE T, HEREICTH Z
EHAREEBZ B XD,

L OPIE L, FRRERIETIE, DO % 2mg/L LA ECREISERIETITI 2L E LTWDHR, K
MEETITRE SFKMHEREL, —EDD ZROHDTH D, AEIOERTIL, KA R 300mL 4R &
=M T T AT, RE 120mL, [FHEEE 110rpm, Ly 7 a IR E 98, R E D 1E 25mm TIT - 72,

M1 fRESHNDFER
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3. MWILEREDRIE
3.1 RESEDEEM

B E D RE I 1O 0 - LHBMEIC OV CiE CV (R EfR 5 =R 22/ M X 100) & fRiEic
LTEBY, AZ—F—Zi [ LT20ERIEIL CV=T~39%TH > 7=DIZx L, &L 91EIL CV=1~5%T
HoleZ L h, ERIEICHA_TIRE Y IBIEEENEVE VLD, (ATETE, @FIXCV T 10%
LTk B 5,)
3.2 BIEAZE

FEBRAARH T TR LS e AR B B AR TE V. (R EERY 9000mg/L) . HR—ILFT /K, BRI EAE Fic #& a1 #
EEOKEIRA L CHRIRE % 340~2700mg/L ([ZHHFE Uz, EREUIMIR & L, IR E 5 Refid A
10s/60s, A2 208/90s & LTV 5, FEERBHAARE A OKIRIT 23.5°C, FEERE TRES O KIE 23.3CTH
572, NH&NFA A A =% NOeNBILONOsNFA A7 u~ 777X 0HIE L,
3.3 AIEHR

2 ITHR L 9 ERUC K 2 R D EROZEBOPER R ERT, IRE HETITY 7RI Z &
WZENGI DD TH U TVBICIRY 35 5, DD FIFFRICE DN TIERZ & A EHEA TR o7
KR 2.5h IZH T 5T —Z T L h o7z,

2 fRESBRICKDIEHINDERDER (RPDOYFILFRREE mg/L) ERd . )

— 210 —



R T AGE R B EE-2014-  Vol. 38

2MBITLLTFDZ ERbiroTl,
* MLSS 7ME< THLIT T O RETH L0, MEIAR 5 TH S,
AREGEAF D T DI E DL,

2 OfERZ b &2 NHa-N BN K 2L S L O LR E B A R L, X 3~6(10F & iz,
T E R & 1x g -MLSS &72 0 OLEE TH 5,

708, 2 2 CIENHeN OREN 1 RWOT —F 13N L=, £ D 7= 5h T NHa-N 23 0.6mg/L
T o T ESAE, MLSS=670mg/L ©7 — % 3% £ % 2.56h—5h ORE{LIEEE I L OH L#E &L 7
T 7T TV R,

M3 fHIEEE (FR) X4 FHEERE (ER)

M5 MHEEREEH (FE) X6 MHEEREEH (ER)

3~6 MBIFLULTDOZ Lotz
o RS CIII & A ORI BE I3 b3 D 7,
 ARJESAE TIZI I ORI EE 13/ S VSN TR & FIFLE I E TR 72,
- WAL & MLSS o RfRIE, RS TIE MLSS AL L ThHE W ED S, RESI: Trafkiy
21 MLSS 23 & < 72 5 L bR BT 4~ 5%,
- BEIE R E A TS MG IZ 0 b B9 MLSS 3@ < 725 L5,
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4. FEH

LRI EFAER N SFE UHR & S B X DR ER TS, LR X & /&, MLSS, & L
AULDEWVIZ R RESER D Z ERbhoTe,

Lo T, BRO L o ick v & — 2 LI B 2 E S04 THIE S Uzt EOfE T, B2 —
Z L DO LRE I DB 2 AT D IIXRE D B D,

5. SE&~DEHA

REHHEEZILEILL, EBEIETOUERLEZEE L ¥ —CH—T X, o ¥ —RTOmLHE
DR FEEL 720 | HLICBA L CRIBIO e WE R3S B b,

22— T ORI O I X0 AEERE S O @V EPETBTE S B U R AKE ISR S
EORRBEFREFHE LRI T B X —IZ b T 5, BRBRELHFEHEN O _EHRLED D
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4-1-1 New Aeration Control System Based on Ammonium
Measurements
: Effect on Energy Saving and Denitrification in an Aerobic Tank
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ABSTRACT

To reduce energy consumption of blowers, we developed a new aeration control system based
on nitrification rate instead of DO. The new aeration control system can reduce air flow
volume by more than 20% compared to DO set-point control tested at a pilot plant.
Furthermore the possibility of simultaneous nitrification and denitrification (SND) in aeration
tanks by minimizing air flow volume is also discussed.

KEYWORDS: Aeration Control, Energy Saving, Denitrification, Aerobic Tank

INTRODUCTION

The prevention of global warming is one of important tasks to be tackled on a global scale.
Tokyo metropolitan government sets a goal of reducing emissions by 2020 to 25 % below
2000 levels and is taking some measurements such as cap-and-trade system. Therefore,
Bureau of Sewerage emitting much global warming gas has also implemented its abatement
by improving dissolution efficiency to reduce blower energy consumption.

The following paper reports the new aeration system injecting the minimum air flow
requirements into the each section consist of aeration tanks using ammonia sensors and DO
sensors. Furthermore the possibility of simultaneous nitrification and denitrification (SND) in
aeration tanks by minimizing air flow volume is also discussed.

CURRENT AND NEW AERATION CONTROLS

Conventional air control methods for blower systems focus on maintaining a fixed DO set
point in the last aerobic reactor to ensure that there is enough DO present to facilitate the
nitrification process (Lindberg and Carlsson, 1996). Unlike this DO control, ammonia-based
aeration control can lead to reduce the extent of effluent ammonia peaks and limiting aeration
since nitrification condition is directly observed by ammonia sensor (Rieger et al. 2012).

DO-based aeration control

DO-based aeration control maintains DO in the last aeration reactor at a certain value to
complete nitrification. Therefore, supplied aeration is prone to more than required especially
when influent load becomes low, since fixed DO set-point is determined so as to complete
nitrification even when influent load becomes high.
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Ammonia-based control

Ammonia-based control has been mainly based on feedback control which maintains effluent
ammonia concentration at 1-2mgN/L. Since air flow volume is determined in response to
nitrification situation at the end point of an aeration tank, excessive aeration and energy
consumption can be suppressed. A problem is that feedback control acts on the process only
when influent causes changes in the last aerobic reactor, which is usually too late with respect
to influent disturbance dynamics. Hence, in order to act faster to an influent disturbance, feed
forward control by using the additional measurements of the influent ammonia has been
developed.

New aeration control

However these controls above determine only the total amount of aeration into aerobic
reactor but not amount into each compartment divided by partitions. Therefore, we developed
new aeration control system which directly calculate required air flow volume for treatment
in each compartment of aerobic reactor and supply it for limiting more aeration.

PRELIMINALY STUDY

In order to examine the optimum temporal allocation of required air flow volume or SOR
calculated from influent load, relationship of nitrification and air flow supplied per unit time
and DO were investigated.

Figurel shows the relationship between nitrification and DO values when SOR (standard
oxygen requirement) is supplied for 8h (No.1), 7h(No.2), 6h(No.3), 5h(No.4) as a
representative case. Follows were found as well as other cases.

(1) Nitrification starts at the point of time when DO >0.1 mg/L

(2) After nitrification starts, nitrification rate becomes constant on the condition that
NHs-N>2 mg N/L

(3) Nitrification rate becomes higher in proportion to air flow or SOR per unit time and the
rate becomes maximum on the condition of DO>1.5mg/L

(4) Required air flow during the period of stable nitrification rate can be calculated from the
nitrification rate
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Figure 1 Relationship of nitrification and air flow supplied per unit time
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From these results above, we decided to develop the new aeration control system; in the first
compartment of the reaction tank, DO sensor was used to confirm the start of nitrification and
in the following compartments, each air flow was calculated and supplied from nitrification
rate using ammonia sensors.

OUTLINE OF NEW AERATION CONTROL SYSTEM BASED ON NITRIFICATION
RATE

Figure2 shows the schematic diagram of the control based on nitrification rate (NRC system).
Ammonia sensors and DO sensors set at every compartment of a aerobic reactor. Air flow
into each compartment calculated from the nitrification rate is supplied with a blower and
electric-operated air flow valves installed at each compartment controlled.

Controller [ Controller

| N DO: N D% N3 D% N, ML%SUD@
Influent | ® ®® ® ><® ®

g 1 QEan) Effluent
by v i < = e |
| |Rewm L L Ls L |
Sludger
E ueg V1 V2 Vs V4
EL} [ “ ] [ “ ] [ ‘l ] [ “ ] ' ' ‘ !
. Air Flow . Air Flow . Air Flow . Air Flow P
xl el el el
>i Vulvel >§ Vulve2 >§ Vulve3 1 |Vulves 'k Temperature i
o oL N -
E@) E@) E@) Pressure
Gs1 == G2 == % e == Gss 3= & '
T T T % T ™ vl

GSo
___________________________________________________________________

Figure2  New aeration control system based on nltrlflcatlon rate (NRC system)

Aeration Control Mode
Aeration control mode of each compartment of a reaction tank is independently determined
every 5 minutes based on Figure3.

(a) Nitrification rate control (including feed-forward control)

Nitrification rate control is the main aeration control mode of the new system. From influent
volume and ammonia measurements, nitrification rate can be calculated at each compartment.
Using this nitrification rate and also MLSS, required oxygen volume for nitrification and
endogenous respiration can be calculated. Actual supplied air flow is calculated from this
required oxygen volume and the oxygen transfer efficiency of the aeration equipment. If
ammonia measurement of influent into each compartment has on a declining or rising trend,
air flow is corrected using coefficient proportional to the difference (feed-forward control).

(b) Intermittent aeration
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If required air flow calculated from (a) is lower than the minimal flow of aeration equipments,
air flow is supplied by intermittent aeration. Air is supplied intermittently in order to
lower to the required volume. This mode is possible only by use of membrane type aeration
equipment.

(c) Feed-back control

The ammonia sensor at the last compartment has set-point which enables ammonia
measurements to around 1mgN/L. If the ammonia measurement becomes over the set-point,
air flow volume into each compartment is corrected by multiplying coefficients which varied
by compartment proportional to the difference.

Calculation of
—» . N
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Nitrification Rate

In the Target Compartment
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Figure 3 Aeration control flow at each compartment

METHODOLOGY

Pilot Plant Study

The trials were conducted using continuous plug flow pilot plant. The plant had two lines and
each capacity is 8m*(W:1m L:8m H:1m). One blower was equipped with one line. Each line
was divided into four compartments and electric-operated air flow valves were installed at
each compartment. Ammonia sensors and DO sensors were set at the former and the latter
part of all compartments. Membrane type of aeration equipments were adopted for
intermittent aeration.

Plant operation condition

Operation conditions and aeration control are show in Tablel and Table2. Linel was
controlled by NRC system and Line 2 was controlled by conventional DO aeration control.
DO set-point of Line2 was 2.0 mg/L which can complete nitrification at the end of aerobic
reactor. Air flow volume into each compartment of Line2 was same.
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Table 1 Operation Condition Table 2 Control Method
Return Sludge Control Method
Infl A-HRT(h A-SRT
ntluent (h) Rate (%) SRT(d) LINE1 Control based on nirification rate
Constapt 6-8 20-40 7419 LINE2 Con_trol based on DO _
Fluctuation 4.5-12.6 (DO setpoint:2.0mg/L at end point)

RESULTS AND DISCUSSION

Effect for reduction of air flow volume Table 3 Effect of air flow reduction
Table 3 shows the air flow rate of NRC system : e
. Air Flow Air Flow Rate(Nm*/m’)
compared to that of DO control. Aeration volume W Nitrification
Water Temperature [Reduction DO
was reduced by more than 20 % under the all Rate | Rate | oo
temperature conditions. Control
<15°C 22% 6.5 8.2
Figure 4 and 5 shows change of air flow volume in osT<ae | 220 oo oo
each compartment controlled based on nitrification - ’ ' '
rate and DO. T>20°C 21% 6.8 8.7

While under the control based on DO, every air flow volume of all compartments in response
to the flow fluctuation of influent, under the control based on nitrification rate, total and each
air flow fluctuation were smaller than DO control since required air flow volume was
supplied into each compartment. When influent volume was small, in the latter compartment,
air flow was supplied intermittently. Figure 6and 7 shows average DO values at each
compartment of aerobic reactor under the both controls. Under the NRC system, at all
compartments DO was under 0.7mg/L. This result shows NRC system could supply the
minimum air flow requirements at each compartment.

Figure 4 Air flow in each compartment Figure 5 Air flow in each compartment
(NRC system) (DO control)

Effluent water quality
Table4 shows effluent water qualities by both aeration control systems. All quality items were
similar and treated well. T-N removal rate of NRC system was a little higher than DO control.
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Table 4 Effluent water quality of both controls

T-N
BOD | T-N |NH4-N| T-P
4 RemovalRatio
Influent — 19 13 2.0 —
Effluent
(o)
T=20°C |(NRC system) | %€ | 76 | 02 | 03 59%
Effluent
0.8 9.1 0.1 0.6 50%
(DO control) °
Influent 30 21 3.4 —
Effiuent 4.7 13 0.5 0.4 55%
T=20°C |(NRC system) : ' ' ’
Effiuent 1.4 15 0.2 0.5 50%
(DO control) ) ) : ?

Figure 6 Average DO values(NRC) Figure 7 Average DO values(DO)

Factorial analysis of aeration reduction

This aeration control based on nitrification rate can reduce air flow by 20% compared to the
conventional DO control. Factors which contribute to this reduction are divided into three
below.

(1) Improvement of dissolution efficiency

NRC system can make low level DO at every compartment. Low DO makes oxygen
dissolution efficiency (Ea) high since oxygen dissolution rate is expressed in formula (1).
SOR is expressed in formula (2).Therefore, given that SOR of Linel (NRC system) is equal
to that of Line2(DO control system), effect of aeration reduction caused by improvement of
dissolution efficiency can be calculated, using the corrected air flow volume Gs’(NRC

system). : . .
y ) Table 5 Factorial analysis reduction

Or=KLa(Cs-C) * - - (1) Air flgw vquTe 242 (100)
SOR = Gs X Ea/100 X px Ow * * * (2) reduction rate(%)
_ _ 0 Improverpgnt of dissolution 95 (39)
Or (kgO,/h): oxygen dissolution rate efficiency (%)
Gs (m?): air flow volume _
Ea: oxygen dissolution rate o Reduction of oxygen volume | ™
p (kg/Nm®): density of air for maintaining DO (%) '
Ow (kgO2/kgAir): oxygen weight in air unit
C (mg/L): dissolved oxygen concentration @)|  Other factors(%) 13.0 (54)

(2) Reduction of oxygen volume for maintaining DO (Oo)
Oo is expressed in formula (3).
Oo=qrC ... (3)

g (m%: amount of influent

r (m®): return sludge volume
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C (mg/L): dissolved oxygen concentration

(3)Other factors

As other factors, intermittent aeration, supplying required air flow into each compartment is

considered.

(4) Each reduction rate

Table5 shows each proportion of effect on aeration reduction caused by each factor.
Approximately 40 % of reduction rate was caused by improvement of dissolution efficiency.

DEVEROPMENT OF SIMULTANEOUS NITRIFICATION AND DENITRIFICATION

SYSTEM

At actual facilities, if the fixed DO set points in a deep
reaction tank is set as low as possible without
compromising ~ compliance,  total  nitrogen(TN)
concentration at the end of aerobic tank decreases more
than nitrogen contained within excess activated sludge
volume. This phenomenon suggests the denitrification in
aerobic tanks.

This control system is the real time control system
supplying the minimum required air in each
compartment of a reaction tank. Figure8 shows the
conceptual cross-sectional diagram of aerobic reactor in
aerating low air volume. Oxygen in air bubbles is
dissolved in water in the course of rising from aeration
equipments to water surface. DO gradient occurs along
the length from aeration equipment concerning respiration
rate (Rr). Therefore, in aerating low air volume, anoxic
area is formed also in an aerobic reactor.

Condition anoxic area is formed

Figure 8 Cross-sectional
diagram of aerobic reactor in
aerating low air volume

Amount of oxygen contained in one bubble can be expressed in formula (4), if time from
when an air bubble leaves aeration equipment to when the rate of oxygen dissolution
becomes 0OmgO,/L/h represents t (h). If t(h) is shorter than H/v, anoxic area without oxygen is

being formed.
ko,V (k&) =a [{KLa(C;—Cp) ks-S n-dg, Jdt

DO distribution seen in cross section

" (4)

If DO is utilized for nitrification as soon as it is dissolved into water, DO at depth of h is
expressed in formula(5).Respiration rate Rr at depth of h is expressed in formula (6)
concerning consumption by nitrifier. DO at each point of aerobic reactor can be deduced from

the formulas (4)~(6) if air flow is determined.

C :fot{KLa(CS - Ch) 'doz - Rr}dt e o v (5)
So2 SNH 4

Rr = kn :
Ko, +So2 Ky, + SnHa

. XAUT e (6)
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Balance between nitrification and denitrification seen in cross section
According to DO distribution calculated from formula(4) ~ (6), nitrification and
denitrification volume are expressed in formula(7),(8).

t
ANH 4 = J-,LLN S0z . St - Xaur dt ¢ (7)
o Koo +So2 Ky, +SnHa
ANO: Hj/u o— % .t (8)
= H N —_—— . H ] ] [
t 7 Koz + Snos

On the plant study, DO measurements in the aerobic reactor controlled by this NRC system
are maintained under 0.5mg/L ,the nitrogen removal rate was higher only by 5-9points
compared with that of DO control. Shallow depth of the plant is considered to be a major
reason. Hence, using actual reactor with deep depth, nitrogen removal effectiveness is to be
examined if NRC control is adopted.

Oxygen transfer rate(kgo./h):KLa(Cs-Cy)

Saturating oxygen concentration (mg/L): Cs

Dissolved oxygen concentration at the position at time‘t” (mg/L): C;
Dissolved oxygen concentration at the position in the depth of ‘h” (mg/L):Cy,
Radius of bubble (m): r

Oxygen concentration in a bubble (kg/m®): ko

Surface area of a bubble (m%): S =4xr’

Volume of a bubble (m®): V =4xr®/3

Numbers of bubbles (1/h): n

Rising rate of bubbles (m/h): v

Depth of reaction tanks (m): H

Oxygen residual ratio in a bubble: do; (-)

Respiration reactor(kgO,/h) : Rr

CONCLUSIONS

New aeration control based on nitrification rate can reduce air flow by more than 20%
compared to the conventional control based on DO at the end of reactors. This system
requires electric-operated air flow valves at every compartment in order to supply required air
flow certainly. However, these equipments necessary for detailed control will be necessary
for global warming gas reduction including N,O gas. As a future plan, we will investigate the
effect for total nitrogen removal by using this control at actual plants.
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4-2-1 Sewerage Plan for the Prevention of Global Warming
in Tokyo ~Earth Plan-2010~

Kinji YAMADA, Yukio NIHEI, Hajime TAKAHASHI, Kazuma KATOU
Bureau of Sewerage, Tokyo metropolitan Government

Abstract: In September 2004, prior to the Kyoto protocol, the Bureau of Sewerage Tokyo
Metropolitan Government formed the “Earth Plan 2004”. The goal of the plan was to reduce
the emissions of greenhouse gases (GHGSs) by 6% from FY1990 levels by FY2009. The actual
reduction was around 16%. As a next step, The Bureau formed “Earth Plan 2010 with a target
reduction of more than 25% from FY2000 levels by FY2020. In this poster, we explain the
outline and key technologies of the plan.

Keywords: greenhouse gas emission; fluidized bed incinerator of new technology; nutrient
removal; activated sludge process; restricted-aeration A2/O process

1. Greenhouse gas emissions by sewerage service in Tokyo

An entire GHGs emission in Tokyo is about 56,650,000 [t-CO,/year]. Among them, sewerage
service accounts for about 1.5% (859,000 [t-CO,/year]). Therefore, The Bureau is obligated for
GHGs reduction as a member of public sector. On the other hand, the projects are underway to
upgrade the sewerage system for renewal of sludge incinerators, nutrient removal from effluent,
and so on. The conventional methods lead to increase of GHGs inevitably. Under this
circumstance, we are working on the development of new technologies to achieve GHGs
reduction while upgrading the system.

The intermediate target is a reduction of 18% by FY2014 leading to 25% by FY2020 from the
FY2000. So far, we made a success of reducing N,O from sludge incineration and CO, from the
supplemental incineration fuel. However, we have been unable to contain the CO, from
electricity used for sludge incineration and the N,O and CO, from wastewater treatment. \We are
working on these challenges.

FY2000 FY2014 FY2020
Base Year Reduction Target Reduction Target
C>| Atleast18% |C)| Atleast25%
Emissions Emissions Emissions
991,000t-CO, 813,000t-CO, 743,000t-CO,

Figure.1 Target of GHGs reduction in the Bureau
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Figure.2 Changes of GHGs emission
2. New measures
2.1 Introduction of New Combustion Systems for Sludge Incineration
-Multilayer Fluidized Bed Incinerator-
By having two additional air vents at high and low positions, the new incinerator has achieved
high efficiency with a wide area of high temperature, leading to breakdown of N,O and
reduction of supplemental fuel use.

Equipment
efficiently . ]
Exhaust gas Waste heat Chimney
)
Dust catcher
1T
Dewatered
sludge s
Ry . JD E .
o= U
5@ Waste gas <
treatment LQ

Liquid Blower Blower equipment Blower
incinerator

Figure.3 Scheme of Multilayer Fluidized Bed Incinerator
-Fluidized Bed Incinerator with Turbo Charger-
Waste heat is recovered from the dust controller and sent to the turbo charger. Then, pressurized
air is injected to the high pressurized incinerator leading to enhanced combustion speed and
higher incineration temperature. Higher temperature incineration breaks down more N,O. This
new incinerator system removes part of blowers leading to a reduction in electricity use.
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Figure.4 Scheme of Fluidized Bed Incinerator with Turbo Charger

2.2 Nutrient Removal with Same Energy Use as Conventional Process

Nutrient removal is necessary to meet the effluent permit. The Bureau has converted
conventional activated sludge system to advanced wastewater treatment (A2/0) process
gradually. However, the A2/0O process consumes more electricity with more tank space. We
successfully developed a new operation method to meet the requirement for effluent quality
while keeping GHGs emission at the same level as the conventional activated sludge process.
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Internal mixed liquor recycle pumps

Figure.5 Scheme of 3 types activated sludge process

Table.1 Comparison of the wastewater treatment method

Effluent Electricity Treatment
water quality consumption capacity

Conventional activated Nitrogen: 100%

0 0

sludge process Phosphorus: 100% L 100%
Semi-Advanced Nitrogen: 85% 0 .

wastewater treatment Phosphorus: 50% e 100%
Advanced wastewater Nitrogen: 65% 0 .

treatment process Phosphorus: 40% 130% 63%

2% The data are expressed as relative values, with Conventional activated sludge process being 100 percent.

3 Conclusions

We are committed to continue to expand our new approaches to our sewerage system so that we
can achieve the goal of a 25% reduction of GHGs in FY2020 from FY2000. We are confident
that the new technologies we developed can make a positive contribution to the world
wastewater operators for their control of GHGs and energy use.
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4-3-1 Earthquake and Tsunami Countermeasures of Tokyo’s

Sewerage
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Bureau of Sewerage, Tokyo Metropolitan Government

8-1 Nishi shinjuku 2-chome,Shinjuku-ku, Tokyo, 163-8001,Japan
(E-mail: Masahiro_Hikino@member.metro.tokyo.jp)
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Abstract

The Tokyo Metropolitan Government created a committee consisting of academic experts to summarize
Tokyo's basic policy for earthquake and tsunami in light of the extensive damages caused by the Great
East Japan Earthquake. Based on the recommendations from the committee, the Bureau of Sewerage is
formulating and implementing a series of countermeasures against earthquake and tsunami, including
protection of sewerage facilities from flooding in the event of a tsunami, automation and remote control
of storm surge gate to prevent tsunami-generated backflow to sewers, and aseismic reinforcement of

sewerage facilities.

Keywords
tsunami, protection of sewerage facilities from flooding, protection of sewer pipe from backflow, storm

surge gate, aseismic reinforcement of sewerage facilities

1. Tokyo's Measures for Earthquake and Tsunami after the Great East Japan
Earthquake

On March 11, 2011, an earthquake of magnitude 9.0, the biggest in Japan's modern
history, hit Northeast Japan. The earthquake, later named the Great East Japan
Earthquake, had its epicenter in the Sanriku coast; the northern part of Miyagi
Prefecture measured the seismic intensity 7. The subsequent tsunami attacked a wide
range of the Pacific coast areas from the Tohoku to Kanto regions, causing about 20,000
dead or missing and serious damages on sewerages, levees, water gates, etc., on the
Tohoku and surrounding regions.

Although several parts of Tokyo areas observed the seismic intensity 5 upper and
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tsunami wave of 1.5m height, higher than the official assumption of maximum height of
1.2m, no major damages occurred on sewerages, rivers, and coastal protection facilities,
thanks to the continued improvement on the facilities up to date.

However, in light of the extensive damages caused by the earthquake and to respond to
the expected damages by a possible Tokyo inland earthquake in near future, the Tokyo
Metropolitan Government created a committee consisting of academic experts to
summarize Tokyo's basic policy for earthquake and tsunami, in addition to the
immediate inspection and survey of potentially impacted facilities in cooperation with
concerned bureaus and departments in charge of river, port, and sewerage.

The committee, based on the results of the emergency investigation, issued the
recommendations on the anti-quake and anti-flood measures regarding levee, water gate,
pumping station, water reclamation center, etc. Based on the recommendations, the
Tokyo Metropolitan Government formulated Tokyo's Basic Policy for Flood Disaster
Prevention Associated with Earthquake and Tsunami in August 2012. To embody the
basic policy, the Bureau of Sewerage formulated the Sewerage Facility Development
Plan to Counter Earthquake and Tsunami in December 2012, followed by the
implementation of the measures from subsequent fiscal 2013.

2. Tokyo's Basic Policy for Flood Disaster Prevention Associated with Earthquake
and Tsunami

In August 2011, the Tokyo Metropolitan Government formulated Tokyo's Basic Policy
for Flood Disaster Prevention Associated with Earthquake and Tsunami. In the
document, the Tokyo Metropolitan Disaster Prevention Council assumed the maximum
magnitude caused by a subduction zone earthquake to be 8.2. Based on the assumption,
the Tokyo Metropolitan Government aimed to promote anti-flood measures to resist the
above possible biggest earthquake and subsequent tsunami, by protecting facilities from
inundation and retaining the functions of levees, water gates, pump stations, water
reclamation centers, etc.

The concept of preventive measures is based on the data in the Damage Assumption
Caused by A Tokyo Inland Earthquake published in April 2012 by the Tokyo Disaster
Prevention Council, which assumed the maximum height of tsunami wave to be
T.P+2.6m, not exceeding the height of currently planned levees (T.P+3.5-8.9m) along
Tokyo coasts and rivers. Therefore, the Tokyo Metropolitan Government decided to
promote anti-storm surge measure under the current plan in principle, without
increasing the height of levees (Figure 1).
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Levee height T.P. +3.5-8.9m

Storm surge water Tsunami water level
level(Planned high  +  (Expected tsunami
tide level) wave level)

Maximum tsunami wave height T.P. +2.6m

High tide T.P. +1.1m

Figure 1: Tsunami and storm surge

The above assumption of maximum height of tsunami wave T.P+2.6m was based on
a possible earthquake of magnitude 8.2 with an epicenter near the Sagami Trough
located from the Sagami Bay to off the Boso Peninsula, as well as the biggest tsunami
Tokyo suffered in history. The following is our basic course of action in each field.
© Anti-quake measures
Aseismic reinforcement of facilities should be immediately started to retain the
facilities' functions even after the ground motion caused by the largest class earthquake,
such as a subduction zone earthquakes of magnitude 8.2 or a possible Tokyo inland
earthquake assumed by the Tokyo Disaster Prevention Council.
© Anti-flood measures
Electric and mechanical equipment of each facility, depending on its specific location
and condition, should be protected from inundation to retain its function, even in the
event of flooding caused by destroy of levee and water gate.
© Water gate operations
Function of backup facilities and multiplexing of communication network should be
strengthened, while introduction of off-site remote control system to replace on-site
manual operation should be studied. Also, information regarding weather, water level,
opening/closing of water gate, etc., should be shared by using existing communication
network that each facility's administrator currently operates.

Tokyo's Basic Policy for Flood Disaster Prevention Associated with Earthquake and
Tsunami recommended a cross-sectional approach to the above prevention. More
specifically, the policy recommended that not only the Bureau of Sewerage, but also the
Bureau of Constructions and the Bureau of Port and Harbor, formulate the development
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plan regarding quake-resistant and flood-resistant levees and remote control of water
gate in cooperation with each other.

Under the policy, the Bureau of Sewerage formulated the development plan for
anti-quake, anti-flood measures for water reclamation center and pumping station, and
remote control of storm surge gate installed at storm water outlets along rivers and port
areas.

3. Development plan for sewerage facilities resistant to earthquake and tsunami
(1) Protection of water reclamation center and pumping station from flooding
(measures against tsunami)

The most of sewerage facilities in Tokyo are located in the inside of storm surge levee
of the Tokyo Bay, and so in principle they are protected from tsunami and storm surge.
However, there are possibilities that a quake-generated tsunami may destroy these
levees and water gates, causing damages on sewerage systems. To prepare for such case,
retention of sewerage discharging function and early recovery from tsunami disaster is
desired. In this direction, the Bureau of Sewerage is formulating and implementing a
series of flood-resistant measures to protect electrical equipment at water reclamation
centers and pumping stations located in the areas lower than the maximum tsunami
wave height in the Tokyo Bay (T.P.+2.6m) assumed by the Damage Assumption Caused
by A Tokyo Inland Earthquake published by the Tokyo Disaster Prevention Council.

More specifically, the Bureau of Sewerage is installing watertight doors and water
bars to the openings of doors and shutters of building. The Bureau assumed that the
water level would rise gradually in flooding caused by partial damage on levee, creating
no dynamic water pressure. Therefore, the water pressure at the protected height was
assumed to be the hydrostatic pressure at a depth of flooding. In addition, the position of
ventilation opening should be raised, so not to be affected by the maximum height of
tsunami wave. The outdoor operation panel should be elevated to a higher position or
replaced with water-resistant types(Figure 2).
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Raise the height of ) Watertight door
ventilation opening

Protection

Today from water ‘\
I

|Outdoor LI Indoor Water bar

Tsunami

Extend duct to raise the opening Maximum tsunami wave height

higher than tsunami wave height.

Figure 2: Pumping station protected from flooding(measures against tsunami)

(2) Backflow prevention for sewer pipe

To protect from extra-high tide induced by approaching typhoon, many storm surge
gates are installed at storm water outlets along rivers and port areas in Tokyo. The gates,
which are designed to prevent the backflow and flooding to sewers from increased
water at rivers and port, are mostly closed by hands of operators on site.

Fortunately, during the Great East Japan Earthquake, there was no damage caused by
the backflow of the tsunami in Tokyo, but the closure of storm surge gate became
necessary when tsunami warning was issued. During the gate closing, however, it took
some time for our operators to arrive the sites with gate closing equipment, because of
delayed instruction to operators due to emergency restriction of telephone
communication and heavy traffic congestion in Tokyo then. Moreover, the Great East
Japan Earthquake reminded us that the manual gate operation on site is dangerous,
evidenced by the victims of local gate operators during tsunami.

Therefore, in order to close the storm surge gate safely, quickly, and securely, the
Bureau decided to promote automatization, remote control of storm surge gate. In
converting the system into electrical operation, we specially paid attention to the
location of emergency power supply, which will substitute normal power source in case
of power outage. We studied the suitable place at each site to carry out the ongoing
project.

Further, to respond to sudden happening and quickly arriving tsunami, remote control
terminals should be installed at several offices in the Bureau of Sewerage, so that the
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gate can be immediately closed according to tsunami warning, even in night or on
holidays when staff is absent. In installing remote control system, laying optical fiber
cable in sewer pipe, which has strong resistance to earthquake, should be positively
used (Figure 3).

/Web camera
/Water level gauge

. Electric gate

T

iver Optical fiber cable laid in sewer pipe

Sewer pipe

Figure 3: Remote control of storm surge gate

(3) Aseismic reinforcement of water reclamation center and pumping station

Designing of new water pumping station and water reclamation center is based on the
assumption of the scale of Level 2 Ground Motion, which is not so much likely to occur
during facility's service period, but has largest seismic motion. On the other hand, the
aseismic reinforcement of existing facilities so far in principle is based on the scale of
Level 1 Ground Motion, which is likely to occur once or twice during facility's service
period, because the reinforcement in parallel with continuing operations of existing
mechanical and electrical facilities is not so easy.

For future reinforcement to respond to a possible Tokyo inland earthquake, the Bureau
of Sewerage reviewed its plan and prioritized the functions need to be retained as
"pumping,” "primary treatment," "disinfection,” and "water discharge (Figure 4)." The
asceismic reinforcement of the facility to perform the above function should be carried
out based on the scale of Level 2 Ground Motion.
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Water reclamation center * Those in red letters should be

reinforced against earthquakes.

Discharging drain

AN

Secondary Chlorination tank
Grit chamber/Pumping station Reaction tank  sedimentation tank

. (disinfection)
(pumping)

Primary sedimentation tank (Water discharge)

(Primary treatment)

Figure 4: Facilities need to retain their functions even in disaster

4. Creating disaster-resistant Tokyo

Since the Great East Japan Earthquake hit Northeast Japan in March 2011, interest
among citizens in safety and security is growing. People are expecting more
quake-resistant, flood-resistant sewerage systems. In this belief, the Bureau of Sewerage
is dedicated to contribute to the creation of the Disaster Resistant City Tokyo by
innovating and improving sewerage system against earthquake and tsunami.
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Abstract

Bureau of Sewerage of Tokyo Metropolitan Government has a radar rain gauge system, “Tokyo
Amesh”. Rainfall information system is used to make the operation of pump stations and
wastewater treatment plants more efficiently. The rain radars of Tokyo Amesh have worked for a
long time. We are replacing the rain radars because of the aging of the facilities. Observations of
additional meteorological parameters with the newly developed radars would increase the
precision and relativity. As future efforts, methods to rapidly detect urban heavy rain and to
decrease cost of maintenance of ground rain gauges will be addressed.

Keywords
Radar rain gauge system, X-band radar, dual polarization radar, urban heavy rain

1. INTRODUCTION

Bureau of Sewerage of Tokyo Metropolitan Government is in charge of the speedy removal of
rainwater from land surface to public water body through pipes and pumps in order to guard cities
in Tokyo against floods. Urbanization of Tokyo has altered our rainfall environment. The rainwater
no longer permeates into the ground easily due to the decrease of unpaved grounds. The rainwater
mostly flows into sewerage pipes. Because of the low permeation rate, concentrated heavy rain
causes immediate water rush-in to pumping stations and wastewater treatment plants. The accurate
and real-time information of rainfall conditions is essential to respond unstable rainfall with stable
operation. In addition, most of pump stations in Tokyo are remote controlled from centralized
monitoring room in distant wastewater treatment plant or pumping station. It enables us to operate
pumps by fewer workers. However, operators need to understand rain information in each distant
pumping stations. For these reasons, we have a radar rain gauge system, “Tokyo Amesh”. The
radars are used to measure rainfall intensity and location. Accurate rainfall information enables
appropriately operate.

However, several operational problems are occurring due to deterioration of the radars after the long
period of service. To enhance reliability of the rainfall information, we replace the current rain
radars with X-band MP radars (dual polarization radars using X-band), which can obtain data of
additional metrological parameters.

Moreover, in recent years, increased frequency of urban heavy rain, which brings much rain
localized to a small area in short period of time, increases a risk of floods. We address to rapidly
detect urban heavy rain with the new radars.

Ground rain gauges are used for calibrating some error originated in the uncertainty of the shape
and density of raindrops. The new radars do not require the calibration. The maintenance cost of
ground rain gauges would decrease by using the new radar.

In this paper, the efforts of Tokyo Metropolitan Government to prevent floods through replacement
Tokyo Amesh radars will be shown.

2. TOKYO AMESH

A radar beam travels straight and reflects on the surface of an object. The property enables radar to
measure the location and the dimension of the object. The Radar Rainfall Gauge system gathers rain
signals, omitting the reflection from buildings, mountains or structures (See Figure 1).

The antenna receives the echo and measures the power, which indicates the rainfall intensity.
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Conversion coefficients between the signal power and the rainfall intensity determined empirically
include some error because of the uncertainty of the shape of raindrops. The calibration with the
ground rain gauge data contributes to the minimization of the error.

To apply effective calibration, ground rain gauges are arranged densely over Tokyo land area. 106
gauges of Bureau of Construction are used as well as 44 gauges of Bureau of Sewerage for the
calibration.

Tokyo is mostly covered by the two radars. Each of the radars has the observation area of 50km-
radius. In addition, Tokyo Amesh also shares the rainfall information with the neighbouring local
governments, successfully enhancing accuracy and extending observation range. Radar’s
observation is obstructed by strong rain near the antenna. The effect rainfall Attenuation occurs
because beam weakens while passing through rain. The attenuation is complemented in the allied
system with the neighbouring local governments.

VA%IZIZI[I
S&@&l&lu

I

Raln

B!
Rodar stater “Bota Dlsmbution Uk

Figure 1. Radar rainfall information measurement

Tokyo Amesh system consists of five radar stations, 150 ground rain gauges, central computer for
processing and data distributing, and over 100 information terminals (See Figure 2).

Based on the measured data with the radars and ground rain gauges, the central computer calculates
the intensity of the rain and sends the results to terminal stations. At a terminal station, the
information is shown on the graphical interface suited to plant operation (See Figure 3). As the
information obtained from Tokyo Amesh is open to the public via Internet and Cellular phones, it is
popular among Tokyo Metropolitan citizens.

(Our web site: http://tokyo-ame.jwa.or.jp/en/index.html)

( Information Terminals )

( Information Terminals )

Figure 2. System configuration of Tokyo Amesh
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Figure 3. Main surveillance screen of Tokyo Amesh

3. REPLACEMENT OF RADARS

Current radars were put into operation in 2002. System troubles caused by mechanical failure
sometimes occur in recent years. In the management plan 2013, Bureau of Sewerage of Tokyo
Metropolitan Government made a decision to replace the decrepit radars as one of the
countermeasures against floods. The plan aims to increase precision of the rain information system
to increase safety of pump operation against heavy rain.

X-band MP radars will be installed as new radars. Features and advantages of the new radars are
shown in this chapter.

3.1 Principle of X-Band MP Radar

Current rainfall radars measure rainfall intensity with received signal strength of only horizontal
polarimetric wave. On the other hand, X-band MP radars enable to identify the shape and the
diameter distribution of raindrops by measuring rainfall with both horizontal and vertical
polarimetric wave (See Figure 4).

The major parameters measured with the new radars are shown in Table.1.

Multi-parameter Radar

‘ rainfall information + radial wind + shape and number of raindrops ‘

-

- ~
horizontal polarization i AT
(i p Y'O AR
> 4= AN
/ @) 1 \
— ] ]
O - !
’t
> o )
\
vertical polarization S~ -

- -
T mm——-—-—T

Figure 4. Conceptual diagram of MP radar (NIED, 2005)
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Table 1. Major parameters of X-Band MP radar

Parameter Symbol Description

Horizontal Reflectivity Zy To estimate rainfall intensity.

Factor

Differential Reflectivity | Zpgr To identify the shape of raindrops (spherical or
flattened) with the ratio of horizontal reflectivity factor
(Zn) and vertical reflectivity factor (Z,).

Differential Propagation | ¢pp To estimate ellipticity of raindrops with the phase

Phase difference between horizontal and vertical polarimetric
wave.

Co-Polar Correlation PHV Calculated with a correlated function of received

Coefficient signals of horizontal and vertical polarimetric wave.
To identify the raindrop type (rain, snow or hail) in
combination with differential reflectivity ratio.

Specific Differential Kop Differential propagation phase per unit distance. To

Phase estimate rainfall intensity, being less interfered by rain
attenuation.

Radial Velocity Vb To measure wind direction and wind velocity with the
radial velocity of raindrops.

Spectrum Width W To indicate accuracy of the measured radial velocity.

Doppler Velocity VH Radial velocity corrected for folding effect.

Unfolding

Doppler Velocity Wy Spectrum width of Doppler velocity unfolding.

Spectrum Width

3.2 Solid-State Transmitter

Magnetron transmitters, which can transmit at a high output power, are used in the current radars.
However, the short mechanical life of about 1 year and the occasional occurrence of sudden failure

make its maintenance cost higher.

In the new radars, solid-state transmitters are used. Solid-state transmitters offer longer mechanical
life, less maintenance cost and stable continuous rainfall monitoring. Although the output power of
solid-state transmitter is less than that of magnetron transmitter, the output power is enhanced by
assembling eight solid-state transmitters. The assembled transmitters enable us to deliver equal
performance to the conventional transmitter at a smaller output power by applying for pulse
compression. Comparison of magnetron and solid-state transmitter specification are shown in Table

2.
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Table 2. Comparison of magnetron and solid-state transmitter specification

Magnetron

Solid-State

Type

Coaxial Magnetron

Gallium Nitride Device

Replacement Frequency

Approximately 1-year

No Regular Replacement

Transmitter Power

70kW

1.2kw

(Eight 200W Devices Assembled)

Pulse Width 2us Oto75km 1lups
7.5t0 80 km 48 pus

Pulse Compression Inapplicable Applicable

Minimum Detectable Signal | -109dBm -110dBm

3.3 New Radar Specification
Comparison of specifications between the current radar and the new radar is shown in Table 3.

Table 3. Specification comparison between current and new Radar

Current Radar New Radar
0~80km 0~80km
(0~50km : (0~50km :
Operation Range Quantitative Monitoring) Quantitative Monitoring)
(50~80km : (50~80km :
Qualitative Monitoring) Qualitative Monitoring)
Diameter ®3m Circular Parabolic ®3m Circular Parabolic
Polarization | Horizontal Horizontal, Vertical
Beam o °
Antenna Width Less than 1.4 Less than 0.8
Gain More than 43dB More than 43dB
Rotation 3 min* 3 min*
Peak Power | 70kW 1.2kw
Erequenc 9710MHz (Minato Radar) 9710MHz (Minato Radar)
GUENCY | 9730MHz (Inagi Radar) 9730MHz (Inagi Radar)
. Short Pulse  1ps
Pulse Width | 2us Long Pulse  48y:s
Transmitter ;zlpstz Coaxial Magnetron Solid-State
Repetition | 450pps 12(([))?1/;|5'(|)'0p2§
Frequency yp
Minimum
Detectable | Less than -109dBm Less than -110dBm
Signal
Range | 50 150m
Resolution
Data Spatial o o
Processing | Resolution 14 0.8
Capability Update _ _
1 minute 1 minute
Frequency
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Horizontal Electric Horizontal Electric

Wave Signal (Pr-NOR), Wave Signal (Py-NOR),
Horizontal Electric Vertical Electric

Wave Signal(Pr-MTI), Wave Signal (Pv-NOR),
Horizontal Reflectivity Horizontal Electric

Factor (Z-NOR), Wave Signal (Py-MTI),
Horizontal Reflectivity Vertical Electric

Factor (Z-MTI), Wave Signal (Py-MTI),
Rainfall Intensity (Rr-MT]I), Horizontal Reflectivity
Rainfall Intensity (Rr-NOR) Factor (Zy),

Vertical Reflectivity
Factor (Zv),

Differential Reflectivity (Zpr),
Differential Propagation
Phase (®pp),
Co-Polar Correlation
Coefficient (pnv),
Specific Differential
Phase (Kpp),
Radial Velocity (V),
Spectrum Width (W),
Doppler Velocity
Unfolding (Vy),
Doppler Velocity
Spectrum Width (Wy),
Rainfall Intensity (Rr)
Note: NOR (Normal) is a raw value from the radar. MTI (Moving Target Indicator) is a value
corrected for interfering reflected wave from the moving target.

Parameters

3.4 Advantages of X-Band MP Radar

Due to the installation of X-band MP radars, some advantages are expected. Some observation
errors tend to occur with the current radars, as below. It is expected to improve precision of estimate
rainfall intensity by decreasing the errors with the new radars.

(1)Effect by the shape of raindrops

As intensity of radar beam is affected by ellipticity of raindrops by air resistance, error tends to
occur by the uncertainty of the shape of raindrops. To identify the shape of the raindrops by
measuring rainfall with both horizontal and vertical polarimetric wave using X-band MP radars
could be estimated more precisely.

(2)Overestimating by Bright Band

Radar waves are reflected strongly at the layer of melting rain cloud, which is called the bright band.
Bright band makes received signal stronger than actual and overestimate the rainfall intensity.
Combining differential propagation phase (¢pp) and co-polar correlation coefficient (puyv) enables
distinguishing whether the strong signal is from raindrops or from melting layers and prevents to
the overestimation of the rainfall intensity.

(3)Underestimating by Rain Attenuation

X-band radar is susceptible to rain attenuation due to the short radar wave length. Decline of radar
wave by rain attenuation causes an underestimation of the rainfall intensity. X-band MP radars
calculate specific differential phase (Kpp) with horizontal and vertical polarimetric wave phase and
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estimate rainfall intensity with specific differential phase (Maki et al., 2005). As phase of radar
wave is not affected by the rain attenuation, it can estimate rainfall intensity less susceptible to rain
attenuation. To calculate specific differential phase with the new radars prevents more effectively to
underestimate rain intensity.

In addition, it is difficult to observe low rainfall (less than 1 mm/hr.) with the current radars. To
estimate rainfall more precisely with the new radars would contribute to identify low rainfall from
about 0.3 to 1 mm/hr.

3.5 Data Distribution during Replacing
Since the rainfall information cannot be obtained during replacing the radars, alternative rainfall
data collection methods are required in order to operate pump as usual. As we allied with Ministry
of Land, Infrastructure, Transport and Tourism, the rainfall data of them will be available. That data
enable us to offer rainfall information as accurate as the current system to its users without any
interruption during the transition periods.

4. FUTURE EFFORTS
Bureau of Sewerage of Tokyo Metropolitan Government continues to address the following
challenges with the new radars.

4.1 Rapid Detection of Urban Heavy Rain

Rainfall radars can identify rainfall only after the rainfall starts. Detecting early signs of urban
heavy rain is essential to be ready for a pump control.

During the initial stage of urban heavy rain, strong downdraft known as microburst occurs (See
Figure 5). If X-band MP radars can detect microburst with Doppler measurement technology, the
radars would provide sufficient time to prepare for urban heavy rain.

We will develop detection technology as one of the next challenges with the new radars.

Microburst above ground

Left
Back Front
Right
Mile

Figure 5. Conceptual diagram of microburst
(Translated based upon data from Adachi and Sato, 2000)

4.2 Reduction of Maintenance Cost of Ground rain gauges

As Amesh system is aimed to monitor inflow amount of rain water to sewage facilities, it is
important to estimate the actual amount of precipitation. As mentioned above, the rainfall intensity
estimated by the radars is calibrated with the rainfall data of ground rain gauges.
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The X-band MP radar provides more precise rainfall estimate. The calibration with ground rain
gauges will become less important than before, indicating possible reduction of the number of
ground rain gauges.

Operation of ground rain gauges requires maintenance cost which includes fees for periodic
certification test. We address to reduce the number of ground rain gauges in order to reduce the
maintenance cost maintaining the precision of rainfall monitoring.

5. SUMMARY

Bureau of Sewerage of Tokyo Metropolitan Government is replacing the decrepit radars as one of
the countermeasures against floods. Due to the installation of X-band MP radars, improvement of
precision of estimates is expected. In addition, the methods to detect urban heavy rain rapidly and to
reduce maintenance cost of ground rain gauges by decreasing its number will be addressed.
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Abstract

Global warming has become a world-wide issue, so that it is imperative for us to reduce emissions
of greenhouse gases. Tokyo Metropolitan Government aims to reduce greenhouse gas emissions
by 25% by 2020, based on 2000 levels. Bureau of Sewerage has implemented GHG
countermeasures so far, however, no achievements have been made to suppress the generation and
emission of N,O from reaction tanks working in wastewater treatment. Most of the N,O was
generated under aerobic conditions and decomposed under anoxic conditions by denitrification.

In this research, in order to reduce N,O generation in aerobic tanks, optimization of air flow
pattern was investigated. As a result it was important to reduce air flow rate in the early part of
biological reactor in order not to accumulate NO,-N which could be source of N,O generation.
Furthermore, to decompose N,O emitted from aerobic tanks, the necessary conditions to denitrify
N,O and decomposition rate were investigated.

Keywords

Greenhouse gas, Nitrous oxide, N,O, Wastewater treatment plant

INTRODUCTION

In recent low carbon society, not only water quality improvement, but also GHG reduction has
grown important for WWTP. WWTP emits GHG gases themselves as well as consumes huge
electricity for treatment. Especially N,O gas emitted from wastewater treatment and sludge
incineration processes is in great need for reduction since it has 310-fold-stronger greenhouse effect
than CO..

The Bureau of Sewerage, Tokyo Metropolitan Government, has initiated proactive set of measures
for reducing GHG emissions. The Bureau has so far implemented GHG countermeasures by
reducing electricity consumption and lowering the amount of N,O generated by sludge incineration.
Reduction of N,O from wastewater treatment will be important for further reduction of GHGs.
Previous studies (Shiomi et al. 2010) have shown that most of N,O generate and emit from aerobic
tanks, and that accumulation of NO,-N in reaction tanks through nitrification, sludge retention time
(SRT), and dissolved oxygen (DO) are main factors to affect N,O generation. On the other hand, in
anaerobic and anoxic tanks of A;O (Anarobic-Anoxic-Oxic) process, N,O is decomposed into
Nitrogen (N>) by denitrification.

In this research, in order to reduce N,O generation in aerobic tanks, optimization of air flow pattern
was investigated. Furthermore, in order to abate N,O emission, the denitrification-decomposition
rate of N,O by activated sludge and the necessary conditions for the decomposition were examined
when emission gas from aerobic tanks was aerated into activated sludge under the anoxic condition.

METHODOLOGY

Strategy for reducing N,O emission by controlling supplied air flow

The detail mechanism and the actual emission of N,O are still unknown although some recent
research revealed remarkable movement on emission from WWTP (Ahn et al. 2010, Kitamura et al.
2012). Instead, N,O emission is often estimated using modified Activated Sludge Models (ASM)
(e.g. Houweling et al. 2010, Flores-Alsina et al. 2012).

We, Bureau of Sewerage, Tokyo Metropolitan Government have developed a device to measure
N,O concentration in exhaust gas from wastewater treatment continuously and reported
measurement data of N,O throughout whole year (Kitamura et al. 2012). Our next approach is to
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establish the method to reduce N,O emission from wastewater treatment process by controlling
supplied air flow. Before carrying out the experiment using SBR (Sequencing Batch Reactor),
calculation using modified ASM is done.

Modeling N,O emission from wastewater treatment process is still been discussing and none of the
models is said to be the de facto model of N,O emission (Ni et al. 2012). Those models are also
very complicated because of a lot of chemical substances and microorganisms. In this study,
simplified two-step nitrification model was used in order to focus the relationship of the behavior of
nitrite and supplied air flow through nitrification. As concerns the relationship of N,O emission and
nitrite accumulation, close relationship was observed at the actual WWTP (Kitamura et al. 2012)
and also at modified ASM briefly in our unpublished work.

The example of the equations of nitrification from ammonia to nitrite by AOB and from nitrite to
nitrate by NOB was expressed as equation (1) and (2). The rate constants used were based on the
model of available literature (Ni et al. 2011).

ot S il AOEOZ . AOENH : - Xaos + baos - Xaos (1)
dt Yaos Kg,~ +Soz2 Ky, + SnHa
Odsnos  zmos So2 Sno2

a . ' - Xnos — bnos - Xnos (2
dt  Ynos KG5® +So2 KySs + Snoz os — bros - Xnes (2)

Some values of DO in SBR were set as shown in Table 1 and the maximum values of nitrite are also
indicated as the result of the simulation. The maximum concentration of nitrite was relatively low in
the condition of No.5 in which low DO was set at the beginning of air flow and high DO at the
beginning of nitrification.

The reason of the result was analysed using equation (1) and (2) as below. When air flow was
started, the rate of nitrification from ammonia to nitrite was dominant because of absence of nitrite
and nitrate and the higher DO led higher rate of the production of nitrite as shown in Figure 1.
When nitrification from nitrite to nitrate was started with low concentration of nitrite, the higher DO
led decrease of nitrite as shown in Figure2.

The reason of relatively high concentration of nitrite compared to actual behaviour of nitrification
was thought to be due to the simulation with no calibration. Therefore, only trends of DO
dependence was referred for the experiments for the reduction of N,O emission using SBR.

Table 1 Set values of DO and the maximum values of nitrite in each conditions

Set values of DO Maximum values of nitrite(mg/L)
1 0.5mg/L fixed 6.19
2 1.0mg/L fixed 4.74
3 2.0mg/L fixed 3.55
4 3.0mg/L fixed 3.04
0-50min : 0.1mg/L
50-60min : 0.5mg/L
5 1-2.5hr : 3.0mg/L 3.09
2.5hr-: 0.5mg/L
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Figure 1 The relationship of DO concentration and  Figure 2 The relationship of DO concentration and

the rate of nitrite production when air flow starts the rate of nitrite increase or decrease when

(NH;-N=20mg/L, NO, N=0mg/L, Xa0s=20mg-COD/L) nitrification from nitrite to nitrate starts
(NH4-N=17mg/L, NO,-N=3mg/L, Xa0s=20mg-CODIL,
XNOB:40mg'COD/L)

Experimental control of supplied air flow using batch reactor

Primary effluent and return sludge of a WWTP
in Tokyo, which shows complete nitrification
all year, is used for the following experiment.
3L of return sludge (SS = 4,560 mg/L) and 9L
of primary effluent were mixed in the 15L
experimental batch reactor. After 30 minutes of
anaerobic condition, the mixed sludge was
aerated by air-pump. The experiment device
was sealed and N,O concentration of emitted
gas was measured continuously. To enhance
N,O emission, nitrogen load was increased by o
adding 120 mg (10 mg/L) of ammonium
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patterns were changed in each lane. NH3-N, Figure 3 Air Flow Pattern

NO,-N, NO3-N and DO concentrations were

measured either every 30 or every 60 minutes for the duration of the 9 h experimental period. Air
flow patterns of each condition are show in Figure 3.

For condition A, the aim was to follow the model mentioned above. Aeration was started with low
air flow (0.3 L/min) and was increased to 1.5 L/min to raise DO when nitrification started. After an
hour of high air flow period, air flow rate was decreased to maintain DO to around 3.0 mg/L.

For condition B, aeration was started with high air flow (1.5 L/min) and gradually decreased to
maintain DO to around 3.0 mg/L.

Relationship of air to sewage ratio and N,O Emission in actual WWTP

In order to investigate the relationship between air flow ratio to wastewater treatment volume and
N2O emission, eight-month continuous N,O measurement was conducted at each treatment process
in the WWTP in Tokyo which shows complete nitrification all year and has three types of treatment
processes ; Conventional Activated Sludge(CAS) process, Anaerobic-Oxic (AO) process,
Anaerobic-Anoxic-Oxic(A,O)process.

Investigation of N,O decomposition condition

There is limitation on reaeration volume when gas emitted from aerobic tanks is reinjected into
aeration tanks under the anoxic condition in order to decompose N,O, because dissolution of
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oxygen over a certain level causes the denitrification-decomposition to stop. Therefore the
maximum possible aeration volume and N,O decomposition rate were investigated.

Activated sludge in an anaerobic tank was installed into batch-wise reaction (30L) and the different
amounts of N,O gas were aerated. Gaseous N,O (G-N,0), Dissolved N,O (D-N,0), DO were
measured and N,O decomposition rate was calculated and DO values when N,O decomposition
stops were checked.

Furthermore, the relationship between the overall oxygen transfer coefficient (KLa(O,)) and the
overall Nitrous oxide transfer coefficient (KLa(N,O)) were measured using different air diffusers on
the same condition of N,O decomposition survey in order to estimate N,O dissolution rate based on
the KLa(O,) of the diffusers in the actual facilities.

RESULTS and DISCUSSION

Experimental control of supplied air flow using batch reactor

N0, DO, and NO,-N concentration was shown in Figure 4 to 6. N,O emission was higher in
condition B. In both condition, NO,-N and N,O followed a very similar pattern and a peak of N,O
concentration came one hour after a peak of NO,-N concentration. This shows that accumulation of
NO,-N largely affects N,O emission. In both conditions, NH3-N and NO3-N concentrations were
almost the same at the end of the experiment, so there was no significant difference in nitrification
condition.

The reason of the difference in N,O emission could be explained by reaction rates of ammonia
oxidation and nitrite oxidation. N,O emission in condition B is thought to be higher because
ammonia oxidation rate was relatively high in the beginning due to high air flow rate which caused
NO,-N accumulation. On the other hand, in condition A, which maintained low air flow rate until
nitrification started, both NO,-N and N,O concentration was low, probably because nitrite oxidation
rate was relatively high.

These results suggest that N,O reduction is possible by controlling the rates of each nitrification
process by changing air flow pattern. Especially, it is important to reduce air flow rate in the early
part of biological reactor. In this study, air flow rate was set up to extreme conditions since it was
an experiment using batch reactor. But in actual WWTP, air flow patterns should be determined
considering the situations of each facility.
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Relationship of air to sewage ratio and N,O Emission in actual WWTP

Figure7 shows the relationship between air to sewage ratio and N,O emission by each process at the
WWTP. The relationship in CAS process was removed from consideration because N,O emission
was low and low correlation was observed.

The result shows that the higher air flow ratio was, the higher N,O emission became, whereas DO
at the end of aeration tanks had little relation with N,O emission. This suggests that air flow ratio
affects N,O emission. The reason thought to account for the relation was that air is supplied into
aeration tank as a whole uniformly despite nitrification condition changes in the tanks and that
strong aeration intensity cause D-NO to purge to the air as G-N,0.

Therefore, N,O emission could be reduced by reduction of supplied air flow in the early part of
aeration tanks.

N2O decomposition investigation

A) Relationship between N,O Decomposition Rate and Aeration Volume

Table2 showed the experimental conditions and results of N,O decomposition investigation.
Figure8,10 showed time variation of G-N,O or D-N,O concentration in the gas phase of the batch
reactor when different amounts of 500ppm N,O gas in the air were aerated. On the condition of
0.4L/min, 0.5L/min, G-N,O concentration drifted around 180ppm, N,O dissolved into mixed liquor
in aeration tanks and steadily decomposed under the anoxic condition (N,O removal ratio:68%). On
the other hand, under the condition above the volume of 0.7L/min, D-N,O and G-N,O
concentrations became higher at the same instant DO measured over 0.1 mg/L detected as shown on
Figure9. As a result, the N,O decomposition ratio, which was the ratio of N,O decomposition to
supplied N,O quantity declined. DO was considered to be observed when the respiration rate (Rr) of
activated sludge fell below the oxygen dissolution rate with organic matter in the influent oxidized.
As shown on Figurel0, under the condition that G-N,O concentration drifted constant, all dissolved
N,O was denitrified and D-N,O concentration remained Omg/L. This result suggests that the D-
N,O decomposition rate is equal to or more than the N,O dissolution rate under the condition. A
certain gas dissolution rate is obtained for the product of the overall transfer coefficient (KLa) and
the saturating concentration (Cs) .

These results show that the maximum possible air flow volume is the value under the condition that
KLa(O,) « Cs(0Oy) is equal to Rr and that the N,O decomposition rate is equal to NO dissolution
rate expressed in KLa(Oz) + Cs(Oy).

Figurell showed change in N,O decomposition rate and Figurel2 showed the N,O decomposition
rate at the different amounts of air flow volume per unit water volume and the N,O and O,
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dissolution rate (KLa * Cs). The N,O decomposition rate increased in proportion to the air flow
volume because amount of N,O dissolution increased. However, under the condition of air flow
volume on which the O, dissolution rate was more than the respiration rate (Rr) of activated sludge,
20mg/L, N,O decomposition rate decreased. Furthermore, N,O decomposition rate was
approximately equal to the N,O dissolution rate.

B) Relationship between KLa(O,)and KLa(N,O)

Figurel3 showed the relationship between KLa(O,) and KLa(N;0O). Logarithmic values of KLa(O,)
and KLa(N20) have linear relation as shown in the following formula.

Using this formula, N,O decomposition rate could be predicted from KLa(N,O) calculated from
KLa(Oz).

KLa(N,0) = 0.77 + KLa(0,)**

Based on these results above, we estimated the N,O reduction rate when the effluent gas from
aerobic tanks which contains N,O corresponding to N,O emission coefficient prescribed in
Japanese law (160mgN,O per influent volume unit) was aerated into anaerobic tanks of A,O
process.

As the results N,O reduction ratio is approximately 10 %. The future challenge is to increase N,O
concentration or decrease O, concentration.
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Table2 Results of N,O Decomposition Investigation

N2O Air Elow h KLa Investigation | N,O Decomposition
Cc;?ize:tr Volume KLa(25)" | KLa(25) | Decomposi|Decomposi
Cs(N,0) | =Cs(0O,) | tion Ratio | tion Rate
[ppm] | [L/min] | [m3/m3-hr] | [mg/L*hr] |[mg/L"hr] [%] [mgN/gSS-hr]
0.4 0.7 - - 68 0.45
0.5 1.0 0.7 17 67 0.64
500 0.7 1.4 1.0 22 57 0.53
0.9 1.8 1.1 27 17 0.31
1.1 2.2 15 30 - -
300 0.7 1.4 1.1 21 52 0.1
100 0.7 1.4 1.3 23 30 0.03

CONCLUSIONS

N0 reduction is possible by controlling the rates of each nitrification process by changing air flow
pattern. Especially, it is important to reduce air flow rate in the early part of biological reactor in
order not to accumulate NO,-N which can be source of N,O generation.

We will verify the effect of controlling air flow pattern on N,O reduction in actual WWTP facilities
and develop the control system using measuring instruments.

Furthermore, N,O reduction is possible by reaerating the effluent gas from aerobic tanks into anoxic
area of reaction tanks and denitrifying N,O into N, However, the possible reaeration volume which
confirms anoxic condition has limitation. Therefore we will confirm the feasibility of this N,O
decomposition technology using activated sludge in aeration tanks by selectively increasing N,O
concentration of the gas supplied under anoxic condition.
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