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Drastic Mitigation in Greenhouse Gas Emission by Sewage Sludge
Eg Gasification System in Kiyose Water Reclamation Center
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2-(2)-2 NNEXKBEEVEZ— T UEZT7HD0 HIEHOEELFT

FHEFAEEET  HINBASERR R IE T

1. [FL&HIC

BROKFEE S Z—TEH IND R FARLEETIE, FARFIZEREZRE AT Z & THRAF
OWED OB X ZIEME (LS, B EZLIEL TV D3, ZER %2 FAKRFIZH A2 RiE & L TR X ATER
WZIZZ < OENEET D,

BT, EENZREE 72> T D HERBRR L ~DOXR E LT [7—X7F 22010 ZKEL, i
FERNRAADOPHEAIRICIVAHATEY , T MUELIZE VX —] ZRE L U ThiER
JTW5b, £70, FHRBOERBILXKE LT, BORKEOR EIZ B L TRV HA TN D,

2O L7eFTYR T, EAKE &R LoD E A HITR L, KL TR CIHE 2 E ) EOHIH
NTELEBERE S AT LD—>L LT, LAY 2T L&k —HMOKFEAEL X —ITEAL TS,
L2rL, ARG Ko TEEEERTEE R MRS S b & o e,

Z T, IVLEE L TREKE Z MR Lo R E LB TE 5, Friic kB &l > 27 L% B
L. TOMREBFELTZO THET 5,

2. WEROEREHE L X T LDFEE
ek oEmMEHE & L CiIRE < A E—EHIE, Do —EHIE, fHlEo =slcnishd, 2
b Ol AT LA DOFHE L REZ LLFIORT,
(1) JoL e — 7 A
AEXEEZREL, REISNEREICRD X ICHET s Th b, o 7 efililh=x
ThHHN, WIL—EDEREZERT L0, HEEOEEKNRLL 725,
(2) DO — 7 il £
BRE SN BIE DO (BAFEETR) IREIC/RD X IR EZHIEHT 2 X Th b, HIHNLELT
B, ISHIZIRAT 2KE « KEICE U TERRAENE(LT 5720, AKE R ENRE L%k
R CIEEREOEELN D72, L, DOICED T 4 — Ry Z7HIfITH D720, S Afr
ZENRFIZIZ DO BEME OXNS E RV VT 7o a UINEND Z D, HICRBERF - 5 R AT 9
VERH D,
(3) AL lAE
RESNTZHIET VE=TREIZ2D X ) ICERELZHIET 5 N TH L, HLEENLE LT
WHEE, DO —ERIE L Y EREA K TE 5, Lo, BKIRZR EOBHE D B b £ 220
RRLZ I, RGBSR EM LRICEE SN TLEIMER D o7, Fio. MR E TR AIEE N #
Folth, TV E=TREGEKS D2 THENZE T L& Hrcn T LEY, A O
IC B2 ZERBMG SN e < R DBER B o T,
IS OHIENZ HFEIZ. D0 T =T IREOE L L OB EREL LTHWS Z &
IZHER LTS, £ZT D0 KO =T IREDOW G Z4ats & Lo S ER# S 2T L 2Z K%L
DNRERGETH L & L,

-117 -



3. FHES R T LD

Al BRLUZERERES 2T 2L, UTFO ->Th 5,

(1) DO 2 7 il

(2) WIZ DO il

LIFIZ, ENENORE R,

3. 1 DO ZREHIE

DO ZEHIEH D 7 v — &K 1127, AL, AL 70 2 2 &% DO —E il & kR FiE TR
L, B S EREZ I LSO T = 7 B L 28 E T #iET 26 Th 5,
ARHEIL, AMARBICEE L TH T U E=TIREDOEAFHI LAIET 2 Z & T, DO K TR & E &
N 272 EORIENAIRE T D, £ DT, HERD DO DI L5 DO —EfIfH D XL 512 DO 1T4
BERIE TR LEN 2L, BRELZERMA LI ENRTE S,

NHAE A (E
[AEHY
CEIBENH4 — —HiZRAE
DO—FE
DE#DO D%T,_ﬁf BfRE=
I—DOEEEﬂE

B4 1 DO ZEHIH D7 m—I[X]
3. 2 \[Z DO HifH
A28 DO fH O 7 v —K A2 2 (T, AHIENE, FHl LZRISHENOT B =T IREISGE, AR
IXFB)CRRET 5 D0 —E il DO B EE % HBIFNZZ b S ¥ 56 CTh 5, ARflEIL, ISR DK
BITHS U T D0 RREM A BEIRIICA L S E L 72D, HICHEEF4372 DO R EME TOELRZIT O 2 LN TE
%o WHE O DO —EFETIL, KBTI L TASRL— 3Rl DO fREM AL 25 Z & 1E, RIS RIS
XN CH D, AflEIL, EOBREZBHBYTIT S 72, @E O D0 —EFIEICLERRM AR
HIAAECTHY , BEREFEIMZDZENTE D,
DOBFMEE H ) —F [ NH4REE
N [DOBER |,;)DOR#iE
Tl = **_

RAE Ed
L poms
DO—E 5l IL—F
DE&DO D%T@E b REEE

4 2 w22 DO il D 7 m—[X]
3. 3 FHRMEEEIZDWLT

BERLEZOOHFHE S 2T HIZHOWTIE, Wb 7 E=7REOREMEZ v, KEEZZE T
THLOTHY, AEODaL 7 N TEZTZLDOTH D,

SRR 20 ARSI/ INE KA v — TN DWW TERBR 24TV, MEE L7255, A28 DO il o )5 3
DO ZZEHIHH & W BAHBEI R RN LR HER TE o, 2B, KEIEELLOHEIZB TS RAFTH
o7, LTen> T, AIZ DO il 2 FEEEOKMLIRERIZ BV THEREREi 21T 5 2 & & Lic, 72, 2D
AIZE DO N DWW, 7B =T R L DOEEIKICHIET 2 Z Enh ., 7o =7 D0 Hil#H & MRS
HZkELT,
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4. FHEIES X T LOMHEREETE

T =T D0 FilfH S AT AOMEREFHI O 7o, FEEROAKMEEER 215 L. MERERHm A 1T o 7o, i
JEEHIRh SR RS O L CRRGE L 72, 7. i O E MR B DWW T bl 21T - 72,
4. 1 HHRFHEERT

FHFMIL, INEKFEE F —RCREE R THEME L7z, SRR IL, 1-1 5N D 1-4 51
EFTO 4 ETHELSNTND, FEE LTI, B A0 EEZRALTWDS Z L KER S THn bR
2T CHEE SN TG KRR E RIS EBRAT 5720, AR LK UKEDOEBNZ N2 L RHIT i
Do

4. 2 VRTLIER

ARRFEICB T DY AT 2R ZK 3 1R T,

X3 T7yrE=7+D0HIE M AT LFERR
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5. FHlES R T LOKRIHER
5. 1 BXEOEIRIKR
5 R IRFOIEEDR L2 X 4 12”3, KIRIE 15.8°C, A RITI I L% 500~1500m3/h OFPH T, %
iR = &2 4 0 K LT D, 72, MLSS 1, FHERTEHIME TH) 2300mg/L TH 5,
(1) Brif A OB EIR
1 =3t C [A# NH4 (%, 600m3/h FifE O &k Tl B AR 2.0mg/L LV . Z/0{Eu 0.8mg/L
FTIERTLTWDA, MAESHEMT S &, BREEME 2.0mg/L (IR SN TnD, Fio,
1% D [E# DO X, CIal# NH4 2/ CTEb L, Kit&EFFTIX. FIRDO @ 1.5mg/L 2. @i
BT, LR DO @ 2.5mg/L & 72> T\ 5,
R ERECIX, D EE DO X, 2 5k Y 3mg/L #EK<, CHIE DO b 0.5~1.0mg/L f2 %
KL<, 2oy, BREEL/NSL</hoTWn5, £72, DEIE DO A FRDO 742> Th,
C A% NH4 (X HAEEE FRl->72FETHDHZ b, MLOBLS ST TIRME 1.5mg/L 135D
DIEEEZBND, 728, TIREAETEH DEIE DO Z FRDO TS ZENRTERVWEALD
%o
EERF T, D[Rl DO (X, 2 5 D [ DO S EEINIEVVE T 2720, 2 5 oz
L IEIER L 72508, CEEE DO I Img/L 2R, @< 720 IRUEAR D KE < moTnd (1K
Hafh), ZiuE, DO HHER OB L5 HEFEDZER LEZ 2 6D, T72b5, A4 DO il
HORESILD R TH Y | D BIEOBERZEEHRE A > 7o BEN & B I EE RS SO
(X LT, il AY C el DO il Tk, C RIBEEERIEE &IZ)S Uz & S 720 . D [EIE DO
X, AMPRBUSIS U T, BRVATE TELT 5, miiER CITERE A/ NS <7220, C FRET
? NH4 BREPEE R 25720, C HIEOMRAEE EIX, D BRI L TS < R>TND
EROND, ZOD, 1 FHIEKEET 2 5HE D Em< D, £/2, CEHE DO bE<R>T
WhHEEZLND,
(2) JEEHIRh 5~
ARERBWM (2 Af) OREEHIEE REAER TN (X, £ 10%E 72> TnoHn, EIZC
B « D [E# DO 28 2 5 L VAR L TV 2 M cRE s T, C R DO 2K
L Ro TV HEMER T, Mo, RENSKEL 2556055, A4 DO Sl X 2 E &
BBV TIE, @ ERFICHS Lz EBR DO 2772 ) Z EMEE L 72 D,
(3) ALEEKE
(7) NH4-N
1,2 75 D B NH4 1%, 0.1~0.3mg/L f2& TR X AR i3/ < BB T, i BAFIC
fTohTWwad EEx b5, 728, 3/8 B, 3/4 HOHESHME (10 BF) 13 1 S A HlE ST
WD, ZOREOEIL, SR L2 B2 57290, 0.Tmg/L & 9,11 FEOKE BRI
i 0.2mg/L KV, M @< o TnbHn, FEABEHEUNTH D,
(1) TN, NO2-N, PO4-P
1,2 F & i, TN (X, 7.0~10.0mg/L. NO2-N [, 0~0.3mg/L f2EETH V. £/, 2 Fils
DIENRE VKR H D05, KRERERITZRV, 2, PO4-P 1L, 1,2 Fié b, i, 0.1
~0.2mg/L TH Y, FrZRE AR IR,
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2500

[ —RBEE1—1ERAR

—BSE1—25RAE

2000

1500

1000

FAE m3/h

500

0
2011/03/03 00:00:00

2011/03/03 12:00:00

2011/03/04 00:00:00

2011/03/04 12:00:00

6500

— iz

X\

E1-1EA

el

—B&iE1 —25

RE

5500

4500

3500

JAE Nm3/h

2500

1500

VA

a &l

2011/03/03 00:00:00

2011/03/03 12:00:00

2011/03/04 00:00:00

2011/03/04 12:00:00

[ — 7 E—THEREE

— I ECERT7 E=7BZIE

—m— F 51 SDEEENH4

—A— F 51 5 CEIEENH4

3

[ned
Noo

CEIEENH4 mg/I

o
@

ol
2011/03/03 00:00:00

2011/03/03 12:00:00

2011/03/04 00:00:00

2011/03/04 12:00:00

[ —m®&#1-15D0(CE®E)

— 581 —28D0(CHH) |

2
1.5

CEIFEDO mg/|

1k

0.5

Vi

B

2011/03/03 00:00:00

2011/03/03 12:00:00

2011/03/04 00:00:00

2011/03/04 12:00:00

— i i

15DO (D[EIER)

— &K1 —25DO (DER)

=] ZZDOHI{H 1 — 15 H4EDO |

2011/03/03 12:00:00

2011/03/04 00:00:00

2011/03/04 12:00:00

KEESHHE —m—F 1 SDE FENH4 —A— F 52 5DEENH4
—=—F 51 5DEETN —A— F 525 DEETN

035 12
3y . 10
W 025 | A
£ "‘<¢‘: 8 _
z oz2f R : B)
I s £
Z oy r—a TN =

o1

005 |- 2

0 0
2011/03/03 00:00:00 2011/03/03 12:00:00 2011/03/04 00:00:00 2011/03/04 12:00:00

KEESHIE —i— F 7371 S D[E EENO2-N —h— FHHr2EDEIEENO2-N
—m—F 53 # 1 S DEIFRPO4-P —A— F 512 5DEIFRPO4-P

035 04
< 03f 035 _
2 o025 | / 03 En
= ot 025 =
o~ 0.2 0
g o5y o5

01 - '* ) 01 O

005 - 005

a 0

0
2011/03/03 00:00:00

2011/03/03 12:00:00

2011/03/04 00:00:00

2011/03/04 12:00:00

X 4
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5. 2 [RRROELRIKR
B R IRF DIEBRIR I A [X] 5 12779, 6 H 16 H 18 FEEH ) HIMeIlZ 6 A 17 H @ 15 It £ TR H
Do KR 22CH G 20CRREIIR T L, 20K, BeHICEIELSOH L, AREIZ6 16 H 18 K
BE(Z 2000m3/h (CAFE L, 6 H 17 A 15 K E T 2000m3/h OE A%, $E0HNTE T O AT
WETR->TWD, £z, MLSS iF, ARG L7272, 1500mg/L 7>5 1300mg/L FREFE T F LT
W5,
(1) B o BRI
FERNATO 1 5 C B NH4 (X, 0.5mg/L F2/& & BAEE 3mg/L LV, 23720 {K< . D [ElE DO
b FRRME 1.5mg/L 1272 > TV A A, BEINIC KV S © NH4 JREMELS Z2WiRAK (BUF, 7
HINK L REd) DWMAT D E MU AEEA RE<SBA 5, ZHCfEy D [EE DO i ERRAE
2.5mg/L IZHRAF< A3, C A% NH4 (%, 4 RfEfEE, smg/L Gras L > Y) BLERHEEL T\ 5,
Z D%, @itETH2HME NH4 IREORK (LLF, BIZHKETH) BMATLZ &Ik,
0.2mg/L 2 F TR L T\ 5,
WIHIRAKBRARF O D [H3 DO 1%, FRRFO @it & & [FERIC, 2 5 D Bl DO ORI & 6
2, 2 B EIFER CEE TR F LTS, CEEE DO X2 Sl h K& < eh, BKJEE
HREL RS TN D, WAMABM T, BARTOTH, BRUREIT L, 25 & HIC FRERES
720, ClHE, DEE DO & HickE< EHT 5,
(2) PR
FEEHAR (2 B o BESIEERITH 12% TH > 7225, BfpTo 6 A 16 B 0 BE~17 i E T,
1 20%HIICH v . VIR KM O 6 H 16 A 18 F~6 H 17 A 6 FE T, WITKI 9% L
TW5, 72, WARABIMIZ, 1,2 5 e & (EIE FRERICESNTREY . BESRITEL &
o TWND, ZDId, BINOFELZT MM TIX, BRE XY BEHE R T 5 2 &
2725, 72k, PN KORAMME TIX, D A NH4 Z2EH BEEDNICTERVWO T, ER
DO %= OIZRET D & | I RKFFO mEit ks & ARk, IR EIT 2 5k 0 072 m< b DT,
EBR DO OFREIITFHIEEDBKLETH D,
(3) ALEEKE
FREIMIC BT HAKEREIX, BE 10 RROWPEDHTH D08, FEINATO 1 %5 D Bl NH4 1%
0.5mg/L FRETH - 7=, HIHRAKFRAREORIEII T/ TWhanay, 15 D Al NH4 1%, C
B NHA BN Ly A — "o TNAZ e, HFEAEE Img/L 22272012 Tnd &b
N5,
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—BmRE

&3 EEmm/h

"(52: ‘ --MI ..‘IJAI P Y I il

2011/06/16 00:00:00 2011/06/16 12:00:00 2011/06/17 00:00:00 2011/06/17 12:00:00

[—BRERAKE

24
22
20
18
16
2011/06/16 00:00:00 2011/06/16 12:00:00 2011/06/17 00:00:00 2011/06/17 12:00:00

JKiRC

| —BSl1-1ERAR — BB 2ERAR

2500

2000

1500
1000
500

0
2011/06/16 00:00:00 2011/06/16 12:00:00 2011/06/17 00:00:00 2011/06/17 12:00:00

FAE m3/h

— RSB —15RAE — BSHE1—25RE

6500

5500

4500
3500
2500

1500
2011/06/16 00:00:00 2011/06/16 12:00:00 2011/06/17 00:00:00 2011/06/17 12:00:00

A& Nm3/h

A

\5—7*/%:715;?%;%@ — 1 SCERT7VE=7BEE —=— 1 5D [EIBENH4(108F) —A— F 5 1 S CEIEENHA(10FF) |

4.5
4

35
3

25 /
;i %NJ ~ B

0
2011/06/16 00:00:00 2011/06/16 12:00:00 2011/06/17 00:00:00 2011/06/17 12:00:00

CEIEENH4 mg/|

[ —m®&m1—18D0CE®) — 581 —28DO (CHH%)

55 1
5
45
4
35
3
25
2
15
1
05 &
2011/06/16 00:00:00 2011/06/16 12:00:00 2011/06/17 00:00:00 2011/06/17 12:00:00

CEIEEDO mg/I

[ —B%#E1—15D0(DEH) — BS#E1—25DO(DEIR) =" ZDOH|fH1— 15 HEDO

DEIFEDO mg/I
o
o

0.5
2011/06/16 00:00:00 2011/06/16 12:00:00 2011/06/17 00:00:00 2011/06/17 12:00:00

X5 BEREHERINR (2011/6/16~6/17. JKig 21.9°C)
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5. 4 FHHERATLOBERASEE

SRIOFEHFHIC L VORI RNS, BATE 2RI >V TERE L,
BHSMEE LT, BN TTRERMES CTH 2 Z & RIGHED DO HHAFTREZR Z & Th D, £, R
PEE LCIE, DO —EHIH & bl d~ % & 7 VB =T R AR E T 2 HNER S 572 Fiili# s 2T A
WK DBENHBIRE 7 =T G OMFFEHEZZE L, RETLOILERD D,

6. F&H

Arlal, S0 U7 RIS L 0 D0 KON =T REOm S A RE L T R EHIE AT S Z & T,
REBEOHIRZIT) ZENTE, HOWMBKE bR TE 5 2 LR ENT,

LSBT, FHIMORERZ FLICHHIE S 2T AOARKEANZ K | AKOE TR 5 EEE T OH
JICH Y A, IR A 2 OHEHEIRICE Y #A TWHL,

- 124 -



1

2-3)-1 HEEENEOBEAICLLSIZRDHIR EEREEHOMMH

FE T OKEFBEITE MK A X — R EESR B L

X C &Iz

BWAKEAEL A —CLTF. Y & | ks =% 3omg/L |
=)D MK T R - B - g
ARV BORKOLD, BN E ¥
ANADBRZLEHMAADBL RV, LD ,,;%O ¥
. WATFARE (H&E 65 ims) o B w
TR OEBMR 3~4 5L K&, BHE i

L7mEHEBRRICRDE R WIS AN O N
BFE N R EE ERHDRMNH D,

Flo, A7 o VB EMK O E
AL W2, A T AKRICIE & VIR E
DEBEFR(FEICT VE=THEERI)NZS
{TpoTEHEBY, TOREIZ, Kt
2 —DOFHH) 30mg/L IR 15 FIZEEmv, Zomd, KB TFIC X2 MAEYOIEH)
DI ELAETIT, MIKKFOREROREN THROBELLZLLHERT HEREICH
THEH ) OKEERETH D 30mg/LirIZi2bZ 08355 (X—1),

—H T, B —ICEMATKEOE & %2 P S L IFRMH. R L BE
TEDA00ig% N7V, ZOHERRFIETOERZMIMHNREK E LT, MABIRN TIEK
PR ZITH> 2 LIk, MATKEZFEENLT L L0, WE DD O EERL %
FEh L CTEx7e, 6T, FR23FOLEH (1 A~3H) X, G ~DOMAKEEZ XD
P LD, BMOEY—2MATKES vy bL, ThERAKEN D2 WK IC
WM 5 Z 2B, OBERN KRR, BREOMBA FAKQ.6 T m3) &KW
ICHPR L, WIS BRICRAKA L TAET D Z L, QBB OHBA FAKDO—#(1.0 T m?3)
EEARY B L2, WICKRBIZRATKEES T R EE2iTo7, L, KKRE
LTAHOERITIRRETHIHIED, TEMIZERLUHETEZ L — FBXIRN LI & e
2 TW5H,

SENIBEAF OREEEO R ZEMR G 4 52, ZE2FEEBREICHDEN B 5 HE & E QLB
fHICW BT 22 2E ML, VR 23 FEPORIKICHEOEEREIZA-T2D, 20D
EXRHIWRERET D, FLEMECHE4FHEICEDERBEIEEEALLZOT, 20
BB RICOWVWTHEHMET S,

X —1
FR2Z2FERABRKEEREE (AF19)

ESELEZXDRE

W E AL b, VISRV TR VE O KL FERR I B W T, B O E A X — AR e
E—BORMEZMTETHEIC., MARRORMUR 2 E LEREEHO LREMAE DY
L2 LT, ERERVAOHIBNREZ RO DKL HFEDOZ L TH D,

B Z—ICEBALLEVAT AT, KOBZEICZERZ +oIk&EiAte 2 & TiH{k%®
ML, ZAUCTEHMBO —HE2MHEAR 700 KIS RTEIC R U, B A7 B I P
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ZExiE T D & LT RERE A2 R T MR A RS NO: | NO:
LT AHZ LIk, BREITAEZELQF
T 2(WE) i TH D, H.
Wy — (28 A L7 Y LB R i
L. A ROSFE O i A| (A [IE) &
Ve (D B B0 bR O,

MELSHILKEZF/RESEDLZ LB T TG 0BG 080 O3 0BG OB
XBLVI ATy hBHS (M—2). o)

NHa'+ 1.502 > NOz+H20 +2H"
NO2 + 0.502 > NOs3

N2(# =)

A B (REE RAE)
2NOs3™ + 2(Hz2) = 2NOz+2H20
2NO2 + 3(H2) > N2t #20H +2H20
(% ) 2NOs "+ 5(H2)i > N2t +20H~ +4H20

3 EEELERHBEOEA
Yk Z—i2id, ARORMBOSH &’ -2 #£SEMNE-IO—

1 RS A8 (B (). 78R, 3R O /LB
ek N H Y (K—3), %50 —HE7-00MEAEIT, &A%:580,000m3, 7§
#:100,000m3, H:%:150,000m3 T & % (&7 830,000m3), 4L, &2 ¥ — KO NE
KEOK LS ZED D RIS 6 oW, 4 5AIZ >\ T, EEEHM (K—4) 1D
WEELHZE (K—5) ~OUBE2ITo7-, WEELELICHENEANLZHEMEITLT
DEBYVTHD (F—-1),

RIBR S

1ZHEL X 618 [=E=gmby 3l
1475m3/H

RE—
ARE IR FERIGEE) | mo—
1 <as T FE RN
22%m3/H

RERTH)t

RIBRHE (79)

4~65HE
1K x 248
S ALK x 148
227m3/H

RE]

KR GHBM O BT BRE— R || X 2 BRE R
(FIEBRENERT : 10%5m3/B

%Dy — LR A % S SRR
TRAWD RRE Jna&m] o %fﬁ%_mm”

-3 ZHEXKBEtLVA2—NEIIO—

M—4 HERADREHE M—5 HREDRIEHE
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(1) G2 MR L R MlIc BT 2720, OCHERTE ICIREE 2 5% & L 7=,

(2) IEHBERBE Y — 2T 51O KGRI IC K EZ 3 A E L7,

) BEBENEZM LEE D720, ERMEAMNZ B FERERARICEE L7,

(4) fHALIRIC X D E Z AT 9 7212, WEILIR % SOSAE % B 2> & SOS AT BE~ % 5 72 o
DOHLEIEER A 7 2% E Lz,

X—1 RRRBRICELHE

A SISl (V8 ) 4 5 4 VA SISl (V8 )5~ 6 5 il
U 5 R LB P ik
1 7 1K (m) g 9.1 X & & 182.6 X & 10.2
[ SV B [8] 3 7 =X
BOGHE | 3% EE i A UE & (m 3/ 72,000/ B /4
1 25 (m 3) 16,890/f#
JLERHE ) (m3/H) 67,500/Fl
R 1.5kWx1 & e L
(EEH. 7)) 11kWx2 &
B E e 2h 3 A B KUK [T
ik 100mmWx300mmLx15mmt | 300mmWx300mmLx30mmt¢t
. i KL B 260pm 400pm
e X AL K 8,064 2,520 Frx2 1%
ME I Ivs A T 25
i T 4F Wk 23 4F Wpk 9 4
o Ak W& 98 | EEEIAE 11kWx400Vx50Hz e L
BRACT | AR 1,010min 1 (i &:750m3/h)
4 RAEBE

e EEAL PR R A IC R L2 R RS AE 4 BRI DWW TRk 28 4F 4 A ~7 A Ml O FEHE
HIRT — X 2 K2, EFROHIBIREMHEHE I OZEITONTHIAET 5, FHAEHEH TN
ToOEEBYTHD,

4.1 VEFEFEPRE A KD EFZEO YL R

MR ELEA LR RS 4 5RO ZFEHIBIR LM 270 BEHEED 5 5L
EXRREDR BT D,

B AFEIXS BAEE B EXE L TV AD ALK TORKRIZTE 20,
oS, BRGSO OB EZRBE(T R THER, MBI EE, Mt
FORIEHKRTH LT, BEROBREDREEZHRIET S,

4.2 [RFERE) RN E R R

m AR ERR 2 A U RMESOSAE 4 5/ & | TERTB R R O PRI BOGAE 3 5 i o
MeRBH LT 5, 3 5T 45O HRORBEAKDOTNANETND Z &2
B, ZTO2/MELETHZLICE EIRMBEERODREERIET 5,

4.3 KIS ~OERZEREL I OFEHE N EIZOWT
RIS A 4 Sl L 5 SO XA EREBIOCHHENEZ KT S, ik 4
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TR EA L@ RMB LR OBRFEBEZ RO R LI X D6 225K 8 O HR R 2 R
AR D,

4.4 TERELOGHE 4~6 75l — 1K o Y & AL PRARIC & 2 20 7

EWEEORE S 5.6 5HIZHOWVWTH 45l & RKOERELBAZED TWD,
4 G DT—2MANE RIS 4~6 SO —KBE % O EFHRE L E T HIE
Rz THS D,

REHR

51 EFENEEAICIIERDAIBMEIZONT

(/8W)ZIbS MM FERE R il

M—-6 EHEEEREEL (45 . 55#)

VK 28 4 A~THETCORFRBRIFOBMBHEERBET — X2l 4 5L 55
EOMBERBMRIZOWTHTHAE L, EAKIGHE 4, 5 B OWLBEF L, 1 AH2Y OKIE
F~ D AN &2 40,000~ 50,000m 3, /K B 22 0 3 B R T HRT (8 ¥ & [m 3] X 24[h] 7 1 FF ]
M ORISR AR [m3DIX 8.5h~10h, 4 B 1 FEfl & 72 0 O YL R IE B8R &1

750m3TH B,
25 1.2 .
o °
. & :’; 1 —“;J:—'—"‘. T o °
3 'Y 'Y Y J Q» e _o
° = 08 (@ @ ® o .s '—~"
15 = ) o °
D 0.6
10 e
y=0.907x " 0.4
® 5
5 B 0.2
. g
0 -0
0 5 10 15 20 25 4/1 5/21 7/10
551 EMMEROEET (mg/L) 7 BB (H23/4/1~)

BEMEREEL UE5E55H)
(1) EHEHEEREEOSIFTOHE (X —6)

MEMEROREIX. 5 5 I 4FHEM TRV —2BEL 4 A~THETD
IR CHY 10% R EKRLS o TS,

(2) MmEEMEZRBEELOKMZL (X-—17)

4 A~7THAMOREELRREZ IVFELLS 2D, BHEEEEOLGA Sl 5 =
YO ZEE 77 7Lz A, 5 AHPAENL BEEEFELSE T 5 @12
KON, 2t 4 A OEEB A LIE HLOEIT DO R EMOFE R L2 X - T,
e E EALER ) e SR BB ISR W T X e e E I LN D,

(3) Ptz FEEED 24 BWLH (X —8,
B —9, X—10)

G STl 4 5,5 5 o CF ik 23 4 7 H
27~28 H)24 W[ O MR 2= R IR E O LA
Thb, BEHICL > THHEDOENETE
o0, W4 SHEAPENFERE R
72(X 8), £ /- EHMEFZONR(K 9,X 10)
ZRAHE, B BHICHRN A SR TNT 00
FoTHEROMIENEATEY, HEEHE 300 1500 2100 300 300

227
z 7= 3 Z N
ﬂﬁ@uiéﬁﬁ%f%ﬁ%ﬁ i‘%ﬂ(b\éo _8 &FE*EH:.'EI'C‘G)%%E'E%;%ETE

30.0

25.0

(/3w) HIRERE S DEE® SR
/>
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ol i S I

-9

ASHEHOTOEKEZREE (MR

(4) EHZBHAMEICL D (K—11)
X 8 ThD 4L 55 DERREZE
FIEMIZEE T 570, KEEZN T A
WEE 77 74k LT, Wi RS~ D %R

DAFENK 1,600kg, f/ H 72D

LT.5 5HinsOHEH&ENK 830kg (bR

EKHR 51%). 4 SO O P E DB

670kg (BREHE 59%) &7, 4 5D
BRBERISAA U FEL oz, £

72 4 SREDEZRRER 59% L W D fE I

@%Em@%ﬁ®%$%£$@mﬁm

ThHDdH 500 WVWHOELIHZLTWD,

52 BFBIBUEAEHRICOVT(X
2~4)
PERBBZAMR D 4 FHEIZONT, 7 H
ZEIC LV BBEBIHDFEL LWL -,
MEBEE LT, KnEICHE L%
[P ORFEN L DR ERKIRI {fe;ﬁﬁpu‘:
MEWHIBEETHY, BMLIEEBER
S B v 712k 6D 2B E@ﬁ&ﬂ‘\‘i@
bR E D BEBBENE T,
G ~D %R EREEZMA D Z LN T
XD, KEAMKE N OHIRIZE 5> TE
ERIERETH D,

e i A R

X —10

b o EHOTHORKMEZREE (AR

2000
= O RSHEHRA
a
% 1500 \ o2
7 \t DEID
= %t E —A— 521 Du‘:‘
# 1000 \ o
£ & \
OE 500
—— 451
108F 13B%F 16BF 19BF 228F 1RF  4FF 7HF
L)
K—11 ZXZBEAETE
=—2 XKRZFEERSELHK
4 Sl 3 51l
YE ) B AL PR F2E YE Y
Kot | AR (m) IE 9.1XE & 182.6X & &
R S 1R %2h 2 BB AR
A% 1B R () 8064 2520
A -
; ~F 15 (mm) 100W X 300L X 300W X 300L
i
2 % ¥ T % (m 0.03 0.0748
B K& L& 260 400
%Y 1w A b (%) 18.36 13.12
e L 4R TRk 23 4 Rk 21 £
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(1) Hoig ek G Al oo 14K (52 -2)

X—3 RBERLCEASERZIBIVRAERR

TESEBSR D 3 Bl T W E B 157k (n HAC 1) HAKCn 2)
AEE AL ESA R D 4 B | P23 43 0) R K 4m | UK K 5m
DRARITAES L, o 5%m | % % %
mAE T 3 SO 13%lcx L., 4 B 6] # 12.18 14.96 17.57
ERT R 18% TH B, C [a] #% 15.90 19.05 22.37

(2) BeH#BE) 2 O (3-3,4) D [A] % 20.24 25.01 19.37

RS NG AE 4 5 Al o1 K X — 2 (Hk ¥ fE 16.11 19.68 23.11
KK 5.00m) O g FE B E 2
OV EIE 23.11% T, & EHE K—4 FERCEISHERIABIDEIATHES
(23.1%) &= 2 LN TE T, & & H 757k (n Kk (n 1) Ak (n 2)
7o PE ok B R O R OIS FE Tk 23 4 3 0) AR ARG 4m | UK KA 5m
(17.51%)ICH_T 4 SR EWE | A % % %
Epole, FlBRT DK, 20 B [ & 979 12.58 14.75
MR BB FEO M EIC LY RO C [l ¥ 12.08 14.62 17.17
Rk O BRI B~ TR BCIG Al 4 D [ B 15.69 17.53 20.58
FROERES LUCERE)) &2 - E 12.52 14.91 17.51

HI T 5 2 &N TE D,

53 RIEEADERZR=ERLIUVFEARAEL=ICOLNT (BI—12,13)

Wem BEALERAL U 7o R SO 4 S C AR O R RS 5 SIc oW T, Fak 23
Hoa H~7 HIZmd T, BREE (KIS~ %R 2R &[Nms3]/ KIS 075 KA &
m3]), KGRSO 7 > E= T HEXRREBIOEHENDEOSHBIC DWW TR L,
(1) ZEREEBLOKIGHE R TOT VT TR EREEIC L S (X—12)

4 5L 5 SO ERMERAELZ LB L TCAHALLEIA, £HLDL 5 ST
TAGROTHTN A~19%RBREDLLRNFER L Lo T,

FLENIGERBTOT VE=THERBEI FE)OE TIE, 4 HURE, hxil 4
FROBENELS 2o TBY BHRMEREALATWHWDE Z ERNfFMbRs, 25 DOME
DT —Z0bH 5 BFMlIcl, 4 5l TR VWVEKECRHFICERLELT D2 0
TETW5EEZOLND, ZOHBIEL, AEEALESEDRREKIRIC K 52BELH
hFEOREE, EHELBICLDUENEOICHEE L0 EELLND,

(2) HEBEHEIZL Dk (K—13)

4 5FE 5 FHICBITH4A~THORBEREBENEDO B 21T o7z, BEBEH R
DO EIC XD RIEH~DZERBEORAIC LY | 55T~ 4 5 G 7= 7 w8 Ak ik 158 B2
Ny 7T EHBWER S 2SI, K 10%D IR & 72572,
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COFEISHEEREE oo RE-SHEEREE
O— FEHEASENHA-N -l -- EHESSENHA-N 1’0001000 —_I 741,103kWh | I 824,461kWh L

10 8 O RERR T
» . {& 800,000
% 8 o 6 i
= - 2 600,000
5 =

& 2 #
f . 4 Z £ 400,000
€ 33 =
T 2 E 200,000

2 ~—"
< 1 .

0 = 0

47 5H 68 78 H23/4~7R/45FE 4~7R /5B
12 RERGHE 45 SHERMEE, M-13 RERGH45SHERE

5.4 WHKISHE 4~6 5/ —(KMEFE LB X288 TH (F—5)

G 5, 6 S ICOVWTH, 4 5 L RIKOERELBLICKBEFTHDL, VWE
ETCO 4 5T —FIZLDMANG, RERIGHE 4~6 SN EFGELHEf & L T—
KHICBB LG A0ERRERLEEHBENHBDENEL 5 TH D,

RN [BHE] LI, 4 SRS ERELEBM,. 5. 6 BHAEELEOFOME ., [F
Skl o LlX 4~6 SR AZESELBFEALZEOEEZ LTS, £ 5 L0, EHENLEZED
W@Eﬁﬁ4~6%ﬁ@%ﬂ%’owfﬁ\@WUé%h<m9mmﬁﬁ EHE &

HEHCOWTIX 8.6%HIH (v ¥ — 2K HE & TIE 1%HIBICHY), EFROK
f@ WZOWTIX6ARA bR ENRAD D,

x—5 FXROMEFA (AFY)

TEHE 4~6 518 BT 1 Sk DIES

% &/ H 32,652,450 Nm3 | 28,436,602 Nm3 -12.91%
fili 88 ) &/ A 608,195 kWh 555,827 kWh -8.60%
EFEREEIA 53% 59% 6 R4 FRAL

MIERE R SR 4~6 5/ H23 4~7 H O HEHHE XL v B

6 FLHESHDERE

YE LAV ER A N U 7o VR SR 4 Bl b R YRR O VR SO B Bl o0 TRk 23 4R 4

A~7THEToEBRRAZEKT LI EICKY, UTORERIEL LT,

(1) #E@ FEALHLE AT K 5 223 0 HlEsh R
4 A~7 AE CoEIRRR T, BHEEEROREIX, 5 5L 4 5# TS
10%FREERLS o Te, T, EFRAMANEICLDIEHETH, 5 SN 4 5O
BHEBERIISHKA L FELS 2oz, 26D Lo HERENMIC XS EREIHD
ENFEH SN2,

(2) B35 B8 %h 8 0 E A
WERBBERD 3 5 & @mFRUBEKKD 4 5HEIZONWT, A7 HAEICKIYBE
BEVRE B LR, 4 BHOBAKN—20BEBE RO L HEIL 23.11% T,
3D 17T.51%ICH_XTHRBEERA > FEWEL 2D EBRBTORFR EFHNEL T
bz,

-131-



(38) ISHEi~DERZERER I OHEHEDEIZONT
Pk 288 4 A~THIZH T TOELERIT. 6 FMICEXT4 5D SN 4.5~19%
BELLRWERThoT, ZOM., KIGH R TOT VE=T7HEREEIT45HO
FBNEL Bl ntEA T E7 4 5 ORMEHE N EIXS BRI 10%
DHIE ThH D, E>T, ERELHED 4 5 TIE, PRVWEKETCRIFICERLAE
THZENAREE o T,
(4) REEBRIGHE 4~6 S —FERELEAICE 2R TRICONT
4~6 SN —RHICHEESELARER E L TCBEB LS. ERAEIZOWTITERLE (4
SR (MEEE 45,6 SAE Y] 1IN 12.91% 08I, HENEOAFHIZHONT
X, 8.6%HIW (B> ¥ — 2K TIX 1%HIJ) . BEFOREFIZOVWTITHMME T 6 K
A bomENBETE S,
L)L, fFkda~6 Bl NS EOEmRE L CBE LZBICIE., SHMoMBEYDRIC
I, AEITFHLEZU EOEFERERO N ENMFTE S,

SHEOFEE LT, IEEBROM X 1855 < 722 LI 5 LIk RE o EALIEIC
WEHELERNEDO L) B Z2Rr T h 2 ERESBELTCVELY, £/, KICHEAND
MLSS ®°ZE 5 &, LR ES 2 WYICERE T LI Z LIck, L RN ERLE
FiEEBRFTL T E 0,
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2-(3)-2 WFRHEIH T SHEREEEKICDONNT

HE T KEFEBET  EHAKEEE X —
FEEF R
T P % ]

1 [EL&HIC

—iRiz, EROBRERIIMERL RAKIIKRT 2%+ LIRTEEROFE) Lo TRED , 78
f/‘ﬁtti)‘j(%<7tﬁ%) FECBEERERNEFTHEENRTWS, LL, Eligk T@T XTIk, fEER

LICKRE VDRV T O ERRERNEH T L2HENRAZ T o b, FlAIE, BRI, 3l
A*®ﬁ%%%§@ﬁ?ﬂiD%%%fiﬁﬁ?#ékwbnfw

BOCHEN DER OB Z N5 9 HIZ ﬁ%;&FﬁVHTTE%{Ké:ﬁﬁgéﬁxrﬂﬁ% AT U (R Ak 22 R RE AL
iﬁ\:mﬁ@ﬁ*TNK%é&xwﬁéﬁiLTwé EWRRBEENT, Thbb, RN T
D LI E R A T 5 2 & T, ERRELON ENFAREEZEZ biILD,

KA L, FEMEHNDO DO OHHRT — T AT A ML ARFEOFEIMMNO L RHERERLN LS
BERR TIEICOWTE & DT,

2 MEEROBE

A ZAT S TSR A 2 —13, ER, RIEACR, TRIETER, R, B RO 5 RINTH T
bhd, ThEh, KISHO#ER EM R TEY . SN OEROFEH NG, KM OHL
fiZE R LR 1T, AR, IR, HRD 3 SDORITRO LM, EBR &R T, %
(ERLZEFRFEITIE E A ERAE L T RN ERDbho TS, ERINOIGEDOIEEZF 112
b,

x1 BHRIODRCEDEE

FA04 | ERG A | ARKE (m) | #BEKE (m) |1 (m) | RS (m) X[EEE
B PEREL 4.1 3.6 6.7 80X 4
RHEHRR | AOYE 10.2 4.0 9.1 91X 2
EAEESR | AO L 10.2 4.0 9.1 91X 2
[EEA FEYEE 10.0 4.0 13.5 83.5X 1
R AO V5 11.2 3.7 9 65X 2

3 EHEHTORAE
3—1 REHEMETOD 5
b & MRS IZiE, DO NEERRE L7085, £2C, DO ofiziRE Lz, #AERINT. K
JERE DORETE (HIKIE, BEKIRZR L 5B L TR~ R, EREER, BR0D 3 R4 Z2@8E LT,
HEX, BOCAE A~D EIEED 5 b ﬁk%gﬂﬁkﬁ@%ibf“ék%z%ﬂéBitiCEV
komfj&i&ﬁmDOﬁt/# WBbY ERSOAEY 2T FAOH»bE2 b —%2 T L,
RS 1mI&D DO DfEEFLEk LT, £FR5D DO HnAixX 1~ 5I127R-7,
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KR (m)

KR (m)
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o U A W N =B O

REBRO D0 5 (BRARAD

DO (mg/L)
0 0.2 0.4 0.6 0.8

EABRRZDOD 2H (BKEAD
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KR (m)

10 -

12

14

K5 HEZRODOHMH (AR : A7 bwdHY)

R SOSHEClIE, BRI L Y TORETIE, DO BZIEERrIZR TR, ATOREEME
DRUEBZEH>TVND EFZOND, —F7, WM TIE, 2EMIC DO 2MED T, REEN/
SV, MELELLEBIREDO ESL LGP EDLREIC TV LEEZLND, T74DH, DO
PR 72 % EREITELLT WV EAEE 2V, W2, DO 3@ < 2% L LD AN ETT 54K
BEBEADND, 1272, WENESZLTUVIRIETS NOX-NAFELRVKRETIIHE LN L
MBBERREPERIZSNEEZZEND,

3—2 RIGERTARTO D 5

WAT, BUSTEDOFTENGF D B H OIS HT T A 19 R UG 35 K OVERE R BSOS IZ 20T, DO 4
i ffesd L7z, BIEICIE, EFEo DO OWrEi /oA &2 B/ L C, 3 2 1087 £ 5 ISR 1 R SUGAE C
A DT, AR SOGHE T 3 FTlE Lo, fREAK 6 ~ 712577,
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&2 DO mBIESFT

HoE B
DAEBOCHE | BRI, BOURIE T BOMIK TR 6 m BORHIEHR
AELOSHE | BGRRKIE, BRI T RO ES

-0 Btk B K E --HSHDT
R %HEI 7K 6 m —o— [ *HAIE &R
5 a a a
_ : : :
< 4 I I I
£ b= I I
o 3 : : :
e #
: | : Al,!/./;,L
e | | 1
1 1%% | I// //
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1 I |
I
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NG B 15 C g D [F1% 1

X7 XERIGHED D M

ARGl A FIBRICHEPEAHRE SN TWD 7D, B~D BIEEZHE Lz, BERBIAIKE & 5kt
16 m® DO IFIFIEFR LT, BEWRD TR bR o 7z, BEMR T &K E TiX, 1.5mg/L 2
EOENELTWD, iz, BEHRO T Tk, CEIBEHIFEN £ TDO MELS . 2O EE Tk
it 22 [R R AL BR S HE R0 VR RE & W 2 D

HEAECTHRERIC, CRIEEYND DO O EFABRBO LD, 7272, HH DO 23& < 72 5 B fE
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AKEIZHBWT S AB I TIE, 0.5mg/L B E T ERITERIZS W EEZ BN D, BT
ETOREEICIBNT, Kili & JEHO DO OZEN/ME < REERSS T, Eéﬂ:#r&ﬁﬂf’]éz}/bfb\ét&b
ERRENEE T P ERGD D L DO O EFIZ iofﬂ%gﬁ)ﬂ%ﬂf’]éi’b’(b\é LEZOBND,
W 2 T 5 & AR N TR S R ALER 2 6 5D 5 72 D 2Id . ROCHE DT S N EH B /R 557
IZieb tEZOND,

3—3 EERELDBRIE

FBREREE D SOSHETIE, FEREIC I - T3 282 T, IEHEBTRIR AR R O &
@m%ﬁ@tbfmékﬁzgnéo:@H@%ﬁ«ét . 1 EIOREENZES S KH (ffP T 1
ElERS 5700 ZRE Lz, HE CEHB1IEE ML= —L LTHWY, 20 100 g & ALFRKICE
ﬁq:éﬁt%@%%k’i%%@}ixﬂﬁﬂ BPIEI{;W)@D AN ICA LTz, R CSEFT T, EEA
7% IO TROGAE 2~ & MR IR SR 2 B IS 5, #UBHE. 5 e ICHRIL . I, 2726
IZIRDE NS 2 2 & T, @EhIc B+ 2 77 7 v a v w5,

B L 72 IR AR, ISVEBIR N TR L7212, EBAZ 045 um DAL T LT 4 )L H—TAHil
L7 AIRIZHOW TR 627Tnm OWOLEZJET 52 & T, FL—H—REZHE L,

B, EEERABIOHAICOWTE, =P —DE—I BNE-o &Y LighoTzizd, FEED
HE% 24T -7z,

HERRE X 8~12 12”7,
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# jiid
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1i‘ 0.2 1|> 0.2
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L L

0.1 0.1 “
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RiBEFR (7)) RidkE (B)
K11 RROMER (1@AB) 12 RZROHER (2@E)

X8 ~12 DitRAEH LIz, FRINOE—7 O Z#FK3IZTFE L DT,

®3 BRIDOE—YEME

A4 v — 7 B () FERIRER] (FP)

AR 50, 80. 110. 140 # 30
18 H 105, 195 #7100

B kil T 2

WA ome e0. 125 %1 60
118 H 170

A %7 180
A 2[5l H 185 g

ZEREBORERIC X > THERRE I LB T 5 L BEX L5, T RICE VT, 2 BIOHRIER R T,
ENECTOIIEREOEIILD b bDOESZ 2 bND, -, K 30 BB Y —27 BBfEICA L
L EMFCRICHAS, O T, %RFEEHSOE =7 BNiEo& ) Ll o TWnD, Ziuid, RBIEX
JOAETCIX, BLIRAAE L, —HRARWNICH > T, EREILTWaeWnW=n L lbhs, T7hbb, iR
WNOEAETHN D7 BB,

4 FT—TILTABMZLDMHEI - REOWHSE

BGEMAEORKR, BEHRO T TiE, DO MES, MELSLTWIRETH D Z LB nhoT, IR
TERNOIEPEBTRIRAIRIT, KR D OZ2KOMEE & TIZE VAR OB OIF R4 K L
TWb, TNET—7 VT AMIE-o TERMICEHBLL, il - BEORWAE MR LT,

4—1 ZEEBRAZX

B AL 22 [) IR AL BR 2 SEBRI IS RERR T~ D 7o 8, IRD 2 FRIE D FEBR A 1T o 72,

FER 1 T, RO A E LT, AR OBRR SE R A2 KT HiEE S LT,

TT L— gy ERIEOREIC oW T, B0 3005, FEVER T, 1 [BIOFERICE 3 25 B
M2 60~100 2o TWNHZEEBEIZ, KA4D 20D/ X —IZED T, EBRHREHI, Al
B () 2O ERER L IZiE B IRIR AW & VT,

=4 BRBIONZ—2

7 L— gy 21k JE 1]
RE—1 15 % 45 60 7
AT SN 20 60 80

iR 2 TIX, WHEUSHE ORTHD DO DIRWIRREZ B E L T, 2K EOD 7 IREE TEf R I =
T L= ar T HEREToI, MEOMMGEHIR L. (EXEEZDRL L) RETEERZESR

Y/
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DZEEZ D5 T LT, DO DIERVVIRIETOMHEL « B2 ORI 2 el Lz, WA RIS TOFHA T
I, BOSHERTE (AB [EIE) 1280V T DO ORW= U TR KA D2 EDTHWDL I Enn, ER2 0
REEIZIEWEEBZBND, BREE LTE, 3 U OIEMEBRIESIIZRI L, 0.1 /4 & 0.2 11550
QA RE L, £, EB 1 LR, SU0BHI. AR (Hexfl) 72> bR L 72 iE G IR IE A K
AW,

4—2 ZERHER
EER1D 20D/ % — 2 TORBIERIIZ T 2 EREHEZDOELEZK 13 B LN 1512587, F7-.
ZOLEDDO DEEIK 14 BLON16 ITRT,

20 3.0
= y=-0.75x + 18.869 25
S 15 4 jory
£ S 20
: £ 15
g@ 10 NO3-N g
# ONO2-N 1.0 |
W 5 ENH4-N 0.5 - | | LLad
0.0 ! ‘ ‘
0 - 0 1 2 3 4 5
0 05 1 15 2 25 3 35 4 45 5
B (h)
EBHA (h) R
K13 NA—21DEEDERDEF K14 N2—210LEDD0NDEI
20 3.0
- 2.5 —
= 15 o
£ ED 2.0 —
s i E
S 10 ENO3-N 5 15
e TNO2-N e 10
MW ENH4-N
05 -
0 0.0
0 05 1 15 2 25 3 35 4 45 0 1 2 3 4 5
@i (h) RIGER (h)
15 NA—22DEENEZRDEH 16 NF—220EZEDD0NEIE

M4BIO16F, 27—y a VEHZDO N EF L, SEIERICIZE T 5] 2607 L 807
A THEDIRL TWDH Z &b, DO OB EIRIZR > TWD, X113 & 15 Tld, EBRBHMAE L
Ti&, NH4-N 234 553, NOx-N OARKITFED b, ZORO DO X, =7 L—3a 1%
EFFICIZ B ET RN > TS, AEFHAREBL, =7 b—ra U 2EIE L7 X DO BER
ETIFN 6L RHMERMEN L, NOx-N OZEBHGIN TS, 7272, NOx-N OZFRENILL
F o TR LA D MR RO T REITLTRBY ., —EL-ULLLTF® DO TiE, BLZEns ki S
nNHENZ 5,

T—=7NT A NTHELNAT DO OZ (K14, 16) LBGHAETH OGN DO 54 (M6, 7)
EHARLE LS —HLTEBY, ZOEREFBOKSHEMBPICBNTELTND EEXLND,

7R BEAHIRL T, BT L — g LT ER 2 TOREEZM 17~20 12R7,
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5
S = 4
£ %
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ET
i 2 2
i
1
0 - i
0051152253 354455 55 0.0 20 4.0 6.0
ZaeEfE (h) ZaanrE (h)
K17 FIRBR{IKETOERDOEE 18 HIREBSIKETO DO DHRE
(0.1L/%) (0. 1L/5)
6
25
5
- 20 A
B S 4
£ 5 E
;*é( ENO3-N £ 3
e 10 ENO2N g 2
L W NH4-N 1
5
0
0

0.0 2.0 4.0 6.0

0051 152253354455 55
ZiBkE (h) B (h)
19 HIRBEIKETOEROEE) 20 HIRBIIKETOH D0 DHRE
(0.2L/43) (0.2L/4)

FEEr 1 0L X LFRERIC, DO B S 2805, NOx-N OFZHEPBBESTND, &5
2, K17 BEOE 19 128\ T, FEHORE & & HICEEEERNBDO L TWDLZ ERNgnDd, =
720 ER1 DL ZTHARBEEEREROBDEIT NS EnD, b EELEEY KT REDIZ S
2, KW DO T b EBE AT H FRE D bERBREBICAFIEEZOND,

2 DOREAER O RN XL, FRMEN TR LR ERFFLEIIFREE W2 b, Fo, FEBR 1
EEBR2EZMTHET L—2a VEBIRNICIT O FANREBREREICAREEZOND, Zhb
DEBTHBELTCNDZEELT, NOx-N OFREMBEELDON, DO B InsEE LT
WAHZERBITFOLND, ZHUE, MG ORI E T DO BN bRV Y 7 GEEIL, &R0 T
) TDO N EF LS DHENE NOx-NBEELIBD DL Z E2BRT D, RTEEZD EX
JEAEN T NO x -N 2 S4Lih D 5 S 5 B¢k, DO € v T, HENET LT V=Y
TRHDHENZD, FAEREND, HFEENICEWT, MEREFRBLEZETIE D720, R
FERITEE 7 O 22K EILHEER S b T SR S D RRBICHIEEN T 5 Z & T, XA R TOMbBE
[FIRFLEE 2 45 2 LN A[RE & b 5,

vy

5 EERTOERDEE
FOSHEN TOEROEE 2D 720, RAEERMCEZ 855 L (A~D RIEEZ S 512 757),
ZNZENOH IS 2 BHEMEER 2 RE Lz, MRz 21 ITRT,

- 140 -



25
% o—o0—o0 0 —o0—0—72
£ .\'\‘\0—0’0—/"’/"
# 15
b4
'HH% -2
T =
# 48
® 5
B

0

Al A2 Bl B2 CI C2 D1 D2
J i FE 0D B %

21 RICEEZRBOBRBUEZERRE
FOSTEDTZIRANF CTEEY BbED 4 5L 5 52 bk L7k R . SO O (A1) D EEEEM:

WROE|ZHAT, FiHEE (D2) TOERIER L TWD, MEDOEZDOEEZ MR T L7290,
4 FHEDIEREFREHE X 2212, 5 5foFn %X 23 12777,

25 25
2 o TR TR AN
T MiiiiEl
THERE B B a-a B W NO3-N S E | mNO3-N
e @ OE E 5N o o oB o8 8o E R
L RECIR o . — | ®NO2-N 2 10 %4 H % %; ‘!5-—"1—:_3""% i ® NO2-N
o B | W E 8 B & B OB oA
E; g 5 2 = NH4-N " g o= o= o= &= g [ % NH4-N
| & ”¥§ 5 On @ W E E L E B g .
>THE & "?W% i & F & £ L 2 5 o
I [ - B il i) i H ;  E= oo B
LB B & B SiEEEEEER
Al A2 Bl B2 Cl C2 DI D2 AL A2 Bl B2 €1 C2 DI D2
22 WEANZRDHT (455) 23 WEHNEZRDHT (55H)

X 22 128V T, SUSTE DO BT IC R D NHA-N O T3, USHEH 0 o MR FE 0 2 ICF
HBLTWDZEnnhd, 4 5/ TlE, 22000 E 72K EE CRUSE AT CThY(L & L 23[R RF 12 i
ITLTWe (ERBEREICI)-T) EEZ 6D, KICHEORPEZ, MAKOEED ZFIH LT
BLEEAE 2 0 0T, EE R ZE R CRb N e — T, RSO TRy 2 o BisE T3 %,
UK LT, 5 TR, EREOREN O (NHA-N OEA) B+ T, HEHEMZEFRN
KFLARhoTmeEZBND,

WIZ, b OIREE &L WBKERIBEOREGRE 25, EERISHEH D OEHIEREZX 24 12, %
7o, TOT—%% NO3-N & HEEMZER L OBMRICEIE L DEK 25 12777,

25 = 30
— b
S £ 5
ED m 20 —7.4
= 15 #
i ENO3-N ® 15
o ENO2N & y=0.4003x + 14.742
#k 10 | O 10
il @ NH4-N H
5 - g
‘IE’
. M 0 T
0 5 10 15 20 25
15 2% 3% 485 5% 6% RS HEH ANO3-N (mg/L)
24 ZRERICELEODER 25 NO3-N & EBMHZERDOERK

- 141 -



6 Db DIRMEIGHE X, WAKEBEFBRIZFE CHONMA L TWDHN, ALBKE & ZZBRENZ
NENRIR D0, KSHIZE > THIEORRPELELTH D (K24), K25 5, RS D
? NO3-N MMEL 72 51T CEMEMEHEMETF LTS, ZuE, k& NI ICHETT 52
T BIRWSTEIE E NO3-N OFERRMz Hav, fRE LT, MmEMEER QBEKRSHEH nos
F) MEFLEEEEZOND, K25 006, BUSEH A T-N 28 bK< 2 5 Dix, NO3-N2AERr D
EELRDN, L IHER TIX NO3-N BNAERSNeW=®, JMENTOREL LD, L
723 - T, iR EIR 2 AR L L3, NH4-N 285 THRE ST EIRNREEZ 25115,
72k, M 25 TP OME T, 0.4003 & HEAK< . NO3-N 7% 10mg/L F73% & ALK T-N T
Amg/LIK T+ 52 2B L, IS TIL, HESHIZ<WENnZ 5,

DDNT, MAKEDOEEIHK LT, MICHENTORENED X HIZEbT 20 %2HRT 5, &
RIS TII I ST W2 &b, 2 2 TOEMMEREFZORMEE 2 M 7, K
AE (A1) A (D2) ITBIT 5228 K 26 (2R T,

30 130
= 000000 = 000000
E . Dﬁﬁ%ij i U{&HN}QOO
= 20 Ry =~ 20 -
m : m 2f§fji::i;t&fooa“!“‘
b 15 #
# 10 -O-FAED ﬁ 0 -O-FRABD
& -e-iiO ) oM
5 5
0 ‘ ‘ ‘ ¢9 -
12:00 18:00 0:00 6:00 12:00 13 5 7 9 11 13 15 17 19 21 23
X 26 EEUEEROBFELELE X 27 \EMEERROZEH (E—V %)

AR NH4-N OEEC K > CTRISHE A & 0O M2 E T ENICEE LT\ b, K
BE S EMIET 5720, MFOE—7BMEZERZLONK 27 THDH (HOOFT—4 % 3R
ANCHREN S E7,), K27 5, SN TORED 4mg/L F2E THERFSILTWD Z &R0 5,
AL, ERENCRLD R oTled, BUSEH A NH4-N B&Ed Th oo, ERRERLZIH
IZ EF 5 7=0i2i%, NH4AN ORBIREZ Img/L F2E CHEFF T2 Z EREE LW EB 22BN, K
JEFEN CTRYAL L ZE RIRFLERIC KX AR ORERIL, EEFRSCAFVERICE 2 EHEBRERIIHERD
ARV, MBI EICEREEZEET S &L SJOSEH OO NHAN OFEENRELL 20 BEB LW
LIRAEEBRIC L DB BN T 5720, N2> CTEHEBREROK T E2RL DO TH D,

B2, X 27 TR ROSHRE TIx, ROSHEN T dmg/L BREMRZE L TWA 2N, X 25 TO/EE b,
ERECE CORERITDR2NE S T, FOCEOERS bBEICEAKRLTND EEZ2 6D,

6 EXRREEMELOFL-HOEELHE
INETOMAND, BREERZN LI LODOEETEZUTICE DT,

-142 -



O KISHORSDEL 72 D1ZEH7,
BEARK LD T OSSR W TIE D HET LT 0,
@ MLSS #o0m o CillsT 5,
REWROALEEE « B mVIREE A MR T 5.
@ ISHH OO NHAN 2 —EL-~Ub (Img/LE) (2725 X 512 DO 2+ 5,
NH4-N 7A€ r ORETIE, MEOHESLHEY ORI L 2EROBEHEH L,
DO I kv & 7 o & =7 HlE A HFI,
@ HROZEREE [MrtoZek&E] < MBrozce] [R5,
FEER IR G2 BRN T, ST D% 5 COMEITED eV, Biils TSI
EIEDLZDICIE, T ZOEIEEZRDBRVRIEL X —T 925 2 ENEE,
® ALERK R AR BRI HERF T 5,
BLZIZIX, AR AR THD, WHAKEZHAKSES ERELLTL D,
—J, AMPETEL L, MbEMER T ENEL L e D,

7 SHEDOFE

RKIEFRE R 2B F 2 T, ML= RIRLE 2 4R U, =ERERON L E BEHIEOESN. %2 B 5
L= mFgE 2, A X U4 =20, T FAKEY—E 20 & ORI T, ¥Rk 23~24 FEEICF L
TW5,

2 EBEN
1) 2010 HEUHD T /K8 = B i A4
MHIBRIR S A20 JEIC X 2 KB s A & ALE =2 2k oD bei

-143-



- 144 -



2-(3)-3 ERMHERETHILERHIE TDOREIZDOINT

T T AR EATBEANES  ALZE— 5kt 7 — KEERR
ORX JKE A #ifz %o B

1 FLCHIZ

PRk 2343 H, Yo 2 —1 RICBWCERENME T L, Z OREO SOG4 A1 # 7K
Ty ferEzEEE (LLF. NO, - NEFT) AEK 6. Ing/LIH &z, Z OBHEMK TIL. RSN
\CHREEE N EERE L2 2 LIS X B EMTEMEDIR TIC X - THHIROEEMEMET L2 ENER & &
b,

AKfEiL, ONO, - NOfRH & EH F ToRE & OB 2 TSR 020127
72 308 JB\ R S D Sk IR /K AL BREEALIRFIZAT o 7o G IRIEE D BRI R FIEE 2 ET H LD TH 5,
2 KADEERBIE

Yt o H — KIS ER OB ALEREE )X, BEETEPEVGIRIED 1 5% 54, 100w,/ H ., 3 5 108, 000m’
/B EA0MED 4 % 54, 400m, B | Il FRIRSGA,0ED 2 % 54, 100m / H T v . HIFEH 190, 810m*
A CFpk 22 ) 2L L TV 5.

Alal, HEAEEER A AN EE & o REH] & ZIT RN PR 22 4F 11 A 16 H~FR 2343 A 29 H)
I, 2 SRKALER sk 28 T3 (FEHETRMEIB TR 1ED> D Hil BRI A, O~ B T8) 12V MEIE LT
W2,

7ok, 1, 3R AMEEE B & L CHIFRIFSXUERR 21T > TU e,

3 NO, - Np#HRiR & EXREREEDHEK

1 SRS FE AL B H T ONO, - NIk, gk 23 41 A 31 BIZHIO TR L7z, 2 DONO, - NOAL
FKDFBRESEOHRB 2 —1 1R/ LTz, 3 H 16 HE TONO, - Ni&. 2mg/L¥ ThH-7-73, 17T H
IZ5.0mg/LE EmVME L 72 o7 ZORSBHRES 55 EETERTL, BHIZIZEHIZ30 EETIRT
L7,

. \,‘/. L . /\‘ {\)ﬁx n\)e%x {\Zj f /\‘ j\‘,\‘ >\v . 7&{ \Q \‘/\, 90

NH4-N

- 30 NO3-N
|
SO 100 O 1| J[. ,,,,,,,, [J—
T I TR Y I 1| [T T )

117 122 127 241 2/6  2/11  2/16  2/21  2/26  3/3 38 343 318 323 328 a2 4f7 a2 | X IRMEKERE
4/4
-3.0

NO2-N,NO-3-N,NH4-N (mg/L)
|
|
|
i <
I
\
T\
|
i
\
\
BRE

° - EiREREEIT OB
-1 MnEKE
X —2 12 1 R 0 DO, MLSS ZF DIEHRGA T2 /R LTz, DO X HIZ K > TEENRH 5 DO O

22 2mg/L FEEELL b, MLSS IZ2W T 3 A 17 H £ T 1300mg/L FRELL E2fEff L CB 0 | I
R T D L H 7 LidenoT-,

-145-



350 y'y 10.0
h F 90
A r
t 80
a A A ‘ ,
'A 70
S d \ A X (AL 60
X iy ; 2
@ Fso Q
g W N W, 5
s e300 W/ \ By ¢
3 = /\ 2[, 40
[ A
LA o Ac7 A };\ L 30
AV 2
b 20
A —=—SVI
. A s A A b 10 —o—MLSS(x10)
, oo A DO
1/17  1/22 127 2/1 2/6  2/11  2/16  2/21  2/26  3/3 3/8  3/13  §/18) 3/23 3/28 42 4/7  4/12
@] () ---EREREG-A
B—2 E#RsH (DO, MLSS)

X —31Z1%DA—SRT & HFEEA—SRT ZDHEBE A /R L7=, 1 2D A—SRT X, 3 H 17T HE CTHIE
A—SRT @ 5.5 A 45 ER > Tuiz,

25.0

RV KX sene. W ......... X"\/x

20.0

4
¥
g
<
&
<
L3
m —e— B1ZASRT
—e—ASRT
—<— KR
0.0
1/17  1/22  1/27 2/1 2/6 2/11  2/16  2/21  2/26 3/3 3/8 3/13 |3/18) 3/23 3/28 4/2 | 4/7 4/12
[4/4 |

- ERERETOA

®-3 EE&H (A-SRT)

0 — 4 LS AP SRR ST S5 O G A s U T, AF SRR, A (1% % IR
S D BRI ~ETT B 2 A 21 H KT 6 RSRIFREE, 25T AL 8 BERIRAEREGR LV e, BRI
ST ST bR E IR E 5. 0 2 BRI L CU e,

18.0 I I, 1 v | 0.0

160 | | L C] - BRESE oA
- N - 100
# \
B 140 [ ‘
= ;N
= 1y - 200
g 120 4 !

N '
% [al] i\, ’ T
! 100 P A \ 1 N £+ 300
# (| A B 1 7y £
H Ne v v N )y I (W] ]
8 80 " i \ kN r’ \—t Yl a0 E
?ﬂ' - [} v ' N ‘1 ! T
;E\ 6.0 IngmeScpca leSZZ g J n N
i o~ - ’.
% N N ¢IM m/\r Mh P/-\/v 50.0
x 4.0 S = \
g N/ | | 60.0 O uEkE
> 20 || — R
2 0.0 700—%@1‘:‘.‘&
1/17 1/22 1/27 2/1 2/6 2/11 2/16 2/21 2/26 3/3 3/8 3/13 @3/23 3/28 42 | 47 412 Rl

X—4

EEREM (A-HRT, EREEE)

- 146 -




[ —5 |2 10 BFICERAK L7z 1 B4R RERODO ENH, - NOZE#E) 27~ L7z, DOIE4SH & & CHEIK %
TIED THERS L DIEIREIC € 2 mg/LLL B B LT, —J5NH, - NIZBEIE £ TH F 0 K TH7,
CIEI#E 7> HDIENE I 23T TEARAIZAR T LT/,

16 4

14 x\\)\ - A 1D NO,-N(mg/L)
S m 2/2 09

12 O\\ — 3 2/22 0.2

AR o
8 St 2 8

—3— NH4-N(2/2)

NH4-N(mg/L)

6 —%— NH4-N(2/22)
4 1 —@— NH4-N(3/16)
2 A DO(Z/Z)
.-l DO(2/22)
0 0
----k--- DO(3/16)

1A 1B 1C 1D

X—5 &KMEKKE
F— 1 \CHEAERRR A L RIR & U CoEh L/ BiR A A28 B L7, Z ORI, HIZLEZ L
TZBRICITE S 2 AT WA ERTLESA L OIS R OW T H A TR Lz, 72, N0, - NOfa H I
IE, HLEIRKEER 2 34 L, IRKUC K DNO, - NOZEE AR L, ZO/MRETLE TR LT

K—1 EELREELZTOHR

BRI ER

= N = nLgs| hED
g-ﬁ_ E{TJ- EQEB{E E E"] (r;:ﬁgj;#il_) 5%%’{%-% ﬁéﬂg
EEEan_ A-SRTDE N
1 1/31|5RE;FE=30—20(m3/h) (4H87—-FH131) 07| O =
e gk | — o FREOEEEM
2 2/21| AR R B EERHICER (A-SRT 71—74) 19 O &=
RERFTHEFI-158%ND19% |, - =
3 | 2/24|1-2%8%H527% I%E‘ifﬁm 15/ O =
600 (Nm3/h) 2 GEEfE3 6.0-60)
4 9/95 BEZNEKEF1EITIFS KEEFTDIERE 14 -
55,000—50,000 (m3/H) (A—HRT 9.5—9.7) '
311 MEFKE 3R2M1MEL 3R2ETHMEILEDE-OIZDKER 95
(751 MRIEE) #itEmM (A—HRT 9.1—8.2) '
3/14 23 O i
3/16 1.6] x
7K§H3§E = R=
5 3/17111%:2%:3%=#910:12:1.0 iﬁ%ﬁf@‘fﬁ 7) 50
1.0:15:12[CFH ) )
2HREIEF DT s N
6 3/18 ST U] FoE R ERE (ARSRS) FEHFREDOAER 3.7 LLE
a/28 2%RITE FIFERLRAE 0.5
3R KY2 R~ EHFIEERE )
3/292%3b EIFEERET 45
2% D1 ,:f\iﬁiJEiz‘:iE
7 4/4 ;;];()5%\%;;10:40&?) SEMEROAE 6.1 5
30—90(m3/h)
4/5|FEERETE T 0.1
4/6 0.1k

- 147 -



Fehts L7o kR 5 BiGTRRE (6, 713#%i) R &, OEREOHMAE R E Lo (2,
3). @A-SRT OMAZ B E Lcb D (1, 2) Off<AEmiER R (A - HRT) O¥MAZ B E LT
HO (4, 5) ICKBISND, T HOXxERIL, HEBAMEERET 2 LN TEhhol,

HLEBRASFEER : SUSHE IR AL R CTHROK LIZIR B A AN —L 7 4 L2 — T 2 IR AR L 72,
FiE L L ZONO, - NOHBZET 2, ZORRENO, - N SR < 2556, BRKFFHZ
etk T AUXHAEERAELIC e D E L, RICOEFE LT,

4 EiRERE
4-1 1[EB

3H 18 H (&), WHIKOBHEN 30 FEE TR T Lz, (HIRIRE O E 2 kD7, Ll
2 ZMMEIEL TWeTod, 3-2 2 b 1 ZAEIERIE 2 L=, ZOGJRIREIL, 3R & 1 RD
55 OEEGRE ZMHL TITO 720, BRI REIT 1 R0 ELLN—RINZ LNEIRRD
BANRTERNEWSHIER ST, ZD7D, 3FNPD 1 RZ~DEAEIL 11 : 15~13 : 15, 15:
00~17 : 00 D& 4 K[, &7 2,000m3/h{T->72, Z DM 11 : 156~17 : 00 1 FZDOIEIEIRI
fEIE L, REVGIRSIEKE &IT 1% 90m3/h, 3R/IFIA4 3 H 23 HETHEMLZ, iz, TOHE
i 2,000m3/h 1%, #5315 H D 3 5% H B EGETGIRIREE 6890mg/L, RiTH O 1 5% H X MLSS #REE
1480mg/L, BN 17, 840m3 22 HFHHE 35 & | SUSMEND MLSS & D 52%FE Th - 7=,

3 H 22 HOHERERTIX 1 RONO, - NARH ST, BIREXOHREEHFFLI-E 0D 23 A
ICHOMM L7, #ERE LT, 21 HOBRRORELZ 2 b, 1EHOHRREEED N RII A+
ThHol,

4-2 2[AlH

3 H 29 HIZIEIE L T\ e 2 /KB DNMEIH Lz, ZAUZ &Y 1 ROKEAR MG S iz
H DD, NO, - NASEVRRED {AfE L, 4 H 4 RIZIX 6. Img/LE T ERH L7,

ZOFES 4 H 48 14:30~5 H10:40 £ T2 RZ01D 1 Z~J5IREEE A 300m3/h TIT- 77,
ZORE, 1 RORFENGIEEIT 30m3/h=90m3/h ~ZEH L 55 TIFIC Bk & 24521k LTz, HnikE
300m3/hX20 h=6,000m3/h % 1 BB [FERICEHE T 5 & 5RO 2 R IKETH e &
4490mg/L, AT H 0 1 5% H -2 MLSS B 1340mg/L, SOGHEA & 17, 840m3 2 HatH 325 &0 Rt
FEN D MLSS D 110% & 72 0 Z DR B 1 ZOIEIRMN
2RICANE DT Z L2725, {HIREREH D 1 5RO MLSS JREE 1366mg/L (11 RfoD T 3EFH2R{E)
EEYIMETH -T2, —J5T 280D MLSS JEEE I 680me/L £ TR T L, ZHOBHREIL60 EET
KFLZEbDD, Ea HIZIX95 L FEE LT,

1 RIZOWTITEEE ORI ARRIZER I, BEE TORAE L0 HHE 100 £, NO, - N H
LERICIEIE L, DA RAF R AKE A HERF LT,

5 ER

LlEY & o & — it & 7 fAEE AU L O RIK 2 R 5 7= EIRS L AE KB IZ DWW CTIRIZ &
DESHL 7o, ZORER, HEMER, KAKEIEO DO, A—SRT ZZOEIRGLEN D ER L HE SN E
RERDTHZ LT TERD ST, DFV, YU TAL TV 2 RN OFIEIZ XD, 1
ROAFNREIN LT Z & NEENRRERTIERWEZ 2 b,

FHfsER bxR R ®mEE] 228325 & MBI A D= LE L TBERRIZED
A PR AR B TS MERE IR O 3 B BTV D, Z T, S RALEE DO TR EZ = v
Fa—/L LTV DA HEIEIE LIS To DO MRV & T =7 B LRI X 0 BRRESRE ) DK
WA R L AR R OTE PRI 2 < 22 DA 572 & S Tn g,

W o Z—o DO HIENE, FAREEE O DO3. Omg/L THIFEIL TH Y, M—5 1R Lz X 9 ICHkE
B IR B AEEIZE LT e, L L CRIBECARTIZR S | DO R #if IR &EE ca LA LT

-148 -



Weo ZOWDBUT TSI b TS wma 2] ORI LA I = X LIZHE L TV,

VLbDZ &6 | BEEEA R L O R RN ZAF XA BRI DO DO AL Db D Tho7o &2 6
N5, B—TICHERE U TEMLERETEZEHE LR, ZNH0XR (GIEERERR) 14X,
IEAE BRSO DO EFIC SR b6 DO THD, Lo LFERE LTD0 EFICIFAHGTHY
R ZSETE R -T2,

X512, 3 H 16 HOHLEBRKERTIZ, DWISBIMORERE LT MHBEER N3 245
DTl o7, ZOREAGIZITGIRERES LB S L, 3 H 18 A & 4 A 4 Ao 2 By elik 2 3
L7z 18 H OHTREREIE, RSO MLSS B0 52% & 2372 0 @ WEIS Th - 7228, ZHRIIR+
CHY | 2 [BIH TIREISTEN O MLSS ESIEFERE L OIGIRIC ANE D 5 Z L 1IT LV 52 7e[E
BIZE STz, ZOZ %, (BRESET 21249720, IEMHBROKIB SO ANEZNMLETHD 2
EERLTWDEEZLND,

6 F£&H

A Bl AR L ~D I B LT O Z EBRH LN 2o T2,

(1) BHEA—SRT Z 5t Lo Bz 1T > TV TS, IAEMARILIC R D805 5,

(2) A ElIOTREEERRCEGNIX, AR BRI O DO AR L 0 HAEERE LA B O 5 LR 23
WLz tickseEzoN5,

(3) Fearp AR R EE (WL EIRGEBRTNO, - NN 1272 > C Lk o284, Eiagft
DOEFETEE I DL Z LIIHRG TIEARV, £, HEBAGEE~OEITRHIR & L Ct R R
HREE D EHRAE W & i L 7= N WETE o7,

(4) FHAEEERAE LR & U Cie b AR FIEITIGIRERE TH 2 23, BRE & D 720 & 2 RIK R E
HIZ72 D,

SEXH :  HHIR LSRR WSS CEk 2346 H)

- 149 -



-150-



2-Q3)-4 RIGE~ADERFEZZEELL

ERERIBAERRICONT

WEE “TFTKEEBHT SEKEAESZ—
BHEK . A R IERE, S
1 [FL&®HIC

REEMEREOIC L DIRENR T APHEAHBE L EE = R EBEICLIFEET LKL L
TOZRNAVX—FHNEK2 2HF4H1 AP AX— LT, 2hE%), FKFEAEE S
2 —TIEEEEHBICE Y BOHIA~OBM R RO SNz Enb, ¥ —Tik, F
2 2HEICDOREMOLE LSS — I —HEBRICK D2 XA EH O TEMEICE T 2 A
EM L, TOME, ARB»O KRKEKEO LR EZBEEAICK-THE (WF, 7—
NR—=RyEE WD) T, 7 UE=T OMALREE 23 M &, 268 &= 8 Iz B 5 A RE % A3
MR TE7, AEX, FR22FEEFECHRIMR CE LM T, EiiRlcBIT D

RIEFERICOVWTHETLH2HDOTH 5,

2 FHR22HFEF-XRAZHRE (FERIEDEREDEICK HHIEER)
ERESMFER LI, AEMEKZM T, K2IZRLTE,

®1 SEASH

TEHOEBICKICERAKSLE AL, £H 1005
3DHFETHE > E&AT W, 1 B Z & ITNH4-N,
NO:2-N. NOs3-NEDHEEIT -T2,

FME1, 22ERNALN o=, & 31X 8 K
% ONH4-NIEEDN 1.0mg/LE TR S2ERDGE LN
7o E5H1IT, NOs-NIZ2WTh, &3 0)Rhosk
LV B 5mg/L| W FE RN Sz,

-151-



AHEORE. T —/3— Fikid, WERFE OB /TRE & 22 0 | R RAYIZ = R & o HIl S
BN NI TE D LML,

3 TH23EERIAE
J1x Je2x
3. 1 HAEAZFLHIFERBIEZ

3 I MR RIE 7 A 92 M A ik F 2R LT
2% 75 (F—"— &) & RaEMRIZ

8% (HIRIT-RIE) #xtMEsk s LT, H L)
T Ak H AR X ATAE R T 5 % (ZE5UfE R T & 1
15 28 3% 48 55 65| 75[I 8=l
Hw) & L7, -
7o, ZERF OB R E O 2 R ML ER R [ ] smwm=xm @
it CHER T D70 IC, BREIEICA A VE T sEkm

MANH, ZF (B P I AR 23%E LT
e E & AT o T2,

2L, B ¥ —Tid, k2 3F3AORKOEETKOBMZ (F—. 5 LK
M) BDRESEE L, MHEAKEICHLEEND > 272010, FE Y YN M GER A ICEHL o 7
VWARIIZ B o T2,

EHIC, TAHAPL AL EZRICTHEDHRMBEEN EY R MG L 2dIo, R 7R
AEFRAE OBIMIZ 9 ALK E o T,

3 RIAAEREERF

K2 RIAFNEROEIFOFERE

= _ e R sA%wl | 6H308 | 7818 | 78118

3. 2 T7TERKEENSAVEOHERT ZEME] 1> | s | w0 T 4
- B 1 2/9 s =5f ElE|

F2ICHAER DI 2R 75 (7 —/N— K 2 29 Y Y Yo
N . . . AEIEE 4 2/9 =B8 2B eS|
/f) @ﬁﬁﬁ@ﬂﬁﬁﬁﬁ?&@%fﬁ%mbf:o 5 2/9 2/3 2/3 2/3
B . N S e 6 2/9 ESio] i) e
AR L BT O H R IE - & O B E R E & A B ~ L 272 2 2 22
- - g JTITBARE 50 40 30 40
e A& B D ZE R TR DB A BEBERIICAR D . 7 — 6/9 =58 EY =08
2 6/9 2/9 2/9 6/9
R 4 % : : 3 6/9 2/9 2/9 6/9
H1T1THEZEARORMOKEA B CE BEIER 4 6/9 =58 B Bl
5:3: LICRELTRIEMAELIT - 7. i 7, 7 71
~ N _ 7 6/9 £ Bg ]| £R8
B, HEAOEK[ T OMEORE L, e 20 2/9 2/9

JT 7=

[RiIXZ-oX&ELTWET, 8F5DZEIIFDRE ] 172 S 279 272
3 7/9 2/9 2/9 2/9
Fﬂ’ﬁ E < 3?) Z) ° CEI% 4 7/9 6/9 2B =]
5 7/9 6/9 6/9 6/9
6 7/9 2/9 2/9 2/9
7 7/9 2/9 2/9 2/9
8 7/9 2/9 2/9 2/9
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4 RIFAEHRERUER
4. 1 KBEOKR

9H13HMPH10H21HDT75E8FDONH, NORIERMBEEIITRLT,

8 FMLBE/K DONH,-NJEEILZ 9 A 2 0 H 6.4mg/L. 9 H 2 9 H 1.4mg/L& Img/LUL E % 2 [H]
B L7,

—H. 75 (T == FE)IZDOW T, NH,-NJRE A 1. 0mg/LLL E& 4 EIMH LTV D,
CoOMBIE, THEIEB~CEIEIZHNTTCEFHOEN D RIFEELTED, MAKDREE
L > T, NH, NOW LR +o#EEFTICERLEZEE2Z6ND, 2720, 75ONI,-ND
FRIZ-EECEYEMET D b, 8SHELERBEBEOMILN TP TS Z L &5k

L7,
%3 785, SENDKEAEHKE
7A 7B 7C 8C
BAE all A= NH4-N NH4-N NH4-N NH4-N NH4-N
(MT-1)
9813H 10:00 (5 10.7 4.8 3.7 0.9 0.8
98148 10:00 & 13.0 7.9 6.1 3.1 0.9
9815H 10:00 5 10.5 5.3 45 0.9 1.0
9816H 10:00 5 13.3 8.8 6.9 4.3 1.0
9H20H 10:00 E 7.8 8.9 7.2 9.0 6.4
9H21H 10:00 5ol 0.5 0.5 1.5 0.5 0.6
98278 10:00 = 8.8 4.4 4.9 0.7 0.7
9H28H 10:00 B 11.3 4.2 4.9 0.7 0.8
9829H 13:30 i 12.1 6.3 6.0 0.8 1.4
9830H 10:00 5 9.6 4.0 4.6 0.8 0.8
10848 10:00 14.9 3.6 = 0.7 0.9
10848 12:00 10.8 3.3 4.4 0.7 =
10A4H 14:00 BE 11.1 3.8 — 0.7 —
10848 16:00 11.6 4.7 5.2 0.7 =
10848 18:00 13.1 6.3 71 1.0 =
10858 10:00 = 10.8 5.3 6.1 0.8 1.0
1086H 14:30 = 7.9 3.1 7.0 0.4 0.5
10878 10:00 5 5.3 3.1 4.4 0.6 0.8
108118 10:00 i 10.9 4.0 5.0 0.5 0.9
108128 14:00 i 0.9 0.6 1.9 0.6 0.7
108138 10:00 iS5 16.3 7.4 7.4 3.1 0.6
108148 10:00 i 11.1 4.9 5.8 0.7 0.8
108188 10:00 = 9.5 5.1 5.9 0.7 0.8
108198 10:00 = 9.3 4.9 5.9 0.7 0.7
108208 10:00 = 9.3 5.8 6.9 0.8 0.9
108218 10:00 = 10.2 4.6 5.9 0.7 0.7
mg/L
4. 2 NH,t (BRBEHRE) ORBREMRER 10
9H13H~21HIZHELZNH,-N 8
OFLHSH (MT-1) L BEKICHE LA %e
v EmMR AN, FH O M EMEE o T, K £,
ERREITo TR EX 4R LT, 2
FHME LGSR OMBEREIEX, R? 0
=0.7647 & B 2R TH o 72, ° : ¢ ° N 1

NH4-NZE B 4E (MT-1)

M4 NHEHOBEEEE (NH, & MT-1)
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4. 3 NH4FHIZ & 5 FE1E &l {80 0D T BE 1%

7 5 BEIKIZEE L 72 NHa 5 O JE i
& A& BN ONHa-NIE FE O B R &2 X 5 (1T
~ LT,

M5 DROMWHMTRLIZERD, BUR
D ZEE I DG TIL, B EIE ONH-NjE
JE % 6.5mg/LLL FICHIE T2 Z & T, &
He vl B ONH4-NJR FE 2 1. Omg/LLL F £ T
MBS 5 Z LA EEIC /R D LT L 72,

Atk NH, -NJEFEC X 2 o5 L& 48 23 A

RRICZ2NE, BRODOHB I Y bERBEDOHIMA MG TETHLEEALDND,

4. 4 SEEH (PAC) DHIEER

7THICBT DT — = REZ, AR
BT DEMFENZD AOM X H LIX,
FEAER G,

#4191, 10H16 HOBRKIZY A
WMEENRLEEICR>721 0H20HOI
RERISREAEE S DREFEL Y ADK
HomERTH D,

7 5 LLANMIZPO4-PIR FE DS Img/LLL k%
BMEHLTWER, 7THICOWTIEEE,

D ADREITRAFIZIThL TV,

K6z, b1, 2RDP04-PE O E
A (RpfEl ) 2 L7,

1RICH>NTIEH, 1 7TH~18HIZ
D T ERE [T PO 4 PR BE 23 PACTE A BH 4
BEO 2mg/LZBE L2 &b,
5,057TLOPACIE AN S iz,

LHL, 2RICHOVWTIEHIRIZ-KTH
HIER, FA4DLEBY 7T E5DOP0s-PREE
X 0. 1mg/L& BHFICAMEINTEY ., 2%
R DOPO,-PODJEENPACIE AR TEE D
2.0mg/LEBE Lol Z &0, PACTE
AN DS PS5 7=

¥Rlo, 7507 —/3— Kikix, ARKT

X 5

NH, 5t IC K 2 BB A X

DYVADOHEETHLNMTEAERZNNZ 200G,

MHEKDPO-PREPMRELS ERT 5 Z
EMIRNTDIT, BEEA O HI R R b B R
TE5&EBABND,

x4 ERRIGELEIRRE (108 208)
NH4 NO2 NO3 PO4-P DO
= =1 8%

13:30 13:30 13:30 13:30 13:30
A 14.7 0.0 0.0 18.3 0.3
1 B ES S S A 1.1
C 1.7 0.3 11.3 2.0 2.0
A 15.8 0.0 0.0 18.7 0.4
2 B 11.6 0.0 1.4 9.6 1.5
C 1.0 0.3 10.2 1.8 3.0
A 14.2 0.0 0.0 16.4 0.3
3 B 9.1 0.0 20 6.0 1.2
] 0.8 0.0 12.2 1.3 3.3
A 15.1 0.0 0.2 15.9 0.4
4 B 10.5 0.2 25 8.2 1.8
[¢] 0.8 0.0 13.6 1.9 3.1
A 14.8 0.0 0.2 15.2 0.3
5 B 10.1 0.0 2.3 7.4 1.2
c 1.0 0.4 10.8 1.2 2.1
A 15.0 0.0 0.2 9.9 0.3
6 B 9.0 05 52 4.8 2.3
c 0.9 0.5 14.0 1.6 3.1
A 12.3 0.0 0.9 3.6 05
7 B 5.9 0.3 5.7 0.4 1.2
¢} 0.6 0.0 10.8 0.1 1.6
A 14.6 0.0 0.7 142 0.4
8 B 10.0 0.2 3.8 7.4 1.3
c 0.8 0.2 13.8 2.4 1.9
DOEEE(E 25 me/L me/L
M6 d1. 2&DODPO,PEHOFLYF
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4.
W2 24 L 2 3FE0T7TANS 9 H o %5 FER2FTA~IFADOZERAER

K1 E5Nb8FDEMMERERLELS, 6
Wz L,

K BTG IRTE BR S5 28 & V) B bh i 13 B
LW, k2R 78 (5F—,38— FiE) o A 4| a4 54| 52| 49| 41| 54| 50
SR IT KR TH B 82 Ly & k< . 7 H  |ash| us 4] sl 8| s1| 51| 60| 59| 54
X 7.4%., 8 AT 11.9% L mi4ER H bk (% hHooB| e 44| 43| 41| 43| 35 43 43 4

5 ZREHRBEMR (XRAEERTOLEK)

1% 1%

BKE| 15 | 28 | 35 | 45 | 55 | 68 | 18 | 8B

BLEH) T 5 % % LIl - CHI R L
Wiz,
nE. 9H BT MBI owCE, ®6 TRWLFTA~IAORAME

Rk 2 249 HiZ 360mm OFERNH Y . H ALY 1%

LR L v phg| 12 | = | e [z || 68 | B | a2
ZIZT, M THBH8FLIR LI LD
AHTHEDOHFNERMGEEN LAGEVHERT
boloZ &b RIKEIZ DWW THRGEH A

H23.7R a0 59 93 52 96 83 50 90 53

H238R 1985 96 8l 52 52 83 52 9.2 54

BPHE L TWA L ZATH 3. H239A 1395 43 45 41 43 46 48 49 45

5 F&&H

AR OEEREMS > TZRIEFEZIT R, UTOZ LN Dol

O 7—/3— FiEF, HRIE- ZEERBEOMEN TR TV,

@ F— = FEE, ARBTOEMFEHRY A0 HLIZIFEA LR BEES
DS & i LPO, PO N ZEL TV &b, BEH (PAC) @ HIBE R E b
HFETE 5,

@ 77— RX—=FiEO7H, 8 HOEEMGRIT, ATHFER A K GERMGEEL) 5 %% 82 THI
WEHEZER LA, 9AIRHRMEY 0. 4f5EVWEEchy . BIfE. FRSHE
i LT B,

@ A A BEMANTFHE TN (MT-1) ONH REICIE., B2 MBI N MR Tz,

® AEIOZER[RFORESRMLEOEA. BREIE (FHE) ONH,-NEE % 6.5mg/LLL FIZAL
HTxhIE, AR ONT, -NEEIL 1. Ong/LUL FE CUENARETH D,

® ERZERFOREFHECNT, HEZEHLAZERERMEEZIT) 2 LICk, &6k

AL, R & X EEOREM R BRSOV T, A & kR L.

JABEOHIB RPN BT TELLELOND,

— = FEDORD

5‘_
P2+ MEE L7z ETHOISH~DRAZ X > T, 2RO REREHRBZ BT TET
b5,
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2-(3)-5 KnEMSFET HN0 (—ERIEZER)
BEHHINHIBT DRAFE T D 2

FHEREES  BARBAERR  HfPs e A
WoARHA R WS R

1. [XLC&IZ

OPE TR AARRERLRE, =R/ —BERO RIE L2t
EINTND, BHEOZFNT—HEOMHIIINZ, HERERL
KR ZHED TN 72D, FHAEZ R L — D <C0, IS DI
SN AP B IR A 7= BAR ORI A Z v F TR EE
Eeb,

WD FKER T, BB bR E LT 77— 7T
2010) ZHREL, NRENRNT APEHEZ 2020 HEEE TIZ 2000
TERELEC 25% LA EHIRT 51 &9 BARE) 2 BAE A, kRkx 72
Bl A D TN D, (X 113 2011 4EFE DR sh 7 2 e & & D
WaRZ R L CWD2N, WERBERI TR O ON,0 (b %) |

LB 76.751t-CO,
DSERBEAIDFAIZ LY | wedEHE & LCBRIZ 20920 E (2000 . me g J—_—
L) DML LinL, A%Sbaslpeks ) BEARARBHUERNR 2011 £5)
72DIiE. BIED 1T%% 55 KEL TS DON,0) OBIBNARAIR & 725, % 2 CHANBIFSGE T, F
Fi¥C 19 AEEEN B YIREARFF Cdb o 7o /K BREFRR DN O S IFIN O E T L, FEREHHRI AN IR & 70 238
TERFOBIFE, HilfEt L h—& U COmMBREGHIE OB 2D TE 7o, AT CIE, 21 FHEITKUEE SR
7T M AWT T o T2, NODARIZ B A KIF T HIHEIRF-ORFEZ BRY & LToiia* O b mRLIc S
x| [ERREREEE & T, AHEIR T2 31T DN ORGSR ARl iRt LTz, 7o, BRKUEEATE A L72N,0
DIMRREBHT ORI AT T T T B E R C W CH S5,

2.1. NOERERGFE
21 FFEOFEFER N LD & ARNPREE) HHEH S AN01E, I D SN O LiEFE CARR S 4
BN, B TRERROB R, A 1T DA T H I ERR STV A,
F 2T, R & REREERI ST T NO ARSI D R AR T D 720 Ot 21T o 72,
2.1.1. fEEEER
(1 BM
LR EEIZ 31T DNOAR AT A 72 DITiE, NODAERL & SR T & OBIHRE L&\ S RIS EBRE L 72
DA D2 LB L 72D, AR ClE, SO OERRFERI TG CE 21HE & LT, OD0 (AAFHARIEE)
@sSbhT-v ozEFEAN NHAN) ZxigE LT, #{kEIT-o72,
(2) FEFH
K1DEEY, D0 H LILSS BTz OEFRAMGIFEZEZ T T RHTONT, /KiR 25°C B . 18°C
(AFEAE) CIREEITo7 G4,
Q) REAE
2 VR IRl PR, AR AT CERE L 72fE M 5UR 30L A A LT-t4, iR L7’ B A BibG LTz,
DOMZZTE LS CARsh & L. 0 95k U CEEBIR 230 L 7= R BB OREE. (kT vt =
U LNRIR, RBKSFET N U L) ZEINL, DEERFIO 1R 15 TR T, 0% 30 431H6E T 4 Kk £
TEREE (EMEAE) AL, BREEFRRE (N, NO, -N, NO;-N) B LUV OREDOHIEEIT 72, £
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TR BROBRALE DR T E TOM, NOoEEHIER (FT-IR) % VT AREN OIREE Dol iE 21T o7, &
oo D, @ 1) IZOWT, BURITZERFEL OLFEWIEC LY . 74 Y MR~ —HfliE VT, NooA:
PAEREDIRIA b ST TIT o 72,
@) EEERREUSRT
AT ERAR S A DIEE TR, WK A o & — DR B S AR CERI L 72,

®1 NOERICEET SESHEBREN BAIL) - N0
= BRI ] mzs
DO ERE8TNH,N | |
/L] [mgN/gSS] 2=
ki 25°Cc | JkiB 18°C
@ 0.5 35 1
@ 1.0 14 10
3 2.0 23 14 - b
@ 3.0 16 14 hEs AU~
G 2.0 8 6 a=toi A
6 20 26 2 a5 Rom R

2 ENHEBREEDIEXK
2.1.2. ERZEHER
(1) =M
KUBREFRD s DYEH SAVANOIE, AFRUELISNC b, BRSSO RERE CHAR I TN D, 22T, 6
VR AR L [FREEE AR DA D D 0 2T, GEGIEE U CRICEICIEER T 5728, RILEET
D, T2 TR TIL, BT TRAET DNTK LT, OSShT-0 oZEHAM Nox-N), @FEHRHT-Y
DB AN G- 2 DB HONWT, [ yalBRtEE 2 O G 21T 72,
(2) FEEH
F2D LD SSHI-0EFEAND LTEEDHT- Y OFMMAR &2 Z 72 T 52T kiR 25°C (FK
ZRE) . 18°C (&FEHE) CHREEIT-o1- GE14 541,
@) RAEAHE
2\l RS, AR AT ORI L 7oiEMEAYE 30LZ 8 A L, NO,~N, NOs-NJREERS KL UD07S Omg/L
ETR o T B CHBR A BIAA LT, 0 OB BRI LT- B LERORIR WilsT b U © AR, iieh Y
U LEIR) AU LT, DR, Seflloo 1 IREHENE 16 Z0RiRR <, 1 RFRILARRIS: 4 ek & C 30 2ofiila CiBle 25
B Al L, SREZERE (NHN, NO,N, NO;N) 35 K OVRIENOIRFEEDRIE 21T -7, F 7= B1sBROBHIAD
ST ETOM, NOEGAIERT FT-TR) 2 HVON 0RO EGHIIE 21T 7=,
4) EHEERREERT
AMEREI O DIEMEEIRIL, BRKEAEY Y 2 —HBIR (10-1 548) 55 Mssemilc CERIR L7,
2 NOERKICEHT SEINFEREN BRE)

EREM
No G/N Lt [mgO/mgN] IHNO,N (mel/eSS] MLSS [mg/L]
KiR25°C | KB 18°C KR 25°C | /KIR18°C | KA 25°C KR 18°C

) 2.0 2.0 13 12 1,200 1,300
® 3.1 3.2 1 14 1,400 1,100
® 3.7 4.1 14 14 1,200 1,100
@ 6.0 5.1 10 12 1,400 1,400
® 1.7 6.4 5 4 1,100 1,500
® 4.6 4.8 38 28 940 1,200
@ 4.1 4.4 40 29 490 640
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2.2. NODfREEWRETRAE
22.1. B#

FOEAED HHEH SHUDN01E, RAZEZARTORE 2 EECUERRI O /e Sl K> T, 2T x 5 2 &
LTHSND, DOV AT ZERET 5720121, HEH SN0 & SRR C & 235 OREELI RO B
Do AFTRAETIE, RUCE GEMHIR) 15 HREEE AARE L, [l 2 VOO R oD SEf e A4 T
STz, NODREE L U Cld, OFREON,0% i3 5 7 a— L @H AREDON,0% /il EE§ 5 7 1 —
DB Z HLNDTD, WEDORIRILES L OB OHRE 21T -7,
2.2.2. BEENDHERE

3 5-;';- %Nol\ﬂég 22
0 mat =3 AFRE N0 NEAESEY

TR CORRERA  FEHIN0 WLSS B CII5ATRIE pratenl Bl B
DR CTHIEDREE Cdh 72 = &b, MLSS % 5 (2471, 10 {24 TEPETETR
R CTENEND R 20E Lz, ©) 1,000 100 -

2 PBEESE —

3\ CHRETFIEA T, ERHREBCEEAE IR | ©| 100 | 100 | TEOE
LCHREA) ZEA L, EETFHEY . NOEES 2 (1000ppm) SR
2 1 RETIFREEIRA L ON OV (R B IHZRIC -4 RS L ]
EUMLI=H, 0 SYOREHAARILL, 30 53 % C 5 IR CIATR &4 AN HHERERM
BRI, B OO AT~ -, Ron | TPOBE | RENa
22.3. HREENOHERE lppm] Ll

(1) HESEHE 1 100 40
FADEBY | T DT AREN0EE AL 2 CTHE LT, 2 300 120
(2) FHEAE 3 500 200

[ BB IR BT GRITIB & L ORI AHA L,

T L1N00 A TR LIt &, iy <o i L % | 1000 0

HIET 2 Z & T, EMEGIEIC K DN 23 L7z, 7ok,
AT 4 SRffoe U CEENE L7228, BRAARII S /3R S0 S el 2 RN L 72,

2 BEENOSFEREDAEFIE
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2.3.

BTN ORE DGR - STTE

PENOH DY 7T, TEHEBTRIC X DAEMRSIC Lo TNOWERL « iS5 2 L 2B, AR
BRI L DA IESETE ORTUERE A MEFR] U CRitIRER « BERRTATR 2 1%, MIORAT L, X4 B HICRE LTz,
417, TAFNONEE Dl E — 2w,

AR 77 2an BT AY) ITHNTRA LTI 2 Z =%, HAREN0DEGHIEZ G5, 7
T AINNOY T IVERER LN b e — X2 TR 5 & BRI OIEEN003 T AT 5 T2 ON,0IREEDN S < 725
D3, ZOERFHOKRGKH ONOMEE (0. 3ppmfEfE) £ TIN5 E THIEZFNT 5, ARG DK TETOAA
HEN,OFREE DFERE D, IEIINORE A T2, 8, 77 AaBid, @il AR OKEG A THKIC L0 K
12U, NOFHZ ARG DA LAT e D &S <,

3. MREEE

3. 1.
3.1.1.

TR{EEHERIER

FHIEARISE &N OHEER IS
K5IT, HERMED, BRI ENODAERK « PEHIRILZ =T
x5 IHEHERICH 1T HIHEINE ENOBREIRE—5

RieF

o0

HRieEAL

4 RN ORESAEEE

E—5—

FEEH KEHER N,O 4 A - BEH KR
Do igssﬁ;f:b) o =X o | Miss D-N20 G-N,0 G-N,0
(mg/L) ERAF (240%3) ANO,-N (mg/L) (mgN) *;FII:EIEM ﬁ_?ﬁ’*‘*s
(meN/gSS) 7)1 (mansL) 0% 2405 | “(mgn) | ERF
I 05 35 61% 1.4 (240)| 900 6 7 9 1.5%
s @ 1.0 14 100% (210)| 5.7 (180)| 1,100 5 5 7 1.5%
;ﬂﬁ@ 2.0 23 99% 50 (150)] 900 5 3 4 0.6%
25°C @] 3.0 16 99% 6.1 (180) 900 8 3 5 1.2%
G| 2.0 8 100% (120) ]| 3.3  (90)| 900 3 5 3 1.3%
®]_2.0 26 65% 13 (240)| 1,200 8 6 19 3.2%
@ 05 11 59% 21 (240)| 1,400 | 15 7 3 1.1%
P @ 1.0 10 85% 41 (240)| 1,600 4 2 6 1.4%
;ﬁﬁ@ 2.0 14 89% 3.6 (210)] 1,400 | 14 10 3 0.5%
18% @] 3.0 14 85% 4.0 (240)| 1,400 3 1 2 0.4%
B)] 2.0 6 99% 1.7 (120)] 1,400 4 1 1 0.4%
®] 2.0 24 49% 40 (240)| 1,400 3 2 3 0.6%
x1  SERBRIARE O SR TRFET (240 /) DRIEE
*2 SERE TERFORMEE. () (FBAIEEFHS 100%IE L1653 FHEEHT-Y ONOHHEDEIE
* () [, RKEE &L - -HERBRZORE (9)
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HEIRDUZ DT, BAERE TIL ED0 (D) &Eamnt (©) RbabrE, s (240 23] IZHENZ
F5E T L7, AZS5ECIHEAER (B) FELUNE, tHUISE T Lieh Tz, E2TOFMT, i
NODFEE/R R Co 2 HEEEMEZESR (N0, N) DNERET DRI A BTz, NO,NEREEIE, 1KD0 (D). (KA

(®) OFAETIIINE DT, FHEDTE T Lah o 7o STl BBRi& TIRFE ONO,-NJREEDS_EF-3 A
B,

N0 (G-N,0) DHEHRRBUZ DT, AIRDE (25°C) BRI T, bk LU LES R E VW EIZ,
NOHRHfR & @ < 7o T Y, AFHA L U bPEHENS < Inole, Fio, MEEHA CIIDORCER AR DSIFIC
LU PEHEIGE DA LI, D0 (D) FEBIUEASRT (©) OFRFICHEWT, NOHEHEIFZ holz,
—. BAFHEN,0 (D-N,0) JREEICOWTIR, AEFRETIRIT & A EEEHN /<, AFREITBV L, WK
Tl

3.1.2. WHEBFEIZH T AN 0E R E R
(1) NOHEEE & ERE%H (\HAN) DRER

4 Z[EYFRERBAAE DAL T ETOSSS W ONO (G-N,0) HEHE L AZERZ AT (002, 0mg/L) & DOEHRZ R
T, AT TIE. EFRAM EN O E & ORI/ FHBEIRIRIZFED DV > 7o, BT O A RSt

(26 mgN/gss) (ZHBUWT, NOPEHENIEFICRE < feote, WpkdhTid, £ 1ITRT & 5 1IN0, NEREE AN <
7o TRV, ZOREE, NOYEHESHEIN L EB 2 oivlz, FBE X5 13BN, -NAGIZBT D, NN kil
JERR LTSN, ERAMNE L 2D, NH-NE LT 72 BNO, NGRS K&  7po Tz, 20
ZEMD, ERFZBUT DIMAERAMOBINE, SIS —RHOIINO, NZEHET 572012, NogEH&ES
HEIN ST ATHEMED VR S 7=,

(2)  NOHEHEE &D0& DEHR

6 (2. [EI5RBRBHAA) B T £ TOHASSH 7=V ONOPEHE D0 L DRRZ R LT,

P OKIR 26°C) 12T, NOPRHEIEDOSRMFCL < DOv < 7o D1 LR AR oA 27~ L, DO
=2.0mg/L. 3.0mg/LTIHFTFEREE T o7, X7 IIN YR EOR MR A2, £7-M8, 912, FHENDOS
0. 5 mg/L& 2. 0 mg/LOBFOKERINZ 7R, DO=1. 0 mg/LOSAETIE, D0=2. 0 mg/L & [FHRIC, I LOHEITIC
£ ONOBEHEDMEIN, 358 T L CONH,N2Y 0 me/LiZ7e D & NO,-NIRFEEDJD & & H12, NOoPEHE S KX
WD Lz,

—7J7, D0O=0. 5 mg/LIZI\TIE, Bt & 5270 . £, FEBRBIMAERII AT L A T L TR
HRILTONOPRHEORE e B — 7 33RO LI, Fiz, BREEBMEZESR NO,N) REMEI I 6T
D HT, NOYEH R IR TR E TRV MECTHERS LT,

A2 OKIE 18°C) T, NOPEH SR DIRFAIZZEN IRZSHAODO= 1. 0 mg/L & [FEROMEM 27~ L, NO,~Ni#
RIS U TRl 7r oz,
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4-1 “Earth Plan 2010” Global Warming Prevention Plan of the
Bureau of Sewerage, Tokyo Metropolitan Government

Hideo TERAJIMA?, Hideki YAMADA

! Bureau of sewerage, Tokyo Metropolitan Government

" Contact details are as follows. E-mail: Hideki Yamada@member.metro.tokyo.jp

Abstract

The Bureau of sewerage, prior to the Kyoto protocol, established the global warming
prevention plan, "Earth Plan 2004" for the sewage works in September 2004 and have
implemented greenhouse gas reduction measures. The result of this is that greenhouse gas
emissions in fiscal 2009 were reduced by 16% from the fiscal 1990 level.

The bureau did not settle for this result and in order to further reduce greenhouse gas
established “Earth Plan 2010” which took over “Earth Plan 2004” and showed a new path of
global warming prevention for the sewage works. By implementing this plan surely, the
greenhouse gas emitted by sewage works is to be reduced by 25% from the fiscal 2000 level by
fiscal 2020.

Introduction

Japan obeyed the UN Framework convention on climate change (COP15) held in Copenhagen
in December 2009 and submitted the goal of reducing greenhouse gas emissions by 25% from
the fiscal 1990 by fiscal 2020 on the condition that “all major countries agree fair and effective
goal” to the UNFCCC secretariat on the 26" of J anuary in 2010.

Hereafter, looking towards this goal, government agencies, private companies and households
inclusive must take measures to prevent global warming in unison.

However, the Tokyo sewerage system consumes a huge amount of energy through treating 5.6
million m® of sewage a day at water reclamation centres (sewage treatment plants) and
incinerating the 3300wet-t of sludge generated by the water treatment process at sludge plants.
This electricity consumption was equivalent to around 1% (approx. 1 billion kWh) of the yearly
electricity consumption of the Tokyo metropolis, and greenhouse gas emissions (around
856,000t-CO,) by the bureau of sewerage (hereafter “this bureau”) accounted for about 1.5% of
the total metropolis emissions (around 57.8 million t-CO;) which meant that this bureau had a
big responsibility to prevent global warming.

Under these conditions, this bureau established the “Earth Plan 2004” in September 2004, and
advanced the reduction of greenhouse gas generated by the sewage works with the introduction
and development of technology and other pioneering efforts.
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Hereafter, by promoting the enhancement of sewerage functions such as improving treated
sewage quality, reducing flood damage or improving the combined sewer overflow, increasing
energy consumption has become unavoidable, so reducing greenhouse gas emissions further has
become a pressing issue.

Therefore the “Earth Plan 2004 was succeeded by the “Earth Plan 2010 in February 2010
which shows a new path to prevent global warming for the sewage works and takes a leading
role in greenhouse gas reduction measures in the metropolis.

Past Efforts
The Earth Plan 2004, in order to achieve the goals of the Kyoto protocol, aimed to reduce

greenhouse gas emissions by more than 6% (reductions of 188,000 [t-CO;]) from the fiscal 1990
level by fiscal 2009. (fig. 1)

Reduction
—Base year— — Target year —
FY 1990 More than 6% FY 2009
(10,000t -CO») reduction
Expected emissions
without measures
Earth Plan 2004
target 6%
reduction line
FY 1990 FY 2004 FY 2009

Base year Actual figure  Target year

Figure 1. Earth Plan 2004 image for reductions

As a main reduction measure, we focused on the sludge generated by sewage treatment, and
worked aggressively to reduce the nitrous oxide (N,O) generated by incinerating the sludge.
N, O, which is 310 times more powerful a greenhouse gas than carbon dioxide (CO,), accounted
for 40% of greenhouse gas emissions by this bureau and half of that in Tokyo metropolis. The
fact made us the largest generator of N,O in Tokyo metropolis. Regarding this N,O, an original
investigation by this bureau found that raising the sludge incineration temperature from 800 to
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850°C could reduce N,O by 70%. So making improvements to a high temperature incinerator
and taking actual measures of introducing sludge carbonization furnace which heats sludge with
shutting off the air in a high temperature contributed to great N,O reductions.

Also, in the water treatment process, almost half of the electricity for water treatment was
accounted for the reaction tank equipment. We focused on that equipment, and reduced
greenhouse gas by introducing micro-bubble diffusers and energy efficient stirrers.

Other ways to reduce greenhouse gas was to utilize renewable energy sources such as small
scale hydroelectric generators using the discharge height in water reclamation centres and
biomass generators burning digestion gas.

Results and problems in Earth Plan 2004

From the above efforts, the 2009 greenhouse gas emissions were around 856,000 [t-CO;]
which exceeded the target reduction of 956,000 [t-CO;] by a large margin. A comparison of
greenhouse gas emissions in the fiscal 1990(the base year) and fiscal 2009 is shown in fig. 2.

(10,000t-CO,)

120
100 - >~
%5} ‘\\\\\\‘
g \Nzo emissions from 856
B water treatment
L2 80 -
g \
£ N,O emissions from
g 60 - sludge incineration
2
=
@]
= 40 -
]
L CO2 emissions from
@) fuel/electricity
20 - consumption
0 - Chemical sources

FY1990 FY2009

Figure 2. Changes in the Bureau of Sewerage’s greenhouse gas emissions

However, an analysis of the Earth Plan 2004 results and content brought to light the following
problems in order to reduce greenhouse gas further hereafter.
First, electricity consumption from additional facilities increased due to introduction of
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advanced treatment or strengthening countermeasures against flooding, the amount of auxiliary
fuel burned in the incinerators increased with the improvement of high temperature sludge
incineration, which meant the CO, emissions from the electricity and fuel consumption was
greater in scale than the reduction measures. Therefore we needed alternate reduction measures
necessary.

Second, over 90% of greenhouse gas reductions constituted of N,O reduction by high
temperature sludge incineration and sludge carbonization. Now the high temperature sludge
incineration is largely complete, therefore a new reduction method for N,O reduction is
necessary.

Third, around 16% of greenhouse gas emissions (139,000 [t-CO;]) in fiscal 2009 was
accounted for N,O emissions from water treatment. Now methods for suppressing it were not
established, therefore development of technology is needed.

Formulation of Earth Plan 2010
Earth Plan 2010 takes its base year as fiscal 2000, and aims to make cuts of more than 25%

(greenhouse gas emissions to under 743,000 [t-CO,]) by fiscal 2020 and to make cuts of more
than 18% (813,000 [t-CO]) by the mid-term of fiscal 2014 (fig. 3).

(10,000t-CO,)

100 -
99.1
% 90 -
‘7 18% reduction target line
= <
5} 80 - ; .
2 81.3 25% reduction target line
OD , prEmmm=  imEmmmamemsmmmm—— O F e e e e e e e e e
g 743 43
gg 70 - .
(]
(D]
S
O 60 -
e
FY 2000 FY 2014 FY 2020
Base year Reduction target Reduction target

Figure 3. Earth Plan 2010 greenhouse gas reduction image
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Through this process, we aim to achieve an advanced urban environment with the smallest
environmental impact in the world and to contribute to the “carbon minus Tokyo 10 year project”
(25% reductions from 2000 levels by 2020) promoted by Tokyo prefecture.

Also, the “Environmental regulations to secure the health and safety of citizens
(Environmental security laws)” reformed to achieve the above project obliges large scale
organizations which use the equivalent of more than 1500KL of crude oil annually to reduce
carbon dioxide (CO;). All of the water reclamation centres and part of the pumping stations, a
total of 24 operation centres controlled by this bureau fall under these regulations, and are
obliged to cut CO, by an average of 6% a year for the 5 year period of 2010-14.

The current state of this bureau’s greenhouse gas emissions
Sorting this bureau’s fiscal 2009 greenhouse gas emissions by source, as shown in fig. 4, can
be classed into the following 3 groups.

Main CO,
around 12%

___________ Fuel and chemicals:

Emissions from electricity used 105,000t-CO;
during sludge treatment:
93,000t-CO,

N,O fromsludge incineration:

236,000t-CO,
CO, N,O
around 44% around 44%

Emissionsfrom electricity used
during water treatment:
283,000t-CO,

N,O from water treatment:
139,000t-CO,

Overall emissions:856,000t-CO,

Figure 4. Breakdown of the Bureau of Sewerage’s greenhouse gas emissions (FY 2009)

(1) CO, emissions by electricity consumption during water treatment and sludge treatment
Electricity used by equipment for water treatment such as pumps and blowers, and
electricity used by equipment for sludge treatment such as dewatering machines, thickeners and
incinerators accounts for around 44% of total emissions.

- 223 -



(2) N,O emissions from water treatment and sludge incineration
Nitrous oxide (N,O) is a powerful (310 times) greenhouse gas, and these emissions are
generated through the action of microorganisms in the reactors of the sewage treatment process
or from the incineration of sludge. N,O emissions from water treatment and sludge incineration
account for around 44% of total emissions.
(3) CO, emissions from fuel or chemical consumption
The greenhouse gases from auxiliary fuel for sludge incineration, the fuel used in back-up
generators and from chemicals used for disinfection in water treatment or for concentrating or
dewatering sludge. CO, emissions from fuel or chemical consumption account for around 12%
of total emissions.
Furthermore, half of that, around 50,000t-CO,, accounts for auxiliary fuel required for sludge
incineration and the like.

Basic policies of Earth Plan 2010
The Earth Plan 2010, built on the success of Earth Plan 2004 and in consideration of future
greenhouse gas emissions, has initiatives for cutting greenhouse gas with the following strategies
as its pillars.
(1) We will take intensive measures during the plan period to accelerate implementation and
realize reduction as soon as possible.
(2) We will pioneer the introduction of up-to-date technologies to further enhance the reduction
effect.
(3)We will take various measures to reduce greenhouse gas emissions and enhance sewerage
functions, including countermeasures against flooding, improvement of combined sewer
overflow, and promotion of advanced treatment.

New measures in Earth Plan 2010

Based on these strategies, in solving the issues of greenhouse gas reduction, the measures are
classified as follows to give specific reduction measures. Here several example measures are
introduced.

(1) Promote exhaustive energy-saving efforts

In sewage treatment facilities, we will further reduce electricity consumption for blowers and
stirrers by introducing micro-bubble diffusers and energy efficient stirrers, continuing from
conventional measures.

Also, in sludge treatment facilities, greenhouse gas reduction is promoted through the new
introduction of energy efficient thickener and dewatering equipment which can reduce electricity
and chemical consumption, as well as conventional measures such as changing the incinerator
auxiliary fuel from heavy oil to city gas.

(2) Overview of the treatment process/method

In addition to introduce individual equipment such as energy efficient equipment, by

optimizing or changing the layout of equipment in consideration of the entire water/sludge
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treatment processes, the system as a whole can become energy efficient and further reduce
greenhouse gases.

Also, by changing the combustion method in sludge incinerators, the N,O generated from the
incinerator can be suppressed and the CO, generated from consumption of fuel or electricity can
be reduced.

A. Optimization of the aeration system

When reconstructing the reaction tanks, the blowers and aeration equipment is
simultaneously upgraded, and optimizing the airflow in the reaction tanks has the following
greenhouse gas reduction effects. (fig 5)

Large scale

Small scale

blower Airflow is hard bl
to control owet [ Optimum state ]
Small scale
blower
With this tank in ‘ Airflow is hard ’
an optimum state to control [ Optimum state ] [ Optimum state ]

Reaction tank Change of aeration
equipment

Figure 5. Aeration system

By introducing micro-bubble diffusers, the bubbles are finer than the conventional method
and increase the surface area in contact with mixed liquor in reaction tanks. Furthermore by
installing the diffusers at depth in deep water, long contact periods with mixed liquor can be
maintained. From the above, improvement of oxygen dissolving rate (percentage of oxygen
dissolved in mixed liquor) reduces the airflow volume.

By installing small size blowers near the reaction tanks which provide the necessary
airflow for each tank, blower pressure and airflow volume can be optimized and the loss of
blowing air can be reduced compared with conventional measures.

- 225 -



B. Unitization of sludge treatment
As well as upgrading the sludge incinerators, by newly installing dewatering equipment
near the incinerators, the following greenhouse gas reduction effects are attained (fig. 6).
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Figure 6. Unitization of sludge treatment

From water treatment facility

By introducing energy efficient dewatering equipment, electricity and chemical
consumption can be reduced.

By shortening the transportation distance of dewatered sludge, the electricity required to
move the sludge with lower water content is decreased.

Incinerating sludge with lower water content makes the sludge itself easier to combust and
reduces auxiliary fuel for the incinerator.

C. Introducing sludge incinerators with new combustion methods

When reforming incinerators which emitted large greenhouse gas or is dilapidated, the
second generation incinerators (multilayered and turbo style) are being introduced. These
incinerators can reduce not only N,O by around 50%, but also CO, emissions by around
20% by reducing electricity and auxiliary fuel consumption compared to high-temperature
sludge incineration (850°C).

Figure 7-1 shows one of these second generation incinerators, a multi-layer liquid
incinerator. This multi-layer liquid incinerator can be introduced by improving existing
incinerators.

By lowering the amount of combustion air blown into the low levels of the furnace, the
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N,O generation can be suppressed. In addition, by newly blowing combustion air into the
mid-level, the high temperature state and gas holding time is maintained which improves the
dissociation of N,O and suppresses N,O emissions. Furthermore, by improving combustion
within the furnace, the amount of auxiliary fuel consumption can be reduced which means
CO, is also reduced. Already, the Nanbu Sludge plant No. 3 incinerator (300t incinerator)
had been converted to multi-layer liquid incinerator in June 2009, now the Shingashi water
reclamation centre No. 4 incinerator (300t incinerator) is being converted too.

Equipment
efficiently :
Exhaust gas waste heat Chlrnneys
(( "
Dust catcher
[ ] N
Air T ‘ ‘“
Dewatered Air
sludge " -
Ny
Y | Air f — N/

Waste gas LQ—
treatment -

Liquid Blower Blower equipment Blower
incinerator

Figure 7-1. Multi-layer liquid incinerator

Figure 7-2 shows another second generation incinerator, a turbo liquid incinerator. A turbo
liquid incinerator burns sludge at pressures of around 0.15MPa, and exhaust gas generated
from the incinerator drives a turbo charger to get compressed air. Therefore some blowers
become unnecessary and the electricity for driving blowers can be reduced. Furthermore, as
combustion speed increases under pressure, the furnace itself is smaller. As a result, the
incinerator becomes more compact because heat radiation from the furnace is less. In
addition, the amount of auxiliary fuel consumption can be reduced compared to a
high-temperature incinerator.

Also, as temperatures in the incinerator reach higher temperature ranges (about 870°C) than
those of conventional incinerators, N,O dissociation is promoted and N,O emissions can be
efficiently suppressed.
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Currently, construction is under way at the Kasai water reclamation centre aiming for
operation to begin in April 2014.
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Figure 7-2. Turbo liquid incinerator

(3) Use of unused or renewable energy

In order to achieve the goal of Earth Plan 2010, it is necessary to take run further effective
additional measures as well as making reductions through equipment upgrades by introducing
energy efficient equipment. In order to achieve this, greenhouse gases must be reduced by
utilizing unused or renewable energy held by this bureau.

A. Introducing solar power

In April 2010, new solar equipment, which was developed to improve electricity generation
efficiency, was fully introduced to the Kasai water reclamation centre. This equipment is a
“single-axis tracking” type (290kW) which combines ultra-thin solar cells on panels rotating to
face the sun. Utilization on this scale is the first of its kind in Japan (fig.8). We can have the
necessary workspace for facility inspections etc by making use of the vertically arranged
panels (a feature of single-axis tracking) installed on the roof of the water treatment facility.

Also, “fixed” type panels are installed in the vicinity of the water treatment facility,
effectively utilizing space in the whole facility. In 2010, around 630,000kWh was generated
which exceeds the planned yearly electric-generating capacity (590,000kWh) and reduced
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greenhouse gas emissions by around 240[t-CO;].

Figure 8. Solar cell generators (single-axis tracking type)

B. Introduction of sludge carbonization furnaces

In November 2007, sludge carbonization furnace began operation at the Tobu sludge plant.
That equipment produces carbon fuels by baking sludge at about 600°C under low oxygen or
anaerobic conditions. By burning at high temperatures the pyrolysis gases which include
nitrogen generated by the carbonizing process, it is possible to greatly reduce N,O emissions.
Greenhouse gas emissions of carbonization furnace are reduced by around 50% compared with
high-temperature sludge incinerators (850°C furnaces).

Also, carbonized sludge which is a source of biomass, have 1/3™ the calorific value of
general coal, and by using this as an alternative to coal in thermal power station, contributes to
improving the sludge recycling rate.

In 2013, the Tobu sludge plant plans on opening its second sludge carbonization furnace in
order to further reduce greenhouse gas emissions.
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Figure 9. Sludge carbide furnace

C. Introduction of sludge gas furnaces

The sludge gas furnace at the Kiyose water reclamation centre began operation in July 2010
which has higher baking temperature in the furnace than that in a sludge carbonization furnace
and by making all heat included in the sewage sludge into gas, can greatly reduce N,O (fig.
10).
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Figure 10. Sludge gas furnace
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The generated gas is not only used as the necessary heat source for drying sludge by burning
it in a heat recycling furnace. By reforming and purifying the gas at around 1000°C it can be
used as fuel for a gas engine to drive a electricity generator. The generated electricity is
effectively used as part of the electricity needed to drive the gas furnace which goes towards
reducing CO, emissions.

The gas furnace can cut greenhouse gas emissions by around 70% compared to a high
temperature (850°C) sludge incinerator.

(4) Technological developments

To continuously reduce greenhouse gases from now on, in addition to the current measures,
making technical developments in consideration for effective reduction of greenhouse gas in
the treatment process in the light of mid- and long-term is important.

Especially, with regard to N,O generated by the water treatment process, which is a large
emission source of greenhouse gases from this bureau, there is still room for reducing
greenhouse gas from the 139,000[t-CO,]. To do this, this bureau developed a device to
continuously measure N,O generated from water treatment and applied it from 2010.

By using this device, currently, we understand the N,O emissions generated from each
treatment method and investigate/verify fluctuation etc in the N,O emissions from operation
methods. Then we continue to investigate in order to establish technology for suppressing N,O
generation, such as making some kinds of efforts in the water treatment process.

Control of N,O generated in the water treatment process with new
technologies

@ &
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Input N . o Output

NH4*
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l/ o, | NO3 y

Micro-organisms treat the sewerage in this tank (reaction tank)

NO3™] NO3™]

The cause of N,O generation in the reaction tank is unknown

Measures to find the cause and a control method

Figure 11 N,O emissions and control from the water treatment process
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(5) Customer Communication
Earth Plan 2010 asks customers to install stormwater infiltration inlet within residential
areas. It is new activities. With the spread of stormwater infiltration inlet, stormwater
infilterates underground and reduces the amount of rain water flowing into the sewer facilities.
From this, 160m’ of stormwater infilterates the ground per household during one year. By this
reduction, the electricity of pumping up stormwater etc is decreased. As a result, we can reduce
greenhouse gas by around 70kg-CO, (calculation in case of 120m” residential area).

Conclusion

This bureau will promote and speed up measures in the Earth Plan 2010 in order to achieve the
goal of reducing greenhouse gas emissions by 25% by fiscal 2020 from the fiscal 2000 level.

Hereafter, we will try to reduce greenhouse gas emissions further by introducing new ideas
and new technology actively. At the same time, we will promote various measures
comprehensively in order to satisfy both of improving sewer functionality (countermeasures
against flooding, improvement of combined sewerage systems, and promotion of advanced
treatment etc) and preventing global warming. And we will construct a sustainable society and
inherit a comfortable world environment for the next generation.

Furthermore, the greenhouse gas reduction technology of the sewage works is leading age in
the world. Therefore we will try to contribute worldwide by spreading “Tokyo’s greenhouse gas
reduction technology.”
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4-2 Drastic Mitigation in Greenhouse Gas Emission by Sewage Sludge

Gasification System in Kiyose Water Reclamation Center

Akio Morishima'
"Planning Section, Engineering Department, Regional Sewerage Office, Bureau of Sewerage,

Tokyo Metropolitan Government

1. Background of construction of the facilities

To take initiative in suppressing greenhouse gas (GHG) emissions, the Tokyo
metropolitan government initiated “The 10-Year Project for Carbon-Minus Tokyo” in
2007, aiming at reducing GHG emissions by 25%, with respect to the value in 2000, by
2020. The Bureau of Sewerage accounts for approximately 40% of the entire GHG
emitted as a result of administrative and business activities of the Tokyo metropolitan
government, and must therefore reduce a significant amount of GHG emissions to
achieve the goal.

As a result, it was decided to construct of sewage sludge gasification system, which is
capable of achieving significant reduction of GHG emissions while efficiently taking
out energies such as electric power and heat from sewage sludge.

2. What is gasification of sewage sludge?

In the Water Reclamation Center, a large amount of sludge is generated as a result of
treating sewage. To efficiently treat and dispose the sludge generated, the River-Basin
Sewerage Headquarters has been incinerating the whole of the dewatered sludge, thus
emitting GHG in larger quantity.

The sewage sludge gasification performs pyrolysis of sludge, unlike conventional
incineration, and by using generated combustible gas for drying sludge and generating
electric power, significant reduction in GHG emissions is expected.

Electric Power

Power

Combustion -
generation

Gas
Dewatered
Sludge
Gas power

Sludge dryer generator

Gasification

Heat recovery

Fig. 1 Sewage sludge gasification
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3. Mechanism of sewage sludge gasification

The sewage sludge gasification system is consist of several facilities, such as
accepting/drying system, gasification/reforming system, gas purification system,
power generation, and heat recovery system. The outline of each facility is described
as follows.

(1) Accepting/drying facilities

In the accepting/drying facilities, the sludge
having the water content of 70% to 80%
transferred from the Water Reclamation
Center is dried to approximately 20%. A
rotary dryer with hot air of approximately
600°C is adopted as direct drying system. As
a heat source, dry gas obtained by using
combustion heat generated from the pyrolysis
gas in a heat recovery furnace is used. Fig. 2 Drying facilities

(2) Gasification/reforming facilities

The dry sludge transferred from the accepting and drying
facilities is subjected to pyrolysis in the gasification using
high-temperature air flowing within the gasification
transmitted from the heat recovery facilities in low-oxygen
state to generate pyrolysis gas. By reforming the generated
gas within the reforming furnace, a high-quality combustible
gas containing H, and CO as major components and having

low tar content is generated. . e L.
g Fig. 3 Gasification

furnace
(3) Gas purification facilities "

Impurities in the reformed gas transferred from the
gasification/reforming facilities, such contents of ash,
nitrogen compounds and sulfur compounds, are
removed to condition the gas into the one suitable for
gas engines.

After removing the ash using the reformed gas dust
collector, toxic HCN is reduced in a catalytic reactor.
In the scrubber that follows, NH; and H,S are
removed using alkaline water conditioned using water Fig. 4 Gas purification
and NaOH solution. facilities
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(4) Power generation facilities

The reformed gas conditioned for use for gas engines is mixed with city gas to

stabilize power generation output, and the mixed gases are burnt to generate electric

power of 150 kW, which accounts for approximately 30% of the entire power consumed

in the sewage sludge gasification system.

(5) Heat recovery facilities

The heat recovery facilities, which exchange the
energy of pyrolysis gas into heat, consist of the heat
recovery furnace, combustion air preheater, dry gas
pre-heater, etc.

In the heat recovery furnace, the pyrolysis gas

generated in the gasification is combusted at
approximately 900°C to suppress generation of

nitrous oxide (N, O) considerably. The combustion

Fig. 5 Heat recovery facilities

air in the gasification and the dry gas is preheated by 650°C and 600°C, respectively,

from the heat of the combustion gas exchanged using with the each preheater.

The combustion gas after heat exchange is collected, washed, and then emitted from

the stack pipe into the atmosphere.

To the atmosphere
Heat recovery facilities

Combustion gas NaOH Fuel gas engine City Gas
Dry gas dust collector Water
preheater
Heat recovery
furnace Scrubber
Ash Combustion )
Odor gas scrubber Catalytic NaOH
Air i reactor al
Combustlgn gas Oxygen/Steam
X . cooling tower Water
Combustion air Reformed sas
preheater g
preheater
Dewatered Reformed
sludge ) gas dust collector
Reforming
furnace
High-temperature
Sludge cyclone
dryer Ash Cooling Water To dr amnage
facilities
Reformed gas
cooling tower Ash
Gasification

furnace

Generator set
Power generation

Gas reforming facilities

Fig. 6 Sewage sludge gasification system
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4. Outline of this project

Since the gasification system was to be introduced to the Bureau for the first time, an
open-type Design Build Operate (DBO) proposal system was adopted in order to take
in technical capabilities of private companies and their economic proposals.

(1)Project name
Kiyose Water Reclamation Center Sludge Gasification Project

(2)Place of project
3-1375 Shitajuku, Kiyose, Tokyo, Japan (Within Kiyose Water Reclamation Center,
Bureau of Sewerage, Tokyo Metropolitan Government)

(3) Period of project

[1] Design and construction

From July 2008 to End of June 2010
[2] Operation and Maintenance

From July 2010 to end of March 2030

(4) Project cost
[1] Construction cost; ¥3.8 billion
[2] Maintenance cost; ¥5.0 billion (for 20 years)

5. Aimed project effect

Comparison between the scale of 100 ton-WS/day gasification system, which has
been under operation this time, and conventional incineration system reveals that the
expected amount of reduction of GHG emissions is approximately 12,500 t-CO,/year
(actual emissions in 2005: 14,500 t-CO,/year, proposed emissions: approximately
2,000 t-CO,/year) ,which is equivalent to the yearly amount of CO2 absorbed by the
woods within the area of 3,500ha.

In addition, the amount of heat of the gas generated from the gasification is
equivalent to the amount of utility gas consumed by 8,500 general households per year.
This technology is thus very promising also from the viewpoint of generating
renewable energy.

Since this gasification system is the first practical operation in Japan, its performance

will be assessed and verification tests of the whole system will be conducted, until
fiscal 2011 to check the stability of the operation with the performance proposed,
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including GHG emissions and electric power generation from sludge, and adequacy of
operating conditions.
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Fig. 7 Comparison in greenhouse gas
emissions to one conventional incinerator
in Kiyose Water Reclamation Center

6. The situation of sewage sludge gasification and project effect

The operation of the sewage sludge gasification system was started in July 2010, the
initial adjustment was conducted until October. Since the operation was cut off to
adjust the equipment from July to October occasionally, the amount of processing was
approximately 70%. After the adjustment completed, the system of the sewage sludge
gasification is operated smoothly (118.5%).

The GHG emission is 3,000 t-CO,/year (the emissions of six months, from July to
October, converted into the annual emission).this result is influenced by the frequent
adjustment of the equipment.

When heat recovery facilities were controlled stably(One period, December 10 to
14 ,was extracted and converted into annual number), the amount of N, O emission was
reduced to 1/40. The amount of reduction of GHG emissions is approximately 12,500
t-CO,/year (actual emissions in 2005: 14,500 t- CO,/year).

Moreover, the amount of the gas power generation achieved the objective. The
regulation levels of the gas emitted into the atmosphere, the odor, and the wastewater
quality were obeyed respectively.

7. Summary

After the initial adjustment was finished, the supplemental fuel was reduced to about
half, and it is necessary to do the effort of the stabilizing the water content in the
sewage sludge.
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In addition, it is important to reduce N, O emission that the temperature in the
furnace of heat recovery facilities is stabilized.

From now on we try to carry out further stabilization of the temperature in the furnace
of heat recovery facilities, and keep the performance of reducing the GHG emissions
by challenging to decrease the water content in the dewatered sludge and to reexamine
the electric power of the auxiliary machineries

Sewage sludge contains abundant biomass energy. Regarding the Water Reclamation
Center as the hub of creating energy, the River-Basin Sewerage Headquarters shall
continue addressing environmental challenges including global warming control,
utilizing potential energy of sewerage systems while introducing new technologies, to
create a city model in the 21st century.
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4-3 Hydraulic simulation and analysis for designing the longest
and largest siphon structure of stormwater drainage in Japan
Seiichi Ohashi™*
*1 Plant Design Section, Construction Division
1. Introduction

Sunamachi wastewater treatment plant is located in Koutou-ward, Tokyo.

This plant covers the area called Koutou delta area and is located between the
Sumida and Arakawa River. Storm water in this area is pumped up and discharged
into Sunamachi North Canal which is seen as a semi-closed water area. As the
collecting system of this drainage area is of combined sewer type, problems are
often occurred in weather. Polluted effluent from the plant makes pleasure boats
and craft dirty with suspended debris and solid. For addressing these problems,a
project was launched to change the outfall point from the present canal to
Sunamachi Canal which is outside the Outer banks.

After negotiation with port administrator and consideration of the underground
condition such as cables, dra
ins and water pipe, it was decided to employ an inverted siphon structure for
a part of the diversion channel.
From the viewpoint of O&M for
the diversion channel, inverted
siphon structure should be dried up
after rainfall events.
This paper shows how the long and
large scale of the structure of
diversion channel and inverted
siphon was designed on the basis of a
similar hydraulic model test.

2.0utline of the storm water outlet
channel

1)Structure of the storm water
outlet channel

Plane figure and vertical section
figure of this storm water diversion
channel are shown in Fig-1 and
Fig-2, respectively. Flow capacity
of this channel is 50.0 cubic meters
per second (13.1 M gal. /s) at a
maximum. Total length of this
channel is approx.2.5 kilo meters
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(1.6 miles). Storm water flows down approx. 460 meters (0.25miles) in
horizontal double box culvert, inverted siphon channel outlet with the head of
17 meters (18.5 yd.,) head and approx.530 meters (0.3miles) in horizontal
double box culvert after overflowing from surge tank. Length of the inverted
siphon channel section is approx.1.5 kilo meters (0.9miles), and structure is a
circular pipe of 7.1 meters (23 ft.). Flow rate of the channel is approx. 1.5
meters per second (0.6 in./s)for former culvert and siphon and, one meter per
second (0.4in. /s) for the later culvert.

2)Structure of manhole

Head of manhole at influent part is approx.17 meters (18 yd.). For the part of the
inverted siphon channel must be always dried, influent flows to the bottom at a
stretch. Meanwhile, influent flows down by water head between influent and
effluent part of channel after part of the inverted siphon channel fills with storm
water. To cope with this characteristic, Overflow weir in the manhole at influent
part is set and influent flows down to the circular shaft preventing from air
mixture at first stage. When the part of inverted siphon channel fills with storm
water, influent flows over overflow weir to reduce the head loss, combination of
volute and normal type are adopted in short. For the structure of influent part is a
horizontal double culvert, two drop shafts are adopted. Manhole at the effluent
part has characteristic of discharging at a stretch after the outlet channel fills
with storm water, structure of this manhole is designed to discharge the storm
water and air smoothly with straightening vane at least.

3.Main subjects in hydraulic movement
This storm water siphon structure is the largest and longest one in Japan.
Hydraulics-related issues on this channel are shown as follows.
1)Exhaust air at the mouse of the inverted siphon channel
At the beginning of discharging storm water by pump, the part of the inverted
siphon channel was filled with storm water which flows into the structure,
entraining large amount of air. Due to the limited space for degassing toward to
the manhole at the influent part, insufficient degassing may cause high air
pressure which leads to gushing storm water with air.
2)Movement of storm water level caused by unsteady flow at the part of the
inverted siphon channel
When the part of the inverted siphon fills with storm water and pressured flow
is occurred, we were afraid that surging of storm water level in unsteady flow
may be caused to overflow from the manhole at influent part.
3)Head loss at the inverted siphon channel
For this outlet channel was adopted the long and large siphon structure, we
were afraid that actual head loss was higher than hydraulic calculation and
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malfunctions to the pump. Owing to confirm the situation of flow and examine
this improvement plan as mentioned, we practiced the hydraulic experimental
model test.

4.0utline of the hydraulic experimental model
1)Model scale
Experimental model was covered from surge tank to outlet point and decided a
one-thirtieth scale model after preliminary experiments.
2) Experimental conditions and items of the model
At the beginning of making the experimental model, we decided these
experimental conditions and items shown as follows.
Water level at the inverted siphon part both dry and wet condition
» Operating condition of pump
» Water level at the discharging point

5.Results and inquiries of the
experimental model test
1)Condition of degassing from
the channel

Accompanied with filling with
storm water at the part of inverted
siphon channel, degassing was
observed smoothly both influent
and effluent parts and a
phenomenon such gushing out
from the channel was not
occurred, although surging could
be occurred both upper and lower
part of channel.( Fig-3 and Fig-4)
2)Movement of water level in
unsteady flow at the inverted
siphon channel

First of all, a rise of water
level was observed at the part of
surge tank, soon after the level
sank and rose again finally. Head
of surging was estimated
approx.1.2 meters (3.9 ft.) at the
influent and effluent manhole, and
arrox.l.6meters (5.2 ft.) at the
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surge tank. Structure of the surge tank was piled up due to this experimental
result.
3)Head loss at the siphon channel
Head loss of this experimental model test was approx.20 centimeters (7.9 in.)
higher than the hydraulic calculation. This difference was thought to the head
loss of each part in this experimental model. Height of backflow prevention weir

was raised due to this experimental model test.

6.Conclusion

As this inverted siphon channel was large, long and particular structure, we
practiced the experimental model test and could get important technical
information though the experiment such as complicated surging phenomenon and
head loss at the particular manhole, which we could not get from the hydraulic
calculation. Hereafter, we will practice this big project appropriately due to this

result.
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4-4  New approaches to the coexistence of water quality
improvement and GHG reduction in wastewater treatment
- Challenges of the Bureau of Sewerage, Tokyo Metropolitan Government toward the
shift in operation management of activated sludge process in all Water Reclamation
Centers in Tokyo. < Air volume control by ammonium concentration, restricted-aeration
A?/O process, monitoring of influent by electric conductivity> -

Kiyoaki Kitamura, Teru Yamamoto, Tadahiro Nemoto, Kazuhiro Endou, Seiji Watase,
Kouichirou Miyoshi, Mayuko Takahashi

Bureau of Sewerage, Tokyo Metropolitan Government

ABSTRACT

Important issue of global warming attributed to elimination of several greenhouse gases like
carbon dioxide has been frequently reported as a serious problem in recent years. Several
countermeasures or trials aimed to its inhibition were introduced in world-wide scale. Effective
measures of regulation for reduction of CO2 emission in industry field were started as a middle
and long term goal in Japan. In Tokyo, one of a strategic plan “Earth Plan 2010 followed by
“Earth Plan 2004” was set as a regional goal for prevention of global warming, therefore the
reduction of electrical requirement for waste water treatment consisted of 33% amounts of
emission from treatment plant had been constantly conducted. Here we report three effective
results in respect to reduce energy consumption by three operation methods upgraded the
activated sludge process.

First is the optimization of air volume supply at aeration by means of controlling dissolved
oxygen according to NH4-N concentration. We have more efficient operation of activated
sludge process in aeration tank by utilize this method. Operation using the parameter configured
in this experiment made 15% at maximum of air volume consumption cut off at monthly
relative to the method usmg simply dissolved oxygen control.

Next is restricted A?/O process with nitrified liquor recirculation on the basis of the
conventional activated sludge process. Nitrogen removal ratio could be achieved 70% by means
of this process, higher than conventional activated sludge process but equal level comparing to
A?/O process. In addition, its phosphorus removal ratio was also higher than conventional
activated sludge process, meanwhile less than restricted A%/O process. Electric power
consumption supplied to the restricted A%/O process was equal level comparing to conventional
activated sludge process and 25% higher than A? /O process. Therefore, introduction of
restricted A%/O process in substitution for standard A*/O process will not only achieve initial
and running cost savings, but also maintain much good final effluent water quality of waste
water treatment plant.

Lastly, the control of air flow volume on the basis of monitoring characteristics of influent
waste water had been discussed. Adoption of feed-forward control instead of feed-back control
can be a key to appropriate air supply for treatment of waste water. This trial indicated
possibility feed-forward control by monitoring electric conductivity of influent to attain saving
electric energy consumption and improvement of effluent water quality.

KEYWORDS : Reducing greenhouse gas, Ammonia+DO control, Restricted-aeration A*/O
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process, Feed forward air volume control system, Electric conductivity

INTRODUCTION

Sewage works discharges a great deal of greenhouse gas (GHG) in the process of wastewater
and sludge treatment. Major sources GHG in sewage work are CO, from electricity
consumption and NO; generated in the treatment. GHG emission of The Bureau of Sewerage,
Tokyo Metropolitan Government (TMG) amounted to 856 thousand tonnes of CO; in fiscal
2009, and the breakdown is; electricity consumption 376 thousand tonnes of CO,, NOx from
sludge treatment 236 thousand tonnes of CO,, NOx from water treatment 139 thousand tonnes
of CO,, and fuel, chemicals and other 105 thousand tones (Bureau of Sewerage, Tokyo
Metropolitan Government, 2010a). In the situation that combating global warming is urgent,
globally a great number of studies are carrying out in sewage fields. For example, studies about
difference of GHG discharge amounts caused by variation of treatment methods (Keller et al.
2003)(Cakir et al. 2005), comparison of treatment method taking local characteristics into
account (Wett et al. 2003), and emission reduction of N,O (Park et al. 2000). The Federal
Environment Agency in Germany announced a research result that local wastewater treatment
plant can reduce CO, emission by 40% from the 1990 level as a press release (Umbelt Bundes
Amt 2010). The Bureau has created proactive set of measures for reducing GHG emissions,
calling it “Earth Plan 2010 (Bureau of Sewerage, Tokyo Metropolitan Government, 2010a)”,
and has been implementing measures to reduce GHG by 25% or more from fiscal 2000. The
steps are, for example, rising temperature of sludge incinerator to reduce generated N,O,
producing carbide fuel from sludge, generating solar electricity on a water reclamation center
(wastewater treatment plant), and so on (Bureau of Sewerage, Tokyo Metropolitan Government,
2010a).

In Tokyo, several effective approaches to save energy were undertaken with enthusiasm in the
process for treatment of waste water. In particular, a reduction in power required to run the
blowers for aeration is very critical, because of height of all power consumption in sewage
treatment process. One of a relatively simple control system, constant dissolved oxygen, had
been installed around many waste water treatment plant to deal with the change of
characteristics and flow rate during rain and storm conditions(Chevakidagarn et al.
2007)(Howarth et al. 2007)(Dabkowski et al. 2011)(Barbu et al. 2011). However, sufficient
treatment by using constant dissolved oxygen system had not always been performed in waste
water treatment plant adopted combined sewer system. Therefore, control of nitrification
process by adjusting flow rate in aeration tank according to monitoring ammonia concentration
level had been proposed as a new system instead of the system using dissolved oxygen data.
Implementation of this new type of system made in obvious excess aeration supply cut off,
because of monitoring the level of nitrification of ammonia. According to the result of
simulation using activated sludge treatment model, it was indicated that nitrification control
system could be reduced about 11% of air volume consumption during aeration (Furukawa et al.
2002). Yet, in case of change of environmental condition like rainfall or storm conditions,
treatment of organic substances was insufficient relative to nitrification of ammonia.
Additionally, low of oxygen concentration at the end of an aeration tank also induces
phosphorus to increase by anaerobic elution. As a consequence of these situations, the new
system using concentration of ammonia and dissolved oxygen had been introduced as a
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substitute for the simple nitrification control system. Monitoring ammonia concentration with
dissolved oxygen may have great advantage. This report shows this in experimental results
actually using waste water treatment plant in Tokyo.

The energy consumed under the process of nitrogen and phosphorus removal is mainly one of
the significant factors in sewage treatment process. The amounts of energy consumed agitators
at anaerobic and anoxic phase in nitrogen and phosphorus removal used A*O had been
gradually increased. Therefore, there was one case temporarily resting a part of agitator or
intermittent operation as the countermeasure to reduce electric energy consumption in several
treatment plants. Installation and technological development of new types of agitator being able
to operate even by low-power has also been undertaken. On the other hand, pseudo anaerobic
aerobic treatment method as restricted-aeration system at the first step of conventional activated
sludge process can be also more than a little efficient approach. That is the operation for
removal nitrogen and phosphorus using pseudo anaerobic phase formed by adjusting aeration
condition according to the quality of influent waste water instead of agitators. This system does
not requires immeasurable cost and can minimize new investment for reformation due to
relatively scale-down work of construction, as a consequence, emission rate of CO;, can be
reduced by cutting off the power consumption for agitator. In addition, the minimum required
air volume to make activated sludge agitate in aeration tank of restricted-aeration A%/O can be
ensured by slight air volume corresponding to a few % levels all the air volume supplied in
aeration tank.

It is represented that characteristics of influent waste water can be control of air flow rate as
other interesting approach. Almost all WWTP in Tokyo had usually adopted feed-back control
system monitoring of dissolved oxygen at the end of aeration tank. However, this type of
system cannot prevent supplying excessive oxygen by reason of not focusing to oxygen used
for nitrification of ammonia. Efficient accommodation had been required in Tokyo mainly
adopted combined sewer system to deal with adequate waste water treatment in one third rainy
days. Since one-third of the year is a rainy day in Tokyo, effective operation to improve effluent
water quality had been required. Feed-forward control system had been introduced to the
treatment of sewage or wastewater instead of traditional feed-back control system in Japan,
because of equalization of treatment water (Toshiba Corp. 2001)(JFE Steel KK. 2009). As one
case, control by electric conductivity, which does not use any reagents has lower running cost
and is easy to maintenance. Therefore, the case of sewage treatment to adopt electric
conductivity to evaluate activated sludge had also reported (Hitachi, Ltd. 2005). So, feed
forward air volume control system by monitoring water pollution of primary effluent was
examined to resolve this excessive supply of air volume.
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INVESTIGATION

[AMMONIA+DO SYSTEM]
Schematic representation of Ammonia+DO control system
Flow diagram and treating process by ammonia + dissolved Oxygen (Ammonia+DO) system
are illustrated in Fig.1.
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Fig.1 Flow diagram and treatment process by Ammonia+DO system at aeration tank
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Fig.2 Process of ammonia concentration at the phase of aeration tank

This system allows a substantial lowing of air flow rate in aeration step by means of oxygen
demand estimated from monitoring data of ammonia concentration level, and moreover control
of dissolved oxygen at the end of aeration tank is complementary function to not decay quality
of treatment water. Ammonia nitrification is made much more progress by addition of air flow
rate in case of increasing ammonia concentration at C zone in consequence of declining effluent
water quality or increase of water flow rate like during rainfall or storm conditions. On the
other hand, ammonia nitrification can be restrained by running down aeration level, when
ammonia concentration is lower level at C zone or also influent quantity is lower level so that
air flow rate is reduced relatively to normal operation case. This system can achieve efficient
operation to improve effluent water quality with saving energy, because of the control of
ammonia nitrification with constant level of dissolved oxygen concentration at the end of D
zone (Fig.2).
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Experimental site

This experiment was undertaken at Kosuge Waste Water Treatment Plant (WWTP) in Tokyo.
Treatment plant is located at south area of Katsushika ward in the eastern region of Tokyo and
160 thousand m® of sewer water, from 2,172ha width of area included Katsushika and a part of
Adachi ward, are received per day in 2009 and planned treatment population is about 260
thousand people. Treatment plant consists of east and west treatment line separation,
experimental site was east line treated about 70 thousand of waste water. The combined sewer
system is adopted in all of this area, thus a large amount of storm sewage influent flows into the
treatment plant. In addition, characteristics of influent waste water, as is obvious, can be easily
changeable relatively to fine weather day. Schematic view of experimental treatment process is
illustrated in Fig.3. The volume of A zone as anaerobic and from B to D zone as aerobic are
729m3 and 7,747, respectively.
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( anaerobic ) ( aerobic ) ( aerobic ) ( aerobic ) o
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Fig.3 Configuration of the east plant at the Kosuge Waste Water Treatment Plant

Parameter of the Ammonia+DO control system

One aeration tank was used for Ammonia+DO control system, one of the other tanks was used
for dissolved oxygen control system for comparison. Instrument used ionic electrode was
installed for measuring NH4-N concentration in Ammonia+DO control tank. This type of
analyzer can be applied long-term continuous measurement due not to emit liquor waste and
operation can be carried out on the basis of real-time on line data. These characteristics also
show direct analysis by the detector under the waste water without using sampling pump and
regents for analysis.

Parameters of Ammonia+DO control system are shown at Table.l. Monitoring of NH4-N
concentration was carried out at the end of C zone in the aeration tank. Parameter NH4-N value
was 2.0mg/L from January to April and 3.0mg/L after middle of May. Parameter dissolved
oxygen value at the end of D zone was arranged to the range from 2.5-3.0mg/L to 1.5-2.2mg/L.
Parameter dissolved oxygen value also for comparison at the end of C zone was 2.0-3.5mg/L.
These parameter values were decided so as to be equal level in effluent water quality between
experimental and comparing tank.

- 247 -



Table.l Parameters of Ammonia+DO system

Method Parameter  January February March April May

DO " as30 23300200 55 1522 15202
AmmoniatDO (mg/L) 1.5-2.5(21-)
NH4-N 20 2.0(-17)
(mgN/L) ) 3.0(18-)
2.5(-13)

. DO 2.0(-20) ¢ 2.0(-17)
Fixed DO (mg/L)° 2.0 2.5021-) 3.5(14-) 2.0/3.0 2.5(18-)

2.0/3.0°(16-)

a:Dissolved Oxygen for Ammonia+DO control was analyzed at end of the D Zone of the
aeration tank.

b:Dissolved Oxygen for Fixed DO control was analyzed at end of the C Zone to control of the
aeration tank.

c:Dissolved oxygen value was 2.0mg/L from 8 A.M. to 4 P.M. and 3.0mg/L rest of the day.
Methods for investigation

Two reaction tanks were selected for the experiment on the basis of preliminary research. One
was Ammonia+DO control system, the other was dissolved oxygen control system. The amounts
of flow rate and influent waste water quality of these tanks are almost equal level. Comparing
examination of the relative rate of air volume supply was undertaken not to affect the difference
of influent water volume. NH4-N, NO,-N and PO4-P concentrations at the end of D zone except
NH4-N concentrations at the end of C zone were analyzed to evaluate water quality
experimental results according to the official method. Additionally, air volume at aeration tank,
the amounts of flow rate of influent and dissolved oxygen concentration at the end of C, D zone
were monitored per 1 hour, respectively.

NH,-N at D zone of Ammonia+DO NH,-N at D zone of fixed DO
Relative air volume of Ammonia+DO Relative air volume of fixed DO

[y
o
1

[o¢]
L

Relative air volume(-)
NH,-N(mg/L)

311 3/6 311 3/16 3/21 3/26 3/31 4/1 4/6 4/11 4/16 4/21 4/26

Fig.4 Relationship of air volume supply for aeration and NH;-N concentrations after

Results of waste water treatment

Relation of relative rate supplied air volume to comparison tank and NHy4-N at the end of D zone
is shown in Fig.4. Concentrations of NH4-N were analyzed by samples collected on 10 A.M.
NH4-N concentrations were temporarily increased in experimental and comparison tank,
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because of snow on March 6th. By constant inflow of storm water from 21st to 23rd, NH4-N
concentrations were also temporarily increased in experimental and comparison tank. On the
other time, the water quality in effluent at the end of D zone of experimental and comparison
tank were similarly equal level. Continuous operation for optimization of parameters from
January to February could be induced relative rate of air volume supply to the amounts of
influent to decrease to comparison. Relative rate of air volume to the amounts of influent in
experimental tank was 3.8 and comparison tank was 4.0 at monthly average, respectively. Thus
3.7% of relative rate of air volume to the amounts of influent was reduced by means of these
operations.

Meanwhile, significant reduction of relative rate of air volume supply to the amounts of influent
was not observed during the period influenced by storm sewage. Since April, as reduction of
relative rate of air volume supply to the amounts of influent had been observed constantly and
dominantly, it followed that average relative rate of air volume supply to the amounts of influent
was 4.4 at experimental and 5.1 at comparison, respectively. Average reduction of relative rate
of air volume supply to the amounts of influent reached 15%. The rates of reduction of
experimental tank to comparison during investigation period are indicated in Table.2. As
previously described, gradual decrease of reduction of relative rate of air volume supply to the
amounts of influent had been observed after modification of parameter from January to February,
therefore average reduction of relative rate of air volume supply to the amounts of influent
reached up to almost 16%.

Table.2 The amounts of air volume reduction by adopting Ammonia+DO control

system
compared to dissolved oxygen control system
Month January February March April May
Reduction rate (%)" +7.6 +16.8 -3.7 -15.4 -15.7

a:monthly average
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Fig.5 One case of processing status of waste water at rainy day (May 17th, 2011)
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Drastic change in quality and quantity of waste water can be occurred in the rain against the fine
day. Influence of such characteristics and quantity to the operation of Ammonia+DO control
system was researched during experimental period. Rainfall of 2mm was observed in experiment
undertaken at May 17th, flow rate of influent was increased twice as high compared to typical
fine day condition. Processing status of waste water during experimental period is shown in
Fig.5. Increase of flow rate of air volume in experimental and comparison tank, because of
insufficient nitrification attributed to increasing of amounts of influent water. These results
indicated reliable operation for treatment can be maintained within 1.5 at maximum relative to
typical fine day level as an acceptable range. The Ammonia+DO control system is good for
operation to improve effluent water quality with saving energy, as water quality of equal level
relative to dissolved oxygen system can be maintained even the changeable condition of influent
water quantity and flow rate of air volume supply during aeration can be saved in less
changeable case of influent water quantity.

Annual savings of energy

As 10% of air volume supply could be reduced on the basis of the estimation by the operation
in these results also taken into account for influence of rainfall frequency, this amounts of
emission cut corresponds to 28tons of CO; in one year.

Operation and maintenance
Operation maintenance of ammonia meter was carried out per one month. Electrode of ammonia
meter was exchanged to new ionic electrode three times per one year.

Estimated operation cost
$300,000 was used for installation of this system, moreover running cost required for
maintenance and supplies expense is approximately $5,000.

Requirements for installation

Treatment plant receiving drastic change of quantity and quality of influent waste water has to
be avoided to installation of Ammonia+DO control system, because of difficulty for saving
energy by reduction of air flow rate. It should be appreciated that this system could be
introduced in a treatment plant having complete nitrification due to its control by means of
monitoring data of NH4-N concentration. This system may not be adequate for high
concentration of NH4-N in effluent water not to nitrify sufficiently. As another requirement, it is
significant that reduction of air flow rate is directly proportional to GHG reduction. Installation
for a treatment plant introduced control system such as using inlet-vane or inverter control is
suggested.

Future plans

OBecause nitrification rate is easily changeable by water temperature variation, influence of
operation strategy or parameters by difference of temperature and adequate condition of this
system according to all season has to be optimized.

OOperation strategy during the time remaining influence to quality and quantity by storm
water such as attenuation of NH4-N concentration according to passage of time.

ORequirement toward installation to the other treatment plant having several characteristics
has to be specified.
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[RESTRICTED-AERATION A%O SYSTEM]
Experimental site of restricted-aeration A%/O system
Schematic View of Kitatama nigou Waste Water Treatment Plant undertaken this experiment are
illustrated in Fig.6.

Fig.6 Schematic view of Kitatama nigou Waste Water Treatment Plant

Treatment plant is separated to three trains of conventional activated sludge plant and one train
of A%/O plant. In this experiment, one of three trains of conventional activated sludge plant was
altered for use in restricted-A*/O process. This treatment plant receives combined sewer waste
water. Meanwhile, all influent waste water flowing into each aeration tank is the same.

The submersible pump provided for nitrified liquor recirculation to aeration tank used for
restricted-A*/O process was installed at the end of aeration tank, and returned nitrified liquor
recirculation to the anoxic tank. Aeration tank used for conventional activated sludge and
restricted-A%/O process were equal size, however that of A%/O was about two times bigger than
the other one. All pumps used in return sludge or nitrified liquor recirculation were operated by
constant flow rate.

Experimental procedure of restricted-aeration A%/O system

Experimental period was from May 2009 to February 2010. Composite water samples of
influent and each effluent, restricted-aeration process, conventional activated sludge process and
A*/O process, of 24 hours were collected on every Wednesday by automatic water sampler.
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Activated sludge mixtures of B zone for except A*/O process were sampled for the measuring of
nitrification rate and denitrification rate, and sampled at the end of anoxic phase in regard to
A*/O process. Additionally, electric power consumption supplied to nitrified liquor recirculation
pump, return sludge pump and agitator were compared by electric power meters. Operational
situation during experimental time of each treatment processes are shown in Table.3 and water
quality of influent water to aeration tank and effluent water of each treatment processes are
shown in Table.4.

Table.3 Operational situation during experimental time of each treatment processes

Restricted-aeration Standard-activated
A2/O process sludge process

Ave. Min Max. Ave. Min Max. Ave. Min Max.
Flow rate 12,623 5,15 18,8 13,00 7,46 18,91 23,27 145 28,41

A2/O process

(m3/day) 3 56 4 5 2 1 24 5
Return 26 16 57 23 15 39 25 0 38
sludge (%)

Nitrified

llquor 148 7 355 - - - 82 5 132
recirculation

(%)

Circulation 174 23 412 23 15 39 107 36 164
rate (%)

Aeration 2.9 1.3 44 3.2 1.6 4.4 30 16 3.9
ratio

MLSS 2,020 1,61 2,50 2,040 1,31 2,630 1,950 1,43 2,770
(mg/L) 0 0 0 0

SRT (day) 10.3 50 255 122 57 36.9 109 6.8 255
ASRT (day) 5.1 25 127 9.1 43 277 6.1 38 144

Anaer 2.3 15 56 2.2 1.5 3.9 09 07 1.4
H obic
R Anoxic 2.3 15 5.6 - - - 3.6 2.8 5.4
T  Aerobi 4.6 3.1 11.3 6.7 46 11.7 5.7 4.5 8.7
(h) c

Total 9.2 6.2 225 89 6.1 155 96 79 154
*Cells were black out the tank to be operated by restricted-aeration
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Table.4 Water quality of influent and effluent of each treatment processes
Restricted-a Standard-ac

Influent eration tivated A2/O DIOCess
water A2/O process sludge P
process

Ave. Max. Min  Ave. Max. Min. Ave. Max.Min. Ave. Max. Min.

BOD(mg/L) 116 176 50 5 11 1 2 4 1 4 7 1
ATU-BOD(m 89 114 39 1 4 O 1 1 O 2 3 1
g/L)

Dis.a-ATU-B 35 51 13 - - - - - - - - -
OD(mg/L)

T-N(mg/L) 23 27 10 69 92 36 91 11 64 7.2 91 54

NH4-N(mg/L) 16 20 7 1.4 47 00 06 49 00 04 15 0.0

T-P(mg/L) 3.6 52 1. 11 43 03 12 26 01 06 1.8 0.2
6

PO4-P(mg/L) 22 35 0. 07 1.8 01 11 27 01 04 1.8 0.1
9

a BOD samples were analyzed after filtration of 5C filter paper.

The amounts of emission of excess sludge

As emission rate of excess sludge significantly related to elimination performance of nitrogen
and phosphorus, first of all, emission rate was considered in the evaluation of treatment.
Emission rate was calculated from the concentration of suspended solid and dissolved
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biochemical oxygen demand (BOD). These experimental results indicated that emission rate of
excess sludge depended on the load of BOD. The volume load of ATU-BOD was strongly
correlated with emission rate of excess sludge in restricted-A%/O process and also A*/O process,
thus emission rate of excess sludge could be estimated by BOD of influent waste water and
amounts of treatment water. Furthermore, relationship emission rate of excess sludge per unit
volume size of aeration tank converted to apply the conditions of other treatment plant and the
volume load of ATU-BOD in the restricted-A%/O process and also A*/O process is illustrated in
Fig.7. On the basis of this correlation, excess sludge is generated under 0.08kg/m’/day of the
volume load of ATU-BOD, however can approximately increase linearly over above value. In
other words, increasing of emission rate of excess sludge can lead nitrogen and phosphorus
elimination efficiency to improve.

Phosphorus removal in restricted-aeration A%/O system

Increasing of emission rate of excess sludge is significantly available for phosphorus removal.
As emission rate of excess sludge well correlated the volume load of ATU-BOD, the
relationships of the volume load of ATU-BOD and phosphorus removal was also considered.
This correlation was represented in Fig.8. Analyzed data of the restricted-A%/O process and A%/O
process had similar trend, therefore these results indicate that performance between both
processes had little difference about phosphorus removal. We can also estimate phosphorus
removal efficiency by means of correlating equation of Fig.8. This trend graph shown at Fig.8 is
straight line not from origin, therefore there is limited level of the volume load of ATU-BOD to
cause increased phosphorus concentration. On the other hand, stability of phosphorus removal
extremely attributes to operation by specific level of the volume load of ATU-BOD.
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Nitrogen removal in restricted-aeration A%/O system

Breakdown of nitrogen treatment downstream of reaction tank was considered in order to
compare with nitrogen removal. Firstly, the amounts of phosphorus emitted as excess sludge
were calculated from its breakdown, continuously solid volume of excess sludge was calculated
by phosphorus concentration in sludge. Additionally, nitrogen emitted as excess sludge was
estimated due to the value multiplied solid volume by nitrogen concentration contained in sludge.
This approach for estimation is more appropriate in biological/constantaneously nitrogen and
phosphorus removal. Breakdown of average nitrogen removal in experimental period were
shown in Fig.9. Elimination rate of nitrogen by restricted-A*/O process was highest level at 74%.
A?/O process had equal level and its slight difference depended on nitrified liquor recirculation
rate (restricted-A*/O process:148%, A*/O process:82%). These observations represent that two
treatment process, restricted-A%/O and A%/O process, have hardly definite difference.
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Fig.9 Compositions of T-N emission by treatment process

Cost by implementation of restricted-aeration A%O system

Initial and running cost of restricted-A*/O, A*/O and conventional activated sludge process
(pseudo AO) were compared. Initial cost shows construction cost to alter a part of aeration tank.
Experimental results are shown in Fig.10. Result of estimation indicated that initial cost of
restricted-A%/O process is only slightly higher than that of conventional activated sludge process,
but much lower than that of A*/O process. Running cost of restricted-A%/O process is equal level
to conventional activated sludge process, but slightly lower than A%/O process. Experimental
tank used for conventional activated sludge process was completely-mixed type easy to
simultaneously progress nitrification and denitrification in aeration tank. Therefore, as oxygen
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demand decreases by elimination of BOD attributed to denitrification, additional exchanges
from extrusion type to completely-mixed type aeration tank applied restricted-A%/O are critically
efficient for improvement of final effluent water quality and also reduction of treatment cost.
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Fig.10 Comparison of initial and running cost during process operation
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[Feed Forward Air Volume Control System for GHG Reduction in Wastewater
Treatment]
Experimental procedure
Investigations using actual plant were conducted at Ochiai Water Reclamation Center
(conventional activated sludge process). First, correlation between EC and other properties of
water was examined to know whether fluctuation of water pollution can be monitored by
measuring EC. Second, for using fluctuation of water pollution monitored by EC meter to
control supplied air volume, relation between primary effluent EC and concentration of
dissolved oxygen (DO) was examined. Third, behaviour of EC in reaction tank was investigated
with small scale reaction tank. This investigation was conducted at Nakano Water Reclamation
Center (A/O process).

Correlation of electrical conductivity and water quality

Samples showed below were collected several times, and their EC and other properties ware
measured.

Investigation term: 24 March 2008 ~ 16 June

Samples: influent, primary effluent, secondary effluent, and sand filtered water

EC meter: TOA DKK CM-20S

Measured properties: EC, CODy,, ammonium nitrogen, nitrite nitrogen, and phosphate
phosphorus

Electrical conductivity and supplied air volume control
In terms of constant air flow and DO controlled, EC of primary effluent and DO in the end of
reaction tank were measured successively.
Investigation term: 25 July 2008 ~ 26 December
Air control methods: constant air flow during 25 July ~ 10 September
DO controlled during 24 November ~ 26 December
EC meter: TOADKK CM-21P
DO meter: MITSUBISHI TY3301
Interval of measuring: 10minutes

Behaviour of EC in reaction tank E jg

Investigation was conducted as following: 2 60

10 litres of Primary effluent and 3.5 litre of 3

reverse sludge were poured into a i 50

cylindrical reaction tank that has capacity 40

of 15 litres. EC was measured every ten E 30

minutes. Other properties were measured at qczg 20

intervals of half or 1 hour. -% 10

0 ‘ Ll 1.

RESULTS AND DISCUSSION 3/1 41 5/1 6/1

Correlation of electrical conductivity

Fig.11 EC of influent (@ with fine line)

and water quality

Variation of Electrical Conductivity

Fig.11 shows variation of EC and rainfall
in investigation term. EC of influent and

and primary effluent (A with bold line)
from 24 March 2008 to 16 June, the white
bar shows dairy rainfall total (white bar)
from 1 March to 30 June.
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primary effluent were high level of 55mS/m or more when they were not affected by rain. In
contrast, EC of sewage was decreased by dilution on rainy days. Meanwhile, EC was decreased
by diluting with rain water in rainy days. If it was more rainfall, EC tended to be lower. EC
values of secondary effluent and sand filtered water were 40~45mS/m on Fig.12 when they
were not affected by rain. Those EC were tended to decrease in rainy days just like influent’s
and primary effluent’s, but their range were smaller.

Correlation with Other Water Quality

Relations between EC and COD of influent and primary effluent were shown in Fig.13. The
correlations are strong, and correlation coefticients were 0.93. From this result, EC can be used
for alternative indicator of COD. Having steeper slope of linear approximate equation, EC of

80
70

10 |

rainfall (mm), EC (mS/m)
N
S

o

31 4/1 5/1 6/1

Fig.12 EC of secondary effluent (H
with fine line), sand filtered water (O
with bold line) from 24 March 2008 to
16 June and tap water (% with middle
width line) from 22 April to 16 June,
the white bar shows dairy rainfall total
from 1 March to 30 June.

influent can detect variation of COD in
high sensitivity.

Because of it, effluent is suit for
monitoring water quality with the intention
of controlling reaction tank by feed
forward method.

Table.5 shows correlation efficiencies of
measured samples. Correlations between
EC of primary effluent and ammonium
nitrogen and phosphate phosphorus were
high level of 0.9 or more as well as EC and

COD. Fig.14 and 15 shows the correlations.

In contrast, samples after reaction tank
such as secondary effluent and sand filtered
water have some low efficiencies. Because
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Fig.13 Concentration dependence of EC
for COD, in influent (@) and primary
effluent (A). The data were collected from
24 March to 16 June.

Table.5 Correlation coefficients between EC

and COD, ammonium nitrogen, nitrite
nitrogen, phosphate phosphorus, turbidity
and chromaticity. The number of date is 28.
influe prima second sand
ot ry ary filtered
efflue  effluent water
COD 0.93 0.93 0.44 0.83
NH4-N 0.95
NO;-N 0.47
PO4-P 0.96 0.64
Turbidit -0.14
Chromat 0.85

of these result, EC can be used for index of water quality if monitoring spot is selected properly.
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Electrical Conductivity and Supplied Air Volume Control

Constant Air Blow term An example of EC of primary effluent, DO in the end of reaction tank
and air volume variation is shown in Fig.16. EC value decreased with rain in July 29 (the
rainfall was 38.5mm) and after that the value increased. In that day, DO value definitely
increased at almost the same time EC decreased. Increasing DO value means pollutant
concentration decreased because of rain. EC meter can detect decreasing pollutant as well as
DO meter. In not rainy days, the DO value increased (decreased) and supplied air flow
decreased (increased) in response to the decrease (increase) of EC after the elapse of retention
time. EC value has correlation with DO value whether it is rain or not. In fact, in this
investigation term, EC value exceeded 57.5mS/m before DO value decreased below 2.0mg/L
9times in 10 and this phenomenon has repeatability.
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Fig.14 Concentration dependence of EC
for ammonium nitrogen in primary
effluent (O). The data were collected from
24 March to 16 June.

Although the survey was conducted for
eleven consecutive days without cleaning
the electrode, the measurement value was
stable, which means it is easy to
maintenance.

DO controlled term Variation of EC of
primary effluent, DO in the end of reaction
tank and supplied air volume is shown in
Fig.17. It can be read by this graph that
variation pattern of effluent quality
indicated by EC value was similar to that
of supplied air volume. From this result, it
is thought that excess and deficiency of air
volume and variation of DO can be
suppressed and optimization of operation
will be achieved by controlling air volume
with feed forward method using the data of

Fig.15 Concentration dependence of EC
for phosphate phosphorus in primary
effluent (@). The data were collected
from 24 March to 16 June.

EC (mS/m)

20

DO (mg/L), air (1000m?3/h)

725 727 729 731 82 8/4

Fig.16 EC of primary effluent (bold black
line), supplied air volume (fine black line)
and DO in the end of reaction tank (gray
line) at constant air flow term from 25

Jury 2008 to 4 August.
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primary effluent EC variation.
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Fig.17 EC of primary effluent (bold black line), supplied air volume (fine black line)
and DO in the end of reaction tank (gray line) at DO controlled term from 24
November 2008 to 26 December.

Behavior of EC in reaction tank
Fig.18 shows variation of EC and other
properties. EC value of mixed liquor

increased as phosphate phosphorus does (é_ %',,
while the reaction tank kept anoxic = E
condition for 2 hours. After starting § -~ 5
aeration, EC value decreased as é? ©
phosphate phosphorus and ammonium &~ E
nitrogen did. Between until §, E
concentration of phosphate phosphorus S o
got closer to Omg/L and after that, there < .
was a little different in rate of EC 0 5 4 6

decline. Time (hour)

Ith was Obiewted t?at ho“cll EECC Va}ue Fig.18 Variation of EC (O), COD (grayl
changes as treatment proceeds. EL value \ith dotted line), ammonium nitrogen (@),
in the reaction tank changes mainly with  njtrate nitrogen (A), nitrite nitrogen (black
concentrations of phosphate phosphorus W), phosphate phosphorus (X) and DO (+)
and ammonium nitrogen was indicated. in experimental reaction tank.

SUMMARY AND CONCLUSIONS
The results in these experiments led to the following conclusion:

Long-term wastewater treatment operation by means of ammonium-nitrogen and also dissolved
oxygen concentration was undertaken to keep reducing electric power consumption and
improving effluent water quality. The results indicated that this system achieved more efficient
operation from the aspect of wastewater treatment and electric power consumption compared to
the traditional dissolved oxygen control system under the condition of relatively less
changeable water quality and quantity. Though the condition of nitrification and/or installation
type of aeration facilities according to each treatment plant had to be taken into account, it was
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confirmed that this system was adequate to introduce in order to reduce power consumption
used for blower.

Operation of restricted-aeration A%/O system to simultaneously and efficiently remove nitrogen
and phosphorus by means of forming pseudo anaerobic condition in substitution for the form of
anaerobic phase by using agitator was researched. Results indicated that restricted-aeration
A*/O system made final effluent water quality improve equal level compared to the A*O
system by much lower initial and running cost. Especially, it is relatively easy to construct new
facilities to the existing plant.

Feed-forward control system by means of electric conductivity which had researched in sewage
and wastewater treatment field system as efficient control instead of traditional dissolved
oxygen control was investigated. Electric conductivity correlated several water qualities, and
tended to follow variation during rain and storm water conditions. Because of endurance to
long-term operations, installation of feed-forward control system for aeration to use electric
conductivity by selection of appropriate monitoring point would attain streamlining and
efficiency of operation for wastewater treatment.
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