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Conditions Tested Measured
PROJECT [YEARS | M2terials | b0 ccure Temperature Gas. Retention
tested R Composition %| Efficiency
[bar abs] [°C]
steam %
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Mn 1.4 145 42 99.9997
Total
19gg-| Lodine
ACE (particles 1.4 145 42 99.9997
1990
and
gaseous)
DOP 1.2-1.7 ambient 0 99.978-
99. 992

Hi it : OECD,NEA, “Status Report on Filtered Containment Venting” , (2014)
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Parameter Standard Range
Value
Geometric | injection nozzle dismeter [cm) 15 1~15
property scrubbing depth Imeters) g.7 0~-3.8
pool water temperature ("c) &0 20~110
Hydroulic | carrier gons temperature {("C) 150 20~300
property stean froction {vol. %) 50 0~E80
carcler gao flow rate (L/min} EOOD 300~2000
Aerosol particle diemeter (pm) | 0.21~1.1 0.1~1.9
property caterial LATEX LATEX,Csl
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HEl 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,
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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
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Y F Lo aryFT— IV TORIITIELTICLIHBREDE (EEIHIFE) 1250 T

7Ly va =V TOAI TV I DEME S FOREDE (LLF DR &0
9,) & LT, Standard Review Plan 6.5.5 (253 & DF5 Z5% & L T\ 5, Z X Standard
Review Plan 6.5.5 128V T, MEE I OSRDOR 7 T 7T DBREMRE LT, Mark—
O O Mark—IIIZ%F LC DF10 BLF, Mark— I (2% L CDF5 LA F & EETIHHAE, FFiC
HEZLBELEETAERBLTLRY] LORBMIZESS b O THY (TSR, LIRT T
FEEATH 2 T FBIT Mark— T T 7 MAERZHZML TN DL 2 &0, 7Ly ira s
— L OBBEOFECEDLT, DF2MATLZ LTS,

BB, AEEIIFBIZOVWTIEITAROMEETHDL Z b, KDFOZRICITHFHFL TV
2, BRI D FEDDFIZOWTIE, MAMAPFETDO A 7 Z v ZEtR 7 v 77 F & (SUPRA =
— F) IZTRli L T\ 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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WEd k1 : P.C.Owczarski and W. K. Winegarder, “Capture of Iodine in Suppression

Pools” , 19" DOE/NRC Nuclear Air Cleaning Conference.
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51 SPARC &t 56 A (W# I E DF)
Rk o kTP oREHE ()
“Here the 1o 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 & O} POSEIDON |2 THATb i 7= Bk
MEELOBIZHTL2RAZ IV TICED2BREDRITONV T, UKAEA*? KO}
POSEIDON*? IZFB W TEBRMBITON T WD, EREREZH 2 K OH 3 X, FEBREME
MOERBRERZHE 1RKROH2RIORTH, F2RoLBY, BEX S HFDDF 1Tk
INT 14 TH D,
Hik2: A XV 20T ¢ 7 U A (FEKJBOE WIS BE K 0 JAF (SGHWR) ) 0 28 5 #11 fl
VAT BB DR ORF TR D T2 D ER
$3: AL ADKR =)+ = T =R TITDONIZAKP~DOHT AR IS FDORY
BT 5 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 1.7-23
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
UKAEA Cr/Ni 0.06 air + 0.25 - ambient ambient 4 orifices
-
ambient

Hok OFEBRHR

Experiments Species tested DF range
Cs 145 - 3000
ACE Mn 11 - 260
1 47 - 1500
poP 6-12
EPRI Csl, TeO, 1.4 - 1600
sa 110 - 6800
EPSI Csl 2100 - 3300
GE Ew0, 68 - 2900
Csl 7-10
JAERI DOP 10 - 150
LACE-Espata Csl 16 - 3000
SPARTA Csl 70
UKAEA i DR e i s M0 AR o
.t 14-240 )
POSEIDON o, 20-300000

* Only onc test performed.
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e 5

7

Ji - H7 b AN S i S~ D55 BRAE R D U BB DFREIC DWW T

RE~OFH &I, FANKREICR FFEERESRI~OREESGEZR L 2 L CHET
5, (3B 1ZHR)

JE IR B # S~ D BN A ORI Y 72 o Tk, BEF M T U 4 TREKr LocA+
HPCS J&Ft + K JE ECCS Pt + A2 Wit B ) IR ] ([T W TR FIFE N E IR 4720 8
THWNKST D720, TDOT T MRIEEZEETEEZR MAAP 2 — FZ2 WD 2 & &350,
UTOEENG, K0 ERBICH LA ME R~ DR AR O KU 8IS 2 % E
T5EOD,NUREG—14650HMAZHANCHKEREEEOKEE S EZMET S,
nE, WIS EZD2REBEL L I EEEEN L OFLGNITLALE LR DM, N
UREG—14650HRAEZMNTHIET D P - (RIEEFHEEFED 5> B E PRI O
THWIEL FEMMA~DF LGN EZ DI, MAAP 2 — RO REZZOEE@ET T 5 L#HEIC
REFeFME R DD, KV EBIZMULEFFMETH272ONUREG—14650
MR ZE MW BEESOMIEEZTT 5,

1R MBS ORI R (MAAP fZ4T)

R JRF IR AR PO IR FIRERE | AR ER T L2 bR
) ) ~DOYFZNEIA*! T4 N ZIGE A~ OB HE S

i YT D/ R S/C -~ b D/ R

AR | K 2.2X10°° #2.2X1072 #19.6x107" #19.6x107"
CsI A ) 7.0X10°° 1 7.0x10° #11.3x10°° #13.5x10°*
CsOH A #2.8x10°° #2.8X107° 1 1.2X107°6 #3.2x1074
Sb ¥4 #8.4X10° #8.4X10°° 1 2.5X10°° F7.1x10¢
Te0, ¥8 ¥ 4.4x107° ¥ 4.4%x107° 1 4.5X1077 ) 7.5X107°
Sr0 %8 1.8x10°° #1.6X10°° ) 4.7x10°° #11.9x10°2
Ba0 A 3.0x10°° #2.9x10°° #2.5X10° #19.8x10°°
MoO, %5 ) 7.1x10°° ) 7.1x10°° 1 1.1x10°¢ #11.9x10°*
Ce0, A #5.6x10° #3.6x10°° #4.2x107° $1.3x10 2
La,0, A 1 5.4X10°° #)3.5x10°° ) 4.2x10° 5 1.3X102

FERL k1 N 2 1280 B
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B2 F MHBIE O R (P RO 7 L — 7T T D &)

JRF IR OIRF I ER | HFPRRES Y L bR

B il o
» SO A VE A *! T 4V ZEEE SO EIA !
L —
S/C X2k D/W~_> K S/CX> b D/W~_> K

A T AFH | K 2.2X107°7 $12.2X10°2 $19.6X10! %1 9.6X107!

CsI JH F7.0xX10°° F7.0xX10°° F1.3X10°° 9 3.5x10"

CsOH %A $2.8X10°° $2.8X10°° F1.2X10°° $3.2x101

Cs i;gf“ $13.2X10°° $13.2X10°° 1 1.2X10°¢ 1 3.3x10°1
Sb %H #6.3x10°°¢ #16.3X10°°¢ K 2.4X1077 $16.5X10°°

Te0, %8 %) 6.3X10°° #16.3X10°° #)2.4X10°7 % 6.5X10°°

Sr0 ¥ K1 2.6X10°°¢ #)2.6X10°° #)9.5%x10 8 ¥ 2.6X10°°

Ba0 %A ) 2.6X107° #2.6X107° 9 9.5x1078 F2.6X107°

MoO, %A #03.2X1077 % 3.2X1077 1.2x1078 9 3.3X107°

Ce0, $H #6.3x1078 % 6.3x1078 F02.4XxX107° 9 6.5X1077

La,0, ¥4 $2.6X10°°8 #2.6x10° 5 9.5x10°1° $2.6x10°7

FERL 1 NS 2 28 B
%2 CsT JH M OF CsOH FH DO fE 7> & 3 (REAR =X 1)
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OTMI °fE 5% — IR F BT HFL TOBRFERZITHONT

FIRICED L, @B (CsI, CsOH) O T A4 b DRt EIE (10754 —
H—) L, o RIEREEEOBRHEIG N RE N (10°F—F—) iRk
TW5d,

—J7, ML ®EEHE IR FOREREFLTCOBMEELL, FURBELZLAIIHKD
%<mméhéﬁ¥%%gu,ib%%tvﬁb%@%ﬁ%ﬁ@wgfﬁw,¢-ﬁﬁ%
PEOMEDOBHETEEREOYME LR TLETHI I N> TWVD,

B3 I, TMI FHE IS S NI U ERTE DG L OFER TH D0, HAAR
EERBEEE (B v A0 K9 F) BIRFFEDESIMNTIFNNER & O R E K H S
H— T, B REREEEILZIERENRCPEESFICEREES N TV D &0 D FE G &
o TWD,

53 &% TMI SRR IS APAh & AU 7o B PR A 00 B i i D A7 AEHI & %7

(EB17: %)
- RIS PIEFEME SIEFRMN

|4dce |54Eu 155Eu QOSF lOsRu IZSSb |37Cs |ZSl BSKI’

E%;%%%ﬁz 105.4 122.7 109.5 89.7 93.2 117.2 40.1 42 30|
EF = = - 1 - 0.2 3 1 -

PR, [AB2 V58 0.01 - - 2.1 0.5 0.7 47 @' 54
HBNERER - - - 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

WL k3 FERE =V 7T ARE O 5 #5 % ORIGEN2 = — R fi# A7 it 3
L TTMI—2 S BEOFREM e R (JESEW, H B, MtHEER B AR5 ais
Vol.32, No.4 (1990)) |

72, B AR, \BEE IR REITFE AR F N S 72 I BT RN O 5 PO

BREOY 7V o THRTCHDID, RLE<MHEHEIN TWDHOEEEEEEZRE (B v A0
r9#) THV, L oh - KERMEEHEIIAHBE (ND) EWVWIFRELER->TND,

a4 MEEE T R ERTE MR SR ST P O U P TR

(4 Bo kg #EL)

sanan 7oy Faon Erinen G GRNARRY lemwm  zmmn  |mmes

7 $500m) 52 (TG ¥9500m) %2 (B A 500m ) 2 (AE#1000m #2 | (IEBE00m ) #7

EEELTE EIF] 3/ 2] 3,28] 3/25) 3/28 /29 /28] 3:25] 322 372 3,22) 3/22|

SR JAEA JAEA é::"fq JAEA ;f_""a JAEA t‘i;f';a JAEA JAEA JAEA JAEA JAEA
| mzs 3/24) 3/ 23] 3,30 3/28 3/3q) /28] 310} 328 3/25] 3/25 3/24) 3/25|
1 |-131(#B R) 5EE06 5.7E+08) 3BE+05) ADE+06 34D 1 ZE+07) 2HE+08| AEE+05 SIE06 TOE+05) 22E+08) SAE+08)
1 |- 132080 4 4 2.36+05) 4| 1.364D3) af 156405} 4 4| ) * 4]
G- 13425 JAE+CS, AYE-05 5.3E+03) 176404 32640 35E+08) 4.7E+05| 6.8E+04| SIE-05 ETE03 17E+04 16E+03]
Gs=136(80138) 126404 R 336404 1.0£+04) 288401 4.5E408 5.9E+04] BEELCT LIES0Y 1.9E+03 22408 25E404
Gs-137(30%F) 3AE~05) 45503 5.1E+03) 7.0E+04 3.26+02 3.5E+0¢] 9.3E+05| 6.7E04] 1.0E-00 2.0E-04 168704 18E+05]
Te- 12885340 2.56409) 29205 855 +05) 53E404 N 2.7E406 5.0E+ 05| 2BE+04| £.9E+05 8.5E+03 15E404 1.7£405)
Te-132(#538) €.1E108] 3405 3.0C 105 650104 1.4€402) J1E 06| 2061 05| 3.2C+04) 1.9C 06| 21004 38L104) 3.8E105|
Ba-140(45136) 13E04 15404 ND| 256403 N HO| Dl NO| LOE+04 ND) HD| D
He-95/ #3395 ) 176203 24803 ND| D ND) 5.3E407 ND| ND| 216402 ND) ND| 798401
Ru-103(#53708) 536404 D) uD| G4E4D3 ) 27E405] D) ND)| 6EE-04 1.0E-03 HD| 32E+04
Mo~39($16655 ) 2 1E+04) ND| ND| uD N B.8E404) D ND)| ND)| ND) Dy o
T SOmiFIEBEAR) 236404 206404 ND| D) ND) 4.5E+04) ND| 1.8E+03, 2.3E+04 ND) ND| B3E+03
La-140(k12 ) IE04 37604 ND 23403 NDJ 9.TE+04) N 2.5E+03] 2E+05 426402 B2£402 1 BE+03]
Be= (#3538 NO) N NDJ D N o | NO| 22604 ND) ND| ND
Ag- 1 10m(EZ3081) 11EG3] 26503 ND| HD) WD) O Dl 1TE 02| 1.66+04 ND) ND| D

WL - i gtdE 7 (BR) HP (http://www. tepco. co. jp/ce/press/11040609-]. html)
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O LFEOMEZEENIZDONT

PREEIN © O AR DR B VAT NS T 2R R LV, & oFE O R %6
U TOXEIICEEINTEY ™, SEBEEESSECIZER2ERBEIND DITRL,
B RERMEEEIIFERSEHEICRELSELASIND2 DO THY, EEBEZE TS - KEF
PRI _EHEBE N REL RDIEEE LD,

HA @B CIRIEEERE S5,

I, Cs: MIRICTITITEAEKRBIND, B EE XA T R L%,

Sb, Te: #BE LUK L7ctk, #EBE ORIV HEEIN D,

Sr, Mo, Ru, Rh, Ba: SRPHE M (F{LSMF or B LRI ICKREREEZZ T 5,

Ce, Np, Pu, Y, Zr, Nb: @iRIRAE T & Ao B ITR VY,

Wt k4 {EZRICER LBERE N OBSHERY L T 7 F = R o i F 8T

i D 7= DHFFE (JAEA-Review 2013-034, 2013 4 12 H) )

@ EIZ >V T

DODEV@LY, HB1ROF - KEREEHEO KHE SN EEREEE LY B REHE WD
IRERITEBICEIL TR BT, ik, MAAP ETICR W T, o - RERMEEE O B E S
MIBEIZRESFMENTZToDEB O, BERE L TL, EHUAED HRAK LR
ORI AEAL L7=% T, BET 7 U R\ S O R PEWE O B EEC B8V Tk
BIOVEHREEZSZR L CHRHEEZFML TWD 2 &0, WK Lo kicts 27 I8
VIR EZREL TR ERNETOND, B, MAAP 2 — RDOBH¥ ot Th 5 EPRI
bbb, UTo@mERRINTND,

CFODRFHHEAK LS A OEERMEERE (Ru L Mo) OIS\ T, (KIEOEEIRE £
EAT TR <, WERE OB IRE 2 RIS EE2HH L T 5720, MAAP fEHT 2
RFI R EREZ 52 DBERH D,

« Mo D EFHICHOWT, NUREG—1465X9 % MAP O EA 2% < 3 5,

L7z o T, ™M FHCREE - IREFFLOERICIY REGo7, BEF~D
B EEZFMT 2720, - KEBREEREOKHHGEMETS2Z e L, MiET DI
Wh, ML FiAREE L TITONEYET 77T MR D Y — A% — LHF5E &
FR, HEEMCTHOL VN a=0 LD EOE W X0 R AW O 8-SR
AAIVTICHENELDZ L HEEL, BIR KO PWR ZRFNICx L THRHES 23HE
T 5%, LVBENRY —RAX—LOFREXHHE L THEINZNUREG—1465
OMAEFIRT 5, FGRAE%, FOBENREMG L, JRFFE N RaGDEE T 5 £ TO MAAP
T ENUREG—146 5 0EQHEKIIHESKRDOEBY THY, BEFK Y —r A
TIHHERFEEFLEREICL DR FERKCLYEFFENRBHBICEES 20D, N
UREG—14650MFEE MAAP ffTOFERERICKEREIT R, REMIZBWVWTN
UREG—1465DOHLIIFHAMTEEEHE LTS,
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HH5E MMPELERELNUREG—14650HEEDkLEE

Rt RGN B L, F | FDIEm A L, TRk
Yo T D B E R A | YRR R ) A A e R D
Sh D B F TOHM
MAAP #9543 ~K) 30 43 *° #9 30 7y~ 3. 0 Ipfi] *°
NUREG-1465 ~30 4y 30 4y ~2 W¢[H

HERL k5 F L EERME REHE A 1000K) ~BREHA®LBE 46 (B EHE E 2500K)
*6: JRFHFEKE LRWEEIZRIT 2P IEN AR (RGBT
JRA KIS K0 R E D AERBEICIEEL 2 W)

UT, &7 LV— 712810 5 &G o BARE 2 di il FiE xR,

HHATNV—"T, Csl 7 )»—"7, CsOH 7 /v —7

AT GO SO 7 L — 712 oW T, MAAP TS R 615 b iz ik
HEEEHMT 5,
¥, Cs OREHEIA
F & Cs JuFE ORI 1L E 1 O 5 N
HiEfx, 23 22 H)

(1)

TOWTIHE, CsI Z v —F KN CsOH Z v —7 D%l E, 10
Bry, X1 2HWTHEMT S, (X1 oo

Fes(T) = Feson(T) +l\l:[/l W X (Fesi(T) = Fesou(T)) (1)
Cs I
Fes (T) B TIZH D Cs D ElIA
Feson (T) FEZl T2 5 CsOH 7 v — 7 Dl HE &
Fesr (T) R T2 5 Csl 7}1/ 7O R E A
My fEILE R O T O NN
Mes TE‘JLE?&@ Cs @iﬁ?ﬂ?‘])ﬁﬁ%
Wi &
Wes Cs D+ &

ARERME O S L —
¢ IRFEFME DO 7 L — 12O W T, MAAP T 7 615 b 7= i B A 138 &
T, MAAP AT OFER D F N7z Cs DM EIG, FH ATV —TOHESE K ONU
REG—14650mmAEHMML THREESZHMT 5,
T, o ARERMEOKTEIC T D BUIHEIS ORI D VI, RS MNA
74w&m/% 74»5 EESOBMIZONWTIER/R AT A, RFFEE~DRKZ W
IZHOWTIECs ERl—IZ722 b LM, HERAND 168 R R R IZH 1T 5 Cs D
BB AT x5 M % #@7» TOBMEAEDOLFIINUREG—1465THDL
NiHRIZELWE LT, R2KOK3ICTESEFTMT 2,
T, B 6 X, NUREG—14 6 5 CTilli SN2 BMAEZN~D I HE A %2R
SR

(2)
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[ FRNER T ANV E RN MR T 4V ZEEE~D K]
Fne(T)

_ Yi o Fne(@ \
Fi(T) = Fc,(168h) x Yo X Fro(168h) (X 2)
[F M ESE» DR &R ~DOR W]
Fi(T) = Fey(T) x - (3t 3)
YCS
Fi(T) @ BRZITICHEIT S 1FHDMAAP B 7 Vv — 7ol E 4
Fxo(T) @ BRI TICBT 2/ AT V=70 HE A
Feo (T) @ BEZI TIZBIT D Cs i EES
v i : NUREG—1465(ZBIJ% i &EHD MAAP BEfE 7 v — 7 ICH Y 3 5 B f
TV — T D R AN RSN g o~ O B A

Y cs : NUREG—1465IC87% Cs IZHYT HERZIV—T0OF 17 kHEA

RSO EA

HRx 7 AT MASRNICHEE S h - RER O 7 LV — 7%, kLR E L TR
L8N, WESRKRIA V2N AT VA FBICLIBREDIREZTDEEZOND,
Lo T, H - RERMEOEESS LV — T ORFIRRE~DKZWIZ oW T,
hEZEICLIBREDREZZ TS CCsDIELIBEBVICENEEZOND,
Fo, P ARERMEOME 2L — 1%, Cs ITH R THEF MBI S
NHENDRL, BES~OMEEL VRV, LB > T, T FHRNESRT 1
NBER NRT 4V ZEBADKREIZOWTIE, BASHY MV RKIC
B SNtk b, BEMmMSEICAE U ST E O FiFiE I 0 KRR~ O Jig A
HBL D Cs THERLS, RAFRMNFRXAAMICEEL, BEmEN D OBMB RN
RN ADKRHEGOERDBENTENEEZZOND,
bz end, P REREOTE S LV—70 £ B8 00 5 MEE S,
(BB T EIFHT AT L —F T Cs OBHEE] KHElTs DL T 5,

6% NUREG—1465TORFIFRMNERN~DKEEES

B v—7 JEL AP RS A i P~ O T B A
Cs 0.25
Te0,, Sb 0.05
Sr0, Ba0 0.02
MoO; 0. 0025
Ce0s 0.0005
La,0s 0.0002

Fik8: NUREG—14 6 5® Table3. 12 IGap Release| }x O [Early In-Vessel |
DEDOM(NUREG—14 6 5 TlX, [Gap Release], [Early In-Vessel |,
[Ex-Vessel] &N lLate In-Vessel| OEFHFHLRHER 7 = — X |2 L THT
AR AN ~O BB SG 25 2 TW5b, RFEMELILE P L) A5 0
ERRRETCHEBLNIRT S0, RIPFENEBENE TOFELILLD
2 E+T 5 [Gap Release] NN TEarly In-Vessel] OfEZHAW5,)
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Z2E 1 RA~OKHEFMEEIC>WT

RE~OHBH &L, TR Z &Il L2 NS (& TMAAP 12 X0 3l L 7 B4 78 2
V=T T OB RII~DOEHEIA] 2R LD ETHET S, RFFEMIZBWTEE L
ToMAAP ICB T DM 7 NV—T L {7 V=T OB EZH T RIZRT, B, MAAP IZEIT D
7LV —7E NUREG—1465CBTA2EI7V—7DhKIIFE 1IKDOLEEY Th
D, SEHITENITH LN, ROB-> TV HEEIIFA%ETH D,

FBTE MMPIZBIIAEEIS V—TF K 7L —TFOHE

ifE 7L — 7 L
i 77 A 5 Kr, Xe
Cs1¥a 1
CsOH¥E Cs, Rb
Sbi Sh
Teoziﬁ Te
SrOfA Sy
BaO¥a Ba
Mo0. %A Mo, Te, Ru, Rh
Ce0.%H Ce, Np, Pu
La,0,%8 La, Y, Zr, Nb, Pr,
Nd, Am, Cm, Sm

HRL k1 RFEAMIZIH VT TTes 0 KO TU0, FH| OBFE T L — 72X 9 5 MAAP
RFTFERNEr D, R4t L,

[FP o/ W—7]

(NUREG-1465) (MAAP)
) =7 =R VAl R
1 # ' AlXe, Kr 1 FH R
2 s~a 71, Br 2 Cal
g TIvVAr Y ﬁ’r;X"ﬁ/Cs, Rb 3 TeO-
4 T IIVT —T] 4 SrO
Te, Sh, Se
5 NN - AbnsFOL/ > 5 MoQO:
Ba, Sr
2 6 CsOH
6 "&m -
Ru, Rh, Pd, Mo, Te, Co { BaO
- S84 Kl Eai
* | La, Zr, Nd, Eu, Nb, Pm, g o
Pr, Sm, Y, Cm, Am 9 CeO:
3 TV ORI AT
Ce, Pu, Np — Sb
EL Tes
12 UO:

B/ 1K MAAP X U'NUREG—1465ICBITHAEFMIV—T0HiEg ([HEKHE SR
DEDEFAICAR D > ET 7 77 > MEra— FIZoW T O T8 5 # MAAP) (4#))
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%% 2 Cs OHEIS OFMKIZ >N T

Cs DM EIBZIZDWTIL, CsI 7 —7 KW CsOH Z v — 7 DR EIE, T KO Cs DJit
THEIEEHEOFANNEELCIC T KO Cs O FEEZHAWT, T LIk v FEhL
TW5,

T, N1 oFEHBRIZOWTRT,

WCs

X (Fes1(T) = Feson(T)) (1)

M
Fes(T) = Feson(T) + 5, X

Fes (T) o BRI TICHET D Cs DR EIE

Feson(T) ¢ KA TIZI T D CsOH 7 v — 7 O &l &
Fesr (T) s R TICRIT S CsL Zv—7 o E A&
M: D EIEEZO T OFNNEE

Mes {2 11 B #% D Cs O 47 PN PN ik

Wi L Do+ &

Wes i Cs DT &

1. CslIZEEN 5 Cs
TIFATCsI ELTHEELTWAED, CsITHHIZEENS Cs T, CsILHPICEEFND T O
HEICIKAVCGs DS FREOLZEST L L THIET S,

Mcg(csy (T) = My X WCS X Fegr(T)
Mesesn(T) ¢ BEZITICH T B CsTHICE £ 5 Cs D fikH &

2. CsOHIZE £ 5 Cs
Cs IZ CsI XX CsOH DWW TN DFETIFEMAEL TWAB7=D, CsOH Ficad b Cs i,
. THEHLZCIHFIZEEND Cs &G 2 ETHET S,

Wes

Mcsccsom (T) = (Mg — My X ) X Feson(T)

Mcscsomy(T) @ REZITICZE 1T 5 CsOHHIZ & £ 5 Cs D fi i &
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3. Cs OHEE&
1. k2. THLNF-CsDMEELY Cs DIFRNNKEETHRT S 2L T, Cs DHHELS %
kﬁ,‘:m‘@ﬁéo

Mcscesn(T) + Mcsesom (T)
lv[Cs

Fes (T) =

W,
M; X 2 X Fegr(T) + (Mcs — Mescesty) X Feson(T)

_ Wi
MCs
W, W,
~ M; % WCIS X Feg(T) + (MCS — M| X WCIS) X Feson(T)
MCs

_ MI WCs
= Fesou(T) + TYPRORTTARS (Fes1(T) = Feson(T))
cs |

12 5-9



£#E 3 MAAP EITHE R KL ONUREG—14 6 5 OB EI&IZHONT
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INRPB—R 322 ANEX-A (2.2 Todine| O Y

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 15 poorly absorbed by vegetation. such that surface resistance i1: by far the donunant resistance
component. The early data have been reviewad alsewhere (Underwood. 1988: Harper af al, 1994) and
no substantial body of new data is available, The measmred values range between 10%and 10 met
approximately. Agam. there are no strong reasons for taking r; to be a fumction of windspeed. so it is
recommended that v, 15 taken to be a constant. Based on the limited data available. the *best judgement’

4 ] F: O F: . A
value of v; 1s taken as an.d. the ‘conservative’ value as 107 m s, Where there is Certainey
as o the chemical species of the iodme. it is clearly safest to assume that it 18 all in eletental fornn fom

the viewpomr of makingz a conservative estimate of deposition flux.

2.2.3 Urban
Methyd iodide
There appear to be no data for the deposition of methyl 1odide 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 rsconmnendations are given in ithis case. For vegetation
within the wrban area (lawns and parks etc). it is recommended that the values for extended grass
surfaces be used.
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ENVIRONMENTAL EFFECTS

T Iilllll, T R i O 06 T F T
wweOueessene Grass, u, = 36 ¢!, Chambertain (1966)
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tewms==1@-= Filter paper. u, 4 24 cm sec™!, Clough (1973)
e Water, u, = 40 dm sec™", Maller and Shumann {1970}

1
1
1
1
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1
1
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1
1
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LR
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sessspensns 0.47-1.6 cm Gravel, u, = 22 cm sec™ ', Sehmel et al. (1974)

1
e 0.7 ¢m Artificialigrass, u, = 19 cm sec™", Sehmel et al, {1973)
2o =3cm, 55§ u, < 19.5 cm sec™, Wesely et al. (1977) - A
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Fig. 4 Dry deposition velocity as a function of particle size, Data were obtained from a number of
publications.’® —2® The theoretical curve appropriate for a smooth surface is shown for comparison,
Note that the theoretical curve is strongly dependent on the value for 4« and that Eq, 22 does not
contain a parameterization for surface roughmness. For a preliminary study of the effect of surface
roughness and other factors, see Ref. 5.

1 Bex 7R icEB T 2 IR IL A HE (Nuclear Safety Vol. 19%%)

WEt %1 : 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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AERODYNAMIC MASS-MEDIAN DIAMETER (u:m)

ORNL DWG 88-7378

80
LAZ PRETEST
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TIME (s)

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.

(10) 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 pm) = -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;0, K,0, AL,0; 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 caiculated from the Davidson-Schular
equation:

n yo
D, = ¢ —6— = _ 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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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 climinated 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
FPTI1 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 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 clements 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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SE 2.69 2.78 2.07 2.30 3.13 2.64 2.84 3.04 3.60 2.07 2.72 4.27 3.87 1.57 X
SSE 3.55 3.53 2.84 3.40 4.26 3.45 3.77 3.81 3.17 2.85 347 3.90 4.50 243 O
S 3.12 3.49 2.81 3.05 3.60 2.77 3.84 3.92 3.00 3.29 3.29 4.26 4.26 231 O
SSW 4.52 4.85 6.46 4.87 449 5.31 5.13 521 5.37 443 5.07 8.97 6.49 3.64 X
SwW 7.7 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 6.31 4.59 6.04 5.21 4.99 5.07 4.58 4.74 5.96 6.00 5.35 7.01 6.92 3.77 X
A\ 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 5.61 O
WNW 15.11 14.49 17.51 18.32 13.32 14.88 12.86 14.19 13.60 15.58 14.98 18.58 19.16 10.80 O
NW 15.64 15.19 14.56 14.34 14.93 15.76 15.83 14.00 13.57 17.17 15.08 9.44 17.59 12.58 X
NNW 3.95 4.02 3.30 2.70 2.95 3.62 3.29 3.35 3.51 3.24 3.39 2.89 4.36 243 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 0.83 O




9-TT THY

ok FABEER (B0H) (BF& 175m)
i

E BN B R (B

HERHIR « BN B AL (B

175m, M & 71m) 1991 4F 11 H ~1992 4 10 H
175m, Hi @& 71m) 2002 4F 1 H~2011 4 12 A

(%)
AR bR AR 5 I R HIE

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 S Al 1991 OFIR

L (/) LI | FBR | xER
0.0~04 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 0.83 O
0.5~ 14 9.43 8.36 7.98 8.18 10.11 8.36 10.99 8.87 9.64 9.20 9.11 771 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 12.48 16.87 10.61 O
2.5~34 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 12.30 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 1130 O
45~54 10.22 10.40 10.27 10.16 9.33 10.24 8.91 9.83 10.28 10.89 10.05 10.97 11.39 871 O
55~64 8.46 7.95 8.74 9.00 7.87 8.79 7.94 7.75 7.62 8.29 8.24 9.28 9.39 7.09 O
6.5~74 7.33 6.79 7.45 7.43 6.09 7.27 6.67 6.47 6.30 6.58 6.84 6.77 8.03 5.66 O
7.5~84 5.89 5.32 5.89 6.18 5.32 6.08 5.28 5.18 5.58 5.60 5.63 5.35 6.49 4.78 O
8.5~94 4.62 4.56 4.49 5.68 4.04 4.73 4.19 4.74 4.59 4.57 4.62 4.51 5.65 3.59 O
9.50 k. 12.69 13.60 15.69 14.56 13.38 11.71 11.55 13.55 12.81 12.15 13.18 13.87 16.22 10.13 O




6k FEARUER (&F) (BE& 70m)

L-TT By

OE A BN A S (B 70m, HBEE 10m) 2012 4F 1 H ~2012 4F 12 A
FERHHIRE ¢ BHhPN A SR (B 70m, MBS 10m) 2002 45 1 H ~2011 4 12 A
(%)
e 2002 2003 2004 2005 2006 2007 2008 2009 2010 w11 | g | RES AR %E
INIIEN 2012 OB
- RO TR | x s
N 6.78 6.42 4,08 487 6.19 7.63 7.40 7.86 6.30 6.35 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 2.50 467 1271 O
NE 3.58 3.15 2.49 322 467 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 6.40 578 553 450 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 2.83 233 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 5.02 592 6.12 5.43 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 2.91 247 3.16 2.68 3.01 334 336 391 3.48 3.80 321 5.18 431 212 x
SSW 7.84 6.91 7.98 6.65 527 6.86 5.62 731 731 7.15 691 745 8.97 4841 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 92.14| O
WSW 3.88 341 4.86 442 3.14 473 421 4.08 4.66 4.98 424 4.00 571 278 O
s 12.01 10.50 11.59 12.47 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 6.55 730 8.19 6.38 752 8.81 395| O
NNW 2.99 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 6.04 487 4.66 5.96 5.23 5.86 7.17 328 O




TR OFEABER (BH) (& 70m)

S-TT WHY

OE A BN A S (B 70m, HBEE 10m) 2012 4F 1 H ~2012 4F 12 A
FUREHAH BN A SR (B 70m, H1 B 10m) 2002 48 1 ~2011 4 12 J]
(%)
rr 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 | EHfE *ﬁz’g‘—; f Ealllit (j: %ﬁ
JEE (nv's) EIR TR | x3EH
0.0~0.4 5.40 537 4.69 5.17 6.60 3.76 6.04 4.87 4.66 5.96 5.23 5.86 7.17 328 O
05~14 3404 | 3409 31.73| 3329 3800| 3573| 4082| 3853| 3730| 39.08| 3620 3852| 4316 2925| O
1.5~24 2075 | 2820 2864 | 3049 | 2823 3170 | 2952 2847 3039 2880 | 2944 | 30,05 3221 2668 O
25~34 1645 16.81 17.14 16.74 1432 16.95 13.26 15.18 1524 15.79 15.81 15.76 18.85 1276 O
35~44 841 8.58 9.44 8.46 7.54 7.88 6.84 7.66 747 6.76 792 6.46 9.89 505| O
45~54 3.59 4.06 472 3.68 3.46 2.55 2.14 342 335 2.35 335 2.30 5.23 147 O
55~64 1.28 1.81 2.25 142 134 0.97 1.02 1.26 1.17 0.99 136 0.71 2.31 041 O
6.5~7.4 0.65 0.66 0.86 0.56 035 030 027 041 033 0.18 0.46 021 0.97 005 O
75~84 0.25 036 032 0.15 0.11 0.09 0.04 0.15 0.08 0.05 0.16 0.10 0.43 011 O
8.5~94 0.11 0.05 0.16 0.02 0.03 0.03 0.04 0.03 0.00 0.01 0.05 0.03 0.17 007 O
9584 k 0.06 0.01 0.06 0.00 0.01 0.02 0.01 0.01 0.00 0.00 0.02 0.00 0.07 003| O




H8 &K FEAMER (EUA) (B 175m)

Wi © A BN B R (BEE 176m, #BEE 71m) 2012 4FE 1 H ~2012 4F 12 H
WEEHEAR - BN B oS (B 175m, M EE 71m) 2002 4 1 A ~2011 4 12 A

6-TT T HY

(%)
e 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 SEE B - AR #J‘;E
SNIER 2012 OR
o ER | TR | <

N 2.61 2.85 2.05 2.33 2.73 3.15 2.89 3.12 3.15 2.57 275 2.68 3.61 1.88 O
NNE 3.27 3.43 2.11 3.16 3.70 3.64 3.71 3.84 2.82 2.66 3.24 3.03 4.58 1.91 O
NE 7.31 7.60 4.20 6.63 7.85 8.08 9.13 7.12 548 6.41 6.98 741 10.29 3.67 O
ENE 6.50 7.58 5.73 6.35 7.88 6.27 6.40 6.37 6.55 5.90 6.56 6.66 8.16 4.95 O
E 5.25 5.99 5.47 5.56 7.59 532 6.49 6.23 5.29 4.69 5.79 5.99 7.75 3.84 O
ESE 270 3.53 2.97 3.35 343 2.63 3.06 3.55 3.25 2.67 3.12 3.32 3.97 2.26 O
SE 2.69 278 2.07 2.30 3.13 2.64 2.84 3.04 3.60 2.07 272 2.99 3.87 1.57 O
SSE 3.55 3.53 2.84 3.40 4.26 345 3.77 3.81 3.17 2.85 347 4.28 4.50 243 O
S 3.12 3.49 2.81 3.05 3.60 2.71 3.84 3.92 3.00 3.29 3.29 3.83 4.26 2.31 @)
SSW 452 4.85 6.46 4.87 4.49 5.31 5.13 5.21 5.37 4.43 5.07 5.65 6.49 3.64 O
SW 1.7 8.00 11.13 8.44 6.85 8.42 7.01 8.03 10.79 9.54 8.59 7.46 12.06 5.13 @)
WSW 6.31 4.59 6.04 5.21 4.99 5.07 4.58 4.74 5.96 6.00 5.35 4.34 6.92 3.77 O
W 8.24 6.35 9.38 7.96 6.86 8.03 7.68 8.11 9.40 9.59 8.15 721 10.70 5.61 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 10.80 @)
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 12.58 O
NNW 3.95 4.02 3.30 270 2.95 3.62 3.29 3.35 3.51 3.24 3.39 3.66 4.36 243 O
CALM 1.48 1.73 1.37 2.03 1.44 0.98 1.44 1.39 1.48 1.35 1.47 1.60 2.11 0.83 O




HoR FARBEER (B0E) (BF& 175m)

OT-TT T BY

BE A O B A (B 175m, Hb b 71m) 2012 4F 1 H ~2012 4F 12 A
FERTHAR « BN B s (B 175m, M b 71m) 2002 4 1 H ~2011 4E 12 H
(%)
FEkE b A e 1[5 5
2002 2003 2004 2005 2006 2007 2008 2009 2010 2010 | PE | O#AR
JaR\ 3 (/s ) EIR 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 1.47 1.60 2.11 0.83 O
05~14 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 10.61 O
2.5~34 14.26 14.48 13.32 12.39 14.62 15.09 14.91 15.12 14.79 14.98 14.39 13.48 16.49 12.30 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 12.56 14.15 11.30 O
45~54 10.22 10.40 10.27 10.16 9.33 10.24 8.91 9.83 10.28 10.89 10.05 10.28 11.39 8.71 O
5.5~64 8.46 7.95 8.74 9.00 7.87 8.79 7.94 7.75 7.62 8.29 8.24 8.39 9.39 7.09 O
6.5~74 7.33 6.79 7.45 743 6.09 7.27 6.67 6.47 6.30 6.58 6.84 7.07 8.03 5.66 O
7.5~84 5.89 5.32 5.89 6.18 5.32 6.08 5.28 5.18 5.58 5.60 5.63 5.89 6.49 478 O
8.5~94 4.62 4.56 4.49 5.68 4.04 473 4.19 474 4.59 4.57 4.62 423 5.65 3.59 O
9501 I 12.69 13.60 15.69 14.56 13.38 11.71 11.55 13.55 12.81 12.15 13.18 13.43 16.22 10.13 O




10K FEARER (E[A) (FEH 70m)

TT-TT By

B AR BN A S (B T0m, MBS 10m) 2012 4E 1 H ~2012 4 12 H
FERTHARD « BN A A (B 70m, H B 10m) 2008 4= 1 A ~2018 4= 12 A
(%)
¥ N7

~“oille 2008 2009 2010 2011 2013 2014 2015 2016 2017 2018 | i@ ﬁzﬁf iz SJJ%R

& LBR TBR | <z
N 722 7.86 631 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 3.94 2.69 2.50 442 09| O
NE 446 3.60 3.10 3.04 3.13 3.13 416 3.12 E)) 2.60 336 3.4 169 20| O
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 6.12 542 480 5.40 6.17 5.64 440 3.96 337 5.12 6.49 7.35 2891 O
SSE 2.03 2.18 1.58 1.89 1.74 1.88 2.59 421 3.55 3.94 2.55 2.19 487 024| O
S 343 391 347 3.81 3.90 433 5.40 528 384 3.76 411 5.18 5.76 24711 O
SSW 5.67 731 7.30 7.15 7.82 5.96 6.16 748 724 6.85 6.89 745 8.59 5190 O
SW 11.88 12.58 15.58 1529 335 15.46 1541 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 8.90 928 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 2.32 209 2.56 224 241 226 271 3.13 249 3.46 2.57 243 3.58 155 O
CALM 5.79 487 4n 595 6.11 645 6.60 623 6.90 6.79 6.04 5.85 7.80 42711 O




&R FEARER (EE) (FEH 70m)

BOE AF N A R
HEEH IR - BN A R

T 70m, HiEE 10m) 2012 4F 1 H ~2012 4% 12 H

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

CI-11 By

B ¥
i 2008 2009 2010 2011 2013 2014 2015 2016 2017 2018 | M@ %ﬁf’ ozl C;fiji'i;R
B% (m's) LR TR | <&
0.0~04 5.79 487 47 5.95 6.11 645 6.60 623 6.90 6.79 6.04 5.85 7.80 42711 O
0.5~14 3984 | 3853 | 3731 3943 4087 3927| 4079| 3724 3729 3771 38.81 38.51 2215 35471 O
1.5~24 2960 2847| 3035 2881| 2815| 2073| 3007 3111 2023 | 3007| 2956 30.04 3112 27140 O
25~34 13.84 15.18 1522 15.79 1406 | 1521 14.84 1497 15.68 14.57 1492 15.76 16.42 1342 O
35~44 723 7.66 1. 6.74 697 6.22 5.89 6.19 6.87 6.79 6.81 647 8.17 545| O
45~54 225 342 335 235 2.50 222 1.49 252 249 241 2.50 230 382 Le| O
55~64 1.05 126 1.17 0.99 095 0.63 027 1.07 1.01 0.99 0.94 0.71 1.62 02| O
6.5~74 031 0.41 033 0.18 028 021 0.03 0.49 0.40 0.41 031 021 0.63 002| O
7.5~84 0.05 0.15 0.08 0.05 0.09 0.03 0.01 0.17 0.09 0.19 0.09 0.10 023 005 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 0.06 002 O
9sELE 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.02 001 O




12 & FEARGER (E[A) (B 175m)

¥ T 4 BN B R (BEE 175m, #EE 7lm) 2012 4E 1 H ~2012 4F 12 H
WEEHUIR - BN B A (B 175m, HE B 7lm) 2008 4 1 H ~20174E 1 HE T
FHIPN A A (B S 176m, HB 5 115m) 2017 4F 1 J ~2018 4F 12 HE T

CI-TT By

(%)
E |

<l 2008 2009 2010 2011 2013 2014 2015 2016 2017 2018 | FHE %ﬁf . O*;%R

i LBR TR | <z
N 289 3.12 3.15 257 231 201 288 251 2.16 3.14 2.68 268 3.68 1671 O
NNE 3.77 3.84 282 2.66 2.76 215 3.13 281 6.40 6.55 3.67 3.03 7.35 002 O
NE 9.13 7.12 5.48 6.41 465 482 7.13 7.60 742 8.82 6.84 741 10.48 3200 ©
ENE 6.40 6.37 6.55 5.90 6.8 5.79 6.55 6.69 408 331 5.81 6.66 8.55 307 ©
E 6.49 6.23 529 469 6.90 5.54 5.58 451 2.80 232 5.07 5.99 8.64 149 O
ESE 3.06 3.55 325 267 3.74 3.54 3.58 2.76 1.90 224 3.0 332 452 157] O
SE 2.84 3.04 3.60 2.07 334 274 2.70 1.95 2.96 293 282 2.99 4.02 12| O
SSE 3.77 3.81 3.17 285 3.39 426 331 343 262 344 342 428 454 220 ©
s 3.84 3.92 3.00 329 3.07 2.89 3.06 3.63 337 3.70 337 3.83 427 248 O
SSW 5.13 521 5.37 443 3.93 3.57 450 521 8.18 742 527 5.65 8.73 182] O
sW 7.01 8.03 10.79 9.54 8.36 8.40 8.47 9.03 8.15 8.16 8.59 746 11.00 619 O
WSW 458 474 5.96 6.00 4.66 5.86 5.38 544 7.26 7.84 5.75 434 832 38| O
W 7.68 8.11 9.40 9.59 8.40 9.34 8.06 720 11.65 10.03 8.92 721 12.06 18| O
WNW 1286 | 1419 13.60 15.58 1331 15.18 1333 13.17 1851 16.66 14.60 14.76 18.95 1025| O
NW 15.83 14.00 13.57 17.17 19.01 1830 1679 17.80 833 849 1498 15.14 24.12 584 O
NNW 329 335 3.51 3.4 433 3.86 3.74 526 2.70 3.78 371 3.66 537 20| O
CALM 144 1.39 148 1.35 1.55 1.74 1.82 1.01 1.53 1.15 145 1.60 2.02 087 O




13K FEARBER (E) (FEE 175m)

¥ T 4 BN B R (BEE 175m, #EE 7lm) 2012 4E 1 H ~2012 4F 12 H
WEEHUIR - BN B A (B 175m, HE B 7lm) 2008 4 1 H ~20174E 1 HE T
FHIPN A A (B S 176m, HB 5 115m) 2017 4F 1 J ~2018 4F 12 HE T

PI-11 2B

(%)
#a =

= 2008 | 2009 | 2010 | 201 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | FIf@ &%2& e (;;%%R

BE (m's) LB | FRR | XFA
0.0~04 14| 139 ras| 135 ass|  um| | 1| 1s3|  ws|  1es| e 20| os7| O
0.5~14 1099 s87| oes| 920 93| os7| ous| 7as[ sa3| 16| 920 om| unn| sw| O
1.5~24 1536 1410 1475 1393 s 1277] 1339 mso 1039 1| pas| s 1703| 925 O
25~34 1491 1502 1479 1498 1365 1300 1396 1416 mm| 1356| 01| 1348 1651 1ns| O
3.5~44 274 1300| 1216 1246 68| 12| nas| 30| 17| Bor| 1239 nse| 1ss| uu|l O
45~54 so1| 983 1028 1089| 98| 977 969 1055| 1064| 1076 1010 1028| 11356 86| O
55~64 794 1.75 7.62 8.29 7.89 843 8.03 8.95 10.53 933 8.46 8.39 10.59 6.32 O
6.5~174 667| 647 63| 6ss| 60| 70s| e30| 7ss| es0| sss| 7| 07| om| sss| O
7.5~84 sa8| sas|  sss|  seo| s73| 603 ssi| es2| 17| 67| ses| ss9| 7ss| 437 O
8.5~94 210  am|  aso|  as7| a6 so| se2| s sse  sm|  se2| 423 es0| 36| O
9.5 1ss| 1355 1281 1215|1406 1428 1525 1419 1224 1068| 13a0| 1343] 1648 om| O
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