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DROP SIZE: 1210 u MMD
B FLOW RATE: 49 gpm
TEMPERATURE : 255 °F
- PRESSURE : 44 psia
SPRAY ADDITIVE: 3000 ppm BORON
NaOH - pH 9.5
104 =
1.9
/E
-
-
-
100 i 2
~ 32
: t]/2 = 540 min
- o
= THIRD SPRAY
0% — (RECIRC.)
-
C
- SECOND N
n SPRAY —_
N /
10! T N SN
0 100 150 200" 1550 1600 1650
TIME, min
FIGURE 9. Concentration of Elemental Iodine in the Main Room,

ol CSE A6 FEBRIC L IR L -5 FoREL(IK

(2) CSE EBromHIZ >\ T
CSE ZEBR G & ZNIR 1 N EIE 2 SO MR O %25 1 RISRT,

%13  CSE FEBR & &)l 2 54 o 5l &1 o b

CSEZ Bk @ Run No.
) 25 K%
AG#1#2 A5* ALL*
R+ =R
75 [ & RE A ZER Giks Eils ™ -
o5 & = = [A] [F] (+ Ak 3)
AL
B RUE T £10. 20 £10. 22 £0. 24 £50. 31
(MPalgage])
'EE’#/:\‘E{ iR
ﬁ?g;mgz #1120 #1120 #1120 170"
B 2 . .
. 7 7 o
2L A i 2L (s HY
FEl k1 : R K.Hilliard et.al, “Removal of iodine and particles by sprays in the
containment systems experiment” , Nucl. Technol. Vol 10 pp499-519, 1971

2 :R. K. Hilliard et.al,

“Removal of iodine and particles from containment
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atmospheries by sprays” , BNWL-1244, 1970

%3 : R.K.Hilliard and L.F.Coleman, “Natural transport effects on fission
product behavior in the containment systems experiment” , BNWL-1457, 1970

4 0 KA A SR R By Ak 5o 3R o0 A7 D MEREAI O il o — & > X TR LOCA+HPCS SRR +
R ECCS RPE + 24BN /1 BIRER ) ICBWWT, FLhb X ) FENRKRERT S
% (FRYH) OfE

*5:A6 RERIT AT LA 20D RRIZD, BRUWAEROFHIIT IEIEORT LA i
AR 2R FR M AGNOREEZ LI VEREL TWVD

%6 HINAEAR AT LA 2 FERT 505, T EIXERE X S ROREDRIIK L TITAR
WEDHEBRE L, RMNEHATLVAICIDBREDRITIBRL 20

AT UAFERL TR AS RTONALLICE T 2 8B X 5 58 OB 747 42 25 N &R 6
REDOKRMZ(ZE 2 MIZRT, MHOLEAEIZOVTIE A6 LREKOMHEAZRT L &b
W, HIREL VEE SO 1 REE TR T LERIZESHERIBMDB RO, £,
KESRPG6.5.2 T, HAFRMAERNOIERE X > FIREN 17200127225 F Tl
EIOFOBRENRIAEND L LTS,

RUN A-5 RUN A-11
ELEMENTAL ELEMENTAL
[ 10DINE 10DINE
1 typ 135205 min 10 ) _
3 g ’_1”2-16:&5mm
MAIN ROOM
(12 LOCATIONS)
3 MAIN ROOM 3
10 10°
1,34+ 0.5hr

12
/

Cy» GAS PHASE CONCINTRATION, pgim’
Cy- GAS PHASE CONCENTRATION, ugim’

10? 10 -
Py
f\ p # ‘\
[
= M ROOM \
ol 1 '*.tkl_[g o 1 : \ '_J
0}y o e T el 100 o MIDDLE ROOM o
I BOTTOM ROOM =" ~= 4 \ il
i " ] T . #
e ' BOTIOM ROOM_ _ o—"
Wl 1 i ; 1° (Bl e —y =T ‘ L,
0o & 8 12 16 2 A 0o 4 8 12 16 2 2 &
t hr L, hr
FIGURE B-5. FIGURE B-6.
Concentration of Elemental Concentration of Elemental

Iodine in Gas Space, Run A-5 Iodine in Gas Space, Run A-1l
%2 CSE A5 L ONALL EBRICB T HHEHE L HFED
JE - I B R A 2 PN SRR D IR B oD IR RS 22 b

HARILAERIL, FMET 220K ENXERBOLTHI EERMBOEEL 2T, It
FHEEPREWIEEFBRILERIIRELS 2D EE2ZLNDT72D, CSE ERICEBIT 5K%
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EHINFEFIFEBIE 2 SO EBEmBIZOWTEH 2 RIZAT, Kb CSE FEhr L )l

JRFREFNE 2 SHEOLKREMIZFEREL R TWL I LPHRBTE D,

%23 CSE B & &Il 2 58D L3R fE o g

CSEZE B & % 1)1 25 1

Rt (m?) #7600 #913, 000
Fmf (o) #I570 #112, 000
teFmfE (1/m) #70. 96 #70. 93
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e 4
YL v aryT— IV TORIITIELTICLEIDBREDRE (EEILIHIFE) 1250 T

hTL T a TV TORIFTETICL DML D FOBREDNE (LT [DF) &
9,) & LT, Standard Review Plan 6.5.5 (ZJ-3& DF5 25 & L T\ 5, Z#iE Standard
Review Plan 6.5.5 I28WT, MEERLIFDOA I T ZIZKDHBREDRL LT, Mark—
0 % OfMark— 2% LT DF10 LA F, Mark— I (2% L C DF5 LA F % ERT 25 61%, FFiC
HEAZLELEFFRLTHLEN] LORBICESIbOTHY (RS R), LIETT)
FEBATH 2 THEIT Mark— T T 7 MAEHREZHRZAL TN L 2 &b, 7Ly ia T
— VOO EICED LS, DFs @A+ LTW5D,

B, ARLIFBIZOVWTIEITARKROEE THLZ LD, KDF OLHRITITHFRFL TV
2, BRI E D FED DFIZOWTIE, MAAP T D A 7 v Z 3 E 7' v 7 F & (SUPRA =
— F) IZTEE L TV 5,

[Standard Review Plan 6.5.5] ($&#Y)

1. 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
methods to calculate the retention of fission products within the pool, provided that these
methods are described in the SAR adequately to 1pg_rmit review. If the time-integrafed™ !

|DF values claimed by the applicant for removal of particulates and elemental iodine are'
110 or less for a Mark Il or a Mark Ill containment, or are 5 or less for a Mark | :

than those given above.

The reviewer has an option to perform an independent confirmatory calculation of the
DF. If the SPARC code is used for a confirmatory calculation of fission product
decontamination, the review should take care in proper establishment of the input
parameters for the calculations.
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Yy —VTORIT T T D
M X O BOREDRICET MO m Iz D>V T

BT a = VTOARAI T I DEEL>FOREDRICET SO A

& L C,SPARC = — RIZ L % 3B %5 53 ONC UKAEA & ONPOSETIDON IZ THTho = EBA H 5,
B, BELEFH Y —F7 AR, R FEEIEEREERLTHY, UTOFHERL BT
L/Tl/\%)o

(1) SPARC = — FIZ X 2 3 E A F

Standard Review Plan 6.5.5 @8I SCHK* 123U T, SPARC = — R&ZF /= k9
FORT T TIZEDLDBREDREZHEL T D, BT, Mark— T B
M A a2 R e LT X O F (L), i IR &L 5 F(CsD) KO K 5 (CHsI)
T 2R T IR DBREDREZFHAEL TS, FREBRIIFE 1 KOLEY
ThVv, BELS>RBIIHTLHDIFIIHERNTIORETH D,

B, BELELFER—F 2%, RAFELEREELETHY, LT OFRBER
ZHELTWD,

+ 30 THEIRF LT d6 U T IAE AR oD RN R B JE AR

CBREFLWA AT MIMEB T LR, R HAVSVES T Ly g T =
D HRE ) & il

CJRTIFE IR BOBIEME ORI L0 BEAM A ER LR, FOBRENEE
HEC %k 1 : P.C.Owczarski and W. K. Winegarder, “Capture of lodine in Suppression

Pools” , 19 DOE/NRC Nuclear Air Cleaning Conference
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51 SPARC &t 5G4 (B# I fE DF)
FERD k0 SCERTR oS (Hof)
“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 pool.”

(2) UKAEA & OF POSEIDON (& CATh 7= EBR
I OB HTI2AZ T TICEDBREDREIZONT, UKAEA*?2 KO
POSEIDON** IZ B W T EBRNBITHLONTWD, EBRIKREZH 2 A OH 3 X, FEBREMF
FOEBRRMREZE I RLOE2RIIRTH, B2xoLBy, EE XS FEDDF |3k
INT 14 TH D,
FERL*2: A XY 20T 0 7 U X (FE KBRS EE K G N (SGHWR) ) o 78 5 #1 1fil
VAT BB DA ORE & TR D 72D D EER
%3 : AAZADR =)V« =T =T TITONIZ KT ~DOTZRE S FEDA Y
TSI ET D ER
%4 : “State-of-the—art review on fission products aerosol pool scrubbing

under severe accident conditions” , 1995
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1R OERSEM
Program Acrosol Acrosol Carrier Stcam mass| Water Pool Injector
size, pm fluid fraction temp., °C | pressure
csl 17-27 | N+ 0.008- |25 1
ACE CsOH 1.6-2.8 steam 0.31 | 83 ambient sparger
MnO 1.7-2.3
Csl 0.2-3.0 | air, N,or - ambient single
EPRI TeO, 04-27 | He+ 0-0.95 - near sa- | ambient orifice
Sn 2.7 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 ambicnt | ambient single
orifice
LACE - Csl 1.7-72 [N, + 0.07 - 110 3 bar -single
Espafia steam 0.85 (abs.) | orifice
-multior.
SPARTA | Cs! 07 | air + N, 0 |closcwo | ambient |2 orifices |
saturation
ambient

ok OEBRER

Experiments Species tested DF range
Cs 145 - 3000
ACE Ma 11 - 260
1 471500
DOP 6-12
EPRI Csl, TeO, 1.4 - 1600
sa 110 - 6800
EPSI Csl 2100 - 3300
GE Ev,0, 68 - 2900
Csi 7-10
JAERI DOP 10 - 150
LACE-Espata csl 16 - 3000
SPARTA Csl 70
UKAEA s PR . i i b i PR o
1, 14-200 )
POSEIDON L 20-300000 ,

* Only onc test performed.
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ffi}e 5
L F IR S B~ DY B E R O BB S DR EIT OV T

RE~OFHEIZ, FANKREICR FIFEERESRI~OREE G EZR L 2 L THET
5, (3B 1ZH)

JE AP K AR BRI~ D BN A ORI IZ Y 7= o TiX, BEFE TV 4 [ KA LOCA+
HPCS Jefit + £ ECCS K+ &AW E) N BRI R | ([ZHB W TR FIFE ) B 270K ik
THEBENIKT D7D, DT 7 MREZHEFEATGEZR MAAP 23— R2 WD 2 & &3 250,
UTOELENG, K0 EBITH L 2H A ME R0~ DK 3 ZA ) O U 8IS 2 % E
TH5-O,NUREG—14650HMAEZHNCH-KHERERBEOKRHEEGEZMET S,
B, WEALSFAMIERL2HBL L CTAHEEMEEENOOTENIELEALLE LRI, N
UREG—14650DHMAEZMNTHIETDH - (RIEEFEEFED 5 B E R IOV
THWIEL MM ~DOFEENE 2 LI, MAAP 2— RO RE2Z0EFHAT 2 LBEIC
RFHRFME D2 b, KV ERBICALEFME T272ONUREG—14650
AR ZHWTe B S OMEEIT O,

B 1R HEBIS OFEMES R (MAAP f24HT)
IR BN ORI RERE | AR MAMS Y 4 L2 X bR

¥ Flt :

R ) ~OP 2 WEIE*! 7 4B EEE SO EE !
M S/C Rk D/W_y | S/C Rk D/W_> R
fir 7T AFH ) 2.2X10 2 #2.2X10 2 #9.6x10 ! #19.6X10 !

CsI ¥H $7.0X10°° ¥37.0X10°° ¥ 1.3X10°°6 % 3.5X10°1

CsOH ¥g %) 2.8X107° ) 2.8X10°° #)1.2X10°6 ¥ 3.2x10°14

Sb A #8.4xX10°° %5 8.4x10° % 2.5x10°° $07.1X10 ¢

Te0, 8 H)4.4X10°° ¥ 4.4X107° $4.5X10°7 ¥ 7.5X10°5

Sr0 %H #1.8x10° #1.6X10° #4.7x10°° #11.9X10°2
Ba0 ¥A #3.0x10° #12.9xX10°° #12.5X10°° #19.8x10°°
MoO, A $7.1X10°° $7.1x10°° 1.1x10°° #1.9x10°*
Ce0, %A #5.6X10°° #3.6X10°° $4.2X10°° 1 1.3X10 2
La,0, 8 ) 5.4X10 6 ) 3.5X10 6 ) 4.2Xx10°° #1.3x10 2

ERE k1 AN 22810 BT
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B il
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JEF - 07 s A o 20 © T 0 A SR

SO A WEI AT

JRF IR 7 4 LV Z N N %R
T 4V ZEEE SO EIA !

S/C Xk D/W~ 2k

S/CX |k D/W 2k

T W AKE

) 2.2X10°2 ) 2.29%x1072

#19.6Xx107! #19.6x1071

Csl A

FT7T.0Xx107° F7.0xX10°

#11.3x10°°¢ %1 3.5x10° ¢

CsOH #H

) 2.8X10°° ) 2.8X10°°

K1.2x10°¢ $13.2x10°1

T
Cs JH

) 3.2X10°° 9 3.2X10°°

Kr1.2x10°¢ % 3.3xX10°4

Sb ¥H

0 6.3X107° #6.3X107°°

F2.4x1077 ¥ 6.5X107°

TeOz jﬁ,ﬁ

#6.3X107° % 6.3X107°

F2.4X1077 ¥ 6.5X10°°

Sr0 ¥

#2.6X107° H2.6X107°

9 9.5x1078 2.6XxX10°°

Ba0 %A

#12.6X10 8 ) 2.6x10°°

#19.5Xx10°8 1 2.6X107°

MoO, iﬁ

#13.2x1077 #)3.2%x1077

1 1.2X10°8 #13.3x10°°6

Ce0, JH

#16.3X10°8 %16.3X10°8

¥ 2.4x107° #16.5x1077

La,0, %A

$2.6x108 $2.6x10°8

F9.5x1071° $2.6X10°7

HERL k1 AN 22810 BT
k2 CsT JH M OF CsOH FHDOfE 7> & 3F M (REAME =L 1)
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OTMI B % — R F I EENFELTOBMEERICHONT

FIRICED L, BEEMEEA (CsI, CsOH) O T A b O EEE (107° 4 —
F—) L, e REREEEOMHEIENRE Y (107°F—F—) Lo FERICR-
TW5,

=0, ML @RS R T IREENFETCOBREE»D, FEABELELGIIKD
MM EN DR TIRME L, LH>FESLBYrvL2EoREREOHETHY, P KR
HEOMBE ORI EIIEEBEOWE LI TLETHLIZ LB DLro TS,

B3 RIE, TMI TR ISRl S NI AR DL Z L DFERTH D08, WA
AR (B U AR K 9 #) BNRFFENEHIMNFANRE DO RS RE R S
—HT, H - REEEZEEIZIZERENRFFEENERICRFEIATWVD &) 3R &
o TW5D,

B3 TMI SRl % FFA & AU 72 B PER R o S5 B fg D AFAE I B 7

(EB17: %)
- {EE FE 1% PR EEFETE

1440e |54Eu 155Eu QOSr |05Ru IZSSb |37Cs |ZSl BSKI'

| [RFIFEE 105.4 122.7 109.5 89.7 93.2 117.2 40.1 42 30
EF = = = 1 - 02 3 1 -

K, [AES V58 0.01 - - 2.1 0.5 0.7 47 @nt 54
wWEnEE - - - 0.1 - 0.7 5 7 -
a8&t 105 122 110 93 94 119 95 97 85

T REEAOURENEEEZEDOT IV (HHISHT KLY D=8, CCTORBFRIIFDAAUM)—ERE<E
Bl D HfFEREEOTLES, LIzAoT, CTITRFSAZIDA AU M) —ECs LRMFTHDHEEZ D

R k3 FEBEE =Y F B OS5 H s EORIGEN2 =t — R % 5
HE - TTMI—2 SR ORI EM R R (ESE, H B, MR B AR - 57ais
Vol. 32, No.4 (1990)) |

£, BARIE, BEE I REATEER (I FE R S A7 FE B T B P 0O 48 U

BEOY TV THRTHLD, ROBEMESHL TV LD EEBMELE (L v LR
£oF) THY, L oF - REREZHEIIAHRE (ND) LWORRER-STWVD,

FaR BEE T RERTEKR IS S g o R YRR

(4 B kg L)
[EaT ) (Ea2)e [ZAR3]= o £ . .
MHENEN |75 ELEYS R i A mwimas (Do (DEEE (GEEE
(3L #500m) 52 (VG #9500m) 52 (TR 4500 | =2 (dE#1 000m #2 | (HER600m) #2 " s <

EEENE a2t 323 32| 3/25) /28] 3728 3/28] 3/25] 3/22] 32| 32 32|

HIFEE JAEA JAEA o JAEA . JAEA Pt JAEA JAEA JAEA JeEA JBER
’_NEE 3/24) 3/23) 3. 30f 3/28| 3/304 /28] 3/30} 328 3/25] 3/25, 3/24) 3/25|
1 113108 ) 56406 STE408 38E 04 30404 39E4n4 126407 266408 46205 3106 T9E-05 22506 §4E 08
|- 12202880 , ) 23604 4 138402 = 1.5E+05) 4 ” “ o “
s~ 1348029 4B+ 496405 536407} 70604 326404 836406 9.7E409) BEA 53405 676403 1.7E%04 15E403
Cs-136(0138) 126408 61408 33:+04) 10L+04| 28401 .5E+05) 5.9E+04) B.EE+03 1LIE+0h 1.9£+03) 226403 25E+04|
Gs—137(§9304% ) 3.4E+05) 4.8E-05) 5 1E+0§) 7BE+04| 32E+02 3.5E+06) 9.3E+05| 6.7E+04] 1.0E+06 20E~04) 1 6E+04| 16E+05|
Te-120m(H5348) 2.5E+08) 2.9505) 8.5C+05) 5.3E404| NOJ 2.7E+08) 5.0E+05] LBE+(4) 8.9E+05) §.5E+03) 1.9E404) 1.7E403
Te-132(532) €.16/05 3A4C05 3.0C 05 650404 140002 2.1C D€ 2.0C1 05 226404 1.9€+08| 21004 2.9C404) 38E108|
Ba- 140(913E1) 1.3E+04 162404 40| 256404 [ [ o) D) 60604 o H) N0
Nb-05 395 ) 1.7E+03| 2.4E-03| NDJ MD)| NOJ 536403 ND)| ND B1E-03 ND ND| 7 9E+02|
Ru-108(§43708 ) 5 3E+04 ND NDJ B LE+02 NOJ 2 7E+08) D) ND 6 8E+04| 186-03 NDY 32F+04|
Mo-99( #1664 %) 2 1E+04 ND NDJ ND| NOJ BAE+M| WD) ND ND ND ND| ND
To-eOmiKI6B4 ) 2.3E+04] 20204 NDJ ND| NDJ 4.5E+04) ND)| 1.8E+03) 23E+04] ND ND| 8.3E+03|
La- 1412 8) 23604 2704 wol 236403 ND 9.7E+04 o) L5403 2108 42602 62402 186003
Se-104953) N O wol Ho| wel [ o ND| e D) D m
g 10m(§425081) 11E+G3 262403 o) o) wol o) D) 178402 1.86-04 D) ND O

Wl - st /1 (BR) HP (http://www. tepco. co. jp/cc/press/11040609-j. html)
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PREL DN & DRy HAERD O Ik OBATHEENCE T 28R R LV, KR ot %H)
FUTOEIICEAISHTEY ™, SEBELEENAGECIEE2EHKH IS DI L,
e RER MR IIFARSEHEICRELSELASIND2 DO TH Y, FEEBEZE TS - KEF
MR ANEHEIENREL 25 ME S D,

FHHA @RI TIREEERB I,

I, Cs: mMRICTIRIEREKRESND, M EE AT A L%,
Sb, Te: #fHE L UG L2k, #EEORILICHEVWRE S D,
Sr, Mo, Ru, Rh, Ba: FRPHSSM: (Bt 2 or BEILSRIF) ITKRE i
Ce, Np, Pu, Y, Zr, Nb: @iRIRAE T & Ao B 1TV,

HRe x4 MEFICER LIZBERE NS OBSRERM LT 7 F = RO 28

D 7= 0 OBF%E (JAEA-Review 2013-034, 2013 4 12 A) |

Fa T D,

i

@I EIZDWT

OEVC@EY, F1EROPF - KEREEBOKHF AN EBERELZE LY BRI NEW
IFERITEBICHIL T ST, Zhik, MAAP AT ISR W T, - (KR MR o i b E &
MDIMEIZRELSFMEI N EB O, ERE LTI, WREAED K LG RE
DR A EAL L7zt T, BET 7 U R S O K MY E O B H FEI IS B8V CE bk
BIOVEHEEEZ SR L CHRHEEZFIML TV D 2 &0, WRkE Liokici 22778
VIR EZREBL TR ENRETOND, ok, MAAP =2 — ROBA¥ L Th 5 EPRI 7
bbb, UFOMENR LI TWVWD,

CF LR LIEGE ORERMEERE (Ru & O Mo) D HIZ W T, (KR O EERE &
AT Tix 72 <, AR O SEER B & LIS EEE A R LT B 728, MAAP i 4T 23
REFOREREZ 52256080 5,

« Mo DI EFARIZCHOWT, NUREG—1465X9 % MAAP O EAZ% < M+ 5,

L7eo T, ™ML HECHEEE R AOREFEKLOFERIZEIY AAG-o7, BEF~D
B EAFMT 2720, b RERMEEEOBRHBEEZMET S L, METHIC
Wm0, ML B EZREE LTI ET T 2Ty MIRD Y — R Z — L5 % B
Fx, HBEMTHDLIY NV =T LOMILEDEWEIZ LV 0 E AR O g &0
A IVTICHENELDZE2EEL, BIR KON PWR T ZFhicx L CHHES ZRE
T5%, LVBENRY - ZXAF—LORELXHHELTHESNZZENUREG—1465
DR ZRMT 2, FELFE AR, P OBEGHHEG L, R FREDERPIIE T 5 F TO MAAP
fETENUREG— 146 50MBEQOKKIFESROLEBY THY, MEFHK—r > A
TIXERFESESARMICED2REFFEKRKCEYEAFIENRBEBICIEIEL WA, N
UREG—14650/EEE MAAP T O FRERICRKE 22170, RFFHIZHB W TN
UREG-—1465OHMAEIIHHAMTEEEHE LTS,
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FHH5FR MMPHELRLERLINUREG—14650HEEDLE

R gCRE RGN A L, X

A DIREL S BEAE L, TERhpRE

Yoo IS EEEME N | DR FEE AR ERET D
S5 HH F CToOHM
MAAP 5 57 ~H) 30 53 *° 930 4y ~#9 3.0 B[ *6
NUREG-1465 ~30 %y 30 4y ~2 BERY

FERD % 5 ¢ S ARG B 4G (RBHEE 1000K) ~BRBHES @l BA 46 (RBHE E 2500K)

*6: TP EKE LRWEAIC
JR R RIS &0 R0 ) A AR RS

LIF, &7 Vv—7

(1) wmHATNL—T,

Csl 7 )v—=7,

I won T $ERE R (A B A
TES 72 W)

B DIRFFETS

BT DR E G O BARR 2R FIEE R

CsOH 7' v —7

IR WX

THAZ GO TSROV L — 712 oW T, MAAP ETFE R 65 5 L7 i
HMEEEHAT 5,

7B, Cs ODHHEIEIZHSOWTIE, CsI Z v —F KO CsOH Z v — 7o itE 4, 15T
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INRPB—R 322 ANEX-A (2.2 Todine| O

P ‘ Meadow grass and crops

Methv! 1odide

There are fewer data for methyl iodide than for elemental iodina, but all the data indicate that
it 1s poorly absorbed by vegetation. such that surface resistance iz by far the donunant resistance
componsnt, The early data have been reviewad elsewhere (Underwood. 1988; Harper ef al, 1994) and
no substantial body of new data is available. The measured values range between 10°and 10" m s
approximately. Agam, there are no strong reasons for takmg r; to be a function of windspeed. so 1t is
recommended that v, 1s taken to be a constant. Based on the Hmirted data available. the ‘best judgement’
value of v, is taken as and. the ‘conservative’ value as 107 ms™', Where there is nncertainty
as to the chemical species of the iodme. it is clearly safest to assumne that it 1s all in eletental fonn fom

the viewpom? of making a conservative estimate of deposition flux.

223 Urban
Methyd 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 reguired, No reconmendations 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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ENVIRONMENTAL EFFECTS
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Fig. 4 Dry deposition velocity as a function of particle size. Data were obtained from a number of
publications.’® =% The theoretical curve appropriate for a smooth surface is shown for comparison,
Note that the theoretical curve is strongly dependent on the value for s+ and that Eq, 22 does not
contain a parameterization for surface roughness. For a preliminary study of the effect of surface
roughness and other factors, see Ref. 5.

%1 B & IR R BT D EEE HE (Nuclear Safety Vol. 19*)

FEt k1 : J.L. Sprung % : Evaluation of severe accident risks : quantification of
major input parameters, NUREG/CR-4451 Vol.2 Rev.1 Part 7, 1990

*2:W.G.N. Slinn :Environmental Effects, 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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Fig. 11. LA2 pretest calculations — aerodynamic mass median
diameter vs time.
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so-called "quench" temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,0O 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 Suspen lids. Among the materials that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 g/lem?) or Si0, ( p=22 g/cm®) from the concrete and
UO,(p = 10 g/lem?) or ZrO, (p = 5.9 g/em?) 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 S 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:

o(w) (1-S) for e <05
o, = A
{c(w) (1+S) fore 205 }

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

(100 M rosol 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 um) = -1.39 to In (2.5 um) = 0.92.

(11) i ndar viation of the Parti ize 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
mteracuon progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/cm? and condensed products of concrete decomposition such as Na,O, K20 Aly0; Si0,,
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 1s 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 calculated from the Davidson-Schular
equation:

B o4
D, = ¢ —6— _Ys__ cm
b x g%

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:
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%% 1—2 STATE-OF-THE-ART REPORT ON NUCLEAR
AEROSOLS, NEA/CSNI/R(2009)5 @ $ Fr K OVEk B oo #f 5

9.2.1 Aerosols in the RCS

9.2.1.1

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
betwee! in 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 acrosol composition and
to examine particle size (SEM). Based on these analyses the authors state that particle gecometrical-mean
diameter varied over the range(0.29-0.56 pm|(climination of the first filter due to it being carly with respect
to the main transient gives the range 0.32-0.56 pm) while standard deviation fluctuated between 1.6 and
2.06. In the images of filter deposits needle-like forms are seen. Tuming to composition, if the first filter
sample is ¢liminated 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.

9.2.2 Aerosols in the containment

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 um at
the end of the 5-hour bundle-degradation phase growing to 3.5 um before stabilizing at 3.35 um; acrosol
size in FPT1 was slightly larger at between 3.5 and 4.0 um. Geometric-mean diameter (de) of particles in
FPT1 was scen to be bctwccn a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the lognormal distribution was fairly constant at a valuc of around
2.0. There was clear evidence that acrosol composition varied very little as a function of particle size
except for the late settling phase of the FPTI 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 clements. 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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b. 7 — & EEHIRH
WLt (HEG) 2002 4E 1 H~2011 4E 12 A (10 4E[H)

HERHE (4 E]) : 2008 4 1 H~2018 42 12 (2012 2 FR < 10 42H)
BUES (TER) 1991 4F 11 H~1992 4£ 10 H (1 4£[#)
BER GOk E)  : 201248 1 A~2012 4 12 A (1 42f#)
c. MESIE
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(2) BERsF
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Fa, 10 KR~ 13 RICAFRIOKGEEMFOMRER R4 7T,

ek, LRI ZRBRSRMT OV T, 15 T0m (M1 15 10m) CTOBLRI TiX 28 HH
Db, HEKE (GEREK) 5% CTEAMSNZHEBN ITHTHY, 5 17 (M E& 7im) TO
BURTIZ 28 HAD O b, AEAKE (fEREF) 5% TENSNZHAN M TH o7,
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BN 1ETHY, 5 17m (M b 7ln) TOBAETIZ28THBD 9 5, AEAYE (EHREK)
5% CHHSNIHEB TR o1z, £, A EIOMFHEICK T HRE58 T, % 70m (1 E & 10m)
S Q%S 176m (M by 7T1m OV F & 1165m) CTOBIA & bICHEARE (ERFE) 5% CTHRAIS
NEHB TR 2 Enh, REESHIEMEORGIREZF LTV D LKl L7z,

R BEFERIERR
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1992 4% 10 H (3t b 10m) JEGEHBUBEEE | #EESK 8

(WERHF : 2002 4 1 H 2 1 75m JE B | #EHR 5
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2012 4E 1 H ~ ™5 70m JEUA HHER AR | JER 1
2012 4 12 H (Hh1_F 5 10m) JROE HBUSEEE | HEAZR L
(BLAt4E 2002 41 H =5 175m R HHBRAREE | JERIZe L
~20UAE12A) (41 F% 71m) BB | SR L
2012 4F 1 A~ 55 70m A B | SERIZR L
2012 12 A (Hh_F% 10m) JEGR B EE | SEANZe L
GEERH4F : 2008 4 1 /7 % 175m JR AR | FEA L
~2018 412 A1) (M b 7Tim O 115m) | sk B | 325072 L
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ok FARBUELR (&F) (B 70m)

e-TT B

BOE A BN A S (& Tom, M B 10m) 1991 4F 11 A ~1992 4F 10 A
AT BN A G (R 70m, M1 B 10m) 2002 4 1 ~2011 4 12 J
(%)
L 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2000 | 2010 | 20m | wyps | %j‘ffg AR 5 g;ﬁ)a
A BB T | s
N 6.78 6.42 4.08 4.87 6.19 7.63 7.40 7.86 6.30 6.35 6.39 3.32 9.19 358 X
NNE 372 3.90 2.58 4.16 2.76 2.82 2.98 221 2.09 2.52 2.97 3.97 4.67 127
NE 3.58 3.15 2.49 322 4.67 4.19 4.66 3.60 3.09 3.05 3.56 7.22 5.29 184] X
ENE 6.15 5.46 5.00 5.69 7.48 544 6.40 578 5.53 450 574 3.61 7.67 381 X
E 4.48 5.99 5.23 6.04 6.99 5.45 6.57 6.57 5.96 5.06 5.83 2.94 7.67 398 X
ESE 2.67 2.81 2.30 321 2.83 2.33 2.46 2.68 272 1.66 2.57 4.02 3.56 159 X
SE 4.61 5.99 5.17 5.05 6.44 5.02 592 6.12 543 4.80 5.45 5.76 6.93 3.97 @)
SSE 1.67 1.97 2.19 191 2.13 1.86 1.97 2.18 158 1.90 1.93 3.34 241 146| X
S 291 247 3.16 2.68 3.01 3.34 3.36 391 3.48 3.80 321 4.62 431 212 X
SSW 7.84 6.91 7.98 6.65 5.27 6.86 5.62 7.31 7.31 7.15 6.91 6.55 8.97 484 O
SW 1207 1153  1625| 1346| 1177| 1345| 1153| 1258| 1560 | 1527 1337 761 17.60 9.4 X
WSW 3.88 341 4.86 442 3.14 4.73 421 4.08 4.66 4.98 424 4.23 571 278 O
w 1201 1050 | 1159 1247 1103 | 1171|1216 1199 | 1177|1245 1177 1267 1323 1031 O
WNW 1406 | 1520 1526| 1355| 1114|1093 9.78 9.64 995 1012  11.98 1884 | 1744 652 x
NW 5.19 6.01 5.00 5.40 6.27 741 6.59 6.55 7.30 8.19 6.38 4.11 8.81 395 O
NNW 2.99 2.89 2.09 2.04 2.28 3.00 234 2.09 2.55 224 2.46 3.20 3.40 152 O
CALM 5.40 5.37 4.69 517 6.60 3.76 6.04 4.87 4.66 5.96 5.23 3.98 7.17 328 O




3R FARBELR (BUH) (BF& 70m)

P11 Y

BOE A BN A S (& 7om, M B 10m) 1991 4F 11 A ~1992 48 10 A
FERHHIR  BHhPN A S (B 70m, Mg 10m) 2002 4F 1 H~2011 4 12 A
(%)
o= e
e 2002 2003 2004 2005 2006 2007 2008 2009 2010 o | pg | H’fggffg il 5 g;ﬁ)a
JELH (/s ) R TR xFEH])
0.0~04 5.40 537 4.69 5.17 6.60 3.76 6.04 4.87 4.66 5.96 523 3.98 7.17 38| O
05~14 3404 3409 3173 3329 3800 3573 4082| 3853| 3730| 39.08| 3620 2593 |  4316| 2925 x
15~24 2075 2820 2864| 3049 2823 | 3170 2952 2847| 3039| 2880 2944 2084 | 3221 2668 O
2.5~34 1645| 1681 17.14 | 1674|1432 1695| 1326| 1518 | 1524| 1579| 1581 16.85 1885 1276 O
3.5~4.4 841 8.58 9.44 8.46 7.54 7.88 6.84 7.66 7.47 6.76 7.92 9.94 9.89 595 %
45~54 3.59 4.06 472 3.68 346 2.55 2.14 342 335 235 335 5.79 523 147] X
5.5~6.4 1.28 1.81 225 142 134 0.97 1.02 1.26 1.17 0.99 136 3.58 231 041 x
6.5~7.4 0.65 0.66 0.86 0.56 035 030 027 041 0.33 0.18 0.46 235 0.97 005 X
75~84 025 036 032 0.15 0.11 0.09 0.04 0.15 0.08 0.05 0.16 1.03 043 011 x
8.5~9.4 0.11 0.05 0.16 0.02 0.03 0.03 0.04 0.03 0.00 0.01 0.05 048 0.17 007] X
958 I 0.06 0.01 0.06 0.00 0.01 0.02 0.01 0.01 0.00 0.00 0.02 0.23 0.07 003 X




Fak FEARBTER (&F) (B 175m)

G-TT T HY

O A BN B S (B 175m, MBgE 71m) 1991 4E 11 H ~1992 4 10 A
FERHIIRE ¢ BN B AR (B 175m, M b 7T1m) 2002 45 1 A ~2011 45 12 A
(%)
Gl 1 A i TEHNR A HE
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 | EHfE 19] O#4R
A BB | B | oz
N 2.61 2.85 2.05 2.33 2.73 3.15 2.89 3.12 3.15 2.57 2.75 241 3.61 188 O
NNE 327 343 2.11 3.16 3.70 3.64 3.77 3.84 2.82 2.66 3.24 345 458 191 O
NE 731 7.60 420 6.63 7.85 8.08 9.13 7.12 5.48 6.41 6.98 6.98 10.29 3671 O
ENE 6.50 7.58 5.73 635 7.88 6.27 6.40 6.37 6.55 5.90 6.56 428 8.16 495 %
E 525 5.99 547 5.56 759 532 6.49 6.23 5.29 4.69 5.79 4.90 775 3| O
ESE 2.70 353 2.97 335 343 2.63 3.06 355 325 2.67 3.12 233 3.97 226 O
SE 2.69 2.78 2.07 2.30 3.13 2.64 2.84 3.04 3.60 2.07 2.72 427 3.87 157
SSE 3.55 353 2.84 3.40 426 345 3.77 3.81 3.17 2.85 347 3.90 450 243 O
S 3.12 3.49 2.81 3.05 3.60 2.77 3.84 3.92 3.00 3.29 3.29 426 426 231 O
SSW 452 485 6.46 4.87 4.49 531 5.13 521 537 443 5.07 8.97 6.49 64| x
SW 7.77 8.00 11.13 8.44 6.85 8.42 7.01 8.03 10.79 9.54 8.59 6.67 12.06 5.13 O
WSW 631 459 6.04 521 4.99 5.07 458 474 5.96 6.00 535 7.01 6.92 377 %
w 8.24 6.35 9.38 7.96 6.86 8.03 7.68 8.11 9.40 9.59 8.15 7.83 10.70 561 O
WNW 15.11 14.49 1751 1832 1332 14.88 1286 | 1419 1360 | 1558 14.98 18.58 19.16 1080 O
NW 15.64 15.19 14.56 1434 1493 15.76 15.83 14.00 13.57 17.17 15.08 9.4 17.59 1258 %
NNW 3.95 4.02 330 2.70 2.95 3.62 3.29 335 351 3.24 3.39 2.89 436 243 O
CALM 1.48 1.73 1.37 2.03 1.44 0.98 1.44 1.39 1.48 1.35 1.47 1.83 2.11 083 O




6k FEABER (BH) (& 175m)

9-T1 T HY

O A BN B S (B 175m, MBgE 71m) 1991 4E 11 H ~1992 4 10 A
WERHHARD « HcHhpN B A (B 175m, i1 b 71m) 2002 45 1 A ~2011 4 12 A
(%)
e 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 BRE S R $IJF
T | 5] O
JEEE (/s ) EIR TR | xXZEH
0.0~04 1.48 1.73 1.37 2.03 1.44 0.98 1.44 1.39 1.48 135 147 1.83 2.11 083 O
0.5~14 943 8.36 7.98 8.18 10.11 8.36 10.99 8.87 9.64 9.20 9.11 7.71 11.38 6.84 O
1.5~24 12.93 1370 | 12.09 1206 | 1586 12.66 1536 |  14.10 14.75 13.93 13.74 12.48 16.87 1061 O
25~34 14.26 14.48 13.32 12.39 14.62 15.09 14.91 15.12 14.79 14.98 14.39 13.76 16.49 1230 O
3.5~44 12.70 13.10 12.70 12.33 11.94 14.10 12.74 13.00 12.16 12.46 12.73 13.48 14.15 11.30 O
45~54 10.22 10.40 10.27 10.16 9.33 10.24 891 9.83 10.28 10.89 10.05 10.97 11.39 8.71 O
55~64 8.46 7.95 8.74 9.00 7.87 8.79 7.94 775 7.62 8.29 8.24 9.28 9.39 700 O
6.5~74 733 6.79 745 7.43 6.09 7.27 6.67 6.47 630 6.58 6.84 6.77 8.03 566 O
75~84 5.89 532 5.89 6.18 532 6.08 5.8 5.18 5.58 5.60 5.63 535 6.49 478 O
8.5~94 462 4.56 4.49 5.68 4.04 473 4.19 474 459 457 462 451 5.65 359 O
9501 I 12.69 1360 | 1569 1456 | 1338 11.71 11.55 1355 12.81 12.15 13.18 13.87 16.22 1013 O




L-TT MY

FHek FEARBELR (&F) (BE& 70m)

B AR EHN A S (B 70m, HPEE 10m) 2012 4 1 H ~2012 4E 12 A
FERFHAR BN A SR (B2 70m, Mg 10m) 2002 45 1 H ~2011 4 12 A
(%)
e 2002 2003 2004 2005 2006 2007 2008 2009 2010 011 | P | REF AR %;E
A4 2012 O
& BB TR | x
N 6.78 6.42 4.08 4.87 6.19 7.63 7.40 7.86 6.30 635 6.39 6.73 9.19 358 O
NNE 372 3.90 2.58 4.16 2.76 2.82 2.98 221 2.09 2.52 2.97 2.50 4.67 1271 O
NE 3.58 3.15 2.49 322 4.67 4.19 4.66 3.60 3.09 3.05 3.56 3.24 529 184 O
ENE 6.15 5.46 5.00 5.69 7.48 5.44 6.40 5.78 553 450 5.74 6.13 7.67 381 O
E 448 5.99 5.23 6.04 6.99 545 6.57 6.57 5.96 5.06 5.83 6.23 7.67 398 O
ESE 2.67 2.81 2.30 321 2.83 2.33 2.46 2.68 2.72 1.66 2.57 241 3.56 159 O
SE 461 5.99 5.17 5.05 6.44 5.02 59 6.12 543 4.80 545 6.49 6.93 3971 O
SSE 1.67 1.97 2.19 1.91 2.13 1.86 1.97 2.18 1.58 1.90 1.93 2.19 241 146 O
S 291 247 3.16 2.68 3.01 334 3.36 391 348 3.80 321 5.18 431 212 x
SSW 7.84 691 7.98 6.65 527 6.86 562 731 731 7.15 691 745 8.97 484 O
SW 12.07 11.53 16.25 13.46 11.77 13.45 11.53 12.58 15.60 15.27 13.37 10.95 17.60 914 O
WSW 3.88 341 4.86 442 3.14 473 421 4.08 4.66 4.98 424 4.00 571 278 O
W 12.01 10.50 11.59 1247 11.03 11.71 12.16 11.99 11.77 12.45 11.77 11.42 13.23 1031 O
WNW 14.06 15.20 15.26 13.55 11.14 10.93 9.78 9.64 9.95 10.12 11.98 9.27 17.44 652 O
NW 5.19 6.01 5.09 5.40 6.27 741 6.59 6.55 7.30 8.19 6.38 752 8.81 395| O
NNW 2.9 2.89 2.09 2.04 2.28 3.09 234 2.09 2.55 2.24 246 2.43 3.40 152 O
CALM 5.40 537 4.69 5.17 6.60 3.76 6.04 4.87 4.66 5.96 523 5.86 7.17 328 O




HTR OFABELR (BUH) (& 70m)

8-T1 T HY

BE AR BN A R (B TOm, Mt B 10m) 2012 4F 1 ~2012 4 12 A
FuaEHAA BN A R (BRr 70m, H1 B 10m) 2002 48 1 ~2011 4 12 J
(%)
o 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | E¥E *%;ffl ;ﬁ AR 5 ?;iﬁ
JiL i (s ) BB | FmR | xR
0.0~04 540| 537|469 517 660 376 604  487| 466 596 523 5.86 7.17 38| O
0.5~ 14 3404|  3409| 3173 3320| 3800| 3573 | 4082| 3853 3730 3908 3620| 3852| 4316] 2925| O
1.5~24 2975| 2820| 2864 | 3049| 2823| 3170 2952| 2847 3039| 2880| 2944| 3005| 3221 2668 O
25~34 1645 1681 | 1714|1674 1432| 1695| 1326|1518 | 1524| 1579|1581 1576| 1885| 1276 O
35~44 841 858 | 944| 846| 754|788  684| 766|747  676| 92| 646 989 595 O
45~54 359 406 472|368 346 | 255 214 342|335 235 335 230 5.23 147 O
5.5~64 1.28 1.81 225 1.42 134 097 1.02 1.26 17| 099 136 071 231 041 O
6.5~74 065| 066 08| 056 035 030 027| 041 0.33 018  046| 021 097 -005| O
7.5~84 025| 036| 032| 015 01l 009| 004 015 008 005| 016| 010 043 -011| O
8.5~94 0.11 005| 016 002 003] 003 004 003] 000| 001 005| 003 017 007 O
9.521 k- 006| 001 006 000 001 002| 001 0.01 000 000| 002] 000 007 -003] O




H8 &K FEARER (AUA) (e 175m)

6-11 2B

R OE A BN B S (B 175m, M1 B 71m) 2012 4E 1 H ~2012 4E 12 H
KOt - BN B S (B 176m, M1 B 71m) 2002 4F 1 H ~2011 4F 12 H
(%)
e 2002 2003 2004 2005 2006 2007 2008 2009 2010 011 | g | REF AR %E:

SE(EN 2012 O

i BB TR | x
N 2.61 2.85 2.05 2.33 2.73 3.15 2.89 3.12 3.15 2.57 2.75 2.68 3.61 188 O
NNE 327 343 2.11 3.16 3.70 3.64 3.77 3.84 2.82 2.66 3.24 3.03 458 191 O
NE 731 7.60 420 6.63 7.85 8.08 9.13 7.12 5.48 6.41 6.98 741 10.29 367 O
ENE 6.50 7.58 5.73 635 7.88 6.27 6.40 6.37 6.55 5.90 6.56 6.66 8.16 495 O
E 525 5.99 5.47 5.56 759 532 6.49 6.23 5.29 4.69 5.79 5.99 775 384 O
ESE 2.70 3.53 2.97 335 343 2.63 3.06 3.55 325 2.67 3.12 332 3.97 226 O
SE 2.69 2.78 2.07 2.30 3.13 2.64 2.84 3.04 3.60 2.07 272 2.99 3.87 157 O
SSE 355 3.53 2.84 3.40 426 345 3.77 3.81 3.17 2.85 347 428 450 243 O
S 3.12 3.49 2.81 3.05 3.60 2.77 3.84 3.92 3.00 3.29 3.29 3.83 426 231 O
SSW 452 485 6.46 487 4.49 531 5.13 521 537 443 5.07 5.65 6.49 34| O
SW 7.77 8.00 11.13 8.44 6.85 8.42 7.01 8.03 10.79 9.54 8.59 7.46 12.06 s13] O
WSW 6.31 459 6.04 521 4.99 5.07 458 474 5.96 6.00 535 434 6.92 3770 O
w 8.24 635 9.38 7.96 6.86 8.03 7.68 8.11 9.40 9.59 8.15 721 10.70 561 O
WNW 15.11 14.49 17.51 18.32 13.32 14.88 12.86 14.19 13.60 15.58 14.98 14.76 19.16 1080 O
NW 15.64 15.19 14.56 14.34 14.93 15.76 15.83 14.00 13.57 17.17 15.08 15.14 17.59 1258 O
NNW 3.95 4.02 3.30 2.70 2.95 3.62 3.29 335 351 3.24 3.39 3.66 436 243 O
CALM 1.48 1.73 1.37 2.03 1.44 0.98 1.44 1.39 148 1.35 147 1.60 211 083 O




FHoFk FEARBER (BH) (& 175m)

OT-TT B

K 4R N B L (B 175m, M B 7im) 2012 4E 1 A ~2012 4E 12 A
FERtHIRE - BN B AR (B 175m, M 7T1m) 2002 4F 1 H ~2011 4F 12 A
(%)
A 4R e EHI PR SR HIE
2002 2003 2004 2005 2006 2007 2008 2009 2010 201 | EE |V, O
JE I (/s ) IR TR | X FEH
0.0~04 1.48 1.73 1.37 2.03 1.44 0.98 1.44 1.39 1.48 1.35 147 1.60 2.11 083 O
0.5~ 14 9.43 8.36 7.98 8.18 10.11 8.36 10.99 8.87 9.64 9.20 9.11 9.22 11.38 684 O
1.5~24 12.93 13.70 12.09 12.06 15.86 12.66 15.36 14.10 14.75 13.93 13.74 13.84 16.87 1061 O
25~34 14.26 14.48 13.32 12.39 14.62 15.09 1491 15.12 14.79 14.98 1439 1348 16.49 1230 O
35~44 12.70 13.10 12.70 12.33 11.94 14.10 12.74 13.00 12.16 12.46 12.73 12.56 14.15 1130 O
45~54 10.22 10.40 10.27 10.16 9.33 10.24 891 9.83 10.28 10.89 10.05 10.28 11.39 871 O
55~64 8.46 7.95 8.74 9.00 787 8.79 7.94 775 7.62 8.29 8.24 8.39 9.39 709! O
6.5~7.4 733 6.79 745 7.43 6.09 727 6.67 6.47 630 6.58 6.84 7.07 8.03 566 O
75~84 5.89 532 5.89 6.18 532 6.08 5.8 5.18 5.58 5.60 5.63 5.89 6.49 478 O
8.5~94 462 456 4.49 5.68 4.04 473 4.19 474 459 457 462 423 5.65 359 O
9504 | 12.69 13.60 15.69 14.56 13.38 11.71 11.55 13.55 12.81 12.15 13.18 1343 16.22 1013 O




F10&%  FEARER (E[A) (BEH 70m)

TT-TT Y HY

FroE A N A S (B 70m, il 10m) 2012 45 1 A ~2012 4F 12 A
FERHHARD « #cHhpN A 2 (B 70m, Hb_E& 10m) 2008 45 1 A ~2018 4= 12 A
(%)
B Ed

~“oille 2008 2009 2010 2011 2013 2014 2015 2016 2017 2018 | FIH(E %ﬁf iz SJJ%R

& LBR TBR | <z
N 7.2 7.86 6.31 6.34 5.89 627 7.16 9.08 7.13 737 7.06 6.73 9.29 84| O
NNE 291 221 2.10 2.52 187 194 295 3.80 2.75 394 2.69 2.50 442 09| O
NE 4.46 3.60 3.10 3.04 3.13 3.13 4.16 3.12 322 2.60 336 324 469 203 &
ENE 6.10 5.78 5.53 449 527 481 5.42 7.19 7.02 7.61 5.92 6.13 8.40 345| O
E 6.33 6.57 5.96 5.05 6.49 5.67 5.63 3.86 4.18 271 527 6.23 831 22| O
ESE 237 268 272 1.66 261 193 255 2.14 2.14 1.77 227 241 3.18 135 O
SE 5.74 6.12 5.42 480 5.40 6.17 5.64 440 3.96 337 5.12 6.49 7.35 28| O
SSE 2.03 2.18 1.58 1.89 1.74 1.88 2.59 421 3.55 394 2.35 2.19 487 024 O
S 343 391 347 3.81 3.90 433 5.40 528 384 3.7 411 5.18 5.76 24711 O
SSW 5.67 731 7.30 7.15 7.82 5.96 6.16 748 724 6.85 6.89 7.45 8.59 5190 O
SW 11.88 12.58 15.58 1529 1335 15.46 15.41 1438 1720 14.90 14.58 10.95 18.36 08| O
WSW 421 408 466 497 437 6.68 8.01 6.54 7.15 7.16 5.78 3.99 9.26 22| O
w 12.67 11.99 11.75 12.46 12.67 12.80 9.68 920 10.69 921 11.32 1142 1484 780 O
WNW 10.04 964 9.94 10.11 9.61 8.59 623 6.42 747 10.98 8.90 9.28 12.83 98| O
NW 6.84 6.55 7.29 823 7.36 5.66 3.68 3.51 3.06 3.56 5.57 7.52 10.18 09| O
NNW 232 209 2.56 224 241 226 271 3.13 249 3.46 2.57 243 3.58 155 O
CALM 5.79 487 in 595 6.11 645 6.60 623 6.90 6.79 6.04 5.85 7.80 4211 O




21-11 2By

11L& FEARBRER (BE) (FEE 70m)

B OE AR BN A K
BRI« BOHN A

i T0m, MBS 10m) 2012 4F 1 H ~2012 4 12 H

(
(=& 70m, 1 & 10m) 2008 45 1 H ~2018 4F 12 A

F 7]
i 2008 2009 2010 2011 2013 2014 2015 2016 2017 2018 EHE %ﬁf RIART gfjgk;R
BEms ki | e | <m0
0.0~04 5.79 487 472 595 6.11 6.45 6.60 6.23 6.90 6.79 6.04 5.85 7.80 427 O
05~14 39.84 3853 37.31 39.13 40.87 3927 40.79 3724 37.29 371.71 3881 3851 42.15 3547 O
124 29.60 28.47 3035 28.81 28.15 20.73 30.07 3111 2023 30.07 29.56 30.04 31.72 2740 O
2534 13.84 15.18 1522 15.79 14.06 1521 1484 14.97 15.68 14.57 1492 15.76 16.42 13.42 O
3.5~44 7.23 7.66 7. 6.74 6.97 622 5.89 6.19 6.87 6.79 6.81 647 8.17 5.45 O
45~54 225 342 335 235 250 222 149 252 249 241 2.50 230 382 1.19 O
55~64 1.05 1.26 1.17 0.0 0.95 0.63 027 1.07 1.01 0.00 004 0.71 1.62 0.26 O
65~74 031 041 033 0.18 028 0.21 0.03 049 0.40 041 031 021 0.63 -0.02 O
1.5~84 0.05 0.15 0.08 0.05 0.09 0.03 0.01 0.17 0.09 0.19 0.09 0.10 023 -0.05 O
8.5~94 0.03 0.03 0.00 0.01 0.02 0.01 0.00 0.01 0.04 0.05 0.02 0.03 0.06 -0.02 O
95LL E 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.02 -0.01 O




F124&% FHRBER (EE) (s 175m)

OE A BN B AL (BEE 175m, #1EE 7im) 2012 4E 1 H ~2012 4 12 A
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