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FRATRE RIIL T O & B0 720 WJIEHE &M REZICONTHYIELB#HEEITV,

HEREINOKR FoOREEEZERHLE (K 7)),
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s ik -2

SRR, & THIRAWULT
SR 2EF (AU EREAE) O
FHEL

7 R 50 = U RRREF D B R O K AL

b, IRDHME

SEHBFTLENEOMET, LT ThD,

O M - FERBHEOEEFHOMY (LEDOOIEK) 12X, Le®E (5 Ko 3
) FIHIRAKEFE (125 Fmd) & L CHELRE X, BRJIKEO &Kk E
(IR A) TRHELEINDIITFHEON 0% % FER TE D,

@ VBARIRL Y ORKKEED 4 BIREIZHDT 5,

@ KHBICHBRINZZL MK TED X127 0 #4 45 mm/hr F124 £ T, 2 K& K%
B B35,

Ao BB ORKIT, WINEHRELRELZILAL, KEHREL WO @O HBYIH»

STHALTEROVBAZE LD THD, BHRATKENDS OR KO KK L W I FRE T
HRIEFEDOOE DL LTHEEIZSIRT WD,
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2-1-3 KEEHZRAV-ERRESIRATEED

KERFRUVEWMESICE T S REE

PR R OKIEFEB AT EERE EE

1. FL®I

PASHME KR CH DB EEM I, BN TFTAKENS O KEFEE K2 EOEEIZLD, K
HEANPMELE RS> TWVD, 207D, R TKERTIAMRN FKEOKELZITH EA
KO OEDE L TNHNENMNT., B

WA DR IZHENTZ TAKRD OB
WINPT 6 mm 4y 2 BF 88 3 5 & it
BEfi R (¢ 2200 DATHE) & Bl
fEffi T ThHsd (K1),
AMRITIFTEE Ch LT, JE
Mg 22 [ O HENEEIND,
L2rL., MR ZIT®E T 560
BE M Ex D FERE LA e <L ERK

Rl
X RTAKHEE S BT M KR || o
W EH LR Ty BT S || = E
TEREECHD, ToT, FR (= wh
25, 26 FFEEICHRALIC X 5 REBR 2 AT Bl ArdEnEmEEsnlEm
5z &rLi,
2. BERUEBW

AREFRILITHEE & W) sk iEiE D72, BRI sk & Bl & 9 5 72 & MG 22 < B o W
WX T HRIREAT O NERN D D, At % fm\mku%a B R R (B TR L) o Hi 1
T@@@%#@6m%é_&w%\wmﬁ,‘%@ﬁﬁﬁ% i FX 1L 6 mLL oo S 8 B
ThrrBESNE (K2), L

L., 6m L b ZeK 3k = fi ik
RIET D LT, B AR
HoOWRWNHPORETH D,

Z 2T, R AU O
O (BKEZR - ITEE) %=
BH Lo KREBERZMEH L, i
iR ICB I DAk 2 e KB R

D FRFE & Bl E B 72 2% KK & i i

DRFES AT - 72,
M2 FHEEICETAIREOHEN
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3. KEEHEROBME

AR EER CIX, IrEE. BUKE., M AEE AL ZSR R [IFEE . Brm
Fmo1/11.0, i FAHm 1/13.6] [Zofh : 1/11.0]) L LTHBRLE (¥ 3~7), E£BRE
i, WERIFERN 50 mm/h & L, BB L CWDHRTMEFTZRZEAR, LGRMA O KMH T
DO T ETHOFBEERN (E— 27 HBERAHOEMCITRENHMEICRD) TERAELT

-7,

3 KERETHEERLEAREROME

&~

X 4 BE SNo. 1437k AH B5 SNo.2iRAANF

 E——

V4 —

6 Z 8 : BE SNo.3 DK AFL “ o
B SNo. 4 mANTL 7 SNo.5 R AF
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3.1 EHRFDRERMFER
B EZ AN E LN AKEZBKT 28 EICEBN T, SREMR L L& p A
DEMOZE, KEBEBEZRICEIV RO &) RBEAZROCRE 2 MR LI,

(i) PR EWAKEOKNA EH OKOWEH) - - - §FRE 1

BE SNo. 1 23 K AL O R FH IR 2 K 8 127" 3, BE SNo. 1 3 /K A FLIX . VG KIELEE ~D ik
AW 3Q ZBATZH, AMLNOMEZB X CALEBICHENE D, ZOKBPRFEE O A0
WCRESNTEEICHZ > T, NN THRIRE &5 mflicEE I Tuv s BuokE (IFEE ~
DEKE) ICEPNHEEE > TWVD,

Fo, BEEAODOBKHAESIZ, FR CIIRBERD 1/2 0/ ST E I, ikt
FOMN 1/ 20KEICKONATWD, 2O, FEE T T & M AKRIZ K ANFLN O KL
NEHL, ANLES IV KB NIEAE L2,

B8 BESNo. 1 D KAAICEFTHIRERFHBRRUERKR

(i) EMEERsomEt - - - 3182

JFRENICBT D EXSOBMRBEKEZK 912731, —HRIICIFEEN T, ANk
KEB~BI#ERL, EWRAI A~ 0 BN HEAET D, OB IE, SNo. 4 AN (RHATE)
MDOOPWAKIZCEVELN, EJMBERINDL, ZOBKIIT, T E M AKRZ ICHEE S
T, LI BlMC# E L, BESNo.1,SNo. 2,4 AL BMEH T2 Z LN EREIN, £
7o, HUE S MRV SNo. b AR AL TIE, HUBRE 2 5 R KK 6mAHY OK LS E A0S %
KM AEMmE L2 (K 10~14),
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K10 BRBHICETIEBRER (KRUVZEKEOELR)

| k. Zecsionih | <[ mason |
A

11 BE SNo. 1 B AKANFRIZE +B5R: 12 SNo.2 RAANFICHITHARR

[z=zsomm = | ot | =
13 24 - BE SNo. 3 &7k A 7L 14 SNo. b5 RAERAFICH T EHRR

Al - SNo. 4 R A NFL
Il Sl R
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3.2 HREDKE
FRFHIB T2 2 AOREIZONT, RKOXIBRUBREMFTL 2,

(1) FFEEMAKRFEOKAM EHF OkomEH) 1o+ 2% ER

BE SNo. 1 2K AFLIZEB T KM EF O BRI, BRI ORKZEBUKEICERY AT -
(0l SIK=N _m%émt@#Mﬁﬁ®ﬁﬁ%m%L1w5:kk%i%ﬂto:ﬂ%&
BT LD, MAKE~ORAKEANILNDOKAN EFONRT o 2EEDRNL, X 15 O X9
2 3Q HAKHEOHBREZEFE LIEEZREEDS & &0, BEE AL OBUKHIEDNE %5y
AKANILOWMANZER Lc, ZhICX D AOBERARELS 22 L &6, BIRE~OB M i#
IR ZNS Z LT, KN EROMENHETE S,

15 BESNo. 1 RKARICETHIHREDOHZH

(i) EMELKMOEHICT 8 BR

BEANILICB T 2 EMEKHOEHEZIMZ D72, SNo.2,4,5 AT ICHERE #5%& L
oo BERAE OB T, AFLEF L - REBIECEUREICEE L, #FR 12n/s | &N 48 n/s
ZEIREE E LTHRE L, 2B, (1) ZOHRBITEY SNo. b5 AL TDIKAL |5 25 HLiE &
Noh+l.em BEOEIICMA oD, 1 HIREOLEMZEZE L T SNo.5b OHXRE %
1.8m THE L TEBREZITH- 72,

3.3 HBEDERKER

&2®&E$Tﬁok%%’ib JRER FF DRIk L CTLL T O Ml K2 gl T & 72,
(1) IFREWAKREONKA EA OKOMEH) 1254 2 82 R

BE SNo. 1 72 K ANFLIC BT 2 FEERIKF O By KA &2 [ 16 1T, ek 7t T FEBREFIC K M2
MERITHAKREBIZZD, MABOBAKMOEBEELIV bELS, BERENRETH o 7=,
— i, WERRTHPTMAT 7L TCEIAKMBETLEZZ &b, AL EN AN EH O
mklica2 T D L2 MR TE I,
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FEXST

X 16 BE SNo.1 9 /KAFIZH T2 EEREFDEYK AL

(il ) JE#ME 22 5B o0 M L2 kE 30 2 i 20 R

B 17 ICEBRAE R A2 R~T,

JREXEF CHEGR S 4U72 SNo. 2,4, 5 1B T 2 EMEKILOM B R IT, PEXE O
ity S iz,

—J7, SNo.5 AL T, =Y 7HBICIVKMRRLEL 2V BFE KO H 2 i
B3Nz, KFEEZEMLTTFHERZITV, Y=V TBROBEMMAAIRE T, KK
KA PER R 2 DB Le Wi/ e L TINE ¢2000X1.8mH Z8H L 7=,

XENC LD

=1

K17 BHERRICETAHIRBRBER (KRUVEXHROEHAZH)

4. £FL &
AREBRTIE., REL 2O0FBEMNHBP L2,
(1) REEITIZ, BRI ORKEZITREE I AT 72 OIZHBEE AN ICHE %2 & E
LTEBY, ZOENIFRENMWAKICR STk, BiKE~OKKEHREL., AW
DKM % EHSHE TS,
(i) BRI R ORITENDLDWRAKICEVIFEEANICH LLAD bR B[RRI L » T,
JEREZE R A E T 5,
COXIRBEALBEMET DD, RO KD RHREIT- T2,
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(1) EIZE > THIRS N BREO M Z BB & Uit % o B 0 F 5k K
(i) EM2ERHEZEITHCHE ST 2N E LEEREORE
EAEBHEL T L2ETENO LS Rl FETROBERTIE, ARUEL AL LIZITH

FIXRAMICHMAKICR DD, EMESIEPEELLTWEORELNH D, £ DD 4 R 5E
B U 72 K ERA R RBRIC L D MAEEIC L » T, RO XD R FHEZBEFICKMSEDL Z LN E
HTHD,

(i) BMEBBDROALICIHDONTERFICRVBAETEFRIEL DRV E D,

i E AR E L2 VWBRUKEE L 352 L,
(i) EMERHEZHZLN RS ELOOMiFE{EANILT LICKRET D2 L,
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2-2-1 EMFEPOMERICET S2ERZRFARE

BRI R B i B s AR
VAR WA LR E— BEm O

1. FL®HIC

TARDOEMEGRAE T, A IE) OIE-bEZ2HA L TAEYSEE, WA S A
BRETODAEMRETH L0, EMEBHITEEOEZELZ T L5120, KIEDNKT T 24 F1Z
WPRPERE MR T3 2, e CH ERLIICE D 2 MM E Xt OB RBEME & b T
b« I EENE WD 212, KIBEETOEEZZ TR T WD, AFICHRS oIt E
THKKOERRENEGL 22EARH 5,

T, HMANDOKBFBAEAE X — (FPARKOKRWEHE D . I %—) &EnwWo) TiX,
&L R s IR iR L e WP TYEMEIG e iEmE (MLSS) IREZ m OV | WA
FODOREBIZESSEAEREHAZITo THIHARILIDOREEEZEH LILEEEZITH 2 & T,
ALK ORI ~D W Z M2 THLRELZ > TV 5D,

L2rL, MAAMSLEORMEASHNRKEWVE LV =R AKDOBIREBRENEG VL ¥
—HETIE, WMAAMMMEL 72 2 FEMH F I RENGIR OB H I > THALMEN RN D +
v aTlT 7SN, AFICIGERBECT VETRHEMEBERAERGT LI I ENH D,

HEELTE, MAAMSZORMESH 2 /NS T 57200 FE O, AR
TEMETBRIEOE AN D D0, BIHELCEANCEKEMZ2E S5, 2T, ALY 7o —F
ELT, LR OEmWMEZ AL CTRFEET 22 EHICLVAEENEZ D D HIEICS
WTHHAEZITo72, Z2OH T, EMEBROMILENB LOCMEZICO W TEGH & HNE
VHE—THREIToTLDOT, UTIZEDORREEMAKPHEFEICKIETTEEZONTHE
T 5,

2. A-SRT L HHIEZE DR &

FERMACIC B AL B & ROSTE NI RFF S 5 72D, mgb M B oo ¥ 5l B 12 A
A o7 A-SRT R L7 EIREHEZITOLERND D,

[F K38 e 5% 5t - 3% G5 8 (2009 4ERR) ) Tik. 2 ORI 43 72 A-SRT (& 3 A-SRT)
AAEEEMEGRIEO FARAHGICE W TH KBTI VX — VERBRERN 80% L L&
L A-SRT O FRRfEZ£TRELT, ROZFEL TNV D,

KODOZYEIZ OV TIEHBERAET 2L EITH DM, S, #HN 8 ¥ —10 LEH R 5
ERG L L, BH O ASRT O EEME (RO THH) OME A-SRTITHT 5 (LI 1155
A-SRT fb] &\ 5) ERISHICK T 2R (KOTHHE) LoMEEX 1 IZEHLZ,
FOFRER, MEASRTHEN 1L EORINICHONWTIEZ, — ot 2 —2 R XmbRENIET
90%LL EThH oo, —F A-SRT D 1 & FEISZAERINZHOWTIE, £ < ORI TR
HIKT L7,

Fl, M2IZHANT KX —LEEMMIZHD 2 DO (FHH A - B (I
DWT, B A-SRT bt &L ROBEMRZ R T, Ml BARY TiX, LE A-SRT A 1 %
TEY ., A-SRT OEMELN L EME 2L TWARhom, #W T Z—LERD |
fERIFFEMEZBEBLT 0% ETHo7z, BIRE L THILMERE (ZHELMEBEOES)
MERDZENEZDNETD, MHEHHAIEE LN 2 =128 0T, IHEB RO
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S o R
=1 A-SRT-mHEEDODEHK

H H N
A W BE A-SRT= 20.65Xexp(-0.0639X KiE) « - - D
A-SRT LB A-SRT=11.0Xexp (0. 0525 X /K ¥) (FXKMRT¥® D0=1.0) XD’
- MLSS A
A=SRT A - SRT = Wf&Htitb®  «x S5 WE x KSR
RGN x RENGIES P2 N

B 1 A-SRTHEFRIERDOBEFZE (22FE) R 2 A-SRTHEHEROER (24 £E)
il 1k % s oy = NHa TN NH Nl )
NH , - N, in

NH,=N, in : — PR H K © NHy-N J2 B, NH-N, ef o SOSAE R S 0O NHu-N ji B2

. REMBLUESRMICEITI2EMFTETOMEMABIRS LK UHEILEAN D LLE

ATTH M AL BRI I DWW T, EEEECKERBICEAT 2 HERINELZITY L b, 1§
PEVGIR P oMb E S (7 =7 B{AME (AOB) - Hififf# F LM & (NOB)) < ffb iR
(T =T BALEE - SEEmBReEE) 2EL . HNEY Y —DA LT,
AL E B OB ET, ERHEA K20 A2 0W7Z &, FISHEIC LY, Amman 5D J5
BV ICHEL THT o 12,
3.1 AEXNEREHZONEAR EZEER - KEKRR

Wk 24 FFE T AWM B YRR 28 3 A ETCORMANE Y ¥ —B L OEBLEIGIZE T 2 Eik 5
s L OKERMEZ £ 2 1277,
A SR E LS o 0B T, A LBEBICHOVWTIE, RIS 4BKEDH b
1A BSOS O#EL A0E(1T~4 AIXE SEIEICAT v 7HAIED 2T v 7 A0
). BALER S IZ S W Tk, RO IS R BE 1 72 W AN A URE BT BY 20% Z ML KR TR T 5
PAVETHD, —H. A THENRE L ] X — 3Gl 2 AREO 9 BLE 1A
ZHIRIBA L LEELAOETHY KB X —I13 A0ETH D, £, BEHRME kL L
T, N B Z—0n D0 —EHIH TH D ORI L., %ZHH A BAEE T, 1 HDOAR
EEEDOREICIEL T e T OEBERERET 22 -Vl TH 5., % D7 DM H
ALFRYE CIIRE N O DOEE N E < Y 6.6.5.6mg/L & IEFICHRIREREE L > T\,

ALVER IR P D WD Tk, S m LB S CIE KRN &I 14 CEHANE ¥ — KD 3~5CIEM»
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ST, M B AEG IZ oW CiX, PR NH-N JRE N HE KT 1.0~1.6mgN/L . NO,-N
BEITRK 0.4 ~0.5 mgN/L Rii T, Wi{LIZBGFCTHH-o=, —FH., W T Z—iz>W0
TiE, NHoANRENRE KT 7.1 mgN/L, NOo-N X 3.2 mgN/L & 220 fHLENIKTFT 5 2
EMBoTl, EHMUEGIZENT, XL EL TWEEBO—>2 L LTI, iAKIE
10C% T2 b IS U TR EZRE L-EELEEL TSI EEZX L,

K2 AEAREROVEAXEESR - KERER (FTR24FTA~FH25F 3 A)

T~ RIRER 4

JtEos— Kt 4— ASLERIE BALIES

riehaiid SEBAOK A kA 11 5) BEBAOSE
EH | &N | (&R | F | &Y | &R | FE | &Y | &R | FH | &) | &KX
&R [HRT hr 9.1 7.0 123 17.8 15.2 19.6 9.4 6.6 115 75 5.6 10.0
SEA-HRT hr 5.4 41 6.9 4.1 338 43 42 29 54 338 238 5.0
MLSS mg/L 1,300 1,000 1600/ 1,900( 1,700 2,100| 1,500 1,100/ 2,300( 1,800| 1,300 2,800
%Jitﬁ.‘@ B 4.1 1.4 51| a8 35 so| 55 s2| 6.7 36 26| 44
FERIHDO 2.1 1.0 4.1 29 26 32 6.6 53 9.6 5.6 0.3 9.8
WHEA-SRTLE - 0.56 0.1 1.06 1.32 0.95 1.91 0.60 0.38 0.86 1.03 0.73 153
KB |[BRERERKE °c 23.7 17.2 32.1 246 19.1 30.4 17.9 14.0 248 18.0 13.8 252
BOD,in mg/L 112 72 160 120 78 140 129 67 190 141 83 200
T-N,in mg/L 24.4 16.3 32.4 355 293 435 23.0 11.0 350 26.6 18.0 350
NH~N,inEFF | meN/gss-hr 25 1.2 44 32 29 39 32 1.4 5.4 24 1.5 3.7
NH,~N,eff mg/L 2.0 <0.1 7.1 0.2 0.0 0.4 0.4 0.0 1.0 0.6 0.0 1.6
NO4-N,eff mg/L 8.1 23 122 9.3 8.3 12.1 8.8 32 14.0 9.1 538 12.0
NO,-N,eff mg/L 038 <0.1 3.2 0.0 0.0 0.0 0.2 0.0 0.4 0.2 0.0 05
e % 83.1 615 100.0 99.7 98.6/ 100.0 97.2 93.3| 100.0 96.6 920/ 100.0

BRIy ARLETALYEFANS  RAEAMEDKEREBRICETET—2&YEE
BOD,in: —iLFiHH/KBODIRE T-Nin: —LRHKEERIRE NH,~Neff: RISERIHT7UE-THEREE
NO,~N.eff: RIGHERIFEMEEIERRRE NO;Neff: RIGHERIGIMEMEEREE FA-HRTIREFRELE E LI TR AKE M E R

NH , — N.i
NH4-N,inf =
MLSS x % A — HRT

3.2 HEMLEEMMICETAHILHMEMEEILENDLER

FrEOREME EREICHEEMEEER e —T72FH L T A FNICEE L, Rl -
EBTA2HMHEEIC, FISHYE (fluorescence 7n situ hybridization) & WS HENRH S,

NI L OEMHIZB T D IEMEGIR T OMALME R L2 T 272D FHEL v T,
REFE T =T E (AOB) T D Nitrosospira g « Nitrosomonas J& O Hl B % %
WELE (¥3),

T ORER ., AOB MEBIL, BN, AN T OREKIZIE W TS A FIZTHRA T 2w A
RO NTN, BAKELTZV OMEKE L TIX, 10° 4 —%— (M) CTREEIZHE
LTWiz, @R T B =IO TIEHAFIZHMERDIREIBAOLTEBY, HILEEIET
LERERO—2EE2 0N, 72, TV E=TBILMBED 5 b Nitrosmonas JBIZ DWW T
. MBS L E TR RO DM B B 2 < e 513 A EE 23 i < g D ) A3
O BTz,
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< .3 DO=baYEFAE (AOB) |~
Wy

LR EE [meN/gSShr]

o = N W hd OO N ®
|

0 5,000 10,000 15,000
#AEE [x 1076 pixels/gSS]

B3 #MA-EAMULEIZOTVITRIEHMESR ® 4 Nitrosmonas B DB & WL EE
(/V/trososp/raJE Nitrosmonas I&) BKtVo-M Jbyh-mA QLIS mB AL IE B
4, RERMEEAHMICETIHIEEES L VHEEEREDKEKRTFMNEDLE

EHHOIEEHBRENDKIBRTOEEZZ TS WL EI DEEEMICHMT L2 &%

HROE LT, N ] B2 — LM B FKLHGOEEFGIRZHIL, £ 5 KIE &M
(10°C., 20°C. 25C) T7T v & =7 B bl fE & i i B M (bl B2 0 I 8 217 > 72,

T =T A E AR R KRR F A ICHERL L TAT VW NH N 23 20mg/L £ 72 5 KD I
NHiCl Z . WD I BE A% 240mg/L & 72 5 K 5 12 NaHCOs & . FABRBAGAIFICIRN L 72,

F 7o A AH B ER AL ENBR TIX. NOo-N 23 10mg/L & 725 X 912 NaNO, & . N o g
28 10mg/L, 240mg/L & 725 X 512 Z L E 4L ATU, NaHCOs % 3R BA 44 e 2 W0 L 7=,

SHiz, MBRICHWEFE®EHBREIZCOWT, R3LERTTI4~v—2 T, 7 rE=7
E&ﬂﬁ@%f%:’H K4 % @& {5 F ammonium monooxygenase (amoA) % Y 7 /L% A A PCRIETE
BITLHZ LR, TUVE=THBIMERZ —fFBEeE L, BB MEIC >N T
X, fRFEM R Nitrobacter J& & Nitrospira@® 2 BEIZHOWTEREZIT 77,

x£3 ABEHEIUNBOAWICAWSETZ4<—

Target Primer/Probe %%

XAk

| e | R IF pearesssicomeneccs |
| s | e corormontieenen |

*1 BRatthainnva a+ al 1007 Annliad and Fnuivanman +al Minvahinlam: R2A(12V-ATNA-AT19

41 RRHBLEESHMICETIHEEREDLLE

HANEY X —] B XOENH B OIEMEBEIRO KB OMALHEE TR S DX HITR
D NT RO IZE VTS KB FIZHEWMEEENME T 2 KBEGERBD DL,

AL R & LM E B OB E A D L, SSHZ 0 ORI EICRANRERITA SR
MoTen, SSHT D OMALMEEILREHAWIZEAD LB T, by oMb EIx
A, FEm e BICRAMICELS RoTc, MER® Y O LEE (HIEME) X, Eig
KMFIZL s TEET D EE DN,

[F ARSI T 5 AL MLSS 720 Ok EZ k5 &, K567 X5, TV
FoTBALEEICOWTIEEAA LD L RBEH OGN EWEIZ D - 7243, 30 6H R EE L E
FIZOWTIE, HE# L EBaCREE Th-o7o, £/, MLEEICEEL 52 5RF L&

T, KIBLCDORREDIENICHANL-NAMBE X DL, 22T, BHMMEEHZ YV O
N NHo-N B & il b O BIfR 2 BP9 5 & amoA (AOB) & 7= W @ NH,~N & fif & amoA (AOB)
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BHIZ ) OT/E=TALEH I ITIED MBI 2 b v, A O & AL E 235 i L Tz,

X 5 KR ETVETHRILEE & DB R 6 KR & BIHBRERILERE & DBEF

T FANHo-N &% & FHEEE DB &

x4 KENOHIELEES L UVHLELHEESR

EE B At A2— EAHBAIES
\
H25.12 H26.1 H26.2 H25.12 H26.1 H26.2
EHEERRE MLSS [mg/L] 1, 300 2, 000 1,100 1,700 1,700 2,400
e fmavessnal vel wel el ozl 2ol v
é(;ég 20°C  |(meN/gsS-hr] 2.7 2.2 4.1 4.3 4.8 4.2
25°C  |[meN/gSS+hr] 3.9 3.4 5.7 4.9 6.6 5.6
R )
10°C  |imeN/ess-hrl 1.2 1.7 1.3 1.6 2.3 2.6
BB [)0C [men/sss-nr 3.0 3.8 3.9 3.4 4.4 4.8
srer | 20C _[mevess- . . .
25°C  |[meN/gSS+hr] 4.2 5.5 5.3 4.7 5.5 5.7
AOBamoA) || [copies/mL]| 1.3E+06| 6.3E+05| 2.3E+05| 7.5E+05| 5.9E+04| 3.3E+04
NOB(Nitrospira) [copies/mL]| 8. 3E+07| 6.8E+07| 2.6E+07| 9.9F+07| 8.8E+07| 5.1E+07
‘H]]E%Z NOB(Nitrobactor) [copies/mL]| E&FMRET| & FRUT| E& FRUT 7. 4E+03| ERETFRLT| & TFRUT
" AOB(amoA) lcopies/esS]| 1. 0E+09| 3.28+08| 2. 1E+08| 4.4E+08| 3.5E+07| 1.4E+07
NOB(Nitrospira) | [copies/gSS]| 6. 3E+10| 3.4E+10| 2. 4E+10| 5.8E+10| 5.2E+10| 2. 1E+10
NOB(Nitrobactor) [copies/gSS]| &R FHRLLT| ERTFRUT| E& FRUT 4. 4E+06| ERETFWRLT| E&TFRUT
] 10°C  [tmev/cosieshl| 1.2, E-09| 3.7.E-09| 7.7.E-09| 5.7.E-09] 5.7.E-08] 1.2.E-07
é{t{é}; 20°C  |imeveoes-nd| 2.6.E-09| 7. 1.E-09| 2.0.E-08| 9.7.E-09| 1.4.E-07| 3.0.E-07
N £ , , ,
‘;“Ef)ﬁ 25°C  |meN/eopies-hrl| 3.8.E-09| 1.1.E-08| 2.8.E-08| 1.1.E-08| 1.9.E-07| 4.0.E-07
AL - 10°C  [tmev/oosiesnil| 1.9, E-11| 5.1.E-11] 5.3.E-11] 2.7.E-11] 4.4.E-11] 1.2.E-10
Bfe e | 20°C [meveepesn] 4.7 B-11] 1.1.E-10] 1.6.E-10| 5.7.E-11] 8.5.E-11| 2.3.E-10
25°C  |tmaV/copies-n| 6. 5. E-11] 1.6.E-10| 2.2.E-10| 8.0.E-11| 1.1.E-10| 2.6.E-10

4.2 EMFEDHEILEE DD KEKFELER
EMEBRE T AT AR OEE ZREMIERE a Z 0T a0 & 5 I
FOMIELTEY ., LRSS TIHREMEMR K a T LL12RELSR TS,
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ZZTHRARIKBEETHELET =T HERBR - BRI EERROM %2 A
WT, BN B2 —BIOEGH BAHEG ICB T 2IREMEMAKERDEZ, TRoLE
D, TRKIBICH T DMALEED BRI - Kl IIAETEZHVWERERTETZ N T
X5, ZOLEDME Tin(a) ] K VIREMEFRE a 2RO,

Kx; =Kx, xa ' = In(Kx,)=Txha+hKx, -—20xkha

20

7 [C]: ﬁﬂtﬁf‘ﬁ%ﬁ% BIFAEHKIE a [-]: BEEMERE
Kxr [mgN/gSS - hr] : BIas70o®= 7@&“33;}_‘_%) U < b 9 AN R R AL o
Kx20 [mgN/gSS « hr] : 2oc BIA7 2= BAEEES L < %051 EE

BEMEBREOHFHEREEZK S8IT/RT, TUrE=TBRILEEIZO W TIL, BEMESREK
(anop) X 1.OG~1.09FRETH O, IEHEBRETAVICBIT D LLI2EE LV IZ/NIWESE
ol N, B BLEG EHAN ] B ¥ —TKBEGFHEICENTAON 2o T2, 2
WTHNORHRICBWTH 2 HICEWE & 2o 722, SRT 23/ & < M 2N KIBEZEALIC 5
BRENES o Tt R I N, —FH., HEBRAEEIC OV TIE, IREMER
4 www&iLO&»Lwiaﬁﬁ%@\2%%%8&J@%@ﬁﬂﬁ%ﬁ@imi AN J o —
OIEMEBIR LY L KIBEAENEKS . KIBETOREELZFIC WEHAZED vz,
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OF7 EZTELEE (MLSSHT=Y)
MR 2— | EAHBANIES

E = =t — | s S ERE k 3 N=1 %
a 7}%? SHEREE| LK) | SLEREE | LK) ’0 MLSS#H1=Y 7 E=7EALRE (B AXE) LR OB R
Kia KiE OF HHBILIER 127 A BALIEIS12 v = 00487 + 04337
[°c] | [°c] [-] [°c] -] éifﬁﬁgﬁgg;g ﬁ R®= 09831
10 10.5 0.21 10.3 0.92 o ar mJty —12 A”f:' BALEEIS1 A v =0.0763x - 0.0509
15 1 A 4-128
. 20 210| 098] 199| 146 . AERIE A1 H P R*= 09988
25 25.8 1.37 24.6 1.60 _ O#iRJtys-25 o’ BILERIS2E y = 0.0867x — 03671
Ln(a) [ 0.0755 - 0.0487 = o 7 R*= 09974
a 1.078 = 1.050 - < 10 - /" ’0’ '
10 9.9 0.14 9.9 0.69 :IE . / .’o‘ Jtv4-128 y = 0.0755x — 0.5861
20 19.9] 080[ 209] 157 rd R=09995
18 25 24.7 1.21 25.7 1.89 K“t" Jtv4-18 y=00719x - 05873
Ln(a) | 0.0719] = 0.0763| - 0.5 1 i R*=09961
a 1.075 - 1.079 - Jtv4-28 y=00892x - 04185
10 10.0 0.45 9.9 0.48 R*=0.9953
20 19.8 1.40 20.3 1.43 0.0
2R 25 246 174] 245 173 ’ ) ' 3 X '
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Ln(a) | 0.0892 - 0.0867 = ro
a 1093 - 1001 - KiB[C]

OFE FHEERR L R E (MLSS&HT=Y)
AL Z2— | ESHBNIES

£ o EREE K 305t 2 =]
A ;J%E EiEﬁE—*f (k) Ei%ﬁﬂ—*f (k) ”0 MLSS& 7=\ E iR L 1L 3R BE (BR800 L/KRDBEfR
KR KR OEANMCRES 2 BALIEIB 12 y = 00739 - 0.2979
[’c]l | [°c] -] [’C] -] éigﬁﬁg%gé; E P R*=0.9994
10 10.1 0.21 10.1 0.44 =/m s BALIEIS 1 B vy = 0.0601x + 0.2247
20 203 1.00] 202|121 15| Ofmutyi-i2A y R*= 09964
12R 25 25.5 1.42 25.1 1.55 BALIEH 28 v = 0.0552x + 04163
Ln(a) 0.080 = 0.0739 = T R*=09954
a 1.083 = 1.077 = g 10 X -
10 99 0.54 101 0.82 5 Jf/7—12ﬁ7y—0.08x - 05827
20 199 134 204| 148 R1=00049
18 25 24.7 1.71 249 1.70 Jtvs— 18 y = 00795x - 0.2461
Ln(a) [ 0.0795 = 0.0601 = 0.5 1 R*=1
a 1.083 - 1.062 - Jtvi— 28 y=0098x - 06852
10 9.8 0.24 10.0 0.96 R?=0.9828
A 20 19.8 1.37 20.5 1.58 0.0 ) )
2 25 248 1.67 243 1.73 ’
Ln(a) 0.098 - 0.0552 = 00 100 o 200 300
a 1103 - 1.057] - KimlCl
OB EE DafE LB B it T R SaD T ML
TUOEZTEAGERE | BRIYEAERILEE 112

A ROET | FFE | BT | FWE

=] =] ] ] 1.10 4
128 1.078] 1,050 1.083] 1077
18 1.075| 1.079| 1.083| 1.062 1.08 -
28 1.093| 1.091| 1.103| 1.057

FE 1.082] 1.073] 1.090] 1.065

BERERKaDEL
o

128 1A 2R
—-Jt-(FUE=T7HEL) —©—-BREIS(7UE=THEIL)
—8- Jtui- (EEEEER L) —B8-BALEIS (FEEHEERL 1)

8 REMEMRHK aOEHER

5. HEMEESMICE T AHEFHFTRDOBEILHERLLE

MEEMATO FIEE LT, AIETERVLOOBETOEERS OEN L, HEE %
RERE L TV 2 M1 o FEJE 0 % 8 % 5F i ©& %5 T-RFLP 41 (terminal restriction
fragment length polymorphism) & 5, WHEEZ KT 2 ESME O DNA ZHiH L Tt
AR L 727 JAv-TC PCR GG S 7= % B E O ILE S 2 UM+ 2 HIREEZ 2 EH S ® 5 &
MEFEFEICHEER SN CRIORRIBETHANTE D, Zb 2B E®EICoEE -
B+ sz CHEREOZEEEZECTX D,

WRHEA J By ¥ —  Fhror ¥ — LM BRI 2IEM%HIEIRIZ OV T, Fukushima
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5 (2013) O FIEIZ XY Nitrosomonas J& @ T-RFLP Mt 24TV, 7 & =7 AL # i # %
HEd Ui R A2 9IZRT, B OEMEGJE T T-RF441 B8 LY (B & 2% 441bp & 72 5
TrE=TBAMEOEBEEZ T, AT bEER) T-RF491 B A X TH 5 2220
2. HEHE OIEMIGIE TlX T-RF206 A E < M &S iz,

WIWICRLEBRHBEEEZAZTH, HEHG L IXEBAMICEROL IR RO LN, T~
FT=TBRIGHE AR T 2 ME SN H R & B OIEHIHER TR 2D ERbhol,

M9 REEMEEAMOHECHEEZMTHER (T-RFLP #247)
ER#BFAEOE—Y

— ~{

H2T 1#mJ > % |

H2l 1 EA®BA |

ErEEOE—Y

If !

® @ ®@ @

MD48/135 : N. nitrosa (Nitrosomonas nitrosa) @219/270 : N. europaea (Nitrosomonas europaea)

®48/441 : N. nitrosa (Nitrosomonas nitrosa) @®491/491 : N. eutropha (Nitrosomonas eutropha)

10 T-RFLP @B#T#HER (BHARDE—7)
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6. MATKNEEFTRZER T IMBZICRIETITZE
6.1 RAEHME

FEHHOIEEBR CTHABLOMA T KEZ LB IEZHAIC, MEELHERFTEINED
DEMERT DD, IR T L 2N o0 EEREE 2 2 LMEMR L, K HEEICEHN
T 2 —BXOESH B OFEMRBIREZZAL, BN J & ¥ —0 G AKE
HGEMASE T, WHEREZIT o7, LHEEHIMIT 48/ HE L, KIEFFEELZE 2T 2 EEK
BRAa4T o7, @ 1 B, BN O MLSS #EE R X VR AR, AH KO % e R EE
(NH4=N, NO2-N, NOs-N) A J & L, AR5 A R L 72,

LG AT DIEMEB IR EZ AW T, A (&) HERF, KTk (F4HE) ©
2E\%m%ﬁﬁ%(?y%~?ﬁmﬁﬁ fAS e b ) #3Eh L7o, £ MHER
BIXORWMATAKIZOWT, #H 1\, U7 VHALPRIEBIOVT-RFLPIEICE D TV E=T
B Al Al B & e e R LM B oo M B R AT 2 AT o T

TRAKE I
15L/d 0.5L/d
FARK —p NN i N 5lik N RE
FARK [=F’) _i . > e
|
#A | M
’ I > ALIEK
s |
1 || pozt
LRSS | pHat | i FIgtfy B AL AR
V=51 | IKEE v=2L

mLss=2,000mg/t|_ _
HRT=8hr
SRT=10.6d
WHEASRT=7.9d (15°C)
| AT AT21—H—
ik )

p
BIEHIRE
0.25L/hr

11 ERLEEE

6.2 RERR
H)EE-K@E%%

BRHETIIEEEEMETH oo, IEHEBROEEYAER T 2E KL RD L5 &, #
@P%Sﬁf’ﬁ&fpfﬁ P SN N (S RAX (I N Nl SRy
(2) HHAELEE

B BB MR RE I X I L D IE G IR 2 A LT R AN D BN T & = 7 Wb 3 B - 8 f e f2 1k
HWE L HIZES R TN, & 4 BHEEZE CIIMRIOEENFRBE LR B2RD
ME#E - LR EZ S OBIRETh-oTH, 4 BHHEF CIRAKTHERET 52 & THEEE O
CEREIZ D 2 E Ny moTe,

(3) MEMRWHER

B 12 [V 7 &AL PCRIBEICKEDIAEMERDOF R Z T, it AKTIE amod,
Nitrospira, Nitrobacter ® % FLE N, IEMEIBIRICH T 105 1054 — &% —FE K
<, WMAKOHMBEENIEEBBROMEREOERICHE ZD2EEBIIRBTHD &V T,
Pmm%ﬁmﬁ%%ﬂ13U?&%%ﬂ@%ﬁ%ﬁ%&ktﬁiﬂ@%i%:omf\
A P AR E X T-RF491 <° T-RF441 AN J B X — X DAL E o 7208, 4 B 2%
THICONTHRLIZHD L, D] ﬁa%+ﬁ %@%T%<£@%hf®tTﬂm%
MBL, WL, HEERARINOME#ICTESRFPBE ST,
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UEDOFERENS, BAMOIEWHHERZEHNE L Z—ICHALEZELTH, N Z —
DWMAKEWNIE T HZ LICL > THNEL X —OIEMEBROMEZICESLS 2 RN b,
S, L, MAKICEWT, HEH OIEMEHIRICKA O T-RF206 2358 E M & T
WIRWZ D HEH OEMEBR CRIE — 27 BNEA Th 2 BIE., RAKHKETIER<,
BlEcsR ok (B : WEAAW (BHF., A A BE), KR, @i EEoR -, HE
MESE) O ThHd EE DN,

LE+10 - . e
+ /9//0\ amoA LE:09 ]Nltrobacter| LEL Nitrospira
o— y/e\\g?‘/o LE+1L —
o——"—T—o— I
LE+09 1E+08 LE+0 &=
0 0 -
p g D 1E+09 = RAK
o < ~ .
g LE0 @ LEO7 T /\\E//El 2 -o- #Hrts—
g ’_E//a g B/ S LE+08 -o- Ehihet 58—
S =B o o
[ 1E407
1E+07 B HAK 1E+06 | B HAK /E//EI
-o- BRIt 45— -e- BRIt 54— L1E06 [ G|
-o-RAhet I— -o- BBt 94—
1E+06 L 1E+05 : 1E+05
10238 108308 118108 115198 108238 108308 118108 116198 108238 108308 118108 118198

12 BERRICETIHEMETHDOLEE (Y7h514PCR &)

13 BERRICETAT7VEZTHRIELMERDLEE (T-RFLP f47)
1. F&EH
C A, WM OEMEGRICO W T EEE O KIBKRFEZ LB LZHR, 7227
BAL I IC DWW TIXEGH OTEMEB IR S R L FREICKEOEZELZZ T D LB bn
Slo, T, EAHMMALIEEIC S\ TR, FimHth o 05 28 B & i U COKIRARAFPE 2
MELSKIBETORELZZITICSWHEEREZ S > TV,
- EIHOIEVEGIR AW TR O FARKEZLBE ST D &, i OGP IE DM E & 5
AN OTEMGIROMEFEICIE SR E LD | {EVEHGIE O M B & XL R E O %
BrRsixidseExbNT,
XD, BEOMELZICHNIZESE SEL25 61203, EHRRAL LE, #HEK
fEZzMmit T 2BEND D,

=& Xk
1) Amann, R. 1. : /n situ identification of micro—organisms by whole cell hybridization with

rRNA-targeted nucleic acid probes, In Molecular microbiol ecology manual, 1-15 (1995)

2)  Fukushima et.al : Nitrifying bacterial community structures and their nitrification
performance under sufficient and limited inorganic carbon conditions, Appl Microbiol
Biotechnol (2013) 97:6513-6523.
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2-2-2 KXKBEEUVA—IZTEFTHAEHTILFILREDRILEKRVEE

BRUZEDIE (LAS) OEERE

fil i BR AR BR O ELER
M HA, A T

1. HE®E=

1.1 LASOYtEwAE

BT LX AR P 2K RO

ZoM (LLF TLAS) 2w 9o) 1k, Amis
PAIO—FETHO, HiRCTHEEZITH
BOKEBEMEOBEKTH D, EHEHT D O K

FERIT 1005 14THD (K1) VY,

LAS 1% 4 43 fif P 23K < AT C D R 5575

PDORRE R aIEEHT VXL X8

v A VAR B (ABS) (2 B A iR YE D

W REEMEA & LT 1960 FEARE I M1 LASo#ER

RSN, EERAARIIFEROEEREA TH Y AFE R (CFEAL 21 4F & T 55, 000t)
DK 8EEEDD Y, BN 2ENEBHESRALE LTV —= 7B m 72 EICE
bh Ty, Bz REEN LT H2BE00BACEE R oA /AL DT NICHERENT
W5 2,

1.2 LASOBREEESRTORRE

Rk 15 FICRBEREARIBICE S KEFBICHRIBERLEN —HBRES N, BEFO
TANOREREOREICE T 2BRELE) TEEREORSICHT HEERLEE ] [2INX, ¥z
NERAARBICBITAKEAYOEB K ONAEBREOHR2Z2 B TKEAWIRE2IT/HE DK

BB DA S iz, £1 KEEVORLIZHRIKEEEREE
BAEL CTlClign, /=17 BTV ERTHE)

=/ —J), FLTLAS ® 3 oM " J =)
MEIZ SV T, KAEEY O %’ L=/ L\AS
AR IS LTI L e e e v
TR T LI ERERED D ‘ WA 30 1 30
nTns (£1), £7-. = il R 50 0.6 20
BEHHE & LT, 7 rudk I EWB 30 2 50
VI, Tz ) =), TRV A LW KEB 30 2 40
TATE R, 4-t-F 27 F 1 A 20 1 10
T )= T =2, 4 % e A 10 0.7 6
CrmuTe ) —LD6Y PR S 2, 000 - -
W iR EHERS ED ATV 5, REALE 1 g/l

RBEEXEEOEDOLNTLEIWED HI> L, KEFGEDGILIEICHEKRKEERNED LN TWVD DX
HEDATHD MDD 2WEIZHOWTITER 2THEBHETED LN TRV, 2522V T
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HIF R RPEKREEEOREICHIT THRARREE TRIALPLREINTWDH A, LASIZONT
X, ZOMHHAEEVIEETRO R OITAEEIREK (2 R A ) b, il ik
REOZZFRPEHBG FELRD Ao 65265,

Ubodhx a5, KEAKFEA® X =128 25 LAS O A « Fi R it & OV i 18 N AL
HORIL 2R T 2 HBH AL VR 26 F L, VL 26 FFE D 2 NETITo 72, B, B KR
WA THHKREERELREFICAIN R 254 6 HICEEOK KLY 25t 5 L Lz FERE
HAEEIT-oTND (FERIITRAR),

. RAERABRLAE
2.1 RAK-HRKERAE

INFEFTCHEAKRKFBAEE Y —~DWAKF O LASIRESKBAE F —00 6 O K
DIASBEBEIZOVWTHERNM TN TELT, TOEENARPTH D Z &5, Fk 25 FE
R XEICH 52 13 KFEAEAE X —ICBWTESE, £F0 2E, FHi 10 BlZ ARy
FMEAK (MHEZFINE RS HEAIE. 20955 1 RINEREXRIE L TEHAK) Lz AK
K OV i K > LAS B 2 & L7,

THICHI X AL 26 AFFEIL, FRR 25 FEOPFEICB W THAK, BEKZERLZERT
EbmWEZRLEZZWME, AHO 2 kFHAEE L X —%2FRE LT, AKEOKTAKD
A 2MAE L7, #AEIX. EF. £ZF0 208, FET RN BIFaT 9 M E T 2 FER
A 24 RE[E L B L2 BHRAK RO K Z8AK L, LASIREZ M E L 72,

B, LASEEIRELEGEME TH D ClIO~CI4—LASOBEFEOLHME L, O
FIXREA S RH 305 (CERK 2643 H 27 H) AR 121CHERL, EMY 7 2% 0 TR
M L=kt a2, mEiRiksa~ 777 - 2T AEESHE (LC/MS/MS) &2 AW T
DT L2, BRIFAKGBEZHRAL TWRWZDEEL -,

LASIRERIE X, RO 3 RICEEL TITo 70,

O BHER AR, AEHEELZKTHEEFL, BT R KOA Y J — )L THE LIk E

M4 5,

QR EHRIZT T T A/ E T 5,

@B L 72 BHIW B AT IZRAFE L, IO T 5,

2.2 EYPRIEEATO LAS LR RAE

Wk 26 £ IS, EMBRIGSREN TO LAS OLBERM ZIERT 5720, g, AHO 2
KEEEL X —%xtB e LT, BE, AZFD 2\, KI5 A KR OIS & B 55 o
LR K Z g7k U LAS JR BE 2 I E U 72 o RS AE WiE AKIZ AR AT 10 R IZEE7K L RO 1 45 (8] B K
S OB KT ZE O T ERFFICERAK L 7=,

AR CEREL L 2B IV R 2 R £ 9 572, JISP 3801 ® A 5 F C TAil
L7eOb LASIRE 2 & LTz,

3. HREEE

3.1 HRAK - RKERERAE

3.1.1 RRy FEKIZKBHHAE
BIBAKFBELSZ—ICBT L2 ARy FPMRKICEDMAKERBFEOMH R LK 2 12RT,
B EFICEWTHIERREZ 7 7718, ITHICBWTHIEBAZRIZCELEDOD TS, (X3
UMb RO T LD HFITho>Tnd,)
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WAKFTOLASEEIZ . Z< DL Z—ICBVWTERLAEZTELAELEDLE -T2,
FOHRTEWE, INE. B, B0 42 —TlE, EELAZETLAS EEMN 2 ZLL
HINZE#CFH A, RESN

&L T,

2Ry NMEKTHEEZITo TWDHZD,

WEL, ZOXOIRRBREENELLEARERELRODIEE LN D,
6, 000
5,000 T------3 -- -- ' ] ---
-~ % B =Y E AR E 7 NES:
% 4,000 f------ | 2,600u g/L 8 2,200 u g/L |- g
S
~ 3,000 f------1 A --
B — —
g2 2,000 TR — AR =
w2
S 1,000 +ERY- R PR PR PRV
O T T T T T T T T T T T T
¥ o= w o# ok A W % W x F B K
il 1] gy B3 JI " [if] & By '?" {7 ] r
= T F Wy
AT uog/L
S| e | by a9 ol INE ) %a HEE | AX | HE | RE | FRr B
272,100 | 4,900 [ 2,200 | 1,800 | 2,700 290 | 2,600 | 3,900 ] 1,900 | 4,100 | 2,700 | 1,800 | 3,000
472,100 | 2,300 [ 2,200 | 1,600 | 3,900 | 1,200 | 1,300 | 3,000 | 2,100 | 3,900 | 2,500 | 1,800 | 1,200

2R v MK X D R K
Feii A B o LAS 1T

2 HEEUZ—ITETAHARAKD LAS I RE (FR 25 F£F)

e Ll

ey

HEORREZK 3IZRT,
FEAEDE U = THRRMEAMOBEREERAYE T b LW E

>
10 g/L (MBS - AW A) LV BIRWETH 72, AHKFBEEZ—ITBWTIE, KA
é

K LAS JRE X B 2|

AFETIILEALEEDLR2T-b 00, HHEKLASIEEXIES LA
TREXLS B, BEEOMFEIZ 10ug/L AKX ER>TWE,

20 33
L e TS = . ----
I B Nx=]|_
- 7 | B A - A
o0
S 19 6.1 g/l P& -S3%) T
) 2.2ug/L oo
g /— _______________
= 6
w2
O | s o | |% . . % . o |
. ey pea e
’if {A] ] i
X == iy
SCHANT T 1 og/L
S| s | war HH H )1 INE = %HE FEp | HOE | HE | M | Rk
S 7.5 3.2 5.0 33 8.4 3.4 4.3 3.6 0.63 2.3 3.5 1.6 3.1
A7 11 1.4 2.1 0.9 2.6 0.45 2.9 1.3 0.56 1.4 2.1 0.96 0.61

3 BEUA—ITHEITHMMAKPLASBRE (T 25 F£F)
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WMAK, BIEAKEBFAEICBIT O LY LASRERDCZDORERZ R 27T,

KESEEI D LASBRERIT, EF, £AF L HICFEHTI9%L ETHDY | i AKF D LAS O
FEAEN, EHEBRLABIZE S TRETETCVWDLZER o, £, TELAEOR
BHZOWTEZFIL UV A ZFDIE ) N LASEEIFKS ., RERITIZLFDIZI>DNEmroT,

K2 FEAMTORBEY IASEEEREE

B K § 5 F ] 4 F

X - 15 & pH X0 - 15 & pH
e A K 2,600 290 ~ 4,900 2,200 1,200 ~ 3,900
i K 6.1 0.63 ~ 33 2.2 0.45 ~ 11
bR =R 99. 8% 98. 2%~99. 9% Lk I 99. 9% L4 I 99. 5%~99. 9% L4

XIRE DOHALIT ug/L
3.1.2 BHREAZEHAE

MAK, BAKENEN TR bLbBWEEZ R LE=ZE, AHO 2% —%2&Ex L&
A= LT 26 FEOFAEZ FEhi L7 EAKP O LASIRE ORFH ZE & DR %
X 4 K OK 512787,

M2 —E bR LY 2EREORTEB L, £/, FR26FED L O R WIR
EOoWmANTIBH ST, ZHICLIMAKEORERERL A O )2 T,

SEER S VR 20144 1 H 8 BICHAT P AKEREEEE L ¥ —CTiToifliETH I AK
1% 820~2400pu g/L TEBHL TEY, Mt X —LRBEOHEETH-Z, UL, FFME
AR5 &, T O A TIEIEAK LAS 2 E AT 10 RFE2 S 1I8KFEHE TH <, £
PBOKRENIIMEREICIE T LTI, LASITAERYEKICH R T A WREEREW &N E
ZAO6NDHELTVWEDICK L, KA TIZ 128, 4FEIZHAKLASEENRE WS DD
FEATOL) REBOKREZBERTFTIIAONLo7- (K6), KMICEHTLIAONS
WIZEFEIZLY, KEHAXTTIIBREKOBEZEZN/ NI Lo bDEZ IS,

1, 800
1,600
1,400
1
1

, 200
, 000
800
600
400
200
0

LAS 2 £ (pug/L)

10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00 2:00 4:00 6:00 8:00
MEANZ T pog/L

10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00 2:00 4:00 6:00 8:00
1, 000 1,100 1,100 1, 000 880 1,200 940 1,100 1, 000 990 970 1, 000
730 1,600 1, 600 1,400 1, 300 1, 600 1,100 1,200 1, 500 1,200 1,200 980

M4 =ZABEKBEELUVA—ICEITARAKP LS REOKHEZED
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FELGSELERN (RRHEECRZNE) ORX

TEFAKEFEGE ZMAKBEAE X — HEFE
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1. F-LEEELERETOREDORRE

AR ORFE LD AORBICITEELIEOEANRA K TH 5D M, A0 IETIEHIR Y ~
JRBIOVERFEX I N BELD20, RUKIGSY Y 7 BETIILETCE 5 KERHED T
5, ¥, BHERENERTEZLR2ED0T A v b3 H D, Ko, E\RREX 7 1THE
AP RELS, £, PLIFABPILIRBERRELILETHLZ LD, ZNUDLBARE
ERNIET AV v PO BEE S, KEWEEE =RV X — (k% W73 2 0B A A §E
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ARELTHE X BOESELBEIROMNZ B L TWe, LT, Z0IFERFE FAKE
P —EAWBIOAF T+ —& =M & L[F T R EY 7 OB EGI#E 2R EZEICHFL,
A% NOx-N Gf, %% NHo-N G CEMNICAEZHET 22 & T, ¥ 7 N TORLE
EARMET 287 Tn 5 AL E A (RIS AE B S AL BR 295 - LR, REIF & WD) ZBF LTz,

2. BREVINABREDOREDHER
(1) FRA - FEBRAAT o 7o FRWLES o2
HEB L ONEREZITo L EMAKTEE ¥ —OWUBEROMEEZE - 11277,

£-1 BHABEELVA—NERZOHRE RS2 > 708, AZKE 4.1md
(R 25 FEDEE : FRIFHIE) EAEA 1 M & AR KE 10m e
R 51 wrn | s | x| me | A DT AJFEOE LY THER T

B TR AR (m’/ ) 118,860| 163, 260] 130,900] 45,710] 85,070 N L )
AHAZE  (m) 1.1 10.2 10.2 10.0 11.2 b, WInbligRlw X7 L
& (m) 6.7 9.1 9.1 9.0 13.5 — g V%ﬁéﬁﬂ LT 50 ffﬁ%:‘r—ﬁi)l
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WA (m) 5.6 s i i 5.7 EHELTBY, KIS v 7 RAKE
SFIIHRT (5 ) 10. 6 7.4 9.3 11.8 11. 1 = . N N -
5IEIR kL 0.51 0.56 0.59 0.71 0.64 BH—=Tho, £z, AL F—0
BOD (mg/L) 150 120 110 MR XTI D A 7 ¢ A OE|E N
s a IOk [ T-N (mg/L) 40.5 38.2 39. 6 "
(°F- B 7-£5) NH,-N (mg/L) 30.2 29.9 30.5 j(% l/\f:&b\ EIZ‘ E &i'ﬁ( El k ttf@ L/T
T-p (mg/L) 4.2 3.9 3.9 {):ﬁj\7k%7j§ % < R 73)/) . %?g/}%};ﬂf %_)
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Mz, BB ORI PEHENELS 78D &,
EBEzxDEMBTE D,
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BAKEZ 045umA LT L7 4L

ZTAHE L, 628nm OWEN S k -2 BRIOKEERFHEFAERER
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PEVGIRIR B i & H v 80 F A 31 TR RIE - & % i EO T S 20
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DO HIEHFFIC R EN T T2 & TR BRIERICRD EEXbND, £ 2T, DO il #KF X
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EMEITRATOT v E=TOAMEIZE > TEDL-> T 208, B TOREb % I+
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B -8 IZRT EoICmENKE (2012.11. 7~8)

< ETFL. %72, BE L NHeN :

W DAL O X LA L [roe=raen l

7. ZOBR%IE, P 1. DZh g o [ e A YR
ZH ORI % T LT BT o e Y -
X hmot, ZOEBE LT, ﬂ;xiﬁﬁimﬂjkrdmhﬂkuuf§
DO [ZREDLZEEITHK T DINE Sroo oo seo mmee oo weo  seo 7oo
PHEC PID FEMTRELER g gEFAH@HO N EEAEORMED
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AW AsO EER LV AWM TRLNALOEZRERNER TE HBH L LTIE., A0
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BAMORmNESICHIHETE S L HICDODREMZ HDIZRD TWDH72H . DEIETO DO
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EBRRES TS Y, AERET 5 5EIHE M1 3RRCEOHRE
HOBEMSR T e ST A EME L LRV T/NEKEAE
o — LB DN . NI -NFIEE DOREOMAETICLY, EREBEOERKEEE SO, &
ELTZRHKERN/GEOND EHIFFTE D,

IO LMD, YAE A B R 1 FEBORAZERE - #l#F5 &
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(] 3% A7 B ~ o BE S B (DL B A . A 138 P B ~ B [B] 3% i B 23 B (0L JE 88 B A . & U LUBE DS 4 A
Lo TRy, BFEERM L LT, MLSS 2 & DO 2% D [ BE AR T . NH-N ZF28 D [J & [ i &6
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5. DO il TIEX 2 F D2 #iD DOFFDE
B . NH,=N 8 T 1% D1 #1450 NH-N 3

x2HAEBEH
((a)DO il f# & (b) NH4-N+DO il {0 0 Ltk 8%)

RS, —EOMGEEM TR D LD & (@) (®)
E%@%m%%%wﬂ L/f:" M /111400~ 3/26 14:00~3/27 5:00
3/12 5:00

3.1 DO #ilf# & NH,—N+DO il £ i Lt &2 PP T L 1 #1 (7.5me/L)
BN . DO I & NH-N+DO Tl ) % bt @em | dsmgy | O NN EEEome/L)

Lk Ramd. AlEIE, Pl 26 4 3 D DO Ome/L)

AICEm L iE S E2E2I0E LD D, NH.-N B —

Z 2T (a) 25 DO 4. (b) A% NH,~N+DO il i) B % fE

ThhH, ¥ . NH-N+DO #I4 <Tlx. B [\
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O NH-NREMZ CHE LY L EDITH
L. BUEANE RIS B E B o %R 22500 T
B . "5 2,000
EFEETHILIICLTWS, Z 1.500
X 2 \—%7kiﬂ3;ﬁkﬁ ”@{j%;’(g\ 3 ! 1,000 +—m——
@R oMEPEREE, Malc 5 500
Dl\ D2 f‘m)f_i@ NH4_N ?}%E%i—\‘j—o fcﬁ%\ 0 T T T T T T T T T T T T T T T 1
%m%fiﬂ#laﬁﬁqzi@fﬁ\ NHd_N /}%E&i/ﬂ}E 3.000
SHIT _ (&} C &} DIEI%
RFOREMETH D £ 000 - . \
(a)I2 2\ T, Y& DO &% EE X g ’ \/ \/ N\
1. 5mg/L EARAKIRI & L TIRIED 72 5 7z g 1000 TN T -
ﬁi\BEEﬂi %Fﬁﬁfﬁik%ﬂ% CD % 0 | L L L L L L L L L L L L L L
S 3 /1~ 3 S Q N O Q Q O Q Q
IEIE%“C&;‘L\ I’SOONI? /h 2,\300Nm /h THERS \P.;Q \/69 '\/%Q S %%Q & o S
THRE, VEERENEN-TZ, KE
MCid. AR A o NH-N P B OKE M3 AEFOLRAE(E: (@), T : (b))
2N 1.3mg/L EIRBECMAONT—F.
19:00~23:00 @ X 91 D A& TRy 2 ) D1 () D
CT L MbNEEL b -7, 3128 —— DI — (D2
() IZ oW T, Y PIX, D IEIF?‘ Ed 6'0 AN /\\//\
PR EIT D2 HA D DO EF—EILHRDTZD Z 4‘0 LNL T T
cfé%ﬁﬁaﬁf%k%@%&zﬁom\f:rﬁ\ = 20 A
B A 4 % 8 C 8] B4 G 1% D1 Hi 5 o> NH,-N it 00 LA L S
ODEBIZADLE CTERENEREL T, NI QQ %90 QQQ %QQ wQQ
NH,-N ¥ £ 1% D1 #i45 TR B4 6. 0mg/L. SRR A
D2 Hi A T 1.0~3.0mg/L FEEE T 7
LR me/L BEIECHET S 7 4 D1+ D23 A0 NHN B
&L BAEE Al e LTI T X
TWi=,
#3110, EROBMBICE T BN &3 WERE LK
Fifi 7 A K NH4-N J2BE RIS o & 2 2% # A NH N Z2ERE | REKkE | REAkEEER
B, WHEKLEEREL>F LD, T {E(mg/L) | (Nm®/h) (m3/h) E #9{E (mg/L)
WEAN NHo-N B N OVLER K 222 B iR E (a) 22 5,240 884 8.3
TR EREEA2EE TS5 LEmMBIMT (b) 20 4,780 883 8.7
(a), (MIFIFTRELHWTE, £ £1 EEEE
D7 T BRI O TIPS (b) , e X
IS5 BB E G- ((C) NHs—N %I #0 & (d) NHA-N+DO %l 151 0 Lt &%)
NH,~N+DO #] # C 13 AL B Ak NH,-N 2 5 % © @
Eﬁjfﬁﬁﬁﬁé %UT@VC% %) - k ﬁlg DO HA R 7/3 18:00~7/4 6:00 6/17 18:00~6/18 6:00
il A R D A 7 a5 25 R 28 # ) S 7z 11 %5 3% B~D : NH,~N & %0 B ¢ NRN %“Tﬂ(7'5mg/l_)
- EEZD, (BB E1E) (5.0mg/L) G NHiN A E1(6.0me/L)
D : DO #lf#(1.0mg/L)
3.2 NHe-N 5540 & NH-N+DO 1 N”;‘: 43 518 O T 2.0m/L
D L8 B i
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PAZ . NH4=N i £ & NH,~N+DO il £ % bt

LR e rnd, KFEAEZ, FEk 26
o6, 7T AICELE, RAESRMFEZE 4
E LD D C (c) A3 NH,~N il 48, (d)
25 NH4=N+DO il fHl T & 5, il & & . 4F
SR H O NH,-N R % 2. Omg/L B2 & 3
L& 97 NH&-N REME LTWD (RIE
8 D F I H v 2 OGS BE A K NH-N R
FErxmHEHRELTWSD, C BEOR
EENWE TR TWVD),

ST O XE &% 5RT, (c) TIX
ZWECIFFREOLEMEB Z R LD
(%P L, (d) TIE AR B C 28 @) 8 ) 25 22 72
o, TiX, ExdRo LB Y (d) TIELE
BTHIE FERREMELZ TNDHTED
Thbd, Frlz, (TiIH, CEHIEBEID L&
WEREME L TW5Z & T B EE DR
BEEBNRMZ LTV,

6 (2 D1+D2 #1450 NH,-N J2 B o L &8 & /R
T, (¢) TIX BEIE & CEIE DA G E &2 K
L EBHLEE2DL, DI HIAICKT D
NHANEEOEEHMN (D) IZE X TREL o7,

-
—

- >
0 — —

DFE R D2 HiE O NH-N JEE N K KT
5.0mg/LFRE LDl () LKL THA
BHODOKENRLE TH -7,

#5112, ERLomBIMICI T D G A
K NH-N PR EE . BOSHE O & 55 R R, ALK
PEFERELE LD, WA NN RE LD
B EIL () & (d) TRERENEN T2,

Dz &, NH-N 4 & NH4-N+DO
BiE., ERBIZOWTIZIERS LT

x5, — . KEHNIZITAE K NH-N 2

JE D 2 E M O Bl T NH-N+DO il 15 23

BENDEE XD,

4. HIERZRFLEDIKRE

2,500 === B CIAIHs
= 2,000 Dl A
E 1,500 -
\Z/ N ’ 7\ N
ﬂ_ﬂﬂﬂ-l 1,000 \\ , ~ v/l \\ v// Y ; ‘\
v, SOy Y \\,/
% 500 v S .
O T T T T T T T T T T T T 1
2500 R BIEI% —CIEE%
< 2,000 AN D [
£ 1,500
Z /
S USRVARVARY,
E - \\ ->o / \\ // \\
= 500 _—
O T T T T T T T T T T T T 1
O O OO OO OO OO OO oo
SSSSSSSSS5SS3SS
VD OOV O H N N O AN M <t 10 O
— — &N N &N &N
K5 AEFOXERZ(E: (¢). T : (d)
10.0 (© DI © D2
P p— 200 S I— @ D1\
3 /™~ ~f=
B 6.0 N /\,/ \y‘/\ / Y ! /‘X
% 40 > \/ N/ AN
z AL\
z 2.0 \VARVAVARRS W/
0-0 T T T T T T T T T T T T
O O O O OO OO O o o oo
SSSSSSS535823S
NV MO = N N O = N M < 10 ©
— = N AN AN A
6 D1-D2#hgd NH,-N B E
x5 WK R
RANH-N | XEAE | MBEAE | REKLZES
E Y {E(mg/L) | (Nm3/h) (m®/h) E 9 {E(mg/L)
(c) 15 3,830 1,200 9.6
(d) 15 3,890 1,180 8.8
S £6 HE5EOEME

INETORMBREELDD &, HHIE LI

BRBORR6DIOIICHMTELLEEXL, 2D LI I,

Bk & — ol R A0 MEHfE s I BV T,

KE - &

JA B O BLE D SR A I NH-N+DO I AR & % 2 5,
7277 L. NH-N#IEICB W TS, B EIE DK EES° NHi-N

o

REMEFEZMRFNT LI L TRELLKE

ZiFbh
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LAEERDH D, ZORIF, 5%, SHIEGIEE LR
CEELTWSBETORMREL > T 2EE25,

2T, Y ETIE, NN R EM & DO R EMOMAEXE T, B C K TML A
Pz, DI CHLEZRET 2EENAMETHD, ZHICLY, B CRIETOML - BLE
OFBEET VONRHETE, B BEREA VT LD HREOEEMBATREL 2D &
Ezbhnb, BB XEICLD L, FAMTORMAL - BEIZ., ARKENRREWVITE Y,
AR FEEE S L WIEE P, AT WVWE SN D, 3RS IXAZKEN 7.5m, #R
R EALE SRR 4.5m TH D Z D MEEE CHKMEToMALBERRFLE @S 5 &
EibND, 20D, ERFEOTRICEY —EORENEOLNDL EEX, RIFHE A
1T-7,

P IRk 26 428 H 5 H 16:00~6 H 8:00 IT, 3 & 5 s i i 5% o0 &7 Al A 1« C [A] B& HY
Ho-DEEHATILRHEIEHEK: - S0 L, 458 COMENE O R FREEITIZ DOV TREAfM
L7z, AEHREF, RTICrRT L, LEEHICEBBLRE LY 1,030m*/h 2 QLB L |
ARG BR IL 5B M L 72 2> o 7=, MLSS 1, (LM ERREEITICHERM 72D X o5 RE5IES
HES 2L T 2,400mg/L £ TEF S/ GEFRIX 2,000mg/L F2E), C[AE NH,-N &
EfE % 7.5mg/L & L, XA LS TCoOmMbEMA 5 —J . DEIEO DO & E % 1. 5mg/L
ERREHEL, D B THbERETSLIZLELELE, HEOKESONZFHATO
NHi-N JREB L OERBEIZOWTORMFEEE L, LEHKESFE L RERICR L
Ty ML DX 7T, EEERORFH FELYHEALKX 8 IZRT,

x1 FESEH (H26/8/5 16:00~8/6 8:00)

mEKkeE |REFR | BEibi® | MLSS | NH,-N 2 EfE | DO EE
B /C [@ & D [A &
(m®%/h) (m®/h) (m%/h) | (mg/L) (mg/L) (mg/L)
1,030 258 0 2.400 9075 1.5
B 7IEH b5 L5 1e B~C [8¥ T 1o i'*"NHiNEE:]'Q%O
R . . | kR R 5
bz z->>, D B CTHIbEREST D Z o ! . %m%%

LT, RKHIIT 1. Omg/L FREE F T NH,-N : i o
- : ! . [ 2,000
EARB &, 72, M8 XY, B~CH 5B@%(ﬂ% D[al# Z

B 1 1T T AT SO A K B 1% R | § \ 1,000 =
T 5 2. 2mg/L OEHBERLZIEBMTETHY 0 A — 0

IS AN T O AL - B2 O [R] 1T 0 il 3R 0 2 4 s ER(h)
T& 7=, 28, 4MBIXCEEO NH-N ZEE
% 7.5mg/L & L7, ZOEEHEART

NH,-N(mg/L)

B7 #REMENNERE - ZRAE

DI LT, BREBHRERmD DL LN 3 |5, . WNH4N ONO3N BENO2N
MELELLND, TSN TEAR g
ODRHBETH D, & 100
& C
5. F&H ﬁ 5.0 +
_ 3 :
GESE L SN e EAE o CL i & :

0.0 . :

AT CHIEEH D DR O

4ﬂ_ﬂ8 FRESHADEREREE
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T 5482 — M A O NH-N+DO Iz >N T, L RO ENE LT,

(1) NH;~N+DO il 8 1% . DO il 4l & bk R T AKEIZIZIERETH -7 b DO, PEEE TIX 10%
REMZ NI,

(2)NH;~N+DO il (X . NH,&~N HlH & R TR REFIFERE T o2 b OO, LFK NH-N
BEOEESHNMEI SN TRBY, KEMRZEENE»-> T,

(3)B~C[al & Ttz Mz, DEEE CHlzEET S L) B EMET 22 L T, 5 E
FEER CHEAL - B 2 R ICEIT S E o0, AHAK NH-NRBEZBIFICHRTDHZ LRG0
> 7,

(4) Bk o X 5 10 iF XMl TR b & L 2 R R AT SR, LR ERA Y I L 6T
IB%FEEE D E R IRMA AIEE T H - 72,

WMHIE H B, SRE S EICHBERARESNN TSI X —ThiiE, NH-N il o
MAOHTHMAAIETH D, Hl FECKEMOMEERZB IO b, &F&
FRIMAKE/FEICEDLELFHEAFAMETHY , WHERH W EE XD, BlE, —filE A
OfeEICREFEIND LT, R KEA2#HELOODBEBNEAZHBL TV ZENRFOEE
MR L 7> THE D | NH-N+DO HIEHIL A % b EIRAIICIB R L TV lifE D & 5 il il /515 THh
HEFHZD,

& E Xk

D EREFAKER BE SH—1F»: “@ERFELEZHAHOCEZEAHIBEICH T ZH 2R
R, SRk 26 AFFE R KEAMFIE R RS,

2) A BERE» A ZE_BAKFBERVY—ICBT S HEHEEROBGHIZ O W T (FFIH
), R FOKIE R R A 2014,

3) EE FJIKIED : T UE=TFE DO G2 AHWEERERBE S AT L0, EHEEHET
KB SRy BRI A AR ) 2009

4) FEEIED  FREICB T DB EMREERIC OV T, HAES FAKER BT
2012

5) EE A m LRI BT AR Y 7 ORI, 5 50 [ TAKENE R RS
S, p.829-831
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2-2-5 MMIBHRELEEAIRILIF—MEIDEODORXT v TA0EDNIEEHE

&
)
&

TAGEARL i 2B _BKEEE X — KEEIR
Oft—# H—2 /NREE R

1 [FL®HIC

AT w7 A0 BT, HRABEBBEFSIEE BB, SOICER - VAREROMB ENRIAD
DY JFNER LB FETH LY, KA ORI EE AT, WIS TKkERAT T
MASHEDZ LT, DRMICMEZITOZLENTE D, £72. DEWVIHLIETERAR Y 7 TE W
EREBREENGOLNDI D, HMAEBBIRFIELEHASTERA XA =RV WAEARS 5,

Flo, BRHEL, BTERAT v TRALRLE — - B KM OmMbEZR &, MKCER R IR
B LR THBEENSZ W, BT 225ET5 L, 2O IFAEMERCSLE LR RIS
WEAGZDLEZONLN, ZORIZEAT2HE-HRIZIANBGITEL T RWERED D,

ZOLY e, ¥ X —TlE NN —ERIENARECTH L Z L oMRAEEN L, BIEEAT
> TR OV G SAE R A S S AL BR P RE - S R B IS 5 % B 2 B BT D R A & TRk 24 AR
Hfkfe LT\ 5, Fpk 26 428 LR O B © . OB XS BOD-SS B fif & D A DFREMERE & O BIR
RQOFE K OM bR & NEXRE L OREICEHT 222 Mm AN E b, AR TiE,
INHEFLOIC, WEEREEE T RIA X =DM OO DLBERMEITHONTHRG L7 E %2 H®
HT 5,

2 ATy TAOEDOHE

2Ty 7 A0 EZ B LIZRT KO, e, 5 — SR B A<, 5 R,
B A RAE D 72 0 B PR LU K T R R O IE 0 RIS ATy TWMAT D,
BRICHD DHKFE~DOWMATKEOEIEGEZRIEAT v 7WHMALCLT AT v 7)) EEHR L,
HWHE 0.5~1.0 THIET 5,

SLERPERET TlE, & KM TARMR L7 NOx-N 2 " EREM THET L2 & THWVWEER
EREBREMICEOND, —FH. UAREIZOWTIEL, FEITHZCALEK &AL T RS 2 REFEIC
BRORLTVEDORENHD DX IIC, YUEFIEOFRELE 2> TS, LLAERL, ZOM

— FRRM (250) — K

k g 17emes0 4 &L H(790)

— Rk @V, % mEFHN(2900 t
I[‘ 8 = 175 48(3400) 48

@ »

() : #8758 (m3) @:NHANF
B1 27y 7 A0 EERTER
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ARG D 2 LT, YL IEIHR R A RIEE L REU EORBKE 2D Rf L ¥
— CHEMR T & DH R R ETE L e V15 5,

3 VARBLXTY T
3.1 HBAFEBOD-SSLLEMIBAKEYARE

R X 5T, AT v 7 A0 X,
DAMVBRIZEREDN H D, LI L7 N B
W T av XA EZETHE. AEYN
3 B RAE I fS S AU, BRAUE
e FIFRIE L RZED D A OBREMFEN
BondtEx2bND, ZODH,
KA T BOD-SS B & ALERAKED A
REZFHMEEE L L CAT v 7 A0 ik
DY A DEREVERE ZMFE LT,

2%, AT v 7 A0 Ik &R RS
FIKIEDO S T BOD-SS Aff L
BRI AVRE L OBRE R LD
DTHD, AT v 7 A0 IEIT R 25 4
1 A~2643 A £ T, BKERETR
HEIXEE 23 4 8 H 76 ik 26 4= 3 A

wiEkEY ARE (mg/L)

2
1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0

]
s @ AT v FA20E
& A BRI R B A RE
\ o v = 4.49¢3-99
\\o R? = 0.7895
A
0 0.5 1

Ik < FEBOD-SSER T (kg/kg-MLSS/d)

2 BOD-SSEfEEYAREDEE

FCTo, H—REMEELZ 1 HFEE BOD 2 H W\ TE DR LB LA & BOD-SS Aff 2 258 L7-,
CITT— BB AW AAERE TR SO, R OBBREHOE NI D (AT v 7 A0 5

fi BV Rk 24 4R FERBRBIBAAR) .

280, AT v 7 ALOELHERERELRIEE BT,

BOD-SS # faf 2% 0. 6kg/kg-MLSS/d & T

F% & BIICABKRE Y AREN EAT2MANB A 6N, AT v 7 A0 IEiX, JiA F/K BOD
RERTRICS Y AOBRERENLBEMZET D EOREYRL DN, 7T—2EN D72 FHX

25 R IZEE T E 2V, DT X
B T o BOD-SS A fif & i < HMEFF T AL,
WALERE I 35N T b B A i 5B 4 Tk & T
LD ADOBREEENGEOND EEZ D,

3.2 RFy Tk MEBKREYARE
AT w7 M0 HETIEHAT v 7RI L B
KAl D MLSS Ot AN FARKEZEH L, Z i
LW AIAE T BOD-SS A LT 5, X3
I, K2 X0BoNnd AT v 7 ML0IEICE
D BEAE BOD-SS Afaf & ALERAK A D AR
FE D BB B R QUK I (LEE K B
1,000m®/h, BI&A# R S MLSS 2, 000mg/L) 12
B DHA T K BOD JJE & LEE KA AR
ERSEHEOMGRE, AT v 7T L FE L
Db DOTHD, K3 TiE, A7 v 7R

(mg/L)

1
114

WIEKE Y A

- 124 -

2.5 T

— X7 v 71 0.50
----- AT v 7 0.60
\ —— 27 v 71 0.70
N\ | - 27 v 7 0.80
\ ‘\
\\
WS
A\ V
W\ N
s\ N
A\ \\
\\ N
NN
50 100 150 200 250
BOD (mg/L)

3 BOD &Y AREDERE
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< RDIZOoNAEY A-BOD IR R AMKIREMIZS 7 L TWD, 2R LD, X7 v 7R
I IE EWEAN T 7K BOD IR FE AR T IRF I b\f?baa@/u/;af”ﬁ)ffwﬁﬂz%hé k%x%méo ZD
Tl AT T MO IEICEIT D AOBRESEREICET ABEROGR LY EEwmS—EKT 5, -
2L, A7y A 10115 < MR E 5 (A0A0 ¥E) & 72 D | I Y /ﬁ&f@zﬁ%ﬂﬁc:
RHEBZLNDLDO LD,V
IR 2 ZERNZAT DO T D AT
v THIZHOWTIE, A% bmaE

kil A7 v 7HAK

200 —¥
fLﬁ'ﬁ‘ DHUVEND D o 17.5 i =050
- 15.0 —74\ —=—075
3.3 KERBEADHE 2125 PR
RN . o @ 10.0 \
AT 7 N0 EOREME W s T\
BEDBBL T LD D . NI T 50 N
o . AN 27 S
752 2R & R R & 7 o C = 25{ N s .
. : © = 0.0 £ I——
NOLEALRDLT, ZOTD, ks = HR  RER R
KBS ST 2 AR VR ASES < WmER
KB AR I E KD VRE 4 RIEEBTOY ANERR
S — B E | P L 7 B fE R (H24 4 11~12 AAERSR)

mED, BT KEDOLA.
PRI IR EFEFR CRED T
7}(5’9@@@‘62%%‘5%5 Z 3: R

BRHA T K
------- AT v T WA FKE

AT vk

— 20 ARE

5. KEAWIZHLEZEWIC 1600 35 =
Akﬁ%ﬁﬁt%@ %ﬁ&@ 50 3
WESLANFRE L 72 B, E1200 1 25 B

ANT SN PO4—P R D E 004 - 2.0
RULHRE AT W B . 152
EThd, ML, 27 v 7k 400 + P . 1o N
0.75 TIIH " HERERFZEM T O o T LT HHHHH , 8-2 S
POPHHI LA BN TED 8 = 8 8 8 8 8 8 8 S Ii‘
5 AR B O PO,-P R EE R S 8 ¥ B S Ao A N
# 3. Ing/L ARV, = DD, 95 MIEKE LS Y ARE (H24/11/26~11/27)

AT w7l 0. 75 IZBWTIE, A
Ty TMATKENZHE L, H

1600 3.5
TR AE T O HRT SAMITIE T . - 3.0
LEELEAICH, D ARBIZKE = 1200 7 - 25
< A
E

S A ;]:ij;b\&%z_g;}fbé CEIEN S e 2.0
N e 1.5

ATy T - &Y AREE (mg/L)

2T, BEREICKTLY A 5. . ONA T
R 4 MR Nk 1.0
VB2 AL O aw . 400 oo o n ﬂm " 1
§ & A #, O{JILAT ~H:|1]" |_| uﬂ' 0.5
7J‘<E0>i—EEIéjJD H% ‘\— X T \y 7 YﬁA—F‘ O TrrrrrrrrrrrrrrrrrTrrTrrrrrrrrorT O O
KEDO S ZHIN S B 5 &l 2 M g g g g g g g 8 g g g
MLz, M5iX, BBbhxT S~ TEgagsgqg-

v 7 0. 75 —EHIENL X 6 1L A
7T 0. T RFIZ 3 1IZHE WV
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ATKREDOHEIMIZfE > TAT v & i LIz i o LB K 4 %1 BFAKBERT Y IH

LT () S [ 7S < S < SR~ D R = - — p—
Dh{&gq)ﬁﬂ#‘ﬂ{tf&)éo‘ 5 TILLUSH ?(}IL]\T7J<E FATK | 5 | A A
L HITHIKMETMATKENRENML, 0B LIES < LT = -
B = Tt TK=

BAEYVAMBRENZALER L, —FH, A7 v 7HoOFEIC X 1200 0.60 220
D, HEER~DOTATAEE —EICBREDOOAT v FHAT 13w 5m s
KEO B ZFEM S E721K 6 Tix, 9/25 1:00 75 i A F AR 1'400 0'60 220
NEAMWMLIELOD, FOHOEY VEFEO FRIZR R0 : '

) o o o 1,500 0.55 825
ST, TOEIHIT, BEEFICEAT v L TEEE LSO, K 500 050 500
BIZADYETAT v a2 HHIET 52 LT, KEAHEKICZH : :

LEWIR D VLB ATRE & 72 D

4 BRBRERLWVEZXERE

DAL Z2 ZEMICAIT ) T2 DICE AT v T CTOEBNEE 72D 2 Ll _ 7=, LI FTlE,
WVERVERE 2 #E R L > oL A B 2 K T &
DX REESFEERF LRI oW

THET D, — g
4.1 E—FEENHNBREEEERE ]

— AT e R 3R A AR T, ALER K
NHoN JREN B35 L ZBHEREERNK —/l’

T2, —H. AF v S MO ETOER 7
BrERIIA-1 TRD S, B ISR j;%17<
OONLN O BB R ST 5, A e

K NN B DBEIAE 2\, = O ;jl//

W CMALE LTI, NHN A e

% Z LT, AUEEZK NH-N JEEE 2 — i IR ]
LoOORERELRELH S LI LRT — &

x50, Yprx—Tid, M7TICRT & ] s—wxm
91T NH-N FF 2 3% iE LT — AF &l & 5 <) g=nsm
TR BV T NH-N — EHIE 21T o =
TV, 22T, BERBRERIIADLDET & o
ERENETTL5E. WA T KO 7 FSETER

7R K E AL, MBURDUCIE U, LBl

REE QI LAD D DEREE oy weny

WMTEDHEZEZLNLD, N 1+R,+Ry, *
Z 2T, JLEK NHN RS2 — BTk

HLOOEBRERNEHT H LD, K4

KAl D NHi-N X EE A 2 H L CHER AT Ey :BEERERER a: AT v 7k

_ NH4,,
" NH4,

k
V. EREOREREEL. KB IXA R B R, 15 VRIE % M
7y TR LOH A NN BOEIE vpay « SOSRTHEA FKNH, — N i
EREELOOMRRL ., WHKEDHZVIE  yya - <M 1 NH, — N
REZ LD THDH, BEEITI
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B4 KA O NH-N G EfEZ . A7 > 7k 0.75
Tl 5.0mg/L & 6.5mg/L. A7~ 7t 0.80 Tl
7.5mg/L & 9.0mg/L & L., &5MT 1 HERE
HGERR U CLHB L7, Zeds, ALELR L o bk
DI, WBLKECIGIRIRE &, BE/K NH-N
BE. PR EY L REZEEICONVT, #
WOEHEEFR 2R L, I8LY, 2T v
7B 0.75, 0.80 & % T8 — i SR NH,-N 3% & i
ERSTHIETCHEBERENKT Lz, —F,
WMHEKEIZOWTIE, EEFBENLEALEDL
OO, NH-N BESLEYVABRE IR R —T
Tho7-(F2), TDOX I, NN EEMZE &

CERELTE KMo ZmE 52 & T,

ERRERPETT 2T, LEXREETE
HTEHLEALND,

8 HFE—1F=AE NHN

®2 FRHEOLRERR

REMEEERE

= - T
j; MEKE | HATK %_N;‘; me/L _ ;_Et%m'";:) 2U4 | 2EE
" m’/h) | K& (°C) . R0 38 7K * o ey (mg/L) | (mg/L)
0.75 1,060 26. 1 5.0 1.0 2,770 1,600 0.2 5.8
1,020 27.2 6.5 0.4 2,100 1,720 0.2 6.6
0. 80 980 22.3 1.5 1.4 2,892 1,941 0.3 1.5
1,040 21.4 9.0 1.9 2,582 2,085 0.5 9.0
XE— - B P E M NHN B BRI B 5 3

4.2 F— - -F_PFK[ETORELESE
JLEEK NHAN BER —TBIZ bbb T
EREMME T 5 HREIZOWT, F— - 5
TR OMALEEED S B EE LT,
91T AT v 7H 0.75 & 0.80 BRiICEKIT 5.
KR oMb R & B EE OBREE
RLEHLDOTHD, RISTHERA TKOKE
RKERBBOR—EERD L IICHAEHR
ZEE L, AL O NH-N R & LK &
BB -0 O b EA B LT,
9k, 2F v 7H0.75 £ 0.80 & BT,
K R TR AL R & T 6 R B T ] e A B
NGNS & LB, B 4Kzt
AT AR O 07 ST ELE AR O X 23R
RNT, L ES Y ORREN DN

% EE (Nmd/h)
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x3 AEFOLERE (n=6)

_ FRATKZE(m®/h) HELERIRE FRIREE
ATYTt —
F 30 ATv7 (m*/h) (m3/h)
0.75 650 220 140 430
ENG o T,
ZOEBEIZoONT, KEHE L 0.5
Wi DB R L, KEMER & 04 -
LC. HEMANCOERMBE o
DEENNET S5, K10, £3 D03
I, EE 25 25 HICHAE L2, B 0.9 -
—MEFREAE AN O O AR
N E TOEMIZEIT 5 EMEMERSD 0.1 -

D EEH O FE (E260) M ONE DD
WEHARMTH D, 72k, K10, £
3 EHiZ, 6FEIFHE LM AR
BFPHLIZbDERLTWND, A
T w7 A0 ¥E TR, R LIRIEER AR
YTIMINENZ LG R
FHCToOMEEN VR, RET
DA IR FE ORI FIT/NE 0,
—J7. I ERBEMTIT, B4
KA CTHERK L7 NOXx-N 222 ET 52 b, AHEYIEE ®ﬁﬁﬂ%ﬁk%V\I10’ﬁ6
nskisic AEﬁotﬁET% RN D E260 13 0.4 &, - ERREMAD LT
FfETd > 7223 5 <A AR D E260 13 0.2 & M‘%%fﬁﬂﬂkw&LTB%Efﬁm
L 7p o7z, E‘th LA B IR EE MR
BRI CIERICIEE T2 2 0nb, 20
SRS AR TR B 7 0 PR A & (550rpm)

Yl n—REBZ D,

s OFE & LTI, K0S i 50 (500rpm)

K 5 fEmE FE B E A &A% (KLa) O W L //
DEFOLND, 728, Kla ZFKMEANT

DEER AN 2R TIECTHY | Kla <mmmy//EEE§EE
DEVIE EHEAM Y720 OELE & (200rpm)

DN 5, BEH G SCH oA PN o i Ehik
BUE KLa I BERIETLEZHND W ly =0.050x + 15.0
23, Z AV G i (-2, KX-3) &
KLa ORI 5 BB T 5, 111%,25C 0 50 100 150
PEISREEA TACE 0. L /min TR L BE$IS & U Y 5018 (571
DO K 550rpm F TH & (T[] #53H E %

B TS L. & EEEEICHET S X 11 [E% - GIEE Kla D EE

u»yman

o
O MBS | W
D MBS | W
O W% | W
neax | w TGN
O> B W
OOEE 9 B |1 W
o> |1

=
S

E260 BIE#ER (X7 v Tt 0.75)

KLa (s71)
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KLa ZHIE LR TH D, 72 )

B, EBRMERE L LcEige O6F j—;;—%77//1\##t> -2
DB G % BT H -, [l#ELH >aGh o ‘
BEIER-212 L0 GIEICEH L T G= =W GEpER) -+ - K-8

W5, FKIZELND X 9IZ
KLa D FIHE X 1565 Td - 7228, CEEIRE () o o KO (kg/m3)

GfEE &BICER L, &iCHIC C: RIEEIFE ai: HIPEDAE(M2)
3sTTEAIHMED 2 f5LL EofE & vi @ JEPP A (m/s)

eole, Fio. WEOESRMEIX u o AKOKMELRE (kg/(m-s)) g @ B SN E (m/s)
Gl 90s™ ! Z itk L C 2 RDITM Q: ME(m3s) h:fEKAKIEH@mMS) V:AAEE(mS)
BEHRTERTZENTE, G &
Os'LLETIEX, GIEN 1s! E&H

)

x® 4 %ﬂ;—'ﬁ%’émuml FYEBMY S GE(AG

T 5 L2 KLa 28 0. 24s7' (KLa #1144 ey \*“—ﬂjﬁ
B 1.5%fREICFEY) L R&EL A = 3
THLOIT o T ‘%HEJ: KLa & LEKE 1, 000m"/d

)i, A Kl RS Exk 0 0.2 / RE& : 0. 14
BIGR % A0~ 72 BE SRR S0 IE, KA =

EaE 2,320 3,370

N E U ikkﬂ%@%ﬁﬂ WS KLa b e 5 1
D ERHEERKE L 2B 2 &R FE;B : 1
EhTn50, KEBRICHEWT, H ma
Ik, GAEAS 90s 1 (400rpm) % 48 % ATy T
HE, ZIBOMSbNEE D Z L&
R LT, O b, R AG(s™ 0.75 | 0.80 25.0
OEENNZEE S Kla EHF 12>\ T
b.AENINS VIS RE N EE S 145 | 15.6
5D,
FHRAABOLEA, 6 HIZX-3 TERZEIND L OIC, KELHEKHEOBEETHSL WV, =

D=, MEKENRZVIEE, MEBEOHNZ VEE., HBEBOENBRED, REOKESHE RS
DOREE FEoF#R 2 I, FH R 2R PRt ’isb\f%ﬁ%%@‘@k%ﬁ WERVEMMT 2% G flE(AG)
EHELEMREZRAICRT, R4 X0, FEHKIEOAGITE KT 10s ! FBRES
Moty YIS TIEE— - 5 g5 L ?b BRR ORI/ S < AT 2 K7E D A
RS, HEEMEOHEINZ LS KLa FASHIRIIEWVWEEZ LN D,

4.3 FE—1FKHENHNREEDOEE
THNETORMENS B4 KA O NH-N 3R EE & LB K E %é%?%ﬁ?&o“i;ﬂ%k@séﬁ
THFRAE T NI N S A ER T D Z AR RRLS OLHICEHTE S, EEOD
A Cid, bR & ALEKE

NHEZBET S LS. % =5 E—FSENNEREEEELZRE - LWIBKE
A TARDKEICE DR TH Bl — WIKE (mg/L)

— PR NH,-N 3% & il &2 25 NH,-N 5% 7€ fi& NHs—N L2ER 2YA
BHIED, 20, Wil =LY DIz - ST .
CBT D NN BREHOE JE L %0 e | T
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§:—l—»7ﬁ =
& ;%&LO?:%% J:/?‘:t zo # AT 7K NHe-N 15mg/L
T, B RMED IR K B 1,200m3/h

NH,~N REME LiFTun< EBL

& [AFE T o NOx-N A=l & = s g gL 0.14/0.2

o GR3E/RE )

PR L 5 SRR WS NN R (B2 B/ ZAE) | 7.0/7 3mg/L
- X 4N = Ix= \axX 7 . .

B & S M e % T

ToH5EOICD, THICK

LEREL LT, fixkETo (mg/L) —— AMANOx-N
BOD-SS £ fif D % 'E 4 72 Ik 10.0 — HANOx-N
b ERpRFEMcoro,-p | e A 2R R B %)
T

DI, %—IfF <A NH-N 6.0
HEMO ERIX, 2 oo
WA ESE L. BASHR
R Rl s pEs 20
HDH, ZTNITITEHICHTE 0.0 —_————————————
D VN NH-N 3% 8 il o @QQ {\QQ@QQ @gQ%QQQW QQ%%QQ% NN Q@ R %& o wQQ

L., T—#8WE 70T

X7 69, BRER TIE+

Uy P d A A 2 U, B12 FE_EBERETOBRERR

— 05 VB — 4F KU 0O NH,-N
REMZ FTiF T &AM T o NOx-N Rk &2 N4 2 23, %‘%E&@%*ﬁmﬁ%ﬁéﬁ Bz C
AR LT NOx-N I, TOBRMEIND Z LERV, 20D, 58 NH-N 5% EMH O TR
I BB OPERE IO D EERMICRD D ZENTE D,

AT 7 MO IETIE, AT v 7HICE D E _EBEEECOPRERNINENT LD Lnd,
B — IS NH,-N BREMEO FRIZOWTIE, FAT v 7HICOWVWTRHMET 20 ERH DL, 22
T, AT v 7FH0.80 ICOWVWTHAE LR L RS,

Rk 26 426 H 17 H., 16:00 2 5HEH 8:00 i’(*ﬁ%ﬁF‘ﬁ R RSO D & 1 NOx-N
REZAEL, REREZRE L, AESZHFEEZR 6 IS, EHREZM 121737, ¥ 12 £V, 19:00
25 20100 (22T T R FEAE N 1 D NOx— N/);%r“bs 7.0mg/L % kAl ~>7-Z Ll kv [FHEH
0GR 2. 0mg/L FREED NOx-N BNEEfFE LT, B — 7 EEO KT, [F# CTo NOx-N K 1%
K 6. 0mg/L FRJE & HEE X iz,

AT 7L 0. 80, )yiﬁﬁ%iﬁﬂ NH,~N 2 B 19mg/L (H25 ) | ALBR K & 1, 000m?/h (LB GE
FHM)BED 3 — 5 NN R EME & T a b L ICFHE U725 ZMEe M A 1 NOx-N J B H#E
Ea2FRTIRT, FRTIE, NHAN REME 7.0 2 FE D &8 T EmERFZEME A NOx-N JE N
6.0mg/L Z ERZ Z EMnb, AT v 7 H 0.80 IZBWTIX, #5548 NN 3R EM I 7. Omg/L
ETFRETLIZONEFT LNEEZLND,

4.0
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& 7 NHo-N EXTEfE & 55— BEERHE A O NOx-N j= B (mg/L)
REE 5 EBERR A O NOx-N

5.0 1.4

6.0 6.9

1.0 6.1

8.0 9.4

9.0 4.6

10 3.9

5 F&H

FHEORR, A7 v 7 MOETIE, BAT v THTOERIZE > T ADOBREMEZ R L

DO AFRPATIS U TE KD NN R EM A LTS E 52 & T, BREMEREHER LD

SEBEBAIEBTEDL NN o1, KO HEUTICE LD 5,

() AT v 7TEEL L, 5~ BOD-SSAfZEmDDH I LT, AT v 7 AM0IETH BiF7
DADBREMENEGLND Z ENDhoT,

Q) HmAT v T CHEET A, WHKEEINMFFIZAT v 7PRAKEORZNIES 2 &
MARETH D, BRSO KELHFICBIT 50 ALBELZEICHRERATH -T2,

(3) % XM NL-NEEREMEES LB 7o v A TOREREREL TP D 2 & TULELK
DAY Jo0 NH-N B 2 B S P ICERELZ KB T2 2 B39 o7z,

(4) 3 A T R R TR L E S 72 0 EEES D 0D, TS EEIRE S
MNORBERSEDOMEICLIDbDEEZ N,

SHDOFE

XH TS, ATy THOBRIRLH — 475K O NH-N R EEF QLRI L > T, 5
THERREM TP OB LAEZ S, HHELENZWES, AT v FIlA FAKEOEBEIC,
WEK D VRENEAT DERENEE D, S DT, B MR EE DA OMEEEZ FFo 2
IS X o TGN EERICHER L, RO W AR BEE L 52 2 REND D,

T, AT v THEELST D E ) LB R (AOAO 1) 123 W ALER R 2 7R 4
EEZDND, LU b, ACAOJETIXBEMRBZEICY AOBREMENSEAT IEHmICH D &
DEENHY O AT v TUREVIFE D ARBICHER 25 L LATROR®R EFIET D,
IRNICDOWNWT, ACAOVETIEA LI EENEN LS, TORMANELN TR,

FREEIL, AT v TS - HEMEO NN REHEOEEAGHE 2 T EMICKkD D ET. H
ML TV BERH D AT v 7 MOEORETH D, ZOH, S%ILHE _EBREHECTO
Y - E5K - VAOZEENE, FHEOEREBICOVWTIEMARMENLELEZ D,

Fo. BABETIE, SR O NH-N GHERME 2 S BEK NH,-N REEZHEEST 5 Z &N T
X5, ZOEOREMIIE, F KO NH-N BERRE? S, AEEK NH-N EE 42 B EE
ET DD ORALEE 2R LT KM O NH-N REMICRBeE 5, figfb i B HI8 b mHe
EEZD, A%, ZCmITEEBOHEICOWVWTH, EEL TWVWEZWEEZTWVWD,
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£ % Xk
() 27 FRARMR — WK — AR ERI~ =270 (B) |, FRI4ESA , R T
K A

(2) BWKBEEE L Z—D AT v 7 A0IEICHONT , Rk 21 4F B KB & BEHE, & IERmsHE )

(3) AT v TWMAIZ L DLW FHY - ERFEREREBIEO W FE O LFEIZHOWNT, FAKERHS
2k Vol. 23, No. 266, 1986, pp. 16-26, ZEFE 2 A1EH

(4) EMFICBTDIAT vy 7HMALHKGRIEICIDAME, LY AW T, TKEHS
VO1. 31, No. 368, 1994/4, p. 16-22 , &K

(5) BfR - MRRE - AFRIE &R - BB TE & O WLBLIR I LI IZ DT, 5 47 [B] R /KGEBFSE

SEHAE, 2010, pp. 170-172, WA E Z1F D>

(6) BB _BKHEAEEF—ICBTHICHEREI S I 2 L —a 2 AW H IR Ok
O RIS PR 24 AR KE IR R R £ 2, %nﬁ‘t*%ﬂ EFN

(1) AT v 7 A0 1EDWLEREEE K O NH,-N $I8 O AF Zh P 20T, SRR 25 4 BE KB B it Ak 8 %8

&, F—fiEh

(8) THMIHIRIEIZE W CTHEY AW S LIE B RIZ T 828, REEHI Vol. 27(1998)
No. 4, pp.282-288, EIR®E LiIn

9) K 7eXRTHEHERXA X T —va T 4y FOBREFBHHRLICET LI I 2L —
3 v, NKK 2% NO. 177, pp. 21-28, [fIARFEZ 1E )

(10) H—AV 7 4 A X VAL KIBOMR EMEBEICE T 2 55, LARZESHRUREE,
% 175 5, pp. 49-57, Ia AE — BB

(11) AKSBEMERREFESE 2012, #:F1EE A B AKE#HS

(12) A7 v 77 4 — FERKUFRIEMEGIRIEO R A 7 v 78 &R &R ICET 5 3B &

PR ARAT, BREE L7 SCHE, Vol. 35, pp. 367-377, I WEFE1Z

”‘%

A
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2-2-6 RBEORICETHAHIELERRAR TOERIZONT

REH — T AKEHEBH BDEKELEE ¥ —
OF%&E., mEEHE, alZ—, /N IER,
e — BEH ANINIES, IR

1. FC&IC

AL TR ER DY L, —REICER B ICB I 2 MILIEOBEERIC L 2EFEBRERD
M k&, NOy fiE %%@%g L OBREEAWDREOHHFTELLEINTWVD D,

LU, WMILIRMERA Y 72 BEIEs L, HENENEMNT S, T0H, BEIZ
K OKE S E & W FEENIC K 2 3 E O HECE ) & & IR BRI X 56 ) & o B R
FHOLMCL, KERBLAT XA —OMIEZ L TV LERD B,

INET, REEHICE —BREZICB T 2MLRFERICE I KELBLEA DRIV —D
BRI DWW CTaEI LTS ST n,

ZZT, PR 264 ALY 20 A, WHTKFAEE X — (BT, T4k —) &
WH ) TITHBGIIE 9 54 (ALFEFE /) 30,000 m3/H X2 27 v 7 A0 fig%) 2B W
T, WAL RA > 7 OEFIC L 2 KL ~DFE K QKL E ) EOLEHEZITV,

BREHELETRX AT —OWEEBEIZOWTOMREZEZO THET 5,

2. RAEAFE
2.1 RAENZESR

PEICIZAT v 7 A0 EDO RGBSR 9-1 5 & 9-2 AWz (K1), REBMRIX
FIBROKISHE 2 ok S, LEAKEITEEHRE CEEL WD, 61T, £ A2
— X AO/NRENEREEEH L TWb e, MRINOEELZZIT RN &E G
DREINTWAETZD, EHE ﬁa@ﬁ@%nfﬂﬂ_nf{ﬁﬂf%ékb\otﬂ'ﬁi)\%@ A
TIZBWTHEHE j]%®u$rﬁﬂﬂf£ﬂ]iﬁ7ﬁlﬁﬁbf&)oto

19-1
N T Vi R o mEBRA gogam [ _ ) [
> (AEER) Easil (CEIER) (DEIE) (EEE)
(BEES)
A ---------------------------------------
E— R BRER =R
T
e | EC E— A == RER s-wpmm |
> (amg) |FREERE (CEE) (DEIEA) (EEI8) >
(BE) -
T9-2 L '
L BB

1 HEODRKLEZRKR
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2.2 MREEZFH

WMALIKIBEER AR T2l L 9-1 i zxtlBE L, —JF, FEBRMEE L 9-2 58136

LG BR & 600m3/h THILIRAEER Z 4T\, TS DL (R 1) 20 TR —& LT

2T o7, 728, AEHMMT I AT v 7HAZ FEH L T 720,
x®1 E&HREH

B H BLREBAZLT-) | BIERERHY(TI-2)

KE 1,250 m®/h
MLSS #9 1,300 mg/L

REERE 550 m*/h

L s e g 600 m®/h
RERE 3

RHERERE 0 m’/h (S &b

SEIRALEE R K 500 m*/h

2.3 AEARAE

(1) M == 0k ot 38 A
AL IRTEBR 1T & 2 L2 R & R 3 D 72D . [ O KOS A i 7K o ¥ i 1 42 48 58 1R
EURIT, sTN)Z oL, EFERERLZHEH LHRBRICE2ERZBREFRO N LR
NaEBonc L,

(2)  JKALEEFE 7 &l A&
WAL IRIE R IC K D KB E N AHE~OREEZRIET D720, KOAHEEHMHEHE L
L CHRGI R 9 5B A, REFBIRA 7, WILIRTEERSR o 7 K< #$BED
BAEHEOMZRD, HIBENEHELZH LI LT,

3. RE®R

3.1 BHERABEOHER

FABRBIC N2 IR L ERE 2R — R CEBEL, FA—OWLBEMEREEs AT L L

ERHER LI, ZTOME, WAOWMBEEREOZIIBELR 1% NI E Y, [F— 0L

BEAT DI ENERTE (£ 2),

CXBIM @ Frk 264 6~8 A MRS EDICHLIRFER Z1TV, A7 v 7 AT EMET)
®2 WMEOCLEMEE (HETY)

XEEKE | EERIE
AIBIKE (m®/h) 1,168 1,180
EREE (Nm®/h) 2,674 2,706
EEAEE-) 2.29 2.30
2 EAE A #EAEKWh) 92.1 93.0
JKALEREE F1 3 F B (kWh) 121.8 122.7
MK s—=TN (mg/L) 7.8 7.7

Wi, R LR L ERSM CHALEBRE > 70K O F 812 L 2 ZFRLHEO RN L
OKRERE NEHELRAE L 7=,

COREHMAEBELC T, ERMEO s TN REIIXRED - TNREZ TRV, EBEO=E

FRERITEICESHER L (X 2. XK 3) 2 W E2E T S 10.8 mg/L, 5 8.3 mg/L
<‘:7‘£@\ FERFEN 2.5 mg/L K<, BRBRER IS FEYME T 10%m ELE (F3),
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14 80
12 70 r
10
—~60
~ g
S 8 W
E # 50
z . <&
e i
W L
4 -
— xR (TEIRAL) —*fERFE(RIRAEL)
i 30 |
2 —REBEB(ERDHY) —RERE(ERSHY)
0 L L L L 1 L L 20 1 1 1 1 1 1 1
4/2 4/9 4/16 4/23 4/30 5/7 5/14 5/21 4/2 4/9  4/16 4/23 4/30 5/7 5/14 5/21
M2 NEKSEREEORBLL M3 ZEREXROKALIL

®3 WEXKE—F HIMTEH)

AR EEREE
NO4~N (mg/L) 8.7 6.2
s=TN (mg/L) 10.8 8.3
EXEREE (%) 54.9 64.9

3.2 KUMNBEHAGEHAEREOHRE
ARPFAE T, Bl _7c@my, EEE, BREFHRARN T, MILERMEERA 7 RO < #
WoOBNWEHEOMZ KLHEE NDHEHEEER L, I, KLHEEHDBEOLKEBEZ RS
T 570, KIGHHNOBABRFERE (LT, IDOJ &WwW)H,) & —FIZ L., MHLEEER =
CRFEFREIZ-ERE Lz, AEHMOKLEE HEHEORBZ{LEK 4 12737,
A AR 28 U Coxt BRI b R EBRAE O KA ELE ) BT HER L TR D Mk 95 R E
HR 12 K 5 KB EE ) ff H B2 R 2 R &7z (K 4),

4 KNEBEBENEREOEBAEKEL
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RO 3.4%ZHIBT DI LA TE (K4, K5,

x4 KREBEAFERAEAR

B HERE(KWh) pogiste EERIE
15 LA 128.4 114.8
L &RERNR T 0.0 8.5
REFRAR T 195 195
WEERE 1.0 1.0
KIMEEHERE 148.9 143.8

5 £MNEBROKMLEEHEAR
4, EE

4.1 BRBREOHRIZHONT
AMEIZLD, MLIRTEERZ1TH> 2 & T,
AETERB T2 RNz,
ZZ T HAREMY 0 o KMEE D MEHEKWh/h] AR ET 2 EH£ 8 [kg- Nl (LT, T2
FBREDFE Lvo,) ZREL, EFEREDIRICOVWTHILRBEEROIREEBLET 5, &
FREDHF[ke-N/kWhlE L TRKOEZEFKL THEI L7z,

ERBEFENE LTS L &b I AL E

Effp-n: &FEZE [ kg-N /kWh]
Eff . «[kg = N /kwh ]= M... @ P : AL KALEEFE /5 & [kWh/h]
P QW AZEF AN R [kg-N/h]
Qo s Jik i %2 55 A & [kg-N/h]

EXREDROFEHMERZR 5T, R T2 RBRMOERREDRIL 26%m
<, ERETEHRORBVWERREDITOAL TS Z &R RSN,

Xt HRAE EERHE
BEGIKALEBEAERAEKRWh/h) | 1489 1438
EHRKBEEke-N/h) 12.3 15.0
ZFRBRENFE(kg-N/kWh) 0.083 0.104
TO-11=/T5T9-20 ~ 250
2= (%)

4.2 FREHNFEHAEHRDRIZONT
WALIRTEBR IC L 2B EHIE R ZH S T 570, MALIKTEBRIC L 5 BEE Y
BL BRI M EYREAER L, TOBBRAERHL NI L,
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ZIZTC, BRIRAEHBOER L LTCO HLEFEERICER SN D NOLEBEEZEND OfEFR
FINE ] OFGHoZHEBL, ZEERICFHN S ZBAEEHIKE & ORBGEEZ KR L,

TP, MALEBERICEAEIND NOLEEHE O OMHER UL E T 9.48 kg-Oz/h & 7o 7=
(£6, RQ), B, AEHBICB O TREEMILIRIE TH o 7= 72D B H IS LMY A e 22 E
E (NOs-N) #Hwiz,

x£6 NOEERMNMODERRENE

HiRF1E .
TR TEIR S (m®/h) 523 523 x 3 x 6.04 x %OO =948 [ 9 - O%].. ©)
BIERICERE SN BNOFEEF(me/L) 6.04

WIZ, HILIETEER T 5 2 & CHI SN R EREILZFR 11 IZ/R-FT X 912 257TNm3/h TH
ST, WIZ, T ERISE~OBBEMHEGEEICHE L -,
R7T PAEHEICBETA2EHNBESIRAE

FHIFRRE S
SRR S EAE(NM/h) 3,047
EERERSEENM/h) 2,790
BRI S EENm®/h) 257

HBREIZ G > Tk [RGB Rt - B aHIE S & MiRal &) 2ICiEB s h T o X2 A
Wiz, £, HAREOHIBMERELZAXQ@DTHIE L, sl SHMANIZEHIT 5 HIE
HIpg % &2 @O THRH L,

273

SOR ,, =G xE,xpx0, x ..®
273 + T
Ea D B F B @2 OF AR EE,20°C) (%) = 23.29)
0 72 R E (kg/Nm3-Air) = 1.293
Gs oM R g &R = (N'm3-Air/h)
Ow D ZER AR S A E & (kg-Oa/kg-Air) = 0.232

SORrep : HIl M2 % & (& K IR 88)(kg-O2/h)

T : KIR(C) =23.8
c, - SOR ., x1.024 " " xax(B-C,, xy —CA)M@
Cy xv

SORRep : MW EE & & (5 Ak 88) (kg-O /D),
G, DM IE A0 e R R (kg OQ/h)
Ty : KIE(C) = 20.0
T2 © KIR(C) =23.8
C,, AR T CT ot fit 3% I E (mg/L) = 8.84
Csz AR T °C“G@ﬁ@$ﬂﬁ§$ﬁi’%ﬁ(mg/L)=8.l9
C, Jir“év/&v\w)DO/;;% (mg/L) = 3.0
a : Ka D ERE =0.83,
B COmR %’Eﬁ’afu/&%ﬁ@fﬁﬁm%ﬁ =0.95
Y D BERAKEIZLD Csz@*ﬁfl:f;ﬁ%l =1.28

-137 -



WACER TAGER A4 -2015-  Vol. 39

@, @K XLV, HIBA R EICHY T 25HEEIT Go=09.16(kg-O2/h) & 720 . Z OFER,
MALRTEERICEA SN D NOxREEZENDL OMBBRIINE DI L RIXX 6 ODEEIZ 72 - 72,

X6 X0, EEOHIFBRA R EICR L, NOx-NRBE & bR EEE» O BEmIICE L
THIE R R BRI 103.5% & bz, LN - T, 35%DBEMESNHEZLOD, M1k
WHEREE NOXx RENLROTLBMERINEICHAG > TCHIBIBEKE R E 2> TV & F R
Do

0 10 20 30 40 50 60 70 80 90 100

I 2(%)
BNOxREZEFR 7> b DERSRIAI & B0y

6 HIBESEEINX
R, BB L 3.5%ICoWVWT, DODEFHOEENREZOND, KRESHOMKE. DO
2N 0.5mg/L ZEL7=%A, HIEBMEEIZITTINEEOTITNANELDLZ ERN oz, L
RO T KEEHCRBRELBICL > TELZDOODEIHNEEIFHFLEZLOLEE XD,

4.3 RLVDENLTHILEREREIZIOWNT

RIEIICRB VT, LIEBRICE ZBRBEINN ) =7 ([CBRAEEOHHICE 5T 5 2 &2
R TE T,

Fro, RIS LR TE R E AN S D 2 LK 0 AL KO TN BB KB 5 28,
WAL IE R BT D EREREDRIE T T2, LB > CTUMEIERNE TS D2 LT,
HAL Y720 o[ B & EN B L, REAED&HBES BT 5,

Z T, AEITCTIEHMLIRTER A > 7 2 BE S 72 \W%éixw¥~@%%%%n
ARG B B A LI EBR AR v 7 O B & & LRI 8 =S L - TE LT 5 2% A%
BHEHEOBEGREZHOLNCT ST, KHE &%&éizw% Ol B EHT D K
LR MR R BRICOWTHEET 5,

HEFEE LT UMILRBRECH T I2LNBEKOBEREEREEZAGICTRDEZD L,
ARO~@x AW THANBBSREL BN L, 0%, LR O MR X v 5 R %E
BENMHELZRDE, ok, AREX, BEEER I T XITHEBEES E CEA2MLT
L ELTITo T2,

R Wxa :CNOXE" ..®

Co x(l—
" 1+R)

Crnin @ MAKEZFRRE (mg/L) = 23.7 GAE M EHHE)
R DOPEBRE(C)

a DRBEAKOEERCHTOEMBEERREOE S =0.8
Cnoxerr : MLPEAKMEEEEFRE (mg/L)
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AL AE R IC K 2 BERBEHIE & & MLIRTEERE N &E L OZR R b K E WHLIRE
i%_’ﬁ( Eﬁz%kéiz»ﬂe DN el e i bR E s Lz, )7 X0, WLk dE
#1X 570m3/h L7220, ZOEEONHAKOMHBEEBERREIX 7.1mg/L 72> 72, TO
_&73»15 MALTERTRER % SO%FEE CHEI T2 E N KEEEFELAT X NVF — O K
LT ORMETHLIZ ENRENT,
é LI, EXEEEHEHEHREDS A EBRAN S 7ENER &2 LD ERE 2T
AEONEKOMBEERREELZEN L (XO®), ZOME, LHEKOMBEEZRE
&:,t 5.4mg/L LBl & KWMEEBENEHNEZHOITICLAIEKEOEKED RN K KILT D
ZEDBGho T,

INHED 200 G, AKT vE=TRENEE2MILTIEMEICEBVNT, BHEOD
EEREH T, MEKOMMBEBERERE L2 5.4~T.1mg/L L7225 X 5 2L 18 88 =R %
ETDHZ LT, KUHEBEAFEAEZHNSES 2L, LBEAKZEOMEEZXD Z &R
HETH 5,

20
18 - e
R
14 . .
T12 o
E ”/
i 10 .
E 8 - /" .
4 | . EBRETY
: -~ BRUBKLEENE
21 7 i — R RERPENE
0 2 T T : T T T
0 200 400 570600 800 1000 1200
L RE R E [m3/h]
1 HFEEHLELWHIERRIRENEDAZK
AE, > AE
& 3 x xQ . xCy 4 Xx—xe, >Q_ xe,
1000 " A
1 1
< 3x xCp of X —x€, >¢€ ...0
1000
A Ey D R JE A E A EHDE E (kWh)
A Ec ARG B ) 0 & (kWh)
A=Go/Gs :BERBMETHEZEHEEE S (kg-02/Nm3-Air) =0.0356 (KFHEME LV HEH)
Qc DAL E AR & (m3/h)
CNoxeff ALK O EE FRE (mg/L)
eb D R EAEE 2% (kWh/Nm3-Air) = 0.0338
ec D AL IRIEBR AR o 7 E 1% (kWh/m3) = 0.0153
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4.F LD
KB LY LT OR R Z2 &7,

(DL IRTE R EER A IT ) 2 L2 XV, ERBEEEN 10%Mm EL, KLHEEBEHED 3.4%
HI & 7c7z o EFREDFRITWICEBR ZITORNVGEICHN 2% ®mWNZ &R RrI
7=

()L IR B E R I L 2R A EOHIBE N EONIAREH LN L & T, ik
W REROREELZ RN L, ZOME., HLKBEELZ 50 RE CHEIET L2 & MK
BIEIREETH DL Z LB RSN,

2 & Xk
1) ZiAREAE 2 — BAS HEEHELBEOE A L DEEDOY & EEEH O,
Rk 23 4E,

2) BHARTKEWS « FAKEMBKFME - XEHEH &M %W, Fk 214 10 A, p230
3) HAMFHRAXSA, M v 7 R mEAREFEE, Fik 194 2 A, p9
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2-2-1 ZEARGCETCOZERABICETHFLERYBAHICONVT

P — FKEFEGHT Bakmltr2s— KEEHER
PRk . KHEMEE (B KRB KEY—E X)), MK —. BHETT
OrpkiE . Mise (B WEE - FTRKEFEHMBERY — A, BEOA T

1. FLC®HIC

WEKBEE 22— (LLF, BAE) X, BREICIEMN 32 5 n’/B 2 EEETAYLE
L., 284WA8H Lo b B LU =) ()0 - &)1, BRI &) 1Tk
MLTWD, 26 O JINIHE.OEH O N ALK Z L2 H/AIIIITH D HaZiIHE
EWN S OFIAKER DR NS, EEEOKRKENE GIZFIJIKEIZEEE KT T FF
MR H D, o, BMHAKEDO S L2500 EIX# T CELRWHRETHDL, LOLRENL,
HGEAKE M D72 DI @ EAEEEZEAT LI, AEHEDSCHEMICKRB N2V &%
Wl tRmGRIETIER Y, Fo, RS THRB L [Hic@mERQmEN) Yk, &
XSS T ORBEEAT O 72 Fi 5k D KHE 7 2 WA N SOSHE Thd 2% 6 & IS I38E A K
Thd, 22T, BEANIGHO =2 A OTHEZRWMVMAEIToTZEZ A, WERKELD
LEFEHWN A ONTZDOT, KETHEET 5,

2. HEE=R

HatTiE, M1IErRdAKLAEZ7e—D X o1, REVGRZE - LEMIZE L TW5b,
ZD, WAL EERHIRER R (Bl A0) EERIC K DV ABREEZITO &L HIRICEVIAZ
NTEOVARE B THEHELTLE>I D, MEMNICY ABREZITO EVANRNE
TEER L CIEMBRT OV AGHENHEM LT 2, GRAPFOVAGHEN BRI DH LD
WRENBRR L 2256032 REWICKHIRAKO R VIRENEEMBEZ B Z 2B8Z 00
b, TORD, BHEETIERMAOEFEIZELDZVABREZIT > T,

— K EOR EICIXEZOHBMLEETHL D, oML L TlIH
Bl IRMERIE ), AT v TIWMABEL] O 2 2% A1,

HBE Il BRI SE &, RIS R BED AT 2 HIRIR R T 5 2 & CHELIRY 7p M52 3B 1l 2 5%
JTHNAEMEIE, RV Z2H5KME LM EEIT O LBETH D, — R EEN A B 2k
EDORERE N, OWMA FAKTIH A H LByt A (LLF, hEFAK) 24855,
ORI EED > LEBEMOE SN Vv, Ok T OB cEERIREIZTHZ &
THNAMREZMR T, OBRBEGFXAMIIEBRINSEMN TR 22MibzEMNELTND, O
4 JRThD,

AT v THABREBEE T, MEZRMICEITSEDLZE2AME LT, TEHRBER
EOHIBBESIICE T KE ATy THASELNBETH S,

A R
or

EIL R

LA it

&

5 e an B
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3. WERE
3.1 EBRHIBEHAE

WA B 72 > T £l AFTYTHAABZEZELTBRIHBRSEOERATTO
D KRR S % F K A0 I8 5
1z, & OB 5 B fll 6 Bl 7 B
XuxX 2, K 3z AT v T R B )RR
e a DN e L & KUk
B IR IR S % MLSS j jg 1,000~1, 200mg/L
7 CEERTEE T A:B:C:D “th‘/ﬁfz 15:35:20:30 10:30:35:25 | 15:35:20:30
Iz A IR & il B A D 4y C [5] ¥ mij B L C [] ¥ mij Bx
%7 % . A~B [A & N A [R] % 120 (60+60)  |200(100+100) [200(100+100)
D Y H 5 % b e P 1% C [a] # 80 (80) 0 (0) 0 (0)

ED6 5 I bEm L, HIBBKET 5 CHBOEREEZES L, ., &Ko
DO KEITEFE (5~758) RUICRD L HICHEL =,
BKEATIX SR TH 5 DRI K TITv., WMEESERZHEL -,

A E & B EK CH% D [@ % A E B B @ & C [ % D [ &
+
B 7K
= & Ff
=< < [eit] = < =] =<1
<+ P
200% 200%=120% Q%= 80%
AR AR A B
M2 FEHRBRBIEREOHEE B3 RTYyITRABRZZEAZTDOHREE

3.2 BEXBRELERERE

FROGHED 1% (1~4 5if) Z R & U O TRk L TR Z1T WV, 2% (5~8 %
M) AR R E L COBEZIERERETH LT 1 R2-220EFREXRAEOMEKEY
A L7, ABEORAETIX, KSR OEMBESRERE TIT R, /k@@m (% =k
ey oK) OAER THAE Lz, R THALZHEB X, SR~ I SN 4 <
ZEH T L ABEZHBEBTCERNILICXD, B, 1% 2R ETH L7KE®/%E&T7}<75)
MAT 5,

4. AEHR
4.1 ZBXRHEIESEDRI

31 DEMTIToTeERBEELN 417377, AELWIIEROREICLY ., BRIERE
FROMMIZNANTHOENRD STz, LL., 9/16 LIBEIZBm A2 | BEAEDE - P B R
BAE - A7 v 7IMAMREEDIRICEREESEZN KL holz, ZTOR, 3 WHEE L AL
BAKPFOTyE=THERN Ing/LUTTHY, BRI ThHoTz, /2. U AR
PED AREIXZ S EELE D Ing/LUTTHY EZiXholz,
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[ — 2T AR FRUEYE e H1 B2 | (R ST
I

14.0

g - 35.0

oY)

g - 80.0 ~

! jung

Z 250 ~

# ! g

- 20.0

- ' :
1 - 15.0

i I 10.0 mm

A | 0z

H I 5.0

% T T T T ¥ T T T T T 0.0

8/27 8/28 91 9/2 9/3 94 9/8 910 911 9/16 9/17 918 9/19 9/22 9/24

REHE (2014/8/27~9/24)

M4 ZRTYTRAMBELHRFIBBRIERVREELZOEZERLERR

4.2 BZXBRELEREDRE
3.2 DKM TITo - EMMICHB T 2 KM SEM, BRRRBLUOLEERRBELR 2 1
T'?_ FHE 1R 2%0 TWAEHKOLZEELN 52, EBERIEO Y B LEERER (2
153) OFBHORWEK 62857, 728, Runl (MR L& HEREE) 2BV T 150K
ﬁ%ﬁz%i@%mmm\1+@2W#m%ﬂ@ﬁ”ﬂﬁf%b\%%%ﬂm%%ﬁf%
LD 6L D B EREAGENENTZDTH D,

K2 ZREORAABETHOKLEZY, EGERANBLVELEREEOHRETY
(MR EE£E. 2% REH)

4 7% R fik T 5 LB K B o S
2% D % i =R
(m3/H) (m3/H) (N-mg/L)
ARk e
1% 2 % 1% 2 % 1% | 2% E | 1% 2 % ()

Runl

T L 556,000/429,000[ 134,200 132,400| 4.14| 3.24|78.3%| 12.2 11.9 —
(12/15~12/30)

Run2 2Ty S
~|560,000[463,000] 131,100| 137,200| 4.27| 3.37|78.9%| 12.7 10.7 | 13.2%
(1/9~1/26) | ¥t A Bl 2 %
Run3 B il [
625,000[487,000 143,800| 141,800| 4.35| 3.43|78.9%| 12.0 10.6 | 9.2%
(2/10~2/25) Mg IR
MHIERIT (1R LEFE—2R2EH) T 1 RLEHFXI00Runl (1 FEEF—2F8%EH) ~ 13548

EFE X100 DFHHE KX TET,

» —1k 24 — AR R R (2R R)
Runl Run2 Run3 100%
@‘“ TS TTITETRIS (CIEE IR ERED) >
5.0 2280% |-y p . Sy
gia ] NN~ A A B "vR -~ —— e
a > N \" R / v V_\—\L Foooos unl Run2 Run3
00 —_—— B 2 S TRRETEP S TR
%7.5 5&40%
ﬁao E[)%
2.5
0.0 0%
EE 22388 RR2IL2285388[2saeseagss R E N N R R RN
E§§SSEEEEHZZZZZZZZZZNNR‘RNNNN&& §§§§§:::§H::::Z::i::&&&&&&&&&&
K5 1% - 2R RALEADLER LS B6 ERMERLE 2R/1%)
(Run1~Run3) (Run1~Run3)
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B sz d B0, 4.1 ORFRBIBIROMKAE L FEE., A7 v 7 A EE, o B R
I SIE IR EIEIC AR TERAE R @ oo, BIEEIZOWTIE, A7 v 7 iRAMRE
EIZOI D B 272 Run2 25 13.2%, WEEHIRIZEXIEICEID B 272 Run3 (X 9.2% Th o 7 (F 2
ZM), AT v THABEEDZEZHIRL R IXMALIEMER %2 159 MS g2 LICHYT 5,

¥, ZOM., BOD AR AN 0.45~0. 55kg/m®- H . HRT6~7 Bififj. SRT6~8 H . WKk{5{RE
F40~609T 1% -2 RAKDOEFHTHoTz, 2, MFZFICTBNT, LWHAKFOT »E=
THERN Img/LUTTHY, IKAKIBH TH > TH BAFREAIRE TH > 72,

EREEIL, £ 2 O L 92 Runl~Run3 O E ARG R RE (2 %/1 %) OFEHMEIZEZN DN
e M6 DX ITHERMGERIE (2F%/1 %K) PWTFoHFE G 80%AT# & ZnD 72
e, EEELFRREOERE CLENAIETH D LWL,

5. F&H

HEHASSE COERANPICmIT 272 emOMEA L LT, EMERTHEHRRREL
AT v TIMAREEEZRRZEZA, UTFTOMAREL LT,
(1) FEEHIRIERE, A7 v 7MARBEO VTN O EZREBIRLIH Y TOHRIT AT

v TIWMABEIED R K E 0,
(2) ZEFHIEEZEMNE LEEBHETH TH EEELRIFOXRRAE CLBENAIETH D,
UbEnD, EEERR THIESBICB W T, EMX SR BICH RBRRIC X 28U
R HEmBEAMEZRITLHZLE T, FRAEZHOT I ERCERABA AR TH D I & 23 H
L7e, ZO/E., HLKRMBER I LR WEFZHN GIEO fTREMEN R E 72, Rz, B
IR SIEIL, AT vy TMARPEWHFE COLESICHRT N TE LD, Z<O0H
LG~ORBBENYEETE D,

SR, HEREM (HIRBKSH) OfE - W FFMS MLSS - DO F DB EME 4 A L.
KO NRA BRI & BRFHEERICRIT TV,

ZE X

1) %A /M0 NOLFt o« NHy &F & JH U 208 7o 7 i B AL BB Ay oD B 78 - () BRe i Ak I 2 AL B 4
. 55 51 A FAKENFER R S EEE, 2014
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2-3-1 FBiRBENFEOEERERZFIA L =B A% HlR 0 Bl

Wik R MR R fegEs

1. FL®HIC

WHRATKER (LT, YRmEwvwH) TiE, FEk 25 FEOFEFE L TR THR 450
m’,/ HOEKERBE L, ZOBETHRAET S8 2,500t HOBKFGIEEZ BEALE L TR &
IbxzX->TWwW5b,

ZOIGIEDBEA IR ITHES T A 2B E LTHEHA L TEB Y A EITHK 35, 000Nm?
S HICESTWS,

— 5. B A BEANLEE 3 2 82 TIX N0 Bl D 72 BRBEHET A 2 FH 1 TH 850°C D
mimE LTWd, 2Ok, ZAETHEEEBIRAEZITV, BEBHFEOBRNEZ & O DO
BER 2RO TEEICHI AT oM, BEEARECHAMIME, HIRHEREZ2 EICHEMFIH LT
W5,

INETHYRTIX, MBREHER &2 2 BIHIE T X 2 2 @0k oe A o 8 b J A il ks =X
BeHF OB A2 E o T HARBRBIRERNFEICLY, BAFAKOREDNREZEH D 50K %
fi L CERZN, REZ OFBBEZEAL TR, BEMEREEBEE2Z T TCOZ X LF
—a A MNPBREIML TS,

ZZTAR, BEHROBREARMIC, 2RETIEAIN TW Ao T BEEVFREEN 2 O
R BEEL (300~450C) OAZEJRE L CHHT 215 REERMEAZETAT v 77 b
ICRET 52 & T, BEAIRFICAE R 3 2 MBI EE 2 KIBICHI T 2 B 21T o 72 O T AT
Do

2. FBREBME
2. AT LBME

ATy 77 M L5 Clx, BIREAIC K 2RO —HIX, BREHZEIO T E
RMEENSOBEIEICFIH SR TR, 2055, WMEICHMEEE L THILS LT
WHBEBIZOWTITMEENLHER N A L EBICRA~IE L Tz,

RKYATALATHEH, TNNETKRHA T A IEORFIFEA L GIRIEZEAOE L LT
B L, BHFHAT 22T, BAKBIRO — a2 L, & KE 20~30% R E O & gEH R
LT 5,

ZLT, ZOHBHEREVAKBRZEAS L., BEAFICEATIHROGKELER TS E
THLEHFE~OBATDLZET, M2 RTEBYARI—T 2 RE S, Mok E O
HIBZXS2HDTH D,

M1 YXRTLBME
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HEEgAeL EHREbLY

B2 HEREAICLILIZIERN—TOBH

2.2 HimE#ME
SEFEEHAT v 7T NEEAIRRMR 1 S ICE AT DR OREIX. RO LBV
ThD,
T OBERBEAFO —HMAEKR L, WM AZBNL 7,
A BERXBEHIGRME & OMAWIXGIRE E RFHBERORZOA & L, RIEWICMSI LD
DETDHI LT, HEBRMEILRFICES O THEHBRMO A TOEE 05 L ER O
M S FTRE R BRIl 7 m — & L T2,
v ORFABEROARTHEL, BET2REKIOSMITBER OBEHIE TIT 5 2o, R
fii THEBR BRI L 22wy,
WL O %R 7 0 — XX 3 IR T B0 T, BEHRMOMEE (300t/H) O 2
BN YD 65t/ HOPLAKBIRE v — & U — R EE G N TR L 72 28 & (KI5 BE B4
(%) 450C) OZEREHWTHBEIE, BAF~BEATLIEDOO A7 Y 2 —Ao
A B CT—EOBABIR EIRET D,
Fo, LBICHAWDERIIMEERE L CAL EBICHHAT LN, RE Lo 2225030
BEORELIToTE, BAF LM TRENR T2 L TRADOFAVWEIET S,

-7 BRI (BEMRN)

— BIRBEHERE (A XDFEN)

- BEREERE (FREOFEN)

— HERE (ARDORN) X3 =fE70—
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. EBRHEOBEADYRIZIONT
3.1 BAQERAXMMRIZONT

ATy T Ml SR ~OHERRMEOEANCLETEY BHSDRORFTEZ1T o
oo MBRHMICY > Tk, EHARMBORGEFELZ I5HF L Lz,

MR O T o= 7 aAxANER1IOEBY THDH, iR BoOEMIZEENEHNZ
THEMT 208, M AT v 77 bOFERERICEBOD TIIMBIRE 2 9 BI5EI TE 5
2, TR AF—a X MIT 121 HEHHEIBTE S ERE L,

— ., B AENEA L LD, EHEHMETEH LEMERIT 11 EAHENT 52

LB,
PLEXDY ., A3 L THER 116 GHHO a2 MNEWZI RN 15 FRELND D, KW
DEAIZEY 1,740/ FHOT = 7 ax COMENHEK S,

L7e o CULFMiEEZEZLIIVTHHNBEI THTHOEMENNITADLEEZLTND,

§1 SVvZIUUaRMOHRK BFMA/ &
BN A? H Tk 4H

W) 96 111 A 15
i Bl R OB 156 14 142
WY — & 25 25 0
/NEE 2717 150 127
& 50 61 A 11
&t 327 211 116

3.2 BEMRANREIBHBERIZONT

A OBEAICLY  RAETITENERICL 2IREHNET AP BT 500t-C0, #5109
5600, MBREHE I K DI EMRT A PHBEITK 3, 100t-CO. I T 5,
L7eBoT, 23X —HEKROBREDRET APHEITFEM TR 2,600t-COHIK TE 5,

4 BHYIC
Al MBVREIEIR AR & LT, ZHETIHEH I TWAR Do T2 BEREVF B BE T A DK
BAEZAHIMHE L, BAFESEO T X2 LX—RE2m LS RMEAEITo 72,
ARBFEMITLRTHD T, ER 2T FEIIBB T 2720, S%ITLREZHEL, HRMEKRDOZE
A O ERA LR AVF RO KE S BWEEE FEZMESL L T,
IR KBRELRRABTKERO X VX —EARGFHEH TH D
2014) OFERICHITHE D DL EE XD,

[(A~— T T
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2-4-1 IR LF—BIABBENORATLOMRAFE

RIEEEE HATRR A EF

1. FLC®HIC

BRTIX, FAREFEZEICBT 2 HERBREAGIEFBE 7 —R27Z 2 2010) (CFRk 22 4F
2H%E)®mbﬁ&%xm_ﬂﬁL\%%mﬁ%ﬁ%%%@%ﬁ%@#étbm\%i
X HIXDEOEVEHTOBAEZED TS, 2O LR, BRAB TR TRET S
WEHRT AL TiE, BHFOEEREANIC LD — @b 2= FE (N,0) HEH & O K<,
EESEF O TRICE 0 BB E o HIC X 5 Z @bk 3 (C0,) HEH &% K& Hl & L T
Elen, BAERICE 2 ZEARE (CO) FFHEITMITNTH - 7=,

ZZT, JGRRBHIFFICEE LV M8 ELITV., HRERNFICBTL2HEHAE N &L
HEBNDENEMTERY , DOMBBE 2 AEICT S22 LICLY (BT, T=2x10¥—
YLl &EWd, ) i bmFE (CoO) P EA —J8HIAIRE 2 = Rx VX — AN MBEH © X T
LJ(FAREFXICBT I ZXANFXF —ERFEA~— T T 2014 LV)ORENET
Li=2Z e, TORBEBARIZOWNWTHEITT D,

2. TIXLFXF—BUABBRERNORAT A

TRAFXF AR AT AiF, TEIKEG KERRBIKE) & T X — AR BEHENF
RSN D (K1 A, 2055 DS KRR PR 1, BoKGIRO K &% K
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4-1-1 Asset Management Technique and Accelerated Restructuring
of Sewerage System

Hayato Mori, Hayato_Mori@member.metro.tokyo.jp

Abstract: Almost a half of sewer pipelines in the Tokyo 23-ward area will exceed its service life of 50
years in 20 years. Under the above situation of limited budget and framework, the Bureau of
Sewerage , Tokyo Metropolitan Government adopted an asset management technique in rebuilding
sewer pipelines in Tokyo. In this project , the economic service life for the sewer pipelines in the 23-
ward area is set to about 80 years, and the cost and work of restructuring project are leveled .
Furthermore , the pace of current restructuring project should be accelerated .

Keywords: asset management; rehabilitation; aging

Current sewerage system in the Tokyo 23-wards areas

Total length of sewer pipelines in the Tokyo 23-ward areas extends up to 16,000 km.
However, one tenth of the assets, today exceeds their service life of 50 years. In
addition, unless the restructuring is made, another 6,500 km of pipelines will join the
ranks in 20 years, creating the situation that almost a half of sewer pipelines in the
Tokyo 23-ward area exceeds its service life of 50 years.

With such looming renewal requirements for aging pipelines, it is apparent that the
current pace of restructuring will not catch up with the times. Delaying renewal means
further progressing of aging sewer pipelines and increasing cracks and breakages.
Broken sewer pipe will not only disrupt the function of wastewater flowing, but also
sink roads and lands , deteriorating the safety and security of Tokyo residents.

Restructuring project using asset management technique

Under the above situation of limited budget and framework, the Bureau of Sewerage
adopted an asset management technique in rebuilding Tokyo's sewer pipelines. The
asset management referred here is a technique to evaluate facility conditions, control
appropriate maintenance, and manage the assets (sewerage system), taking account of
life-cycle cost and leveling the cost and work in view of mid- and long-term
restructuring project.

Leveling cost and work in restructuring project

(1) Life-cycle cost for sewer pipeline

The total project volume to restructure in the whole 23-ward areas will be quite huge.
Therefore, the overall project cost should be curbed anyhow. Under the situation, the
scheme is planned to minimize the life-cycle cost. Generally speaking, the total
expenses for construction and for operation and maintenance are often economically
compared only by its initial cost for construction. However, there are non-negligible
expenses of facility operation and maintenance, which increase year by year. The total
expenses for construction and for operation and maintenance are minimized at some
point in the figure; then, rebuilding the facility becomes economically feasible. Thus,
the economical service life and the project period for restructuring are able to be set.
The life-cycle cost is the sum of cost for construction and expenses for operation and
maintenance. According to the calculation of the cost for construction and expenses
for operation and maintenance based on actual results of the investigation, the

- 203 -



WACER TAGER A4 -2015-  Vol. 39

economic service life for the sewer pipelines in the 23-ward area is recalculated to
about 80 years.
Legal service life for sewer pipelines in Japan is about 50 years. To compensate the
gap of 30 years with the above economic service life of 80 years, the efforts to extend
the life of existing sewer pipeline are needed in the restructuring project. The Bureau
of Sewerage developed new type multi-vision camera to increase efficiency in
inspection, especially in shooting and data processing, contributing to well-planned
and efficient repairing works. With these efforts, the Bureau of Sewerage will try to
extend the service life for additional 30 years.
(2) Accelerating the pace of current restructuring project
In order to undertake the restructuring project effectively based on the economic
service life of 80 years, the Bureau of Sewerage has made a plan to group sewer
pipelines by year of construction and start rebuilding according to the level of aging
deterioration.
The Bureau of Sewerage tries to level the cost and work of restructuring project by
prioritizing the rebuilding area , according to the average of economic service life in
each area. However, it is apparent that, at the current work pace, the whole sewer
pipelines in the 23-ward areas could not be renewed within 80 years. The current pace
of restructuring project should be accelerated.
As described at the beginning of this document, due to limited budget and framework,
the ongoing restructuring project will focus more on the pipe rehabilitation method,
which can reduce the working cost by a half, rather than the conventional open-cut
method. So far the restructuring work included the simultaneous improvement of
rainwater discharging capacity. However, for the areas with little risk of flooding,
remedial measures for aging pipeline should be first implemented and then the
reinforced rainwater excluding plan should be gradually added later. By these
measures, the Bureau believes it is possible to accelerate the development pace
without increasing the restructuring budget.
(3) Visualization of asset management

Because the term "asset management" is relatively new in Japan , the Bureau of
Sewerage believes it is important to disclose the details of restructuring policy and
progress to the public. Therefore, the Bureau encourages every staff member to speak
to customers and partner companies to explain the direction and volume of
restructuring project in an easy-to-understand manner. To manage the project, it is
essential to visualize the future picture and its required work volume, and find the
way to manage manpower, equipment and facilities, and budget.
To our customers, by presenting the visualized asset management, the Bureau of
Sewerage promises to provide safe and stable sewerage system forever and ever,
maintain the pipelines properly to eliminate any cave-in accidents by aging pipes, and
continue the long-term restructuring projects. To our staffs, the Bureau explains the
necessity to accelerate the pace of project and provides the motivation to increase
their technical skills. To our partner organizations, by presenting the mid- and long-
term restructuring business volume, the Bureau encourages their preparations.

Asset management in the future

To address the looming large-scale renewal of aging sewer pipelines all together in
the near future, the Bureau of Sewerage formulated the restructuring policy by
adopting asset management technique. Hereafter, the Bureau needs to implement the
plan, review the results, and revise the plan if necessary, the process so called Plan-
Do-Check-and-Action, to refine the effective project ever.
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Figurel: Length of sewer pipeline built by year
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Figure2: Image of leveling
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Figure3: Life-cycle cost for sewer pipeline
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Figure4: Areas need to restructure and average years after construction
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4-1-2 Preservation and Restoration Project for Important Cultural Properties
in Japan Mikawashima Sewage Disposal Plant and Pumping Station Facilities,
National Important Cultural Assets

Tatsuya Watanabe Tatsuya Watanabe@member.metro.tokyo.jp

Abstract: The former Mikawashima Sewage Disposal Plant, the precursor of current
Mikawashima Water Reclamation Center in Arakawa, Tokyo, is "the birthplace of
modern sewerage system in Japan." The still standing pumping facilities are
historically valued as the representative structures of the first modern sewerage plant
in Japan. A series of former facilities including pump house and grit chamber are
well-preserved with its original conditions. Historical value of the site was recognized
and designated as national important cultural asset in 2007.Our preservation and
restoration project was undertaken with the purpose to open the facilities to the public,
under strict legal restrictions prohibiting undue modifications to assets by the Cultural
Assets Preservation Act.

Keywords: important cultural asset, modern sewerage system, open to the public

1.0Overview of former Mikawashima Sewage Disposal Plant and Pump Station
Facilities

The construction of plant was approved by the cabinet order "Tokyo Sewerage
Design" in 1908. Incorporating state-of-the-art technologies in the West at that time,
such as activated sludge process, the plant started its operation in 1922 as the first
modern sewage disposal plant in Japan. Before the Mikawashima plant, urban sewage
in Tokyo was directly discharged to rivers without any treatment. After the plant
completion, wastewater was collected to and treated at the disposal facilities before
discharging to rivers. The completion of plant, therefore, marked the beginning of
modern wastewater treatment in Tokyo, the prerequisite to grow as modern
metropolis. The former Mikawashima plant operated for 77 years until 1999.
Thereafter, the historical and academic values of the plant were recognized; the
former plant was designated to be preserved as historical building. In 2008, under the
instruction from the Cultural Affairs Agency, the preservation and public service plan
was formulated. The plant was maintained and restored to open to the public from
fiscal 2013.

2.Preservation and restoration works

The preservation and restoration works incorporated traditional techniques such as
Japanese cement plastering and stony surface treatment, in order to retain its original
cultural value.

(a) Removal of top cover over grit chamber

Grit chamber is the facility to sink and remove solid substance in wastewater. Our
restoration work removed the aging and deteriorated top cover over grit chamber, in
order to restore to its near-original design. The two grit chambers, east and west, were
restored differently to exhibit the timeline. East chamber was restored to show its
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original state of construction by removing inner facilities, while west chamber was
remained as the state of ceasing operation by leaving those used facilities there.

(b) Screening machine house

This building was used to house steel-made screen to filtrate wastewater and debris
collector to scoop floating waste continuously. The roof truss of the building has a
carved seal of Yahata Steel Works, one of the leading steel works in Japan then,
evidencing its origin and authenticity of its age. During the restoration, repair painting
was added to the roof truss and facility surfaces.

(c) Inclined railway

Inclined railway was used to winch truck to transport grit and debris screened from
wastewater. Railway was laid in an inclined concrete slope to winch flat-top truck up
to the road in the plant. Former concrete slope and part of railway were excavated,
block was laid at the surrounding space, and the slope was roofed over for
convenience of visitors.

(d) Winch house

This building was used to house an electric winch to draw truck on railway. The
winch was removed together with the inclined facility in 1962. Thereafter, the
building was used as a warechouse with its floor covered with wood. In our restoration,
however, the wooden floor was removed, in order to expose the underneath winch
foundation on the bare concrete at the time of operation.

(e) Pump pit and underground conduit connected to the pit
Wastewater to the former Mikawashima plant branched off two ways, went through
grit chambers, and joined together in front of pump house again to pass through
connecting underground conduit to pumping pit. The cross section of underground
conduit was in the shape of horseshoe. It was made of reinforced concrete and the
floor was covered with ceramic tiles resistant to abrasion. During our restoration, a
staircase leading to the basement was installed, together with ventilation and
illumination to help visitors to see the sight of underground structures.

(f) Pump house

The building was used to house pumps that lifted wastewater in preparation of starting
full-scale treatment. Outer wall of the building, covered with elegant, classic red brick
tile, is attractive to visitors. During our restoration, part of damaged brick tiles was
replaced with new ones. To reproduce original taste as much as possible, a detailed
research was made to clarify the original tile used there. In addition to the above, part
of pumping facilities were restored and repaired to maintain the existing conditions.

3.Future outlook
We would like to continue our due preservation and maintenance on the facilities to
pass its historical value to the next generation. In the meantime, we would like to

encourage people's deeper understanding of importance and role of sewerage, by
opening the facility to the public and explaining its history and significance.
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Figure1  The former Mikawashima Sewage Disposal Plant

Figure2 Inside of the pump house of the former Mikawashima Sewage Disposal Plant
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4-2-1 A New O&M Approach for both Improvement of Water
Quality and Reduction of Greenhouse Gas Emissions
in Wastewater Treatment Plants

Takumi Morikawal”®, Norihisa Kashihara!, Kenichi Umedal

1 Bureau of Sewerage, Tokyo Metropolitan Government, Japan
* Email: Takumi_Morikawa@member.metro.tokyo.jp

ABSTRACT

Since approximately 1% of power consumption of the Tokyo metropolitan area is consumed
for the sewage treatment, Bureau of Sewerage, Tokyo Metropolitan Government has been
putting its efforts into reducing the power consumption to reduce greenhouse gas emissions.
Furthermore, further power reductions are required because of the significant increases of
electricity rates due to the shut down of nuclear power plants and increase in the cost of the
fuel for thermal power generation after the Great East Japan Earthquake. However, an
excessive power reduction may lead to the deterioration of the water quality. Thus, the bureau
of sewerage has devised and implemented the "Two Axis Management Method" as a tool to
achieve both the water quality improvement and power consumption reduction which are in

trade-off relationship.

KEYWORDS: operation, total nitrogen concentration, electric power concentration

INTRODUCTION

Since nitrogen is one of the prime causes of eutrophication of closed public water, nitrogen
concentration in the effluent water from the wastewater treatment plant (hereinafter referred to
as "WWTP") should be reduced actively. In order to remove the nitrogen biologically, the
nitrification of ammonia to nitric acid in sewage system is necessary and this process requires
a large amount of air. The blower operations for the nitrification require a large amount of
power consumption and this leads to a large amount of greenhouse gas emissions. The
electricity consumption of the Bureau of Sewerage, Tokyo Metropolitan Government amounts
to approximately 1% of power usage of the metropolitan area (approximately 980 million
kWh/year)(Bureau of Sewerage, TMG, 2014a), a reduction of the power consumption (i.e.,
greenhouse gas emissions) together with the water quality improvement shall be promoted
strategically. In addition, the significant increases of electricity rates by the shut down of

nuclear power plants and increase in the cost of the fuel for thermal power generation after the
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Great East Japan Earthquake, a further power reduction is required.

Each WWTPs have been taking measures for water quality improvement and energy saving by
introduction of energy saving equipment, optimum operation management, and introduction of
advanced treatment. By advancement of both improvements, the concerns of the deterioration
of effluent quality are expressed when energy conservation measures have been excessively
promoted. A delicate management technique is required to balance between the water quality
improvement and energy savings. The “two axis management method” is implemented to
address the difficult issue of achieving further reduction in power consumption for air flow
volume while securing a certain level of water quality and to correspond to various volume
and load of inflow water (Bureau of Sewerage, TMG, 2013). Here we report, the operation

method and outcomes of the two axis management method.

OUTLINE AND UTILIZATION OF THE TWO AXIS MANAGEMENT METHODS

Overview of two axis management method
The two axis management method uses the
graph with plotting effluent quality and
power consumption of the treatment plant
along the vertical and horizontal axis
respectively (Seiichi et al, 2014b). This graph
visualizes the results of operating
improvements and upgrading facilities. As a
representative of effluent quality and power
usage from the treatment plant, total nitrogen
concentration of discharged water (regulation

items) and specific power consumption of Figure 1. Image of two axis management

blowers were used for the two axis graph

management method. In this method, vector

is drawn by plotting the actual value for previous year (or previous month) as the starting point
and the actual value for the current year (or current month) as the end point. Both the
introduction of energy-saving equipment and the improvement of operation management are

monitored so that vector points to the bottom left.

Operation and evaluation of two axis management
The PDCA cycle was incorporated to develop improvement measures and take into
consideration of the current state of WWTPs and the results of both the water quality

improvement and energy saving. In particular, continuous operation improvements,
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improvements of equipment
and spiral up of the both have
been pursed in accordance with
the flow chart shown in Figure
2.

In order to maximize the
update effect and operation
improvement of each WWTP,
set a goal of specific power Figure 2. Procedure of two axis management
consumption of blowers and total nitrogen concentration was set at the start of each fiscal year.
In each WWTP, both total nitrogen concentration and specific power consumption of blowers
were planned to reduce so that the vector in the graph points to the bottom left. The results
were analyzed, evaluated and counter measures were improved. For evaluation, the length and
direction of the vector of each WWTP was focused and the effects such as weather conditions,
seasonal variation, improvements, and upgraded facilities and the operations at each plant was
examined. The deviation between the target value and actual value were calculated as a

percentage and used for modification of the measures.

Preparation of two axis graph

The efforts at 13 WWTPs in the Tokyo wards area are reported. Monthly total, 6 months total
and yearly total of effluent total nitrogen concentration from each outlet and specific power
consumption of blowers for the entire treatment are aggregated and the weighted average of
total nitrogen concentration of the entire treatment plant and power consumption per volume
of treated water are calculated. Calculated total nitrogen concentration and changes in specific
power consumption of blowers are connected by vectors and the length and direction of the
vector of each treatment plant are evaluated. Also, data for all treatment plants are integrated

into one sheet of paper and evaluated for their positional relationship.

SETTING TARGET VALUES AND EFFORTS TO ACHIEVE THE TARGETS

Set of target values

In order to maximize the effects of operational improvements and upgrading of equipment for
each WWTP, targets for specific power consumption of blowers and total nitrogen
concentration was set at the start of each fiscal year. For example, deteriorations by special
circumstances during the fiscal year of 2013 such as construction works, equipment failure
which affects (improvement) of the total nitrogen concentration and specific power

consumption of blowers were quantified and adjusted for setting the goal of the fiscal year of
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2014. In addition, improvement of total nitrogen concentration and specific power
consumption of blowers by the operational improvement and upgrading of equipment and
deterioration due to construction works that are expected in the fiscal year of 2014 are

reflected to set the specific target value.

Example of target setting is shown in Table 1. In this WWTP, there was suspension of reaction
tanks by construction works in the fiscal year of 2013 and total nitrogen and specific power
consumption of blowers were worsen by 0.1mg/L and 0.004kWh/m3 respectively. As the
construction works were completed during the fiscal 2013, adverse effects due to the
construction work is no longer required to take into account in the target setting of the fiscal
year of 2014. Target values are established based on the actual annual values of the fiscal 2013
(total nitrogen 10.6 mg/L and specific power consumption of blowers 0.111 kWh/m3) with the
deduction for the above (i.e. total nitrogen 10.6 - 0.1 mg/L and specific power consumption of
blowers 0.111 - 0.004kWh/m3). In addition, the aeration equipment of the reaction tank in this
WWTP is upgraded to the energy-saving type of fine bubble diffuser in 2013. In the fiscal
2014, it was estimated that deduction of 0.001 kWh/m3 specific power consumption of
blowers from that of the fiscal 2013 is possible by this upgrading. As such, the target values
are further subtracted with the calculated value of the above (specific power consumption of
blowers 0.107 - 0.001 kWh/m3). On the other hand, the total nitrogen concentration is
expected to be reduced 0.5 mg/L by promoting denitrification by controlling the air volume of
a part of the aerobic tanks, but the increase of 0.2mg/L due to the suspension of reaction tanks
for reconstruction works was also expected. As such, the target value is set by taking into

account of these adjustments (total nitrogen is 10.5 - 0.5 + 0.2 mg/L).

Table 1. Example of Setting Target

Effect and Results
Item specific power consumption Total nitrogen
of blowers (kWh/m®) (mg/L)
Average 0.111 10.6
Fiscal Factor such as constraction Suspension of reaction tank due
year works and breakdown of P . -0.004 -0.1
. to construction works
2013 | equipment that affect the results
alues excluding special circumstances 0.107 10.5
Upgrade to energy saving Introduction of micro bubble
. gy . -0.001
equipment diffusion device
i Limited partial aeration of aerobi
Fiscal New operational management 1mited partiat acration ot acrobie -0.5
year tank
2014 Construction works and . .
. Suspension of reaction tank due
breakdown of equipment that are . +0.2
. . to construction works
considered for target setting
Target value 0.106 10.2
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Application results of two axis management method

In order to achieve the target values, a two axis management graphs were prepared for each
month at each treatment plant and these were used for the evaluation of efforts made. The
change history of operating conditions of each treatment plant and the content of efforts made
are summarized on a quarterly basis and these are used as a reference for evaluation of vectors.

Based on this, vector directions are evaluated and the causes are reviewed.

Analysis of efforts made in each treatment plant

In order to grasp the management status (results) for the current fiscal year, each values was
compared with the past average value, and if the positions of vector of the fiscal 2014 are
significantly different, it was presumed that there were special processing conditions and
effects. Distinctive examples are shown in Figure 3 to 5. Red portions represent the actual
value of the total nitrogen concentration and the blower power consumption for each month of
the fiscal 2014, and blue portions represent the average value of the previous five fiscal years
(from 2009 to 2013) and the dotted line shows the year-end target value.

Figure 3 shows an example which is
considered to be influenced by rainfall.
The red portions show results from April to
June in 2014 and blue portions show the
past five-year average from April to June.

The trend of the past five years shows that

the total nitrogen concentration from April

Average of May 5years

to June decreased and that the specific

power consumption of blowers (blue
arrow) didn’t change significantly. On the
other hand, as the blower power

consumption from May to June in 201411 0 o3 The example which is considered to

reduced significantly, the vector points to be influenced by rainfall

the bottom left and both direction and

length of vectors are significantly different from the average of past years (red arrow). This
shows that the changes are due to the rainfall in June 2014 which is equivalent to 3.8 times of
average rainfall. Combined sewer system is mainly adopted in the Tokyo ward area and a large
volume of rainwater flows into the treatment plant at the time of rainfall. It was confirmed that

the specific power consumption of blowers was significantly reduced by this effect.
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Figure 4 shows the case that the effect of
denitrification promoting operation was
clearly visible. The red portions show
results from October to December in 2014
and blue portions show the past five-year
average from October to December. The
trend of the past five years shows that
specific power consumption of blowers
and total nitrogen concentration from
October to December increased and the
vector moved top right corner (blue arrow).
In the fiscal 2014, the total nitrogen
concentration was reduced and the overall
vectors located comparatively low (red

arrow). In this treatment plant, the air

18 T
=) t:: FY2009~-2013 Average Average of
w 17
g FY2014 Actual Va‘lue November 5years
= 16 - 1
]
B 15 | )
= ! /
g 14 - o L
g Effect of denitrificatio /
o 13 - ) / | December 2014
= 1
S 12 - L
g 1
Z 11 4 '
— 1
g 10 + October2014 [—! .
= 012 140 0.160
specilic power consumption of blowers
[KWhr/m?]

Figure 4. The example which was affected
by the effect of denitrification

volume to the certain part of aerobic tanks was limited to enhance denitrification. As a result,

the total nitrogen concentration is reduced. This example of good practice has been deployed

to other treatment plants.

Figure 5 is an example which is considered to have influenced by construction works. The

red portions show results from October to
December in 2014 and blue portions show
the past five-year average from October to
December. The trend of the past five years
shows that the increases of specific power
consumption of blowers and total nitrogen
concentration from October to December
and the vector moved top right corner
(blue arrow). On the other hand, the
comparison of results of the fiscal 2014
with the results of usual years shows
the

direction, and positions of the vectors. In

significant differences in length,

particular, total nitrogen concentration

from November to December in the fiscal

December 2014 Le™™,
1
1
1

4
7
4

Adverse effect by construction

1
1
1
1
1
1
1
1
1
1
1
1
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7

7

4
4
4

4
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October 2014

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
\

Average of

November 5years

Figure 5. The example which was affected a
by construction works

2014 was significantly increased (red arrow). The capacity of this treatment plant was dropped
and nitrification was stagnant due to reduction of the treatment ability because of construction
works. Therefore, although the stagnation of nitrification reduced the blower power

consumption compared with the results of the previous years, the water quality deteriorated
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significantly. As a result of this, it could be analyzed that the orientation of vector tuned

upward sharply.

Figure 6 is the case that the improvement

is clearly seen as a result of upgrading 10 _1 —

specific power consumption of blowers L
October 2014 *—> FY2009| 2013 Avefage

from October to December are increased > 52014 Wctual Value

6 T T i
0.050 0.070 0.080 0.110

toward the top right direction has not specific power consumption of blowers
[KWhr/m?]

and the tendency that the vector moves

]
facilities. The red portions show results | 2 7 i
from October to December in 2014 and % 9 - : Average of
blue portions show the past five-year E ________________ E_ e —
average from October to December. Both g 8- :
. ) = Upgrade effect of

the total nitrogen concentration and o o

5 7 aeration equipment

EIJ I

2

=

z

changed in the fiscal 2014 as well as past

five-year average (blue and red arrows). Figure 6. The example that upgrading

When comparing the results of the same  ¢,.ijities improved performance

month of the previous five-year average to

the results of the fiscal 2014, the results of fiscal 2014 show the reduction of specific power
consumption of blowers and shifting of vector position to the left direction. The aeration
equipment of this treatment plant had been changed sequentially to energy-saving type
equipment from the spring of this fiscal year. Two reaction tanks out of four were
re-commissioned from late August and one more tank was re-commissioned from November.
It was concluded that the improvement was achieved by the upgrading of facilities. This effect

made the reduction of specific power consumption of blowers by 0.007kWh/m?>.

Results of efforts toward target values

The operational improvements have been progressed in each treatment plant by observing the
movement of the two axis management graph and checking the target values. Figure 7 to 11
show the deviations in percentage between the target values and cumulated values of total
nitrogen and specific power consumption of blowers, plotting the target values to the point of
origin. Figure 7 shows the deviation from the target values at the end of the fiscal 2013.
Although the treatment plant "A" shown in the Figure was able to reduce 4.0% of specific
power consumption of blowers from the target value at the end of the fiscal year, the total
nitrogen becomes 17% higher than the target at the same time. Thus the plant was not able to
maintain the balance between the water quality improvement and the power reduction. From
this, the target of further improvement of the water quality was set for the fiscal 2014 and

operational improvements were implemented. Deviations between the target values and the
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cumulated values as of the end of April 2014, September 2014, and March 2015 are shown in
Figure 8, Figure 9, and Figure 10 respectively. Although both data at the end of April and
September 2014 show relatively high specific power consumption of blowers, it was able to
minimize the increase of blower power usage per unit and maintaining nitrification and
denitrification appropriately, by the reduction of DO set values and setting MLSS higher than
usual. As a result, 3.8% of total nitrogen and 4.0% of blower energy were able to reduce
compared with the target values and the balance between the water quality improvement and

energy-saving were achieved at the end of the fiscal year (Figure 8 to 10).
By visualizing the deviations from the target values, it was clarified whether to focus on either
water quality improvement or reduction blower power consumption. Thus, the motivation for

the simultaneous achievement of water quality improvement and energy savings is easily

promoted.

NGO,

Figure 7. Deviation from the target value as of March 2014

>0

Figure 8. Deviation from the target value as of April 2014
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OA

Figure 9. Deviation from the target value as of September 2014

Figure 10. Deviation from the target value as of March 2015

Comparison between treatment plants

A list of the results of each treatment plant for the fiscal 2014 was prepared and comparison
using this list was carried out. In Figure 11, the result of the total nitrogen concentrations and
the specific power consumption of blowers are shown by plotting the results of the fiscal 2013
as the starting points and the results of the fiscal year of 2014 as the end points. Starting point
varies in each WWTP which indicates the distinctive features of each treatment plant. The
differences in these positions are considered to reflect differences in the scale, the inflow water
quality, the structure and equipment, and reaction time of each treatment plant. The yearly
efforts resulted in the reduction in specific power consumption of blowers from 0.117 kWh/m3
to 0.109 kWh/m3 and the improvement of total nitrogen concentration from 11.9 mg/L to 11.3
mg/L in the weighted average of the 23 wards of Tokyo. Reviewing the results of treatment
plants individually, it should be noted that vectors are directed in various directions. For

example, "A" in Figure 5 shows the good example of software measure that the water quality
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was improved by facilitating denitrification by avoiding excessive nitrification which was
achieved by the improvement of operational management. Also, "B" is the case of hardware
measure that the specific power consumption of blowers are improved by replacement of the

air diffuser plates.

Although the individual ratings of treatment plant "A" show the improvement, when compared
with the other treatment plants, both the total nitrogen concentration and blower power
consumption exceeds the weighted averages of all WWTP. Therefore, both hard and soft

measures should be aggressively promoted.

Figure 11. Comparison of the fiscal year of 2013 and 2014

CONCLUSION

As described above, it was possible to clearly grasp the effects of facilities upgrading and
operational improvements by visualizing the trend of total nitrogen concentration and the
specific power consumption of blowers with vectors. In addition, by setting a target value for
each treatment plant and making appropriate changes in operating conditions, motivation to
achieve both water quality improvement and energy saving was promoted and it became easy

to tackle the issue

In Bureau of Sewerage TMG, will further improve and develop the two axis management

methods in order to continue the contribution to the realization of good water quality with less
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environment impacts by both water quality improvement and power saving which is

simultaneous pursuit of water quality and reduction of green gas emissions.
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4—2—2 Basic Energy Plan "Smart Plan 2014" for sewerage system

Shuhei Taketani,

Planning and Coordination Department,
Bureau of Sewerage,

Tokyo Metropolitan Government

1. Introduction

Bureau of Sewerage, Tokyo Metropolitan Government (hereinafter referred to as
the "Bureau") has continuously been operating large numbers of facilities such as
approximately 16,000 km long sewer pipe line, 20 water reclamation centers, and 87
pumping stations 24 hours a day year-round. These services are contributing to safe,
secured, and comfortable urban development of Tokyo by preventing flooding,
improvement of water quality, and preservation of public waters and living
environment.

The Bureau has been using a large amount of energy to provide high quality
sewerage services. The annual power consumption is approximately 980 million kWh
which is equivalent to 1% of total annual consumption of the Tokyo metropolitan area
(approximately 86,000 million kWh). On top of power consumption, the fuel
equivalent to approximately 20 million m® of city gas consumed. The Bureau is the
largest consumer of fuel in the Tokyo metropolitan area. Also, the implementation of
projects such as the improvement of combined sewers and the enhancement of flood
prevention measures may further increase the energy consumption in the future. The
Bureau is responsible for the reduction of power consumption as a major power
consumer.

Further, power plants suffered serious damages by the Great East Japan Earthquake
which occurred on March 11, 2011, the energy-saving measures such as rolling
blackouts, and the restriction on electricity use in summer were implemented. The
stagnant fuel supply due to the confusion in distribution networks caused disruptions
of emergency power supplies. Thereafter, electricity prices were significantly
increased by the suspension of nuclear power plants, and this had a significant impact
on the management of sewerage system. Faced with these difficulties, the Bureau was
forced to make a major shift in the energy supply system.

Japan's first basic energy-saving plan for sewerage system, "Smart Plan 2014" was
established in June of 2014 for the optimum control of the energy for the sewerage
system, and providing stable and sustainable sewerage services.
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(1) Status of energy usage at the time of the development of the plan

Annually, the Bureau performs the pumping of approx. 2.8 billion m* of rain and
sewage at pumping stations and the incineration of approx. 80 million m? of sludge and
approx. 2 billion m® of sewage at water reclamation centers. Annual energy usage of
electricity and fuel such as city gas for these pumping and processing is amount to 4,620
TJ (tera joules) on a calorie basis. A proportion of 76% of total energy is electricity and
24% is fuel (Figure - 1). Total energy would be reduced by focusing on both electricity
and fuel.

Fuel
1,110TJ
24%

lugge treatment Pump facilitieg

facilities (electricity)
(fuel) 970TJ
1,110T Y 1%

{ Annual energy
consumption
4,620TJ

IVastewater
treatment

Sludge treatment facilities
facilities (electricity)
Other
ok clectricity) 1,430TJ
buﬂdlng-s'etc. 37 electricity
(electricity)
5% 76%

Figure -1 Proportion of energy usage by the Bureau(The fiscal year of 2013)
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(2) Various problems relating to energy
I) Projected increase in future energy usage

Along with the efforts to improve the sewerage services, further reduction of
energy consumption would be implemented in order to cope with the increase of
the energy consumption for the prevention of flood and the improvement of
combined sewer. The both tasks increase the power consumption due to the
increases in the volume of pumping during rain, the increase in the volume of
contaminated rain water collected at the beginning of rain that is to be treated at
water reclamation centers. Taking these increases into consideration, further
reduction in energy consumption is required.

ii ) Impacts on the sewerage services by the Great East Japan Earthquake

As mentioned above, immediately after the Great East Japan Earthquake, the
Bureau was forced to respond to the rolling blackouts while maintaining minimum
functions such as wastewater treatment and rainwater discharge. Although, water
reclamation centers and pump stations have been promoting the preparation of
emergency power generation facility in order to maintain the sewerage function
during a power outage, the completed number of facilities having the total planned
capacity is approx. 70% in the end of the fiscal year of 2013. In addition, due to
confusion of distribution system after the earthquake, the fuel supply to emergency
power generation facilities was extremely difficult. As such, sewage was
temporarily stored as much as possible in sewer pipe lines at the time of rolling
blackouts, so that the number of pumps that are require to operate was minimized.
Thus, the fuel of emergency power generation was reduced.

Bear in mind the aforementioned, in order to maintain continuous operation of
sewerage system under any circumstances in the future, it is imperative to secure
the expansion of emergency power generation facilities and emergency power
sources as well as appropriate fuel supplies. Also, a reduction in external energy
dependence by aggressive introduction of distributed power source and efforts to
secure stable energy supply are required.

iii) Impacts on the management of sewerage system

After the earthquake, electricity prices increased significantly due to the increase
in the proportion of thermal power generation by the suspension of nuclear power
plant and soaring fuel procurement price by the fluctuations of foreign exchange
rates. Therefore, the Bureau made various efforts of power consumption reduction
and the annual power purchase was reduced from approx. 1,010 million kWh
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before the earthquake to approx. 950 million kWh in FY2011 and 2012 after the
earthquake. The reduction per year is approx. 60 million kWh. However, despite
these efforts of reduction, electricity charges increased 3 billion yen during the
fiscal year of 2012. In order to provide continuous stable sewerage services in the
future, efforts to further reduction of purchased energy would be continued to
implement so that the impact of electricity rates rise can be minimized.

2. Summary of Smart Plan 2014

The summary of the Smart Plan 2014 that aims to solve the various problems
relating to energy and stably supply and continuous development of sewerage system
are as follows:

(1) Targets, planning period, and concept of energy reduction
O Targets
Increase the proportion of renewable energy and energy saved to 20% or more of

the total energy consumption before the end of the fiscal year of 2024.

O Planning period
From the fiscal year of 2014 to 2024

O Method of energy reduction

The total energy consumption is defined as the sum of the energy purchased plus
renewable energy and energy saved.

As shown in Figure - 2, the energy purchased (external procured energy) would

be reduced by increasing the proportion of renewable energy (renewable energy +
energy saved) of the total energy consumption.
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Figure -2 Image of proportion of renewable energy

(2) Projected future energy purchase amount

The purchase amount of energy is estimated to increase from 4,390TJ in the
fiscal year of 2013 to 4,930 TJ in the fiscal year 2024 as shown in Figure 3
assuming the sewerage service improvements would be implemented as planned
without taking countermeasures for the energy reduction. Therefore, further
expansion of renewable energy utilization and further energy saving efforts are
required so that the proportion of renewable energy and energy saved would be
increased to 20% or more of the total energy usage and the energy purchase would

be reduced to 4,060TJ or less before the end of the fiscal year of 2024.

Projected total energy usage

Renewable
energy

in the future

Increase in purchased
energy amount

improvement of

Increased amount Energy
due to purchased
sewerage service

Projected total energy usage
with implementation of new initiatives

reduce in purchased
energy amount
=

Figure -3  Projected total energy usage in the future and

projected total energy usage with implementation of new initiatives
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(3) Four policies

Based on the four policies of the Smart Plan 2014 plans, major efforts would be
implemented in order to increase the proportion of renewable energy to 20% or more.

O Policy 1 - Expansion of renewable energy utilization

To secure own energy for sewerage services, renewable energy such as new solar
power generation and new power generation utilizing the unused low-temperature of
waste heat from sludge incineration would be used as much as possible.

OPolicy 2 - Further promotion of energy saving

By advancing the development and introduction of novel advanced wastewater
treatment method and an energy self-contained incineration system, the energy
conservation would be promoted further and the energy consumption should be reduced.

O Policy 3 - Introduction of smart management of energy

On top of the conventional energy conservation measures at individual facilities and
equipment in a series of facilities, the "Energy Smart Management" which consists of
the optimization of energy through the process of the entire facility from wastewater
treatment to sludge treatment and the improvement of the efficiency of the operation
management across multiple facilities from broad perspective is to be introduced for the
smarter energy use.

O Policy 4 - Strengthening of energy crisis management

In order to maintain the sewerage services under any circumstances, strengthening the
countermeasures for energy crisis such as the expansion of emergency power generation
and the introduction of distributed power sources as well as sharing the fuel required for

the emergency power generation between facilities, would be implemented.

3. Specific efforts of the Smart Plan 2014 for the realization of the proportion of
renewable energy and energy saved to more than 20%

The examples of concrete efforts for each of the four policies are described below:
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(1) Policy 1 - Expansion of renewable energy utilization
i) Expand the introduction of solar power generation

The Bureau has a very small space available in wastewater treatment facilities,
because they are located in urban areas.

As such, ingenuity such as the installation of solar panel onto the cover for odor
prevention over reaction tanks in treatment plants for the utilization of space as well as
the reduction of installation costs (Figure - 4) and the distributed instillation of
small-scale solar panels to pumping stations would be exercised.

Installation of solar power
generation panels onto the

covers for odor prevention at
Wastewater time of rehabilitation of the

treatment covers in wastewater
Figure -4  Image of introduction of solar panels to Morigasaki water reclamation center

treatment plants.

ii) New power generation utilizing the waste heat of sludge incineration

The Bureau, for the purpose of extending the life of final waste disposal sites, must
make the maxim reduction and the stabilization of sludge. For this purpose, all the
sludge is incinerated.

As described previously, a large amount of energy is used for sludge treatment. A
power generation technology utilizing incineration waste heat of the low-temperature
that has not been used at the moment due to technical reasons should be developed and
introduced (Figure -5).
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Figure -5 New power generation utilizing wasted heat of sludge incineration

(2) Policy 2 - Further promotion of energy saving

i) Development and introduction of "Self contained incineration system"

The Bureau, with the aim of expanding the renewable energy utilization and further
energy saving, would develop and introduce a "Self contained incineration system" that
is the combination of the ultra-low moisture content type dehydrator that can further
reduce water content and the self-contained incinerator that can generate the power from
the waste heat of sludge incineration for itself (Figure - 6).

Circulation of partial
waste heat

Sludge with
further less
water content

‘ensnspnsnsnnnnnnas’ !

Ultra low moisture content type dehydrator :
Dehydrator which can further reduce water
content of dehydrated sludge by low power
usage.

Power generation
by most of waste heat

Generator

Not Supple al fuel
required iy

Energy selfcontained incinerator :

Sludge incinerator which can generate the power
required for its operation and no supplemental fuel
is required

Figure -6 Energy selfcontained incinerator system
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ii ) Introduction of "Novel advanced wastewater treatment method"

In order to prevent red tide in a closed water area of the Tokyo bay, the Bureau has
been introducing the advanced wastewater treatment method to reduce nitrogen and
phosphorus in effluent, which is one of the generation factors of red tide, utilizing the
opportunities of the rebuilding and expansion of facilities.

"Novel advanced wastewater treatment method " which can achieve more than 20%
power reduction compared to ordinary advanced wastewater treatment method, while
maintaining equivalent water quality of effluent, would be introduced (Figure -7).
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Not Agitator (Nitrification) o o_,
|_required_|Circulation pump 00 & ° .
Inflow from primary ot . ° Lo
settlement tank . — Diffuser ° °° g o
e . g : ° %
Nitrification plate o°° 0 °

Dinitrification

At

Anaerobic |  Aerobic/anoxic tank ) )
tank (Nitrification/dinitrification) Swirl flow
Generated

by air buoyancy

Diffuser ' Aerobic zone(Nitrification)

plate
( /\(’VY\(’

SROAYAYY

Anoxic zone (dinitrofication)

(Side of Aerobic/anoxic tank)

Figure -7
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(3) Policy 3 - Introduction of Energy Smart Management
i) Energy management of the entire facility of water reclamation center

Optimization of the energy usage in a series of systems from wastewater treatment to
sludge treatment would be promoted. For example, optimization is pursued with
considering the total balance of the power, chemicals, and fuel consumption for water
treatment facilities, concentration and dewatering equipment, and incinerators (Figure
-8).

-
Wastewater treatment facilities (l Air flow volume : Decrease € Increase
v

Power consumption : Decrease © Increase |

/\Sludge volume : Increase & Decrease

Primary Secondary
settlement tank Reaction tank settlement tank
Wastewater
treatment

« Power usage
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energy for dehydration
volume wastewater and « \VVolume of
* Quality of sludge treatment chemical usage
effluent

Incineration

* Volume of fuel
usage

Evaluation of balance
between increase in power
consumption and reduction in
fuel consumption

Vs Sludge treatment facility

incinerator:

Sludge volume : Increase & Decrease
v

Condensation * dehydration X
. Volume of fuel usage : Increase & Decrease

eguipment
\

Sludge volume : Increase & Decrease

Vv

|Volume of chemical usage : Increase & Decrease |

Figure -8 Image of energy optimization for water and sludge treatment
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(4) Policy 4 - Strengthening of energy crisis management
i) Introduction of distributed power sources

Distributed power sources such as solar power and power storage equipment (NaS
battery) are to be installed in water reclamation centers and pumping stations as a
diversified power source (Figure - 9).

Power grid of Electric

power company Electric

power
storage
equipment Small hydraulic
(NaS battery) power station

Solar power
generation
eguipment

[ Electric load (Sewerage system) ]

Figure -9 Image of distributed power sources

5. Summary

The role of sewerage system started with basic features such as the improvement of
living environment, flood prevention, and water quality preservation of public waters.
Along with progressive development of cities, aiming to the realization of more
secured and safe cities and comfortable water environment, the role of sewerage
system is diversified and advanced to flood measures, disaster countermeasures,
advanced treatment of wastewater, and the improvement of combined sewer.

In addition to the counter measures for energy and greenhouse gases, the measures
to secure energy stably are indispensable from the perspective of making a sustainable
city.

The Bureau has been putting in efforts for the reduction of greenhouse gas,
conservation of energy, and utilization of renewable energy. The Smart Plan is
introduced to advance and accelerate these efforts in order to achieve the upgrading,
improvement of efficiency, and stabilization of energy usage.

#¢ The energy consumption for the fiscal year of 2013 is an estimated value.
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4-2-3 Development of Simultaneous Nitrification and
Denitrification Process in Aerobic Tank of Suspended Growth
Treatment Process using Ammonia and Nitrate Sensors

Megumi Yuda!®, Tomo Oikawa?, Kouji Kassai*

! Bureau of Sewerage, Tokyo Metropolitan Government, Japan
* Email: Megumi_Yuda@member.metro.tokyo.jp

ABSTRACT

Nitrogen removal of suspended growth treatment is generally carried out through separate
processes, an aerobic process for nitrification and an anoxic process for denitrification. In recent
years, it was found that nitrification and denitrification could proceed simultaneously in a single
reactor, known as simultaneous nitrification and denitrification (SND). However, there is little
application of SND to the conventional activated sludge process that is widely in use for
municipal wastewater treatment. In this study, applicability of SND to the conventional activated
sludge process, which has spiral flow aeration, was investigated in order to improve nitrogen
removal and energy efficiency. SND with high nitrogen removal efficiency was achieved by
controlling air flow rate using ammonia and nitrate sensors. Moreover, since this new system
enables nitrification and denitrification in a single aerobic tank, a nitrified liquid circulation
pump becomes unnecessary and anoxic tank volume can be reduced.

KEYWORDS: Simultaneous nitrification and denitrification, air flow rate control, NHs-N
sensor, NOx-N sensor

INTRODUCTION

In improvement of effluent quality of wastewater treatment plants, which use suspended growth
treatment, the introduction of advanced treatment system is essential for removal of nitrogen and
phosphorus. The advanced treatment generally consists of separate processes, an aerobic process
for nitrification and an anoxic process for denitrification. However, upgrading of the existing
conventional activated sludge facility to an advanced treatment facility may result in reduction in
the treatment capacity per reaction tank volume and increase in the power consumption. In recent
years, it has been found that nitrification and denitrification take place simultaneously in one
reaction tank. This phenomenon is called “simultaneous nitrification and denitrification (SND)”
and this utilizes the nitrification and denitrification processes by creating the status of alternately
high and low concentration of the dissolved oxygen (DO) in the reaction tank (Miinch et al. 1996,
Pochana and Keller 1999, Zeng et al. 2004). While this SND is able to reduce the air flow rate by
making treatment processes efficient, SND, in practical use, is based on primarily batch
sequential reactor or oxidation ditch process (Barnard et al. 2013), and there is little application
of SND to the conventional activated sludge method which is widely used in municipal
wastewater treatment plants (WWTPs).
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Accordingly, focused on this SND, a new technology of stable treatment based on conventional
activated sludge facility, which has an aerobic tank with one direction spiral flow by aeration,
was examined in order to establish a new method with large treatment capacity and low power
consumption as compared with the present advanced treatment. A control method using an
ammonia nitrogen (NHs-N) sensor and a nitrite and nitrate nitrogen (NOx-N) sensor was
considered in order to achieve a stable nitrogen removal was also examined.

CONFIRMATION OF THE PRINCIPLES OF DENITRIFICATION IN AEROBIC TANK

Shibaura Water Reclamation Center is one of the largest WWTPs of combined sewer system in
Tokyo. It locates in the center of Tokyo, and the large portion of the treatment area of the facility
is a downtown business district. The experiments were conducted at one of the treatment systems
in the facility. Specifications and operational parameters of the treatment system used in the
experiment are shown in Table 1. The reaction tank is designed as a deep-tank with the effective
water depth of 10.2 m and an anaerobic/oxic (A/O) process is applied to the reaction tank.
Diffusers of the tank are at 4.0 m depth and a single sided spiral flow of water is made by the
aeration.

Denitrification in the aerobic tank had been ~ Table 1. Specifications and operational

seen in the system and rarely seen in the parameters of the treatment system used in

other system which has shallow depth tanks. the experiment

Also, denitrification progressed relatively (Annual performance results in 2015)

on weekend when nitrogen loading was low Treatment method AJO process

and almost no progress of denitrification on Specification Effective depth 10.2

weekdays when the nitrogen loading is high. of / diffusion depth (m) /4.0

The situation with relatively large Reaction Width/ Length (m) 9.1/91

denitrification is shown in Figure 1. In the tank x No. of stream X2

first part of the aerobic tank, denitrification Volume (md) 16,800

was observed and total nitrogen (T-N) Average HRT (hour) 93

decreased with decreasing NHs-N. AAnnuaI Return sludge ratio 059
verage

To facilitate denitrification, DO in the MLSS (mg/L) 1630

reaction tank should be decreased and GNHAN @NO2N CINO3N
anoxic region should also be established.
Figure 2 shows cross-sectional distribution of
DO in the aerobic tank. DO at the bottom of
the aerobic tank was lower than 0.5 mg/L and
decreased to 0.1 mg/L below the diffuser
plates, so that denitrification could occur at
those area. From these observations, it was
considered that nitrification and
denitrification mechanism of the deep
aerobic tank with spiral flow was consist of . o
(i) nitrification above the diffusers, (ii) Figure 1. Example of denitrification in an

progress of denitrification below the diffusers, erobic tank of the system used inthe
experiment (ANA: anaerobic, AER: Aerobic)

Nitrogen concentration (mg/L)

o

1 | 2 | 3

ANA AER (1st part)

AER (2nd part)
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and (iii) repetition of (i) and (ii) along the reaction tank. spiral flow type deep reactor tank
4 ) R
| 1.5 mg/L | | 0.8 mg/L |
DEVELOPMENT OF AIR FLOW CONTROL
sysrem | ] _9dm
Diffuser
In order to keep SND stable in the deep aerobic tank with (4.0 m depth) 10.2m
a single sided spiral flow, air flow rate control system
was studied. It is necessary to form low DO (anoxic) |01 mg/L | [03me/L |
regions continuously for denitrification in an aerobic G/
tank. On the other hand, nitrification should always be \ J
completed in the reaction tank. In order to satisfy these Figure 2. Cross-sectional
different conditions, it was concluded that the reaction distribution of DO in the aerobic
tank should be split into two parts, because tank

denitrification tends to occur in the first part of the

aerobic tank where organic matter concentrations are high, and denitrification unlikely occur in
the second part due to low organic matter concentration. In addition, it was decided to control the
air flow rate separately. The first part was defined as the zone where denitrification is facilitated
by suppressing air flow rate and keeping the balance of nitrification and denitrification, and the
second part was defined as the zone where nitrification is securely completed.

In the first part, nitrification progresses and NOx-N increases in the upper area of the reaction
tank, then denitrification of NOx-N progresses in the lower area of the reaction tank. Therefore, if
the air flow rate is excessive, NOx-N will be gradually accumulated and its concentration will
increase. On the other hand, if the air flow rate isn’t enough, sufficient NOx-N will not be
detected. Thus, it was considered that the air flow rate control by NOx-N concentration is the best
method and it was decided to use a NOx-N sensor (which measures the total concentration of
NO2-N and NOs-N). In addition, the installation position of the NOx-N sensor shall be the
vicinity of the outlet of the first part and close to the water surface in order to obtain the amount
of nitrification (Figure 3). The target value of the NOx-N sensor shall be set in order to promote
denitrification by suppressing excess nitrification. Therefore, the set value is lower than NOx-N
concentration at the time of DO control. The actual set value would vary depending on the load
of ammonia in the in-flow. For setting, the following two points must be noted: (i) remained
NH4-N may be exceed the capacity of Feed back control

NOx-N Sensor

nitrification of the second part when Iy

nitrification is excessively suppressed at the ISR [ St

first part, (ii) setting to zero makes it difficult Blowers o % 05”0 oy Y  (NOxNincrease) |

to confirm the nitrification progress. R '
S R G |

At the second part of the aerobic tank, air o ot """ Oxygen supply stops and

flow rate should be controlled as the | DOdecremes

minimum to ensure complete nitrification. ( lowDOmakes H ﬂ

Therefore, it was concluded that NH4-N | dentifiation possble o | U

sensor should be used for a continuous - N J

measurement of nitrification progress in the Figure 3. Process of nitrification and

second part. To complete nitrification and denitrification by the spiral flow in the first

part of an aerobic tank
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avoid excess air injection, minimum residual NH4-N should be maintained at the end of the
aerobic tank (approximately 0.5~1 mg/L of NHs-N). In terms of measurement accuracy, it is
desirable that NHs-N sensor is placed in a position where NH4-N concentration is approximately
2~3 mg/L and the set value in its installed position should be approximately 2~3 mg/L.

EXAMINATION AND VALIDATION IN AN ACTUAL FACILITY

Table 2. Treatment status during the

Based on the results of the development - .
examination period

studies, NOx-N and NHz-N sensors were

installed to a deep reaction tank (Figure 4). Weekday | Weekend
Then, an actual air flow rate control was Treatment volume (m*day) 141,000 97,000
carried out in order to verify the T-N of inflow (mg/L) 35 27
performance of nitrogen removal in HRT (hour) 74 8.0
continuous operation from June to SRT (day) 7.2 8.0

September 2013. In this facility, the

differences between weekday and weekend in the loading of organic matter and nitrogen are
considerably significant. Therefore, a wide range data in loading conditions were collected as
much as possible by measuring the quality of the combined sample of each 24-hour from
Wednesday to Thursday as high weekday loading, and from Sunday to Monday as low weekend
loading. The treatment status during the examination is shown in Table 2. The set value of the
NOx-N sensor was 1.5 mg/L for both weekday and weekend. And the set values of NH4-N sensor
were 2 mg/L and 4~5 mg/L for weekend and weekday respectively.

Feed back control
water i

Anaerobic Tank Aerobic Tank (first part) o

Sludge ]
return |

— Q_ Aerobic Tank (second part)

Effluent water Feed back control
(to a final settlement tank) [ NH,-N sensor } —

Figure 4. Division of the reaction tank and the air flow control system with NOx-N and
NHa4-N sensors

Relationship between volumetric nitrogen loading and nitrogen removal rate is shown in Figure
5. The nitrogen removal decreased when the nitrogen loading became higher, excluding the data
during rainfall. Nitrogen removal was lowered during rainfall due to hindrance of denitrification
by increase of DO in the whole aerobic tank. On the other hand, it was considered that the
nitrogen removal increased in condition of low nitrogen loading due to expansion of the
denitrification zone, and the expansion was achieved by overall reduction of DO in the reaction
tank, and it was enabled by the air flow rate control with the NOx-N and NH4-N sensors. In
addition, in case of same nitrogen loading, nitrogen removal was higher than A%/O process at the
other facility (Figure 5). Consequently, it was suggested that this system can be operated at
higher loading conditions compared to the A%/O facility with the same nitrogen removal and has
the possibility of the same nitrogen removal with more compact facility.
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In an A%/O process, power consumption per 100

treated water volume generally becomes 30% R

higher than a conventional activated sludge g0 | o @% 00

process (Kasai et al. 2010) due to the addition g ®5 &S 550

of a mixer and nitrified liquor recirculation S 60 A ,, ° %o © ©
equipment. In this technique, power g ¢ oT 4
consumption can be successfully reduced by = 40 A

eliminating such equipment. Also, it is & O This system (NOx-N and NH4 control)

pOSSible to reduce air flow rate by the § 20 A 3 This system (NOx-N and NH4 control) (during rainfall)
reduction of organic matter during ©A2/0 process (other facirity)

denitrification. In the experiment, the amount 0

0.00 0.02 0.04 0.06 0.08 0.10 0.12

: : o
of air flow was reduced approximately 10% in Volumetric nitrogen loading (keT-N/m3/day)

the average compared with the DO controlled

systems and about 25% improvement of Figure 5 Relationship between volumetric

nitrogen removal was achieved in case of low nitrogen loading and nitrogen removal rate
nitrogen loading in the weekend.

SUMMARY AND CONCLUSION

Simultaneous nitrification and denitrification (SND) with high nitrogen removal efficiency was
achieved by individual control by NOx-N and NH4-N sensors for the first and second parts of the
deep aerobic tank of conventional activated sludge process. Higher nitrogen removal is obtained
compared with A?/O process under below the certain level of nitrogen loading. Moreover, since
this new technology enables nitrification and denitrification in a single aerobic tank, a nitrified
liquid circulation pump becomes unnecessary and anoxic tank volume can be reduced. Therefore,
it is possible to reduce power consumption more than that of A%/O process or conventional
activated sludge treatment process of nitrification (DO controlled). In the future, it is planned to
introduce this system to other three of the existing WWTPs and verification of performance will
be carried out by long-term continuous operation in the different influent quality.
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