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@ HHTLIMARLZEE LiL &

-102 -



RUER FAGE R HNFAA4E#R -2016-  Vol. 40
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O~@IZkwm+ o80T, MPrARERAD Ty — M2l T THEAKEZHRLEZ & 2K
MEOWMAR DT ELEZEZOND, DIZHOWVWTIE, WAKDRAIZ X > THBLOKAMD EFH-
LTHEHEICHEL TWEBRREP RSN THRALTELb D EEZDLN D, BMBEITLHFK
WA DT, HREAKOKEL X OCHBROKEMIITIZERL, 77— FEESKEDOHE K
REODHMBMERIC L > TRIEZ 7 ICHAT 2EERAbND, BWIZE DA TIEHIS
WEEL WA, 7 — PR O AIH L Tid, REBRFERY — R EICL> TIHBKEZH
HBTODZLETHMEOMAZLICZIENTELLEZLND, Hl2IT. TEREDOTZDOEK
MARERAZEILT 256, WK B —E R ENHEKERNICITE > 2 KICRIEHE R
ey — 2B ATLHOREDHEENAREEbN D,

5 RIERAVIRNIZCHEBLEZAALXEK

AHOQIZ TR LEEBRHAT 7 b2V b ETFEROBELE LT, BBYAWICEAELE R
NEHEHEATL > CTHRTIBIEZITo TN E, TOBRDODADLOFENITE A LR
b Twag, HiZ, ZThExEBdE, ABTLOEENEFELI D KO ERRIZ REN
HEULDZENDHD. Tbb NINZ Y ITHNICATLEZIFOR W EREELEZLND,

Wpk 27 8 AICIX, R ERATCOMMEAD LORELINEY | KIGX 7 HND AT
LALMRMBHETEZN I9ARCERICEIBENEZE. B AT LARAELND X HITR o7,
KENOEAFINDT TRIGZ 7 ICHRE LA LDE, A2 EixigtAa R, LT
O X HEEMNRD BT,

INHORWMND, KIGZ 7 NICHB LA LCEEN DI MHBEN ., BENE -2
EEICHM L TATLPRBRAICHEZ TS bDEZEILND, 20D, HHELEAT A
DRESCHEEREOHBEICID, KIEX U 7 NICADLEITFD RN ENMBREICE DR
HWRIMOPBILICADEZEZDOND, TI T, KISHERICA T L z2ITd R WHEZ R T 5
2, FTE. AV LAPEFEVIICDLIMEEER L, TOMEEX 13 I27RT,

FAIK
INCIE A ’
B[E] % s |

v L

P—

L |

\\\\gﬂf// \\\D@Eﬁ
—
R LASHERELAOT LB R SR LR
by XN

183 RIERVIRNTRALMNERBLOT VG

RERABIOEEERE QIR 7 FIFERCHEETCH D, BEIENDL CHKIZ
TORTAE THARMPARESIN TN RWVWEIALERNHY, ZIICABTLBRITEY T
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o TWDb, £/, AFIKE BRERIBROBERICIIBENLFKEINLTEY, BRIETHEAEL
A LB BEEOAABICIHFEEDST Lo TS,

DBNT, KIGH 7 NICHIFE -T2 AT L O PR E R AT,

9HTH, BERRARIZEWTBHEKBOBIZIFEESTEADLDIEN Y 2 10m > FEEIZR >
oT, EBRHAOEERERTEHCTAI ORIz, LrL, TOEBETIE, *
T3 L JE BN T D | XﬁAiD%%ﬁ%ﬁFAﬁ®Wﬁ%ﬁ§<\@@%_Xﬁb%&%
TERWIZ R gholc, M13ICRLE LD ICZ DR C1fEIC o 3 ATIC A
ARG LTVD, REREOZRIIT6/HLDOTE ﬁ18#%_omfzwA@ %
MEMRLREDNO AN LADOHEREZBED KL TW ZEIEFEReFTHERD,

12 HIZAD, BRERIBETA D LAN —HIZIANVIEAZDRZE - cmIiZEICH LEZDO T, NF =
— LHEICL AW R AT, TOEBETIE, MBI EZICADLEWBI TE DN, AT AL
DHBEBLOBAERICH LT, Wl TEXr2&R8 V20D, RO FIFZ NIV &N
o T,

INETOLIABHELIEATAIHLT, ANNIZE2BREFF HDEZ2EST S L, mik
DX I %ﬁ@ﬁ/*&@pH%Tié_kfi%@%%%miézkﬁﬂ%?%ézk
MWH, KISH 7 NICHRE L A L33 2 kR IE R 2 &l L7,

@%\12Hu%&%%btxﬁbi\%ﬁ&y7ﬁ¥®@%%%ib\%DHSS@%
Rl Xy b REEZBRILT D E T, 2~3 AN T THMBEINT W7z,

Rk 27 FEOKUKE, BMBMEA D LORENTLEALAE R P> EEMERICBW T, TH

D22 CHR 28 4F 3 HICHMHBAERMT 2L 2R o7z, ZD7D, Wolz Al
bz T, EFAMb~oREZRA7ZA, EFEICFEREBRY., 8 HICAY X H < (|
"L, ZOM., BBREDO AT L8 L. ﬁ FWHBAOND X I o T, EF M
BICEIET 2MBECTHBEDO AL LTEHIZHE D L TnoaZ End . MBRE OO M
W D7z 6, B R O BN W D THER Sz,

6 F&H

Wk 20 FEAOES, KRR Z PR OICHBREIC LI BEREIRVNTEY, Zh i
Mx b HEERFTLEEZA, MibkzED T, pHEZ FTT2EERANTHLZ ENH0
STl L B —DRAKIZTEENDAFT L ONRNT U ARNT A INETH LD
HALZMRESETEpHR TRV IS WHAAH S, M T, @Rl L — 3 Il X
ofﬁ@%ﬁtﬂ%ﬁ?é&pHﬁL%TélkﬁWﬂ%%ﬁ%E?%él&bvwwﬁa

KISH 7 NICHERE LT BRBEO A D LT, AESFBENE LW T2EEx015 2
k#%\9%@9%u%%¢6:kﬁ%ibwﬁ PRICIZZ R hE2ET L0, 4

T, BEWpHZHRT OO LICERZE VW TEERWAMHE T2 L& L,
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2-1-6 AHKBAEL VI —FRARGEBRBREIZCONT

W — FTREBEFEBA WEAKEEE ¥ — wmH FH
(B Wil FAEAR BT bk A EER)
xR EAT IR BT

BH R
(B KIEJR)
KH R

(Bl IR KEAE B HEAKREAEE 2 —)

1T FL&HIC

HWHKBEAE X —TIE EGHABEN O 20FEMBE L Ca 2 B0 (1 5) 2Kk L.,
R 2THE 3 AMPOH L 2 0D KRISHE (35 L4 5)DEM %G L7z, 3 8IS O/
By, BRRE, RIS B, RICHEARELN 1.5 FICH A, 20
ZEmb, UATE D b FEMICKLERNITAD LI oTc, £72, 6 AMOERH T,
WL OMWOFRENRH S N5 T,

AKX, AFHKBEEY Y —FHAOKLBEIFGZHFENT DL LB, FHKISHE S BT
D FE, WSS BT AT O KE R OEREHORE, FEIC DWW THET D,

2 MEHME
2.1 EHAXKBEEVI—DOHME

K2 —13, MAKOREZHKAWEBERIGTIE+AEADESEETREL TWDLD,
AR DRI X D BRI L - T, A (CODISmg/L, 2% HF 20mg/L, =Y A 1mg/L)
DN, BB REOREZAET 222 -0 b EBRESNTND, LML, KEEOD
i kKFHAEL X —LHEELT, MAKD COD, EHE., WAEBREEIEL, BFICLEXANTO
KBIFEA X FEHMBERICIIRER2SAMKAL R HEREGREENPROONLD, E 72,
EEME KD e A B L, FAKE L THEBREAEODHMEXA~AMHEL TNDEED, £
DB EOBENELINDIEVIBEFOREFE LI TVD,
2.2 FBEHZOHEESR

HEETHEICLIY, FR2TESATHLPORIGHN L 6 2L o7/m, K 112,
BRSO A O KRB 7 v — A & KGR E 2 s L7 B SR (3 5 kD4 5)
® DO FHR° MLSS G722 E ol ERORENME L, BISHE (1 5) ERAETH D, H ik
et X ERT O M Z R AT 5, HEBEAOY ABEY VREHIZIBEFOHS (&K 1 &) 2 HH
L/, Bl Rm, & BB 0 ZomEEO 3 228%&, 1 &0 CIEH
ELTWD,

MERERIC LD FHERET QI = A2 TboNn 5,

(1) Fr#lROGHE CIXERm R OBEC TR b D, AR 305 S0 RE M IR %

ALTHY, MBENE, B EELoORETCHLEHNTE S,

(2) KISHRBEOILRIZE D2 MWEER O REREMTH 5,

12, RIS OREEEZ R LT, RIGHEAEOGFHEIH L.5FIZHEML TV,

(38) BiOEFH THDH, £ 2 [T K OEDHMOFHFRNO —HER LT, PN
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KR 2 e L2 iE s, KPP RBESCH AR ZE = r L F—RICAEH L,

IR, VAMREBEHZI1IAEOHETSIIHEHEL TV
K 1 KOEBEIJO—HEAK

x® 1 REERE

b s
354 | 4548 11;;2%&
FRUEA~ | gt
A 1,500 1,500 1,500
EEAE 3,000, 3,000 4,500
B 1,500/ 1,500
PP 3,000, 3,000 6,000
&t 9,000, 9,000 12,000
BEr o ()
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HE R s | s | 1656 | 1656 | 1903
B 5.7 49
158 90
A 224 | BB/ 230
e 80

3 HBEREEILIFIZONT

3.1 BEA

ASEIORMBEEHFICBIT 2 ERFEERIIUTOMNA TS 5,

(1) R AKOEREHEETTHD, U o ¥ — 3 HELEENESRESNATNDL D,
MLERAKE DAL EBIZ /DN N o DI BRI, L0 — B KE 23R L
e THEZRBRW,

(2) 2 HEEMAFREO KGN O MLSS IRE OfER Th 5, BEXIGHE 1 0 OI&EG e &
T, 2O MSSIEELZMETOILNERD DL, MLSSEE O AWM e Z{bz E
ML TR0,

(3) HAKEBEOHMETHD, FHISHNICKZEY AL IIZ, —EREOF — LB
HAKCLT, EARNBSBELE L0, HEKFEKTHD T IRLABEKENRRET 5EN
Nd D,

(4) HE> AT LA EOMBETHD, FllERIZBHEOHRME L AT 225 &M &
O, HiEATRICEIETZ2E T, XRAECEEFRE, BMHEARRE L2 A B H H
THZENTERW, 72, KEFHBEIZOWVWTHEHABORER R CHRRT 528
MTERN,

3.2 EEFIE

UbEogicEgE L, ¥l 27T 3 AT AnbRISHEON EFEE%21T o7, £ 3ICFIH
RICEOFEM AT D,
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FCERALEZIT T2, FHAKMBERREEZSGIET D720, T 9 A6 8 bk
MORIEMICUFEKEZITFE L KRR 7 TEHAKL CTHAEKEKZESR T 5K %2

2T,

(2)16 H» 6 3 SRUGHE~REEHIREZHBEA L. KO LA 2 HR%. SHEE K&K OHILIR

EERA Y 7 OBME LBzl LT,

3 RIS OKERR ZZERSEDTZD,

LB A~ S S E AT TH AR L R EBROKAZEIL L, AN THE, BX %
Mefe Uiz, Z O, 3 5 ISHE O Ao B BHI#E AT 22w 2 &b SRR

T FECTH VB ATV, EEERE L, KEFHESHSEITZE O E .,
16 HRF R TO 3 FRISERN O KERIWIZ, 7o E=TMHEFE 25. 0mg/L,

AMEFE 9. 0mg/L Th - 7=,
(3)17 BIZ 3 BIGHI O MEAKEIZEHE THEINTZ, BBRIZHE - 7280 KRB A R
FOBARMACIEZ D LEENL, B LB~ B EZRE L., 15/KE R

- 108 -

By CHEFR L 7=,
0 A EEME



RUER FAGE R HNFAA4E#R -2016-  Vol. 40

REBEREFBOBRALE, COMETT BT HE2E#E 12.6ng/L. 0 ABEMEY AR
2.8mg/L TH YV, PAC KOFFMOEANE HERICE~DEKEDOFREEIZ LY | KIS O
MLSS JBFE & “WRAHE K'E D REMRIZE D T,

(D18 HIZ 3 B RIS OB KENLE Lizlo, PACIEAZEIL LT,

(5)19 HIZ 1 B ISHE OB KK R EFHRZEILE L, KGO KEZFHAL T, 4 5K
oL EE L, BRAKERAM E TIHRASERZ, S50, HERCZ7ZBEHLTL 5
BOGKE DIRG WK %2 FTRERIR Y 4 SIS ~HRE L7z, £ 0%, Al & RO FIET 4
TR ISR ETG e AL R R AL IRIG R AN v T 2 B R R 2 B LT,
4 FISHEN O KEIRMICHBER ooz, (FRKEBEZFHE LN 50K EZH
WM~ ST, A, 1 5RO ITHEBERE T X ToRMEE 1L L,

(6)20 HIZ 3 BRIGHE~—TEEDOHEKEZ T AN, LEAKELLEE L, FEREA
AL, DOZEEME Laen b o R EFE 21T o 72, 4 75 KOS 175 K O i A6 R4
I AN RIIR OO, BEERIEAZ B4 L 72,

(723 HICHifEL Iz B AKENLEE LTI, Sl ~OMAFEKELZSRE L L, @WE
M ZEBs L7z,
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R K O EHGIF R EEZ R Lo, 3 B RICE IR KR O 3 A 17 BIZAKE 2 —REaY 12 Ak
L7, BEEAKROSKIGHE~OFHEKTAEOFHEIZL D . B KENELEERLE A
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BiECTH D, 7ok, FR2THEE ML, KAMZHKMEE L TEAL TS D, F D
HERWOFHEFELHXMEE L TR L, MxERICED, MAEXIK 1.5 £
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2T AT, ATAEELIRTICHE R THA A DO R EFZRE DT Lo, BSOS 5 A KE 136 4
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M EL7- M TED, ZRIIEAREOIIKICEY, XN THEN TN K EN
WMRKLEZIER-REEZDLNT,
4.2 YAWRE

QTHEEIT T HEMNOEA L, BIFEEENICHE R THAEKROE2Y VBENER L, 2
IR BEOIRICE Y BOD-SSEAMMNKIBIZIK T LEZ RN —-HEBx LN, £ DRE
PAC X O'HERE O FESAE H EAA R & <ML 72,

4.3 ZER=E
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x4 LHONEBKERVEGRKR

S EHEX FELH

=E (3? 4+"iﬁl_*§) 27 26 25
- COD(mg/L) 9.8 10.2 9.2
BEAE |e=EwmeD 10 9.3 10.1 10.2
29 A(me/L) 0.3 0.25 0.19 0.22
R K |2 Z % (me/L) 40 38.8 39.5 373
(TZHB [2YAme/D) 4 3.95 4.00 3.74
— [PACEARD 13.252 7.256 1019
RERAE Az 3.153 485 337
HRT(ER) 14.4 26.1 17.7 16.2
A-HRT(ESFE) 7.2 13.1 8.9 8.1
EEAE /) 66.6 43.0 63.8 61.1
£ EAEEGKE) (m’/m) 3.2 3.7 5.7 4.9
gt [BODEEAMG/ (' 5) 0.125 0.101 0.176 0.163
BOD-SSE fi(ke/ (ke A1) 0.050 0.064 0.097 0.094
SRT(H) 16.7 13.5 9.8
A-SRT(H) 8~10 8.4 6.8 4.9
R R ) 15 0.86 1.21 1.01
E T L) 05 057 052 0.42

KEEHE : RHICAVWE-RERVEOHENMSEH L -HIE.

5 SHRORFIBZERE

JEX EHEER CZOROEBEERORNITIBBOREF THY, XREZKI M2
W ORI RAKLEBITZ TWNWD, —H T, T X&EBELERINAL TN D, BIEXSH
ODbDOHLED, UTIC, EEARMERZS =L,
51 YAME

BRI R & el 32 & | BERX EHT 2 O Tk 27 FFE 5 U, F L D AL E
L, ZNIZHEWVWPACEAELH R L, W ALBRENNORKO -2, ik LB,
FEZR B O KRIZE D BOD-SSEAM OBV N B 2 LD, & 5T, Jii 5% 5 Atk T 5Ot K Ui
DPACTEARDNRRLD ZLIZEDPACEAROBER TN DL, D72, D ALHEIZIST
TR E AT 9 L HRIC, PACTEAROBRF L O R (kI H Y T,
5.2 FIHRRICEDHM

3 HERV A4 BIEMIT, B LIIFAFEOR TH DA, WMLRMEER &R EOELSMNE
W —I12F 2 LI AKREICENAELT S (Fl: H28 4 10 A EX KISR0 ABEMED AP B 3
5 0. 29mg/L, 4 Bl 0.36mg/L), T O—[K& LT, E{FREAMAE SO E GRS
XIS RAKBEOARYERZ 2z 6D, TOD, HEFIZELY ., &2 OISO Fr
PEERE L, TRICIE U EREEEEZ1T .,

6 F&H
BRSO ETHERETIE, ROSH 1 Z4E1E L, HoiC 2 a2 B 5 & v 5 Eifl
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DIRWFRBR RN BT Th oo, SHIT, EEAEBESHAEKOHRR EDOR
WMo MM EFHEEZTDRINE R LR o7, Ll FANCEAKSE
DEEZITV, BRISHE~OHKELHEMIE AR, EBERER E 2 DM <
IV, FICRERMEIRIIL ETF L2 N TE T,
FLEHBROSHZEN T 252 & T, URTL D BARMITKAERITZD LIk oT,
GBI, BRI THLN IR BE A E 2., SIERETHAMEROT —F OFEFICTIY
flie L Hiz, KEROPETZXALFXF—OWN 2 B L 22 R R EREH 2D | i K
HOMER L BAEKOLEMGZED TV,

HbHEE L&
WMEIZHLA
L% Rz

B0

-112 -



RS FAKGE R BIRAAEE -2016—  Vol. 40

2-1-71 ARBARCEIZE T2 ERFREEEKICED

FIERNRZEOREICDLNT

WEE — TAKEFBHHT WHKBERZ— Ry &0
IR IR

(B BRUHER FAKE Y — B 2 k& 4h)

fRE R

(B i FAGH A BT 7 R AR

1. FC®HIC

WETAKFAER & — OKABE R IL, FEEEEGEE (REXRISHE) OoFRE 1., 0%
(WLERHE 71 400,000 m*/day) . A 7 v 7 A 20 ¥ (VERE X S HE) o JBS TR (AL FEAE /7 120,000
m®/day) . KEAEIG PEIGIRTE (A ARERE) o % (ALELRE /7 138,000 mi/day) 672 o T
Wb, Yo —REMmAKDOREREE X, HEG IR KWL OB MECEER O TR 72
EIZ R0 ERk 10 R & B U CTHBAE TR EZITH D LTS, Lo L i %KL B i 5% 13
WG RAKALEfER &b L CERRERNIBIEVEWVWSHENLH D, TOHEHB L L THE
I, TRIFAMERKEOFEEAAKICHE CHLL-O, RISHMAN CERBREEBD R I NT
SPERIENEZ DT WA, WRITEEIX > KO EM XS CH 0 MR S 5E 50 T Ak
S Wi, ERENEZ VIS W EREBZL LT,

YRk 26 . ZOMBEOMKEN o TRIGHENDO —#H 7 4 F— 7 (REMRHGF) %
SFICL, BRMEEMEZERSEDL LICLYVRERELZRALZN, HERDRIEON
ehole, BRKE LT, EFAMEINESHEL, WERNLEVEERNTLI LR ENRSE
Oz, FZ TERQTFEFE I RUBE KO LERZREAHZ BN E LT, KELE TR
WIRDV DT D22 LICE2MAERTAMEBEORE, EREORERLEZITo%. KICHENA
D—IT AP =NV T E2RAICTLHZETREREZHAATL, 72, TOVREDROE N
TAYF =NV T HAME DR HIT- 72,

2. AV —NILTHICKDIBREDR

W R RIS 1. ALEREE /7 138,000 mP/day O v SR S AE (1~4 SHE) T A~D K5
725, HEEIIZ 100D T A F— LT RFEINTEY &P o R CERE 2 f 4
Thod, BEEFVAVLEOZDIZARIBRED 7 A F— L7 %2&0 (1/8E). BEHR
W ZITo T D, ABICBIT 2 KLHEENHEZER LITFRT, AHECTEBREIEHVIELO®
TAYF =NV TERHOHZ LT, BRIFAFERREZERLIEREREZRAZ (K 1), £7.
WRKISH 1, 2 52 5B, 3, 4 52 AEME L C D EKERRETHRBRE (i
9 HFEH) ICHRAKZITWV, IBMMEE2ERBEOREE24T>72 (RUN1), T0DO#%., HEM L X
MR 2 AN 2 CRZICH®E 24T > 7= (RUN 2),

HAERREZR2LVOK2ICRT, BHEESEREEITFHEM DTS A, RUN 1 TH 1.3
mg/L K<, RUN 2 TH 0.6 mg/lLIRWE WO FERICR T, ZDZ b, AZFERAN
BEZWDSEREIET  EFR26FEEITAOLNR Do TAF =NV T EHEDEZI LICLD
IEPBRBEEIND I EDRbhol, ZE L, BNOEEBIZLZVBAKOZERAMNENE W
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EEIE, ZOMRERPBENICLKLSRoTWVD, THITWMAKICEDFFHIAL DO BRELL Y
MR RE AR I NI R ZENKRRNELTEZLND,

AFHAEME G, W AKFOT o E=THERILTLS5mg/LLL FTh Y BA 2RI TH
ST, FT DABREY AT L13mg/ILUL FTHY D ALBEIZONTHEZE T 2o 70,

&1 KWEEHE (F 26, 27 F£E)

TR 26 B TR274EE
FHEEEERS (HRT) 76 h 9.2 h
ARIEE: | EEREE500 m*/h | EERAZ700 m*/h
DO (A=) BEIK: 1.0 mg/L 2.3 mg/L
CD[EIEg: 2.5 mg/L 2.5 mg/L
REEIRER 39% 53%
SAF—/VIBAGAT | YELIAIATT | $TYRL M S2h AR

1 AESEE

2 AEBEMBEOERVLER LR
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R2FAEBEABEOFTHARUELEREE (4/20~6/5)

RUN 1 RUN 2
R EHA 4/20-5/7 5/11-6/5
- 1281 | 348M | 108M | 345
Bl | HAm | HAM | xEs
FEREEEREE (mg/L) 13.7 12.4 13.6 14.2

3. AV —NILTHAMEDEWVIZCLEDIBREDNRDE

2DRERME, —HBIA T —ANNTE2RL2AICTHIEICLDIMEDRI AN, &2
T, MEBECHRLDIROEVWTAF ANV THMEZRFT 52720, 158 (BEIEI D IK
LB (LR, B w9 .)) &35 (CHIEHVKRLE (LLF, TCHI £Wvwo,))
AL, AV =NV THMBELZZEZ2 - ICLAMEDROLE/EZRME L, HiEL
LClE, 2 L [AARICH WRBRIFICKHEO DEK KRG CORMMELERRELNE L., Lk
AT o 7=,

Fo, HEEMERISICTIEIDOVNEELRK L7805, 2T, IFTIAALAM DO F DL
=% KICHEAN~BA L, ARIB~DFEIKRE TCENLELOES (KE. 2m, 4m) T DO H|
EHEATV, ERIGHEANO DO S AMAIZONTHRELZIT- 2,

M EERREOHMKHEREZXIIC AT, HEMNMTOEHEMELEERREITL S
i (BPEA) 2 13.0mg/L. 3 54 (CPEH) 28126 mg/L &7 ~7-, CHIEH VK LD T AV
—NATEADTIFIDETFMEITERS o, HMERETAON o T,

WA, BN FEN O DO A O A A B (8/25) % X 4. 5. 6 (237, 3. 4 54# o H ik 3 1
W AL & TIE . 4Am H O DO A4 0.1 mg/L (3 Z4#), 0.18 mg/L (4 ZH) &7
STEBYREDPEIT LT WVWRRICR S TWAZ ERMRTE, £, B XSHET
HREEIEHTDODEN/PMNIWNWZ &b bhroi,

X3 &4 BH. CH) OZERVLEBRELEK
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X4 D02 () (8/25)

BERAEMEALE

™~

X5 D0%# (CBA) (8/25)
BMERBEEBEALMLE

L

X6 DO 2% (BFREA) (8/25)
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4. BATOERREER (EF)

SORRPL 15 (BI) &35 (CH) THMEMNRICHEEREITIARLNL LD -7,
L2rL, ZHIEHFERREICERAKLEEROALOHEBETHDLT-H, RICLIHEZEL TOM
ENROENERFE Lz, REHFIEE LTI, B -wEmEEK, 1 58 (B ) KO 3
il (CPH) @ DRI RSO 3 2207 T 24 KK (2 KR & 17\ 4 K[ 6 0 2 BB
EREZHEMHBL, W&EITo 72,

fERAEZK 7TICRT, 8RBT AII O O W E R A2 B 8 L EERICIE 6 K F <
BAKLTWEED, TON0%Z 6 BHEBICY 7 PLTHRRLE, ZOENLIZFLEALEDN
METL S (B OEH>NERBRER TSV LD DLND, KT, AKD#EW 13~
20 OBFRAF CHE 2 =N H Tz, ik, fMAKDEFR AR SAK WV EER Tk, A%
BRENDLRNEDIC, RN TAF =RV THAMEBEN ISR TR 7 L., B B
FTRLHEDT AT =NV T 2HDTIERMEICAEMCEB 2D EEILLNS,

M7 BHTOERLEBERILER (EF)

5, XFEDSAY—NILTHICKIBREDER

HFEIBWTHEHMEDRN NS 2 Z ERMRINTN, L£FIXEMIEEOKR TICE S ML
FOMEERERTFTRENEZLN, FAV—ANATHIZLIBMEDIREN o RESINL D N
RHTH -T2, TDH, XZF (12/7~2/3) IZOWT HLHAER (BE. CH). xR p
EZOROEKEIT o, 5. 2 LRERICHFERAREICAE D D BRI CTOREMBESE
FREZHNELLRBRAEITo7-, EA2X 812, HEMHE T O LHIEMIESERZBETELE 3
WaRd, ZOMENPOXRIICEETHEM] (B, CH) orMELERREIIEZFL
FERICIKRLS D 0o 2D bhole, 7. B E CHOEETIX BPM® G2 0.5mg/L
BWE W kR, KEMBP, LW AFOT =7 HEERIT 1.7mg/LLLT &
Rk TdH v | dHMBIEOKEE TR o7,

WIZ, 4 ERARICAIT oA FOBAMAEORKRZXK 9IZr-T, AEMOERRERITX
M 2 2RMST ChERloTEBY, FHERBRERIT2 5 (BP) 56.3 %. 354 (CH)
56.6 % . 4 51 (KAL) 515 % & 7rolo, F7o, EFE L RERITHAKDOEFRAM MK
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BFRI A Tk, A R ENDRnedic, IR T AV — v 7 PANLE S OIS Al B
7 RL,BHOENES o TS,

EDRERPDSAKEPIER S, EMEENETTL24FITEVWTS, R EKEE
fezfbbFICEERREZHIBT 5 2 L PR TS,

8 ERXRWLEBBRRLE (£2F)

x3 THEAMUELERREE (£2F)

BEf | CBA |xEH
FEHEEFRBE (mg/L) | 13.1 | 13.5 | 14.1

9 BATHOERLNERRELEE (2F)
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6. RIGEADKEZERIZDOWNT

AREOFPATIL, @%@1%W(ﬂ%)S%W(C%)&U4%ﬁ(8%)®ﬁﬁﬁﬁ
AK%Z B~DEIKOK ML CTHEREMAZSZE L CIAKEEAK L (9K 10 4 ~15 IF 20 47) |
IS N T O KEEAEZ B L 2,

R A 10, 11, 1212737, 4 5 (B B) Tl 8w ke ki & o fi g TS
EFRRTEDN Img/L BERHA LT, REIARDZ AN, £72, 3 5/ (CH) THE

MEEKERMNEORMBG CHERGITAONTZN, 4 THIZEEERDIRI R o7, &
FERERIT LS (%) 50.2%, 35/ (CH) 52.9%., 4 54 (BF) 58.1%& 7%V . B
FORLHESICEBW CERBREEEZER S G LEOMEDRENE DL KE L ol

M9 BEATOERLEBBRELEER (£2F)

10 RICERADKEZLL (HE) (9/15)

10 RIC#EROKERE (F8)

1 RIEEADKEZIE (BFE) (9/15)
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12 RICERADKEZI (CH) (9/15)

5 o

ERARISE TCORERREHBEZ > T, KEHEHNO =TI A F—"LTE2HD DL Z

ETCHBEEKEZER S EHAEAN COMERELRALTZ, TO/E, UTOMANEDS
N,

@

W%

MR FBEEITEZE 0.6~1.3mg/L, £ZF 0.6~1.1mg/lL AP L=, EWEENIKTT 5
AFIZBWTYH, WHBILR EKREENMEL L TICEST L RABRER2EREE 2 HIBET
HI EMWMTE,

BlEIBITIR LS & CRIEITIR LHAICEBWNT T A P — LT D217 - 72 45 5
WHBERAKOEZAMMMEOEERFICB N TIX, EFELEPLELLICBREIEHELEHAO
FOMMER T AP oo, THIE, BB R ERDRVTEDIC, RN T AT —
NNUTEAMESKICERTEICY 7 bL, BREIBIFIELHAO T AV — "L T 2D
FEOMBEICAFICH =D 7EEEZOND,

RICHERNDOKEE A ZHELZHER, 35 (BF)., 4 5 (CP) & bICERREE
WAL E CORMEBLNERTE T, MAKOZRAMPBENWIFHE ThoTmd, %
FBRERITIEHE BM) vRkbEm< 2o,

EFRAMBOMRBE AL EICEY, TAF ="V THODRN RIS RAE & Hdk U TR
H
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2-1-8 RIEERTOYAHHEL, RIRE PHADEFICET HHE

RS FAKE Y — v Akt

A 75 0

RS — FAREFEBATETKRE AR ¥ —

BH i GRAGER) . B BRIG (B fi 5 % B &0 BR B2 8 BEER)

1. [FL®HIC

WHKEFLEE 2 =13 (U, k), KEATZ v 7T 8 (LT, KT T) b D5
VRALFR R K (AT, B AK) 2% 0 AT WD, &K/ EAKENE W (28% AL
24 FEEFE) DT, KLHITEBEKDOEEHFIC, VAL IZEBW ) 2279, £-K
MICEDMAREESRCKEDEBFHELREWVWZ ENL DAMBENREZEILRD I ENEZV,

WETlE, WAWBERNROSKELBWIZ, DALHICHEGTAREEONE L RELZHE
DOKRER T & EELEEOBRERTORBL IO K 7 M O A B ORI 7= 0
WCHAHA TETWVWDEIN, + o REEBEIZDRDB > TV RVONRBRTH D,

AR ALEEICBT 2V ABREA DI =XLCIE., WAZEEMEINESEEL TV
HIZEPRHLNLTWVWSD, VAZEEME X, XMW THENICERELERY D ARE
DAFEMED AL L THHT 2RI, BIRLES DMEAEY LAY E Faxr 7
B A (LLF, PHA) 24 L THMBANICERL., REOHKME T, F/ L7 PHA
A CTHXME CHRIBLEUL LoD ABEHEY AZEBIRLTHRY VABERAKT S, VA
LREMEICEDPHAZ N LD AL, WO Y A 7 VIZ X o THEWFHD AR
fThbivTWsd, ZOXIICPHAIL, AWFHY VLB ORRICEEBE G L THWLIWETH
HIZEDNDL L EWMFEHND ANBIZET 5P AE TIE PHA OJIE D K2V EF 2 55, PHA
D/WEITEETH DD, ERRO D ALHEIRDY 2 PHA Z 58 & U TN L 7261134 7
W, PRk 25 AREE . RRIETT S PHA O B e iy HTik A AR D L7 LT, PHA L D AWLER L O
B PR RAT IS LM O R S I HL D LoD 2 BRI 3 8K 5 72,

ZZT, WEEREATKEY —EAKRKASHIL, TG T RIS IZEB W T PHA % % 15
BEE LD AR D ERETR A 4 W <9k L7z,

2. PHA I %
2.1 RMERE

-1 (2R AY 72 PHA & O3 AT g O ATAL B T A B4 % PHA
TV R R T,

PHA 1Z. AR 2 KN TERT 5T KL X —0 ‘[l I L| ‘ﬁl
SRR T, D ABMED A AT DA oL, U T T e
WA ELS D IMBE L LTHOR TV, @ FuIAR @

£/, PHAITE Mo UmfR (3HB) &b Fu X ifh
B (3HV) BHM D 2 VI EWICT V¥ AICEA LK Y R i
C FmEyTF L b (BT PHB) LA E Foooc Tt At
Jb—bF (BLF, PHV) 2R EDRAEW TH 57D, PHA I
PHB & PHV OBHMEL L TRODL LB TE D, AHO -1 PHA ETLHYS R E LY
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FHA TIX PHB & PHV Z BRI E T 2D TiE72<, PHBZ T VA VU 5 ﬁﬁrbt)‘ BT D 2-
77 oW (LU, 2BE) & PHV 27 v U 3 UTEBRICAR T 5 2-_ 7 U (BT, 2PE)
ZRE L, REFEHE O PHA (mg-C/L) &L LTRD=,

Thbb, 7B Y5 LTZEEIZ PHB b AT 5 2BE & PHV 22 6 A9 % 2PE (24 Ak
24 2.62, 2.40 ZF U T PHB, PHV k., Tl 3 RXIZ XY PHA(mg/L) & RFBHH D
PHA (mg-C/L) ZHH L7z,

PHA (mg/L) = PHB (mg/L) +PHV (mg/L) = 2. 62 X 2BE (mg/L) +2. 40 X 2PE (mg/L)
PHA (mg-C/L) = PHB (mg-C/L) +PHV (mg—C/L) = 1. 46 X 2BE (mg/L) +1. 44 X 2PE (mg/L)
2.2 HWAE
(1)50mL Doy iR v B (e K 10mL) 2 Ad, 2N-NaOH &K & 5mL Il z . ZRE K %R E
EEtn 15ml B Koz b,

(2) 43 ﬁq:t CEWE LT EG R OB 30 o ANIMBY RS D,

(B)ME R %, AL THOLAREKZ AOnL EEETMZ 5,

(D1+1 % 1.9l 12 T, ZEAKTHMLIZARAT v 735,

G)ATE@REZ 0.2um DA T VL7 g E—TABL K7 a~ 7 Z 7 (LLF,
LC/UV) Do trakkt & 35,

. HRAEREE
3.1 FAEXZRE

BJ-2 1 ﬁ%l%@ TARKAEDD TR K E TOKRDFTEN ERT,

W T RA& K \so@kﬁmﬁﬁﬂﬁéoif\mmﬁi%ﬂ®§ﬁﬁﬁﬁ“%
m&%@ﬁ“%@&(ﬁf TR K O B E) OBFEAK (LA, EF D, WICE T T /O
IR A oy B - TR A Sy B - oL b IR e oy BEHR - sz—kﬂmwéé %Mz@L/mk
(LR, A& 2), BT 7 0 3z O I8 i 0 TR - 332 o0 W 7K 43 B9 - BB k7K o0 B s 7k (LA
T, &3) DIMALTWD, B EEBKKARE OMEREENS, 3 DORFAKE KA
KIZFEWIZH —EHAINTICEKRKENPOHRHB LTS EHBLTEBY ., HE T %0
FRmAKBICIEENLDLEEZ TS,

ZTZTARPABIZ, B2RITKOEBNREWVWEEZONDIHEBE 1R 2-1 58, & 1, % 3
WHAKDOEBENRENWLEZONDIEBG I R 3-1 5 CTEBELEZ, £/, AFETIX., #
AKBIIERRNZR FTT 52BBE T LTV D A, PHA IBESDO X LIRS L7290

5 ILRith RIGHE Lkt
<+ 4—25 <+ =
o= <+ < g €| anmunsn %3
= < 4—15 Pl = U
e | < 3—2% < . T
=% “ =5 “T =5 “Lyy
“T 83— 1S (REH) T = ~
7
EE% | DEE | CHE BEE AEIZ I._ X @ 7k
1,396m3 | 1,396m? | 1,396m? 2,095m3 1,396m3 # *ﬁ
- “T v v 2—‘21':'? v “T — A =
g = < = - —-B <
“ 2—15ERER) b N I N 4 -
- 1—2% - |
—5 - <« —5 <+
<« 1—15 <

K-2 HEEIZR72O0—
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MAKPENZWR T T H5REEZZEL CHEEBNOORKEITo, 2k, W% AR
Z il PR SR . B A B& ~E [ B8 2 k2 TEEE L T\ 5,
3.2 SAEEBE

MLSS, MLVSS. MLDO. ORP, NH,~N., NO,-N. NO,-N. T-P. P0O,~P. A HEe (FEiEe. ' n v’ 4
»W2% ). PHA (2BE, 2PE)
3.3 NMEBERUEH

PHA @ 43 #ri%. LC/UV TIT - 7=,

SIIMT SR Agilent 1260 MRIHERIE R :210nm  WEER R FE B InL/L 7 HNEE45C

i1l 0mL/ 5y S BER T A AHEERMIE M SCR-101H JEAR @ 100 L

3.4 HAEHME

Wk 2T 6 H~9 Ao 4 A/, &% H 2B, &5 8HIFEM L /-,

I

4. REHRRELIUEE

41 BFRLEBERAKOLE R-1 BAKOHBBEVARE

. [l mg

F-1I12%E 2, & 3 KD H RE | g wik
B LD ADORERAZ, R2IC ggg o B | 7 ﬁ;g YARMYA | BEE | T f;ﬁ YA Y A
. L ; & aEAY (=] = 2

BOGSHE R A K O FHERE & D A Ok 6H8A| RUNT | - - - _ _ .
Boh R, B 2 ERFAKIE. HERE. 6A23E| RUN2 | 130 11 16] 00 13 13
i L . 7A3H| RUN3 | 140 11 13 110 12 18
DABREDEB DD 22D U [Ta1a] rone | 140 12 21| 160 17 11
29RO . WIS E® LT 8A198| RUN5 | 110 36 16] 26 0.0 45
o o T 8H278| RUNG | 110 47 19] 00 0.0 3.6

Do A 3IRPEARME . BMEAE - B a8 ront | 120 57 10| 34 39 4.4

K 43 Bl R & e SR R K (PR JEE IR K 1 9A15H] RUN8 | 160 68 12| 99 34 10

CRAEKEEH) IR A LS O . ;

UL B KRR ) 2R 22 REMAAKOERBEVARE

Th D0, HiE O 5y BEW R K P B me/L

N . s e | RGERAKCERKDEEEEE)
7J( ‘/C‘\ &) %) @ 0: Xj' L/ N 'fﬁ% &i@?f‘ﬁ L/ EJEE 2_1%*35 3_1%E
= o

THALTWS, ZO= b |PEB B | JOEA U | YARIEYA | BB | JOEA U | YARIEYA
e e o 1 6H8H | RUNT | 22 5.6 35/ 20 54 25

3R DOKEEB L. IR [Tasa [rove | 41 35 56| 38 32 51

e e WAKDBEE DG £ TV A D 7H3H | RUN3 25 9.1 28| 23 8.1 2.0

. 7H148 | RUN4 | 49 13 40| 45 12 42

7_\‘ -

SPICERL TS EEXALND, 8H819H | RUN5 38 8.0 4.0 37 7.1 3.8
— 07 RISAETE AN KL E K FE A | 88278 [ Rune | 31 9.3 47| 29 8.4 4.2
e 3 N e 987H | RUN7 | 83 2.5 10 30 1.2 0.7

O LB A8 o TH SIS T e | 43 1 21| 34 74 22

WA 2)FT 20T, ZOMIZHE 1
~3 P ARBIEAK & —FRITIRA L TWLIE, 2-1 B, 3-1 SO AKEITIZIER —o0
P Thd, AREEBICHEZY, BFEKOEBIM LR 2o TWD EHERIL, A
L T2l 5, -1 5MABBIRLEDN, R2ICELNAD L DI, WMEORAKEITIZ
BERUThole, £/, H 2, A3 RIMKOEEBNELL P —FHFORISHEIZRK-> Tl < 8
nNTnasaZebrneEBbind, LML, B-1IZ AR LEXLIICERmEAKIZ, EWFED AL
HIZEoTEERGDMUEAEM TCHEOLIRS TAEBORKBIE TH DL LHEIZE WD LA
MBI E VWO MK T2 “mHEER-- T2, 5B LEBAKDOKERLTHEAKLE D
BEALNEWFEHY A5 2 5B HOWT, BICHEEBEMY7- 00 A0 &%
MWEEBRTDHILERD D,

4.2 YAREHNRIFZEE (RUN4)
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BI-3 127 H 14 BIZHELEZHEREZ T, (KOKEHEHBE% L, MLSS £ E TR L 72 BA7
MLSS 7=V KRR LT WD) ZOFERORICAE R Y AREIZ, WM& 612 0.0mg/L Th
D, VAL IZEHTH -,

WA & i KR i B RE (A-HRT) 1% 450 42 2 C, MLSSlg 720 @ H A M H L X PHA 4
EITE BICE <, PHAARKEIZY Ak LICH L TEL< 2> TWiz, K TIX PHA/ Y Al
MO AU, D ARIKEZE L CTIEIE—ETH Y, KGR THIEMEE T IZ PHA 2
FAELTWVWDHIRETH 57, RUNA O it AK'E « HEEZ D SR PHA O AL - HE DO /N F —
T, B0 AR L, WMNAITTONLEED— DD HZERDLDER b,

«0=PO4-P  «@PHA  =A=ORP =¢=-PO4-P  -@=PHA  -A=ORP
TR 300 %\30 ADEE BEE CHEE DEE | EEE 300
—~ (%] | !
0 25 o2 25 ;
’gﬁ L 150 03 \ 150
232 s 307 z
=9 15 | o £ 5215 M \O s 0 T
Jo & IS &
?;% 10 | ¢ 5 & 10 o
=% 1 -150 3 X -150
o | [op=
Sr S‘ 5 .\. a % 5 p \ >
e o —— — —o— -300 &9 ‘ ‘ ‘ -300
& 0 100 200 300 400 500 600 0 100 200 300 400 500 600
R [min] MR EERE [min]
= =
2-1 28 3-1 518

-3 RUNAFREHEZR

4.3 YAREBEBHNTERLZEF (RUNT)

B-41%, 6 H 8 HOMAERMRK TH D, M RED AIREIL, 2-1 5H2 1. 6mg/L, 3-1
THET 2. 2mg/LTHY, WALREHIIARTH -7,

WiFE & b A-HRT 1%, 470 3 FRJE T RUNA & KZER o7, D AOHH L, PHA AR &EIT &
HlchZe < PHAAERKEE VD AMBLBNIFIER —-THDHHED RUNA & RE B> T,
L2rL., PHA/D AtiZ, RUNA O HE TR D25, O A LK, 0 AWK Z @ U T
FIE—ETHDLI LiX, RUNA LRAIECTH-Tm, T85O ORP fEIX, RUN4 LD L
10Omv REEEFE << 2o TWVAHAZ ENDH D AMHBHLOEWIZORPEMNEFRL TWD EEbi,
ZOD A LOEWRE RUNIZEIT S PHAAEKREDEL > TWVWDL EEZILND,

4 % RUN1,RUN4 O & KEHH H O ZALCIEIE T OE W & D A LB L & o B EME 4 5
WL TWS ZEREETHDIEEZTWND,

=0=PO4-P  =@=PHA  =a=ORP =0-PO4-P  -@=PHA  =A~ORP
300 AE BEE @ CHE DEI®% | EEE

/‘ [
0

I -150

300

w

o
w
o

AERE  BEH CHIR DEEE | EEE

‘/i—l 150
pal

0

al
N
[$)]

N
o

(&)

ORP(mV)

2oRrNN
o

ORP(mMV)

S}
=
S

PO4-P (mg/gMLSS)
PHA/MLSS (mg-C/gMLSS)
[

[6;]

PO4-P (mg/L/gMLSS)
PHA/MLSS (mg-C/gMLSS)

L -150
5

‘ ‘ : — -300 0{ i —o—0 -300

0O 100 200 300 400 500 600 0 100 200 300 400 500 600

AREERE [min) B [min)

2-1 518 3-1 51
®-4 RUNT1FRAE#HR

o o
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4.4 EWRETYALEDLRIFEZE (RUNT)

B-51X, 9OHTHOMEKRETH S, MEL BITKISHE ROV AREIX 0. Omg/L & 72
D, VALEIIREFTH -7,

THERIL, AMMHEEYBEHOETo6mm ORI H -7, TOEETHAKDOLEILH <,
FLMAKENZ W ETAHRTBE N D, DAWMBIIARRIZRD ETHILT
W N RIS E o2, WA L&, PHA K& & & 12 RUNL, RUN4 &l L T4 72
WH DD, PHA/D AT, DV ARBEN BRI TH o7 RUNA (2 WASNE — 2 Th o 70,

~-PO4-P <@~PHA  -A-ORP ~0=PO4-P  <@=PHA  ==ORP
30 ER cEE cEE OEE cEE 300 70 [~am cmm cam omm ca® 300
® 25 ! —2 =325 ;
29 A 150 A3 150
7= 20 S 5520 S
2515 o £ 5E £
o5 = <1
4 ;i °
g=10 |-p* R o a 010
=3 L - -150 33 -150
54 s o 25 5 -
@) 3 i T o
el o¢ \; : ‘ -300 a o, ¢Ot—o—o- ‘ 300
BB [min] BB [min]
= =
2-1 518 3-1 548

K-5 RUN7 AEHZE

4.5 KE - BEImLEFHOHLEK
#-31%. RUNL, 4, 7 #i
KD FHKE - EEEKRMF%E

x-3 HEROELXHF

6H8H 78148 987H

TH D, RUNT(F B) RUN4(E) RUN7(E:R)
RUN1. RUN4 @ H s <. 1T 2-15 | 3-15 | 2-15 | 3-1&5 | 2-1&5 | 3-1&
S ®|A-HRT % 470 469 461 447 315 318
fF CHEHE I, OA-HRT, @ @|ESFEORP mv -69 -67| -150 | -163 -68 -49
B A VIBE, @i Q|REHEHEAYARE T 31| 25| 32| 34| 14 15
S IR A = S @S EREVARE me/L 16 2.2 0.0 0.0 0.0 0.0
=15 /:Il: Feid PHA j'é /B B|BESEVARKEHLE  |me/eMLSS 7.9 6.4 139| 148 3.3 0.4
DARKHEELETH D, ©|EER AR me/L 17 16 36 34 6 2
BAarHEHIZ., QKM QS BB EES mg/gMLSS 15 14 33 30 9 2
.\ HESIEPHALE S mg-C/gMLSS 9.1 86| 221 20.7 5.4 2.2

= =

ORP, @MUl O A fie Kt i O|iR#% 5 EHFAPHAR mg-C/gMLSS 0.8 0.6 1.2 0.8 1.0 0.9
L&, © 051 N EE FR i ®|®/® - 12| 13| 16| 14 16| 55
B B By 0|©/® - 0.1 0.1 0.1 0.1 0.3 2.3
. OERSMABRER R @[(®+©@)/® - 1.3 1.4 1.7 15 1.9 7.8

@ B <l PHA E R & Tdh -
oo £, DTDPRBODNAZ LN D QIR EHIEFFIA A PHA &, MK PHA A4 & /3 <
D AR L&, @ B PHA A4 Bk &+ 2575 JE FFiA PHA &) /R R KD A L &
WZOWTIE, ENH PHABGEHOIHA 720D THY AMEE L OBBENRENEEZE X L8, BHRO
HDHENRONIL, SBBELNICLEY, WRINICBITA2VALHEORBLELIZ, 22T
AL THRAZHEE) FICERLTWDLAIEEND 508, BIEMTHEMIAHTHLDL, L
ML, RUNd OFMFIE, B LY AMBICHERSMEE L TREMICH S L TUWAS, ORP
NEHFITERNZ | BERED G DM NZ N L, A ToD AHE LBENS
WZ EELE—-FHLTWD,

—Ji. RUNT ® 5% RUN1, RUN4 &bl 9 5 &, mist C (B2 2HHE] & L2OQ, G,
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*® 3 %’T—Fk TRENEhO U MY
BEAEEY - EEH)

FCMAD R [counts/ml]
FL1/FSC FL1/FL3
b3 HEEE (%) HEEA1E (%)
P2
= (RGE-£5)

(REaE) A488 (+)
H$E:EE=10:0 5.1E+04 4.0E+04 5.2E+03 88.5 100
£HE:EE=5:5 4.0E+04 2.6E+04 1.0E+04 72 50
A& :FEE=0:10 1.6E+04 1.2E+03 1.4E+04 7.8 0

SAERE ) =P3O A T N (P3+P4) DA T MK

2) AL B LR KIS KD MR E

FCM B X UOREEBETHE LEZERBEAESHTMEEZ, £ 4127 L7k, FCM TIiX 1.8x10%
cells/ml, £578 75 CTlE 5.9x104 CFU/ml Et WO R ThH -7, WEFEOKE = ki 5 & |
BEIVLHI/FELZWETHLIN, £A—F—L L CIHITIERE L ARTZ EnHks &b

DETH -1,
— iz, FAKZ E@Eﬁ*’%#iﬁ% WEDHEETHELEL Y ET 585681, ME K
FLEREE IR, TN ETIREDOLEBIZL > THENRHEESNL, B5RIETO

F%Eﬁfié{ﬁl%fk%ﬁ‘ﬁjé_&ﬁ‘%é LU, Al L7z FCM EICEB W T, B
TELE BTV HIERRERN GO TEY . ELBEBIEEHKICEENLDIREM O E L
ZATTICHETEHAIRBENRI N,

ARETOFMIX, A488 X° PI Yeta e ORI & FCM ORI ERFM 2 AT 2 & 2 KfH
BRECEENAIETHY, BBEORBFEL L THEHATEIAREBENGWVWI EBX Do
7=

x4 EEEBLIUVUFFNTOXRBEEAREHY
DHER (KL MR EK)

FCM EEE
[cells/mL] | [CFU/mL]
KiGE 1.8E+05 5.9E+04
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4 FEOHESHDERE
FCMIEIZ XD RIBHEEREIZOW T, FFREAOMRME & A % FCM TR H T 5
B mo T,

AN K OJEICIB W TS RFRABRM & AR O RN Th o 72,
Fl BBECIODWEMR EHEBENITEWVENEONTZZ LD, REV O ELZ XS
LS WHIEFETH D ATREENE 2 bz,

CAEENERBELV GEDICHIBEMA AN E D, BEERL 2RI TED LD
=T 4 T RBRETH D,

- AR K 2 & MEREB T OKRGEIBENSER FREZ FE 5546 ORMHIEE RS

L2 ENRETH D,
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3-1-3 RUWEBBREFOTKHERELEBBERGICHT D

E&§*E (s’.)l;\—c

WEHE T KEFERT BESEV—v i KNI IEX
By B
(Bl WEHE -TAKEFEEN BEIEFH—EXH)

1. xL®HIC

KEHBHEY CIX, TRKEMBFOBEALE, £72. KEAEE L ¥ — O BIEAKNKEE
@%Eﬁ_%0<%ﬁﬁ%gff%éio FHELGIIHT HKERKBZIT>oTWDH, L
L, ., HEHE _TKEFETENTIT T REREEZBE LKk EZ M35 FES
DWFERN, MOFEBHICEXTEHWVEMIZH S,

Z T, OKEHBMEYTIE, CNETOHEKDODRELG, 4% b FTAKRIEREREZ EH T
LAEEMEREWERDPN I FEL 2 EBEL BEMAREZEN T IR LCEHR B L2,
TO/E, KRB LD PAKREREEBB RS FELAHEL, XEHEELZIT-72OT
WET DL, e, AFTMELEREZRM L THEZIToN, WELXRLLNRN ST
FELGICOWTHLIRNREELZITo72OT, TOHEHLHAFLETHET 5,

2. AEEBIZTOWNT

2.1 AEXBZOHME
ETE o X
LBR Y T U FEE (7 v), BELRRE (E4RBHE)
i EOERKN - WE3IFEM 9 RIEK 5@&&

22 ANEBEXBZRAEBERNRELE-ER

WRR 13 A G & A FOKPEBR A HEE R (O%1) MV IRLTHBY ., EFREERI
BREHEO R PHFEENENICEBIN TRV ETHD, I HIT, Fk 26 F &
L 3mERE L CERT DR E, WEICKHTAIEMAN DT T W ehoT,

IHI, BHKENPOGHEREAEZRE L ZA, BRADERNR VRNV &b Rk
BENBSINTEZO, AN SR E LERZEIEL 2,

2.3 2AMITHTEZERDOKR

AL E (A A~G) LKEDHMERZXE LICRT, ERIETONL ARE TAHME
R LIz A, WEAKBZTEND AW FIZIAx T, @E., FEICHED KRBT WA N
D (ZEJERPEAKR), AW E (FWHWVHEK) 226 BESEAKN FTARKEICHH I Tz, 7<IZ
AFEDICHLTRRNOMASCKHKEZIT) LOBRLEN, A FELBOREBICL AR
TIRHIFERNZETCE R o, FEEDLOLIIT (AT F U REZICHKET D LERIERD
okﬁ\ﬁﬁ@ﬁﬁi?%ﬁﬁok&@@ﬁﬁ%oko%ﬁt@ WE T AT oNIKTE
AKET (LLF. 28 LHEARBOBRLOAM TOHEBHEKBJIZLDEMRZIT- 2,
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A Eir)
/N

BB (gL | (ma/L)
4/14 | 13:56 3.9 0.06

4/22(14:50] 3.1 0.26

9:21 1.2 A1
4/23 0

14:55 2.7 0.14

8:46 1.8 0.12

4/24114:49| 5.4 0.21
1505 5.1 0.21
8:18 24 0.22
4/28110:224( 3.1 0.22
12:26 1.9 0.12

>\ /N
240 | o | g | gy - FFETREREELR
. * 7 R &5 282
4/14|1400| 25 80 | 0.32 a7141157) 32 | 10.0 T - =
4/15] 1000 2.3 | 7.6 | 03¢ /1519951 35 | 79 OA~GIFAMEE
4/16|1005| 2.8 3.9 | 0.9 4/1611000] 3.5 A . .
4/20{ 935 | 99 | 07 <— ETKEEDORTAMA

MER1 SHMUEELKESIWHER (AEXEH)

231 2#WDEMERIRE

FELGOERFNICH T 2HENEEST, 4/ TITR
PEPEAKR D FARBE~DOBKZHE TS RN &b, d
EEEMWTRAEROMAELZER L, ToOME, &
SR ZZTUBMEY KRN XY o 2EEY (%2) OHKED

77 v 7 (BE1) b, &ht DE~iit i (REEIEAH) \
LI ENEEERORK TH D &R LI,

B, ZITYIIERAT =R LI Lo THAELE
bOEEZDLND, BEE1 HKBEBDISYY

2.3.2 MM FDERER

At D-E OEKIRKHEDOEEIZ, Do /EES O Los LYk 2 15 45 THREER IC
BZELIEZ G, BAKLHICLERBEBHASN FoEEEATCE VRN E, DT, &
IR OAMEICHRENPEED . LB OHERZEHLTWD Z ERNAh FoEKIFEREKE T
BHDH UMW LT, SHICHERSHER LZRKIZ, SULVFEEE (%3) o RAET 5 E
FIPHI D DT DA HEFE L2720 ThH D, kB, FEHFIHBLBREZ EHMOICEE
BEFEW L L TG HEZIT> TR o T,

2.4 HBOBEBICAITI-EE

FHEFZOLXBIZMITEZHEBORIGHAREZ RN LD, AP D-E 25 OMEPEAK N
GIEHEHET OHEDO T RKEEE L ~ORESL, TKEENEGLEGAOFEEL~D
HEAREZHERT L2 EE2RHLEE A, HEKEOHEZ EM LI,

LA L, MBERERICEESTEBROLSIZONTIE, ERE2LERRER LD L OH
ML IEERA I E LAahol, SHIC. NUARFEREKICES ENDHFEROH O 2
DRFIZOWTEHERFTFLE I & Ledol,

COFETIE, AWM FTCTIAEREEOBENMRET I ENBZ LN b, X4
X NV OVBFEEBE K (SS @ 15,800mg/L) O EATLHHREEZRE L, TO/KRE, A7
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J— (%4) LLTHENIBM BAET LI ENHPLE, ZOoRBEEL AEELOBRL
gEER LA HELVADRLS, KX, FRAE T REIFEKRKEZOE E FTKIEID
ML TWADRETHDZEDRHL N ER ST, T2 T, HEFELGMIHILEZID L)
BARLED, THEMSEAME2BENRLS, BOBEFEWNICHIRDHRE LR OEK &
BORTRENEBZ N, TOH, R L TEEAFELSORREZHIA L, &E
TRENEAFRAROLEMEZEZ, AN BZEZND X ORE L, 72, wFEITH
eI RCEAKUEICHTHEH L 2T s, FERICEBWTELEEZRZML
77,

2.5 ABXBOHEREK
VRN OHET NE 82 BERMICHEML, BEEKD TKEICHE 2 5 EEBECRBE MR L

DT —ZIWZESWIEERKKREZRT LT, UTORERNE I, KEOWEZ MR
L7,

OxV v AEEGHEKED 7 7 v 7 it

QAW DEICORBNLHEKRKED a7 U — M X D EH

@NVNVWEBEKNORERAETLZHIRERET 27200 A DO E

@7 N0 kO JFKAEIZ 22K P o 3% E

3. BEX%ki5
3.1 BEXBZOHME

M Do X ¥

BRI T VIR FRE (VT v) BEETE (Zus), BERERE (E£RBRHE)
W25 OECRYL WA 3ERM oK 19 Bl E K 2 [H

3.2 BEEXEBZZHAENRELL-ER

AFEXELZIBEOERBIFTLALRLS, PHOMBERLRFLRFEXLS THo7Z, L
L. 2THEDONABAEORRIC, KEEHEMAEELD TRERIERIZ, WS LHEMERICHA L
THABWCBAKEDOEN DR RT D720, KBNS KT R T TARANARFHS 52 L
Wb EOFMEZ T, LrL, HRICAREZMB LI E Z A T8 N AW % i
BIIFELTWARYW] LORZETHY, RABBIKROATEELZEZONTZI b, i
ML, Bzl

3.3 AMIZTHEITHERDKE

NBEDONLE B K OOKBE R R (BEIERAKER) XK 21277, BEHEOBLIZLY .,
AT v A B, B EEMEAZBEIE L TWLIRUADHLNE R o7, mREDEN
ThoTt L LHRMERPLELRFZHRIIEBATL LA REELIER LI ETRIT L,
MLB i OBR 2 AN, IR S TW2RW) By b o b 2 K 23 i H
(BH 2) LEZERFRERTHDL) EOMWAND -7, Ll EEICERERKOMRAE %
LTnanwZ e, ffABRFEKOGBNLEIRGZ A TWARNWI &b, BHESZOHNANF
FELERDZAEEREWVEZ BN,
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kB 8H3H
KB 7:35 9:35
pH 6.3 7.3
#90.L(mg/L) 2.1 13
i 0L (mg/L) | 005K | 005K
$i(mg/L) 6.1 24
g En(me/L) 79 34
PR (mg/L) 0.01 0.01K ik
<7 (mg/L) 0.1K i -

*FFFTFREREEERR
M&k2 LHEELKEFIMER (BEXS)

N~

&!
FEE2 B7LH)ETHE FEE3 MRELBDISvY
3.4 LPBOHEICAEITLEE

YRITERKIFERAZERT 2720, FEHBICBWTHELSWO TEGRAE L E L 7=,
ZORE, MEIZCTHEHINLTWVWRWNWE Yy 2L RADRND Z LT knoleh, By b
B OM O 7 7y 7 (BE 2, 3) 6, FARNBBEICHREST 22 EAHMHLE, 84
3 HOERIL, WHEROBIRZ/EXRBRBICANTZIZD, By FADT T v 7 OALEF
THRMENEFH L, JRAKAKBHHLIZbDEEZDOND,

LBRTE, FHLLHSGHEOKROFRERENDL, B HEXHOEEBEBICHOVWT, O
RAAFEIR 2 RE L T RERAmN I &, QR KEEHEEMEE L OB OBEK
WBIZHTDEHENAETLTWEZE, QREHO AR - BEAXA AT+ THD &ML, T
KEFFHICBWTHARICEEFEORZMS 270, HRZEH LG ERICOWTHEEZRZH
SH, AN RUWHFEICH T EEZIT o 7,

3.5 BEXBZOHREXK
@ 4L B fifi 5% o Bl #% (2 AE 3 & BA e
Qo L5 7 v U HiE
@7 VA VRSN EF 2D 58 r it E
@Oy b=z 7 U — Mk 2HE
@EMLLEKBEMEOME (ZEMEEE 2D X R oM % (B e i %
®fk 7T v H ) REAE O s

4. CEXIZ

4.1 CEXZOHME
¥ o X
WBLGIE - 7o VR (7 v) ) EinExiE (7 v a), BELEE (E&)EEH)
WEOELKRD - EE IEM BRK 9B EK 0 E
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4.2 CEXGZZHREBEINRELEER

AKEEZIIBEOERBIFEAERLS, HEOKEEHY
Bl Thotz, LML, FRK 244 11 A2 HKBICHEEXEEY
DBy FEFRIE <. LHNICB K LEHERSEE > TV
oo ZOZENL, GRORNEEEDNBREINTZTEDAETER
DA EHRLIZEZA, 4 N— NCEBRBDOIBIENFE
(BE4) LTWEEoRESLE L, ¢

43 BBICETIBROKRERUERRE FR4 EERAH
APt OALE EKE TR (ABERKER) Z2HEIICRT, EEROAMICHEE LA
R K Eol & Eifee 2 A, BRAOKEEZEUHKPERS LTV, KE SO
B, ZOHEKIZTARBEBREELZ RESBBLTEY ., BIREE QKN ER RO AP
HLTWDLZ e oheholc, ZOHKDODHITHERIZOWVWT CHEEHICHH L RO
LA FEEEF THaIci L T wnw] ER S LN, BAKLUEBEYLYE L IX, Bz
HIFEEICOWTHfERRBIZE XSO o T2,

#KH 7H6H
£RAKEEZ 1605 | 1622 | 1640 | 1658 | 17:15
KIS EERAH iﬁf&
pH 8.3 8.4 8.4 8.3 8.1 76
o0l (mg/L) 12 15 <0.1 1 2.1 100
Ao O L(mg/L) - - <0.05 - - -
#i(mg/L) 170 220 3.6 23 35 1,100
H #n(mg/L) 35 46 0.1 4.2 72 69
#8(mg/L) 0.21 0.27 <0.01 0.33 2.6 2.1
tL 2 (mg/L) 0.33 0.4 0.03 0.03 0.26 33
=4 )L(mg/L) | 1,300 | 1,700 47 150 180 [ 23,000

*FRFIETREREEER
M&£3 2MEEBEKESWER (CEX15)
4.4 ZFOHEICAITI-IEE

EIER AW DIEFICERED FARKYEREELZB I 2K N ML TEFENL, C FEY
AHEBEAICIHEOH L, SEMAFERRZE2ITV., £END TEER., SN O KB 2 R <
T5700, THECHIAFROBELEHEICNEZRITZ, FAEREEZ BB LZHE &
LTEZLNDZ EX, ZOREOHM EEIX 5 FaiE THRARKBIEDODRE LT TH -7
%\—%wmm%ﬁﬁi% %&LT“%?E@%%D\Mm@%u%*@ﬁ%ﬁhﬁm
KN EEE DO RN D FAKBEIZHNTZO TIERWL, ) EOBHEZ T, 2B, XE2BRT
T ERVE OME THFIIPEICERL TV,

LU JEHo gD E YR THRAKLEBREZEZOCHEAKDODER 2 R b,
RGP LB R LI END TEEFEELOSBEKRZ S - kiR L7z, TORKE. 18
HHBEW (3%5) OFEA, ETERAM CHAKINTZHEKEELE LTS Z ERbro T,

iR EHRICEA, RRAELZ T L2595 L, DT CHFELNIRAERNEZ
TolclZ A, RHEBIZREL RV LENFIEL, £ 200 OHEKIZAETE R O AP i
NHZENHH L, ZoZehb, WWHFETHRELEEANEEHEBDOFRRTH D Z
EMBHL N ER ST,

LI, CHFELTEAMI/I v EZ2EREIALZE FICEEHH LT, 724X
FRREICHBELIMEL > TV, 203 2 MW KERICHAKICE T IARATER DB
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WATAHZLE LY LS, BERMOHET ARG EBOREBICHMIT Y4227
HAREMEIC OWTHH AT o712 & 2 A, %%%*;D%ﬁxﬁﬁﬁﬁﬂm%émto
Flo, ZOHIZOWVWTIZCEFELICH L THEEEDRMNEITo T2,

4.5 CEXBOREREK
LTOHEBIZOWTHETFEZER L, KEOWEZ B LT,
OXmICRERBEO 2V LE (EERAPHIHER) OME
@A A et e & O % (&

5. DEXEI;
5.1 DEXSOME
M R S
LER DT IE - ANk
HWEOESKRD W& 3FEM RK 26\ EX 7 A

5.2 DEXBZHAEBENERLLEZER

AEELG IR 226 FEL T THLAMICEIT 2 pHEK TERIOEEHEEZIT - 72, Ak
26 FEJE . BRFRICOWTHARIZ L Z A, @FmByF®mﬁﬁiﬁ¢ék WL ER i 5% %
WO TICARRKEH L2 APICHHNT 5, QOHEMHZE D22 WHEKRENSFEL, Bk
PEARMBFEH T Dl GEENH 5, @%m%%@@¢L%éamm@w_%kbtﬁﬂﬂgﬁ
LCEMMEICR DRl 2 OMBEERER LD HENSRE L TEMRZBIILL -,

5.3 AMIZTHEITLHERDKER

O BEALE & KB Sy AT R R (E@J%ﬁ?k F) K AR T, BIESEKIIIERERRE (8 K~
17 W) DASA DA b RIS T TABHZ R TWic, R TEERM LU O PKIT 72
W o EIrE L TR, EAR iTEﬁ“C“Zlbé

o, HRF TTHEI-MERPENO THERNORETHL ] EERLTWVD, LB
Mgk O EPNTFHREBRB L TR, BREFHEMCOBRESEKDAPICHA TS Z &b,
BERN OIS IS FEROKBENTE ol

KIS | ok B | SOKEKl [ pHBRME | BRE
21:11 5.3 9mm
5/12 22:32 5.6 31mm
N Q) 23:51 5.7 9.5mm
0:51 4.4 Omm
5/13
1:51 42 Omm
5:41 3.5 Omm
AW | 6/23 6:41 4.3 Omm
742 3.8 Omm
%/2_&%;% 6/24 15:50 4.9 Omm

*FRFFTRKEREEER
M&4 2WMEEEKESIWHER (DFEXH)
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5.4 ZFOHEICAITI-IEE

HMENLRMEORBEOLENEEZ D FEHICABLTLL IO, FEZLZHEETITED
FTNOREEICTCEEERZITo, ERARET., OBHR#ENAO FHEMER, QLKL
BIZB T 2B KORBEF O, @QBEKLEDOKHIZONWTDIRTH D,

IHE, RV OBICEWT, HEHFOUBEEROMBSLEAN 2L ERLRZTE ST
REBBEHLEEZK ST D THD, FEXIT., b9 ZEEEEINZ RV, FICMITT
EES ) CEEL, PRABEBEROEROMELMNR LI, ZhiZHL, YREFEEEOR
a7V, EHBEELZRBIEL, TO/RE. KELW KK Z 5D, LB sk o
FEMLZMEEIIIT KOsl

55 DEBEEXBOHEREK
OMFFEHREZEOEMICE 2 AFEHOEMR (BWUEHE - ST, HKihAR)
QEHO LAY 7, EHNOWDO pHDF = v 7
@ FE N O WD E B 72 15 TR bR &

@RT S EE L~ 57 o E (K X 2 TRAKOU B k)

6. EEXI5

6.1 EEXHZOHME
¥ Do X E
WLER 54 TV USRS (V7 v - By ALER) | BEAELEE (E4A&BE¥E)
W EOECRDL -k 3ERM oK 6B E 0 M

6.2 EEXBZzHRERNERLELE-ER

AFEEGIT REIOFHERK IR B RFEELSTH
ST LML, Ao o R—MIERAICEALTE
D A= OESHEELTWE(EES), £ T,
RWHEIFHOFTREMEN DD EE X, FAEN G L LEH %
Ak L7,

6.3 AMIZETLHIERDOKR EHES5 HZERAM
6.3.1 BERKHFICLLIRKRERE

HEIRKGSIZE > THRAKLEHKEKESHIHER (BEBERAKE) 2777 (BE6, £1)
CECDEY W 8 RFEHICHRED SS Gk ERAK L, £, €O O b 1 ENIE,
REOHRZGATWERLD, KEREHY BRI OTIKEZIT 72, TORRE. HRED
REBRETHDLIAREENTEE 2D, FHELH~ORG T AZ FEE L=,
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®1 KESWHER (EFEH)

kB 108 14H 10816H

KB 8:07 8:04 8:09

pH 6.9 75 7.1
£ (mg/L) 65 34 4100
R (mg/L) 12 5.6 780

£ (mg/L) 0.03 0.01 1.7

L2 (mg/L) 8.6 5.1 11
HARZH L (mg/L) - - 0.098
27> (mg/L) 0.1 0.3 7.0

EE6 HBHEEKFICKBHIEK

(10/16 8:09) *FFETREREEER

6.3.2 BEIABFORKR

HEISTADOYH, AMABITHEL WL ZA 84 ICKEDHFRAD SS & Lo dE
KNMHEHLTERE (BET7), T SICHEHIIIBb AT EZ A, FEAKRMLBEHELZ N, KH
R THHWTY T VRIS I E o TeBKE, FEZAMICORN D E v MTEE R
(K1) LTWw2EZ2A%28R Lz, TOETTSICHEREZEESETREEIIY 217572
EZA TAHKCEHESABEIEENL T AWED, LRI S VT VALHE % OBEKO EEK
ZFIRKBEICHKEIKRLTWE] ERIERD-T-, £, HREICEEBRKICOVWTHERLEE Z
AL TEKLEIZFHYFIZMLTEBY, Mblroslz] O ETHoT,

EE7 2AHWMTHERINE *AVWEHNRIKERY TICLEZ2FEREORR
FEERE K1 2AMEBEEAEZRERR (EEFX15H)

6.4 HROHEICAITI-IEE

EERARICCT U EERT 28D &R HY, 7 UEKICHZMD LT 25 KREOEA
BREENTWVDIZELPDLLT, EERKEEI T Tl &, £, EEICTFKEIZH
REZWLTWZIZSEN2bbT, EEKERKRLZE ZFET IR ERENEETCHDL Z &
P, MR EEMYEKRMERE FEG~OARIOLAVEER L, TORKE, O 7~
MERE SR TL2 L FHTITOLERDLD Z L, QP KEICH L THEOR AN ARE L
TWbZ L, OFRBMALBEOBIZIZOE CTHEICKELZWRTHILEND D Z &7 Ehiik
FOMERHH L, ZAO60BEKLBEIZFEFICTEMTHY , MOEENT KRR D Z
ENBERROFRIC SN D EE X LT, BEAKRKDOLABEFGIEIZOW T, ABEHEZR O B H)
BIZ X VY EOEXOR & LE LKL EZAT S 72121, FEKLIER O W E %
SELMENDH D LM U xS B PR ISR E W 2 S L EHER ATV,
EFELGICH L TITHRBEEOT THLHRICEWEETHS, IEHFEEE] 21 L1k,
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6.5 EZXBOHERRK
FHELGPOUTORICOWTHEFFBENREH SN, ENITDONT,
O 7 BB NS T o idf LB ~DZH
Q&AM E A

1. F&o

FHELONLAREZITH BICIE, FMcmbEESLBEORERBZAEE L, Bl
TAWHE OB &k O s CHEFFEHORRICOWVWTHEBHICEEST L HEE2TH L
T EEBROBZNOO 2 FXLORESLC EERE LEBORKNORREN AL D,

T, HERABEZHAOWEERAMBRILZIT S 2 L T, @A R SRRV B K O R
HWICBUT D2 RLEBRBFES O/ TEEAREET D Z ENHEKE,

EHIIC, HEEOEALHICHTA2ERICIGC-HELZITH> 2 LT, RBARKE SR E
EITHZ b AR ER S oTn, BERMARRIEFIEIZSONTIE, UTFTO 48 THD,

OFEHITH B 722 BEK LB 5% O MR E B~ D xR 227,

QFEXENEEBBOFRKICONTOLLR2WEEAE, YANLEX LN DL EMERIE DR

HEDQRZDOHERIZOWTEEKMIZT RANA 2AEITH
OQFEGOMYFENMICER O 2WVWHEGE., FEHONRRFICH L T, HBELERR
OB, AR A MEE L7256 OITEREEICOWTOBRP 2170, BFEK
MBI T DEMOLEZN D,

@DEENRR OGN WG A, EEFT TR 217570 L, FEFICTT KU EREEZET L
EOE LB VWRENEALRMECTCH L L 2RBHBIED,

FrlZ, @IZoWnW Tk, Y FLAOME & O T, FELOBEYFOMREF ICHE KL
BT 2EMCHEMAIT ) 2 & T ka2 ALE 0 & IR o J5 R AL BR il 5% o B [ RIC
DOWNWTOFEREZILFETEXL D, A RIIERTHoTLEEZLND,

REXNREEZITELNTHY . EEBBNSEAE L & & OFEECXIS H e 53
GO ELHFETHN, AEOMA e EHl 2 KEHRTMEY L LTKERMT L2 LT, A
BB FEELGOWMDICORT D ENAREE R D,

1l EXEIXAM T IR REREZB I TKOEREZ VI,
B, BT AWUSN O T T ARPEREREZB I T KOHEREZ VI,

2 XU A HB IO ESOLFMEE, XU U RAMKIE, REEE., RE. RERO
RO 725,

3 NV VB WFEA, B 2N REKEBRICKEEL ThHhEIRE CTHFET
5 ik,

4 2T U= RFHKIZEN LIZBEIK, 2 2 CTlEma AKEBOHI (97%LL 1) #2467,

5 B EHHBER Do xTH2REEZEE, BE. XFHFTHREICEE LEEBEZH N T -
» DK,
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4-1-1 Establishment of the Wastewater Technology Training Center

Tatsuya Yokobori *, Masaru Hashimoto, Keita Susai
Bureau of Sewerage, Tokyo Metropolitan Government
Tatsuya_Yokobori@member.metro.tokyo.jp

ABSTRACT

The Bureau of Sewerage of Tokyo Metropolitan Government is currently facing a pressing
issue of needing to nurture human resources who support its sewerage business, with the
mass retirement of knowledge-abundant experienced staff. To address this issue, the Bureau
opened the “Wastewater Technology Training Center” in September 2013 as a practical
training facility to train people ensuring the transfer of related technologies, techniques and
skills. By providing simulated exercise opportunities or hands-on practices of various arenas,
“Wastewater Technology Training Center” promotes effective, efficient early-stage
acquisition of knowledge and skills for the workers, and successful inheritance of technology
and operational know-hows.

The center also welcomes people working for private enterprises in the industry to make
good use of the facilities, in the hope of contributing to the human resources cultivation of
the whole sewerage industry.

KEYWORDS: technical training center, staff training, technology transfer, training facility,
practical experience

INTRODUCTION

Background

The sewerage business in Tokyo is facing various issues needed to be tackled with alacrity.
Those issues include soaring numbers of worn-out facilities, the need of flood control and the
expected contribution to the high-level disaster-resistant city development, etc. In order to
address those issues, nurturing human resources who support the sewerage business and
successfully passing on the technologies, techniques and skills are both critical.

Figure 1. Wastewater Technology Training Center
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Meanwhile, large numbers of staff in the Bureau of Sewerage of Tokyo Metropolitan
Government have reached or are reaching their retiring timings, and hence there is less and less
knowledge-abundant experienced staff that would play an important role in human resource
nurturing. As a result, on-the-job training in the field, the very foundation of human resource
development, is becoming increasingly challenging, and ever-more effective and efficient
transfer of practical skills and know-hows long accumulated in the field is the pressing and
critical issue. This issue is not just of the government administration, but of all players in the
whole sewerage industry including private companies carrying out construction or maintenance.
This is why the Bureau of Sewerage opened, in September 2013, the “Wastewater Technology
Training Center” as a major initiative for solving those issues, a facility for practical training,
development of human resources and inheritance of technologies and skills (See Figure 1).

The outline in facilities

The Wastewater Technology Training Center is Japan’s first large scale training facility
specializing in wastewater technology. The center is located inside the Sunamachi WWTP in
the Koto ward, with a site area covering approximately 13,800 ni. The floor area of the training
building is about 2,700 ni. There are 20 types of training facilities inside of the building and 12
facilities are located outdoor.

The training facility is constructed to resemble the actual site using the real material, structure
and scale as much as possible, so that the conditions on-site can be reproduced in the training.
In this training center, practical training in areas such as civil engineering, machinery, electrical
engineering and water quality inspection wastewater can be conducted. By utilizing this facility,
technology transfer can be conducted effectively by the self-experiencing process such as
practical training and simulation in each domain.

METHODOLOGY

Construction of the training facilities

In 2008, a study committee for idea conception was established and its members from the
authorities, the administrative party and academic experts discussed how the transfer of
technologies and skills can be carried out. The team reached to a conclusion that construction of
a training center where people can immerse themselves in simulated experiences replicating the
actual situations they would encounter in the field would be a way to go.

In constructing the training center, technological content and skills we need to pass on to the
next generations were listed for each of the following fields; civil engineering, machinery,
electricity and water quality inspection wastewater. The listed items were then internally
examined further to narrowed down and being prioritized. After that, those essential
technological content and skills were grouped into the following three categories; 1) “Safety
management”: technologies and skills necessary to ensure the safety during construction or
project executions. 2) “Risk management”: technologies and skills required in cultivating the
ability to handle crises in emergency situations. 3) “Quality Assurance”: technologies and skills
sought in nurturing leadership or the ability to make technical judgment on quality (See Table
1).

Then, the committee discussed how to realize the training facilities which transfer those
technologies and skills in an effective and efficient manner. Details of training content and
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methods were explored and considered what would be necessary for different career
background members, clarifying what they individually need to acquire. Based on the
discussion, the scale of the facilities or the materials the facilities should be made of was
determined, and then conceptual drawings of each facility were drafted. Those conceptual
drawings were used then in internal working groups to discuss further the details. The drawings
were the seed plans for the facilities, and the ideas in them were reflected to the actual designs.
The basic concept of those training facilities are to allow users to “See” “Touch” and
“Experience” as much identical settings and conditions to the real fields as possible. To create
such environments, equipment and facilities were made out of the same materials, with the
same structure and scale, to the real ones.

The Pipeline In-Water Walking Model is illustrated in Table 2 and Figure 2 as an example,
presenting the process it took, from its conceptual phase to actual design. The structure of the
model at its inception actually had a square water tank, but further investigation revealed that
with the linear model, generating the necessary water flow speed would be difficult both
technically and economically. With that finding, the shape of the water tank was changed to
oval and propellers were introduced to generate circumfluence of water.

Table 1. Trainina facilities cateaorized into three arouns

Civil Engieering Machinery & Electricity Water Quality Mz.mageme nt&
Operation
¢ High-Altitude Workplace Model ¢ High-altitude Workplace Model
® Open-Cut Construction Site Model | e Electricity Distribution Facility for
* Road Construction Safety Facility Electricity Safety Inspection
Safety Model-
Management ¢ Pipeline In-water Walking Model
¢ Manhole Model
® Manhole Cover Open-Close Model
Risk Management e Operation Simulating Equipment
e Superannuated Pipe * Line Pipe ¢ Sequence for Practical Training ® Pump’s Pumping Capability
Model * Protective Relay Test Equipment Assessment Facility
o Civil Engineering Work Machinery * Water Level/Flow Rate Control ® Sewerage Treatment Laboratory
Model Test Equipment Equipment
e Concrete Placement Site Model * Pump Performance Test e Workplace Drainage Treatment
e In-pipeline Television Camera Equipment Laboratory Equipment
Investigation Model © Pump Failure Corresponding
e Combined Sewerage Improvement | Facility
Measure Model © Pump/Motor for Disassembly*
Quality Control ® Concrete Corrosion Protection Checkup
Model ¢ Tools for Inspection/Measurement
® Pressure Tube Model e Ductwork Repair Practical Training
o Black-water* Rainwater Street Inlet |Instrument
Model * Welding/Fusing Instrument
¢ Indoor Drainage Facility Model
® Manhole Earthquake Disaster
Countermeasure Model
® Hydraulic Experiment Model
® Multi-purpose Plaza
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Table 2. A sample listed item of transfer-reauired skills

Category Transfer-required Training Facility | Training Content
techniques
Safety -How to safely walk | Pipeline in-water | -Learn how to walk
Management | in-water walking in-water inside
- Safety management pipeline
practices when - Firsthand experience
supervising of the pipeline variety,
construction/field task water flow and depth

A

Concrete
SUS Area
Area

Concrete Vinyl Chloride
Area Area

Figure 2. Pipeline in-water walking model illustration
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RESULT AND DISCUSSIONS

Examples of the practical training facilities

The followings are examples of the practical training facilities used to pass on skills and
knowledge in the fields of “Safety Management”, “Risk Management” and “Quality Assurance”,
respectively.

Pipeline in-water walking model (Safety Management)

This model lets users experience in-water walking just like how it would be inside sewerage
pipe. The model is equipped with an oval-shape water tank where water depth (0.25 m-1.0 m)
and flow rate (0 m/s-3.0 m/s) can be altered. The floor surface of the water tank has three
different materials; concrete, vinyl chloride and stainless, to replicate that of sewerage pipes.
This facility is created for users to experience and understand how to conduct in-pipe
examination and realize how difficult and dangerous the in-water walking in sewerage pipe can
be (See Figure 3).

The details of a sample training conducted at this facility are as follows:

1) The instructor first explains the trainees the background of why conducting this training and
what to watch out during in-water walking.

2) The trainees walk through the water with its depth 30 cm and 50 cm, both along the current
and against it. The water flow rate would be either 0.8 m/s, the slowest it can be for the sake of
design, or 2.0 m/s. The trainees experience at first hand the different magnitudes of resistance
force of water depending on the depth and speed of water.

3) After coming out of the water tank, the trainees will observe the extremely fast water flow of
3.0m/s, the fastest flow the water tank can created with its design. By this, the trainees will
recognize the risks of tasks conducted inside the pipelines and how safety management
measures are necessary.

The trainees answered in the post-training survey that they could really experience how a slight
change in water depth could make the walking much harder. 80% of the trainees answered they
came to understand clearly the difficulty of in-water walking.

Figure 3. Pipeline in-water walking model
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Operation simulating equipment (Risk Management)

The whole facility is created as an exact replica of actual equipment, with the same operator
station arrangements and accessory items of the peripheral equipment. The monitor screens
layout and symbol displays are all matching the real central monitoring equipment settings so to
let the trainees experience the you-are-there feeling. With this equipment, the trainees go
through operating drills in assumed emergency situations such as storm rainfall, blackout of the
plant, breakdown of the critical equipment etc., things you cannot conduct training for with the
actual unit. Through this training, the trainees are expected to acquire the ability to make
prompt judgments and conduct accurate operation (See Figure 4).

The details of a sample training conducted at this facility are as follows:

1) The trainees are grouped into two teams and the instructor intentionally causes an emergency
situation on the system simulating a storm rainfall, blackout or pump breakdown, etc.

2) The trainees are assigned different roles such as leader, observer and operator. Those
members are to communicate with each other operating various apparatus like pumps in attempt
to prevent flooding.

3) After the exercise, the team reviews the recorded sequence of their operation from the top,
and adequacy of the taken operation procedures is validated. The other team joins the
discussion too so that learned operational know-hows can be shared.

4) At the end, the instructor gives feedback on the points emergency response was not adequate
or the account on why flooding was caused if it did in the simulation.

The trainees answered in the post-training survey that by experiencing the rare situation of
operating the equipment in storm rainfall, they could realize how one delayed judgment could
cause substantial impact. Also, 80% of the trainees answered they understood clearly how to
operate a pump in a storm rainfall situation or how to handle breakdown of a pump.

Figure 4. Operation simulating equipment
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Manhole Earthquake Disaster Countermeasure Model (Quality Control)

A Cross-section cut model showing the connecting part between an actual manhole and a
sewerage pipe is displayed. The manhole earthquake disaster countermeasure equipment moves
the coupling part connected to an aseismic sewerage duct in all four directions with a motor so
that the flexibility of the coupling part can be observed. The liquefaction equipment creates
vibration and the elevation of the excess pore pressure of the soil layer can be confirmed on the
computer screen. With the lysis valve driving device, the water pressure around the manhole
can be elevated and the operation status of the lysis valve be confirmed. The understanding of
the structure and function of the aseismic technology adopted to the connecting part coupled
with practical training at this facility allows people to understand the mechanism of the
surfacing phenomenon of manhole and how it can be prevented (See Figure 5 and 6).

The details of a sample training conducted at this facility are as follows:

1) The instructor gives a lecture on the fundamental of the aseismic technology, the structure
and the construction method of the Manhole Earthquake Countermeasure Equipment in front of
the display.

2) The trainees are to observe the mechanism of the liquefaction caused by oscillating the water
tank simulating soil layer.

3) The lysis valve driving device creates a situation where the lysis valve comes off because of
the elevation of water pressure, and the excess pore pressure vanishing in an instant will be
observed. This demonstrates the inhibitory effect on manhole surfacing phenomenon.

The trainees answered in the post-training survey that by seeing the actual settings, they could
understand clearly the differences between various aseismic technologies. Almost all of the
trainees answered they could completely or mostly understand the structures of aseismic
technologies or how they function as a system.

Figure 5. Cut-model; Manhole earthquake disaster countermeasure Equipment
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Figure 6. Lysis valve driving device; Liquefaction equipment

Introduction in other training facilities

Manhole model (Safety Management)
This facility includes a system manhole, conventional precast concrete manhole and pipes with

lateral. Trainees can understand names and structures of manholes, pipes and attached
equipment and learn methods for entering a manhole safely, using safety systems (gas detector
and fall preventing device) and performing visual inspection of pipes (See Figure 7 and 8).

Figure 7. Manhole model (The whole view)
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Figure 8. Manhole model (The training landscape)

High-altitude workplace model (Safety Management)

In this facility, a prefabricated scaffolding, a handrail pre-setting scaffolding and pipe
scaffolding are assembled around a stage (3.7m high) as examples of scaffolding for high-place
work. In the center of the stage, a hatch is installed for a training of ascent/descent in a reactor
of sewerage treatment process.

Trainees can try to study features and material names of each scaffolding and learn how to use a
fall prevention device. Using the hatch in the center of the stage, trainees can learn how to
confirm safety, its procedures and usage of equipment for entering underground space for work
(See Figure 9).

Figure 9. High-altitude workplace model
Open-cut construction site model (Safety Management)

This facility has an open-cut construction site model including earth retaining (steel sheet pile,
lightweight sheet pile, horizontal sheet pile and supporting materials), sewer pipes (PVC pipe
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and RC pipe), covering plate and suspended guard.

As trainees can see and touch the model of opencut construction site, they can learn names and
usage of materials for earth retaining, piping method of sewer pipes and suspended guard
method to understand the proper construction process and the points of construction supervising
(See Figure 10).

Figure 10. Open-cut construction site model

Electricity distribution facility for electricity safety inspection (Safety Management)

In this equipment, trainees can operate and inspect electric equipment and conduct some tests
by switch board for high/low voltage which is actually installed in sewerage treatment plant.
Also trainees can learn how to use safety equipment. Through the simulation of electricity
security checks with same equipment in an actual facility, trainees can study appropriate
operation procedures and prevention methods of unsafe actions to improve an ability of plant
management and can also learn a security management skill by the operation check for machine
troubles and electrical measurement using a protective relay installed in front of the distribution
board (See Figure 11).

Figure 11. Electricity distribution facility for electricity safety inspection
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Concrete placement site model (Quality Control)

This facility has a pipe gallery model providing proper and improper construction examples of
an arrangement of reinforcing bars and a concrete placement with explanation panel. As
trainees compare the proper and improper construction examples, they can understand causes
and prevention measures for improper construction and learn the proper concrete placement
method and the points of construction supervising (See Figure 12).

Figure 12. Concrete placement site model

In-pipeline television camera investigation model (Quality Control)

In this facility, 3 types of old sewer pipes (reinforced concrete pipe, clay pipe and unplasticized
polyvinyl chloride pipe) are relocated and set for a training. TV cameras are run in the different
types of the pipes to monitor cracks, crevices or mortar pieces, oil balls and tree roots in each
pipe. Trainees can see the difference between the image through the monitors and actual
condition to enhance skills to examine the sewer pipe internal inspection (See Figure 13).

Figure 13. In-pipeline television camera investigation model
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Sequence for practical training (Quality Control)

In this facility, based on multi-line connection diagrams, trainees can assemble circuits used for
basic circuits of sequence control such as on/off, delay timer, self hold and star delta starter with
lumps, relays and power lines and see how they works. Trainees can study an electrical
operation process and a control mechanism and learn an operation control skill of actual
equipment by understanding sequence control which is basic components of operation and
control of plant equipment (See Figure 14).

Figure 14. Sequence for practical training

Pump performance test equipment (Quality Control)

This facility consists of pumps and water supply/drainage pipes to confirm the relations
between flow rate and head characteristic. For designing, construction, operation and
maintenance of pump facilities appropriately, trainees can learn how to see pump performance
curves and study pump characteristics for pump head, pump input power and efficiency by
preparing the characteristic curve by means of pump performance tests (See Figure 15).

Figure 15. Pump performance test equipment
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Water level and flow rate control test equipment (Quality Control)

In this equipment, to operate a pump facility properly and response fluctuation of water level
and water flow promptly, trainees can learn a control skill which is a basic skill of pump facility
operation using water level and flow rate control test equipment.

Trainees study adjustment technique to know methods of loop testing, zero adjustment and
instrument calibration, and can also learn the control skill of sewerage treatment facility to
study structures and mechanisms of equipment including industrial instruments, functional
composition and data processing (See Figure 16).

Figure 16. Water level and flow rate control test equipment

Sewerage treatment laboratory equipment (Quality Control)

This facility can be provided for sewerage treatment experiments using activated sludge. The
facility consists of sewage storage tank, reactor tank (combined with sedimentation tank) and
treated water tank. The facility can be operated automatically, as time of reaction and
sedimentation time will be set. Trainees can study sewerage treatment technique to understand
differences among treatment water qualities and points of the treatment (See Figure 17).

Figure 17. Sewerage treatment laboratory equipment
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CONCLUSION

Human resource development of the whole sewerage industry

Besides our staff, the center is available for use for other municipal or private organizations.
Since its opening, over 3,000 visitors from all around Japan and overseas, for example Thailand,
New Zealand and Brazil, have come to see the facility and receive training.

Should anyone wish to go through training at the center, we can provide a team of instructors
along with the use of those various facilities. All prices are set reasonable.

We, the Bureau of Sewerage of Tokyo Metropolitan Government, will continue to utilize the
center to keep contributing to the human resource development of the whole sewerage industry.
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4-1-2 Development of Odor Management Techniques Based on the pH
Diagnostic Method for Activated Carbon Used in Deodorizing Equipment
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ABSTRACT

The Bureau of Sewerage, Tokyo Metropolitan Government, has introduced the deodorizing
equipment with activated carbon (AC) etc. in order to prevent odor emission from sewage
treatment facilities. The deodorizing performance of deodorizing equipment used to be
judged by reference to the result of odor measurements by the triangular odor bag method,;
however, it was difficult to quickly assess the current deodorizing performance due to the
cost and time required about two weeks from sampling to reporting. Thus, we developed the
pH diagnostic method to quantitatively evaluate the deodorizing performance of AC. Using
this method, deodorizing performance can be assessed easily and directly. Utilizing the pH
diagnostic method has allowed us to use AC for a longer period compared with conventional
replacement cycle, and to comply with the odor standards while reducing the maintenance
cost.

KEYWORDS: pH diagnostic method, odor prevention, deodorizing equipment, activated
carbon

INTRODUCTION

In Japan, odors emitted from sewage treatment facilities are regulated based on such as the odor
index as set out in the Offensive Odor Control Law. The subjects of regulation are exhaust ports
of deodorizing equipment, smokestacks of sludge incinerators, effluent outlets, and boundaries
of sewage treatment facilities. The Bureau of Sewerage, Tokyo Metropolitan Government
(hereinafter, the “Bureau’) provides sewerage services in the metropolitan area of Tokyo, so
that many sewage treatment facilities are close to residential areas and offices (Figure 1). Thus,
in particular, odor prevention is important to ensure comfortable living environment of citizens.

For odor prevention, the Bureau’s sewage treatment facilities are equipped with, the
deodorizing equipment using deodorants such as activated carbon (AC), humic deodorant and
impregnated carbon depending on odor concentration and component. About 70 percent of the
deodorizing equipment in wastewater treatment plants (WWTPs) uses AC. AC has numerous
fine pores, and its mechanism of removal of odor substances is physical adsorption. Since AC
has high adsorbability of odor components (e.g. hydrogen sulfide, methyl mercaptan, methyl
sulfide, methyl disulfide and ammonia) emitted from sewage facilities, AC is suitable for
deodorant of such components. The deodorizing performance of AC, however, gradually
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decreases according to the adsorption of odor substances and, in particular, greatly declines
when it comes close to saturation level. Thus, it is necessary to maintain AC in good condition
by replacing (includes regeneration) it in advance so that we can comply with odor standards.

Figure 1. Deodorizing equipment of Shibaura Wastewater Reclamation Center (for
deodorizing odorous gas from reaction tank) is close to offices.

The time for replacement of AC used to be decided by the results of odor measurements by the
triangular odor bag method at exhaust ports of the deodorizing equipment and by the
replacement records (replace after a certain period of use, referring to the inlet odor
concentration). The triangular odor bag method is one of sensory test methods used for
measurement of odor index, which is a Japan’s unique method that the Tokyo Metropolitan
Research Institute for Environmental Protection developed by improving the ASTM Syringe
Method. It is, however, difficult to accurately evaluate the deodorizing performance from a
result of a single odor measurement because the concentration of odors emitted from sewage
treatment facilities significantly differ depending on installation site, temperature and weather
(Kawase, 2011). For instance, when the inlet odor concentration temporarily increases, the
outlet odor concentration also increases. Results of odor measurement remain indirect data for
evaluation of the deodorizing performance, and thus are unlikely to be used as direct index. In
addition, in Japan, odor measurement by the triangular odor bag has to be done by certified
olfactory measurement operators. Therefore, the odor measurement is generally demonstrated
by inspection institutes or companies which have the certified operators. Usually, it takes about
two weeks from sampling to reporting so that it is difficult to measure frequently because of the
cost. For these reasons, we used to carry out early replacement of AC in order to comply with
the odor standards.

Under these circumstances, there was a strong need for development of a maintenance method
that allows us to quantitatively and easily assess the deodorizing performance in order to
accurately and quickly decide the timing for replacement of AC. Generally, one of the indexes
of the deodorizing performance of AC is the adsorption capacity (defined as an equilibrium
adsorption capacity of organic solvent vapor measured as an increase in the weight of AC
through saturation test using vapor of a single organic substance). This does not correspond to
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the development needs because it is necessary to outsource the analysis due to complexity of
procedure and requirement of organic solves such as toluene and benzene. On the other hand,
the main component of odors that are emitted from WWTPs is hydrogen sulfide. Therefore, we
focused on changes in pH of AC as an easily measurable evaluation index of the deodorizing
performances because the hydrogen sulfide is oxidized after the adsorption removal by AC and
then becomes sulfuric acid. Thus, we developed the low-cost pH diagnostic method that it is
easy to assess the deodorizing performance of AC by quantitative evaluation of the relationship
between the deodorizing performance and pH of AC.

MATERIALS AND METHODS

Determination of evaluation indexes for deodorizing performance of AC

Most of deodorizing equipment in Tokyo is composed of double cartridges filled with AC.
Schematic diagram of deodorizing equipment is shown in Figure 2. The odor substances
transmitted to the bottom of the deodorizing equipment are first removed by the AC filled in the
lower cartridge and deterioration of the AC in the lower cartridge starts. Then, the removal of
odor substances becomes to be carried out by the one in the upper cartridge. For this reason, the
gradual deterioration of the AC filled in the lower cartridge starts from its bottom, which finally
leads to complete loss of its deodorizing performance.

Upper cartridge Outlet gas

Inlet gas from WWTPs

(Moisture: about 3%) Lower cartridge

Figure 2. Schematic diagram of deodorizing equipment

Therefore, the replacement of AC is carried out following the procedure as shown in Figure 3.
First, the AC is removed from the lower cartridge, then the upper cartridge is transferred to the
position of the lower cartridge, finally a cartridge filled with new (or renewed) AC is set to the
position of the upper cartridge.
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After
replacement

Before
replacement

Bottom of the upper cartridge (A)

Upper .
cartridge Top of the lower cartridge (B)
Lower
cartridge

Bottom of the lower cartridge (C)
Replace AC in the lower cartridge Install new (or renewed) AC

Figure 3. Procedure of AC replacement

Selection of deodorizing equipment to be surveyed

Most of deodorizing equipment in WWTPs deodorizes odors emitted from wastewater
treatment facilities not from biosolid treatment facilities. In this study, we decided to survey the
deodorizing equipment using AC for both upper and lower cartridges in the wastewater
treatment facilities.

Specifications of the deodorizing equipment and survey period are shown in Table 1. In order to
sample and analyze the AC with various deterioration conditions, we carried out surveys in FY
2011 on the deodorizing equipment of the rapid filtration system of the influent wastewater in
the Shibaura Wastewater Reclamation Center (WRC) where the deodorizing performance
deteriorates relatively earlier, and on the one of the grit chamber in the east train of the same
center where the deodorizing performance gradually deteriorates. In addition, in FY 2012, the
same survey was carried out for the deodorizing equipment of reaction tanks in the Ukima
WRC. Table 2 shows the maximum concentration for each odor component that flows into the
deodorizing equipment surveyed. Table 3 shows the specification of AC filled in the cartridges.
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Table 1. Specifications and survey periods of the deodorizing equipment surveyed

all HlIee) contact Surve
WWTP Facility volume | AC cartridge | velocity . vey
3, time period
(m*/min) (m/sec)
\I/\rllzlsl::\?v;ter 1.4x1.4x0.6 Approx
: 415 m high 0.3 PproX.
rapid 12 % 2 lavers 4 sec.

Shibaura | filtration Y Sep 2011 -
WRC East train 1.0x1.0x0.6 Aoorox Feb 2012
grit 140 m high 0.3 i EEC '

chamber 8 x 2 layers '

Ukima Reaction 440 #6h><ilh4x0.7 03 Approx. | Jul 2012 -
WRC tank g ' 4sec. | Feb 2013
12 x 2 layers

Table 2. Maximum concentrations of influent odors (unit: ppm)
- Hydrogen Methyl Methyl Methyl
WWTP FeElly sulfide mercaptan sulfide disulfide
Influent
. wastewater rapid | 39 0.45 0.024 0.039
Shibaura e
filtration
WRC East train grit
g 0.45 0.032 0.0048 0.0085
chamber
Ukima .
WRC Reaction tank 0.077 0.084 0.054 0.024

Table 3. Specification of the AC used in the deodorizing equipment

Item Specification

Material Wood-based adsorbent (coconut shell) is used as a standard material
Particle size Particles within 4-8 meshes should be 95 % or more

Adsor_ptlon Benzene adsorption capacity should be 30 wt % or more

capacity

Bulk density | Approximately 410 kg/m® (new carbon)

Surveyed samples
The samples of AC with different stages of deterioration were taken from three parts: the
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bottom of the lower cartridge where the deodorizing performance of AC is expected to
significantly decrease (Figure 3 C), the top of the lower cartridge where the deterioration is
expected to gradually progress with the duration of use (see Figure 3 B), and the bottom of the
upper cartridge (see Figure 3 A). Those samples were taken monthly during the survey period
as shown in Table 1. The samples of the top and bottom of cartridges were taken using a shovel
and a zone sampler (see Figure 4), respectively. Gaseous samples were collected into odor-free
bags in odor to measure odor index of exhausted gas from deodorizing equipment.

Figure 4. Zone sampler

Measurement items and methods

The main component of odors emitted from wastewater treatment facilities is hydrogen sulfide.
We assumed that pH of AC was decreased due to conversion of H,S to H,SO, by being
oxidized after adsorption to AC, and sulfur in AC was accumulated due to adsorption of H,S
which was a sulfur-containing substance. Thus, we measured adsorption capacity, pH and total
sulfur of the AC sample and surveyed the relationships between adsorption capacity (one of
indexes for deodorizing performance), and pH and total sulfur. In addition, odor indexes at the
exhaust and intake ports (conventionally measured items) were measured.

Adsorption capacity was measured according to JIS (Japanese Industrial Standards) K 1474 as
the equilibrium adsorption capacity of toluene, which was calculated from the increase in the
amount of the sample when its quantity became constant by letting air containing 1/10 toluene
steam into AC by 2 L/min.

Total sulfur (T-S) was measured according to JIS M 8813. The sample was heated in oxygen
stream up to about 1,350°C to oxidize and gasify sulfur, and gaseous sulfur was collected in
H,0, water. Then sulfur in H,O, water was titrated with 0.1 mg/L sodium hydroxide.

The pH measurement method was based on JIS K 1474 (hereinafter, “JIS method”); Figure 5
shows the schematic diagram of the measurement procedure. The AC was put in a beaker with
distilled water. The beaker was boiled for five minutes on an electric stove, and cooled down.
And the pH of water was measured with a pH meter. Required time to measure each sample
with this method is nearly 20 minutes, which is easy and quick enough to access with the
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conventional analytical instruments in WWTPs.

Figure 5. Schematic diagram of pH measurement of AC (JIS method)

Odor index was measured in accordance with triangular odor bag method. In the triangular odor
bag method, the sensory test is conducted by at least 6 members of the panel. Each panel is
given 3 bags; 1 with a sample in it and 2 without sample (odor-free air) and asked to choose the
odorous bag. If the panel can tell the correct bag, the odor is then diluted and the test is
continued until it becomes impossible to identify the bag with odor. In order to ensure the
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accuracy of the measurement, it is important to take account of psychological influences of
panel members and olfactory fatigue.

RESULTS AND DISCUSSIONS

Relationships between adsorption performance of AC, and total sulfur or pH

Figures 6 and 7 show the relationships between adsorption capacity of AC, pH or total sulfur
respectively. The adsorption capacity is one of indexes for the deodorizing performance of AC
and the large adsorption capacity means the high deodorizing performance. The specification
criteria of the adsorption capacity before use is 30 wt % or more (table 3).

There was a high correlation between pH and adsorption capacity, and pH rapidly decreased
when adsorption capacity decreased (Figure 6). pH was high (8-10) and alkaline when the
adsorption capacity was about 30 wt %, while pH was low (< 2) and highly acidic when it was
20 wt %.

10

0 5 10 15 20 25 30 35
Adsorption capacity (wt%o)

Figure 6. Relationship between adsorption capacity and pH

Moreover, there was an inverse correlation between the adsorption capacity and total sulfur.
When the adsorption capacity decreased, total sulfur increased in a linear manner (see Figure 7).
The total sulfur was low (i.e. only 0-1 wt %) when the adsorption capacity was about 30 wt %,
while the total sulfur was high (i.e. 4-8 wt %) when the adsorption capacity was 20 wt % or

less.
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Figure 7. Relationship between adsorption capacity and total sulfur

As for an adsorption of hydrogen sulfide, it is known that the oxidation reaction occurs in the
presence of air (oxygen) or moisture (humidity), and then that hydrogen sulfide is partially
oxidized on the surface of AC and converted to sulfur or sulfuric acid (Shoda, 1994). Figure 8
shows the relationship between pH and total sulfur. When total sulfur was less than 1 wt %, the
pH was over 6; however, when total sulfur increased to 4 wt % or more, the pH decreased to 2
or less. These results proved that it was reasonable to assume that the adsorption of hydrogen
sulfide — a main component of odors emitted from sewage facilities — to AC lead to the increase
in total sulfur and the decrease in pH. In addition, it became clear that the adsorption capacity
of AC can be evaluated by pH or total sulfur. The evaluation of adsorption capacity and total
sulfur requires special analysis equipment, cost and time. However, pH can be inexpensively
and easily analyzed. For this reason, we decided to use pH as an index for evaluation of the
adsorption capacity of AC.
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10 |

Total sulfur (wt%)

Figure 8. Relationship between total sulfur and pH

Establishment of the pH diagnostic method

Sampling points

It is important for appropriate replacement of AC in the deodorizing equipment to collect AC
samples from proper position in the equipment. The deterioration in the deodorizing
performance of the AC begins from the bottom of the lower cartridge, through which odor
substances first pass, and moves up towards the upper cartridge. The most efficient and
economical replacement timing is when the lower cartridge has completely deteriorated and the
deterioration of the upper cartridge has hardly progressed. That is, cartridges can be replaced at
more appropriate timing if the deodorizing performance of AC located in the middle part (A or
B in Figure 3) of the double-layer deodorizing equipment can be grasped. Thus, we decided to
collect the AC in the middle part. In this study, in the middle of the deodorizing equipment, the
pH of the bottom of the upper cartridge (A in Figure 3) and the pH of the top of the lower
cartridge (B in Figure 3) were almost the same values; therefore, it was concluded that sample
for pH measurement should be collected from the former because of easiness sample collection.

Evaluation criteria

The evaluation criteria for assessment of deterioration of AC were set in order to decide easily
whether it is necessary to replace AC. As shown in Figure 9, the evaluation criteria are: “normal”
(pH 6 to pH 10), “caution needed” (more than pH 2 to less than pH 6), and “deteriorated” (pH 2
or less). The reason for setting from pH 6 to pH 10 as “normal” is that when the pH is 6 or

more the adsorption capacity is 25 wt % or more, that is, the deodorizing performance is
sufficiently retained.
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On the other hand, the reason for setting pH 2 or less as “deteriorated” is the fact that when the
adsorption capacity is 20 wt % or less, the pH becomes highly acidic — pH 2 or less.

10 e e e e

Deteriorated

0 5 10 15 20 25 30 35
Adsorption capacity (wt%o)

Figure 9. Evaluation standards of the deterioration status of AC using pH diagnostic
method

The simplified assay method

In the JIS method as shown in Figure 5, it is necessary to boil samples for 5 minutes and cool
them. In cases where there are multiple samples, the assay work may take a few hours because
it takes about 20 minutes per sample. Therefore, we further considered a simplified assay that
can shorten measurement time. This is a method to agitate the AC in a beaker with distilled
water for five minutes or more by a stirrer and a stirring bar, excluding the boiling and cooling
steps as mentioned above (Figure 5). Figure 10 shows comparison of the results of the
measurements of pH in the JIS method and the simplified assay method. The pH measured in
this simplified assay method showed a significantly high positive correlation with the JIS
method. As a result, it was concluded the simplified assay method was able to substitute for JIS
method especially in case of high pH. Therefore we decided to apply the simplified assay
method to evaluation of “normal”. If the pH measured by the simplified assay method is pH 7
or more, this is evaluated as “normal,” and the JIS method is not carried out. On the other hand,
if the pH measured by the simplified assay method is less than pH 7, this is an indication of
deterioration, and the JIS method is carried out. As a result, the simplified assay method can
shorten measurement time for 8 minutes from 20 minutes.
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Figure 10. Correlation JIS and simplified assay methods in the measurement method for
pH of AC

Outline of the pH diagnostic method and its utilization

The procedure of the pH diagnostic method is shown in Table 4. Compared with the
conventional method of replacing AC based on the odor measurement, the pH diagnostic
method has a massive advantage in allowing us to significantly reduce time required for
conducting collection and analysis of AC. As for the conventional diagnosis of the deodorizing
performance based on odor measurements, it is necessary to demonstrate by inspection
institutes or companies which have the certified operators. For this reason, it takes about two
weeks and many costs. In addition, there are disadvantages that measurement results differ
depending on inlet odor concentration of the deodorizing equipment. On the other hand, the pH
diagnostic method is easy and cost-friendly to analyze. Additionally, it takes only about two
hours per sample from AC collection to pH measurement to quantitatively diagnose the
deodorizing performance. The pH diagnostic method can evaluate the deodorizing performance
to “normal,” “caution needed” or “deteriorated”. If the AC is evaluated as “deteriorated,” decide
whether it is necessary to replace the AC.
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Table 4. The procedure of the pH diagnostic method

Step | Procedure

1. Collect AC from the bottom of the upper cartridge using a zone sampler (see Figure 4).

2. Measure the pH of the collected AC by the pH simplified assay method (see Figure 5).

3. If the pH is pH 7 or more, the AC is evaluated as “normal” and the JIS method is not
carried out.

4. If the pH is less than pH 7, the JIS method is carried out.

5. Classify the deodorizing performance as “normal,” “cautious” or “deteriorated.”

6. If a sample is evaluated as “deteriorated,” decide whether it is necessary to replace AC.

APPLICATION TO ACTUAL MANAGEMENT

In FY 2012, for our 74 deodorizing equipment in 11 WWTPs and 5 pumping stations, the pH
diagnostic method was used for the management of the deodorizing performance of AC. Here
are two examples of the utilization of the pH diagnostic method.

First, the deodorizing performance was evaluated as “caution needed” by the pH diagnostic
method at the deodorizing equipment for the reaction tanks of the west system at the
Morigasaki WRC in May 2012. In addition, the odor index that was measured in January 2012
was almost the odor standard (see Table 4(a)). (Odor measurements are carried at exhaust ports
of the deodorizing equipment of each WWTP at least twice a year including summer when the
inlet odor concentration increase). For this reason, the AC was replaced six months earlier than
the original scheduled date — after the summer in 2012. Consequently, The WWTP was able to
comply with the odor standard in summer when the inlet odor concentrations usually increase.

On the other hand, the deodorizing performance was evaluated as “normal” at the deodorizing
equipment of the grit chamber at the Kosuge WRC in August 2012. In addition, the odor index
of air at the exhaust port of the deodorizing equipment was considerably lower than the odor
standard (see Table 4(b)). Thus, we concluded that the AC sufficiently retained its deodorizing
performance, so that the replacement of AC was postponed, originally planned in FY 2012, to
the next fiscal year. The AC of this deodorizing equipment had been used to replace every three
years, however, by adopting the four-year cycle replacement, the cost of AC replacement was
reduced by about 30 percent.
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Table 5. Examples of utilization of the pH diagnostic method
(a) An example of acceleration of replacement schedule

. Odor
WWTP Facmty ol pH | The deterioration status _Odor standard
deodorized index .
(odor index)
No.l |4.1 Caution needed 21
West
Morigasaki | system i
WRC reaction No.2 | 3.9 Caution needed 21 27
tank
No.3 |4.2 Caution needed 26

(b) An example of extension of replacement cycle

- Odor
WWTP FaC|I|t¥ el pH The deterioration status _Odor standard
deodorized index .
(odor index)
Kosuge Less
9 Grit chamber 94 Normal than | 24
WRC 12

Moreover, the pH diagnostic method was used the management of replacement of AC at
WWTPs and pumping stations also in FY 2013, as well as FY 2012. The cost was reduced by
postponing the replacement of AC used for deodorizing equipment at WWTPs, which were
evaluated as “normal,” to the following fiscal year.

By extending the AC replacement cycle based on the quantitative evaluation of deodorizing
performance of AC using the pH diagnostic method, both reduction in cost and compliance with
odor standards was achieved. Thus, the management of AC replacement by the pH diagnostic
method was able to promote odor prevention.

CONCLUSION

We have developed the pH diagnostic method in order to evaluate the deodorizing performance
of activated carbon (AC) used for deodorizing equipment. The advantages of the pH diagnostic
method lie in the fact that the method makes it possible to evaluate the deodorizing
performance of AC easily and quickly at low cost. By utilizing the evaluation based on the pH
diagnostic method, the AC replacement cycle was extended by about 1 year for some
deodorizing equipment in FY 2012 and FY 2013, thereby reducing the cost of the replacement
work. Furthermore, the conventional earlier replacement can be shifted to the replacement by
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means of the evaluation based on quantitative analysis, thereby achieving both cost reduction
and thorough compliance with laws and regulations.

In the future, we are planning to verify the applicability of the evaluation based on this method
in terms of the deodorizing equipment in biosolid treatment facilities, because it is considered
that the principle of the method is applicable if the main odor substance arising from sludge
treatment systems is hydrogen sulfide. In addition, there were only a small number of samples
that were evaluated as “caution needed” based on the pH diagnostic method. For this reason, we
are trying to enhance the accuracy of the evaluation criteria by shortening the time intervals
between schedules for sampling of AC and increasing the amount of data within the range of
“caution needed.”
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Abstract

The greenhouse gas emissions through the sludge incineration process account for a
large portion. To solve this problem, High-Temperature Incineration (850°C) was
introduced. However, though it can reduce more N;O compared with Normal
Incineration (800°C), it has a problem of an increase in fuel consumption. Therefore, we
put forward the research of Multilayer Incineration to solve this problem. As a result,
Multilayer Incineration could reduce both fuel consumption and N,O emission
simultaneously, compared with High-Temperature Incineration.

Keywords
Multilayer Incineration; High-Temperature Incineration; Greenhouse Gas; N,O

Introduction

The annual amount of greenhouse gas exhausted by sewerage facilities in the 23
special wards area of Tokyo is about 710,000t as shown in Table.1. And especially
among them, the emission through the sludge incineration process accounts for 29.7%, a
large portion of it.
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Table.1 Amount of Greenhouse Gas Emission
(Our Facilities in the 23 Special Ward Area of Tokyo)

In 2007
Unit : t-CO,
Ratio
Process CO, CH, N,O HFC PFC SFe Total (%)
Use of Electricity 309,421 309,421 43.5
Sludge Incineration 197 | 211,285 211,482 29.7
Water Treatment and 30,758 | 82,555 113,313 15.9
Sludge Treatment
Use of fuel and heat, |, o0 111 27 8 0 202| 77246 109
others
Total 386,319 | 31,066 | 293,867 8 0 202 711,762 | 100.0
Ratio (%) 54.3 4.4 41.3 0.0 0.0 0.0 100.0

After 2003, the amount of greenhouse gas emissions was on the decrease. We have
reduced greenhouse gas by 16% in 2007 compared with 1990. This is because we
introduced energy-efficient equipment etc. for greenhouse gas reduction measures.
Above all, High-Temperature incineration which works at 850°C was very effective and
about 70% more N,O could be reduced compared with the incineration at 800°C.

However, the effect of greenhouse gas reduction was expected to reach a ceiling in the
future because introduction of energy-efficient equipment and High-Temperature
Incineration have already been done in the most of our facilities.

Moreover, there are problems of the calculation method and the increase in fuel
consumption in the reduction of N,O through High-Temperature Incineration. Therefore,
we researched the Multilayer Incineration to solve these problems.

Problems of High-Temperature Incineration
Calculation Method

The amount of greenhouse gas exhausted by the Fluidized Bed Incinerator was
calculated by our original method. The calculation method is as follows.

Emission Coefficient (kg-N,O/t)
=-0.1172xIncineration Temperature (°C) +101.95
Amount of emission (kg-N,0)
=Amount of Dewatered Sludge (t)xEmission Coefficient (kg-N,O/t)

This calculation method is based on the relation between the incineration temperature
and N2O emissions of the Fluidized Bed Incinerator in a past investigation from 2000 to
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2003299 As Figure.1 shows, N,O emission was reduced by about 70% at 850°C
compared with 800°C.

Y=-0.1172X+101.95

Amount of N,O Emission (kg/t)

Incineration Temperature (°C)

Figure.1 Relation between Incineration Temperature and N,O Emission®

However, even when it is at constant temperature (Figure.1), the N,O emission varies
widely. The reason why this unevenness of the data occurred is as follows.
1 The part where we measured temperature was different among each incinerator.
2 Retention time and mixture ratio to air were different among each incinerator.
3 There were differences in characteristics of each incinerator and sludge
properties.

Increase of Energy Use
High-Temperature Incineration has two problems.
Firstly, it needs large amount of fuel to rise the temperature in the incinerator.
Secondly, it needs more electricity to send large amount of air to the incinerator by
large air-blowers.

Multilayer Incineration
Principle of Multilayer Incineration
As mentioned above, High-Temperature Incineration has some problems. Therefore,
we examined Multilayer Incineration as a new method for reducing N,O emissions.
Figure.2 shows the Fluidized Bed Incinerator in use. The air blows into the incinerator
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from sandbed and the sludge is incinerated.

Sludge =

Fuel —

Air —>

Figure.2 Fluidized Bed Incinerator

Figure.3 shows the outline of the Multilayer Incinerator. Multilayer Incineration is a
method that forms 2 or more incineration zones by sending air from 2 or more blowing
points.

The theory of N,O-reduction is shown as below.

When sludge burns in the sandbed, NCO is generated by HCN and O,. NCO reacts
with NO to form N,OY (M.Hupa et al., 1992) . Therefore, it is effective to decrease the
amount of air in the sandbed. And N,O generated at the primary reaction zone is
resolved by high temperature in the secondary reaction zone.

Secondary Reaction Zone

Tertiary Air —> Generated N20 is resolved by
high temperature.
Secondary Air —>
Sludge =—
Fuel — Primary Reaction Zone
The generation of N2O depends
PrimaryAir : on Air ratio.

Figure.3 Outline of the Multilayer Incineration
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Experiment
We made an experiment about Multilayer Incineration to investigate how N20
emissions with the experimental incinerator and the incinerator in use.

First Experiment

We experimented on Incineration at 800°C, High-Temperature Incineration, and
Multilayer Incineration with the experimental incinerator (ratings 100kg/h). In case of
the experimental Multilayer Incineration, we changed the amounts of air that was sent to
the sandbed (primary air) and the freeboard (secondary and tertiary air). And we use the
same amount of fuel as incineration at 800°C on Multilayer Incineration.

By using N,O measurement devices, we measured the amount of N,O emissions
automatically. Table.2 shows the results of first experiment. Under all conditions, we
reduced N,O emission by about 90% by Multilayer Incineration compared with Normal
Incineration. Moreover, with Multilayer Incineration, not only the amount of the N,O
emission but also the fuel consumption is smaller than that of High-Temperature
Incineration.

Table.2 N,O Emission in the Pilot Plant

Air Ratio N,O Emission
Amount of Fuel RaNLOt
incineration | Primary | Secondary | Tertiary (*1) Dg\-/vaztere(_j xq
(kg/h) Air Air Air Sludge
Incineration
at 800°C 100 1.4 — — 1.0 6.49 100.0
Incineration
at 850°C 100 1.4 — — 1.4 1.82 28.0
_ 100 1.0 0.3 — 1.0 0.58 8.9
Multilayer 100 0.8 05 — 1.0 0.29 4.4
Incineration
100 0.8 0.3 0.2 1.0 0.24 3.7

*1 ratio to incineration at 800°C

Second Experiment

We experimented the Simple Two Layer Incineration at the incinerator (ratings 300
t/day) which usually driven at 850°C.

To experiment without remodeling the incinerator, we send primary air from sandbed,
and the secondary air from the freeboard burner.
Experimental conditions were as follows.
1. The air ratios at the incinerator outlet were 1.54 on High-Temperature Incineration
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and 1.44 on Simple Two layer Incineration. (air ratio = the practical amount of air
used/ the theoretical amount of air on demand)
2. We use the same amount of fuel at Simple Two Layer Incineration and
High-Temperature Incineration.
By using N2O measurement devices, we measured the amount of N,O emissions.

Table.3 shows the results of the second experiment. By Simple Two Layer Incineration,
the N,O emissions were reduced by about 60% compared with High-Temperature
Incineration.

Thus, we confirmed the effects of the Simple Two Layer Incinerator.

Secondary Reaction Zone

Secondary Air Generated N20 is resolved by
high temperature.
Sludge
Fuel
PrimaryAir Primary Reaction Zone
The generation of N2O depends
on Air ratio
Figure.4 Outline of the Simple Two Layer Incineration
Table.3 N,O Emission in the real machine
N,O Emission
(kg-N,O/t- Dewatered Sludge)
High-Temperature Incineration 2.33
Simple Two Layer Incineration 0.91
Conclusion

Multilayer Incineration could decrease the fuel consumption and N;O emission
simultaneously compared with the High-Temperature Incineration. We confirmed the
effect by using automatic N,O devices. At the experimental incinerator, we reduced N,O
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emissions by about 90% with Multilayer Incineration compared with incineration at
800°C. And with the incinerator in use, we also reduced N,O emission by about 60%
with Simple Two Layer Incineration compared with High-Temperature Incineration.
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4-3-1 Reconstruction of wastewater treatment facilities

utilizing the network of Wastewater treatment plants

Hirotaka Ikeda,
Planning and Coordination Department,
Bureau of Sewerage,

Tokyo Metropolitan Government

Introduction

Recently a number of accidents occur due to degradation of infrastructure, and it is
required to promote measures against infrastructure degradation. As with other
infrastructure, taking measures regarding infrastructure degradation is essential for
WWTP as well.

Shibaura WWTP and Morigasaki WWTP in Tokyo are processing about 40 % of sewage
in the ward area together. However, there are facilities which are 60 years old after
they are equipped and have problems such as a lack of capacity resulting shallow
water depth and unavailability to ensure seismic adequacy. Thus, it is needed to
reconstruct existing facilities.

Although processing ability reduces during the reconstruction period, facility
expansion is difficult due to the limitation on sites. Even if facility expansion is
possible, it would be an excess equipment after completion of the reconstruction.
Therefore, a plan to conduct reconstruction while delivering a part of sewage to other
centers is formed. With this plan, the reconstruction of facilities can be conducted
efficiently and it is possible to ensure backup functions at times of disaster.

Here, an approach to conduct efficient facility construction and to practice stable
water treatment and sludge treatment even at times of disaster by mutually

accommodating processing capacities of two WWTPs.

1. Steps of Reconstruction in Shibaura WWTP and Morigasaki WWTP

Compare two WWTPs(Shibaura WWTP and Morigasaki WWTP), and conduct
reconstruction from the high-priority lines.

Priority is decided by 1. operating years and 2. processing efficiency.

As a result, it is decided to firstly conduct reconstruction of the central line at
Shibaura WWTP and secondary the west line at Morigasaki WWTP.

Processing facilities will be upgraded to advanced waste treatment after the

completion of reconstruction by utilizing a substitute facility.
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2. Effect by using connecting pipe
It became possible to ensure necessary processing capacities and reconstruct facility
with the limitation on the sites.
* Conduct of reconstruction at each facility without using connecting pipe
110,000 m3/day at Shibaura WWTP, 240,000 m3/day at Morigasaki WWTP
—Substitute facility with 35 m3/day in total is needed.
* Reconstruction plan using connecting pipe
130,000 m3/day at Shibaura WWTP, 110,000 m3/day at Morigasaki WWTP
—Sufficient by fitting out substitute facility with 240,000 m3/day in total.
= Reducing facility construction of 110,00 m3/day compared to the case to fit out
substitute facilities at each WWTP.

3. Utilization at times of disaster
When one of the WWTP is affected by a disaster, water is delivered to the other WWTP

to ensure backup functions at times of disaster.

Sludge Lighting
Transportation Pipe
Optical
fiber
Coveyance S
Pipe Coveyance
| | | Pipe

Figure-2 Overview of the connecting pipe

4. Conclusion

Substitute facilities required to reconstruction are installed dispersedly and these
are shared for multiple facility reconstructions by the networked connecting pipe.
Therefore, the size of substitute facilities and energy required for water delivery can
be minimized.

After the completion of reconstruction, substitute facilities are ensured as back up
functions at times of disaster.

From now on during the long-term facility reconstruction, process control of both
WWTP will be done carefully and speeding up the reconstruction by developing more

efficient processing method will be examined continuously.
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4-3-2 Reduction of Electricity Costs at wastewater treatment facilities by
Implementation of “Peak Shift”

Y.Fujita*, H.Nagashima**

*Bureau of Sewerage, Tokyo Metropolitan Government

Keywords: Increase in electricity charges; the peak shift of electric power; Sewerage Facilities; Electric Power Redu
ction

INTRODUCTION

After the Great East Japan Earthquake occurred on March 11th 2011, the power company
increased tariff because of the suspension of nuclear power plant operation and increase in
natural gas use. The Bureau of Sewerage, Tokyo Metropolitan Government (BSTMG) has been
greatly affected by the increase in electricity costs. In fiscal year (FY) 2010, the electricity
consumption was 1,010 million kWh. With the implementations of several saving measures, this
was brought down to 953 million kWh in FY 2012, which is a reduction of 57 million kWh from
the two FY.

However, despite the reduction in electricity consumption, the electricity cost in FY 2012 was
16.1 billion yen, while it was 13.1 billion yen in FY 2011. It was a rise of 3 billion yen or 23 %
up from the previous FY due to tariff increase. This is affecting the operational expenses and the
reduction of electricity costs remains a pressing issue. (Figure 1.1)

REDUCTION IN ELECTRICITY TARIFF BY “PEAK SHIFT”

Among the implemented measures for reducing electricity costs, use of energy-efficient
equipment and energy saving efforts achieved a certain reduction in electricity consumption. As a
next step, we considered to “peak shift” by making use of the “peak hour modulation contract”.
“Peak hour modulation contract” is a pricing policy of discounted electricity rates set by power
companies to limit the demand during the summer peak season from 1:00 p.m. to 4:00 p.m.,
which is peak hours of demand. The key measure for the reduction in electricity costs was
considered to “peak shift” which is shifting the timings for equipment operations from on-peak to
off-peak hours. Our activities and their effects are shown and discussed in the paper.

Adjustment to the lift pump operation hours by sewer storage

Eighty percent of the sewer lines in the Tokyo districts are the combined system, which has the
capacity to store sewage on dry weather days since the sewer capacity is designed based on the
wet weather flow. In the pump facilities or the water recycling centers, we reduced on-peak pump
operating hours by storing the sewage in trunk sewer lines on dry weather days. The stored
sewage was lifted during off-peak hours.

Reduction in the number of blowers in operation

In our wastewater treatment process by activated sludge, the blowers that supply air to the
biological tanks consume the most electricity. The water quality management department and the
operations management department worked together to determine the minimum air flow that does
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not affect the effluent quality and reduced the number of blowers in operation during the on-peak
hours. .

Utilization of sodium-sulfur battery

Sodium-sulfur (NaS) battery is a large capacity battery which is charged at off-peak hours for the
use of power at on-peak hours. BSTMG introduced NaS battery in 2001 to reduce peak demand
while serving as emergency backup. By adjusting the timing of NaS battery operations, the on-
peak power use could be suppressed substantially.

With implementations of the three methods, the power consumption between 1:00 p.m.to 4:00
p.m. hours in the summer of FY 2013 was reduced by about 41,000kW, which translated into a
cost saving of 900 million yen.

ADVANCEMENT OF THE “SMART PLAN 2014

In June 2014, BSTMG drew up an energy master plan for sewerage called the “Smart Plan 2014”.
In this plan, more extensive energy reduction measures are shown to reduce the effects of rising
tariff of electricity, such as further reduction in electricity consumption, switching to energy-
efficient equipment, and managing energy in wide areas.By implementing the master plan,
BSTMG will continue to work for sustainable sewerage service by achieving sustainable energy
management.

[billion yen] [billion kwh]

a reduction of

17 1100
57 millionkWh

. T M M,

2009 2010 2011 2012 [year]

Figure 1.1 Change of electricity costs at wastewater treatment facilities 2009-2012.
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