50m LlETH Ak, ETHRILESELERENCISEROFER G oMM
WEL, CORMEZTIKITIEMN L,

FEREOBEEE, SRRy LROROBBENLNET -4 OB LD ED S
SENPEFE LV, 2OF - MRBLARVOT, KFETH, ROHHE I ny 4 — R
PO HEBENCERRTELDOLEL, R (V-2 - 1) KX EERECHELL, &
E.mﬁp®ﬁm,TfUﬁ@EM#CM?L;?WKHDT%&kﬁﬂﬁnggmj5
EVI - 2 - 5 RTELEHOL,

U (at height z,) = U (at height z,) {2./2,) 7 = (V1= 2 - 1)

V-2 -5 EPADCIK ==a7wil B POHE

MNAF NVEFEE A B C - b D) F

P 0.1 | 0.15}0.20] 0.25| 0.25] 0.30
(&) ChoORER, Yy 2 ~7 v (Brookhaven) I£HZ 145m OO HE
LHETORABNES b & Khenarrais (1950) HFEBLLOT, W
BRI 2P0 BEREDODBRRMKET 3L > BUHBEB Y7 -4
TH b, '
2.2.2 REREF N
BEMGHHINAER, 208PBEMNEACLY LRL, 30 T—EBEICET S
B, EOGBELAEDEREEUR, RREFVCREOBEISEARMIRESDESAL
TEHET B, |
R e, MV~ 2 - 4ICRTE S, KERSHIEO ERGAL #MAA DT
$5, cOAhOHEHEREAOLONRHEIATO LY, FFAXTHRKELLHBRITBO
B, $NCEEEENnE LT B d, HEB I Moses & Carson, MEEBBriggsy
ARCTHBERSERFLL,

Mean wind

He: Effective stack héight
Ho: Actual stack height .
Ah: Plume rise

He = Ho + Ay}

RIVI- 2 -4 HFHEREGEEERHGOMHR
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7535, Moses & CarsonRAFH T2 1cdbic-T, REMN lo/s EWCcHFATROBAMRE % F
BBEELONGL LG, Blla/s RO La/s & LTHE LA, FERERICR
e |

(D Moses & Carsonzy (FHEE)

Ah = (C,+V¥s - D+C2  Qu "2 ) » U™l o (Y[ =2 - 2)
SO, Qe =p - Q- Cp- AT{cal/s) (HEAR)
p=1293g/0® (0 CHBIHEBHOHE)
Cp=10.24cal/g » ° K (EIEIEZ)
Q:PEH AR (Nm'/s)
AT BARRELGHEOBES
(e ~21) ©
BE X R ()
U : 18 22 H 8 o Bk (n/s)
Vs ¢ HEH S (n/s)
DO (m)
Ci, ColDWTR, ROEXEB L.,

AT

il

Ts

REBEE| d0 /dz o C:
T % E|do /dz< D 347 0.33
th sz |46 /dz=0 0.35 0.171
& £ do /dz>0 | -1.04 0. 145

S oTd0 fdz=dT/dz+ Td BEMEE (T/m)
rd =0, 0098 (EBHFALKERS) (T/m)

@ Briges® (AE)
AR =14 - Qa7 - (40 /dn) 30 (VI-2-3)

SCTC, d8 Jdzi 0T, ROEEER L.
‘ 46 /dz=10,005 T/ m
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2.2.3 WRTFA
HFRUEOMBKET vid, S0, BMMBRENLRRC, ERRT v — 4% F A REES
Mot7 e F AR HME LS, BFROERY ZRVALEREOHSH 2 ERBROOV A - &
KEETETT00, BHRTEER L, CORBEHETRULONE (HTOBER)
k> THRUBAD, HFRYEE, 2 oo R, 2~10un, 10~20u0 , 20un Elld4
SOEBRMEKSY, HERRC 2 CRTRYEOREEFEL .

0 PEEkEER
B TR0 O B B EHE SR B R
® EHARTEERUAT V- 4R (HRIICHN)
HARPEOBEGo v — R, R CHRshi,

Qe y? (fe-2)* (et} ?
Cix,y,2)= -exp(— ){exp{— — } texp {- —.}]
2moy, 050 2047 2 g;* 2 o;*
(VI-2-4)

BEGERETORREERL[EL, RTHRMECxH, 2Hh idEHANKELIRIC y #,
SEbREI zEE B,

X CHHEAOxEE (m)

y EHHEAOYEE(n)

2 :ﬂﬁ,ﬁézmﬁ(m)

Qr : RIEFEME (No/s)

U Bl (n/s)

He :HZHERSE (m)

C(x,y,2) s 3FEERE (%, y,2) ORE
oy 1y HHOEOLEE (n)
oz : zFROEDEEE (m)

ER® oy 02 REGENDEERTEb0THY , BT — 5 & BN TO 5,
CORPKODOTREBEE~NEZEET 5,

K (V-2-4) Cit, BALEHHEED LTHERA M, LS —>ORMMD
WMEHFBLAEHHCRETORPMRIE—FEDHEL TR EEIZENTE, —DORAA
CREN—REELB S, RAEAREAIET A0 KAND SRS (Holland,
1953) .



' Qe (He-23 % _ (le+2)?
t(x, z) :’ ' exp { - — } + exp{- }]
o T : 2 a,t 2 o2

¥ o2 U

BTRMEOBAE, RVI- 2 - 5 ERTE51, BREMANTORTEE (Is) &
EO, B (X)) KB LT FAR T BEEL, R(VU~-2-5) OFEBEEG e
ElleVsK/UC S WA T, R (V-2 -6) RESNE,

T (Ne-¥sX/U-7) 2  (Re-VsX/U+Z)®
C(x,2) = exp { - — } + exp{ - 3} ]
\I I 3 g vzt 2 04’
— X F z ] i . .
SO, Vs BREE (n/s)
NS P
H.
Bvl-2 -8 _EﬂﬁT?%ﬁ%@Eﬁiﬁﬂ@@%@ﬁ%@
@ HEHETAEHEL 7R (ﬂ&ﬁ_tﬂéﬂc;ﬁiﬁ)
WARMEOBE, <7 RICLBBER, KX LOHBEINE,
T Qe X 2 y?
Clx, ¥, 2) :f + exp (— - )
(2m)®* gy a0y 0 20 x? 2 ay?
0 _
(e-7) 2 (He+2) ?
[exp'{w } o+ oexp{ - }]dt
2 o2 2 ¢.?
C(Vi-2-7)

C-C——"Cl T)Kgflmgax > ay 3 az_ki\ Hi‘iﬂﬁt@fﬁﬁ'@%éo R
HFRMEOH S, EABTEERLT, R (V-2 - 1) OHMERE ek fe-Vst
EEEBRAT, R (VN-2-8) #Bohd,



t QP . X2 yi
Cix,y,2) =) -— *exp (H - - )
(2m)*%0 4 ay 0. 20«2 2 0,°%
0

{le-Vst-7)2 (Ne-Vst+Z) 2
[exp{— } Yexp {- ~-}] dt
’ 2 0 22 20 22

(Vi-2-8)
© T ok
HTRUERS ARYEERED, BHLVREROD DG » A RBE TR T3, o0
EHERLS 3 TRELARTRAZAENTVN AN, SO TCRIOREFONEHEER
T, HMAEVsH, WIKRTStokesOEMITIORD A,

2r? psog
gvop,
CCT, T RHTOEE (m)
g EHAMFE (n/s?) 9.78 (BHEHRICLD)
v EROBBERE (n®/s) 15.66x10-° (BHERICLDITOEA BAD
g, I EEOEE(g/n* ) 1176 (BMEZCLO2TCOUEER)

es RTOEE (g/n*) B2 um Rl 72x10°
K#2 pn BLERZ 30x10°
(TRFRBEOBH WS WA, 1985
HEBEAEELAEZH L NS ] OEEER)

StokesOEMICL B2, RERBRKTOLEO QRICHAT 20, UARTFR AR
FREELNA, ToT, EFROROERGHR I, RERET & CREEHTT 245
BED, TOLDERRBEFROREHBIFHRE, BEREMEEEERRD S 2 &R/LE
THB, UL, RERT 2 ORMBRBIEKEN 5 XD THEESRMT 5005 AN
HREBBLD, SO CHREASDORRDHL O HERBHOTHRELRD, -0
POREEEHEL, RERNSHUSNARTORME S cRERALE LTHENEAR
-1,
O BHEASHORENE |
A S0h O R FRYE @ Rosin-Ramlar HAICHS 2 HELT, SHRBHED 7
Yy T —OHET Y RO TR FRYEOREHHERD K,
Rosin-Ramnlar HARARER (V- 2 - 2) ic. BEAGKHOHFRIHOKES 60
HEREARV - 2 - 61RT .



K- 2-6 BHAKHORTRYRORES T

2un K| 63.95
ﬁ _
% 2 =~10 . 26, 46
I ——
& | 10~20 | 610
Sy | 20 BLE 3.49"
0 0.517
B 0.7130
e (am ) | 0,95

_ E)'?VyetVﬁVfﬁ—omi?~y¢0%mbko
©® KEWEIOFYEE .
(D”f‘ﬂ?&').tﬁnﬁﬁ}?ﬁ@;‘\"ﬁ A—%n, BEAHL, Rosin-Rammlar D H2HEE L TR
REDRBRBNOTHRBY RO, EOHBRBEE - 2 - TERT,

X 2 dR
f X (— ) dx
X dx
PR (HE) d= — e (VL= 2 =10)
X2 daR
(-— ) ax
X . dx
ST, X0, xa (e ) RESHELRT,
@ REBR IO &
@TRD I REBEMNOFHEE 4 StokesdR (V- 2 - 8) KRAT B L0 &
DHEMBNORTEERD I, ZORFRBERV - 2 - TIERT,
V-2 -7 MEMBRTEOTHRE RN

BENE S 3 fi % Rl

: d{ua ) Vs{m/s}
2 mn kil 0.569 | 1.64x10°°
2~10un 4.664. 1.48%x10"°
10~202n | 13.901 1.31%10-2
20pn BLE| 30 6.11x10°?

) 20un BLroREBEy, BEMT GO EHRNERHET S
BEICEHENAS NG, T CERNBAT AN 8F
L.
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B Ulco ©OWROSS # ~ 13, A RPasquil1-6if for dBICR S 03 B, 1
m@naﬁmﬁﬁﬁﬁﬁmxamMﬁbﬁﬂm%ﬁmLﬁ#.iw—z—s(Eﬂ@).ﬁ
VI-2-9 (JRAR) KRT LI, KEEFWA, B, CHlPasquilldC 5 v 7 OHLERIE
O BHE, PasquillOREES Y7 HOUMMEZOEEH LD TR, Sb. OHW
WELTHARELORAHOBRDIBOAKALEEINERELREL L LOTH B, Pasquill-
mnmdm@&mw—z~6m;5$®mﬁﬁﬁﬁm;&ﬁm%®mmm%mw—2—?c

KT,
EVI-2-8 AKLTEHOER . 7»—% (FHE)
kX & OB F OE A B C D E F
B L e Pasquill-Gifford
C D |p-E| E
BB O L

TVI-2-9 KRELEENOEE T 2 -2 (BRE)

X & £ E K CA CB ccC Ch
ERUANTIEH O EE CA CB ccC CD
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RIVI- 2 -7 WREEECXsRERELER
2.2.4 EEHEOHH
WRHE MDA ASRAN AN - Rl - ARLETEOQLEE) TEKFL, 2h
SCONERREAELBOMBMEL S, FMOFHRIELRO LS ICHHR LA,
(1) % R OB a3

C= XES C{Di, Vi Stk ) « £ {Di, Vj, Stk ) - (V= 2 = 11)
ik

TCW, C{Di, Vi Stk ) cRED i EMEV] REERBSG 0L 0 BIEIRE
f(pi, Vi, Stk ) : WD i &V ZRERESLk OmBEE
@ ERSOEHREIH

C=2%  C(Stk) = £ (Sth) oo (Y] = 9~ 12)
k .

Lo, C(stk) REEWWSk O X ORE

f@ﬂ):fiﬁ%&ﬁk@&ﬁﬁg '
i%.ﬁ@%&ﬁmm%mﬁﬁaﬂﬁw,M-E%%ﬂmﬂﬁb.§&®&mﬁg%%ﬁ
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2.3 WHHMTIPILSTPH SPHRE ORISR

WEﬁmﬁﬁéﬁ%I%K$6WMAM%%%&%&WHZHNEﬁ¢OC@ﬁﬁﬁﬂhdm

@ME40®ﬁ§ﬂﬁEbébﬁfﬁbtoﬁ%lﬁ®%%ﬁﬁﬁﬁ%ﬁ%hMEﬂm,wH&'
SPHE B v v R I FIE @ LTI AL E Y B (MP11) CIONG PANG PP, T b, TPH X0, 40
#g/w,SMM&%#E/MT&%OMHM%@I%#B%&TW%ﬁ%##béfﬁ%l$
OBREMERBRAENAOH, CORANFRTHOW L UATBED > b1y § 414 & » 5 Teko-
nElh e A CISE BEOR FicdH b, Tekongldh s v v Ul — A RB~H 5T 5 0S8 E,
BNE, NE 55 BSEQMIMENE LS 0 RDTHE, | | |

BELLT, BEHETERBLEBAONEARII 2HDITEOTPH , SPHE S MELEV -
9 - 1IRT. BV~ 2 106RVI- 2 - HARBT I EED, EHAETODREMB &
NRCED, NBRMICEELILERTEE, HEOHM Y SPHTRWNHORERIEE I NE L, HEDS
AESVREIENETOEEAWE LR IHHLSL OGNS,

Kic, WRTIBC L ATPH , SPUE S RSOOSR EMRAERI - 2 - 8, BIVI- 2 - 9 KRT.
TPM BEBE L 270 /0, SPHESEIEL 0dug /0°THO, i bTekongBAOBK10
knDF LR TH B, T, FRIBROTHOEERTHEL Y, HFRIHEAECHERE
LTV B, BH, v vaBEREREIRT,



ZVI-2-10 WAEMKCE Y AHBTHOTPU , SPUH 58

(HBify wpg /0%)

M O& M B K
TP SPU

HWo® AR & (%&) | (10 #o 2um | 2~10|10~20] 20&0
Kig) | R il s an | Bk

(P1)  J.T.C.HALL 9. 14 0. 10 0.05 | 0.05 | 0.02 | 0,02
(P2) M. L., 0.12 0.08 0.04 | 0.04 | 0.02 | 0.02
(NP3} BUKIT MERAN PR, 0. 14 0. 10 0.05 | 0.05 | 0.02 | 0.03
(MP4) BOON LAY APART 0.19 0.15 0.07 | 0.08 | 0.02 | 0.02
(MP5)  JURORG HiLL TOP 0.13 0. 09 0.04 | 0.05 | 0.02 | 0.02
(MPB)  NANYANG.T. I, 0.16 0.12 0.06 | 0.07 { 0.02 | 0.02
(MPT)  BUKIT PANJANG P. P 0.18 0. 14 0.07 | 0.07 | 0.02 | 0.02
(MP8) LIM CHU KANG M. P P. 0. 11 0.13 0. 06 0. 07 0.02 0.02
(MP9)  KRANJI SEWAGE T.°P. 0.19 0.15 0.07 | 0.08 | 0.02 | 0.02
(WP10) SELETAR R.W.P.S. 0. 20 0. 15 0.07 | 0.08 | 0.02 | 0.03

- .

(HP11) CHONG PANG P.P.  °|  0.40 0. 30 0.15 { 0.15 | 0.04 | 0.06
(§P12) NATIDNAL.I.C. 0. 15 0, 11 0.05 | 0.05 | 0.02 | 0.03
(MP13) MACRITCHIS R.W.P.S, 0.15 0.11 0.05 | 0.05 | 0.02 | 0.03
(4P14) KALLANG B, P, 0.17 0. 11 0.06 | 0.06 | 0.02 | 0.04
(NP15) BAST COAST S.LAGOON 0. 22 0.13 0.07 { 0.07 | 0.02 | 0.08
(MP16) ANG MD K10 F. F. 0.23 0. 16 0.08 | 0.08 | 0.02 | 0.04
(HP1T) PAYA LEBAR P.S. 0.18 0.12 0,06 { 0.06 { 0.02 { 0.04
(MP18) CHANGI.C. CENTER 0. 19 0.13 0.07 | 0.07 | 0.02 | 0.04
(MP19) JTC BEDOK F. P, 0.19 0. 13 0.06 | 0.06 | 0.02 { 0.05
(MP20) SINGAPORE 0. P, S, 0. 26 0. 21 0.11 | 0.10 | 0.02 | 0.03




FV-2-11 HHABRTERULLVBEOMWERIC BV I HRTHOTPM , SPHE 5 B IE

(Hpy ug /o®)

BoE oM B K
TPU SPH _

ok A % (&K@) | 10 pr | 2an | 2~10]10~20 | 2040
Rii) (£ wh| wun pa [ Bl L

(P1)  J.T.C. HALL 0.11 0.10 0.05 | 0.05 | 0.01 | 0.00
(HP2) N.0.S. 0. 09 0. 08 0.06 | 004 1 0.01 | 0.00
(MP3) BUKIT HERAN F.F, 0. 11 0.09 0.05 | 0.05 | 0.01 | 0.00
(P4) BOON LAY APART 0.16 0.14 0.07 | 0.08 | 0.01 | 001
(PS)  JURONG HILL ToOP 0. 10 0. 09 0.04 | 0.05 | 0.01 [ 6.00
(PG) NANYANS.T. 1. 0.14 0. 12 0.06 | 0.06 | 0.01 | 0.01
(IPT)  BUKIT PANJANG P.P. | 016 | 0.14 0.07 | 0.07 | 0.01 | 0.m
(MP8) LIM CHU KANG M. PP, 0. 14 0. 13 0.06 | o.07 | 0.0t | 0.01
(MPY) KRANJI SEWAGE T.P. 0.16 0. 14 0.07 | 0.07 { 0.01 | 0.01
(MP10) SELETAR R.W.P.S. 0.17 0.15 0. 07 0.07 0. 01 0.01
(HP11) CHONG PANG P.P, 0. 34 0. 29 0.15 | 0.14 [ 0.03 | 0.02
(HP12) NATIDNAL, I.C. 0.12 0. 10 0.05 | 0.05 | 0.01 | 0.01
(MP13) MACRITCHIE R.W.P.S. 0.12 0. 10 0.05 | 0.05 | 0.01 | 0.01
(MP14) KALLANG P_F, 0.13 0. 11 0.06 | 0.05 | 0.01 | 0.01
(MP15) BAST COAST S.LAGDON |  0.15 0. 13 0.07 | 0.06 | 0.01 | 0.01
(MP16) ANG MD KIO F,F. 0.18 0. 16 0.08 | 0.08 | 0.02 | 001
(MP17) PAYA LEBAR P.S. 0.13 0.11 0.06 | 0.06 | 0.01 | 0.01
(MP18) CHANGL.C.CENTER 0.15 0.13 0.07 | 0.06 | 0.01 | 0.01
(HP19) JTC BEDOK P.F. 0, 14 0.12 | 0.06 | 0.06 | 0.01 | 0.01
(MP20) SINGAPORE O.P.S. 0.24 0.21 0.11 | 0.10 | 0.02 | .01
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b IR & DI LA TP, SO S o v o MEEBROREE ULy SR OORER, &
SR 7 A BT LT L R T (R KRR RO — HAUATT ) 1 X B TPH L SPU
PR (WERRE) RMA A AL, FRICHY BTPH  SPMBREEE L, 20k, TPH, SPHE
W R BR I 5 BATRER, AAREBC X IRTRYERC - RE T2 EUETRYE
OABERNGET T RAMETHE LELT, WREBOTHEDIRNOLOL LI,

RS S B B IROTEN , SPHT MBE ARV - 3 - LERT, CORIR, ~AKY Y AT
Y75 - Kk AENBE (BROBE) . AGUKEFVENALTHRIAARRIGSE X 2
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VI-27



L¥g 1270 €'y2 488 9¢°0 7E8 S7d°0 BYC4YINIS (024K
6°0¢ ET°0 8 0¢ 8¢9 610 9298 474 40089 Il (BTdW)
A 6170 758 LE8 61 °0 §¢9 YELNED T CIGNVED (BTdH)
6°%F g10 A £Ce 8T 0 1°¢8 'S 'd ¥VEET YAVd (LTdNW)
¢'vE 910 07e 62l £¢ 0 £l d OIH OK ANV (TN
£ %% ET°0 & %8 6 ¥ g6 0 Ly NGO9YT'S LSVOD LSYE (STdW)
?EE 1170 £Ce G €9 L1 £E5 4 INYTIVE (PTdN)
£°0% 1T°0 ¢'08 LAS G170 €°LG SdH Y HIHOLIYOVH (ETdM)
§°L% i1’ 7Le ¢ 88 ¢l 0 069 371 IVNGILYN (2TdW)
5707 0g 0 g0y £8L 0¥ 9 6 L4 d’d 9NVd DNOHD {TTdW)
¢ 8% €T 0 0782 ¢ 78 0z 0 076 SUdCMY ¥YLETES (OT4M)
0% G170 5 '8¢ G¢8 6T °0 £Ee 4L FIVHES TENVAN - (BdA)
g8 €10 798 669 AN 488 dd W OINVE RHD {BdW)
g°¢cs FL0 G Eg 8 7€l 8170 9 7el dd ONVONYA LINNG {LdW)
8 eg er e £ge 999 817D 789 TTULUINVANYR (GdH)
978 60 °0 8¢ £ 8L g1 70 ¢ gL d0l TTIH INO¥NT  {GdH)
L'6E §1°0 568 Pr. 61D oYL L3vdY AVT NDOE  (VdW)
718 010 £ig 8798 P10 .99 ATd ORVEAN LIX0E (SdK)
9762 800 €67 €6 2179 ¢ €8 SN (ZdR)
C7¢ gr°e 6 g¢ ] FL0 9789 TWE LT (TdW)
HE H@ER A 1l I 25 Hid HRE AR E
g T2 g g2 ZXTo
i < 2 B BETERS ~LLRETL{k RN fie <L 6 2k HTES ~LLARTL kNN
gs+1s ¢S s gL+ 1L ¢ L 11 7 ¥ X ¥
# 4 8 W 4 1
{0/ 87 THw)
T LNdS WLOwERZHAFNEZMW T -¢-1A%

Vi-28



4 / ‘“'\
5 ‘\ 7~ 1{\
i \ \ ‘“’*“’

. \%4 //
295 ‘e
bog VO _
o -
\'\ I P / / 2. T 10km

BIVI-3 -1 TPM WRFUBE (OB sMEREE) (g /)

HVi-3-2 TPH fERTFHME (2RLRT 54 vHiflik) (reg /0?)

VI-29



BIVI- 3 -3  SPM{YRPRME (MiEolRc X amEElE) (neg /n°)

CHRIVI-3 -4 SPURRTABRE (2KRIARAT 54 YHBEK) (xg /n®)

VI-30



”i-

W

U e #—m:z—;—fs“—*_';:/}:'clz =
R TRt N oD e 22 PR T &
| s 2l PN I B BF B SR oD HE 1






WU V27 ) - e 7 M BRFRYNO
SRR L EERAME S RO K

Eﬁkﬁ%%ﬁ%ﬁm—ﬁ%ﬁﬁ#6w$$n6ﬁ¥ﬁmﬁ®ﬁﬁt&ﬁ?%§m.%Wmt
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BEOF =y £RLC, Y279 -7 KD, RARIE (RO . BERADN
(R, BEET, UV 0 OB, GUME, S, EEMEA, 2 o b i) B R
E (I heANS5 s RHE Cherﬁical nass ﬁala‘nce wethod or Chemical e.lement ha.lance
nethod) % - 7. | | |
ax,utfny?wmﬁawﬁ&ﬁaaﬁ.%@ﬁ%.%ﬁ%KObrm.ﬁﬂ%%%H
BWAEL . JERELELTH A0 TCERI ALY,

B 1% ERDDIIC X DR FRWE O B R E
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T, AMBERERD D LD REROREER S,
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LCERA DA -7 (BLTFHIEL 2 X3) o &I, NORFWAERHE L, 0OWRAE
FoyELC, UEAHMOBBERE LA (BF, SheHhlels). #U-1-10, 5
PRHA - 2 BR, 7y OWEERT,

BE, BV IVLAROVTIE, BB (INAA) &7 4 KIMOH (XRF ) @2 DOHUT
AHFMELTOEH, NAMC X3 HERBENECOC, & CRIRF KX 32 HERA LA,
T, TP BERIEAD, HAERABESRBKALTOL 51, REREEO1/1008 %MV
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F | ® B O|EBE|F - s |F-sM|W E
1| a0 [fboE R » 37| 4
{4 2% ® 2| 31 | o 20 |4 mm




L1 EEsKHOA*

ERHHIR, £COBEE (ZE) X, Ko, -~ b OO MHESHORABEE - Tk
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W2 RBENBIC DTS ERANNRBEFE LD DOERW-1-31 KRT. B RS
W, Ca, Sc, SIOEFRMHMNAE L, X2 7 —OBONPT , HPI9CHLROBBHA S
EEROND, Fh, MUNLORFEWRIAFOIENG, SR SDMATHABNILR

EROMCOHGTHMIREIN L EREL o0 B, B2 ~BS ETRAWLZREBRORER,
HTAWNE, Ra7-0BRMNSLDOTEHRHGIRL,

HW-1-31 HRICLZLIRIDFORDORE (B2 KEWEE)

E3 27 1 2 3 1 5
1] 5 4 16. 02 5. 49 3. 09 2. 81 2. 30
H5% 13.3% 14.8% 8. 4% 7.6% 6. 2%
@hs , Ca, Ce |ON L In | O @ Br , Pb | @ Na , Cl
F £r . fe. La X
B Sc , Sm, §
i) Si, S04%
B S o .
€) Na ) Al |, Cs ) Pb ©) NBs™ | &) Cu
T) MPT @ NP1 @ HrB ) MPT @ Hp4
2 © HP19 HP15 MPY ® HP19 HP5
HP19 MPY
ot J . . . :
: MP3 HPT ©) MPY P12 PG
7 © HP18 O HP3 MP12 S HP15 HP10
P11 P13 P16 HP17
| MP16 :
i 438, SLEmBEY
| mrkEFeE A
iR TE)
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3

W3 RN

, PFeOMHIINFEMBHNASCE-THED, ¥PhH . 6

7.9 Gk, TP ORBENRE L, B

WEAROEENAXC, NP2, 10, I5TRANIVEEZIONB, Fh, B2 TRDE, Wil
RTFCRATsav@cs0, LRETNEOAS BHHEENE OB AROL - T
B, ChHDOIEHOUM, , H TR, TBPLPHDEEFN AKX I2HEEIOIBHEEFICXLS
BENAEC, HICHPT , NPY T, BHERTELIAEEBRLBVEEION S, BI ~F
SERAKIAREHOREHIETFARE, R a7 -DHMNI0OTIL DL,

HHETKIZERDISWOEROBR( B3 RBEHA)

FVI-1-32
FE k5 1 2 3 4 H]
B =R 13. 39 7.10 3.04 2,67 2. 20
58 36.2% 19.2% 8.2% T.2% 3.5%
A ®Co, Fe, Sm | @F)Cl , ¥a | @) Sb @ La ®r . ¥
¥ S, 80,7
=1 TPY -
5 @) © ©
Al , Br ¥a , C1 ¥ ., Br —} Ni
Th ct — Pb ©
2 @ MP5 . MPG ® up4 - @) ¥PS5, MP13 | () PG ) HP1, MP4
a MPT . MPO HP5 MP1G MP20 HP14, HP16
7
i ©) P2 . uP10 ) MPT ©) ¥P1, MPY () MP4, HPT ©) ups
HP15 MPY HP12, MP15 MP13 HP12
4 TPR &, SO | BERNTFOZ
BhhEEs 0L ATEH)
R D
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W W4 REWAE | o
A RBIIMER S Y 2 ERADF ORI ARU-1-33 KRT. Bl WD RTH , AL
So. SIOETRMMAKS <, WPT . 11, 0B TH, TN OBERF L, HRicL 5
URAXNEELAOND, Hi, WISTH, LRED LHHRNFOFERAZ O, W 1
Hir, Ca, Co, Ni2(®), Pb, BiOCH L &0 e, OORaT~THBUPT , 1ITH, &
VY VABEORST 2D b RBOE I BTN CAOEEAMTYCHBILELBNE,
i, B ERAW, V OBTAWRSANMMCAEC, 237 —KEODOU , W5 THE
WA X B WhA E 0,

2133 HHLCLBERADHORROMR (B4 KAMBR)

EHH 1 2 3 4
B 15. 16 6. 69 4,13 2. 67
& 58 AL 0% 18, 1% 11. 2% 7.2%
W | @A, ce,Cr [@Ca,Co , 4| ®Y, In @l , Na, CI-
T Cs | e, Wi W, $ . sO.-
B Mo , Sc, Sm
o Ti | i, TPM |
==
©Cl, Na © Br ., Ph 6 Co ., Ki N
= | @ ue, wp11 @ uP5, P20 @ WP4, WPS © W3, P15
2 HP20 MP16
7 . .
| MP15 P7, HP11 HP20 MP4, MPB
© Ou O ura @:ww , HP13 .
L ETRH DL LMBBEOREN | BERTOREN
¥ ELATHD TREWELATH] KE0nELAHATH
iR OEHBHOEEMN
LA




o {hFEHEEBYMH: (Chemical mass balance method ; CMB )
kSR T RYEORAERABFFFROHEE

CCTH, M R~B4 RBNPECHOSNULABESOF - EHOT, RUWERK B3
BROH TRYEOHERHUINGESROMEEL, KUBBWAMIKIT - A, CHB RIKELS
B, A RBESANTVLOT, TOTRET, FREOREATY, ~FRVEEZI 503
HETREVDCLANESOTEROHEFER{T - 1.

2.1 CMB &

CHB ?it. HBHATHEMUMNUES N LEFROAORERS &, HERCOLYRS
OWHE b &1, oMM E OBAIC T RAERBOTSRENET 2 HETHY |, b2
WAOHBANOERBIC L O TEE N A EERHLED CHEFUTH S, Ub, TOHE
BRI ICHT BRI CHD, FDRITAERRAET 3 REFNERSEBALH, 2ho
OREFAWICFWT 22 2 HTE B0, $h, 2ORHUETRYHEONE L - T3
%mmmen,ﬁ%%mmf%mmo '

211 EHER
WBEQEKﬁH&ﬁTE§3H%Q

mn
Ci=BFRij - @ ij 8] corveivrvminn (V-2-1)

- Ci =) T —TORBEBLAL DL TORS 1 ORE

‘Fij =RER) boRHBINBLACST IR OFA
i) =RAER) OV RS -KELZEITCRERA PELTIHNG

“S) =RER] MORMINIPLAORE
“m =EELTVARAEROY

aijOfR, BFaij=]1 EREEN B,

n
Ci= ZFij - 8] s e e (VI -2-9)

i=

CUB Bt Fij ODRALMOBAR, CIORMEND, SiOBEETET 5 b0 TH 2,
o WORERDS] (§ =1 0 ) FRETIOK, n MORSOBECT (i =1 0 ) 55
#F3E, KON BOEV—-KRFBIHNEHINE,

WViI-50



CI:PII 'SI'I'F['I -Se.}‘....-.+Flm + SN

™~
Ca=Far » Sy +Fag * Spdoeeee £ Rz« Sm (VI-2-3)

Cn=F ny+S +F ny+ 84+ -+ fnm «8m

FAM-2-3) OFMEBRERRTET,
' C=F -8 (Vi-2-4)

Fh,n , n BERKXEBW/ALIEBRIDITS IS N,
n = {(Wi-2-5)

R (V-22) #H< AL, BARBEIQTHOROE > HTF I o
© HEEEMELHERET N |
BRI

HBAHEDODERMN_FEEFA

B ke s

vaﬁﬁ%?ﬂ
LITREDS L, O~QRDNTHUEME B,

@
®
@
®

2.1.2 HEREHIHERET
K (W-2-2) 12, D& bn WORSISVT, Ci, Fij OHHASAE, 0 HORER
KOV TSIERELS S C L ER%T B, |
%%iﬁgﬁﬁﬁﬁ%?wm,%E?%%%ﬁ&ﬁﬁ@i%ﬁi%%%%i%mﬁﬁ.ﬁ
(VI-2-2) #ROTESREHETEFRCH B, |
no=n OB, F= {Fi] ) REFTANEOT, & (W-2-1) OWAK, EMH S F OB
BIF - ASE B ERE T, BANI P C= (Ci) DOHBE<2 b S = {8} (j,
=1 em ) ERBE T ERTE B |
S=F '-C | (W-2-6)

213 BAZEEET | | ,

R (VI-2-2) B, n 20 255 THEEOr HOFTBERIEDOTC, ~BRICHLIENTE S,
coBA, SOEEHSI, BA<7 P L OEUECEHEHC = F - S 20% (BE) »ik
BB BES KRB ONE, (SRSORIRMERTHE, )

BE~s b ARE -C-CrTse, BEO HM e HRATRINE,

W51



(C-C)* - (C-¢C) |
(F-S-0C)* - (F-S-0) (VI-2-7)

o
s

1
Hur
-
m

It

i

((C-c) w(B-c)onminets, )

. gce?
e? B E L HENRE =0 Th b,
v S
o e’ -
= 2F' « (F-§-C) =0 (W-2-8)
¢S i

£ (M-2-8) #EBLCRELE IR D,

={F* «F) '+F'.C - (VI-2-9)

214 WHOEHEDAIEZT TN
WEORAZEILEF LTE, TRTOF— s RAFCBRONE (FLIESHNT DD,
L#L%@@?Hﬁfm,?w&m¢o(§§(mﬁé)ﬁﬂﬁé@#%@f&b,?&r@
F— g RECRI CEMTCEUOBLGOLPT 0, JVDERMEF—-2CLpEL, EH 2D
F2oERE-T, KOERMBBERLI ETaeF AREADIRATREECTF L TCH B,
COTH, BALLT, HERE (AREEOBEERE) OFREELL, ,
CioR, TOEEBELP Ik BOUERTLI LB, B, LOTEE LTRSS
n3, '
k {[H(Dﬁlﬂﬁﬁciai( a =1k } E2nT

k .
Ci= — Elia (vE-2-10 )
k a=] :

CieOEEREA 01, BERBESIEIDE, 0i , SIRRATERE NS,

k- .
ai=\/ {(Cie-Ci} 2 / (k -1 (W-2-11 )
=] :
o1 k :
s§i = —- = D (Ciae-Ci)?* / { k {k -1} (vi-2-12.)
J ok =1 _
o, R A(VI-2-2) Lo, BEARXRXKROMY TH S,
Ci 1 m mn Fij
- SFij «8j=2% + §j (V-2-13 )
Si Si j=1 . =1 Si
Ccfﬁﬁﬁﬂw%&®$éﬁﬁﬁ?5i
W= {Wij?*} , i3 = . (i =j 1} - {VI-2-14 }
Si
0 A

Ve

CHOEEZORE (V-2-13 ) oA HEHBIROESIKNE S,
Y% : _ _
W -Cc=W «F -8 v s (Y1215 )

VI-92



o CSOMFERS HRRX D RE 5,

S-((WhoEy L (wh R ) o (WAL R swHe o

:(F'-

2.2 CUB Hoime

+W-. F)

-1,

Ft ~W.C

(VI-2-16 )

EERHORME, 2WEAGFHE (RW-2-1) #AOC, HETEXLFRATT v,
BAZREEF v, WAOERATRESF VLD, RFRDEORBEFRENESROHY
B, FREOLBRREET - ks

BV-2-1 PR OFHE

i3 ¥ 74 5 B SMER
SWMBEHHE
Ag - 0.2900
Al 2142. 2998
As §.3213
Ba 30, 3187
Br 98. 6315
‘La 1981. 6250
Cd 18. 7750 ¢
pivd Ce 1. 8435
Ci 34290, 3750
_ Co {, 5661
7T {r 6.2368
& Cs §. 1140
Cu 67. 4125
Re : 1042, 125
of ng/n® 0.1270
£ 1k, K 725. 0000
La 0.8014
Lu © 0. 0127
Mn - 22.3243
4y Na 1494..6250
i : Ni 11. 4512
St 2. 8761
_ Sc 0. 2622
¥r 3e 1, 1089
’ S 0, 1138
Ly Th 0.4917
Ti -110:7125
y 19, 2483
W “1.7425
in 91. 9187
cd 3. 5200
A%k Ph ng/m? 234, 4500
XBah S 1447, 7500
: Si 9950. 6250
43 ¥ Ci- 2326. 6250
o= b NBa - ng/m® 1075. 5125
S S04 - 3062. 500D
TPY TPM pg/m? 66. 6646




0.0, 1 Bk HLe IR |
BFRUHORERME LT, LU, BERT, #v ) Y ABE, GMIBE, %W, b
TUE, €AY AN RE L, ChoONERELROE S CREL k.
TR ER LSRR TS TR, V22 R & 30T 5 AT TRAEGESE S L, B/
F‘ge P, HA2ERPDHFRHEFLER, LREOT mEKKCr, Sc, Ti, Fe, Br&:mi, T
RAEBMIZTEE Lite 5, RERANTOF ~ & B~ CRUBADY & LT -7,
| FVI-0-2 SR & R |

R & m & BT %
+ o Al
o ¥\ kK F Na
PR R L P
oW #® m v
% Wl i
BOE oW OB 2
€ A ¥ b B4k Ca

2.2.2 BREFE<FY o . .
SR REOR P RO O EMEE B2 FF & 5 LR Uiy RERBIKD S
Boedhb, '
+E D v v H R0 WEOENEEE D LTE 6N ALERS ORI

75:421’1?{:1:;‘3 N, BHRRUTOF -2 20 TRY%ELTE -,
i 3 B F ; ﬁﬂﬁmi’&g’)%}m\tg
AW AR Kewalczyk®@OF — 2l v, CHIRNVREZRIE 20 TH, ElloF

"‘5’%’fﬂb‘7’50
AL ; H?}iggﬁﬁlﬂfﬁlﬂﬁénts gk o FE e,
& 49 s BT - AEMOR, (BEF)

Sy T2) :
& S bt A1 ; ﬁ%iﬂ]&Kowal;:zyk@-?-—&0)3451*‘;3%,130\7‘:.0
&3

2 v FFE{EY ; Friedlander ©F — % ZH i,

1) WD - HE (1980) , KSIERPLE Vol 15, Nob PLOS~206
%2 )  Kowalczyk (1978) . Atmospheric Environment Vol12 , P1143 ~1153
%3 )} Friedlander (1973) , Environmental Science and Technology Voi7 , No3 |,

P235~240



R -2-3

OMB R X AR ORRER )y 2 X

{ppm)

o Howwl WEHEY| LAV

ko | e T
“lar| 120000 0.3 1500 [ © 2100 [ - 10000 7638 24000
Na| 1700| 304200| 270 45000 14000 01382| 4000
Pb 69 0.087| 143000 510 14000 | 30631 0
v Tf 0.058 2.4] 10000 130 25.5 0
M 390 0.058 36  240| 22000} 446.5 0
Zn 29|  0.029 2235 1800 [ 52000 59150 0
Ca 12001 12000 T450 82001 45000 | . 11961 - 460000
Cr 31 0.001 16 890 3200 | 614.215 0
Sc 4] 0.001 0.23] 009}  1.3] 0.73765 0
Ti 41001 0.029 0 740 1000 1373 1440
Fel 33000  0.29| 7450 | 28000 157000  5592{ 10900
Br 13 1800] 56620 8.5 40) 1005 0
]

Ag 1.8 0.087 0} 0 * 54 150 0
As 66{ 0.029 0 23 00! 167.3 0
Ba 320 0.86 1937 920 | - 0 463 0
Ce 5 o.012 0 0 69 91 0
¢l 1100 550500 14900 920 [ 34000 | 212070 0
Co 0.93] 0.014 1.8 31 44 13 B
Cs 3.1 .02 0 0 0 12 0
Cu 200 0.017 190 3600 3700 2400 0
K| 17000 11000 1200 850] 13000 200000 5300
La 421 0,000 0 0 9.8 5.28 0
Lu 0.44 0 0 0 0 0 0
Ni 38(  0.014 %9 700 2900 { 119.99 0
Sh 6.1 0,014 2.1 6.9 90 13 0
Se 2.6 0.12 0 48 511 28.613 0
Sm 6.5 0 0 .61 0.2 0.49 0
Th 23]  0.020 0 0 gl 13845 0
W 56{ 0.003 0 0 47 0 0
cd 0.9 0.002 0 240 250 827 0
S 210| 26000 0F 95000 48000 | 130000 |- o1




2,23 HAIDOERNIEHRLEIULILFRDBEOES

HADERN B LV RBEREOHSRERD LG, ﬁh)cf}lu’i’b‘f@a,“ii TR B
RWeHb, BEOFRHEHDB &, th(ﬂMﬁ@ioh —~RIZIAEBRELTCEH0L
B, Scheff(ngq:i))‘Ui &ﬁ‘tﬂ@ﬁ%bﬂbﬁﬂ?%%’i‘fﬁb\f YELTW S, F, Kowa
tezyk (19?25:) T, BHEAWCORMREL 740y — T3 VY I7ROPBREZH/L T 5,
AEHFELBOTH, E%&%%itﬂﬁﬁ‘%)&ﬁ@?&bﬂLﬁﬁ‘ﬂ%@ﬁﬂﬁ%ﬂ%%%*ﬁb'ﬂ\%m
CHRM-2-4R R & S B E L,

Bas, WA, R (W-2-14 ) KPP S, MEREBLDRNT, Si=Ci-gi (Ci, TPH
O OME) EUTHELE,

B 24 BERAHOES L RD 52 ONERE

WOk | MESE (%)
Al 5. 8
Na U
Pb it 0
¥ 5.8
¥n 10.1
n | 1.4
Ca 16.86
Cr 0.1
Sc 9.6
T 39. 4
Fe 11. 4
Br ‘ 27.0

1) J .G . Watson et al, (1984) ; Atoms Bov , 18, 7 , 1347~1355
H2 ) P . A . Scheff et al, (1%84) ; Enviren Sci Technol , 18, 923 ~931

B3 ) 6.8 . Kowalczyk et al , (1982) ;Enrvir.on Sci Technol , 16, 79~30



2.3 BREER

WH AN S B 7, BT 70, B0 S REE T v kY, AN
AMERAOKTFRYROR & BB HFEROUEE oo T ORIERW-2-5~RW-2-T
KRT. chOOREEABE, T HOMEDER X 5 RETMENOFSEOAS NER
Ha bR, S | -

REBHMAOT RS2, LKW/ FaB, ROV CHIRT, 2 ¥ I
P QMR - TH D, ERRERICESONE L, ABWKRAT BRFRUHOE S
RSV, WD, CTESWRREFAOTEROATM, WK THED, BHOSKRF
(AW, CREF, £ (MAHBARE) EHZONER, CAOORMRTEEN,



& VE-2-5 EETHEETABRI[LSF VI L 3RETREN NS R
" , B K W #HE R
SR (agln) | Cug/a) (%)
L' 16.889 25.4
SRS IS 4.276 6.4
Hvy rEHEW 1,309 2.0
0N A B 1,781 2.7
48 0.950 1.4
BEEE I A 0.607 0.9
¥ A v b PR 3.991 6.0
ek 29.802 66.605 44,7
@ hEE WEE S EE
(ng/ m) (ng/ m) o %2 4
Al 2142.299( 2142.300 1.00
) N a 1494.624| 1494.625 1.00
EETR Phb 234.450 234.450 1.00
v 19.248 19.248 1.00
Mn 22,324 22.324 1.00
7 n 91.919 91.919 1.00
C a 1981.625§ 1981.625 1.00
Cr 5.746 6.237 0.9?
S ¢ 0.239 0.262 0.91
T i 78.092 110.712 6.71
F e 813.041| 1042.812 0.78
Br 83.215 98.637 0.84
Ag 0.173 ‘0.390 0.44 -
A s 1.352 6.321 0.21 ——
B a 9.862 30.319 0.33 -
C e 1.388 1.844 0.75
c1 2554.567 | 3420.375 0.75
‘ C o ©0.123 0.566 0.22 ——
FOBOHE C s 0.060 0.114 0.52
Cu 15.009 67.413 0.22 —-
K 492.055 725.000 0.68
L a 0.739 0.801 0.92
Lu 0.007 0.013 0.59
N i 17.232 11. 451 1.50
Sb 0.879 2.876 0.31 -
S e 0.196 1.109 0.18 --
Sm 0.124 0.114 1.09
T h 0.389 0.492 0.79
W 0.139 1.743 0.08 -—-
Cd 1,182 3.520 0.34 -~
S 410.126 | 1447.750 .28 -
&zt 10472.383 [12967.324 0.81
HEE/ el =4.0 = +3+
=2.0 - +4
=1.5 — t
=0.17 — -
=0.5 - -
=0.26 — ---




RW-2-6 MASTET P A X3 REBRDAS SR

VI~ 59

72 I REMo CWEE CwEHR
(weg/nd) | (uwg/m) (%)
16.877 25.3
4,402 6.6
v ) rHYHE 1.511 2.3
' ~2.930° 4k
kN - - 2.227 3.3
B : -0.571 -0.9.-
w2 v P ELY .3.869 5.8
. 31.247 66.605 46.9
HEE | WNEE P
. (ng/m) Ang/ i) Bl
Al 2144.451.) 2142.300° 1.00
N a 1494.651) 1494.625 1.00
P b  236.414| 234,450 1.01
Sy 30.882| 19.248 1.60 +
Mn . 50.152 ‘22,324 2.25  ++
- Zn 91.200 91.919 | 0.99
C a 1981.706.1 1981.625 1,00
Cr © 10,135 6.237 '1.63 +
Sc¢ 1 0.239 . 0.262 0.91
T i . 78.380 110.712 0.71
Fe. 1038.934 | 1042.812 1.00
" Br 93.920 ‘98,637 0.95
Ag 0.065 0.390 0.17 ——-
A s 1.309 6.321 0.21 =—=
B a 10.764 30.319 0.36 -—-
Ce . .. 1.368 . 1.844 Q.74
c1l- 2421.941 ] 3420.375 0.71
C o © " Dp.200 0.566 0.39 --
Cs 0.046 0.114 - 0.40 .--
Cu 21.083 67.413 0.31 ~--
EOMOTHE K 274.937| 725.000 0.38  --
L a 0.745 0.801 0.93
Lu 0.007 0.013 0.58 . -
N i 29,655 11.451 2.59 4+
Sb ~0.308 2.876 -0.11 ——
.S e 0.282 1.109 0.25 -—-
S m 0.132 0.114 1.16
T h 0.387 0,492 0.79
W 0.199 1.743 0.11 -—-
Ccd 0.803 3.520 0.23 -——-
-8 432.020 | 1447.750 0.30 -~
&8 10446.656 112967.324 0.81
HEA/MEE z4.0 — 44+
z2.0 — i
z1.5 = +
=0.7 - -
50’5 - I
20,25 — ---




FV-2-T BHDSBRATIES T 0k 55k BRI & 5

M

R A

; FHHR
N B (ug/at) | (wg/nd) (%)
+i® 17.470 26.2
Rk F 4.290 6.4
vy vHEE 1.349 2.0
AR 1.787 2.7
k8 0.997 1.5
BEEHE 0.566 " 0.8
A EELL Y 4.020 6.0,
ay 30.478 66.605 45.8
5 HREE ixEE CHEE
= (ng/ w') (ng/ ) B 52 4
Al 2212.881 2142.300 1.03
N a 1497.104 1494.625 1.00
Pb 239.543 234.450 1.02
, \'s 19.364 19.248" 1.01
) M n 23.355 22.324 1.05
HELR Zn 92.033 91.919 1.00
C a 1997.834 1981.625 1.01
Cr 5.901 6. 237 0.95
S ¢ 0.247 0.262 0.94
T i 80.509 110.712 0.73
Fe 840.083 1042.812 0.81
B r 85.503 98.637 0.87
Ag ¢.170 0.390 0.44 —-
A's 1.389 6.321 0.22 ——
B a 10.114 30.319 0.33 -~
Ce S 1.431 1.844 0.78
C1 2556.233 3420.375 0.75
Co 0.125 0.566 0.22 ——~
C s 0.061 0.114 0.54 -
Cu 15.230 67.413 0.23 -~~~
TOfhdxE K 494,682 725.000 0.68 -
L a 0.764 0.801 0.95
L u 0.008 0.013 0.61 -
N i 17.437 11.451 1.52 +
S b 0.841 2.876 0.29 --
S e 0.199 1.109 0.18 ~—-
Sm 0.128 0.114 1.12
“T h 0.403 0.492 0.82
W 0.145 1.743 0.08 ——-
Ccd 1.162 3.520 0.33 --
s 408.142 1447.750 0.28 ~-—
&EF 1 10603.016 | 12967.324 0.82
iHE S/ AEE 24,0 - it
=2.0 —  }+
=1.5 - t
é{).? .—:- _
=0.5 -~ -
=0.25 - ---

Vi - 60




24 BAERACBYINFROHORERRYNSSEOHE

&M ﬂ’t®ﬁ¥1ﬂﬁﬁ®§‘éiﬁ§ﬁi®ﬁ§$®iﬁiﬁ&i %éﬁ’) é’fassz\

Lo CHHDRRER-2-8~FV-2-11 7

ShooRERRLD, EREFHOFHRRIRDO LT ‘0'(&3 5o

© 1

W1 P42, 8% (MP20)

#2 W 5L T%
3 W A4, 5%

HA W 62.6%

® BEET
1 ;28 1%

Bl W10

1%

B3 ki 32.6%
WA & 25.T%
@ FvyvEUH

CH1 W
B2 &
3 &
%429:

7.0%
6.7%

1. 4%

3.0%

@ Eﬁht’«*iﬁ
Wl 11.1%
W2 ki 13.1%

B &
AW
® &
I &

1.5%
6. 4%

L1%

9w, 14.2%

_%32‘5{;
e &

5.5%

2. 8%

© BEWEN

#1 &,
B2 &
#I &,
X

3.1%

7.5%

5. 4%
3.2%

(MP15)} ~

{urt ) ~

(HPT ) ~

(MP15) ~
(P4 ) ~

(MP15) ~

(4P15) ~

(uP12) ~

(l{P13) ~
(MP13) ~
(MP13) ~

(MP13) ~
(MP15) ~
(MrL ) ~
(UP4 ) ~

(UP14) ~
(upt9) ~
(HP4, 5 )
(HPH ) ~

(MP14) ~
(KP19) ~
(KPS )} ~
(WpPH ) ~

0

5.

0
0

~12.6% (HP§ )
5.

1% (MP3 )
% (HP1 )
1% (MP5 )

% (MP13)

(3% (MPTL)
3% (NP9 )
6% CHPT )
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(1)

Introduction

In response to ‘the request of the Government of the Republic of
Singapore,  the Govermment of Japan has agreed to extend the

technical assistance to c¢onduct the study oi the environmental

" effects of coal firing power stations and the integrated steel

mill which will be sited in the new industrial estates of the
Republic of Singapore, which assistance is given in accordance
with the laﬁs and regulations in force in Japan.

The study will be carried. out through The Japan International
Cooperation Agency (hereinafter referred to as JICA), which is the
official agencf responsible for the -implementation of technical
cooperation programmes of the Government of Japan, in close
cooperation with the Government of the Republic of Singapore and

authorities concerned.

Objectives

The objectives of the study are:-

(1) To comnduct the field Survey in terms of air and water
qualities within and at surrounding areas.of pulau Seraya,
Jurong, Pulau Tekong, whére the proposed coal firing power

stations and the integrated steel mill are to be sited.

(2) To conduct the simulation study by computers based on the
data obtained from the above said field survey and to assess
the estimated pollution loads when these plants are in

operation.



3. Scope of the study

3-1 Survey Areas

(A) Pulau Seraya, the proposed site of the coal firing power
station and its surrounding areas.

(8) Pulau Tekong, the proposed site of the coal firing power
station and the integrated steel mill, and its surrounding
areas.

(C) Other areas mutually agreed to be surveyed.
3-2 Survey Plan

(A)  Air Quality Survey

1) Long Term Measurement
a) VSulphur dioxide (SOZ) concentration
b) Wind directions and velocity at ground surface
¢) HNet radiation
~d) Temperature
Notes: Period of measurement - 1 year

ii} Short Term Measurement
a) Vertical profile of wind directions and velocity
Notes: Period of measurement =~ two days each at two

stations,

i1i) Simulation ~ Simulation of sulfur dioxide (802)

(B) Water Quality Survey
i) Measurement

a) Current directions and velocity

b) Chemical Oxygen Demand (COD)

¢) Water temperature and salinity

Notes: Period of measurement - 2 weeks per
measuring point for the above {a),
once per measuring point for the
above (b} and (c), and 1.5 months in
total including preparation works.

ii) Simulation ~ Simulation of COD and temperature

4. Time Schedule
As shown in ANNEX I (Subject to change)



Report

5-1
i)

ii)

iii)

iv)

i)

ii)

iii)

1)

ii)

Interim Report

30 coPiés _

The “interim -rebort_ will be submitted in English to the
Government of the Republic of  Singapore within 5 wmonths
after the completion cof the simulation for water quality
survey. _

The.interimfreporb will c¢ontain the results of the water
quality survey and refer to rhe progress of air quality
survey.

The Government of the  Republic of Singapore will provide
the comments to JICA through the Embassy of Japan within 1

month after receipt of the interim report.
Draft Final Report

30 copies

The draft final report will be submitted in English within
4 months after the completion of the simulation for air
quality survey.

The Government of the Republic of Singapore will provide
the comments to JICA through the Embassy of Japan within 1

month after receipt of the draft final report.

Final Report

50 copies together with 50 copies of abstracts.

The E£inal  report will be submitted in English within 2
months after receipt of the comments of the draft final

report.



6.

(4)

Contribution of the Government of the Republic of Singapore

The Government of the Republic of Singapore will assign a
gqualified .counterpart to be responsible for liaison and
cooperation  with the team  conducting the  survey.
{hereinafter referred to as Survey Team)

The Government of the Republic of Singapore will provide
the Survey Team with the nuecessary and available
information and data.

The Government of the Republic of Singapore will make
arrangements for the Survey Team to visit the authorities
concerned.

The Government of the Republic of Singapore will provide
the Survey Team with amn office, sites for monitoring
stations, laboratory testing facilities, storage space,
temporary site office, transportation and boats as are
necessary for the survey (ANNEX II)

The Government of the Republic of Singapore will exempt the
Survey Team fyom taxes and duties on machinery, equipments
and materials brought in Singapore by the Survey Team.

The Government oi the Republic of Singapore will exemﬁt the
members of the Survey Team from any ‘tax, including import
and export duties imposed on the members' personal effects.
The Government of the Republic of Singapore will make an
effort to ensure the securities of machinery, equipments

and materials brought in Singapore by the Survey Team.



(5}

7. Contribution of the Govermment of Japan

1.

The Governmént. of Japan, through JICA, will provide a
Survey Teéﬁ who will conduct ﬁhe field survey and
simulation according to the Time Schédule (ANNEX 1)

The Government of'Jép&n.will conduct during the stay of the
Survey' Team in the :Républic bf  Singapore the training
course for the Singépore counterparts to. further their
skills in operating and maintaining.the necessary measuring

machinery and equipments for the_ﬁeriod of the field survey.
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The Detailed Information on Provision

of Facilities by the Government of

The Republic of Singapore

{1] Air Qualicy Survéy

1.

{2] Water

Monitoring Stations

About 7 monitoring -stations. are to be established in the
surrounding areas of the proposed - sites. The land or
places for theée monitering stations should be provided,
Electricity Supply ) '

The electricity connection -and shppiy for .monitoring
stations at mutually agreed sites should be provided by the
Government of the Rebublic of Singapore,

The Facilities to Accomodate the Chemical Reagents -

The facilities for storage, preparation of chemical
reagents and distilled water should be provided at.Jurong
Town Corporation's Laboratory or National University of
Singapore's Laboratory. '

The Govermnment of the Republic of Singapore will provide
necessary persomnnel for the daily operation and maintenance’

of the monitoring stations.
Quality Survey

The Laboratory Testing Facilities for Chemical analysis

The laboratory testing facilities for chemical analysis of
aﬁueous samples shall ~ be provided at Jureng Town
Corporation's Laboratory or MNational University .of
Singapore's Laboratory.

The Storage Spacé for the Measuring Equipments and Materials
The storage space to -be provided for the measuring
equipments and materials shall be big enough for opening
of the packages and adjusting the equipments.

The Small Boats for Survey

The Survey Team will reguire 3 small boats for about 20
days in total. The Government of the Republic of Singapore
will provide the Survey Team with such number of boats as

are necessary for the survey.



(2)

(3] Handling of Measuring Equipments

All the measuring equipments necessary to conduct the field
survéy will be, in principle, brought in and out by the Survéy
Team. The Government of the Republic of Singapore is requested
to provide facilities and arrangement on the followings:~

(a) Custom clearance including loading and unloading

{b) 1Inland transportation

{c)} Packing and unpacking

A-10
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(1)

MINUTES OF MEETINGS

The

Japanesé Prelimivary Survey Team and  the Qiﬁgapore

Counterpart had discussion on the Eunviroument Effects of the Cozl
Firing Power Stations” aund Integrated Steel Mill and the following
were mutually agreed upon.

Data of the Proposed Coal Firing Power Stations and

the Integrated Steel Mill

{a)

(B)

(c)

Coal Firing Power Station

i)

i1)

iii)

The Japanese: side requested for information om the
proposed coal firing power station.

After discussion with the: Singapore side which
included P.U.B., the aSSumptlons glven in Appendix A

were agreed upeon.

It was 1nd1cated that one coal firing power station
will be on Pulau Seraya and one on Pulau Tekong.
(see Appendlx D)

Integrated Steel Mlll

1)

ii)

iii)

iv)

The Singapore side indicated that the proposed steel
mill will use about eight million tons of iron ore
per year and producing about one million tons of
steel product by the direct reductxon process using
coal.

The Japanese . side requested for technical

information similar to those in Appendix A\

The Singapore. side replied that ‘it is not in a
position to provide, except that the location will
be in Pulau Tekong (See Appendix D). However, it
will try to obtain the information requested by the
Japanese side at the earliest possible date.

It was -mutually ‘agreed that this matter will be
further discussed and resolved when the next water
quality survey team visits Singapore.

Data on Emission Scurces {Present & Future 1990)

(a) Air Quality

i)

ii)

iii)

iv)

The Japanese side requested for emission data beoth
present and future and suggested that if such data

‘is not available then a survey be carried out to

obtain the same.
The Singapore side agreed to carry out such survey.

The Japanese side indicated that these data shoul
be made available by June 1982.

The Singapore side agreed to the above.



(2}
{(b) Water Quality

i) The Japanese side requested for effluent data
present and future including industries located on
the southern islands and suggested if such. data is
not available then a survey be carried out to obtain
the same. :

1i) The Singapore side agreed to carry out such survey.

1ii) The Japanese side indicated that these data shbﬁld
be made available by May 1981. s

iv} The Singapore side agreed to the above.

{c) Malaysian Development Plan {North of Straits of Johore)

i) The Japanese side requested iunformation regafding
industrial development plan immediately north of the
Straits of Johore.

ii) The Singapore side replied that it is not in a
position to do so.

iii) It was mutually agreed that effects of the Malaysian
developments shall not be considered.

(D) Monitoring Points

Based on survey carried out by Japanese Preliminary
Survey Team, the following wonitering points were
agreed upon.

(a) Air Quality

i) 50, wind direction, wind velocity - 7 points.
i) Net radiation _ : . - 1 point
iii) . Vertical distribution of temperature - 1 point
iv) Pilot balloon observation - 2 points

{b) Water Qualitz

i) Current direction, current velocity - 10 points (around
’ ’ the two
proposed
sites

ii}  Water temperature, salinity, COD
observation. - 30 points (around
the two
proposed
sites

(c) Clearance from Competent Authorities

The Singapore side will arrange and obtain pecessary
clearance from the competent authorities to conduct the

abeve surveys.
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(35

(E) Simulation Methods

i)

The Japanese side ~stated that for S50y diffusion

calculation, Plume Puff model will be adopted and

predict a yearly concentration of $0p.

As for water temperature and (COD diffusion

ii)
caleulation, FEM (Finite Element Method) will be
adopted.

iii) .The Singapore side agreed to the above methods,

(F) ~ Evaluation on the Environmental Effects and Impacts

1)  The Japanese §ide enguired about the environmental
ambient standards of 50y and COD.

ii)  The Singapore side replied that “it has only the
-emission standard but not the ambient standard.

iii) The Japanese side stated that it will predict the
levels of S0y and COD from the coal firing power
stations and integrated steel mill.

iv) The Japanese slde stated that it will .also be able
to predict the total levels of S0y and COD in -the
year 1990 if adequate datas on- the emission are
collected from the survey referred in para C.

v) It was mutually agreed that if no - ambient standard
is indicated by the Singapore side, the Japanese
side will not be in a position te comment on the
levels of S50y and COD and in any case further
evaluation will have to be carried by the Singapore
side.

(G) Maintenance of monitoring stations

i) The Japanese side requested the Singapore side to
provide the -necessary personnel for the daily
operation and maintenance of the monitoring stations
as indicated in Appendix 'B'.

ii) Singapore side agreed to provide the - personnegl
required.

(1) Survey Schedule

i) The Japanese side mentioned that the schedule may
need to be altered. Such alteration will be
mutually discussed and agreed upon.

1i)  The Singapore side agreed Lo the above.
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(4)

5(1) Contributions

i)

ii)

iii)

iv)

The Japanese side requested that land and sea
transport for future survey team and equipments and
their local counterparts be provided in accordance
with schedule in Appendix 'C'.

The Singapore side agreed to provide the same.

At the commencement of the survey, the Japanese side
will arrange for all the equipments to be delivered
to Jurong Town Hall. The Singapore side will
arrange for the transportation of the equipments
from the Jurong Town Hall to the various monitoring
stations and will be responsible for the setting up
of the stations.

On completion of survey, the Singapore side will
arrange for transportation. of all equipments f{rom
the monitoring stations back to Jurong Town Hall and
the Japanese side will arrange to collect the same
from Jurong Town Hall.

(1) Datas/Reports

i)

ii)

The Singapore side requested that information
supplied to the Japanese side shall be. treated as
confidential wmaterials, Similarly the results and
report of the study are to be treated also as
confidential, :

The Japanese side agreed to the above.

A-16



APPERDIX A

Assumption on Coal Firing
Power Station

Generated Qutput J 350 MW x 2
Fuel ' Coal
" Calorific Value 7,000 Keal/kg
Sulphur . 1% {wri)

:Cbnéumption 154 x 10% t/year
(operation rate 70%)

Stack Gas-Vblpme 182 x 10% Nm3/n

Gas Temﬁéfaipre 150°¢C
(without desulfurization of
flue gas)

. Gas Diséharge‘Velocity 30 m/s
Helight : 200m

Cooling Sea Water - Amount 29.4 m3/s

Temperature difference 7°C

Effulent : Volume : 1,200 m3/d
GOoD 160 mg/l

NOTE: . : . .
The sites of stacks and outlets are as shown in Appendix D
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ON THE MAINTENANCE OF MONITORING STATIONS

APPENDIX B

Qualified Persons

Regular Persons

1 507 Monitor

Once every 20 days:-

a Absorption solution
and chart sheet, ink
should be refilled or
replaced

b Calibration of

monitor should be
conducted

¢ Chart data for last
20 days should be
sent to Japan through
JICA, Singapore

Once per everyday he
should check the moni-~
toring station whether
it is operating properly
without any trouble or
not

2 Wind Speed
Meter

Same as above but no
calibration required

Same as above

3 Net Soclar
Radiation Flux
Meter and Air
Thermometer

Same as No {(2) above

Same as Ne (1) and (2)
above

A-18
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ANNEX LII

MINUTES OF MEETING
ON

THE STUDY OF ENVIRONMENTAL EFFECTS
OF COAL FIRING POWER STATIONS
AND

INTEGRATED STEEL MILL

IN THE REPUBLIC OF SINGAPORE

AGREED AND CONFIRMED ON 6TH JUNE, 1983 IN SINGAPORE

<

. *x\>

—

LT AT AN KERFT TWACOCRT

SENIOR DIRECTOR, ENGINEERING LEADER, PRELTMINARY SURVEY TEAM
JURONG TOWHN CORPORATION JAPAN INTERNATIONAL COOPERATION
GOVERNMENT OF THE REPUBLIC AGENCY

OF SINGAPORE



Bagsed on the Séope' of Work signed on 19 December 1980
{hereinafter referred to as "the Original S/W"), the JICA started to

conduct the study in mid~February.l981. The water guality survey and

simulation were completed in December 1981 and the final report was

supmitted on & February 1982. The ailr quality survey and simulation

has been under way and the final report will be submitted at the énd

of July 1983.

In view of the critical iﬁpact §f particuiates and also to
achieve a more compreﬁenéive study, the Governmeﬁt pf.thétﬁeéﬁblic of
Singapore, by the Note Verbal No. MFA/RE/453/82 dated 31 July 1982,
further requested the Government of Jaban 't§ é&d the study  on

particulates (hereinafter referred to as "the Additional Study").

Accordingly, JICA sent a team heéded by Mr Kenji Iwaguchi
from 1 to 7 June 1983 to discuss the Scope of Work for the Additional

Study.

As a result of discussions, JICA and JTC hereto agreed upon

the following as "the supplement” to the Original S/HW.

.



SUPPLEMENT

1.1

ll2

2.1

2.2

2.3

2’3.1

OBJECTIVES
The objectives of the study are:
to conduct the field survey for particulatés in the Republic of

Singapore

to conduct the simulation study by computers based on the data
obtained from the above said field survey and to assess the

estimated pollution loads when these plants are in operation.
SCOPE OF THE STUDY

Survey Area

The survey area of the study covers whole area in the Republie
of Singapore

Establishment of monitoring stations {(as shown-in Annex I).l

Survey Plan

Measurement of Particulates

i Quarterly neasurement (every 3 months) of total "
particulate matters (TPM), suspended particulate matter
(SPM) at 20 monitoring stations and particulate size

distribution of SPM at 3 monitoring stations.

ii Through-year measurement of suspended particulate matter

(SPM) at 3 key monitoring stations.



2.3.2

2.3.3

2.3.4

2.3.5

4.1
4.1.1

4.1.2

4.1.3

4.2

4.2.1

4.2.2

Measurement of other items at 7 monitoring statiocns
i Through-year measurement of 802 ambient concentration.

i1 Through-year measurement of meteorological cgﬁditions.

Collection of rele wnt data on emission factors of the

proposed plants.
Chemicql analysis of particulate compomnents.

Data anlysis, and numerical estimation of environmental

impacts of the proposed plants.

TENTATIVE TIME SCHEDULE

The tentative time schedule is shown in Annex II.

REPORTS

- Draft Report

30 copies
The draft final report will be submitted in English within
three{3) months after the completion of the numerical

calculation for particulates survey.

The Govermment of the Republic of Singapore will provide the
comments to JICA through the Embassy of Japan within one(l)

month after the presentation of the draft final report.

Final Report

50 copies together with 50 copies of abstracts.

The final report will be submitted within two(2) months after

the receipt of the comments on the draft report. _ ézZi
A-25 ' o ' 1



5.1

5.2

5.3

5.4

ADDITIONAL CONTRIBUTION OF THE GOVERNMENT
OF THE REPUBLIC OF SINGAPORE

Monitoring Stations

About 20 monitoring stations are to be established in the
main island of the Répubiic of Sing&pbre. The 1lands or

places for these monitoring statioms should be provided.

Electricity Supply

The electricity comnection and supply for monitoring stations
at mutually agreed sites should be provided by the Government

of the Republic of Singapore.

The Govermment of the Republic of Singapore will provide
necessary personnel for the daily operation and maintenance
of the monltoring statiomss

Measurement of S0_ ambient concentration and meteorological

2
conditions will be conducted by the Government of the
Republic of Singapore during the same period with the

through-year measurement of particulates by the survey team,

and the data will be provided to the surveﬁ team.

Id 4903b/202a
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60

50

49

Annex 1

10 - 40 : 50 ' 60

Monitoring Points for Measurement of Particulates

¥ey Stations (3)
Installed with B ray analyser, Andersen sampler and high

volume samplers

Ptinciﬁai Stations (9)

Instélled with high volume samplers

Suppleméntéry Stations (8)

Installed with hiéh volume samplers
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- ANNEX IV

MINUTES OF MERTING
ON
THE éTUDY OF ENVIRONMENTAL EFFRCTS
OF COAL FIRING POWER STATIONS
AND
INTEGRATED STEEL MILL

IN THE REPUBLIC OF SIKGAPORE

AGREED AND CONFIRMED ON 27TH SEPTEMEER, 1984 IN SINGAPORE

ﬁ% : Jﬂ e i

YING HANG TAKESHI YAMADA

PRINCIPAL DIRECTOR (TECHNICAL)’ MANAGING DIRECTOR, IPCAY
JURONG TOWN CORPORATION ON BEHALF OF THE JAPAN :
GOVERNMENT OF THE REPUBLIC OF S'PORE INTERNATIONAL COOPERATION AGENCY



Based on the Supplemeat to the Original Scope of Work signed on 6 June
1983, the Japanese Environmental Study Team had completed the field.

survey for particulates in the Republic of Singapore in September 1984,

To conduct the simulation study by computers based on the_data'obtained
from the above sald field survey and to assess the estimated poliution
loads when these plants are in operation, it is hereby agreed that the

assumptions to be made for the particulate emmisions are as follows:-

1 Coal Firing Power Stations
1.1 Pulau Seraya
Particulates emmision volume - -130 kg/hr
Particulates concentration - 0.05g/Nm3-dry gas
1.2 Pulau Tekong
Particulates emmision volume - 120 kg/hr
Particulates concentration - 0.05g/Nm3—dry gas
2 Integrated Steel Mill
2.1 Grate Kiln
Particulates emmision volume - 900 kg/hr
Particulates concentration - O.ng/Nm3—dry gas
2,2 Electric Arc Furpsnce
Particulates emmision volume - 324 xg/hr
Particulates concentration - 0.18g/¥m3-dry gas
2.3 Reheating Furnance
Particulates emmision volume - 6 kg/hr
Particulates concentration - 0.18g/Nm3*dry gas

It is further assumed that electrostatic precipitators and/qr__bag
filters will be 1nsta11ed in the above ltems except 2.3 Reheaiing

Furnance,

1d 3349¢/202a ' ' j/_.Lﬁ/ =
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