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{4 Development of High—Efficiency Gasification Power Generating System

5-(1)-1 4| Using Sewage Sludge and Woody Biomass
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SN, £, BAKIZELTH, EEHEADO RUNG®IZEBW T, EERFEAD RUNOD LV
PO4sPEAMENEBIN TWVWDEIZ ENL . LACOEAENZ WS SIZITEEFEADIE O N
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&R L, REERIRENFE T,

T, VAREDZ 77 X0, BEXKMEIZHIA 50

RN LRSI TOY ALY AR 3, . f .

EOBGE RS L, BRREOEBICE-TY otk a0t

ABRIED ARIESEBIL THY | R § osope go’%‘:‘ ‘s

HLTYADISHLATON TSI LD Zul b el 4o

o, EHERRAEROBNEDLOTHE S B |L | ety %

LLEZONLN, M4 L0, v ARELE  f .o o

W DHBER D = & 0D, HESTO Y A Yo s s ow s

DUk = H LTI, FEROPBNKE N L REBIABIENABE e/

WA T, K4 BIEICBITHHRARREEL
E, VAREEL T TECWETAT HOYABRIEY AREOHBER

WETOMMT, SA2H~26 H& 6 30 H~7 A 3 HIZHE 4RO TYH VBT AR
MWER LIz, BINEDZZ 706, ZORRKIZERNOZETH) AOHEH LB AR+5Tho7o 2
LlEEHEESND,

LU, Bl & OBRMEEZ BET 2 F0 bR Sz, —2ik, 5 A NAaND 6 AlZiFTo
EHIHOBENTH D, ZOWIRITMkG L CRRZBHIL, TOREBIZ XV ESME TO Y Ao
HLBARF Lo TV, ZRICE0D BT, 5 RO AR APREEITZE L T
Teo FTBRHT 8 HUBRIZIX, BRAD 2K TOD ADHEEH L b+ ThHDHITH b
LT A AREREWIEENRZ T b, 8 H 7 HIZZO—HIT, FH _HF5XMEHOTY
AFBPE D APREED 2.1mg/l &9 EVMEZE R LTz,

ZD2OOHEFNT, BEEKMETOY ADOHEETH L ELBEKO D ARE L ORREESEET S H O
TIERWVA, VAP B2 52 DR F13, BRSO AOEH L2 T, MichE
FRRAFNBHDHIEERLTEY, SHROWHETH 5,

5.2 i H BRI O FH AR 5

Wk 20 AREE S Hh 3 AoEHRERT, WGBSR (BOGE) OFEEZEMm L, 5 Hb 11
RIS TIEE— Lk, ASRs . 55— Rl B — XUl o8 MRl 5 AR, R
TR O KGN D 2 K] T L ICEK L, ENENOREICE W TR Z E 07 =T EER,
YRR R, HEAMESRFR, VARV A, REZRORY ABRELZE Lz, ok &, %45
MR E L TRO - RERBEEZ T B =T HEER, WHERIEESR, MBEERBEEOAE
NERILOARESZEULTETED, REEMVAERMEEROENARHATH-72, £2C, 2 A0nB3
AT TlE, BRI ATIOREBRZ MZ T2 M S LIk L, ZNEND AR EZERIRE L
Tear iRy y MREHZOWT, OTHEBIC I VE — VERE ML THE Lz, 7 AVE—VERE
HETHZ LT, REREAEEEENRHIN, SIS TOREOFE ZIET L2 08T
o, o, BROFNERBRIKELFRL, HREZ LI ARMEL RO, BB 2IZHEAD



ARERERRLOEH LA EZ R L, BHRBROMBERE, —F4@ U OKEICKRE 22T
2Tl ot,

Z O HRBRFRIC I VIS DN TR PO DEFE - W ADZEENI OV TIRRET LT,

T, BRUGETORESRE - DV AOZEEZMHETT 21CHh720, NRE] TIMET 20Tk,
[AmE) CRHMli T o MERH L L E2BR5, HlZiX, 5 ADT U E=THERZREIZONT
HD & HILBLE AT 14.3mg/l 7225, HREUE TiX 6.3mg/l & R E IREDRED LTV 5,
ZHUTREFBIRIC L D2 H RO O TH D, Flo, H—HEBRFEMTIT 4.9mg/l IZIRENEAD L TE
D, ZHUIBEIRTERICE DA NOT=DTH D, S HIZFEERIC, B HBBRE/ECIIAT v 7 HA
WCEDHIRNH DT, FAEORE 2 L CUEMEELZ M52 3Ly, £2T 20
WEBLZIORS 720, MESNEKREICENENOKEEZRLDZ LT, EENRLHEES A
FMETERL, 27 v 7 A0 EOEMEREDORMEEZ D)) 9< LT,
£ 21212 Aol BRBRERICOW T K HERBRICKEEZ R UIZZNENOR Z & OIRAK
O AN &L R~T, FLIORHMEREX S I/ 7 7 TR LT,

®2 BEILORA-REBFRE(12A8)

O-NEFE | NH-NEFE | NO2-NEHE | NO-NAHE
~NET & BFE BFEE SFE = NOINERE
—iRH 25 95 0.0 0.0 = NO2NEHE
HEA 2.9 9.7 0.0 0.2 2 NH4-NEfT &
mOr-NEFE
A 14 9.3 0.0 0.1 8
—&A 1.5 9.3 0.1 1.6 15
=
— 1.2 9.4 0.0 0.1 >
x
—4FA 1.2 9.4 0.0 0.1 =
— 57 08 0.0 0.1 96
ZEA 3.3 95 0.1 9.6
5
—m 15 7.8 0.1 0.3
A 15 78 0.1 0.3
k5 0.8 0.0 0.1 8.6 0
M EA R —RA M —IPA —HTH TRA THEH THEA SHH SHA MEK
A 0.7 0.0 0.1 7.1
v — o 5
mEA| 06 00 o1 .9 5 REBZLODERDEY (12A)

£ OB EEREMIE R T 5, B IERRFRA O TSRS 0 TR0 o TR R SR
WA, B -ERFEEHO TR RoTWD, I OMERMEERAR EOHINIEE A <HE» 60
EETERIC L D2 b DO TH D, THUTH AR 0 &8 R A D 2 g 5 & %1k
FREADTHEINL7ZAMESTZTED L TWD 2 enband, £io, HERERETH Iz
T, BN UMM ERN R 2o TS 2 L0h, MRS IC X 2 I E 3 HERIZThh T
DT EWTMND,

RIT, F—HREERT DL, RERBITZEFLEDL T, T UoE=THERD LMIEMEER
NETENEA TS Z R Gn5, £, TOZEEE X THRERTH 5,

SOITH HEMAEICOVWTRERT D L B ERREMA D TR A H 0 T o ERMEE

BEAMEIIFOEFET, TUoE=T R %ﬁ”%i)ﬁﬁé‘))ﬂbfiab ZAVUIAT v THRAIC L B A
W Th D, & MRRFML O CIIMBEERANENZIEE 20, BENMTbATnLZ &R
/\7)6

F 7 IR A & ALBK ORERE M E R AR EORD IR, IBREGIEE LTSI A RIS

D, MELIESTEEEZOND,

12 A5 3 A2 2 KIS TOERREROFEHNFUL, H—4F5M8 0 658 MR co
JHZE THI 65.4%, 5 AFEHE D 8 — MELEAE DR LIRIGER IZ X D BEE TR 12.5%, FH—ifF5Al
LB CTOMEN 2.7%, 6 XA LIEE TOMREN 2.1%, BEEl GR%EIGIR) TOl%E




N173%Tholze 2D NG, BHEBEOTLIL, BEBRBEMTHDL Z LB T,

— 5T, WLIRAEERIC & 25— MM TORERIZME, ZOFRKE LT, #Fitv=aT L
TERIE STV D I BIRIEBR 2R 80%Z 6 L. HRFSILRMiEE TIL 30% CTHEEEL TWD Z EARE 2R
FRER-oTWDHEEZBND,

0 ANZDONT S 4%l U CRIROME ”
Mz R LT X612 12 HOARA QKO
MAZI T 5 0 AR A BT & D2 E)
Y, AT v TIAKN 50%TH D Z
LD IEBIREE 50% & T 5H & Hi
B DFAKIZH L TIHFEE 100%272 5,
TDOT EMBIREHIROFET, ks
HORRCHBE DA ETHZET, Y 0
MV A 5.2 5 DO TR0 L5
BRI, L, Kenrbbnd ko K6 HBEZLDOYAEMEYAERE (12A)
ICHEAE Tl ADREE H LS55 124T
PITEY, F XTI AOBEREBIRDNTOITWe, E708 mBREMA T 6585
TR AR LT, BEY AOHEH L EEFEREIN 52T TnD Z PR TE 7,

WIZ, 6 AD 9EENG 19 E TOREM L O AVBEMED AREEL 2K 7 18T, F— TR
FHAD Y ABME Y ABREIXZIER U8, ML ST VMDY AIREE, T72bb
D ADHEEH LICKRE RZER T,

B PO4-PETE

(Kg/h)

—ikH BMEA MEH —JA —RH A —FH ZHEA ZHEH ZHFA ZHE DA REK

x3 YAREDOEREZEIL (6H)

Bl o " " 12
W Uk — ? % T B3 % 10 ——oEF R E 3R
. || g | =l =1=1]2 —E— (5B TR —e— 19
BR e L | B | Bl w | B
e o s | B p , E
i | A . | = S| B | me
LSO e Elw | Bl | ow | =
H o il 1 4
K
2
9l 8.5 1.6 7.3 60| 00] 05| 00] 0.0 )
110 10.4 1.3 84| 6.1 0.0 1.7] 00| 0.0 0 o s - 13 p— o -
131 7.1 1.3 [ 10.5 72| 00| 24| 0.0] 0.0 ’ = - = -
151 14.2 1.7( 122 87| 00] 39| 00| 0.0 v * =
17§ 10.6 14) 125 102| 00[ 43| 0.0[ 0.0 7 %}im%@ﬁFﬂﬁﬂO) L) AJE&,I.E L)AJ
8
19HF 13.3 1.6 | 12.7 9.7] 00| 38| 00| 0.0 I’EE ( 6 H )

3LV, HEKHETOY AOHEH LRSIt K OFFRRIRE & 1%, MRS 5 X
INCRZIT NG, £ OfmiL, F BRI LR CH 72, — B ORI OFEWEE M
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6 (GURALELIEOK & HFRRIC K D 0 ABRE
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RZWI TS T TWDH 72, (HIRAE TR D OBRKAMBRE VY, ZD7D, KLHIZH
RERD ARARFRIRSTL Do X 8 ITHEAKFRLR L & {5IRALENRIK 28 A T2 ROSHE N 1 O
REDZ 77234, M8 LV, MAKLY bEUSHEADDIE D 2, BFRREDR R 2> TnD
DD D, BT, BENFEORE THRAKOERRRE MRV & 26 B TEHRK A K LE]
TRRIZE->TL D2 &L T REAATIZH DRREDOFRLREDHERF STV D Z R mhoT,



Bl Z 12 TEAKEERRIR L3 0.0mg/l D & X 4|

FOGAE N 1 TR 33.4mg/l O FERRTE FE 25 H 500

ENic, Fio, FHOBFRREITMATKT 2 ,, ¢ o, .
14.9mg/L, RISHIANT19.1mg/L, EHAT & . . Sav A

442mg/L T o 1-, § e et ':a' 3, N
WARPIERR LY, BCOD A0 B o § g 2 ST

WX L EERRBEOMBAI oMot B de o 350 .

CLh, REMADCHREE £ RS N e .

TENEBEREEEXDH L, HIRAERAK MR VR o o oo o
STL DI LiE, WABREDTEDIZZEL T A K EERREE (me/L)

B & AT 2 LV S B D, A K8 ERLERKLEEEERE

a5 252 ENTELREICR>TND E

EZ25N05,

7 FRERER

K 20 AR FE VA L CHRBFIIR OFHAE 2 £ L CE 72, T ORER KD Z EBRHL NI T,

(1) K T b SN EHRIE, FH  EmBEEE CIRERENER T A Lo TR I LTV
77

() % AR TR SN R, IIMLRIER CF —ERMEMICR Y HESh T\,

GG T Y D& H UL, 35— IR H K OFERRIRE S ARBEIR & 5 2 & M fEsE Sz,

(4) ZoMmL, F _EBEEECLEEK T,

(5) RUSHENTOREHZREROPOIT, B MBEMTH -T2,

(6) 5 HMH 3 ADBRERDOYELT, EFEN 2% T, VAN 1% TH-o7,

(7) 0 AR EALT D8R & LT, BFRESMNCBREROH D Z R TR IT,

(8) VAR A DI ARBRITIR D Z & C, SR AKIZ S 2FREOFBRE AR cE b2 &
DHERTE T,

7 SOl

AT v 7 A0 EDHIERFHMEIC L D &, EHE T 80%LL . VAT T5%LL EOBRERNRIT L
TW5, ERROFEEREIRT LI, HBIIZD AT v 7 A0 Eligk Tlk, REHMEZ B2 HBRER
LTz, LasL, MBIKEIZ 48 U TH 4 5 m’/d TREERES (6 77 mYd) @ 65%DETfH T
Hotz, S, WHHETID 100%DAM T, ZOKEEHER TE H0NIREE 25,

Flo, FABELUTREME Y BIERWIHLIRIEERE CEiR AT o7, £ 2T, RiHMEIC LV
W EIRAR R BICAE T L CEls T 5 2 & C, B EBIEM COERRERLZHITHZ L bMFTL
oW, LaaL, ZEHRBRERNN BT 55T, FERIEM, H—ir5E TORER 2 R
DI LTI AR 72 BB S 5120 OB HE BT 2 L A TR S5,

INBHOMEEZIY BT T T, WGTRIER O el 72 i E BT IEICOWTRET L, &
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ZE Gk

Bk EER
58 68 78 88 9A 108 118 128 18 28 38
RIEKE (mP/H) 36,400 38,930 39,620 42,070 44,590 44,560 44,150 43,320 42,890 42,930 38,030
FE—ILEt |DeRREERY () 3.2 3.0 2.9 2.7 2.6 2.6 2.6 2.7 2.7 2.7 3.0
KEEER (m®/m* H) 39.5 42.3 43.0 45.7 48.4 48.4 47.9 47.0 46.6 46.6 41.2
BIRMEKE (m*/B) 36,400 38,930 39,620 42,070 44,590 44,560 44,150 43,320 42,890 42,930 38,030
SE%EREE (md) 18,040 15,560 15,850 16,870 17,830 17,840 17,030! 17,340 17,180 17,190 15,220
BIEBRE (%) 50 40 40 40 40 40 40 40 40 40 40
L REEAKE (mY) 14,400 11,710 11,930 12,750 13,410 13,410 13,270 13,030 12,880 12,910 11,440!
HILKRERE (%) 40 30 30 30 30 30 30 30 30 30 30
EERBAE (m?) 0| 0 0 [0) 0| 0 [8) [0) 0| 0 0
ERE (mY) 111,250 114,120 | 136,800 | 166,850 | 154,830 128,970 152,590| 141,320 154,010| 154,790 128,890
EREECKE) (Nm*/m®) 3.1 2.9 3.5 4.0 3.5 2.9 3.5 3.3 3.6 3.6 3.4
EYRICHE SIS EEN 6 1.5 1.4 1.4 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.5
E-EBRFETEEE 6D 1.6 1.5 1.4 1.4 1.3 1.3 1.3 1.3 1.3 1.3 1.5
F_EBFETEEM 65 4.7 4.4 4.3 4.1 3.8 3.9 3.8 3.9 4.0 4.0 4.5
E et A Gl 4.8 4.4 4.4 4.0 3.9 3.8 3.9 4.0 4.0 4.0 4.5
FEIFRAE R (B 6.3 5.9 5.8 5.5 5.1 5.2 5.2 5.3 5.4 5.3 6.0
RIGHEEFREE 85 18.8 17.6 17.3 16.3 15.4 15.5 15.5 15.8 16.0 16.0 18.0
BOD—SSff# (keg/kg'B) 0.10 0.11 0.09 0.10 0.09] 0.14 0.13 0.15 0.15 0.15 0.15
A—SRT (B) 9.4 8.2 8.2 8.3 8.3 8.3 8.3 8.3 7.1 5.7 6.3
B FKMEMLSS (mg/L) 1,770 1,700 1,610 1810 1930 1850 1950 2040 2500 2030 1690
REFRE (m°) 686 687 687 684 683 684 679 681 793 985 899
&= Rt SERREFRY (B 3.7 3.4 3.4 3.2 3 3 3 3.1 3.1 3.1 3.5
KEHER (m3/m? H) 9.1 9.7 9.9 10.5 11.1 11.1 11.0 10.8 10.7 10.7 9.5
EEH (m3/m-A) 130 139 142 150 159 159 158 155 153 153 136
BRL 2 AR D ORE & AR
T (mg/L) At (kg/h)
B | Plw | 2w |w|m|, Blw | 2w | w
e A I 2 P B i I B ]i . 3 I e e I
I S O IV B I BT B I O I I B I
3 i i I e o | OB | OB 2 L B ol It j;;’ | OB
it R I R I I I ol ||
H
Trea=TE# | 143 63| 49| 04| 39| 04| 01| 52 46| 50| 03] 54| 06] 0.1
zz MRy e TE 2 3 0.0 00 01] 00[ 01| 00| 00| 00 0.0 00 00] 01] 00[ 0.0
5 | % [AymeiEE % 0.0 01| 02| 35[ 02| 32| 24| 00 01| 02| 36| 03] 45| 18
A 2T v T A (14.3) (5.2)
Db AEEYED A 2.0 86| 63 03[ 25| 00| 02] 08 62| 64| 03] 35[ 00[ 02
NNAT v T AT (2.0) 0.7)
TroE=THER [ 147 71| 51| 00f 39] 00| 00| 6.1 53| 51| 00| 54| 00[ 0.0
% | AEEETE =R 0.0 00[ 00 00[ 00| 00| 00] 00 0.0 00 00[ 00[ 00[ 0.0
6 | # |mymeitzs 0.0 01| o2| 37 o2 31| 31| 00 01| 02| 37| 02| 44| 26
A AT v T (14.7) (6.1)
vV ARENED A 1.5 106 80| 00| 28| 00[ 00| 06 79| 80| 00[ 39[ 00[ 0.0
N NAT v TR (1.5) 0.6)
Trea=THhEH | 161 79| 56| 01| 54| 00| 01] 6.9 61| 57| 01| 7.7 00[ 0.0
2 WA E 2= R 0.0 00[ 00[ 00[ 00| 00| 00] 00 0.0 0.0] 00] 00[ 00[ 0.0
M ER T £ 0.0 01| o2 57 02| 44| 42] 00 01| 02| 58| 03] 63| 36
A 2T v T A (16.1) (6.8
v AEBRPED A 1.6 108 7.9 08| 33| 02| 05| 07 81| 80| 08| 47[ 03] 05
NNAT v T AT (1.6) 0.7
TUoE=THEHE [ 192 10.7| 83| 03| 45| 03] 00| 88 88| 91| 03| 70| 04| 04
2= iRy EeE R 0.0 00[ 00[ 00 00| 00| 00] 00 0.0 00 00| 00[ 00[ 00
8 | F |mimertER 0.0 01| 01| 74| o01]| 49| 45| 00 00| 01| 81| 02| 75| 41
A AT v T AL (19.2) ©8
Db AEEMED A 2.6 186 | 144 | 33| 63| 11| 15| 1.2 15.3| 158 37| 98| 18| 1.3
AEE 2T 2.6) .2)
TrE=THEHK [ 155 91| 61| 00| 40| 00| 01] 7.0 73| 66| 00| 62] 00| 01
2 | Rl eI 25 3 0.0 00[ 00| 00 00| 00| 00] 00 00| 00] 00| 00[ 00] 0.0
9 | % |mymettz 0.1 01| 02| 57 03| 37| 35| 00 01| 02| 61| 04| 56| 3.1
A 2T v T (15.5) (7.0)
v AEENEY A 1.9 98| 79| 17 24| 06| 1.1] 09 79| 85| 18] 37[ 10| 10
NNAT v TR (1.9) 0.9)




I BE (mg/L) AfiE (kg/h)
» % 1 41 - 41 - — - g e 4 - A - —
7 o & g&ﬂ g8 % ol | i & é;; 47 é;; |k
B | il B O I I i S| & a3
| B U IR U I T ]| |
=]
7TroEoTHESE | 147 11.2| 85| 02| 43| 02| 00| 71 98| 99| 03| 71| 03] 00
= | M E R 0.0 00[ 00[ 00 00| 00| 00] 00 0.0/ 00| 00| 00[ 00[ 0.0
(l) # |mimprres 0.0 00 o1] 80| 02| 39| 40| 00 00| 01| 93| 02| 64| 38
I 2Ty TAM (14.7) (7.1)
Db ABEEYEY A 1.4 11.4| 93| 03] 13| 00| 00| 07 9.9]10.8] 03] 21| 00/[ 0.0
NIRRT v AT (1.4) (0.7)
7LoE=THEHE | 260 13.7]105| 04| 67| 02| 0.2] 123 11.7] 12.0| 0.4]108] 03] 02
2= MRy et R 0.1 00 00| 00 00| 00| 01] 01 00| 00] 00| 01] 01| 0.1
1 £ 0.0 01| 01| 74| 03| 46| 45| 00 01| 01| 84| 04| 75| 42
A 2T v TaR (26.0) (12.3)
Db AEEYED A 2.6 103| 80| 02| 21| 00| 00| 1.3 87| 91| 02| 34| 00| 00
ANNAT v TG (2.6) (1.3)
oV H— L BT 25.0| 16124 92| 07| 57| 05| 06]122]| 06]107]106] 08] 93| 08| 06
A= F# 53| 10| 16| 10| 07| 09| 05| 06| 25| 04| 14| 12| 08| 15[ 0.8]| 06
z|lrre=7izx 197 06]108]| 82| 00| 48] 00| 00| 97| 02| 93| 94| 00| 78] 00| 00
; # | R E R 00 01f 00f 00f[ 00 00| 00| 00| 00| 00| 00| 00| 01| 01| 01| 0.1
A T e 1k 22 32 01| 04| 01| 01| 83| 02| 53| 51| 00| 02| 01| 01| 96| 03| 86| 4.9
AT v FAT (12.2)
Db AEEYED A 24| 21| 144|108 27| 35| 07| 09| 12| 08| 124|124| 31| 57| 11| 09
AE -t (2.4) (1.2)
SV E— LR 27.3| 40139106 12| 68| 1.1] 09]129]| 15| 11.8]120] 1.4]108] 1.8] 08
ArEPEE R 61| 22| 16| 20| 1.2 1.4 11| 09| 29| 08| 14| 23| 14| 22| 1.8[ 08
|77z | 212] 1.8]123] 86| 00| 54| 00| 00| 100 07| 104] 97| 00| 86| 00| 0.0
1| % |mERymerEEE 00[ 01 01| 00| 00| 00| 00| 01] 00| 00| 01| 00| 00| 00| 00| 01
A R EEEZE R 00 02| 01| 01| 85| 01| 55| 47| 00| 01| 01| 01| 96| 02| 88| 44
AT o TR (12.9)
Db AEEMED A 33| 82| 194] 133]| 31| 43| 08| 12| 16| 31]|164]|150| 35| 69| 1.3 1.1
NNAT v TG (3.3) (1.6)
oV H— LB 244| 28] 11.8| 83| 14| 60| 12| 1.1]106]| 1.0] 93| 87| 15| 89| 18| 1.0
ArgPEZER 58| 19| 18| 14| 14 12| 12| 11| 25| 07| 14| 15| 15| 1.8 18| 1.0
z|lroe=7izx 186 09100 69| 00| 48| 00| 00| 81| 03| 79| 72| 00| 71| 00| 00
2 | % |HasmuER 00| 01| 01| 01| oo| o01]| 00| 00| 00| 00| 01| 01] 00| 01] 00| 00
A [ A 00 20[ 01| 02| 83| 21| 73| 70| 00| 07| 01| 02| 87| 31]108]| 6.1
AT v TAG (10.6)
Db ABEEYEY A 23| 34| 61| 46| 28| 27| 23| 16| 10| 1.2| 48| 48| 29| 40| 34| 14
NIAT v AT (2.3) (1.0)
LA — LR HE 291 26| 146|104 10| 77| 1.0] 07]120] 08]109]103] 1.0]109]| 14| 06
HrPEE R 59| 16| 21| 14| 1.0 14| 10| 07| 24| 05| 16| 14| 10| 20| 14| 06
|7 e=7ias | 232] 1.0]125] 90| 00| 63| 00| 00| 96| 03] 93] 89[ 00| 89[ 00[ 00
3 | F |mayEerE % 00 01f 01| 01| oof 01| 00| 00| 00| 00| 01| 01| 00| 01| 00| 0.0
A MR ZE SR 00 16[ 00| 01| 91| o1 66| 64| 00| 05| 00| 01| 90| 01| 93| 53
AT v T T (12.0)
Db AEEEDY A 32| 18| 135| 94| 19| 35| 08| 05| 1.3] 06]101| 93| 19| 49| 11| 04
NNAT v TR (3.2) (1.3)




3. MEKRERIE X R

(1) BREMDRH RAB M
1 ZEMRBRICLSIEZNRTASFHIAMFEEZMFICONT
2 EBAEBEICHTI-EMARMERKEORKEREIS

21T

3 BERKBEHMICLIIABGARERECXTLORA
5

4 FUEZTHEDOHZAWVWLEEREHWBEL AT A
o BH 5

5 KUBERISY FKEFHIBERE

6 KUEMSELETLH—BIEZZ=FR (N20) O HIB
D B F

1 NEKBEEUS—RRARICHEICEITHN20 R4 2R
T HHRE



3-(M-1 ZERBICKEIEEDNRAIRAFHIMFEFEMICDONT
B B PR fE B A BRER SRR i
(B 7 5% 0 % i w21 AR
ANIRC
1. B®

1. 1 4UBRERHMOBEEDREANRAOHLEE

WR T, HEHRERNED - THERERBESEE T (LT, T#F77 )
EWVWH ) ILESE, BEDRTAPHEOEEZIToTWD, BT 77 0%, WEHRT
APHO TR T L REIRT AT LICHHEREEHIELZED TV 5H,2007FK 19)
EEOYREMOFEEFHNCLIEENRT AHEZ, TEXOMH] < WHREH) &

WoletZd et AR ONTAOBBE I LI ELELDE R 1ITRT,

M7 ZANn6HET D NOPRERBEEZEDTWNWDL I ENRDND,

X1 FE70RAMOHEIADIBEENRARX (BRE)
2007 (CFRk 19) 4

IhziosL, Gk

BHAL : t-CO2
7atk A CO: CH4 N:20 HFC SFe & &t E 4 (%)

A D 314,868 314,868 43.9
15 U8 J5E H) 198 | 211,319 211,517 29.5
KALER - 75 JE AL BE 30,758 | 82,555 113,313 15.8
PRBE - B Al 58,718 110 27 58,855 8.2
ZD1th, 21,400 -12| -3,074 8 202 | 18,523 2.6
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F2lE B OSEOYHFAREKROEEZE 10 27T,

# 10 2 [ H OF MO A &K O &
1-1 51 1-2 514 1-3 =4
DO ZZ 7E 48 | WIZE DO I | DO — & 4
25 3 N & [m3/h] 675 698 758
ef s Y i [%] -10. 9% -7.9% AL HE
Y JEl & [m3/h] 3, 454 3,321 4,179
kf He MEAE [%] -17. 3% -20. 5% ALY

1-1 548X 1-3 SR, SEHHARIERN 10.9% D72 <, FHEETH 17.3% D72 <
o TWDb, £72, 1-2 58X 1-3 SIS, FHRARITHNT7.9% V2 < FHREIT
$120.5% D0 hoT WD, 1-1 5fil 1252 _DE, FHEAREITI-1 /N

3.3% M p Ay R EITH 4% % 0o T,
/o7 — 2R ICERFERE2FRLELLOZR 11ITTT,

# 11 5 2 [\ H DKM OXEAEE
1-1 51 1-2 5 1-3 5 A
DO ZZ 7E I | A4S DO 4 | DO — i i
5 JERE R 5.12 4.76 5.51
kf H HEAE [%] -7.2% -13.7% AL YEAE

oG, H2EAOERBRICBVTIE
(ETZE DO M) < TDOZEEME) < (DO —EME) ThHDHLOMRAELRTE,

BRI AT DORIEKEZ  FONICLDKET =216

13~16 1277,

AEL7, FORRAEE 12,

#£12 FE2EBOKHEKET —% (CEWHE)
1-1 5t 1-2 5 fti 1-3 5 il
DO % 7€ iill 1 w28 DO il fE | DO — i il 1
WMHT =7 HE%EFE (ng/1] 0.6 0.7 0.6
e A A A MR % 3R (mg /1] 0.0 0.1 0.0
Wit H A e vk %€ 38 [mg /1] 11.3 11.1 12.5
mH Y ABEMEY A mg/1] 0.0 0.0 0.0
s RHT7UE=7HER(E2EEH) o Fr BB ER(E2EA)
120 1151 =120 1151
E 1 O 12548 B0 -=-1-251E
ﬁ 8.0 | 1-351 ﬁ 8.0 13548
H #
L | R e e & 60
||+|| 4.0 B
g o 4
BN 2.0 freermmooo oo 2.0
| — P — P i —n
0.0 - : ! 0.0 Dl . i i
q’& \,\;90 ,;’5'00 '\1’590 ,§\"°° \990 ,L'\}QQ ,{,1;“00 ’\.'QQ /590 65.00 /\_'00 qQQ \,\;.Q() ';590 \55'00 <\®0 \?5.0() ":\;90 ’{/59() '\;.QQ 0590 6596 /\90
13 MHT7T v E=THEHREEOHR 14 WMHEMmEERREEOHKS

—132—



ML AR ER(EE2EA) 1o REYAREYA(SE2EA)

£=12.0 oo ——1-1548

| E 1000 oo -u-1-2518

& < 1-354#
Bl 8.0 Frooomeome oo o T B

# #

& 60 [ 115 - B 6.0 [
= B0 [ 12518 §\ 0
20 b 1388 B
0.0 : : : : : : ! 00 P—o——— T T
Q O N O O N O O N N O N O N N N N O O O O L L O
o® \/,\;.0 \,/,59 \359 \:\9 \99 ’1}9 ’):5.0 PSSP o® \;\;9 \,/,59 \5,5.0 \//\9 \,9 'L'\’.'Q 'f’g PO

15 MHMBEEZEREOHE 16 WHY A ABRBEOHE
BHOKZEHEKET — X245 E, 1-3 SO MEBEEERBENMIOM LY 0

RLEWNZ EN gD, Tk, DO ZESIE & O Z DO fl X, DO — EHIE X v b kR &

Ao B ERDZIENDL, DO —ERHIH LY EMENEALSLT WNWEDOEZ I OND,
i, WEKEICENY . »T=Z TR ONRhoT-, ZDOZ NG, KA E D H M~ A

TALATH-THRIFIATOA TV D &Rl L7z,

5.1.3 BHHLRTLIZBIFTBANRSA—ALTEEOEZEIZIDODLVTOER

F1IFBE, BE2RBEOKEHEICBITDINTA—XOEELEERT S,

-1 5O DOZEREILT.HE1IEHE FH2EHTCRIA—FEZELTZETICEIE LD,
INTA—=HRIZL DB I 2hoTBZ2bND,

— . 1-2 SH O R Z DO #l# CTix, “DO_SV EFRY I v R” & FIiF,
HlEIL “Do HAEME” & L TWw b,

ZOZENL -1 SEOE 1IEABEFE 2HE CORRBMGEREROEIELZHET L & T,
MAKEDOEREICLIDERGER~DOXELH LREHLETEZ D,

-1 SGHOFE IEELEOE 2HEHOERGRE, ZOEERER 13177,

1-3 5f o DO —iFE

# 13 1-1 5l o EfE R

1-1 51
DO % 7 il 15
%1 A B 25 RS R 3.67
55 2 [B] B 25 8% 3 5.12
K JERE R A= (%] 39. 4%

DERELEOEAE ST L EERN, 1-2 B, 1-3 B RAEICER L., LR

K, B1IEIHOERGERNSRECEZTELSERLLT D, TORIAEKEELZER 1410587,

# 14 FEEAF R OGRS R
1-2 5 flf 1-3 =5 1
A[Z5 DO il 4 | DO — & il 4E
%01 [\ B R A R 3.59 3. 87
%2 | B XEMAE (GHRE) 5.01 5. 40

2B H O EEOXEB GG R,
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#1562 fF =R AR R
1-2 51l 1-3 51
AT 2 DO |4 | DO — iE il £
% 2 |l H R E AR R (FER) 4.76 5.51
%2 B HEREMAE (GHE) 5.01 5.40
5B R A AL = (%] -5.03% 2.18%

lbEZzFsldsrl, F1RAELEE2RHE®LEBKIZE W T,
® " DOFMIZHWT, “DO_SV ERRY I v b 2 M T BiE., £REEERD 5. 3%1K

T
DO —EHIEIZHB T, “DO BHEE” % FiF 7=

5.

-
~—

»H o7,

1.4 BEHERHIBIRRE
D e AT NEKREFA T 2 — R R L

B 38
A

IFEREERD 2. 1% TH - 77,

FICHHH S 2T A E2ZEALZREED,

EREEE D BRI RERETL22L1075, RECHE>TORMFFIUTOLEY,
(1) NERFEE 2 =13, FERLEMR & BRLHE B0 2 T D A8, 25 R
W oRHETIHBE RO, REAKE N RIZENALENORMOEEEITIE L THEDT D

(2)
(3)
(4)
(5)
(6)

Bl > AT A 5 R AR R X
-1 5HiND 14 5fET, TR_XCOMTHRUEUXREBERERBRIENGOND LT 5
Rk 19FEED ALY T — 2 2R REICH WD
PR I9EEDOT — X T T XTDO —ERBEZITo-TNDLI LD ERET D
EEENELTLE, FRAKENRELRCEHEG THAT L ERKET D

2 Bl D FEBROVEEZ NS

HKEICHWEER 19FEED/NERKBEE L X —DOKHET — X 2% 16 1257,

ES

16

R 19 FEED/NEKRKEFEE X —DOKTET —F

ERHBENE
[kWh/B1

FRNEERNEKE
m3/A]

RRIMEMRZNEKE
m3/A]

BRUERRERE
[Nm3/B]

[Nm3/B]

RANERFERE

RARWE
EREE

DO—EHIfH

512,322

2,241,595

2,102,458

9,420,617

9,734,125

3.60

COTFT =S INEKRKFBAEE X —HARUBEEHRICHHE S AT 228 A LELEED,
EEEEDEAHBSREEZRE L, RITICE LD,

F£17T FRI9EEDO/NEKRKBAEAEV XY —DOXET — X
RRUERS RRUERSERE |ERAEENE (HEEH=
EREE [Nm3/H] [kWh/ H] [kWh/ A] Bl
DO 7€ il {El 3.38 9,130,609 496,180 16,142 3.2%
o] ZEDO I 3.23 8,721,776 485,245 27,077 5.3%

-
~—

DR E
DOZEREAEZEANLT-HE.
A DOHIEAEE AN LG E.

T,

ERE I,

BRE,.ZIOZERZEID/NMNEKRBEE Y —ICB T DR ENR T XY & B R IE

B 3. 2%0 B A RIS A DR D

IZ 5. 3%DENEHIMD RN G DN D

HE 42 %k 0. 386kg—C02/kWh # FHW\ 5 & .
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° DOZERMEAEA LSS, HIZ 6,230kg-C02 DHIFEBENE BN S
° A DO I &2 A LA, AT 10,451kg-C02 OHIKB RN S LN D
EREIND,

5.2 BBAT7UVE-_THOFMBER
BT v T=T3ARONBE, BERT VT =T7T O MEEMNEZX 171287,

8.0

A

B 7 E=TEH1-1548) [ L
6.0 — EBERTEZTA(1-25 1)

— EBBRXTUEZTEB(1-154)

5.0

4.0

3.0
2.0 -
1.0

0.0

NH4[mg/1]

0:00 12:00 18:00 12:00 18:00 0:00

X 17 AT 2T EBERT U =T OIS &6

BERR T V=T FHIR KT 5.0mg/1]ETCOHMUTHL, InbohdEsn, o7
VE=TEHORIULMEBAE L TBY, MRT VESTEHEEBRAT VE=TEHEOMEBENR
HTHDLHZERNGMND, "B, TVE=TiH AT 12 FHIIREINL TS, 1-1 5
FEIZRE SN TWARERT v E=T7 AP EMRKN T VE=TEF BEIFEELELTIEEND S,

F EMXT CE=TFHAKOB & FoMELIT RERE R0 HNEFELNLTEY
ERECHBTE TV EFEM L 7=,

BT =73 AKRONB ELEIEIXIRA T, MELHEAEL 2o T,

BT o T=T73HAKRRB &L, EMEABIT3I~60H T LICKBALETH DN, KHh
EEARKEZ, TVWEBHZHEIWMOFTLVWEBRTZ2ZLIALTE T THDL, RIEOMAEHE
WE, RIER L TOFa—7, MWAKEHRE, ZLOELDORA T T AN LEREE
7 rE=TEHCHSN, AT F U2 HLERL TV,

6 &
AKFEICEID . DORRT vE=TREMFEZHIELTOIEREORBEAEITS 2 LT, 7
VE = 7@@%2&»0@@&1%@#5 AR, ZEL CEREDHIENITZ., 8B

MOMBEKE LT ENRRINT,

Fo, ARECEH 2HEOEMKX T v E=T 2 HICHW RN, Wb EALIZHE
T2 LFHL =,

B AHECTITERE L EREENEOHBICONTOFEM R AEILIT > TRV,
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IR O HIIC K DR E S & ORI R A2 R RIRIZH DI, EREDO 1M —H 1k
REDOHERLAEME R DD,
SBIT. COREORREZERICKBERNRTA—FXOFRESL, @MAICET &Mt EE2RKR
AL, HHIE S AT AOMBEE~DEANEZXSZ LT IKLABETRCTHET2ENEDOH
B ICEHEBRL TWSFIFETH D,
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3-(1)-5 KUWEERITS L MKERFHEERE

AR R BN B E AR R T
E S

1. [FL&HIC

WHHE F/AKER TIE, B4 7THEICEHKEEE X —~KOLBERY — N2, 7203
6 2FICWETKBEE S —~THRAHERY — FE&EL, BEINHEBOMWMS L LTE
AT T3 ESERMEEL EFTCER, LLARS, REBIVEHMIRB L
Ll kDR o EMAEND, FEK 2 0F 7 AICHi ¥ — FEZ4EH L T, T KEH M HFZEB
X — WK EAE X —NICHR LT,

TARBEEMFEBE TR 2 — Tld, KR LE D B 72 72 dR IS s i 5 5 i B 38 247 5
e, TKWEER T Z b Z#FELTWD,

AMEIL, ZOH L HRE S NTZAKLIIER T T~ OWERERNFELIR G Rtk % 0K
HAFMZHEL, %R 77 bE2ERALTCHELZITOICHIZYD . LEREFET — ¥ % 1
ST HHMWTEBMLELDTH 5,

2. KLEBEBEBRISULFOHME
2.1 AEIIO-—

KRB ER T Z > "o 7 a— %K 1IZRT, WA LZEKE, FH—rhEuim (1 ##)
AR L SIS A~R I TR SN D, FOSE T 3 %5 H 0 (K5 RIN DR &EIL, 14m3
(Mg Im X Tm XK€ 2m) TH D, WHFEIX, AT v 7 A0 (BLF, 1R), 1=
ek (LLF. 2%), A0 (BLF, 3%) T, &%4E b rEXNORREEIC XV AN E
ENTWD, IGH TR I %iX., BERIOFE thEmmIcim A L, B BESh BB s
WA AKFEIZEDN D,

2. 2 RIGEOME

POGHEIZ T, MR EmIR A CAKEM 2D AL, MLEH LN Z#AT S
HRTCRENS AN TWS, ZOREIL, &R OB AL E T THEWEWIZHO
HRRTONTWD, o, MK - EREFM L, HEBRZHEICR ST OICHEE
B, FRECIE, AT L FRAOBREBENIREINLTEBY, &R 25T 070y
THEREJENELNTWD, KEFIRIL, WAEBES (LT, DO G, B{kECEM
i (LLF, ORPEH) . 7 v E=7d, KEFNZRBIN TR, WEMEIE, GEEkaticky
—fELTCREEL, RIEISNTWVD, RESCHAERE, KEHHBIT, BESATEL THRE
BHTEZEZDZENTE, BIZIEKEHBFLEZETCHRLRINCED T, T—FHTY 2175 =
EHLARETH D,

TruUREOEEIE, A= FHEOLONRBENTEY, REMEEZ —EOFMAN
TEXDLIENTED, RI1IICENZTLOREHHEZ R L, ZOREMEHMBIZEE T
HZET, ENTNOREICR G ToxERIEEFMHELIFEVHT N TED, 70, B
REEOHETIE, —EOREICERETHHLOL DO FHOMEMENHITH> D, £2T7 v
E=TEOREMNPBITO bOD 3FEEOFNLRIRT HZ LN TE D,
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1 FHRORTHEAE

REE R e S0
FKFBARLT | £%5 05 ~ 20 m®/hr
ATV RARST [ 1% 05 ~ 15 m3/hr
1/\ M 8
EEA T £ 025 ~ 16 m3/hr
3% 034 ~ 26 m°/hr
RiEFRARLT | £F 5 025 ~ 1.8 m®/hr
. 1% (BIER) ~ 8
mEIng F 3 24 ms/hr
1R(BE).2R. 3% 3~ 18 m’/hr
1R (ke F—EER). 3R 0~ 85 rpm
PR = — i
1R(EZE E’&;r:'i:) 0~ 50 rpm

3. KEHFMHIBERET

3. 1 HEBM

AKMEIL, U772 b OEKRW KB (BREEMEDHFE, BRAFME) 20E L, £
HEDEWEHONITHZIEEZHMNELTWS, ZHICED, B TFT7 P TEHELBNTEE
BRiE R A, EFE~HEH T2 EEBLR2TNNERORRWEAEZHMEICT D,

3. 2 HEHMLEEBOEZESH

TAEMMIT, MEBERMBDEREZ R 214 1 H 26 205 29 HE TOMM TEM L.
&DT1HSOE#63H195&?@%%?FA~ﬁ%E%¥%LKO

FHBmTIE, EELRLIRTEMEEDTEBY, TOANRFIE, 2127378V THD,
%D%@ﬁ%é@\MAKEMMMRﬁ#%E%WkkLkﬁK\@%@L%@ﬁbkw
REZEHRL, TOEMHEZEREL L, MAKELBIARZICONWTIE, #&it EoOE%
a2 HW, BEERmEE, BRICE D+ 0B RENF LN TV D RIKEEHR A2 EE L L
7=,

TOEWESRMFICK L, HRETIEHEOALAOREMEEEL THEELIT- 72,

K2 HHRODFERTEE

i X AEER BIRKE | FRAKE | RAKE BEREE fmE
BRSAE mESRIE GRZEKE)|GREAE)| o1 | Joo2 |EOEEE
rpm rpm m®/hr m®/hr m®/hr m°/hr m®/hr cm
E— =
1% 350 21.0 240 10
2% __ _ __ 1.0 05 6.0 6.0 8.0
3% 35.0 21.0. 20.0% 1.0

KIRDEHREIL2E DBBEARESINTEY. BRI 21rpm TR EA 20rom TR E LT,

3. 3 HAEANERE

3. 3. 1 BRABEDERE

IS8T 5, %ok%ﬁﬁmﬁé%fﬁéf@%%ﬁﬁ%&ﬂ%@’%%phﬁﬁ
R[RICEEN TV DEEENKPIC AEIE (%)) OWMEEIT-T-, WA, FRIO
LT i N S PN %ﬂﬂ%@*@%3 VICELEE, ZOBOMBIEMNEZAET D
ZETITo T,
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(1) MeREMNRE ORI FIE
WECEIVELNTEEROFMEITDEECH D, RITHEEBHFELE (KLa) SBER
itz (Ea) OBEHIC W TIE, TFAERBRE] Vi X O T FKHE g% 3% 5t 5t | - %5
&R DICHERL L TIT - 7=,
O HiERFZBHAEHRLE KLa(20) KR 20CI2HE L7z KLa) O &
KLa(T)=1/t2-t1 * Ln (Cs(T)— Ct1/Cs(T)— Ct2)
Cti: t1 FEM % ORFIE R IR E (mg/L)  Ctz @ to FF % OB 172 F# & (mg/L)
KLa(T)2» 5 ki - o iiE %247\, KLa(200&2 5 H 3 5,
KLa(20)=1/vy * KLa(T) + 1.024 (20-t)
y WS EEICE D KLa OffiE (y =8.8%X106XCz+1)
Cz: WHife T b U v AR (mg/L)
777 L., HE DO O MHEMHIX., 2mg/L LA E 9mg/L Kl & L7z,
T, 2R HEM3IBLY 3 REFEMIZ, 2 A0 DO HTHEEZIT>TWVDEHR, WTh
BEICKRERENBDOON RN L6 ATERICRE I DO GO AL LT,
© MFERMEh=R Ea(20) [KIE 20°C) O HH
Ea(20)= (Cs(20) - KLa(20) - VX 103/Gs(20) + 6) X100 (%)
KLa(20) : 20Ci2 3 2 M Fhi £ B B & &1 5 (1/hr)
Cs(20) : 20°C T B \F 5 & AH o> B Fn v fif 15 55 2 FE (mg/L)
Gs(20) : 20C, 1 R/EICB T2 E& & m3/hr) V : KA RFHE
§ :20C, 1 RJEICBT DR OWEFEEE(0.277kg02-kg/m3-air)
@ MWeFVEMZF Ea(20,6m) KR 20°C, HWIKUKIE 5m (BT 2 BBEEMNE) ORHH
Ea(20,5m) = Ea(20) x (5/H)0.68
BT EEHBAIZOWT, Y77 FOMEICL Y EHINEE ., EhEsk OB FE
N, FORBRAENEOLNTVWEIPOFFMEITH>, LETHIIE, fMEIC2NTOM
FHAT O
(2) WEHE
WMTT MR, FEREN 6 MBI TS, (K1) ZhEFNOMIcE W\ CTRRHER
iR 5 =R % SR b 7=,
1% 8 145, 52 i<l
2% PR L. AR 2. AR 3
3% IR A
WPE 5 ¥E % L FICRT,
O MNZ WA K T2 L, KR, DO ZHIE L CRAREICBIT 2IRTHREREZ
BT 5, FARFICERBEELE S SO HIT I,
©@ DO1.0mg/L (Zxf LT, Hifife ) FV 7 A% 10mg/L OFIGIZR D L H58ML, DO
=0.0mg/L £ 3%,
NN 0.05mg/L fRE &L 725 X oz, Hiba v v &2ENT 5,
B L7212 DO 2 0.0mg/L £ 72> TWAHZ L 2B L. oHA B LA o /KR O HE
21T,
FEFMHECTHRELEERETHERL, DOREORMEIEZMET S,
DO BENMMBEMILE >0, BREZIED THEEKT T2,
FE, BT ) 7 AZEML, DO 28 0.0mg/L 2R >7=D %2R L%, KO

® @

SHECHNS
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SSMEICET L THIEZIT 9,
3. 2. 2 REHHUHAE

RAFEFA X, KLEERT T FARNOKOFTN, KALFICHEBRZ T2 LH
Lith) CEORERBEL TCWINZRET 20 THL, ZOFREEELZT L LT,
AKTT o bEERBELEOKLBEHEEDENEZRFNTDHZENARELE RS,

BT BT DIRAFESC T ENGR 2 IR T2 EK & LT, OB, it AKE,
BHRRE BRAAENEZOND, T2 T, ThODOHRTEMELEE LT ML —H —ii& (B
Fram LT, OB ERWMET DL LT, KOTRNEMIT T2 Fik) 2FEEL, BAF
PO R Z1T > 7=,

(1) A& SEM

FHENOEEELHMRETIHAEIL. RBRINELEZ3ROARLEL, 1%L 2RICHONTIE
PSR ERM (£ 2) TIiTolh, RIWCKERICIDIEEBREORESMFEERT,

x®3 EERMAEZORERH

N s b PN
DB O R E (cm) 50| —- 8.0 15.0
. _, g 11.0 18.0 35.0 53.0
DR HFHREEL (rom) BERFE 7.0 10.0 20.0 31.0
=, 3 707 (BilER) 45| — 6.0 18.0
OERSEE (m’/hr) JO7 (REE) 23| —- 6.0 19.0
@R AIKE (m*/hr) 05| -— 1.0 2.0

(2) HEFE
REFMERBRONE FIEEZUTICRT, o, RBRICHWD Fv—8%—PE L& LTI,
HFOL1EBEHEHLEZ, L, MAFHA~Y 3 vy X TC—RUWCEANT D ETITo T, 272
L, WRAEHABRTIZ., P —V—RAV ORMEZELE, RN O AT CHlRAE S
TTHEALL,
O #H TR 7O HESCEPEORGEEEZRHESTICHDLETHRET 5,
Q@ ORI AR F 2 —7T 2% EL, BAKEGHE CRET D,
@OMNOKFBNREZE LD, KT a2a—TORHEZHEL, Fa—T7I2k2%14 47
JEENT S,
@ FAERTOWANK, KIS, BEKEERKL, 7707 0RNCEEZET S,
® FlekEt~DilEk LM S 5,
® FL—H—®K (FE 15 15g 8 150mL OKIZHENLZb D) Z2F AL, EHO
HAEHIRAR TF 2 —T DX A LT T HFZEL THRAK GREKITEET A L EHER
) #1479
lhr £ T : &MAKIL 5 oI, EEKIZ 30 0fkE (BKE : 4 10mL)
lThr IR @ &KL 10 /5 MIBE. KEKIE 30 4oMkE (BAKE : £ 10mL)
D17 WL, KA RGN D 2 BEIEROKE T 9 K T 1 REM MR CHAK (BAKE
500mL) ¥+ %,

—141—



® FERAE T RFICHAK, FPOSHE, REKPLERAK L, WHEZRET D,

4. FEHER
4. 1 BIEBIBIERE
BRAINDOHFKEOFER R K ST, KLaQO) D E S R A2 F£ 412577,

K4 BREABVEAZOAEHER

BRE ki KLa [ EIIYES

% 75 (m*/hr) - (/b (%)
mEss | mmiE| o (TR 200 | g0 | 0T
EERE 6.0 12.6 11.1 13.2 32.0 62.0
F1FSiE|hRASE 10.0 11.7 16.0 19.5 30.3 58.7
1% ﬁ%?tﬁiﬁ% 20.2 11.1 28.1 34.6 27.8 53.7
EER= 6.0 11.5 9.1 11.1 36.6 70.8
F2FRME| R EE 10.0 11.0 12.3 15.2 324 62.8
=RAEE 16.6 10.5 20.5 25.7 34.2 66.2
=/NA=E 1.5 11.4 3.4 4.1 26.9 52.0
oA IZERE 2.2 10.4 5.7 7.1 34.0 65.7
RAXA=E 8.5 10.8 17.7 21.9 31.8 61.4
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VEST OFAF LTIDAEK ORI, AKREREERE L (T-NEHIEOESIESTY ., AW Fa7eTE
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Pe7p &) OFT-I2E N AT S, N20 DERR DD, TEFEAZRRFE L, KEEE, K
SEEOMN XKD Z ENRD BN D,

3 INEKBELUEI—HBE

SEREZIT o To/NEKFAEE 2 — (LT, /NE) 1ZARRoKEEE ¥ —Th 5D,
T ZAT o T HRAKMVER % 13, RS K SN2 HEHERIR R O T/RDIENICH, Hxn
BENT-ARH AR T DREIR THEE SN FANRI D & o TRAT D% FFD, A
AfiE & AR TROMER RICRHPA DY (R 11 Befi] (FEE8) | RS NH4-N
TREEIX 15mg/L ERVY) . THFIC K D% D% (L0 LUVWKIEAS T3 2 i AudEm 28 LT
ZE LIRS ATRE 72 figt T 5, MEDFAE TH N20 DFEEIL, Dlane S Tn b
HTHDH, RUSEIL4RSNH D WD A0E (A RIS, B~D B G5 Th

Do

4 REHME
4-1 AEIEH
AT, LT o 2HBIZOWTHER LT,
(1) HAE 5 ¥EDE T L 5 N20 OFAZEAL
MEt L7ohil HiEE, TiReo 3 FTh 2,
Ol 1 - BEFET o E=THlHZ %R Lz [DOZE ]
Ol 2 - BF7 o E=T iz R R Lz [RZED Ofilf#]
@l 3 : iErTo DO —EHIHE)

k K HIENEDOBERNL., AEHD 13-(1)-4 T E=T3L D0 3% - LR EHIE S 27 A DBR%)

BB TEE 20,

N20 DFEA T, PEAKECABLRIIZ L 0 BRI KR E S EJTH 2 LR TV
%o ZO7, HIEITIEDENT KD N20 OFAMRI A B N ik 512k, 35
HEEFRIFFICHET 2 Z ENEE LW, FRLON20FN1ETHLZ D, e
%, D 2 BERETITo 72,

OEEAlE (2 4 B o E)
TAKESMIE, B2 00 ER G & UHlEE 0 £ 2 — B BAL Tl &
T 5 Z & THIENEIC L A2 RE\E BRI EZHIET S,
OIFIFRHAE (B FlaER)
BAE O ORE Z I RERFFLNIATH 2 & T, 1RIER—DOIAKEZ LI L7z
BEDFAARILOE N Z R T D,
(2) AHALIR LA BYIE D N20 F8 A2 b
N20 O34T, b, BiEE ERMR L TW DA, k. MLk & AR & D REfR

ZFERECHIE U CMliE 2 BIR S 7=fi& X 2, £ 2T, N20 OF A B9k 2 BA

FHLTWEMET —FD—o2& LT, MLRINZET D% & b 2 TR

& N20 BAEDORMR A HET 5,
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J—— FR21828198
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HET ARISRHET 21X, ATV o PR —Z2(FRXOY 7Y 7T a—T D4
SR D) & RS K > 5 50em FREE £ THRA L TRBIEREL L T\ 5,

W5IR T+
BILEE T ()L E—
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Ve

F—ANEEE

\
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4-3 BT DOEERKR

N20 DAERTEAE & OREGRAEN & ST D EIRSRFZEIZ OV TRERF ORI E LU
2R,

(1) K&

K 31%, 1 5 OFMAKEDOKRRFELTH 5, JEAKEIL, 10 FE L 20 FERTZIZHEINL
15 FE~18 RFiIA 720N, Z OMEMANITFHAEMM SR C <, JHER M OFEKEIT 13 AE T
ZNHOD, 14~16 HIZIFIEFRIKETH -7, tho 2, 3B L L RERE(LTH -7,
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600 | 13H:19,038m3/B — — 14H:16,652m3/H
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1200 :
1000
800
600
400
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0 —_— T
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(2) DO

1, 2 5%, 1/13 OFISHHIENCYI Y B2 7=, 07D 1, 2 50 DO Ll 5 =B
ESRAMICIET LTS, 1. 2580 c, DEEKO® DO fEIX,. #HFH 1~2mg/L. 3mg/L
THDHDOIZX LT, KD DO HETH D 3 5%, CIAEE T 2mg/L, D[] T 6mg/L T,
I, 25 L0 bE< o T,

<t CES R i}$§< FiH >
H
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In 17Sa 2=y I--”\-"\ 2 ","/—\
A 6.0 AR CEEDO 2%
% %0 \\ CEgDO 3%
£ 40 \‘-' -—
= DEEEDO 15
Q 30 4a% ;i
20 L/ ER A A DEEED0 28
1.0 et Norczd et e A =it (R, pDEIEDO 3 &
0.0
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M4 HIEAEXIZELS D0 XL
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(CHBIE L CRER I OfeR £ 4T 572, D0 > g © =28
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=T HEBENERE L TCWDS, RUSEHN
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N20 JRIEIX, SUSAEN O NO2-N JREIHKAFT D L STV D A, NO2-N BT & A Eft &
N7 3 Bl ik, JREIKE LM A R o, &S EET BT, RHTHD
DS, KHUZIZEAFRE D N20 3% & (FaFniR B DL 100~%01000%) ITEHFEN TV DHEN
B EREEI G L TR B T AT D N20 B TV D AREMENRE X bl b,
SF Y | (D0 DZEH— & B EHI IR IALE N20 DHEH T 2 ~DBAT EDOHIH—HEH B A B D
ZAE) VO RERBARA K Y S > T D ATREMEDN 5,

-1 -



@DO ZERIE (1 5HE)
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12 6000
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S 2 DOED) ] 1000
0 w w w w w w w 0
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7 N20 J=E & DO DEAfR

N20 JEEE I, Y 7. 4 (B 3. 4~11.9)mL/m3 Th o7, N20 JEEEDOLEENEIL. 3 SHioD
DO —ERIEI L D &/ XV, 3 Bl L [EAEIT N20 JEFE DR & & OFEEMENER <D h3, 3

THEE ST SN,

@n% DO il (2 5HE)

X 8 1%, A& DO #li#ElZ1T > 7= 3 SHEDOFERTH D, N20 JEIX. ¥ 16. 5 (FiFH 4. 5~

34.8)ml/m3 T -7, N20 JEEEIZ. HIERTETL .,

3 ZFE L FEERIZ 10 mL/m3 L R CTHo 7=

25, HEREITHT T ER, ZORIET L TW D MUDFIFENEZ A~ THEAEIL, 2584

EizZz o T 5, EEEE OHEEMELIEE A SR S0,

40
3 N20 \f
—
E 30 / Y, -
o 25 SRS \
c v ~ “\ |
= 20 | y‘/k\/‘\/
£ / |
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o 10 S Do |
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FTDENIAR > THORMB BT LTV D,
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9 Ry T7HAKNE N20 RE

ZHUE, BMEEMNROUE D E L THHENICHER L TWAIBIREZERT D (77 >
VTR HEMB LTI ST L DN, AT H G N20 HIE AL D [BIEE E T ORI R (R
12~14AKRHBE)ZZET DL, 2 5HHERICKCE TR L TWE TR, 77
VUV TEIRIZ L D E X YNSRI 2 B XA EEEE D TR ThoTm &2 b b,

F21%, HEHER(E 10 KK BIT 5

WA O O AE Td S5, 00D 3. x£2 —ILRAKBEREBRT—4
A OB &L BRTRAFBTHEML TN D, BIRE coD
F 72 14 B ORSHEA 110 NHA-N JEEE 1%, 138 10 67
18. BA@g/L (14 B 9 H~15 A 73#\:‘/%9 18 ) 280
v FNaE) Thoto, ZofEiE, @E 104

ATRbES, FUSH 1 B0 07 o F 158 10 80
=TPEEFRAMICRA T 5 & TR 16 B 9 57

Fflz bl L C 73kg 20 308k g /H T o
77o N20 DAEBHALICBEIE L TWAH 2 eMmbEZX D E, 2D X 5 RIS ~DA
N2O JEJE FR-O—KIZ/>TWAEEZ NS,

LB

@N20 HEHIFRER

3%, AR 2 4 FREEIE D & & SOGE D N20 JEH RS E RO T-b D Th 5, HEH
BHEIE, EomEERE HIESE 0. 16g-N20/m3 Z FEl-> TU /=, N20 1%, DO — &
<D0 22 7E A< T 28 DO HIE DNE T & - 7228 A AINE & 5 PEH & BEHRE I,
DO —EHllfH & DO Z2E HI 3R LT D, WBEKE AR LD DO ThiIVE, ERED
HIPEk S N20 BEHHEIR D 72O D ONE D DORE E 70D Z L &R LTV D,

&3 PEHERESE

. 1548 251 3518
| By a———— p ey
DOZR TE #Il4E1| "I ZED Ol | DO— & Hil{E
EEE m3/h 3241 3260 4172
T REE mL/m3 7.4 16.5 6.9
N20 HH= g-N20/h 45 99 53
HHEE | g-N20/m3 0.064 0.139 0.067
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Q) &BABRER
12H4H.1 A 14 .16 HDOFEIZ 1~3 BfZNZ1IZHOWT 3 FTORIEZEIT -7,
NERREAZKLT 0 —1~31T7-T, WINHERSCT 7 v o v TEIRO N 72\VWH Th

S

i

3

o

HM10—1 BIERI12/4 K10—2 BIFEBR1/14

R4 BTEDON20FEHRE

1248 (1R148(1R168| 13
1548| 5.8 4.0 6.6 9.5
2558 5.2 4.1 6.3 9.2
35| 9.0 5.6 6.9 1.2

K10—3 AIEH1/16

N20 JEEE T, T _COMIE T 14mL/m3 LA FOIKIEE CTH 7=, F 41X, FHEH OFH,
BLOSWEHRDFEEZ R LTS, DO —EFIEHD 3 SAEIZA L MBI L 535 753,
ZHHIBETIEZ L D L ONIRHTH 5,

BlA IR L7c DIz, 35MIE, 1, 25 &L TDO A<, EREHZWIZTEH D
MO BT N20 REDEWVRER & 2> TV D, ARIOFAETIX, & D0 TOEERLT L
N20 JREEDIRJHIZ D723 o> TV, ZAud, MIEZ B -7 3 HEl & b, T XTOMT
SERRIHLIRABIZ /e o TV e 2 &5 DO RN LR DAESMEIZ 2 > TR e &
EZzbhb,

B & DN IREDRME LTUTOZ ERFETF N5,

O 15X, WEMR3IITE BIREZEND R BIEOEWVITR SN hoiz,

@ 25X, CHIBEH N MK, CRIEAD L DIEEEH O OREZEIT D20 5T,

@ 3SR, CRIEALD « HA &I 8~12mL/m3 DAY E WEE TH - 7228, DA
BEH AT 4. 0nL/m3 FRE D ThH - 7=,

] Z & D N20 JREE IR ET B IRIKNIL, R TH 5D, N20 DR EELIZER LTV
HZ LMD, DOEEDEW3 SR, K512 hR LK D ISR D BABERE D & g1l
DEA, 1, 2 5HIE, DO RN 3 SAEIZEE~25 & DO BRI T &5 UGN TH—
WAL HEA TND =0 L B2 bN5, HDHWIE, bEITES & N20 B OB EME X
K<, BRIPE~OEBEOENCID, TAL L THHEN D N20 BERNEH L TWDL L
LEZOND, SEIOPFHETIZ, BT L OEEENRH GRIEICEHITEX 20 Th -
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T2 MBI LW, 5% IO DRICOWVWTOFMATAENLETH D,

5-2 THILEHIC & 5 N20 REDEHRE

NERBAEE L Z—TIE 2 AWRI L VIR - FCROBUGTE & $124 7504 1 RIIDHLE
THEO-OEIRZ L L, AERESIN 3/4 127272, Z D72, 1RG0 OMHEKE I
L., kb REEIC/2 > TV,

Z 2T, b RN T 2 &b D BERREZ b & LI OGN O N20 FA4EK
DLOEAZ A LTz,

(M AEBDKR

INETIE 2 BIZAS TOLBERIZR-T2b00, THEICX DGO 1Rz kY
—fliH T2 DKENEL 2o Tz, K1 1IRT LD ICHHAE R OLBEKEX, 2,000m3/
LB O 2 %5, IHERFRITEE O 1/2 B, 5 RFFRREIZ e - Tz, EBRORERIT,
KRR AL 18mm, WFEA K 3. 5mm DFFWVVRNTH 7228 20 HE Y OERNTH Y (RilEHRN &
1/31 100mm), 77 —A 7T v all LHDAMDEREH o7& Bbind, E&EIL 6 K
FTlE. 6,000m3 T—EIL/R> TS, ZDOEEX1 2RI LY, C [EEE DO X% EH
D 2.0mg/L k> Tz, WAKFONHA-NJREIT, K1 3D K HIZ 19 KNG 6 FFE TK
18mg/L T/INEDFAKE L TIEEEE T, ORIV TWe, 2070, REIZHL
DL L K1 41057 & 9 ITABK T O NHA-N 2B 135K 8mg/L (6 ) £ T EH L TW5,
9 HELLR I ERTIZ & - T NHA-N JEEEAME R L7,

K11 FAEFOKR K12 D0ODZEIE
K13 7UVEZT7HEZDOZEL K14 NEKBEEKREOZEE
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(2)N20 BIERER

N20 DHIEFERZX 1 5127,

K14 CTRLIELDIC, 19 KE~22
B, EFRICHE A O B SRS
WZHEA LT DRI Y72 D05, Z DR
D N20 JE 1% 14 me/L FLEE CT/NVE /K
BAEEZ—E L TE, HEAED
BECEH LTV, Ziik, NH3
AW L0 b EmWFCL ki,
FIEREEITOI TV H O DOHE
R ENBIND Z & T N20 @
RN L o TWA Z L AHEN S
5, 22~6 K, ALK o NH3
WRED LA L kOB LD 72 5
REEHF CH DM, T & & N20 AL, i L 10mL/m3 £ TR F L7z, & 5ICkH
OB M1 LB biLd 6 FELIREIL, QIMITIKNT L7z, 20k N20 AR LA
THZ X oTz,

A AR S ALz N20 IREDOIKTIX, AE AR DIThR TV THEIZL Y | HERE A
S ER A BRI D7 - Tk L TV 272002, BN OREIE O . & 5 VDI
{EHEE DK T 23 NHA-N JRED EFIZHIGTE IS, bR Lo Z itk iz Tnb
LEbND, KGR TO N20 OAERKICIE, 7o =TAf, EWiEtE. TR L 03E
HEZHBLA>TWDHEWVR D,

N20;EE (mL/m3)

15 N20REREDEL

6 F&6H
INE KA 2 —H RGBT N20 A BRE A TR, LT Z &3
BNt ol

(1) HAE 7 HE DEWZ L B N20 BAEE DAL

O EESIE T ROBDNTL D N0 REICKE 2L, Aoheh oz, Zhud, £o
O FE S 22k L Cnhien s b s,

@ N20 JREER, B EITET L TV AHEHAN RO D, (7 N20 O H AMU~DEITHN
EREIZEAINTNWAZ ERRBEINn5,

@ FEEMILLTHAIEE T, DOREMAE E < LTH N20 JBEEISEWVR RS2
Mmole, B ABAETT TR, N20BAEEOEND S DO XEMEITIX EIRED &
D EHRE D,

@ HFRLEOAMENHEIINT 5 & LB NEEEZ T TN0 ALY EIBETH
AREME B D, S 1%1X, DO FEIZM A TAME S GO TERET S Z & A3 N20 8k
HEOHIIZIR & E 2 b,

(2) Al AR

O HIHEFEOENZ I > TN0 REIZRKE 27T, Aohinolz,

@ AR O N20 FAROBE DT, BRI EOREDE, HHVIIRIGH AR E LT
D DO NARIZ X DELIRILD ZEDEEEEZZ T T D EEZ LT,
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(3) AL AE B AR T D N20 F8 A D 21k
O TrE=THAMBENE N0 BEEIIEL 252 EBNEESNT,
@ WMATTrE=70REINDIRM., DF LIS H S5 & N20 JREE I
WO LTWDZENnD, N20 DAERKIZIE, 7orT=T A%, EWiEE, R
ENEMEICEELA->TWS E-RbhT-

AR OFHA THEMRIZI T D N20 OFA L IEIRGMA 72 EOBBRO G2 H 5T 5 2
EINTXT, TN Wt X —D 2 TR NN LET,
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4. BEDHEI

(1) HEFEERN

1

© 0 N O O B

—
o
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[
TKRKKEVZIAVLV—SDERICEHINEKYARETA
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ERMBICKINEBKEREZKR

—179—



-M-1 TKKEEERNIZHZRIT LI T 7AN—FYFET—OD
BIRESEDODERIZCDONT

REE AR B THA EE

il

PR IR
ok FkE
(BL e 3% B i 5% 8 PR AR )
1. XCHIC
BB PR O T AKE 1L 100% 5 & BER 20 & +BOE R U, K I 7o HE R 8 B oo IRE AR % 3
ZTW5,

— ., BRI EMES TARKEFEZDRNICEE T 2720120, EEBFRZOMENO
HHIZAHEST DL L bIC, MEDO GBS ITHIST 272D WS ER 5 8 5 (K )
EFHELTHLS ZEREIkbonTD

DY, ﬁa%?*ﬁ%(%?é%)fi TARENR T 74 N— 7 — TV H IR 72
EOHMHEEEITW, 77 A=y VU =7 OHEREEED . KR 7T 0 E 5 AR
EAT DR E T KEFXONENREE 2K > TE2EATHD,

AR TIE, HAHICBTDLTKELZ 7 A=y N =7 DIERITHOWT, ZOREE
EEMRWEZRAND & EHIZBEED TWD Ry T — 7 FH LRI AT 72 BUf A & 8 50
T 5,

2. REBRERBOTKEXIZAN—FRY FT—HI2D1VT

2. 1 BME

MR TIE BER 61 FEICAKMMERE LT FRKEFRIIEZ 7 AN —T NV EHELE
DEIZLUOIZ, PKRKEFERERORILLEEFEMEOM EZBEL T, X774 3—% v b
T— 7 O#¥EED TWVWD, ZOFEFEEY 7 N7 T (SOFT PLAN : Sewer Optical Fiber
Teleway Network PLAN) EFEATWS, Y7 R T T3, *y N — 7 FH I PR %E
B O~ RS —2AT =g BRI, R 23RXKNICAET IR THICKEEYE X —|
BHEBE R L 164 ATO MR %Z 1,200km D7 7 A4 N—% v U — 27 THEO, & DR
ERREREZTIDDOTHDL, FRISFEERTHR 759k mDI T 7 4 X —F — T )L & Bk
L., 124 »i0isgkE Yy T =274 L T, R OEFEHRGEOERER, FREEA
R EOFEHRBEICTEHNL TWDH,

2. 2 FHAHAVATA

V7RI T UTHRHTDVAT AT, FARVATLAEOARV AT AT NS, &
i OHIEE BSCBEEE RS, TAEMEROEHICKLERERZH O VAT L1 FA TV
AT AT, BT A—, HFE CALS. TKL&J%MVXTAKE% DEhFEAAEH D v
AT AT OARVAT A EINDG, 1Y 7 NI o&%sRd,
UTFTRFMHARY AT L0 =Bl %507 5,
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ZiT o TUW5bD,

BIER AT AT, Ry 7HO TKERMZES CEIET 2720 OHEES., EHig
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2.2.2 BREHBRIIATL (ERT7AyvPa)

BVRTIHE, KFEEV X =R oY SR E R EEE KT H20, VT VX
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BfE 9 2 i e - B 5 AL ER AL K OV TAKGER % ~FE T 2K L VA S i, 1§ WA
FEoWEMELTY 7MY 02RBLTWS, £7-. BWIEREZ Y F HP 04 E I~
BfEL. BMROAEEBEHRSCHKFERE L THEILZTTWND,

2.2.3 BBRAKLEFEHRCRAT L

RAKDERNE VB RR EOBFRERNICEAMFFZHE L, YRORAKIIRKICTEHT S &
EHIT, KAEHRZ XA EITEAE LT RIEBIZHEILTTWD,

FARMFHE, KIEELICH LD R ZE S ARMERMT 5F 1+ (FBG) #FH L.
KAz PET DX 2), X7 7 A NN—WEFHAT 20T, BMEJP T, 2»>Z 850 % K
WO ITH T ENTE, TRKEBIZBWTHMRHUMTFETH S,

BHAE, L2 - FESBBRAKMERO S ~OREZHBD E LT, 8 BBRAMIEREL 6
KAELAE LTV D (3 1), Rk 20 4F B 1%, HAR I ER R O KA E HAEFE X ~BUE Bl 46 L 7z,
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P mﬁm'_“;(/i/ s BRI AT
N N L > S8R . o
o 1) & & FGBDEL e p————, X Rk 14 46 A
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BIZEATW ol —H, 1 oML b ok, NEBRNEBHE-72, Tz HP
EEHR LIESTHEREIR1OEBY THOY, RO DMPRETHL LB LN HHABT
bl TlhyfcE s EE L,

£ 1 HPEE WiEE DB (B4 mg/L)

Cr Cu Zn
[HP] [MW] [HP) [MW] [HP] [MW]
200 200 14 14 1600 1800

3. 2 HBHKIZHEITSHHME U ER
3. 2.1 A&k

HAMAKICHRESBEZ RN LR Z/ER L CIiInEIEER 2 90 L 72, R EREIL,
TRHEBREEME Lz, T ZE2 3.1 TEDTLRMHICEIY WEBTHMEIT>T2, Thi b
KD R UATV, FIRIZ O W T EAME A2 KD | BEREZFH L THPIE L OB AT
27,
3. 2. 2 H#ER

fREIER2OLEBY THY, BIRREOEHBREL BICRIFTH -T2,

x 2 BRERVEHEH

MWk cr | cu | zn | Po | cd B HPi% cr | cu | zn | Pb | Cd B
BEREmMIL) | 20 | 30 | 20 | 010 | 0.10 | 10.0 || HEREML)| 20 | 30 | 20 | 0.10 | 0.10 | 10.0
HIEfEmgL) | 2.08 | 3.02 | 208 | 0.102 | 0.102 | 10.7 || MI%EfE(mg/L) | 1.97 | 3.04 | 2.06 | 0.102 | 0.101 | 10.5
B (%) 104 | 100 | 104 | 102 | 102 | 107 4R (%) 99 | 101 | 103 | 102 | 101 | 105
EBR¥E®) | 12 | 34 | 27 14 | 21 | 27 EENRE(%) | 15 | 1.0 | 22 [ 12 | 25 1.0

8. 38 MAMARERICKEITLIBRMEDHESR
MW iE & HP 5 & O TR O RER RO HIMEICEN RN L 2RI DIciE, HE
FRDITDL DT ROEIEICER RN L 2R TILER DD, £ T, MOMITIET
EARMO B LML L TOWEMREABEKENL LTFRELD t REZIT -T2,
MEMBRERIITRT, ZOMRNPL, MAMTEROTSESE - FHEICITAEED
nWwWEEZLRT,
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£33 FEERVtIRERR
HoZZEH K (n=5) A B o B R OK (n=5)
Cr Cu Zn Pb Zn Pb Cd B
MWE RS 1.83 0.235 10.8 00150 | IMWERS 12.1 0.0608 0.0514 8.33
MWiE 1K 1.75 0.225 10.3 00142 | |[MWERIE 11.7 0.0515 0.0469 7.91
MWL 1Y 1.80 0.228 10.5 0.0146 | MWL 12.0 0.0557 0.0490 8.16
BRI (%) 1.78 1.78 1.79 238 | |EFHEE (%) 1.42 7.78 3.87 2.20
SER(V,) 0.00102 [ 1.65E-05 0.0357 | 1.21E-07| |&2&(V,) 0.0288 | 1.88E-05| 3.59E-06 0.0323
HPZE RS 1.84 0.233 10.7 0.0149 | |HPERE 12.1 0.0559 0.0502 8.59
HPERIE 1.79 0.224 104 00144 | [HPERIE 11.6 0.0489 0.0463 7.87
HPEF 1Y 1.82 0.229 105 00147 | [HPETH 11.8 0.0526 0.0483 8.16
BN R (%) 1.26 1.56 1.04 1.37 | | EEERE (%) 1.63 5.77 3.06 3.61
SEUV,) 0.000531 | 1.28.E-05 0.0121 | 4.06E-08| |2 ER(V,) 0.0368 | 9.23E-06| 2.19E-06 0.0869
F(=V,/V,) 1.92 1.29 2.94 297 | |F(=V,/Vy) 1.28 203 1.64 2.69
Foos 6.39 6.39 6.39 6.39 | |Foos 6.39 6.39 6.39 6.39
t -1.48 -0.58 -0.10 -0.60| |t 1.45 1.30 0.70 [ -1.15E-14
toos 2.31 2.31 2.31 231 |toos 2.31 2.31 2.31 2.31
3. 4 MABAEBOIMBERD L
HR TG JEKICON T, HP IR & MW L & THi# . (0=134)

LSO EMELLB L, 50, MWikE fﬁ 1,041 00561 .

J > SHI| == ¥ > =0 . *Cr
HP JRIC DWW T, 2 2o JER R4 TR RE | & ool , "
~ N N P, ~ '['Q !
YEME I3 D R (AER R T ARHERR L HEE) & o azn
R, MW & HP {EDOHIER R ICIT, r=0.9984 & # o ’p ﬁ

TN - = ) ) — = 0
W) EWFEBME R R D B AL, MW IE iR I L D I E 0B
FERITHPESRIC LD EME L IZIEFRETH ‘
o —= e N . 10 100 1000

HTZEMNREIN, BRARFEICBITOREBENHO A
=y N 2}\3\ -~
HEPE AR HERR S LT, e )
3. 5 HNMBEHEOHEIL 5 HPExE W& DB
3. 5. 1 MEIZEDINESEH

INETORMRERNS MV IEIC L 2R B0 %O KM% L
ToOXHITWwE L,

AEE mL & A3 R SR IS ER I R R 2. SmL IR~ PH L . MW %&
B2y h—>T750W « 1 43 BALEL MW E @& 2 5 B 4 — ik
THRIB~10 mImH > A& (K77 FN)

3. 5. 2 RENICETIEEEMMIIO—DREL

et L7 MW SR 2 4RI BT 2 BAOEL B OV
o—IZEHA L7 (K6), /o MRERIEA 1 R & RIEIZEN S
e, WMEKRTETKH IKRHETRETT2ZENAETH D,

4. £&B
BB OB T O~A 700 x—7EIC X 53E 551
ZRE L&A LTORITONTHNhos T,
(1) FOBFERICE bmL (2% L CTHEME 2. bmL Z 300 L . MW 2L & & 7]
WT 1R il vERAB 2T BT
7
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8 SmLEm-
HEE2.5mLEm
(593)

!

MWIZ& P
SERIRAE(19)

[ skTAks(5~108)

!

Hif- FR-
BB (50mLARTYT)
(5%)

l

| BT (305)

|

l

| m-#REE0%)

l

&5t #9604 (1BRR)

6 H-LREF
EEMHIO— (A
. 5KREE)

B
#




QIBFORABESBEINT 7 0 —~S R L MW I K2R B M TEZEAT 52 & T,
B DG R E £ TOMMERFMA, 2N ETO 2 KFM NS 1 K2R T & 72,

(3) WH DITERAE~DEANCHTZ> T, oMEGEEMTHL Z L0, #0 R LEM
XV BT HREMRH D Z &b, I XA NADOHRHANLETH D,

2 & Xk

D) tHHEANB ARSI LS - BG TR DL Eo i O i, 4 — 244 2006, pl35-151

2) MDD~ A7 8y = — TG EIEIC L D AN T O AER 53 AT . 3R #R e FE
LRI 4 — 4, 2006, p289-291

3) PR v A 2 r T AR A PR 7o P D T B A AT L R T 2 S R
Fr#,  No.70, 2004, p127-130

4) BEHG EBMIEEZ R W FAKRIBIE? O OESRERESMICE T 20870, dbiE 7 T ¥R
By, No. 301, p49-59

5) U.S.EPA : Method 3015 Microwave assisted acid digestion of aqueous samples and
extracts

6) U.S.EPA:Method 3051 Microwave assisted acid digestion of sediments, sludges, soils

and oils
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4-(1)-5 TKKEVZaAL—FDEFERICELIZNEKY ALRETA

f B g ER D BR 5L R HLER
HE REE R RERE AR BT MEER MRS

1. FLCHIC
[THRIKHE T ARKKEY I =2 L —
2 (LT ITvyIar—4%] LW
900 X, B 72 B E T R KA
D IKE TR & ATV AKE B B ICF]
sy —1E LT, K
AR FAKE R & R Ao H[FE
THELEY 70 =2T7ThHD,
(K1) v7 b ETAKETHEE
(¥YFa2b—varv) #1752
LR EERICERKRE HE AT
bPICEKE DL % Tl
HTENARRTH Y . KEEA
DYATZET Z NN,
AR TlE, He — MR R — 4 H1 EBE@=
RIE (LUF TA0E Evnoy)
M CThHFMAKBEEV Y —ICEBVWTHELE R TV EEEMEBMEESR (LT
INOs-NJ &9 ,) ORKIGFEIRAICE T 20 ARBICEZ 52OV TOMRLESSH
BT, 20y Ialb—FZHVnTHRatLEEREEsRET 5,

2. YSEa2aL—420BE
2.1 YIalL—50BE
YIalb—ZTiE, HEAKBS (IWA) OIEMHEFBIRE T L 2d (ASM2d) ZHEIC L7z 2
2l —varyEITV, MAKERLERSGE R EZELIELEAOLBKER, Kbl %4
BIRICB T HEERE OKE) O#BREEZ T T HZ N TE S,
Ay Ialb—FORHMELT, UFToZtRnbFond,
(D) HRAMICREHmO FPHETAZMEHALTEBY, CRETCIEMBMLET X2 H 05 2
ENTE, R MEEZLELE LR,
(2) BIEZATH O WCTEMEBRET VO EM M2 L E L L,
(3) MAKEDOANICKBEE Y —TCOREHEBEZH WL ENTE D,
(4) YR ab—va UERA2NAERFRE Y 7 b (MS-Excel) [T, Bx 05T
ThholyIal—va ViRi2 - BE T 5,

2. 2 FEHFEETI (ASM2d) DHEE

A Ia2b—FICHEHINTWHIE®RBIRET VIE, KSX >y 7 N TEEIZEZ > T
DMK GRS, TERARBMEICEADL L KIG, W AEBEMEICBE D 2 KIS, kM E B
ARG, BERBMICHE ) S22 B TET AL L, KISZ 7 NOEMKIGEE LU
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HoREEZHELTWDS, (K 2)

O GFRHA YR E

TEIR RN O BEIHIC X0 HHW & IRt 7y
it L, TONMRBECTERLEZYWEEDOEA
ZET ML TWD,

©® =E=HERE

@-1 Mk

MNLREBME CTHLWHILME LT =T
b+ rEEETT LI LTS,
@-2 =

TR RBME DAY 2 KFEMLGRE LT,
B EKRKFEZRERE L TCELT 2iREE
T L TWb,

@ Y AabkRE
D AERME O —EIXERE T & D MR M2 FEHBFEEETIL

W24+ 5L bl AZERTIHES Y E
T L TWD,
5EZLLTHLICE®RBRET VOBRKS Z25RT,

1 FHESFSEETILOERES

k=1 EHB Eik =1 185 B
So: | BAFIEFE X, Al oy iRt D RR IR TE B WY
S I #& %% W] BE 72 N MRST S M (RE AL A ) o # R
T B i Y AT &
BREED D AR SR B e
Sa £ Xy TERBREME OB KE
S LW IE S RE R Y Xppo |V v EREME O E K &
VD UERME O ER ARV
St | 7r T E X. A*ﬁ*ﬂﬂ ) TE
g 7
UL R AR O e PN TR A R
Swos | FEME - TRSEE MG & Xeun | 4 UL =
Sro4 v hU CEEREY v XveoH K ER AL TR B W
SALK 7/1/73 U E XMeP U Vﬁﬁ‘hﬁﬁ:ﬁ&%
N W) Ik o3 R A D
Y mmre

2. 3 YIalL—45%B%FRE

Yialb—varid, REL<HITTEDDFIATIT I,

(1) 77 v MMERK

V7 T ETEMRTAHTT N (WETERR) X, BRI L OB OB E TIER
ENDHEARATT M, ERFORMICIEU TEE (MEE, MARK., N 70lERL
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RE) EMRADLDZETHELSGIERT LD LN TE D,

(2) MAKBEOZFE (K3)

EHEHERET VT IMAEEDZM Ll TEBY I 2 b—va & T OITIX,
RIGHERAKFOEHEMERSICONT, EWhfsnsbo b, £z, AW
FRIND DD LR ESG LD EE D TRWE DR EITHT 5 BAF (5 A K5 H)
EIIHOLERHY, KOXTEREIN TN D,

FH#Y) (CODcr) =Sa+Sp+Si+Xs+Xpy+X,

L, FRNCLD20BBIECEREERERBIOM@ENIEREINDIZD, VI 2 —
AT, BECRL 2 KFEEY XY —TIToDHEERO LY 2 IEAEM & L CHH LEBIE
OfFENLER > TWVD, £/, KFAEE X —THIEEZIT>TW5 CODy, 2R HT 5 Z &
HT&, CODer ICHE %, 4T v &I FHAKMZEME (STOWA) 2322 L 7= AW 7 B )7 1k
(#£2) 2Kz, CODwn. M CODyn. BODEN SR ZEH L THWS Z & 6 1)
HETh b,

F2 STOWAICBITHERMHOL,EHE

H H 05 ¥
5. JAIKD S-COD¢, (0. 1um Ail) % Sg+Sa+S; & L Sa & S & ELFIW
THEM
Sa it N IK D A B IR B O B R E
S QLER K S-CODc, fifi X 0.9
N MAKD BCOD*#HE L, 4% Xs+Sg+Spa & L. Sp & SazZ L5l
° WTHH
X AKD T-CODer 2 FfEMmE L, iz 2Ll W THEM
XAUT‘XH~ _{Z\‘D k y?’*iﬁ@‘
XPAO~XPHA

X BCOD fEIZH A/K® BOD O HZEIL LY BODoZ#HiE L ZDEEZHWCHET S

B3 SEEMm
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(3) VA —L7T 7

VA —ALT v T EE, YIalb—va VHBREO KIS IR 55 E R E O E%E
RETDTOWAT O BIET, EMFICE T 2EEFBROBZKICHY T S, BEMICIEK, K
JISFEICB T 2MEOIRK - AMKIEOREEZLZRES LD, FHHRITAKE - —ED
HE GO FCTREAEEZIT O,

(4) & E

Valb—va a7l KIGH~mATLIKE, KE (7 rE2=7MHEH (U
T INH4e-NJ 209 ), D AEEY A (BLF TPO-Pl &9 ,) R EDRE) # AL,
S HIZWAKE, KR, MLDO, EX{GRE, REGIREREFOWLHEEEZ AT 5,
AyIal—varyOFFEREICEBWVWTIHRAKE - EBEEMGO B EHEZHVWRIE, F
B e A BE K E S PRI CTE | 24 BFE O AKE - BMEFMET — X 2 H0iuid, A KEO
HREEhZ TR T AN TED, 2, BBROUBLZOKLEGHROKE THEEIZL DR
AKBE DB R EALREBL SR DOEFE 2T 2RI, W KEOZET 2 Fr/iiCc T+ 5 2
ENAEETHY, BHICE o THEWSITDHZENAIETH D,

(5) ¥Ialb—3 3
SUERECRELESEHETY I 2L —va %2979, M4y Iab—3 g VIO
N

IR LML EORE - KEHBEIZOWT, YIa2b—va VR R T ALY A LTER
SND, Fio, FHEOEPRGIZ, BHm L% TRRIND,



(6) MiRx£x= (H5)

Yialb—va UFREIFHERICABTREIND, TOT—F I Iab—4 ETH
AL, EKEHBEICOWT, KERIICEIENOWHRE, MiZE2MHALrGLELIRLCT 77
Itk T 7 TCRRIEDHZIENTESL, £72, MS-Excel B TH 135 Z &
LA THDH, B, M—FHob 77 MEEPORERTRETOTYI 2 b —va v
BEZITHOTOICET HIRFMIZ 2 HEIRE TH D,

2. 4 YIalL—45EFEREOBER

Ay Ialb—FE, IEHEHBRETNVICESEE RN TA -2 TWn5b, ¥YIalb
—va UREREFERME —BHIEHITIE, RO EFICLVRRLDLIENRT A —FEIE
ICRETLHDLEIDY , ZRICITEMELRHE - RFEOEMR ELRRTHINPLELRD
EHBI TR,

ZDEHITE, YIalb—va UERICBREBEEZROD T, HbOABREOBREZEDOH TR
EEAOMm (BN TERN, Z2EPREVD/AINDN) @ﬂ%ﬁ_ﬁﬂ\ékb\ﬁﬂﬁ%E%
MERMBTHLEEEZOND, ZOHETIEH, EAEMERZNLXLOTHIBEZS 27
DI EIR/NRDONT A —=ZOHBER LTV, TOMITEEMEEZ A NIT LV, Fo,
MEKEFHICBWNT, Y7o 2l HEWRACE2EEBROEEEKRTIZ VI 2 —X
THHETEZ2WVWI R, NHi-NOEIbICE D AR 2 WmREERIIVI 2L —% ETI
XAl T&ET (FF2 NO3-N & L TR RSND), BHBEHEITH TCERNWI LIZLEE
TOHVLEND D,

M5 HBRERTHEM
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3.
3.

L7,

Yialb—vary (FMAKEBEEVS )

1 TSV FDER

ARFTIE BRAKBEE Y —OKLBEBHEZET L E LT AO0IEDT TV b & B
EMHEBLOERLEZT 7 O TE2£E3IBIOE L ITRT,

T2 B L A 4 (R E ME R SR AR 4 B BR A KR 5 R BE OFF 13 [EI %6 R B K D DY
Val—varyTREY 7Ny 2T ORI EHERBEROZD 10 BEx1 R0 T 7
MZEFELTWD, £, 5o > H 105 LENEKO MLDO 1ZFEM T —F BN RKE LT
L0, FERIOTPHY I a2l —Ya rE2RICEATRLEMESE LT,

®£3 EEHROHITT
I S &= 1P RAE
&l %
A B C D E F G H | J K L M
AE M) 905 | 544 | 544 | 544 | 544 | 544 | 544 | 906 | 1087 | 1087 | 1087 | 1087 | 906
MLDO (mg/L) — — — — — — — — — — — — 3.5
£4 #fEBLETSVEFDOET
I A BN e
[E] %
A+ B C+0D E F G+ H | J K L M
BE (md) 8694 6528 3264 | 3264 8700 6522 | 6522 | 6522 | 6522 | 5436
MLDO (mg/L) 0 0 0 0 0 1.2 /1.8 2532135
3. 2 RIGEBRAKBET—4
RIGFEFRAKEDO T — X213, BFHAKBAEA Ry 2—0o@EBARABRERERL2H W, £7-. 2.3

(2) THl~72 STOWA ® 5L L0 BAEFE O CODv,, MM CODyMy. BOD i &
WTTHEAKBE OB E (A HIMER Y D53 BT 24T > 72,

8. 83 OA—LTFTYTS

B HRBRIREARE O AKE &R x5 BHEMEZAVEY+—LT7TYTHERE
WEER T — % 2 H T, 90 H M4 FHEEEERBED LR

DI+ —LT v T HATol, UF A K 038 K
— LT v TR TR OLBKE (G (EBME) | (REE) | (tEmE) | 2
RAE) LimA B (ERE) ok NH,-N (mg /L) 15 0.1k | 1.1 #% 1.0
RERSICRT ., WEDEL, NO,-N (mg/L) 0.1%% | 8.8 7.9 0.9
NH4-N . NO3-N T#y Img/L. PO,-P PO,~P (mg/L) 0.9 0. 1 0.01 | #5 0.1

TH 0. 1mg/L TH Y . NHs-N D 2%
TERT—HAARRICED2 D THD, ER LT T MIERKZOLIERN Z M RFHRT
XTWBD LML,

4. BRENGGNEFEHEARABORE>ES A L—23 Y
3.3 C.HE L7  FPOFBMELEHRTE D,
NOs-N & HHE KA RO IS Z BE T 57Dy

W, EE o TWVWD EEE
Sal—YarEiTtTol,
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A0 IERBE R KIETEIB TR E (AOE) R E 0@ BRI IZHE VT, &EE NOs-N O
ﬁﬂm\ﬁm&yiﬁ%@?®ﬁﬁﬁﬁﬁff\DA@%mbﬂmﬁénﬂ%@f@@h
DWBFFBIWNTHELE0E, VALREORELRDE VDR TS,

FHRAKFBEE X —RNBEITITo7ZHETIE, BEE NO>-NEFFELEKAKBIRKAT D
BARIZH T, NOg-N B EEAS 100~400mg/L BREEICE T LR LTV D 2 E BB EATY
%, (X6)

BIE, Z OB
AT AIZOW T
i EKEAEE X
—lZEEEKRKINT
WDHMN, Atk FIH
KEAYE L Z— 0
A IR o o R
oHEILIZkY ., B
MAKEAL X —~
MASIHELZ LT
EINTWD,

Z 2T, RO
ANKF I &’ E O
NOz-N B {ETET 5 &5
A, DAREIZED M6 FEENGNEHREKRABRRIWER

=N

J: 9 Bjéﬂﬂj«é@ﬁ)

Vialb—ZE2HWTHEITo T,

4. 1 EHHRE

B AE ~ @ NO3-N i AGfF & L Clid, fil o @ fd o NOs-N J# £ (100~400mg/L 2 )
M@ EGMT D2 LK KIEHBAKFT TOREIZI/IOBECIAREINLDDZ LK
D EIZAT > 2@ E NOs-N G A F XK T O NOs-N IRELHFHAEM R EL 6 L2, L
ToOFEME L,

(1) YI2b—varyFh1 AKXy bMiRA

5. 10, 20, 30, 50mg/L DD NOs-N 25, 1 H 2\, 2 B> (3 Fr~5 B, 14 By
~16F) ARy MREATDHHE,

(2) ¥YIab—Ta 52 WEERA

MANBRELEESZFHEN LG EZBE L, 3.4, 5.0, 8.4mg/L D2 % O NO3-N 28 BF i
AT 5846, EAARMESE LTARy MREAKRO 20, 30, 50mg/L IZHY T 5,)

5. YTalL—varviER
5. 1 YSalb—2YavE&EHl RRYyFHREAFAE (B7)

U E NOg-N 23 S AE ~JiE AT 2 R 7 (3 RE~5 KE, 14K~ 16 FF) [C K DB L2 T
TR, 779 7 ECREOEY —JRIEBRZENENISREE 1RO 20 /o7, D AEE~
D BT NO3s-N R 28 20mg/L L ECTEEE IZB b, 50mg/lL 4 K 0. 7Tmg/L £ T L&
THEWIR R Lo, THIEAELOCLHERNEA L EEBET DL, UKD ARE
DHHEHETCHD Img/LfFEETCERTHHEELDD, £/, H2LFEFERAKBFAEE X
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— H EFEHEEM 0.5mg/L THDHZ EDLREMAFIC L - TiE PACIIIM THGE TE %,

| BEEmEEE 0.5 mg/l

K7 HEBUEZEZFARY FHRAEFHETOYIaL—Ya Yy

M7, W8ITHWT Y Ial—yaryTIHLHEKD SS IFEEhhRVWRELR-TWVWSE, O
PO4-PEEVAMEARRL, 20 AREBEMELEL WD,

o1
N
\'I
n

aAalb—vavEHh?2 EBRATE (H8)

M8 HHBMHERERAAZFHETOYIaL—YaEY
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ARy MRADOEE EREIC, FFRIZ(E & HITWLBEK POPREIIALAEBHL VWD, =
AVIESOSFEICIRAN T 2 POs-PIRELZFHOEBELNML TEY, E—7RHEZIX 1D 1AL
ol

A NO3-N 2 3. 4mg/L (AR » Rt A 20mg/L #H2%4) . 5. 0mg/L (A& v ki A 30mg/L
FHE) KO 8.4mg/L (AR > Mt A 50mg/L #H2Y) D&M T, £ £ h 0.2mg/L, 0.3mg/L,
0.6mg/lL R L 2o, MAREZHZFEELLLELEG, ARy PRAICH T AL
~NOEBIOX/NI LS 2o TWD, LAy L it A NOs-N i FE 28 8. 4mg/L @D KA IZ D0 Tl
ARy PIRADEE ERBEIC, PACIRIMTHIGEALEL 2D,

EFo. KX, AiRDOENERD

BEICBT DU KPO,-PA fif & (ke/H) B2 FEA OEEETRA
(kg/H) ZHBLEHDOTHD, 0.0
WA B LA S B A O 52.7
FLKPO,-PAMRDIED N AK Y K 30.0 - 8.0
MADOEEITHRT, R 2D
NN 508, L LZSGA 20.0 17.3
THHoREEDREIELL TR fsl
VW, ZhiE, EBLOBEAICBWT o SR
He D AOMHLBNEE S TS E
TODADOBFEBERZFTEL, VA - I
WBOREELR>TND 2 L& RR . 20mg/L | 30mg /L | 50mg/L
LTWwa, (053 4me/L)  (EO¥5me/L) (88, dmg/L)
7272 L, H2IFE4A 1A DA & NO3— NTARE

- e 'S I W T K
AR X —00 A A& NE
130kg/H TH DN, ARy A, BRI AZNZENOLRMELE S 0 A AW 2T B HE LN
ThoT,

Mo MEKP,-PAFEDLE

6. L

B EENERR ~ D EEE D NOs-N BNHALLEHBAOKRTEARKE~DOEEBZONTY I 2
L—ya VEToME, BIRAKOY ARENEA L, PACIEANRKLEIL/RD I L& TH
TE 7k,

— ., BEAKBERE Y —TlE, BEMOKFEEE ¥ —IZEKL TS EIEE NO3-N
EHEEKEMBEREAOHEBICHEVBRREZEE L, GRKEEEZY XY 2B TLAET S
FFEATEIN TV, REZAR I, 40 TR REZEMRBE RN E ¥ —I1Tx L
TEEZTANTEBAOMBKE~DOEBIZONWTHHEIT -, TORE, SEED
NOs-N HE I LG~ H 2175 Lo, BRIAKBEA L ¥ —HHABE M ~ O i A it
OYELIZSONT, BFRFAZITIFCLVLRE LR KEZMRET LN TE T,

BB, AV Ia2L—HOL5BOFERICOVWTIE, KEFEMEICIDIAFEE L Z—~D
HHEPBEKOFRAR ., fisx OBE) IR, JEASRFEOE LIS RO EEZMFELEET 25
HHEICBWT, FEAMICLAHEKE~ORBEOFEZ T3 52 & THAIREX IS ATRE & 72 5 72
ERELEAKEEHREITD ZENAGEERDZENDL, AV IaLb—2DEHEXK > TV
E AN
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4-(1)-6 KEBEELVEI—ANAIFICERTHSKEELREK

WS — FKEFBH HKaKkBAtry— KEEHMK
OmfERH F Z -8 {FARRE HHER =0 REE

1 #E

WHKBAEYE 2 =TI, Rk 204 12 A2 SEE RIS T T, RS HE o 32§ 6 1& 0 ik
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JENMART 2R ENARET 5-5D0 DK FT DLV EEORER., 0 ADIEHEFIE
Wt oW ENR o 2 ERRE Tt R I,

3 EBEHRFHEOERLZTONRORI
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BED RIS Z2 &S 32 miIoy L e o T 3mIp i L=, = of %, ClH#E DO % 1.1 mg/L
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T TACESEB AT EMKREAE Y 7 —  KEEER
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5-1 Development of High-Efficiency Gasification Power Generating

System Using Sewage Sludge and Woody Biomass

Nobuo Izumitani

Bureau of Sewerage, Tokyo Metropolitan Government

1. INTRODUCTION

Amidst increasing demands for to the tackle of global warming in recent years we are undertaking
research and development of technology capable of generating energy from biomass in various fields.

Sewage works are calling for the effective utilization of the sewage sludge that is produced in large
guantities in the sewage treatment process.

Although sewage sludge has a high water content, the quantities in which it is generated and its quality
change little with the seasons and is therefore an ideal biomass for use as energy.

Because of the difficulties in the acquisition of a landfill in Japan sewage sludge is in many cases
incinerated in order to reduce bulk. Furthermore, incineration of sewage sludge gives rise a new problem in
that large amounts of N20, a greenhouse gas with a global warming potential 310 times that of CO2, is
released into the air during sewage sludge incineration.

In this connection, we have developed a system in which woody biomass is added to the high-water
sewage sludge to generate energy such as electricity at high efficiency. The system is also capable of

reducing greenhouse gas emissions associated with the reduction(—incineration) of sewage sludge bulk.

eHeavy fuel ol eHeavy fuel oil
B==Electic power Sludge treatment = Eectic power Sludge treatment + energy recovery

Primary energy. Primary energy.

generation
with gas engine

Sewage \Woody

Sewage sludge sludge Blomas

“%aus . ueet Use sludge drying

Conventional sewage sludge , o !
incineration system Sludge treatment+ woody biomass gasification power generating system

Fig. 1  Sludge Treatment System Overview
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2. SYSTEM FLOW

This system is an advanced system that pyrolyzes the biomass such as sewage sludge, in a low
oxygen atmosphere and the high-concentration pyrolysis gas (hydrogen, carbon monoxide (CO), methane,
etc.) that is produced in this process is fed to a gas engine for high-efficiency electric power generation (see
Fig.2)

The raw material for gasification consists mixture of woody biomass added dried sewage sludge. (This
will be referred to as mixed biomass below.)

The mixed biomass feed is pyrolyzed in the gasification chamber of an internally-circulating
fluidized-gas gasifier (referred to as ICFG below), which is maintained at a low-oxygen atmosphere. In the
downstream gas reformer, the gas is reformed to hydrogen, carbon monoxide, and methane, and the biogas
formed in this manner is fed as the gas fuel to a gas engine for power generation.

The waste heat present in the various exhaust gases including the gas engine exhaust gas is thermally
recovered in heat exchangers. It is used as the heat source for drying the dehydrated sludge in a cascading

style. The system is arranged in such a manner as to achieve maximum overall energy efficiency.

Electric power,
N/

P
/ [

U Gas engine
/% : Reforming furace J generator

Demoisturizing tower / é,? X ; =
U1 Intemally Circulating A9 / Heatexchanger - Scrubber
Fluidized-bed Gasifier
ICFG
Gasification
chamber
Woody biomass —_— Heat exchanger
13.2t/d Combustion \ - Substitute
™ v a chamber ( . . the purchased electricity
Sewage sludge) | in » / ).} N || —)

Wi/ &

10ovd Drier %‘@,;%;) Heat exchanger Bag filter
%

] /_» Exhaust gas

=

o

Fig.2  Overview of Sewage Sludge Gasification —
Power Generating System Verification Facility

3. INTERNALLY CIRCULATING FLUIDIZED-BED GASIFIER (ICFG)

The most important characteristic feature of the ICFG is that the furnace interior into two chamber that
have different functions.

1) Gasification Chamber (Gasification in a low-oxygen atmosphere)

By feeding only steam for fluidization it is possible to maintain this chamber at a low-oxygen
atmosphere. The material to be gasified is introduced into the gasification chamber and pyrolyzed
by the fluidized-bed material (sand) at around 600 — 750°C. As the interior of the gasification
chamber has a low-oxygen atmosphere, losses do not occur due to the pyrolysis gas combustion
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nor does dilution occur due to the combustion gas. It is thus possible to obtain a high-concentration
combustible gas.

Together with the fluidized-bed material whose temperature has been reduced as a result of
gasification the gasification residues, (sparingly combustible and incombustible components such
as tars and chars) are transferred to the combustion chamber.

2) Combustion Chamber (Combustion in oxidizing atmosphere)

Air is admitted for fluidization and the interior of the chamber becomes an oxidizing
atmosphere. The gasification residues carried over from the gasification chamber are combusted
here. The residues are removed as a result of combustion and the heated fluidized-bed material is
sent again to the gasification chamber to serve as a heat source for the gasification process.

In this manner, the residue components that are difficult to gasify are selectively used as a heat
source for the gasification process so as to permit the effective use of the energy of the raw
material for gasification. By using an ICFG it has been possible to obtain a relatively
high-concentration pyrolysis gas even when a low-calorific material such as sewage sludge is used
as the biomass to be gasified.

Biogas - “.[ Combustion gas
(H,, CO, CHy, etc.) ¢4 | Fluidized-bed materialicirculating mechanism

Cogrleltiifolg
GIIEIMES
Energy extraction Stabilized treatment

Reducing Oxidizing
atmosphere atmosphere
e

e Fluidized-bed material heated with the heat of combustion
travels to the gasification chamber serving as a heat source.

i

|| Gasification residues retained in the oxidizing
e atmosphere of the combustion chamber is completely
Eﬁiﬁﬁ] g combusted.
Dry sludge R ’7 « @ Scrubber
y g . @ \QD‘ ¢ Sludge
4ot 3 (Water discharger Gasification residues travel to the combustion chamber
l. 1l . T .
Pyrolysis residues —"" %&‘@C’@/ after scrubbing) together with the fluidizde-bed material.
. N
Fluidized-bed material J— L (i ©
I o Il
s 1Y
AN 3 /
![ Incombustibles J_
Steam Air

Fig. 3 Internally Circulating Fluidized-bed Gasifier (ICFG)

4. VERIFICATION TEST RESULTS

During the period from September 2005 through July 2006 verification tests were run for a total of 142
days. The gasification power generation tests were carried out using 1,758t of sewage sludge. Even when
running the gasification tests with a mixed biomass the system will operate as stead and stable as when
sewage sludge is gasified on its own. This permits a stable power output.
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Component [wt%]

4.1 Composition of Raw Material for Gasification (Dry Sludge, Woody Biomass)

Dry sludge
(Granulation to roughly 10mm grain
size concurrently with drying)

100 20
7.4
145 d 10.1 1 1
2 3 water
80 11.9 18
‘l ® 172 O P Ash
60 16 2 Solid
@151 J g2 carbon .
15 é Woody biomass
[ = } (Use shaped pellets for tests)
40 80.0 14 E — \n/-IO;?tglre
-
63.8 65.6 113
Lower
20 12 @ - Heating
Value .
(wetbasis) | White pellets Bark pellets
111 (Tree trunk ) (Bark)
0 10
Dry sludge White pellets Bark pellets

Fig. 4 Raw Materials for Gasification

The woody biomass that was used for the verification tests had water content in the order to around 7 —
10% and also a higher calorific value than dry sludge. For the verification test the woody biomass was
added to the dry sludge so that heat output ratio is 20%. (The woody biomass calorific value/mixed calorific
value — approx. 0.2)

4.2 Composition of Biogas, Cold Gas Efficiency

Concentration [vol%)]

100% 5 T=h 5 10.0
—— The fact that woody biomass
80% [ 180 . . e
2 addition increased calorific
e 58 o | >c .
66.8 o value of biogas was
6096 [ | ©57 1 6.0 g C—CH4
o
| LS . confirmed
©4j 2
40% [ T & 140 > —3co
5.6 4.9 5 o
:1:9 124 11.2 e Lhy
20% [ 83 120
9.4 11.0
9.8
10.0 9.4
0% s 00

Dry sludge onitsown  Dry sludge + White pellets  Dry sludge + Bark pellets

Fig.5 Composition of Biogas
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70% I
+ Sludge on its own
Mixture of sludge and white pellets
65% ® Mixture of sludge and bark pellets [
Mixture of sludge
S and woody-hiomass
§ 60% 7 () \
L )
=l d ]
b= ; )
[} ; A 7
@ 55% i A o
=] ) /
ke A
[S}) . - .
@) Approx. 10% Sludge on its own
increase in cold
50% gas efficiency - T
x Approx 8% decrease ;
in dry sludge water |7
content 0 i
45% &
40%

Next Fig. 6 shows the cold gas efficiency resulting the admixture of woody pellets.

(Cold gas efficiency = Biogas heat amount/Heat amount of raw material for gasification.)

10%

15% 20%
Dry sludge water content [wt%)]

Fig. 6

Effect of woody biomass addition

Increase in calorific value of biogas
\
Increase in heat amount recovered from
biogas (= heat source for sludge drying)
\A
Decrease in water content of dry sludge
(= Increase in calorific value of dry sludge)
\
Increase in cold gas efficiency
(Decrease in energy for evaporating water)

25%

Cold Gas Efficiency

It has been confirmed that when woody biomass is added to dry sewage sludge (water content 7 —

10%) at 20% heat amount ratio, cold gas efficiency is increased roughly 10%.

4.3

300
275
250
225
200
175
150
125
100

75

50

25

Power output [KW]

At biogas mixing rate (heat amount
ratio)—50% stable rated gas engine
operation is possible.

Power generating efficiency during test
runs was 31 — 32%.

Biogas mixing rate [%]

Mixed gas (biogas + city gas)
Calorific value: around 10MJ/m3N

Gas Engine
In the test runs, biogas was added at 50 — 55% heat amount ratio to city gas.
(Biogas heat amount/Mixed gas (biogas + city gas) calorific value > 0.5)
‘ Power output  —a— Efficiency —®— Calorific value for mixing gas Biogas mixing rate‘
L | 60
o 5 T 9 5 : .
1 -
- = o 1 50
7 v 53 v v & v ’ & v 40
Y e e — A A A a A
i 1 20
¢— 9 — 9o — o —9 — 9 —o ¢ —¢ —9)

1st 2nd

3rd

4th 5th

July 2006

6th 7th

Fig. 7

8th 9th 10th
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5. EFFECT FROM USE

Based on the results obtained this study we have done a trial calculation of the effect achieved from the
use of 100 ton a day-scale facility. In this trial calculation case, we decided to use biogas as burner gas fuel
for sludge drying and to generate power with the gas engine at a biogas surplus. The mixture amount of
woody biomass was set to the calculated quantity* which would be enough for the biogas powered gas
engine to generate the required electrical power for this 100t/d scale facility,(*the rate of woody biomass was
set at approx. 13t/day (at heat amount ratio approx 35% compared to dry sludge).
For comparison we used the incineration system (incineration at 800°C).

80,000
] Heawy fuel oil consumption(LHV) . .
= 70,000 - . Through the introduction of the
B ["IPurchased electricity
S, 60,000 - gasification system it is possible to
S . . S
250000 - mmmEe achieve a major reduction in primary
2 Y i . .
é 40000 | energy consumption as compared with
> ! My
g 30,000 & the conventional incinerating systems.
S 30,
E 20,000 - (Value of purchased electricity was
= | % converted to primary energy.)
10000
0 ‘ P
Incineration Gasification Gasification +
biomass feed

Fig. 8 Energy Saving Effect (Primary Energy Consumption)

Based on the verification test results it has been confirmed that the substantial savings of fossil fuel
consumption and purchased electricity can be achieved when gasifying a mixture of sewage sludge and
woody biomass. Furthermore, our trial calculations have shown that a certain amount of addition of woody
biomass helped reduce consumption of fossil fuels from outside the system and purchased electricity to
zero. The results thus suggest that the system is not dependent on fossil fuel-derived energy and can be
energy-independent (*Except for auxiliary fuel for system start)
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N L ‘.‘ . .
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Fig. 9 Effect of Reducing Greenhouse Gas Emission
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Comparison of the GHG emission levels of the energy-independent system with the conventional
sludge incineration systems (incineration temperature 800°C) has demonstrated that it is reasonable to
expect a roughly 90% emission reduction. The reason for the GHG reduction is not only due to the above
reduction in primary energy consumption but also to the fact that the potential for minimizing the formation of
N20, which has an extremely high greenhouse effect, is an important factor (*N20 has a greenhouse effect,
310 times that of CO2.) because the nitrogen oxidation reaction is substantially inhibited in the reducing
atmosphere in the ICFG gasification chamber.

6. SUMMARY
We have carried out verification tests on a power generating system using gasification of a mixture of
sewage sludge and woody biomass and have obtained the following results.
It has been confirmed that:
The system as a whole demonstrated that it has stable operation.
A major greenhouse gas emission (notably N20) reduction effect can be achieved.
A major reduction in fossil fuel consumption and purchased electricity can be achieved and that
the system is energy-independent, not fossil fuel-derived.
This energy-independent system holds out significant potentialities.

7. CONCLUSIONS

Tokyo Metropolis has established its own target “ 25% reduction in greenhouse gas emissions by 2020
as compared with 2000 “ and embraces a positive commitment to greenhouse gas emission reduction
measures.

The system we have developed will make a significant contribution to achieving these targets.

In the future, we will put the gasification of sewage sludge to practical use and extensive verification of
both the energy saving effect and the greenhouse gas emission reducing effect of this system. Afterwards,
we intend to promote and diffuse the use of the mixed woody biomass.

Nobuo Izumitani, Bureau of Sewerage, Tokyo Metropolitan Government, (E-mail : Nobuo_lzumitani@member. metro. tokyo. jp)
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ABSTRACT

“Tokyo Amesh” is real-time radar rain gauge system Bureau of Sewerage, Tokyo Metropolitan
Government operates. The information is available on our network and internet. The data source
of it is two X-band radars, Minato and Inagi. The radar can observe rainfall intensity at the
smallest unit of 250m by 250m square mesh. Operators make the best of the information for the
safest pump operation. No good solution has been given to “rainfall attenuation” and “bright
band”, the inherent problems for X-band radar. Also, for changeable movement of rain clouds
broader panorama vision has been in demand from a standpoint of preventive operation. With
these needs, Tokyo worked on allying with four neighboring municipalities to share rainfall
information. By integrating data from the four systems into one, with a new composition method
a great progress has been attained to solve the problems.

KEYWORDS: Tokyo Amesh, radar rain gauge system, mesh, rainfall attenuation, bright band,
composition

INTRODUCTION

Background

Bureau of Sewerage, Tokyo Metropolitan Government, has carried forward to establish discharge
capacity of 50 mm/h rain, which is defined as the one-time per three years precipitation. In these
years, however, rain often exceeds the definition for a span of time. Unpaved ground is scarce
inside 23 wards in Tokyo as a result of urbanization, and lowlands of no-natural drainage
topography are highly utilized for residential purpose. Thus, conditions surrounding rainfall
drainage against inundation are very demanding. Also, operation jobs have been integrated by
making use of remote-control system for efficient management, e.g. with small number of staff
in charge of plural facilities. As of 2008, at 66 pumping stations of total 83, no operational men
are staffed. In intensive operation to deal with rainwater, grasping the present state of rainfall
closely is helpful for an operator to provide for his next action. “Tokyo Amesh” is a real-time
radar rain gauge system Tokyo Sewerage operates. The data source of it is two X-band radars.
They observe precipitation on and around Tokyo at twenty-four-hour basis.

In 2007, to improve “rainfall attenuation”, “bright band”, inherent problems for X-band radar,

Tokyo worked on allying with neighboring municipalities to share rainfall information. From
here, we call it “the new system” and we call the system before the allying “the old system”. The
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new system has been successful to enhance accuracy and contributes for the safer operation.

System of Tokyo Amesh

“Amesh” is the combination of two words “Ame” and “Mesh”. “Ame” is the Japanese for rain
and “Mesh” is a key word which characterizes the system. “Tokyo Amesh” has started in 1988,
and the present Amesh, the 2" system, has been in service since 2001.The data source of it is
two X-band (9 GHz) radars, located at Minato and Inagi. The radar can observe rainfall intensity
at the smallest unit of 250m by 250m square mesh within a circle of 50km radius. The data is
updated every minute. Tokyo Amesh information has been open to the public on the Internet site
since 2002. As a method of risk communication, it has contributed to crisis management.

System Configuration

Figurel shows the configuration of the new system. We added the enclosed part by the dotted
line in the figure for the new system. Data are collected from four municipalities to a processor
which composes them. The composition job is consigned to an external agency which specializes
in weather analysis. Consignment of the composition job is intended to facilitate procedure when
a municipality begins to receive the composed information. Radar precipitation which Japan
Meteorological Agency (JMA) deals with is also used to composition. In the figure, the general
meteorological information means weather warnings/advisories thunderstorm, typhoon and
more.

Composed data is received at the CPU-Distribution unit on Kuramae Water Reclamation Plant
(WRP) and distributed to all operational and maintenance facilities. The unit also transmits the
Amesh information to Internet, cellular phone and Disaster Information System which is
managed by Disaster Prevention Division. Tokyo started to take in the composed data in 2007,
and Saitama Prefecture has followed Tokyo from 2008. The other two are preparing now.
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Sharing the Rainfall Information with Neighboring Municipalities

Following the increase of the number of radars, we investigate the method of data composition.
In data composition, we also use JMA radar. The errors caused by the height of passing radar
beam and the distance between the radar and the target are corrected by using the ground gauge
data and the data composition of the radars.

The precipitation measured by radar is the precipitation at a moment, but ground gauges measure
precipitation for a certain period. The precipitation data needed for our operation job is not the
momentary intensity of the rainfall but the amount of rainfall on the ground. Taking it into
consideration, we compose and correct the radar data.

Weak Point of X-band Radar

The present Amesh, the 2" system, has been in service since 2001. Compared to the 1 system
which is called “Tokyo Amesh 500”, the 2" system has been improved in specification such as
accuracy and update periods as shown in Table 1. But it still has the problem caused by rainfall
attenuation and bright band.

Figure 2 shows an observation image of the old system in which the “rainfall attenuation” can be
seen. The reflected wave was attenuated because of heavy rain around radars. The radar data
within Tokyo were compensated by the ground gauges and heavy rains were shown there. But,
no ground gauge data were available beyond the boundary of Tokyo and weaker indication was
given.

Figure 3 shows an occurrence of the bright band. The radar indicated heavy rains for weak ones.
This effect is resulted from the property that melting layer of precipitation has its high radar
reflectivity. In the same way as “rainfall attenuation”, the ground gauges compensated the radar
data within the areas of Tokyo.

These effects give misinformation to operators dealing with rainwater and may cause a serious
mistake in their decision. C-band (5GHz band) beam cannot be employed in place of X-band,
because it cannot perform the fine mesh observation, and also permission to use it cannot be
guaranteed for the future.

Table 1. Specification of the System of Tokyo Amesh

Name of system Measurement Size of a Mesh Update
(operation term) Area (distance from radar) Period
105km
Tokyo Amesh 500 (east to west) .
(1988 — 2001) 40K 500m(0 — 40km) 2.5min
(north to south)
Tokyo Amesh 125km
The old system (east to west) 250m(0 — 20km) 1.0min
The new system 50km 500m(20 — 50km) '
(2001 -) (north to south)
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Figure 2. Rainfall Attenuation Figure 3. Bright Band
*) Precipitation in Tokyo area is corrected by ground gauge data

METHODOLOGY

Approach
Saitama prefecture abutting on Tokyo in the south, Yokohama city and Kawasaki city in the north,

operates their own radar gauge system (Figure 4).

They use X-band radar, and have the common problem with Tokyo Amesh. And JMA has its own
radar system using C-band which covers all over Japan. Combining information of their systems
with that of Tokyo Amesh is considered to be an effective method to complement radar
attenuation or bright band.

Starting the data composition, Tokyo, Saitama, Yokohama, and Kawasaki have concluded an
agreement on the handling of the raw data and the composed data. Tokyo is the first municipality
to use the composed data and the other municipalities will follow it. And Saitama began to use
the data from the year 2008. The agreement stipulates that the allied municipalities own the
composed data commonly and also includes the rule for how to split the expense among
participants. We will minutely describe how we composed the data below.

Figure 4. Tokyo and Neighboring Municipalities
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Principle of Radar System

A weather radar is a radar used to observe the atmosphere. These radars sense precipitation by
measuring a radio wave reflecting from targets, such as raindrops and snowdrops floating in the
air. By measuring the power of the reflecting wave P, , we can calculate rainfall intensity R . The

average power returned to the radar from targets and the radar reflectivity factor Z , which
relates to the amount of the raindrops in the path of passing radar beam, has a relation written as:

 CFz
4r?

P

r

(1)

where C isaradar dependent constant, F is a coefficient of revision, r is the distance
between a radar and target.

The radar reflectivity factor Z and rainfall intensity R has a correlation called “Z — R
relation”, so we can calculate R by using a conversion line based on the statistics.

Radar system consists of two parts. One is the antenna where radio wave is sent and received.
The other is the data processing device where P. and Z istranslated to R. (Takashi, 1996)

“Z —R relation” is affected by how heavy the rain is, so Tokyo amesh adopted
“rainfall-intensity adjustment* to make the rainfall data more accurate. By using the basic
conversion line “rainfall-intensity adjustment” calculate the amount of rainfall, and determines
Z — R relation by choosing one from 3 types. 3 types are defined by rainfall intensity,
“severe”, "moderate” and “weak”.

Figure 5. Radar System
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Correction of Rainfall Attenuation by Increasing the Number of Radars

Even if one radar cannot measure the point of rainfall attenuation accurately because of rainfall
attenuation, there is a possibility other radars located in other areas can measure correctly (Figure
6). We propose a method to complement rainfall attenuated data by increasing the number of the
radar system.

Figure 6. Correction of Rainfall Attenuation by Increasing the Number of the Radar

Bright Band Error Minimization and Correction of Rainfall Attenuation by Ground Gauge
By complementing the radar data with the ground gauge data, we can eliminate the internal error
of the radar and the bright band. And we can also correct the data lacked by rainfall attenuation.
We can know the amount of rainfall in area around Kanto more accurately than before by
increasing the number of ground gauge.

Improvement of the Data Reliability

By defining the reliability of the radar data, we compose the data measured by some radars. The
rainfall value of the same area will be measured differently by each radar because of the
difference of the height of the beam of each radar. For that reason, inside the measurement area
of the new system there are differences between each radar’s data.

Low-height data has less error because low-height means radar measures the rainfall near the
ground. And the distance between the antenna and the target produce errors on the radar data
because radar beam is attenuated through the path.

Therefore by using the data from some radars and giving weights based on the reliability of the
data, we can improve the reliability of the data overall.

We will next revise the radar data by using ground gauge data to measure the rainfall accurately.

Update periods of Ground gauges and radars are not the same, so we adjust them to suit for the
information we use for reclamation of sewerage.
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Flow of Data Composition
Our new system determines the amount of precipitation on the ground by revising the radar data
by ground gauge data. Radar can measure precipitation in the mid air inside the measurable area
divided to minute meshes. Table 2 shows the specification of the radars we use. According to the
Table 2, each radar has the difference in the specification. Therefore we divide 6 radars into 3
groups. Group A, which includes Tokyo and Saitama radars, can measure rainfall by minute
meshes in short update period. We use group A data in data composition process and determine
the amount of precipitation. Then we use group B and C data to complement the area where
group A cannot measure. It is difficult for radars to define the absolute value of the amount of
precipitation, so we use ground gauge data in calibration process to match the radar data to the
ground gauge data.

Figure 7 shows the schematic of flow in the proposed radar data composition.

Group A

.,
I\\-\.

-~

Tokyo and Saitama Group ©
- Group B - 3 radar data - -

-

Yokohama and
Fawasaki radar data

L

JMWA radar data

1

Making attenuation map

-

Correction of total Composition of 3 radar data Correction of total
armount | / \ armount
4 \h._ .a’/

Composition of all radar data

ga%rgueuggta [:> Calibration

End of composition

-

Figuré_Y. The Schematic of Flow
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Table 2. The Specification of Each Radar

Tokyo radar

. Saitama Yokohama Kawasaki JMA
(Inagi and
. radar radar radar radar
Minato)
the update 1 min 1 min 2.5 min 2.5 min 10 min
period
250m
Size of the 250m 250m (0 —20km) 500m
mesh (0-20km) | (0-20km) 500m (0 —40km) 1km
(the distance 500m 500m (20 — 40km) 1km (All area)
from)) (20 —50km) | (20 —50km) 1km (40 — 100km)
(40 — 50km)
Group A A B B C
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Data Processing of Group A

e Making Attenuation Map by Evaluating the Radar Data
By evaluating the power of the reflecting wave P, obtained from each prefecture measured
from each distance and angle using polar coordinate, we can determine the attenuation of the
radar beam. Doing that for 360 degrees, we can make an attenuation map, which can be used to
eliminate rainfall attenuation. By using Attenuation map we can know where the reliable data is
in the measurable area of each radar.

Figure 8. Making Attenuation Map
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e Composition of Group A Radar Data
By giving two weights based on the reliability to each mesh of each group A radar and
composing each radar data, we can improve the reliability of the radar data overall.
We translate the group A radar data from polar coordinate to orthogonal coordinate in order
to match them to the map of Kanto area divided into the minute meshes. We call the radar
data composed in this process “composed radar data”.
(1) Set 2 weights on the mesh of each radar:
a) weights table of beam heights
We set weights table of beam heights according to the height of the passing beam.
b) weights table of the mesh-radar distance
We set weights table of the mesh-radar distance according to the distance between the
mesh and the radar.

(2) Compose the mesh data measured by group A
We show how we calculate the each mesh’s precipitation value R on the same mesh
where the group A radars measure independently.
a) Each radar’s weight given to each mesh is calculated by multiplying weights table
of beam heights with weights table of the mesh-radar distance.
b) Each mesh’s precipitation value is calculated by adding R measured by each
radar multiplied with each radar’s weights.
If one radar data has invalid value set by attenuation map, we ignore the weight of the
radar and use 2 radar data. Therefore, we can improve the data reliability, and we can
grasp the rainfall without the effect of rainfall attenuation.

Data Processing of Group B

The size of mesh and the update period of group B radars are large and long compared to those
of group A, so we can think group A radars indicate the precipitation on the ground more
accurately. Therefore, we recalculate the group B radar data by using composed radar data.

For meshes which satisfy the below conditions, we compare the composed radar data with the
group B radar data. There are some areas where the size of mesh are not equal to the group A
radar, we divide some mesh of group B radar in order to match it to that of the composed radar
data.

1 composed radar data which over 0 mm

2 the group B radar data which over 0 mm

We calculate the ratio by dividing the total amount of composed radar data with the total amount
of the previously measured group B radar data. Then we recalculate the group B radar data by
multiplying each mesh of the group B radar data with the ratio. Figure 9 show the process of
correction.
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Figure 9. Correction of Group B Radar Data

Data Processing of Group C

The height of passing radar beam of JMA radar is high, and the size of mesh and the update
period of JMA radar are large and long compared to those of group A, so we can think group A
radars indicate the precipitation on the ground more accurately. Therefore, we recalculate JIMA
radar data by using composed radar data. We divide all meshes of JIMA radar to match it to the
composed radar data.

For meshes which satisfy the below conditions, we compare the composed radar data with JIMA
radar data.

1 composed radar data which over 0 mm

2 JMA radar data which over 0 mm
We calculate the ratio by dividing the total amount of composed radar data with the total amount
of the previously measured JMA radar data. Then we recalculate the group JMA radar data by
multiplying each mesh of JMA radar data with the ratio. Figure 10 show the process of
correction.
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the data reliability of each group. We call the radar data composed in this process “composed

group radar cannot measure. This method is based on the idea we prioritize the data in order of
ABC radar data”.

We compose group A, B and C data by overwriting the data in order of C, B, A in the same map
divided into 250m mesh (Figure 11). In short, we use B and C group data in the area where A

Figure 10. Correction of Group C Radar Data
Data Composition of the Group A, Band C
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Figure 11. Data Composition of the Group A, B and C
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Calibration Process
Radar data is not coincident with ground gauge data because radar system measures rainfall in
high location. We use a radar dependent constant in translating P, to R, but a radar dependent

constant is affected by the rainfall intensity. In translating process, it is difficult to change a radar
dependent constant according to the rainfall intensity because the amount of calculation becomes
too large to update the rainfall data in one minute. So we propose the calibration method to make
radar data coincident with ground gauge data. There are 86 ground gauges in Tokyo, 27 in
Saitama, 22 in Yokohama and 18 in Kawasaki. New system uses all these 153 ground gauges.

e First Calibration
We correct the total amount of the precipitation value in all meshes of composed ABC
radar data by using all ground gauges. We avoid the sudden changes over all meshes by
making the total amount of precipitation measured by the radar data coincident to that of
ground gauge data in First calibration. Taking update periods of radar and ground gauge
into consideration, we correct radar data as the steps described below.
Step 1: Calculate the amount of the precipitation measured by radar and ground gauges in
the past ten minutes
Step 2: For all areas covered by weather radars, we make a primary analysis by the least
square method in order to correct the radar data to coincide with the ground gauge
data in average. In this process, we can calculate the calibration coefficient.
Defining the calibration coefficient by using feedback process, we can avoid the
sudden changes in total amount of precipitation.

e Second Calibration
We correct each mesh’s rainfall value by using ground gauge near each mesh (Figure 12).
Centering around an optional mesh, we use some ground gauges within a radius of 10km,
7.5km, 5km. Considering the distance between the mesh and the ground gauge, we correct
the mesh’s rainfall value to match to the precipitation on the ground by using the ground
gauge in order of 10, 7.5, 5 km in a radius. This is how we make the radar data coincident
to the ground gauge data in a local area.

Figure 12. Image of Calibration
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RESULTS

Rainfall Attenuation

Figure 13 shows the result of the elimination of rainfall attenuation in our new system. At that
time, there was a heavy rain around Minato and Inagi radars. This rain became an obstruction
which caused the conventional system to produce inaccurate measurement values around
Saitama [shown as star in the figure]. On the other hand, a heavy rain in Saitama was able to be
detected by Saitama radar, which is a part of our new system. For example, Table 3 shows the
data from JMA. It shows the rainfall intensity of the star location shown in the figure. The new
system shows the colors (pink 50 - 70 mm/h), which matches to the ground gauge data (69.0
mm/h). In this way, the new system can complement the limitation of the conventional system.
New system increases its reliability and accuracy.

Figure 13. Elimination of Rainfall Attenuation
(Left: the Old System, Right: the New System)

Table 3. Ground Gauge Data by JMA

Date Time Area Ground Gauge Data

Koshigaya-City, 11.5mm 69.0 mm

July.30.2007 12:30 - 12:40 Saitama-Pref (10 min) (60 min)
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Bright Band

Figure 14 shows the time of the occurrence of bright band. Radar beam passes around the height
of bright band, so the radar indicates heavy rains for weak ones. The left side of Figure 14 shows
heavy rains outside Tokyo area caused by the effect of bright band. The right side of the same
figure shows the result of increasing the number of ground gauge which successfully eliminates
the effect of bright band. Table 4 shows the data from JMA. It shows the rainfall intensity of the
star location shown in the figure. The new system shows the colors (blue 10 - 19 mm/h), which
matches to the ground gauge data (12.0 mm/h). In this way, the new system can complement
eliminate the effect of the bright band.

Figure 14. Elimination of Bright Band
(Left: the Old System, Right: the New System)

Table 4. Ground Gauge Data by the IMA

Date Time Area Ground Gauge Data
Hiyoshi,
Dec.29.2007 1:50-2:00 | Kouhoku-Ward, (21'8 rr:ir:) %ébomr?rr]‘;‘
Yokohama-City
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Improvement of the Data Reliability

Figure 15 shows the time of the long span rain in Kanto area. From 15:30 to 16:30, not a single
ground gauges inside the area enclosed by red line in Figure 15 indicated over 15 mm. At that
time, the old system had indicated the color which matches to over 20 mm/h rain for 20 minutes.
But the new system show the color which match to below 20 mm/h rain during that time.This
result shows composing the radar data and compensation by the ground gauge improve the radar
accuracy.

Figure 15. Improvement of the Data Reliability
(Left: the Old System, Right: the New System)

DISCUSSION

We can eliminate the effect of rainfall attenuation and bright band by composing the radar data
and using the ground gauge data. And we can improve the accuracy of radar by using the
reliability based on the specification of each radar. So we can say we succeeded in grasping the
rainfall on the ground more accurately than ever.

However, in our current system, unnatural result will sometimes appear because of the difference
of the height of the passing radar beam, the precision and the update period of the radar system.
We show several examples below.

Radiation Pattern

Figure 16 shows a result of a situation in which it is difficult for our new system to determine the
threshold we use in making an attenuation map because the attenuation is influenced by how
heavy the rain is and the shape of the raindrops. It is difficult for us to determine the threshold by
considering the shape of raindrops. Therefore, radiation pattern sometimes occurs in our results.
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Figure 16. Radiation Pattern

Circle of the Measurable Area
The precipitation on the same point will be measured differently by each radar because of the

difference of the measurement period and the height of the beam of each radar. Especially, the
specification of JMA radar system is inaccurate compared to the other systems, which caused a
circle of the measurable area to appear shown as in the Figure 17.

Figure 17. Circle of the Measurable Area

These are the cases in which the radar will produce unnatural results like shown above. However,
the measurable area has greatly expanded by using our new system and the accuracy has also
increased. To alleviate these problems, we can approach from the software side such as
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improving the method to define the threshold, or from the hardware side such as improving the
accuracy of the system.

CONCLUSION

We can eliminate the effect of rainfall attenuation and bright band by composing the radar data
and using the ground gauge data. And we can improve the accuracy of radar by using the
reliability based on the specification of the each radar. We confirmed that the composed data was
effective for operation jobs through some cases of rainfall. Now, we consider the method of
sensing the rainfall attenuation and compensating the lacked data by radar itself.

The new system has been used in the Bureau of Sewage, Tokyo Metropolitan Government in
since April 2007 and the information obtained from the system has been updated to the Internet
for public use since July 2007. These days, more and more people living in Tokyo have been
accessing our website for the purpose of crisis management. We will keep trying to improving
the accuracy of the rainfall data.
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