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CSE FEBR O oMtz

CSE FEBf & AT < FHl THE L TV D S — 4 A (RAMT LOCA+ECCS VEKMERETE S + 247
TRENDEIRIELR) 1281 DMA A PRRHTRERIC L 2R TIPS IR SN O 2K | THlid 2,

7,

NUPEC #H5EIZBW T, A7 LA BMEA SN Iai0HB 0 X 2 BREICESE BRILE

HWEABELTEY, FREMIT 6 SHEDT SHOER S —7 2T 2MA A PREFTHIRIC
FVEENTRTFIFEAAESRNORMG L RRFETH 5,

F 1 CSE EBREM:L 6 BN T B b

CSE FH ™ Run No. e o e e
. " 6RO T B R R
A*6>"1’ k2 A,S*o A*ll*‘}
B S
TR ER TR [RI/E mlA .
(+KFEHR)
SR U7
9 0.20 %9 0. 22 9 0. 24 #0.3%°
(MPaG)
K I ]
o 120 % 120 120 5 207%3
(‘C)
»HY
AT A D o/ 7L 72 L (MR X 5 BICH LTIEH
RILAE DB E)
Wit %1 : R.K.Hilliard et.al “Removal of iodine and particles by sprays in the
containment systems experiment” ,Nucl. Technol. Vol 10 p449-519, 1971
%2 :R K Hilliard et.al “Removal of iodine and particles from containment
atmospheres by sprays” , BNWL-1244
%3 :R K. Hilliard and L.F.Coleman “Natural transport effects on fission product
behavior in the containment systems experiment” , BNWL-1457
%4 BAREEREREOHEHIZIZ 1EIB D AT LA 2MEH S 2 IO PRSI 28N O B 4
HonTnsd,
%5 KA AR ARRS LR R OB/ 2Rl Ol o — 2 2 A (RAEKMr LOCA+ECCS 1K BEREFE 2K

+ R RE VERIESR) IZHBWT, FOnb R H)BENKRERL ESNE (FLOH) ©
[}
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fifife 4
7o a T — IV TODRIZ T ZICLABREDR EHELHIE) 1o T

Ty a TV TORIFETICL 2L 5 ROBREDR (LT IDF] &vH,) &L
C, Standard Review Plan 6.5.523-3% DF10 #F%EL T\ 5, ZMiL Standard Review Plan
6.5.5 2BV, ML S5FDARI T T KBREEDSRE LT, Mark— I XU Mark— N2 %F L
C DF10 LAF, Mark— LIZXfLC DFS LI F 2 EERT H25H1E, FICGHREZLELETERLTCLR
W] o (SR 1ITESL DO TH D, HEAPPRF ) EFTE 6 5% ABWR 288 L T
WD, By va sV TORY T B TR RER KRS, Mark— T & RERERITR
WZ &5, Standard Review Plan 6.5.5 OFt#ICHKSE, 7L v a7 —LoiEoaEIZ
B 69, DFI0 M2 2 L LTS,

ek, AL ORIZOVWTEITAKROEE TH S Z &b, KDF ORFATITHIFF L T2, kL
FIRESIFEDODF IZOWVWTIE, MAAPFTORZ SV IHETR T (SUPRAZ—FR) IZ
TRHMl LTV 5

[Standard Review Plan 6.5.5] (3H)

i Pool Decontamination Factor. The decontamination factor (DF) of the pool is defined as
the ratio of the amount of a contaminant entering the pool to the amount leaving.
Decontamination factors for each fission product form as functions of time can be
calculated by the SPARC code An applicant may use the SPARC code or other

'10 or less for a Mark Il or a Mark Il containment, or are 5 or less for a Mark |
=containment the applicant's values may be accepted without any need to perform

organlc lOdldeS The applicant should provide justification for any DF values greater
than those given above.

e 4—1
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YTy va TV TOAT I BT DEEE 5 BOREDRICET MO FIZHONT

Lo a T —IVTDAT I LTI L5 S ZOREYRICET Ao A L LT,
SPARC=Z— RFIZ X AEEREREWONT UKAEA & TR POSEIDON (2 TITh - EBRN H 5,

1. SPARC=a—RIZX DML
Standard Review Plan 6.5.5 @5 I2BWT, SPARC=Z—FEHW-LI2FDAY
FETIZEDBREDRETFHE L TV D, Y TIE, Mark— I R FIFHRMAAERZ AR E L
TEELOFE (L), HrREIFE CsD) KOAHESFE LD T 227780 7285k
FREZHBE L TWE, HEFBREK 1 OEBY THY, ML S FRICxd 5 DF i35/ 10 FRE
Th oD,
E, BELIEFR S —7 R, RPAELEEEERTHY, IToFEREZHEEL T

5o
- EPERF B W THITEE ORI AR R334
- BEPLMAIL AT NIMEET 0, BAFEHDLAVEY T Ly g U= D HIEE
Ze
- SRR E IR AR OUREREIR OFAI L 0 A PR LR, P OEERFA
EC % : P.C. Owczarski and W.K.Winegarder, “Capture of Iodine in Suppression Pools” ,

19th DOE/NRC Nuclear Air Cleaning Conference.
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Begin Core Melt Release
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End Core Melt Release

i ] ] ] I i |

10
103 —~
. N
z 10°F
=] -
o -
> =3
@ "
=3 -
1]
£ R
)
S .
E 10 E‘-
10i°:—
-1
10,30

35 140 145 150 185 160 165 170

Accident Time, min
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“Here the I, flow rate is fairly high until 148.5min, then the rate (and

incoming I, concentration) decreases. These decreases cause the pool scrubbing

to become less effective at the iodine concentrations of the pool.”

X1 SPARCHREMEE (BHEHEDF)
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2

UKAEA }% O POSEIDON (& CHTdoiu 7= EBR
R L ORI T DRI T 0TI K DBREZRIZOWVT, UKAEA™' KT POSEIDON*? {23 T
FEBRMTON TN D, ERIERZK 2 LUK 3, EREHROEREREZR 1 LUK 2 IR,
RK2DLBY, EEISRDIF IRV T4 THD,
HRxl: AF V20T 47U A (FEAKBIEBEEAGANE (SGHWR)) 7&K S 27 L2k
I DR RER O 2~ D 120 D IR
*2: AL ADKR—)v = T —MEFTITONTEAKF~DTARLIFEOR T T 7IZH
ERAES
%3 : “State—of-the—art review on fission products aerosol pool scrubbing under

severe accident conditions” , 1995
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Program Aerosol Acrosol Carrier Steam mass | Water Pool Injector
size, pm fluid fraction temp., °C | pressure
Csl 1.7-27 | N, + 0.008 - 25
ACE CsOH 1.6-28 steam 031 | 83 ambient sparger
MnO 1.7-23
Csl 0.2-3.0 | air, Nyor - ambient single
EPRI TeO, 0.4-27 He + 0-0.95 - near sa- ambient orifice
Sn 27 steam turated
Csl ~4.5 273 1.1 MPa | single
EPSI (radius) | steam 1 (initially) 3.1 MPa | orifice
CsOH 6.1 MPa
GE Eu,0, |0.1-40.0 air 0 ambient ambient | single
Csl <03 orifice
JAERI DOP 0.3-10.0 air 0 ambient ambient single
orifice
LACE - Csl 1.7-7.2 N, + 0.07 - 110 3 bar -single
Espafia steam 0.85 (abs.) | orifice
) ] - -multior.
SPARTA Csl 0.7 air + N, 0 close 10 ambient 2 orifices
saturation
UKAEA Cr/Ni 0.06 air + 0.25 - ambient ambient 4 orifices
steam 0.96 (downco-
mers)
i 4 orifices 1
! (downco- |
! mers) !
{POSEI- | 1, vapour . N, 0 ambient | ambient | -single |
i DON orifice |
! - multior, !

_____________________________________________________ =t

x2 FEBRIR
Experiments Species tested DF range
Cs 145 - 3000
ACE Mn 11 - 260
I 47 - 1500
DOP 6-12
EPRI Csl, TeO, 1.4 - 1600
Sn 110 - 6800
EPSI Csl 2100 - 3300
GE Eu,0, 68 - 2900
Csl 7-10
JAERI DOP 10 - 150
LACE-Espafia Csl 16 - 3000
SPARTA Csl 7*
UKAEA Ni/Cr 15 - 1680
I, 14 - 240
POSEIDON | i ___ b b 20-300000
* Only one test performed.
i 4—6
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SN DR FROMEIL L 9 BB 7 DEOBEBMEOWETHY, | - [RIEFRMEOHE DL
HEIIEEBEOWE L b, DETHDZ EBD>TVND,

KA, TMI TR SN U R OBET & & OFIERTH DN, 4 A miE TR M
(BT vaREHF) NEFFENRBIMCEED > BESRERERBEESLTWE—FT, - &
HREERITIEEEENR T FENBEBNICEES N TWA LW Il E /2> T D,
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OO B AEEBIITIREFICEKET 2L LTS,

FHHA L BIRICTREIDOIZIEEEHRHE EIND,

I, Cs : EiRICTHRELIZTEEEKT SN D, HHEEILRA T A L FZ%,

Sb, Te : MIRIZTHENOIZIZREMH IND, FWBE L FUS LTk, HEE O
AN RY das o g

Sr, Mo, Ru, Rh, Ba D RHEHREM LR or BRRSM) ICKREREELXIT D,

Ce, Np, Pu, Y, Zr, Nb : mEi{RIRRE T HHEHEITE L,

HRL sk - BRI E H LT BIREND O OB RAERY K T 7 F = RO EERME D 72 9
DS (JAEA-Review 2013-034, 2013 4E 12 A)

% 3 OFHlRE RIT 2 6 OB E R OVERFE R E BEREIL TRy, T, Fike—r v
A (KA LOCA+ECCS {E/KBERERE R + 22 WREN N EEIRTER) 128\ TIE, MA A PEHT A - (K4
HEUEEROMHEEZBEICRESFHMIL TWDDTHDHEEXLND,

MA A PESTOFFOMRSFIE L LTI, FORFREAK LBERUF D OMNERAEL L% T, B
F 7Y RKME D B OHEH D E O B EAT I B TEREL 7 — L DB OIR FE 2 2 IR U Ol B & STl
LTWDZER, FLEKREICBWTRET 7 U EOKIZEDZ A7 TV THREBREL TV
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Vol. 32, No. 4(1990))

K5 BEE T IREEFTEFRRIIRIL S T ORI E

(B4 - Barkg-REE)

— T e, Bl i o ol o L
(B TEH500m) =2 (FE#3500m) #2 (BIATAH500m) #2 (3£§31,000m)#2 |(GL#I500m) #2

SRR E 3/21 3/25 3/28) 3/28] 3/28] 3/25] 3/28] 3/25) 3/22] 3r22] 3/22] 3/22|
ST JAEA JAEA s JAEA B JAEA o JAEA JAEA JAEA JAEA JAEA

| mER 3/24 3/28) 3/30) 3/28 3/30) 3/28 3/30 a/28 3/25] 3/25 3/24 3/25

i |I-131(4988) 5BE+06) 5.7E+08) 3.8E+08) 3.0E+08 3.9E+04f 1.26+07) 2.6E+08) 46E+05 31E+0G 7.9E+05 226408 5.4E408

1R |1-132(Fa2E4 ) 4 4| 2.3E+05] *4 1.36+02| #4) 1 5E+08| 4] 4| 4 4 =4
Cs-134(#92F) 34E+05] 4.0E+05 5.3E+05 7.7E+04) 3.2E402) 3.5E+06 9.7E+05 G.8E404 9.5E405 8.7E+03 1.7E404) 1.6E+05|
Gs-136(45138) T.2E404 GIE+04 3.3E+04f 1.0E+04) 28E+01 4.6E+05| 6.9E+04 8.6E+03) 1.1E+05| 1.9E+03) 226403 236404
Cs-137(§3304) 34E+05] 4.8E+05] 5.1E+05) 7.6E+04] 3.2E+02] 3.5E+06) 9.3E+05| 6.7E+04 1.0E+06| 2.0E+04] 1.6E+04 1.6E405
Te-120m(#334H) 2.56+05| 2.0E+05, 8.5E+05 5.3E404 ND| 2.7E+08 S0E+05 286404 BIE4D5 956403 1.9E404] 1.7E405
Te-132(53E) G.1E+05) 34E+05 3.0E+05 6.5E404 1.4E402] 3.1E+06] 208405 326404 1.9E+06) 216404 3.9E+04] 3.8E+05
Ba-140(f5138) 136404 156404 ND| 2.5E+03) ND| ND| ND| ND B.OE+04 ND| ND| ND
No-95(%335 81 17E+03) 24E+03) ND| ND| ND)| 536403 ND| ND| B.1E+03 ND| ND| 7.9E+02
Ru-106(#23708) 5.3E+04] ND ND| 8.4E+03) ND| 27E+05 ND| ND| 68E+D4 1.9E+03 ND| 32E+04
Mo-98(#986 1) 216404 ND ND)| ND ND 6.6E+04) D) ND ND ND ND| ND
To-99m{ HEEH) 236404 2.08+04f ND| ND| ND 456404 N 1.8E403 235404 ND| ND| 8.3E+03
La-140(#32 B) 3.3E+04| ATE+04 ND| 236403 ND 9.7E+04] D) 25E+03 21405 426402 6.26402 7.8E+03
Be-7(#1588) ND ND ND| ND| ND ND| ND| ND 326404 ND)| ND| ND
Az-110m( #3250 5) 116408 26E+03 ND| ND)| ND| ND)| D) 1.7E402 1.8E+04 ND| ND| ND

HH - WEE I HP (http://www. tepco. co. jp/cc/press/11040609-]3. html)
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F 6 NUREG-1465 D %1 7.2 FW= i L% O ES (LB ESE O Ea B3 146 )

& I REF NN R 3T %
BRI — P AN BRI 1D LR~ O EI S
(FHFEAED B 168 W14 IF )
v A £99.2x107"
CsI #71.3X10°
Te0, 9 5.2X107
Sr0 #2.1x107
Mo0, #12.6X10°
CsOH #2.7X107
Ba0 #12.1x107
Lag0s £ 2.1x107
CeO; #5.2X107°
Sb #95.2X107
Tey 0*?
U0, 0*?
Cs™? #92.6X10°¢

FEFe*k1 : CsI Zv—7L CsOH Z N —T7 ORHEIE 265l GHiIIS%E 1 25R)
%2 RFMICBWT [Tey Z—7) KON TU0, Zv—7 | OHEEISEOMA A PENTE
B3P o chH b7, NUREG-1465 O%1 R4 AW fIEDOR&Es4 & Ui,
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F 7 NUREG-1465 TOJEF A RSN~ DI ES
By —7 JRF IS g~ O U E A
Cs 0.25
Te0,, Sh, Tes 0. 05
Sr0, Ba0 0. 02
MoO: 0. 0025
Ce0z, U0, 0. 0005
Laz03 0. 0002

T:ED sk : NUREG-1465 @ Table 3.12 [Gap Release] OfEi & [Early In-Ves

sel] DEOFN %22

(NUREG-1465 TlX, lGap Release|, [Early In-Vessel|, [Ex-Vessel| & lLate In-

Vessel | DFHFGMER 7 = — X3 U TR R IAE S
BT EZE O
RTEBINKRT D720, RIFES
Release] M TX [Early In-Vessel] OE®F1%EHWS,)

s aa

#8 NUREG-1465 (HHr)
Table 3.8 Revised Radionuclide Groups

Group Title Elements in Group

1 Moble gases Xe Er

Z Halogens I, Br

3 Alkali Metals Cs, Rb

4 Tellurdum group Te, Sh, Se

5 - Barium, strontium  Ba, 5r

6 Mobls Metals Ru, Bh, Pd, Ma, Tz, Co

7 Lanthanides La, Zr, Nd, Eu, Nb, Pm,
Pr, 8m, ¥, Cm, Am

8 Cerium group Ce, Pu, Mp

Table 3.12 BWR Releases Into Containment*

N~DHEIG 252 TV D,
BRETMICBT 2MEFS T VAT, RFFEN

BRI

WEHBERTE TORLIHE DR A2MEET S [Gap

Gap Release*** Early In-Vessel Ex-Vessel Late In-Vessel

Duration (Hours) 0.5 15 30 10.0
Noble Gases™* 0.05 0.95 0 0
Halogens 0.05 - 0.25 0.30 - 0.01
Alkali Metals 0.05 0.20 035 0.01
Tellurium group 0 0.05 0.25 0.005

' Barium, Strontium 0 0.02 0.1 .0
Noble Metals 0 0.0025 0.0025 0
Cerium group 0 0.0005 0.005 0
Lanthanides 0 0.0002 0.005 0

*Values shown are fractions of core inventory.
** Sce Table 3.8 for a listing of the elements in each group
*** Gap release is 3 percent if long-term fuel cooling is maintained.
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1. EYUAOMHES
(1) CsSIDERETHFEL TN D EI T A
22X HIENCsI O THEAETI LD L LTEHET S, CI OFETHEELTWEEY T A
OHEEIIILTDOEEY L5,

Csl OFIER kgl = M+ M/WiXWes
CsI pIEEF O U AEEkg] = M/WiX W

U LR ER kel : M £ o R E R [kel : My
U LRTFEL] Ve FoFFEFRE] W

(2) CsOH DIEETHEEL TWHEI T A
A¥ 7 AN CsI & CsOH OJERETIEET 2 b D & L TEHT %, CsOH OJEZRE TIEfE L T
L LAOEEIZLUTOERBY &5,

CsOHpIHIEEF DO v AERE[ke] = My — CsIgIIEEF DY v L HEHE kgl
= Mes — Mi/W; X Wes

3) By roOHHE
MAAPEHIZ LY CsI & CsOH D JRFIF AN BRI~ D Sk HEBIE 4 3E4f

Ty AOBHERkg] = M/MWiXWee X X+ (M — M/WrxXWe) XY
X : CsI ftHEIS MAAPRHTIZCEVELNRD)
Y : CsOH fitHEls MAAPATICZ VEENS)

4) ®vYAORHEES
L. Q) CTELNEEY Y AOKEEND, B AORHEE % 2k

YU LORMES = BV LAOMNE / YU LATEYMER
= Mi/WiXWes/Mes X X+ (1 — Mp/WiXWes/Mes) XY

— Y + MI/MCSXWCS/WI (X - Y)

Uk
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HIE6
HIFR T~ DIEFE I E DFR T DV T

RPEEOBRBERETMICB N T, =7 0 Y VRO L 5 FOREEH~DOIWERE & L
T, WMETRAE R OBEKIC & BB E 2 BE L kEEE (0. 5em/s*) ZHWCW5D, LLTF T,
WHLEEZBE LcT v Y )V R OER L S BOMEBEmM~DOUERE L L TO0.5en/sZ VD
Z e OBWRAMEICOWTRE (T o T2,

Lk - AM X 5> RoOMERm~DOILEEE & L TE 1. 7X10%m/s

1. RFRE
REPRAE R o MY, RMETRE R S A R AR LT RO R HBAE L OTHE &
HPETEE RO REEBMEEITMED L &, =7 v Y )VRL - K OVER & 95 FE OIS (0. 3em/s)
DFED30. bem/sEMA TWRWNWI EIC K> Trd, HILERE OEBHEELRIILTO L 2 ICE
% é j/l/ Z) o

(1) s
AR, TEHARR - ZPSIERE R IR EF ORI SR B3 2 FE i L1
(L~UL3PSARE) @ 2008) (FEFIEEAN AARREFAFER) UUTF MERgE] Luvwo, ) g
4 TBEIHME LTz, TFESEYE) M54, 701, AT IMGEE T ER S ST LT
WBN, Z T TRF HFEITH REEE OB AEMEIAR 28T < M THEIC W T (W) |
T e4 - R&Zht FEp2ldE8H12H) [ [A#RR5. 3] (D NCHEWVEHE L7, FtssE S o
FEXHBE 2 FHu 7,

X

/Qp &y, 2)i=Vq " T2,

/Qpxy,2); : FZli TORMLEZFE[1/n?]

X/Qx,y,2); o RRIL T OAHHRE [s/m’]

Va : VLA [m/s] (0.003)  (NUREG/CR-4551 Vol.2X ¥ *)

JEFC % : NUREG/CR-4551 Vol.2 “Evaluation of Severe Accident Risks: Quantification

of Major Input Parameters”
2 kSR
RERRFICIE, FRES EZE DM OMBE~DILEL, BHICK D2EEE2ZT 5, Bt
EER/Qw y)ilE PR 4. LK VLT L 2 IcREND,
2

W/Qw xY)i=A; - f x/Qx,y,2);dz = x/Q(x,y, 0); Ai\/gzziexp[ﬁ]
0 zi

G/Qw(xy); R COBMELAEZE1/m?]
X/Q(Xi y' Z)i ‘ E?{:XUIT®$Ei¢%§[S/mS]
x/Qx,y,0);  : BEZi COMKE R S TOMIIEE [s/m*]
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A ZIITOY v 2T U MEIL/s]
(=95x10"5 x PrP8

Pr; : RfZ1 T OREIK R EE [mm/h ]
) PR T ORI A B RE L7z B IEE O $hE 7 7 O AL B0 [m]
h B E [m]

SELIEL D)

HEPEEAE 3R BIEE S R AR LTI E R0 REHBBEEITWE &, wMEE RO REHE
BEITHMEDILIZLL T CEZREIND,

 RPEAE SR SRR R 2 A L7 A RO BATH L9 THE

RPEDEAE 38 0O SRR H BB EL O T iE

(Vd X/Qx,y,2); + x/Q(x,y, 0); - Ai\/g Zzi“?[ﬁ])
Zl / 97%,

h2

(Vd ' X/Q(X' Y Z)i)97%

BRIEEES

- ®

WAELOFTHMFER 2R UTRT, BHELERICHHR R USRS OMIHREELZ AW & X, ik
VAR LBIMILERZ GF LA RO BRI OTME &, woltiba R o B BRI THE
DOIFL 00~1 54 E L 7e o7z, U EXY, =7 a )Wkt ROER L > EoRMEILEEZEEL
TPILBIREE L LT, tErb B R D1 546% (F90. 46cm/s) & L0, bem/s & FHETH Z L IXEEI T

bHEEBEZBNDY,

Erek ALY FOEMLELZEB LB EE L UL, AL > FomEmERE (100
Sem/s) WAL T ERERUMEER (=0.5/0.3) B, EEHLD 1.7X10%n/s A

Lo e
K1 LA =GR
DLz w
BT fREE | Okt +£ﬁ%%$ b
Bl RR ST [s/m) [1/n] | (@/D)
[1/m?]
6 LA
JEEWAB? YN L%%ﬁﬂ% 1.0X1073 #93.1X107 % 3. 5% 107 #1112
(Hh | 40. 4m)
6 SR R L . . ] ] } (
(H1 1 Om) 2. 110 #76.2x10 #6.210 100
6 iR
g;ijffﬂﬂ 6.8X10" | #92.0x107 #3.1X10° % 1. 54
m
7 SRR TR R O . . . ] ) (
(Hk I Om) 2. 1x10 #6.2X10 71 6.2X10 %11.00
T B
zi'?f'zjkm B BX 107 #92.0X10° $3.1x10° %1 1.54
m

Rk ¢ AR ST

, BHTZFFIZL DR BIREE
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W7
B X 5 BOEMEIEREIZOWNT

RS EE OB BZESMLTIX, BAMNCHEENT-L9F D9, BEL IR T T oV Lkite
R UAEELS W AL 9Bl oW TiI= 7 a VLRI 7 & RIS, EPErE &8 & LT, NRPB-
R322 &M L 10%cn/s ERE LT, LLTIZFORBILEZRT,

(1) HEBHBREFET (NRPB) 12Xk 5
FERH R ET RRIEBEERICE2FR VA — ~ (NRPB-R322*1) |2 iRE R 2B 2 #Ht
EPRRINTND, RLAR—FTIE, AR SRICHOWT, EWICKHT LB EHEICET 5 A
PDEEINTEY, UToLBo#EINTNAS,

AEMICRTT HILEIEE D “Dest judgement” & LT 107°m/s (10%cm/s) % HELE

(2) BAFEFAFERICLLHE
AREF S EAFRE L1 3PSA fEaN 4. 8 IR R EIZET 2 LA T oMER 2 ST 5,
< AL A FIIIERISEDALE TH Y, IEEREI/NE L, EBRT 10"'~10"%cm/s DHiH
ThH D,
UL AT VDILEIL, AFROY A7 AEN 2 TFEET L2 TH Y, FHEEMNIC
BWTIXF OB ITEHRTE S,

Dbz Lane, AHE > FofEibERE X7 v Y )Lk 7O LR EHE 0. 3em/s (ZH~RT
INEWTZ EBEZD,

Frz, AR EITENE, 27 V— 8, #EHE, ZARORLY THEHERINTWEDR, =7 rY
JVRL T D5 B EE 0O ZERFE R (NUREG/CR-4551) 12 K B &, IEEFHE N KR E VDX ZERAL THY,
TR DIREERENREL RDHER TH -7z,

L= oT, AL 59 FEBOWGMILEHRE & LT, NRPB-R322 OMMITHT HEHRETHS 100
Sem/s WD DT ®%Y LHIBT LT,

e % 1 : NRPB-R322-Atmospheric Dispersion Modelling Liaison Committee Annual Report,
1998-99
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NRPB-R322 ANNEX-A  [2.2 Todine] D#k#:

2.2.2 | Meadow grass and crops

Methyl iodide

There are fewer data for methyl iodide than for elemental iodine, but all the data indicate that
it is poorly absorbed by vegetation, such that surface resistance is by far the dominant resistance
component. The early data have been reviewed elsewhere (Underwood, 1988; Harper et al. 1994) and
1o substantial body of new data is available. The measured values range between 10 and 10~ m 5™
approximately. Again. there are no strong reasons for taking 7 to be a function of windspeed, so it is
recommended that v, is taken to be a constant. Based on the limited data available, the ‘best judgement’
value of v, is taken asand the ‘conservative’ value as 10~ m ™. Where there is uncertainty
as to the chemical species of the iodine. it is clearly safest to assume that it is all in elemental form from

the viewpoint of making a conservative estimate of deposition flux.

2.2.3  Urban

Methyl iodide

There appear to be no data for the deposition of methyl iodide to building surfaces: the
deposition velocity will be limited by adsorption processes and chemical reactions (if any) at the
surface. for which specific data are required. No recommendations are given in this case. For vegetation
within the urban area (lawns and parks etc). it is recommended that the values for extended grass
surfaces be used.
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Fig. 4 Dry deposition velocity #s a function of particle size, Data were obtained from a numbor of
publications.’* =** The theoretical curve appropriate for a smooth sueface is shown for comparisen.
Note that the th feal curve s gly & Jent on the valwe for we and that Eq. 22 does not
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B 1 fRx 7eRifRIcis 1T kB 8% (Nuclear Safety Vol. 19*%)

ECk1 : J.L. Sprung %% : Evaluation of severe accident risks: quantification of major
input parameters, NUREG/CR-4551 Vol.2 Rev.1 Part 7, 1990

*2 :W.G N Slinn: Parameterizations for Resuspension and for Wet and Dry Deposition

of Particles and Gases for Use in Radiation Dose Calculations, Nuclear Safety

Vol. 19 No.2, 1978
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Hick1 : J. H. Wilson and P. C. Arwood, Summary of Pretest Aerosol Code Calculations for
LWR Aerosol Containment Experiments (LACE) Test LA2
%2 :D. A Powers and J. L. Sprung, NUREG/CR-5901, A Simplified Model of Aerosol
Scrubbing by a Water Pool Overlying Core Debris Interacting With Concrete
%* 3 : STATE-OF-THE-ART REPORT ON NUCLEAR AEROSOLS, NEA/CSNI/R(2009)5
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Fig. 11. LA2 pretest calculations — aerodynamic mass median
diameter vs time,
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%72 1-1 NUREG/CR-5901 Dkt

so-called "quench" temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,O are too slow to maintain chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively "frozen" at the equilibrium composition for the "quench” temperature.
Experimental evidence suggest that the "quench” temperature is 1300 to 1000 K. The value of
the quench temperature was assumed to be uniformly distributed over this temperature range for
the calculations done here.

(6) Solute Mass. The mass of solutes in water pools overlying core debris attacking concrete
has not been examined carefully in the experiments done to date. It is assumed here that the
logarithm of the solute mass is uniformly distributed over the range of In(0.05 g/kilogram
H,0) = -3.00 to In(100 g/kilogram H,0) = 4.61. .

(7) Volume Fraction Suspended Solids. The volume fraction of suspended solids in the water
pool will increase with time. Depending on the available facilities for replenishing the water,
this volume fraction could become quite large. Models available for this study are, however,
limited to volume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken to be uniformly distributed over the range of 0 to 0.1.

(8) Density of Suspended Solids. Among the materials that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 glem®) or Si0, ( p=22 g/cm®) from the concrete and
UOy(p = 10 g/cm?®) or Zr0, (p = 5.9 g/cm?) from the core debris or any of a variety of
aerosol materials. It is assumed here that the material density of the suspended solids is
uniformly distributed over the range of 2 to 6 g/cm®. The upper limit is chosen based on the
assumption that suspended UO, will hydrate, thus reducing its effective density. Otherwise, gas

sparging will not keep such a dense material suspended.

(9) Surface Tension of Water. The surface tension of the water can be increased or decreased
by dissolved materials. The magnitude of the change is taken here to be So(w) where § is the
weight fraction of dissolved solids. The sign of the change is taken to be minus or plus
depending on whether a random variable € is less than 0.5 or greater than or equal to 0.5.
Thus, the surface tension of the liquid is:

ow) (1-5) for e <05
e {c(w) (1+5) fore > 05

where o(w) is the surface tension of pure water.

(10) Mean Aerosol Particle Size. The mass mean particle size for aerosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is
reason to believe smaller particles will be produced if a water pool is present. Examination of
aerosols produced during melt/concrete interactions shows that the primary particles are about
0.1 um in diameter. Even with a water pool present, smaller particles would not be expected.
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Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 pm) = -1.39 to In (2.5 um) = 0.92.

(11) metri ndard Deviation of the Particle Size Distribution. The aerosols produced
during core debris-concrete interactions are assumed to have lognormal size distributions,
Experimentally determined geometric standard deviations for the distributions in cases with no
water present vary between 1.6 and 3.2. An argument can be made that the geometric standard
deviation is positively correlated with the mean size of the aerosol. Proof of this correlation is
difficult to marshall because of the sparse data base. It can also be argued that smaller
geometric standard deviations will be produced in situations with water present. It is unlikely
that data will ever be available to demonstrate this contention. The geometric standard deviation
of the size distribution is assumed to be uniformly distributed over the range of 1.6 to 3.2. Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Aerosol Material Density. Early in the course of core debris interactions with concrete,
UO, with a solid density of around 10 g/cm® is the predominant aerosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/em? and condensed products of concrete decomposition such as Na,0, K,0, AL,0; SiO,,
and CaO with densities of 1.3 to 4 g/cm’ become the dominant aerosol species. Condensation
and reaction of water with the species may alter the apparent material densities.
Coagglomeration of aerosolized materials also complicates the prediction of the densities of
materials that make up the aerosol. As a result the material density of the aerosol is considered
uncertain. The material density used in the calculation of aerosol trapping is taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 g/em®.

Note that the mean aerosol particle size predicted by the VANESA code [6] is correlated with
the particle material density to the -1/3 power. This correlation of aerosol particle size with
particle material density was taken to be too weak and insufficiently supported by experimental
evidence to be considered in the uncertainty analyses done here.

(13) Initial Bubble Size. The initial bubble size is caicu1aled from the Davidson-Schular
equation:

1n V0.4
Db = g(_g.) ....‘1._ cm
T 30.2

where € is assumed to be uniformly distributed over the range of 1 to 1.54. The minimum
bubble size is limited by the Fritz formula to be:

D, = 0.0105 ¥[o, /g(p,~p 1"

where the contact angle is assumed to be uniformly distributed over the range of 20 to 120°,
The maximum bubble size is limited by the Taylor instability model to be:

e 8—6
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%3 1-2  STATE-OF-THE-ART REPORT ON NUCLEAR AEROSOLS,
NEA/CSNI/R(2009) 5 Ok OFREBR D5

9.2.1 Aerosols in the RCS

9.2,1.1 | AECL

The experimenters conclude that spherical particles of around 0.1 to 0.3 um formed (though their
composition was not established) then these agglomerated giving rise to a mixture of compact particles
betweenin size at the point of measurement. The composition of the particles was found to
be dominated by Cs, Sn and U: while the Cs and Sn mass contributions remained constant and very similar
in mass, U was relatively minor in the first hour at 1860 K evolving to be the main contributor in the third
(very approximately: 42 % U, 26 % Sn, 33 % Cs). Neither break down of composition by particle size nor
statistical size information was measured.

9.2.1.2 | PBF-SFD

Further interesting measurements for purposes here were six isokinetic, sequential, filtered samples located
about 13 m from the bundle outlet. These were used to follow the evolution of the aerosol composition and
to examine particle size (SEM). Based on these analyses the authors state that particle geometrical-mean
diameter varied over the range (elimination of the first filter due to it being early with respect
to the main transient gives the range 0.32-0.56 um) while standard deviation fluctuated between 1.6 and
2.06. In the images of filter deposits needle-like forms are seen. Turning to composition, if the first filter
sample is eliminated and “below detection limit” is taken as zero, for the structural components and
volatile fission products we have in terms of percentages the values given in Table 9.2-1.

922 Aerosols in the containment

9.2.2.1 | PHEBUS FP

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 pm at
the end of the 5-hour bundle-degradation phase growing to 3.5 um before stabilizing at 3.35 pm; aerosol
size in FPT1 was slightly larger at between 3.5 and 4.0 um. Geometric-mean diameter (dsg) of particles in
FPT1 was seen to be between a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the Tognormal distribution was fairly constant at a value of around
2.0. There was clear evidence that aerosol composition varied very little as a function of particle size
except for the late settling phase of the FPT1 test: during this period, the smallest particles were found to
be cesium-rich. In terms of chemical speciation, X-ray techniques were used on some deposits and there
also exist many data on the solubilities of the different elements in numerous deposits giving a clue as to
the potential forms of some of the elements. However, post-test oxidation of samples cannot be excluded
since storage times were long (months) and the value of speculating on potential speciation on the basis of
the available information is debatable. Nevertheless, there is clear evidence that some elements reached
higher states of oxidation in the containment when compared to their chemical form in the circuit.
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C—TT T HY

F2 FEHRESLR (EA)
B OE o BN C AR (e 85m, M1 B 51m) 1985 4F 10 H ~1986 4 9 A
WEHEQD : BN AR (BE& 85m, ML 75m) 2004 4= 4 A ~2013 43 A
(%)
AT o AR A H :ﬂ?

2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | F¥fH — OFIR

L B | TR | xzEA
N 5,69 | 5.93| 6.42| 6.24| 6.96| 7.84| 4.80| 5.14| 6.46| 6.16| 5.73| 8.40| 3.93 O
NNE 2.37| 2.67| 2.64| 2.52| 2.71| 2.71 1.81| 2.64| 2.59| 2.52| 2.05| 3.21 1.82 O
NE 3.72| 3.22| 2.93| 2.63| 2.78| 3.67| 2.67| 2.58| 1.80| 2.89| 1.91| 4.33| 1.44 O
ENE 4.01| 3.08| 3.35| 3.21| 3.41| 3.8 | 2.26| 3.21| 2.67| 3.23| 2.80| 4.55| 1.91 O
E 5,00 | 4.09| 4.96| 4.36| 4.91| 4.24| 4.05| 4.77| 3.46| 4.43| 5.73| 570| 3.15 X
ESE 9.57| 7.00| 8.17| 7.24| 7.57| 6.22| 5.91| 6.72| 6.61| 7.22| 9.16| 9.93| 4.52 O
SE 12.55 | 11.46 | 15.22| 14.10| 16.82| 14.55| 14.59| 16.25| 16.02 | 14.62| 15.18| 18.86| 10.38 O
SSE 9.61| 10.11| 11.19| 11.20| 10.09| 12.53| 13.86| 12.30| 11.71| 11.40| 7.24| 14.71| 8.08 X
S 3.94| 5.28| 4.47| 4.64| 3.53| 4.94| 5.03| 4.38| 4.19| 4.49| 4.26| 5.84| 3.14 O
SSW 2.77| 3.13| 2.26| 2.75| 2.23| 2.74| 2.40| 2.33| 2.10| 2.52| 2.09| 3.34| 1.70 O
SW 6.53| 5.31| 2.40| 3.02| 2.64| 2.71| 3.47| 2.66| 2.59| 3.48| 3.00| 7.00| 0.00 O
WSW 7.34| 6.87| 5.49| 6.14| 4.57| 4.82| 557 5.09| 4.89| 5.64| 6.90| 7.98| 3.31 O
W 6.83| 6.61| 7.40| 7.14| 7.03| 6.69| 7.91| 6.47| 6.30| 6.93| 6.96| 8.15| 5.71 O
WNW 7.98| 7.58| 9.82| 9.34| 9.38| 7.14| 8.94| 7.54| 9.23| 855| 9.82| 10.95| 6.15 O
NW 7.25| 11.76 | 8.16| 9.98| 10.21| 8.06| 10.81 | 11.02| 12.59| 9.98| 10.97 | 14.38| 5.58 O
NNW 4.37| 5.38| 4.54| 4.59| 4.37| 4.94| 5.46| 6.03| 581 505| 530 6.60| 3.51 O
CALM 0.47| 0.53| 0.58| 0.89| 0.80| 2.31| 0.47| 0.86| 1.00| 0.88| 0.91| 2.26| 0.00 O
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V1T By

x3 FEARWELR (RHE)
B OE o BN C AR (B 85m, i % 51m) 1985 4F 10 A ~1986 -9 A
FEAHED « BN AL (B 85m, Hf b/ 75m) 2004 4F 4 ] ~2013 4% 3 A
(%)
BT W HE IR HE
2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | FYYE 1085 OFAR
A (/) ERRFER O s
0.0~0.4 0.47| 0.53| 0.58| 0.89| 0.80| 2.31| 0.47| 0.86| 1.00| 0.88| 0.91| 2.26| 0.00 O
0.5~1.4 4.75| 5.71| 6.03| 7.32| 7.90| 6.85| 7.07| 6.46| 7.24| 6.59| 6.92| 8.94| 4.24 O
1.5~2. 4 11.41 | 11.40| 12.47| 13.01| 12.69 | 12.88| 12.03| 12.79| 12.87| 12.40| 11.37| 13.93| 10.86 O
2.5~3.4 13.48 | 14.54| 16.18| 15.98| 15.91| 15.58| 14.65| 14.25| 13.59| 14.91| 15.33| 17.43| 12.38 O
3.5~4.4 13.37 | 13.96 | 14.49| 14.81| 13.94| 13.26| 14.43| 14.30| 12.81| 13.93| 14.83| 15.53| 12.33 O
4.5~5.4 13.08 | 11.42| 13.71| 12.68| 11.37| 11.06| 12.54| 12.17| 10.20| 12.03| 11.51| 14.71| 9.35 O
5.5~6.4 9.70 | 9.33| 9.65| 9.03| 9.22| 9.13| 8.88| 9.14| 8.85| 9.22| 8.38| 9.95| 8.48 X
6.5~7.4 6.83| 6.47| 5.78| 5.13| 6.33| 7.48| 6.02| 6.47| 6.48| 6.33| 6.12| 7.93| 4.73 O
7.5~8.4 3.93| 4.15| 3.58| 3.49| 4.32| 4.47| 4.07| 4.43| 4.40| 4.09| 4.41| 4.98| 3.21 O
8.5~9.4 2.88| 2.99| 2.67| 2.53| 2.62| 3.73| 2.25| 2.94| 3.35| 2.88| 3.16| 3.97| 1.80 O
9.5 Lk 20.11| 19.50| 14.87| 15.12| 14.90| 13.26| 17.59| 16.18| 19.20| 16.75| 17.07 | 22.68| 10.81 O




G—TT T HY

F4 FEHARESLR (EA)
B OE o BN A (B 20m, M1 B 10m) 1985 4F 10 H ~1986 4 9 A
WEHEQD : BN AR (BESE 20m, Hi b 10m) 2004 45 4 A ~201343 A
(%)
HateE K FEHIBRSA HIE
2004 2005 2006 2007 2008 2009 2010 2011 2012 | JEME - O
R ERR | TR X FEH]
N 6.69 | 6.51 7.04| 7.31 7.68| 7.57| 4.58| 6.12| 6.88| 6.71 7.29| 9.00| 4.42 O
NNE 1.16 1.25 1.61 1. 52 1.46 | 2.26| 1.08 1.82 1.37 | 1.50 1.83 ] 2.39| 0.62 O
NE 2.05| 2.04| 2.54| 2.44| 2.71| 2.92| 2.23| 2.69 1.85| 2.38 1.76 | 3.27 1. 50 O
ENE 2.23 1.98 | 2.39| 1.87| 2.22| 2.69| 2.21 2.87| 2.03| 2.28| 3.37| 3.07 1.48 X
E 7.67| 7.29| 8.01 7.76 | 9.52| 10.10| 9.25| 9.08| 9.49| 8.68| 5.30| 11.13| 6.24 %
ESE 11.24| 9.56| 9.53| 8.74| 8.87| 8.91| 9.27| 9.60| 10.55| 9.59| 12.40| 11.60| 7.58 %
SE 16.89 | 17.03| 19.17| 18.62| 16.29| 14.20| 16.10| 13.36| 12.51| 16.02| 14.47| 21.54| 10.49 O
SSE 2.90 | 2.67| 2.73| 2.69| 2.52 1.89 | 2.46| 2.57 1.89 | 2.48| 5.59| 3.35 1.61 X
S 2.80| 2.94| 3.00| 2.92| 2.33| 2.22| 2.56| 2.82| 2.54| 268| 2.56| 3.37| 200 O
SSW 1.25 1.43 1.12 1.48 1.12 12| 1.54 1. 66 1.21 1.33 1.85 1.82| 0.83 X
SW 2.56 | 3.19| 2.76| 3.57| 2.81| 2.8 | 3.23| 3.19| 297| 3.02| 293| 3.76| 227 O
WSW 7.22| 6.41 5.70| 5.69| 5.24| 5.80| 5.8 | 530| 5.25| 5.83| 6.56| 7.39| 4.28 @)
W 8.17| 9.30| 10.30| 9.31 9.11| 8.53| 10.63 7.79| 8.87| 9.11| 8.66| 11.35| 6.87 O
WNW 8.14| 9.96| 7.98| 7.75| 8.04| 7.21| 833| 7.40| 9.02| 820| 9.11| 10.25| 6.15 O
NW 8.73| 9.09| 6.53| 8.78| 8.31 7.85| 8.26| 9.57| 10.52| 8.63| 8.56| 11.34| 5.92 O
NNW 3.74| 3.60| 2.70| 2.37| 2.60| 3.72| 4.27| 3.76| 3.60| 3.38| 4.31| 4.95 1. 80 O
CALM 6.55| 5.75| 6.88| 7.16| 9.17| 10.14| 8.11| 10.41| 9.43| 8.18| 3.45| 12.27| 4.09 %
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#£5 FEAFEFR ()
Wi © 4 SN AL (EE 20m, Hi FE 10m) 1985 4 10 H ~1986 49 H
FEHEQ BN AL (BEE 20m, Hi EE 10m) 2004 4F 4 1 ~20134E 3 1

9—T1 2

(%)

WA A Bt FEHIBR A HIiE

2004 2005 2006 2007 2008 2009 2010 2011 2012 | A L85 OFRIR

JEIE (m/s) S LS =2
0.0~0.4 6. 55 5.75 6. 88 7.16 9.17| 10.14 8.11 10. 41 9.43 8.18 3.45| 12.27 4.09 X
0.5~1.4 44,91 | 45.66 | 49.32 | 47.96 | 47.40 | 47.44 | 48.83| 49.05| 46.74 | 47.48 | 28.26| 51.17| 43.80 X
1.5~2.4 16.53 | 15.25| 16.39| 15.74| 16.31| 15.49| 15.64 | 13.87| 14.91| 15.57| 30.49| 17.60| 13.53 X
2.5~3.4 7.82| 8.12| 7.90 8.26| 8.39| 8.26 7.15| 8.02 7.74 | 7.96| 10.11 8.87| 7.05 X
3.56~4.4 4.93| 6.14| 4.78| 4.98| 4.44| 5.04| 4.55| 5.68| 5.27| 5.09| 6.12| 6. 41 5 77 @)
4,5~5.4 4.74| 4.30| 3.34| 3.96| 3.60| 3.55 3.80 | 4.39| 4.43| 4.01| 4.34| 5.17| 2.86 O
5.5~6.4 3.65 3.58| 2.93| 3.55| 2.77| 2.177 3.57| 3.31 3.27 | 3.27| 4.00| 4.14| 2. 40 O
6.5~7.4 3.67 3.67| 2.75 3.29| 2.27 1.99| 2.90| 2.54| 2.86| 2.88| 3.16| 4.30 1. 47 @)
7.5~8.4 3. 06 3. 08 1. 95 2.40 2. 13 1. 89 2.45 1.51 2. 30 2.31 3.21 3.57 1.04 O
8.5~9.4 1.85 1.97 1.17 1.39 1.75 1.43 1.52| 0.66 1.36 .46 2.39| 2.41 0. 50 @)
9.5 Lk 2.28 | 2.47| 2.59 1.32 1.75| 2.00 1.48| 0.56 1. 69 1.79| 4.47| 3.34| 0.25 X




L—TT By

F6 FEHRESLR (AM)
B OE o BN C AR (5 85m, M1 B 51m) 1985 4F 10 H ~1986 4 9 A
WEHE®D : BN AR (BE& 85m, ML 75m) 2008 4 4 A ~2018 43 A
(%)
LRt WEE FEHIBR A *'J/ €
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | Ft4fK OFIR
i 9851 b | PR | e
N 6.96| 7.84| 4.80| 5.14| 6.46| 5.20| 5.59| 5.54| 6.40| 4.93| 5.89| 5.73| 8.24| 3.53 O
NNE 2.71| 2.71| 1.81| 2.64| 2.59| 2.76| 3.06| 3.68| 5.13| 2.76| 2.98| 2.05| 5.08| 0.89
NE 2.78| 3.67| 2.67| 2.58| 1.80| 2.11| 1.84| 2.79| 2.91| 1.97| 2.51| 1.91] 3.90| 1.12 O
ENE 3.41| 3.89| 2.26| 3.21| 2.67| 2.06| 2.16| 3.16| 2.55| 2.80| 2.82| 2.80| 4.23| 1.41 O
D 4.91| 4.24| 4.05| 4.77| 3.46| 2.98| 3.46| 4.84| 4.05| 4.15| 4.09| 5.73| 5.62| 2.56 %
ESE 7.57| 6.22| 5.91| 6.72| 6.61| 5.27| 6.25| 7.41| 5.66| 7.02| 6.47| 9.16] 8.23| 4.70 5
SE 16.82| 14.55| 14.59| 16.25| 16.02| 15.85| 15.55| 16.07| 15.46| 15.44| 15.66| 15.18| 17.34| 13.98 O
SSE 10.09| 12.53| 13.86| 12.30| 11.71| 12.09| 11.92| 11.72| 10.96| 10.93| 11.81| 7.24| 14.25| 9.37 X
S 3.53| 4.94| 5.03| 4.38| 4.19| 4.41| 4.26] 3.72| 4.19| 4.26| 4.29| 4.26] 5.39| 3.20 O
SSW 2.23|  2.74| 2.40| 2.33| 2.10| 2.49| 2.53] 2.12| 2.04| 2.41| 2.34| 2.09] 2.86| 1.82 O
SW 2.64 2.71| 3.47| 2.66| 2.59| 2.93| 3.02| 2.70| 2.64| 2.82| 2.82| 3.00| 3.46| 2.18 O
WSW 4.57| 4.82| 5.57| 5.09| 4.89| 6.09| b5.74| 5.97| 4.48| 6.60| 5.38| 6.90| 7.08| 3.68 O
W 7.03| 6.69| 7.91| 6.47| 6.30| 7.28| 7.26| 7.12| 6.09| 8.40| 7.05| 6.96| 8.75| 5.36 O
WNW 9.38| 7.14| 8.94| 7.54| 9.23| 9.95| 9.86| 6.98| 7.82| 9.26| 8.61| 9.82| 11.29| 5.93 O
NW 10.21| 8.06| 10.81| 11.02| 12.59| 12.26| 11.04| 9.49| 11.58| 9.82| 10.69| 10.97| 13.90| 7.48 O
NNW 4.37| 4.94| 5.46| 6.03| 5.81| 4.97| 5.21| 5.57| 7.04| 4.91| 5.43| 5.30| 7.20| 3.66 O
CALM 0.80| 2.31| 0.47| 0.86| 1.00| 1.28| 1.23| 1.12| 1.01| 1.54| 1.16| 0.91] 2.34| 0.00 O
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x T FEARESLR (E)
B OE o BN C AR (5 85m, M1 B 51m) 1985 4F 10 H ~1986 4 9 A
WEHE®D : BN AR (BE& 85m, ML 75m) 2008 4 4 A ~2018 43 A
(%)
et oy FEHIFR SR ﬂ?
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | “FEyfE L85 OHAR
JEGE (m/s) ERROFR | xzEA
0.0~0.4 0.80| 2.31| 0.47| 0.86| 1.00| 1.28| 1.23| 1.12| 1.01| 1.54| 1.16| 0.91| 2.34| 0.00 O
0.5~1. 4 7.90| 6.85| 7.07| 6.46| 7.24| 7.45| 7.79| 8.67| 7.85| 7.73| 7.50| 6.92| 8.99| 6.01 O
1.5~2.4 12.69 | 12.88| 12.03| 12.79| 12.87| 11.60| 13.84| 14.02| 13.19| 12.41| 12.83| 11.37| 14.59| 11.08 O
2.5~3. 4 15.91| 15.58| 14.65| 14.25| 13.59| 13.95| 15.14| 17.33| 15.60| 15.73| 15.17| 15.33| 17.79| 12.56 O
3.5~4.4 13.94 | 13.26| 14.43| 14.30| 12.81| 14.20| 13.47| 14.61| 13.06| 14.32| 13.84| 14.83| 15.35| 12.33 O
4.5~5. 4 11.37 | 11.06| 12.54| 12.17| 10.20| 10.82| 10.51| 11.10| 11.06| 11.24| 11.21| 11.51| 12.87| 9.54 O
5.5~6.4 9.22| 9.13| 8.88| 9.14| 8.85| 8.74| 7.77| 8.03| 8.66| 8.17| 8.66| 8.38| 9.86| 7.46 O
6.5~7. 4 6.33| 7.48| 6.02| 6.47| 6.48| 6.46| 5.85| 4.98| 5.67| 6.16| 6.19| 6.12| 7.73| 4.65 O
7.5~8. 4 4.32| 4.47| 4.07| 4.43| 4.40| 3.62| 3.86| 3.44| 3.96| 3.77| 4.03| 4.41| 4.90| 3.17 O
8.5~9. 4 2.62| 3.73| 2.25| 2.94| 3.35| 2.93| 2.30| 2.49| 2.79| 2.49| 2.79| 3.16| 3.90| 1.67 O
9.5 LAk 14.90| 13.26| 17.59| 16.18| 19.20| 18.93| 18.25| 14.22| 17.16| 16.45| 16.61| 17.07| 21.37| 11.86 O




* 8 FEARFEFR ()
Wi © 4 SN AL (EE 20m, Hi FE 10m) 1985 4 10 H ~1986 49 H
FEHEQ BN AL (BEE 20m, Hi B 10m) 2008 4F 4 1 ~2018 4E 3 f1

6—T1 2

(%)
HEEHF pee | TEHIRRR e
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 | EWHE 1985 OFR
FR | FR | xzER
N 7.68 7. 07 4.58 6.12 6. 88 b.16 6. 09 5. b8 6.51 b, 6b 6.17 7.29 8. 56 3.78 O
NNE 1. 46 2. 26 1. 08 1. 82 1. 37 1. 42 1. 67 3.76 4. 06 2.48 2. 14 1. 83 4. 57 0. 00 O
NE 2.71 2.92 2.23 2.69 1.85 1. 42 1. 18 2.18 2.05 1. 60 2.08 1.76 3.46 0.70 O
ENE 2.22 2.69 2.21 2. 87 2.03 2. 46 2. 38 2. 65 2.13 2.18 2.38 3.37 3. 04 1.72 X
E 9.52| 10.10 9.25 9.08 9.49 8.31 6. 80 5. 80 5.19 4. 95 7.85 5.30 | 12.53 3.17 O
ESE 8. 87 8.91 9. 27 9.60 | 10.55| 12.77 | 12.57 | 10.15 9.91 9.76 | 10.24 | 12.40| 13.53 6. 95 O
SE 16.29 | 14.20| 16.10| 13.36| 12.51 | 10.78 | 12.56 | 15.84 | 16.36 | 18.73 | 14.67 | 14.47 | 20.35 8. 99 O
SSE 2. 562 1. 89 2. 46 2.57 1.89 2.83 2.72 4. 17 4. 81 5.31 3.12 5.59 5. 98 0. 25 O
S 2.33 2.22 2. 56 2.82 2. 54 1.94 1. 88 1.91 2. 30 2. 17 2.27 2.56 3.00 1.53 O
SSW 1.12 1.12 1.54 1. 66 1. 21 1.39 1. 08 1. 36 1. 54 1. 67 1. 37 1. 85 1.91 0.83 O
SW 2.81 2. 86 3. 23 3.19 2.97 2. 22 2.59 1. 62 1. 86 2.08 2.54 2.93 3.88 1.20 O
WSw 5.24 5. 80 5. 88 5. 30 5. 25 7.69 6. 38 6. 44 4.75 6. 62 5.94 6. 56 7.99 3. 88 O
W 9.11 8.53 | 10.63 7.79 8. 87 8. 64 7.93 7.88 8. 06 9. 36 8. 68 8.66 | 10.76 6. 60 O
WNW 8. 04 7.21 8. 33 7. 40 9.02 | 10.16 9. 29 6. 56 8. 57 7.76 8. 23 9.11| 10.78 5.69 O
NW 8«31 7.85 8. 26 9.57 | 10.52 8. 98 9..39 8.44 | 10.40 9.07 9.08 8.56 | 11.22 6.94 O
NNW 2. 60 3.72 4. 27 3.76 3. 60 4. 72 4.53 3.96 4. 85 3. 77 3.98 4. 31 5.54 2. 42 O
CALM 9.17 | 10.14 8.11| 10.41 9.43 9.10| 10.96| 11.71 6. 67 6. 94 9. 26 3.45 | 13.18 b.:3b X




#£9 FEAFEFR ()
Wi © 4 SN AL (EE 20m, Hi FE 10m) 1985 4 10 H ~1986 49 H
FEHEQ BN AL (BEE 20m, Hi B 10m) 2008 4F 4 1 ~2018 4E 3 f1

OT—TT T HY

(%)
Gl e TEmm | HE

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 |EHyfE 1;25 OFR

JEIH (m/s) BRI oz
0.0~0.4 9.17 | 10.14| 8.11| 10.41| 9.43| 9.10| 10.96| 11.71| 6.67| 6.94| 9.26| 3.45| 13.18| 5.35 X
0.5~1.4 | 47.40 | 47.44| 48.83 | 49.05| 46.74 | 46.58 | 47.32 | 44.92 | 43.28 | 39.98 | 46.15| 28.26 | 52.70| 39.61 X
1.5~2.4 16.31 | 15.49 | 15.64 | 13.87| 14.91 | 14.47| 13.03| 18.22 | 19.88 | 23.82| 16.56 | 30.49 | 24. 29 8. 84 X
2.5~3.4 8. 39 8. 26 7.15 8. 02 7.74 7.30 6.72 7.81 8. 44 8. 54 7.84 | 10.11 9.29 6. 38 X
3.5~4.4 4. 44 5.04 4. 55 5. 68 b. 2% 5.62 4.78 4.72 6. 14 4.54 5. 08 6.12 6. 45 3.70 O
4.5~5.4 3. 60 3-bb 3. 80 4. 39 4.43 5.42 4. 14 3.32 4. 58 3. 65 4.09 4. 34 5.59 2.58 O
5.5~6.4 2.77 2.77 3.587 3.31 3.27 4. 30 3.92 3. 16 4.25 2.94 3.43 4.00 4. 78 2.07 O
6.5~7.4 2.27 1.99 2.90 2.54 2. 86 2. 88 3.79 2. 18 3.07 2.42 2. 69 3.16 3.94 1. 44 O
7.5~8.4 2.13| 1.89| 2.45| 1.51| 2.30| 1.96| 2.32| 1.61| 1.92| 2.31| 2.04| 3.21| 2.79| 1.29 X
8.5~9. 4 1.75| 1.43| 1.52| 0.66| 1.36| 1.22| 1.57| 1.21| 1.20| 1.89| 1.38| 2.39| 2.20| 0.57 X
9.5 I E 1.75 2. 00 1. 48 0. 56 1. 69 1. 16 1. 45 1. 14 0. 57 2. 96 1.48 4.47 3.15 0. 00 X
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