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Aerosol particle dismeter (o) | 0.21~1.1 0.1~1.9
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AU

5 A6 EBRIZAT LA &) BBRIZN, BRIEEFEOHEBIZIZT 1 RIBORAT LA E
FERTIZ BT B R FIR AN OBEEZ(LLVEREL TS

%6 %%*”X7v4%£m?é#,Mﬁtiﬁ%i9ﬁ®@£%%’ﬂbfi§%
WHEDOLEEL, BMNBERA T VAL DBREDRITEE LD

TLAEFRALTHRNAS FTA L 1ICBT KX 5> FORTIFK
T2 B P SRR I B D RE T & 56 2 PSR 97, FII O IR I DV T A6 &
FEE DM Z R & &b, FIHIRE LV EE SO 1 REE TR T L2%kIX
LM E R DM B RN D, £72, KESRP6.5.2 TIE, JREFIFHEMALN
DML 5 FBIREN 1,7200 12720 F TIEEKE > FOBRENRIAEND L

TWno,

BIHE 17—56
468



BIHE 17

I I
RUN A-5
ELEMENTAL
10D INE

4 = 7

10 | typ “12.52 0.5 min 16t
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FIGURE B-
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5.
Elemental
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FIGURE B-6.

BUEKELSFD
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A2, WREABAKEVIZLHRLERIRE 2D LELLNDLED,

C S E EBiz
#F1 5 CSEEB L HiE
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P DMK & AR H BT O LERHEEIC OV TH

2 RITRT,

CHEHOWEERITFRE L 2> T 5 2 &

FH2F&K  CSERBRE AR BT O LRmAE O L

C S E EBriAR WSS S E T
g (m°) #7600 #J 5, 700
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WE4 F7FLyiary - F—ATORIFELTICEDBEDR (EHL S

%)

HFryiar s FT—=LTORI T TICLDEKE S EZDOBREDRE (LL
T IDFJ] &w9,) & LT, Standard Review Plan 6.5. 5 IC-3%DF 10 %
FELTWA, ZhiE Standard Review Plan 6.5.5 (28 W T, MEHE L 5 FED
27N EABREDRLLT, Mar k - T,UMa r k - IIIZK LT
DFIOLTF, Mark - IIZHLTDFSUTFZEETIHAL, FICHEL
VELEPFERLTHLEW] LODHITESS bDOTHY GREBESMR), WIEE
THEITIIMa r k — DR FMAREZ BT L TV 2 &8s, 7y
vay - T LVORBOREIIEDLT, DFI0Z#EHTLZLELTWND,

BB, AELORIIOVWTIETAROMEETHLZ L0 b, ADFOHRIC
FHIFHE LW, KiFREDFEDODFIZOWTIE, MAAPITOAZ T

VIHET B I A (SUPRAZ—R) ICCHHL TV,

[Standard Review Plan 6.5.5] ($k#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

IDF values claimed by the applicant for removal of particulates and elemental iodine are,
110 or less for a Mark Il or a Mark Il containment, or are 5 or less for a Mark | I

organic iodides. The applicant should provide justification for any DF values greater
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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YLy iay s FT—ILTORIZ I TI2LD

B L S ROREDRICHET 2MOFRLICHONT

BT vay s F— I TOARAIZ T T LAY > EOREDRICHE
TAHMOHRE LT, SPARCaZ— RNIZXAFHEBE/ERELTNZUKAEAKD

POSE IDONIZTIThN=ERNLH 5,

. SPARC=a— FIZXDFHERE

Standard Review Plan 6.5.5 OB CHE* ' ICkB W\ T, SPARCa— %
HAWIEE Y FEORI T I L DBREDREFHE L T D, BT
Ma r k — I WFFIFEMARE RIS L LTEE L SFE (I,), iRk D
F (Cs 1) MOAEHEYIFE (CH3 1) CHTHAZ T TICLDBE
REZHE LTS, HEFBRIE IKOLBY THY, EHEL O FICHT

HZDFIEHR/INCTIORETH D,

B, BELELFERS—F 2%, RAFELEERELTHY, UTOF

fdE e 2 JRE LT D,

< WP IV THIE R O AR R 23 JE R

BB LMH S AT MIEET L0, RAFEHAO LV Ly e v
7= )LD HRE ) %

cJRPIF R R gs OB EREIR OF AT L0 SEM AR LR, PO EE
DT

%1 P.C.Owczarski and W. K. Winegarder, “Capture of Iodine in Suppression
Pools” , 19th DOE/NRC Nuclear Air Cleaning Conference.
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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 pool.
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MY > BIZHT DA T T L DREDHREIZONT, UKAE A*?
KMOPOSEIDON® IZBWTERBITOILTND, ERIKREZH 2 KK
O 3 [, EREEROERERLE 1 BROE 2 RIORTH, FoEoL
BV, BEIHIFEODFIIR/NTI4TH D,

X2 AFXVRAOY 47 ) A (FEAKBGEIE KD ENF (SGHIR) ) O ZE &

il & AT DRI D EARRY) DOREF 2 TR D 720 D FER
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%4  “State-of-the—art review on fission products aerosol pool

scrubbing under severe accident conditions’
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BIHE 17

Program Aerosol Aerosol Carrier Steam mass | Water Pool Injector
size, pm fluid fraction temp., °C | pressure
Csl 1.7-2.7 N, + 0.008 - 25
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 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 to ambient 2 orifices
saturation
UKAEA Cr/Ni 0.06 air + 0.25 - ambient ambient 4 orifices
steam 0.96 (downco-
mers)
[UKAEA | Lvapour | -  [airandior | 0-1 | ambient | ambient | 4 orifices |
I steam (downco- |
1 mers)
IPOSEI- I, vapour - N, 0 ambient ambient | -single |
I DON orifice |
[ R e I N — — — — |- multior. |
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Experiments Species tested DF range
Cs 145 - 3000
ACE Mn 11 - 260
1 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 NiCr _ _ _ _ 15-1680_ _
1L 14 - 240 L
POSEIDON Iy, 20-300000

Only one test performed.
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i 5 JRF RN dI~ DR RAERKD) O EIE OBIEIC SN T

RE~OBH T, FAEEE IR FIFEAEIRNA~OBHEIGEZR LD Z
ETHRIET 2, (3% 13M1R)

JR A IS BRI~ DB EI G OFFEIC S 72 - TiE, FBEFK T I A TX
B L O C A + @& JE S L EV R BE -+ ARJE IR O B R (A i Bh /) SR HE 2k
HEEZEZR) ICBW TR TFENFaNMERZDRE CHENRT 5720, 0
7T NREEREEFRERMAAPa— REHAWDLZ & L3250, LLFDOEL
P, NUREG—1465 O R ZAWT—EMHIET 5, MA A PRENTE R %25

1%, NUREG—1465 ODH R A WT M E LI-fERE2H 2 RITTET,

1R BOHEIG ORISR (MA A P ##AT)

e ﬁ%ﬁ%%ﬁ%#%ﬁ%ﬁ@% %mg%Eﬁ%ﬁp%EA@
. ) DY ZNE A A
i S/C~<v b D/W~o b S/C~<y | D/W~o b
i 7 AKA #14.3x10 3 $4.9%X10° 3 $9.5X10 1 #79.4x107 1
Cs IH #16.2X10° #16.2X10°° #11.0x106 %7 2.3x1073
CsOHM | £3.1X10°° #13.0X10°° $4.0x10°7 $1.5X10° 3
S b F7.6X10° $18.0X10°° $32.7X10° 6 $11.4x10 2
TeO-¥H $14.4X107° | #4.3X10°° ) 3.8X10 7 % 4.6Xx10 4
SrO¥ #18.6X10° $17.6X10°° #2.6X10°° ¥71.5X107 1
BaO¥ #19.1x10° #18.9%X10° #1.5X10°° #79.5X10" 2
Mo O o34 #19.1x10° #19.7X107° #13.5X10°6 %7 2.6X10" 2
Ce O} $11.6X107° | £9.9x10°° $1.1X10°° 9 5.3X10 2
La.O-¥ | £1.6X10°5 | $£9.9x10 ¢ $1.1X10°° 9 5.3X10 2

X1 NEORE 2 ML R TN
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Ho2R HMHEEOFMAER (b - (KERMEOER 7 L — 712k 3 A HIIER)

. JR T IR RS AR 2R D IR = FEANA I D8 U 2E i~ D
e e PN Bt
TN—=7
S/CXv |k D/W~> | S/CXv |k D/W-~> k
T H AKE $14.3X107°% | £4.9x10°3 #19.5X10° ! #9.4x107 !
Cs 1% #$16.2X107° | £6.2X10°° #11.0%x10°° #2.3x1073
CsOHHE | #3.1x10°° | £3.0x10°° #14.0x10°7 #11.5%x10°3
C s fg** #3.4X107° | £3.3X10°° #14.5X10° 7 #1.6x10° 3
S b $16.7xX10°° | £6.6X10 ° #18.9%x10° 8 #13.2x10" 4
TeO | $96.7X10°°¢ | #6.6X10 6 #18.9x10 8 #3.2x10 4
Sr O F2.7X107° | £ 2.6x10° #73.6x10 8 #1.3x10 4
B a O F12.7X107° | £ 2.6x10° #73.6x10 8 $1.3x10 4
Mo O . % $3.4X1077 | £93.3X1077 4.5x10° $11.6X10°°
Ce O $6.7xX1078% | $96.6X10°8 $8.9x10 10 #3.2X10°°
LaOs3¥ | $2.7xX1078 | $2.6x10 8 $3.6x10 10 #11.3X10°°

M1 RS 2 A& UEE LA
X2 CsT B CsOH FHDMEA B APl FRAM A3 1)

OTM I R &S T HREFTFL TOBMFEIZONT

FIRICED E, EEREEME (Cs 1, CsOH) OBMNRIRIE LR L
WEEND ORHEIES (107 °~10 "F—& —) &, o - RV O K
FEDOTRREV (10 °F—F—) LWVIFRRITR->TWND,

—J7, TMIXEEH R IEEHFWTOBMNERNG, FHPEEL
HEIlkbE MBS N DR RWEIL, LR Y LFEOEEEMED
WETHY, T RHEEEOMEOBMHEIIEH#HEEOME LIEXTLETH
HZENOLNLroTWVD,

B3 RIE, TMI FEZICTHE SN RSOGO EETH D
D, B AREEBMEEE (B v A0k 9 R) BDIRFIFENEHSIMNIIFNE
FEDOFSBRERBSND 5T, - REEMEEHEITITIE 'L T E S
BEHIERFINTND E NGl & 72> T D,
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B3&K  TMI FHEITTHM S N BSOS 2 & OFERIG?
(B4 - %)

s ESEE Sk hiESM EfERN
144Ce ‘154ELI 155Eu QOSr ‘IOGRLI 1258b 137CS 129I 85Kr
RFIFE
| [RFIFRZR 105.4 122.7 109.5 89.7 93.2 117.2 40.1 42 30 |
RF PR HEI R - - - 1 - 0.2 3 1 -
HREK, SISV 0.01 - - 2.1 0.5 0.7 47 @n' 54
HYMEE - - - 0.1 - 0.7 5 7 -
ait 105 122 110 93 94 119 95 97 85

t LEEOLRENTELLSEDT I (HHITHh TR O, CCTORBELFLARUN) —2XRE L
BAAHEERELGO>TLES, LIz 5T, SR BINZIDA AR N —(ICsLRF THDHEER D,
X3 FIEHEIE =V T NVEEBOSITER /ORI GEN 2 22— N #5 R
i - TTM I — 2 SHOREMICRE (B, I LR, pHBEER B AR /157aEE
Vol. 32, No.4 (1990)) |

T, BARE, BEE R NREITERICFER S N BETEAN O
TR M EREOY ) TR TH LN, HLEL BEEINTWD DI
EEREMERE (B Ak o#H) THY, < o - (RIERMEEII AR

(ND) EWIHrfERER-TWVD,

B4R EEE RS RIS MR TR S s R O

{Mfi:Ba/ke-$21)

[RADD lEA@l (RAGM (asos o [omumea | o &

RIERER  [FF HEDOFE EEny s e Wi pgy (SRS OEEE(@REE
(FEALEE #0500m) »2 (T $1500m) #2 (PR $9500m) *2 (L#91,000m) #2 | (AL#g500m)*+2 | &2 bk
Btk =] 2 3/25] 3/28) 3/28] 3/28) 3/25) 3/28] 3/25] 3/22] 3722 3/22 3/22]
B [CES2 EXRAH

ST JAEA JAEA T JAEA bl el JAEA Pt JAEA JAEA JAEA JAEA JAEA
AER 3/24) 3/28) 3/30} 3/28] 3/3 3/28) 3/30| 3/28] 3/25] 37285 3/24 3/25|

1% |-131(#98H) 5.8E+06 5.7E+06| 3.8E+06) 3.0E+06 3.9E+04 1.2E+07 2.6E+06 4.6E+05| 3.1E+06) T.9E+05 2.2E+06 S.4E+06|

HE (1-132040265 ) *4 4| 2 3E+05| #4| 1.3E+02) *4| 1.5E+05| *4 #4 *4) *4) *4)
Cs—134(#924F) 3.4E+05] 4.9E+05] 5.3E+05) T.7E+04] 3.2E+02| 3.5E+06/ 8.7E+05) 6.8E+04) 9.5E+05 B.TE+03! 1.7E+04 1.6E+05]
Cs—136(%138) 1.2E+04) B.1E+04] 3.3E+04) 1.0E+04 2.8E+01 4.6E+05 6.9E+04) 8.6E+03) 11E+05 1.9E+03 2.2E+03 2.5E+04]
Cs—137(#3304F) 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+08 2.0E+04] 1.6E+04) 1.6E+05]
Te-129m(#348) 2.5E+05| 2.9E+05] B8.5E+05 5.3E+04| ND| 2.7E+08| 6.0E+05 2 8E+04) B.9E+05 9.5E+03' 1.9E+04 1.7E+05]
Te-132(4338) 6.1E+05 3 4E+H05| 3.0E+05] B8.5E+04 1.4E+02| 3.1E+08 2.0E+05 3.2E+04 1.9E+06| 21E+04| 3.9E+04 3.8E+05
Ba-140(#913H) 1.3E+04] 1.5E+04] ND| 2.5E+03 ND| ND ND ND 8.0E+04] ND ND ND
Nb-85(#935H) 1.7E+03 2.4E+03] ND ND| ND| 5.3E+03 WD ND 8.1E+03) ND ND! 7.9E+02]
Ru=106(#33708) 5.3E+04] ND! ND| 8.4E+03 ND| 2.7E+05 ND ND 6.8E+04| 1.9E+03 ND 3.2E+04]
Mo-99(#966E5RT) 2.1E+04] ND ND ND| ND) 6.6E+04 ND| ND ND| ND ND! ND
Tc-99m(KI6E5R) 2.3E+04] 2.0E+04 ND| ND ND| 4.5E+04] ND 1.8E+03| 2.3E+04 ND ND! 8.3E+03
La—140(§12H) 3.3E+04] 3.7E+04) ND| 23E+03 ND| 9.7E+04} ND 2.5E+03) 2.1E+05) 4.2E+02 6.2E+02 7.8E+03]
Be-7(§4538) ND ND ND) ND| ND| ND ND ND 3.2E+04 ND ND! ND
Ag-110m(§32508) 1.1E+03 2 6E+03 ND| ND| ND ND ND| 1.7E+02] 1.8E+04] ND ND! ND

Hilt - W E IS HP (http://www. tepco. co. jp/cc/press/11040609-j. html)
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@4 JLF#E D ZEENIZ SN T

BREEDN D DRZ 5y FAE A D FUE K OBATZE BN BT D AFZERE R L 0, Kok
DRHEFEENILL T O LS ICEEINTE ™, mEREEES SR CIZIELE
it En s olcxt L, W ARFER BRI R ARSI RES LA SN D,
FHA EwEICTREEERH SN,

I, Cs :@®kZTXEeEREIND, BEEEITMS TR LR,
Sb, Te : #EELOSLILE, $EEORILICHENRE SN D,

Sr, Mo, Ru, Rh, Ba : BEXGM (BLEM or BILHRM) ITKE

R EZIT D,
Ce, Np, Pu, Y, Zr, Nb : @iRKEETH K IR,
¥4 MEEBICHE B L BIBRE D O O S RAERD K T 7 F = RO

ZRENFEAM D 72 8 O ML (JAEA-Review 2013-034, 2013 4 12 A) |

O EIZHOWT
ORO@XY, FB1EROP - AKEBEMEEREO BB G SR LY b

AUy

KEWEWIHIFERIIEREBIZAIL T LT, 2k, MAAPITIZEBWT, J -

BEEMEEEOBHTI G EEICRE FHMisnzzo EBELLN, ERE L

%

TUE, ERRE S PR K LIERUREL OB AEL L2 T, BET 7 U &
I 7 B O M E O L FHZ 3 W) TR O SERE 2 2 R L Tl &
EIHE L TWAD Z LR, WERE EEOKICE DA T I REEE LT
WRWZ ERETF oD, B, MAAPa—RKOBBETTHIEPRIND
b, UTOMENRRINTWD,
PO EREK LTS EOREREEE (RukTMo) OBHIZHSNT,
(IR O VA R B AT Tl e <, TR REREE 00 AP IR A LT B R EE A
BHLTWS2D, MAAPBITBMRSTHRERE G 22561 H 5,

BIHE 17—67

479



BIHE 17

* Mo OISV T, NUREG —1465 LW 5 MA A P O J7 A it
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ERIRT 5, EHEREER, FOBRGHRMEL, RIAFENEHRPBETHET
OMAAPHENENUREG—1465 OBEDHERIZE 5 XD LB TH Y, 18
TEF S — 7 o A TITE RFESE LRI & 2 P KIS L0 R
RoBICIZESL 20, NURE G — 1465 OFEE & MA A P fifir o H 5k 12
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LIF, &7 V—7I12800 2 i EIE o BARR 22 58l Tk 2 R 7,
(1) #HAITN—TF, Cs 17—, CsOHIN—F

T A& OB 7 L — 71250 TIE, MA A P #5
MHFELNT BRI G 2T 5,

7B, CsOBHEEGIZO>NWTIE, Cs IZA—7KUNCs OHZ V—
TOREEIE, 17FELCs TRORFIFEFILEZROFNEHEERELY,

1 EZANTEET 5, (N1 oEBHIBERIL BE28R)

Wes

Fes(T) = Feoon(T) + 3,2 X 32 X (Fest (T) =Feoon (M) (D)
Fes(T) A T2 5 C s OBHEE

Feoon(T) :BEZTIZBITAC s OHZ V—T7 DOl EIS
Feo(T) WA TICBITHCs I 7V —TORHEE
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Mc, AFIEEZOC s OIFNEHEE
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BT HC s OBHEIEITHT 2 LU 7 L —T DOHEIE ORI
NUREG—1465 THOLNZRIZELVWE LT, K2 KO3 IckIX
R 5, 72, 6 RIC, NURE G —1465 Tilffi S 72 kA 25 PN~
DEEE Z =T,

[ &R 2 E DS LS E ~D ]
Fi(T) =Fes(168h) x 2t %1(62}1) (# 2)

(7 a2 B R P R A~ DI 2]
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WRPB—R322 ANNEX-A  12.2 Todine] DkFH

222

Methyl iodide

There are fewer data for methy! 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
no substantial bedy of new data is available. The measured values range between 107° and 10 ms?
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’

: P . . - P -1 ; : P
value of v, is taken ag Iand the ‘conservative’ value as 10~ m s~ 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.

223  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 nsed.
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D, PARTICLE DIAMETER (pm)

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 vzlue for 4+ and that Eq. 22 does not
contain a parameterization for surface roughness. For a preliminacy study of the effect of surface
roughness and other factors, see Ref. 5.

71 BR & IR BT D R L5 W E (Nuclear Safety Vol. 19%?)

%1

%2

J.L. Sprung % : Evaluation of severe accident risk : quantification
of major input parameters, NUREG/CR-4451 Vol.2 Rev.1 Part 7, 1990
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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%1 J. H. Wilson and P. C. Arwood, Summary of Pretest Aerosol Code
Calculations for LWR Aerosol Containment Experiments (LACE) LA2,
ORNL A. L. Wright, J. H. Wilson and P.C. Arwood, PRETEST AEROSOL CODE
COMPARISONS FOR LWR AEROSOL CONTAINMENT TESTS LA1 AND 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)
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Fig. 11. LA2Z pretest calculations — aerodynamic mass median
diameter vs time.
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5%1—1 NUREG/CR-59010 H¥g

so-called "quench" temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,0 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 g/em®) or SiO, (p = 2.2 g/em®) from the concrete and
UO,(p = 10 g/em?) or ZrO, (p = 5.9 g/lem?) 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 UQ, 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: :

g =

aw) (1-S) for e <05 }
{o(w) ¢! +S) fore 205

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
walter 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. 1t 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,
U0, with a solid density of around 10 glcm? is the predominant aerosol material. As the
lmeracuan 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, K70, ALO; 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 15 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 caicu!ated from the Davidson-Schular
equation:

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, = 00105 ¥{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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NEA/CSNI/R (2009) 5™ k¥t K OVERBR oD 4 2L

2:%%1—2 STATE-OF-THE-ART REPORT ON NUCLEAR AEROSOLS,

9.2.1 Aerosols in the RCS

QMJHE!

The experimenters conclude that spherical particles of around 0.1 to 0.3 pm formed (though their
composition was not established) then these agglomerated giving rise to a mixture of compact particles
betweenm 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 aerosol composition and
to examine particle size (SEM). Based on these analyses the authors state that particle geometrical-mean
diameter varied overthe range (elimination of the first filter due to it being early with respect
to the main transient gives the range 0.32-0.56 pum) 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.

9.2.2 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 um at
the end of the 5-hour bundle-degradation phase growing to 3.5 pum before stabilizing at 3.35 pm; aerosol
size in FPT1 was slightly larger at between 3.5 and 4.0 um. Geometric-mean diameter (dso) 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 lognormal 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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O FHRER (Hm)

(#5157 148m)

BIHE 17

BASFT © BN AR (B 148m, H1 B 140m) (%)

g 2001 2002 2003 2004 2007 2008 2009 2010 2011 2012 | FIfE t%ﬁgﬁz ol (iggg;

J ] 2005 [ ppR | FIR | x g
N 3. 96 5.85 3.8 3. 40 5.01 4. 27 4. 11 4. 62 4. 43 4. 50 4. 39 362 6. 02 27T O
NNE 8.89 | 8.15 | 6.91 6.22 | 11.41 |13.51 [18.30 [14.74 | 15.31 |14.20 [11.76 | 6.67 |21.42 2 Bl @]
NE 19.71 |24.49 [23.29 |18.45 [18.06 [20.80 [16.75 [14.99 |[14.71 |13.60 |18.49 |18.41 |27.13 9. 84 O
ENE 8. 31 8.38 |10.04 8. 97 7.09 6. 97 5.51 5.25 5. 40 4,10 7.00 9.80 | 11.55 2. 46 O
E 4. 39 3.76 56 | 4.42 | 4.59 | 4.14 | 3.49 | 3.17 3.13 1.70 | 3.74 | 5.55 | 5.88 1. 59 O
ESE 2.79 2. 86 2.93 2.99 2.32 2. 85 2.26 2.26 2. 22 220 2a:BT 3. 66 387 1."76. X
SE 2:90' | 2.861 2.95 | 2.66 | 2.15 | 2.85 | 2.9 | 2.74 | 2.82 | 3.00 | 2.73 3.09 | 3.31 2.14 @)
SSE 335 3.34 3.74 3. b4 3. 69 3.73 4. 18 4. 89 4. 68 b. b0 4. 06 3::32 5. 80 2:33 O
S 5.00 | 4.13 | 5.02 6.63 | 6.33 | 5.38 | 5.19 | 6.03 5. 83 7.00 | 5.65 | 4.99 7.72 3. 59 @)
SSW 3.79 3. b6 4. 35 5.02 4. 54 4. 55 4. 43 5. 35 4.76 5. 70 4.61 3.13 6. 15 3. 06 @)
SW 4. 32 4. 90 4.93 5.16 3.92 3. 40 4.53 5.16 5. 76 5. 40 4.5 3. 67 6. 44 3. 06 @)
WSW 4,38 [ 409 | 3.53 | 4.31 | 466 | 3.29 | 4.11 | 4.67 407 | 4.70 | 4.18 | 4.25 | 5.31 3. 05 @)
W 5. 44 4. 16 4,23 4. 65 3.89 3.81 4.47 5.b5H 4. 26 4. 40 4. 49 PR 5. 88 3.09 O
WNW 5. 95 5.05 | 6.19 | 6.71 5,87 1 6.13 | 6.26 | 6.06 | 6.37 | 6.30 | 6.09 7.65 7.12 5. 06 X
NW 795 7.42 7.60 9.12 9.02 8. 06 7.95 7.99 8.94 |10.10 8. 42 9.54 | 10. 41 6. 42 O
NNW 7.63 | 6.60 | 5.19 | 6.97 7.03 | 5.86 | 4.90 | 5.27 5,98 | 6.60 | 6.20 | 6.53 | 8.35 | 4.05 O
CALM 1.24] 0.65| 0.75] 0.76] 0.42] 0.39] 0.98/ 1.26| 1.32 1.2] 0.90 1.10 | 1.73 | 0.06 O

TE1) 200642 B 134

EABMD T —F L ) A ADFENH ST TS L, 20015EEBINLT,

@ FEHRITER ()

(F%55148m)

BT « PO AT (B 148n, 1 B 140m) (%)

2002 | 2003 | 2004 | 2007 [ 2008 | 2009 | 2010 [ 2011 | 2012 |FEEfE *%é%;ﬁ ii%mﬁgﬁ(égé) Ci%?%g

B PR | <3
0.0~0.4| 1.24 | 0.65 | 0.75 | 0.76 | 0.42 | 0.39 | 0.98 | 1.26 | 1.32 | 1.20 | 0.90 | 1.10 | 1.73 | 0.06 @]
0.5~1.4| 6.70 | 5.19 | 5.56 | 6.43 | 5.00 | 4.91 | 6.14 | 6.91 | 6.97 | 7.40 | 6.12 | 6.99 [ 8.26 | 3.98 )
1.5~2.4]10.68 | 8.92 | 9.61 |11.42 | 8.63 | 9.44 [10.82 |11.16 [10.43 |11.00 |10.20 [11.28 |12.53 | 7.87 @)
2.5~3.4(12.17 |11.15 |12.55 |{13.72 |11.36 [12.24 [11.61 |12.66 [12.49 [12.40 |12.24 |14.10 [13.99 |10.48 X
3.5~4.4(12.57 |12.25 [12.80 |13.58 |12.63 [13.41 |13.26 |12.52 [12.24 |12.10 |12.74 [13.85 | 13.97 |11.51 (@)
4.5~5.4[11.54 [10.97 |11.30 [12.07 |13.08 [12.09 |12.67 |13.40 [12.60 |11.00 [12.07 |12.03 [14.11 |10.03 O
5.5~6.4(10.66 | 9.62 |10.10 | 9.68 |11.98 [10.33 |10.78 | 10.64 [10.24 |10.00 [10.40 | 9.92 [12.02 | 8.79 O
6.5~7.4| 7.67 | 8.18 | 8.82 | 7.95 | 8.74 | 8.28 | 8.19 | 8.89 | 8.08 | 8.60 | 8.34 | 7.40 [ 9.30 | 7.38 O
7.56~8.4| 6,17 | 7.68 | 7.35 | 5.34 | 6.97 | 7.05 | 5.91 | 6.39 | 6.28 | 7.30 | 6.64 | 5.51 | 8.40 | 4.89 O
8.5~9.4| 5.14 | 6.84 | 6.01 | 5.03 | 5.60 | 4.77 | 5.03 | 4.82 | 5.52 | 6.00 | 5.48 | 4.82 [ 7.03 | 3.92 O
9.5L  F [15.56 |18.54 |15.15 [14.02 |15.61 |17.08 [14.61 |[11.35 |13.84 [13.00 |14.88 |13.00 [19.70 |10.05 @]
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® FHMmER (ERA)

(1 89m)

BIHE 17

BUHGET - Bt AR (B 89m, #h B 81m) (%)

gt 2001 2002 2003 2004 | 2007 2008 2009 2010 2011 2012 | ‘EHE RS AR (5 %) (ﬁ%é%q

J ] 2005 1 PR | FRR | x mER
N 4. 09 4.59 3.42 3.25 4. 84 4. 64 4. 84 5. 88 5. 68 5.5 4.67 3.79 6. 79 2.56 O
NNE 8.41 7.81 7.03 6.03 |10.15 |12.15 |17.45 |14.51 |16.54 |14.50 |11.46 6.60 |21.28 1.64 O
NE 17.97 [21.91 [21.50 [17.51 [16.08 |19.04 [16.64 [13.25 [12.20 [11.40 [16.75 [17.88 |25.36 8.14 O
ENE 7.76 8.22 9. 86 7.84 6. 78 7.22 5.33 4.72 3.74 3. 30 6. 48 8.95 | 11.52 1. 44 O
E 3.34 3. 80 4. 30 4.02 4. 35 4.18 3.00 2.48 2.26 1. 80 3.35 4. 32 5. 55 1.16 O
ESE 2.40 2.79 2.47 2.75 2.29 2.79 2. 30 2. 05 1.83 1.70 2.34 2.77 3. 26 1. 42 O
SE 2.74 2. 86 2.96 2.80 2.21 2.96 2.89 2.53 2.99 3.20 2.81 2.75 3.47 2.16 O
SSE 3.78 3.48 3. 96 3.77 3.74 3.90 4. 83 5. 80 4. 88 6. 10 4.42 4.16 6. 63 2.22 O
S 4.77 3. 66 4.43 6. 82 5.76 4.74 4. 64 5.94 5.42 5.70 5.19 4. 88 7.35 3.03 O
SSW 2.86 2. 56 3. 20 3. 86 3. 40 3.06 3.59 4. 46 4.16 4. 30 3.55 2.43 5. 07 2.02 O
SW 3.26 3.62 3. 42 3.63 3.07 2.30 2. 96 3.33 4.04 | 4.10 3.37 2.64 | 4.63 2.11 O
wsw 3.32 3.33 3. 11 3.09 3.28 | 2.75 3.08 3. 37 3.10 3. 80 3.22 3. 08 3. 87 2.58 O
W 4.53 4.08 | 4.57 4.17 | 4.04 3.59 4.13 5.19 4.29 4.40 | 4.30 | 4.58 5. 30 3.30 @)
WNW 8.29 7.52 | 8.02 9.03 7.66 7.81 8.17 | 8.29 8.59 8.70 | 8.21 9.14 | 9.34 7.08 O
NW 15.13 [13.32 |12.41 |15.17 |15.33 [12.82 [10.66 [11.34 |13.08 [14.10 |13.34 |15.31 |17.17 9.50 O
NNW 6.67 5.88 | 4.76 5.67 6. 32 5.42 4. 60 5.65 6. 05 6. 30 5.73 6.03 7.32 4. 15 O
CALM 0. 65 0.58 | 0.59 0.61 0.68 | 0.65 0. 90 1.21 1.14 1.10 | 0.81 0. 69 1.41 0.21 O

{E1) 20068 BE[3AE R 148mD T — F {2/ A A

FEN DT 72D L, 20014 EFBMNLTE

@ FHRER (EH)

(1% 89m)

B P - B AT (B 89m, 1 B 8lm) (%)

\\\Q@Eftji 2001 | 2002 | 2003 | 2004 | 2007 | 2008 | 2000 | 2010 | 2011 | 2012 |FHE *%é%gq R (5 %) (j%;%ﬁ
R (/) BR[| TR | xzmA
0.0~0.4| 0.65 | 0.58 | 0.59 | 0.61 | 0.68 | 0.65 ] 0.90 | 121 | 1.1a | 1.10 | 0.81 | 0.69 | 1.41 | 0.21 | O
0.5~1.4| 4.92 | 4.95 | 5.23 | 5.62 | 4.80 | 5.08 | 6.94 | 7.56 | 7.82 | 7.80 [ 6.08 | 5.79 [ 9.13 [ 3.03| O
1.5~2.4]10.06 [10.15 [10.09 [11.31 | 9.38 [10.83 [12.09 [12.36 {12.35 [12.90 [11.15 |10.58 [14.05 | 8.25 | ©
2.5~3.4[13.91 [14.28 |14.41 [14.52 [13.35 [14.11 | 14.46 [16.20 |14.86 [14.10 [14.42 |15.24 [16.19 [12.65 | O
3.5~4.4|15.55 [14.93 |14.78 |16.34 |14.98 |15.93 | 15.47 [15.05 [15.26 [14.60 [15.20 |16.48 [16.57 [14.01 | O
4.5~5.4[13.97 |12.98 |12.75 | 13.85 [14.76 |13.52 [13.42 [13.75 [12.61 [12.80 [13.44 {13.66 |15.04 [11.84 | O
5.5~6.4|11.36 [10.40 |11.85 |10.73 |11.54 |10.67 | 10.40 [10.51 | 9.52 [10.40 [10.74 [11.14 [12.35 [ 9.13 | O
6.5~7.4| 8.16 | 8.38 | 8.75 | 7.90 | 8.66 | 7.72 | 7.14 | 722 | 749 [ 810 | 7.95 | 804 | 9.20 [ 662 O
7.5~8.4| 6.41 | 6.50 | 6.98 | 5.44 | 6.25 | 5.74 | 5.23 | 5.40 | 6.17 [ 6.10 [ .02 | 564 | 7.35 | 4.70| O
8.5~9.4] 4.97 | 5.31 | 4.65 | 4.10 | 4.85 | 4.30 [ 412 | 3.20 | .43 [ 420 | 4.43 | 202 ] 581 ] 3,06 | O
9.500 F [10.04 [11.52 | 9.92 | 9.58 [10.65 |11.45 | 9.84 | 7.54 | 8.37 | 7.80 [ 9.67 | 8.74 [12.98 | 6.36 | O
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® AMRESR (A[E)

(FE%18m)

BIHE 17

BUHGET - BotN AR (& 18m, H#i L& 10m) (%)

gt 2001 2002 | 2003 | 2004 | 2007 | 2008 | 2009 | 2010 | 2011 2012 | WA BREE HHBTE (5 %) (jgﬁéﬁ

R\ 2005 | ppg | FER | xgEs
N 3.29 3.24 | 2.85 2.50 | 2.57 2.17 2.52 | 2.81 2.62 2. 40 2.70 | 2.15 3. 54 1.85 O
NNE 12.39 [12.29 [12.11 [10.30 | 7.29 | 9.57 J11.21 | 9.18 |11.62 | 8.50 [10.45 | 9.93 |14.64 | 6.26 O
NE 12.70 |15.12 [17.57 |13.28 [15.17 |17.51 [16.15 |12.25 [12.18 |11.60 [14.35 |15.15 |19.68 9.02 @)
ENE 3.27 3.57 3.90 | 3.74 | 5.42 | 6.41 5.52 | 5.07 4.14 ] 6.40 | 4.74 | 4.49 | 7.52 1.97 O
E 2.51 2.86 | 2.84 | 2.62 3.05 2.44 1 2.85 | 2.19 1.78 1. 80 2.49 2.60 | 3.55 1.43 @)
ESE 3.04 | 3.68 3.30 | 3.81 3.44 | 3.44 | 3.98 | 3.36 3.25 2.30 | 3.36 3.49 | 4.46 2.26 O
SE 5,14 | 5.79 | 5.80 | 5.63 | 4.29 | 4.37 | 4.59 | 5.21 | 4.53 [ 4.60 | 5.00 | 5.73 | 6.40 | 3.59 O
SSE 4.00 | 3.66 3.99 5.62 5.03 | 4.47 4.63 | 6.32 5.73 6.00 | 4.95 4.59 | 7.16 2.73 O
S 2.41 | 2.22 | 2.63 | 3.85 | 3.68 | 3.79 | 3.25 | 4.55 | 3.54 | 4.20 | 3.41 | 2.31 | 5.25 1.57 (@)
SSW 3.52 3.26 3.07 3.20 3.19 | 2.35 3.28 | 3.64 | 3.38 3.40 | 3.23 2.36 | 4.06 2.40 X
SW 1.37 0.79 1. 35 1.08 1.53 1.09 1. 06 1. 00 1.12 1. 30 1.17 1.22 1. 68 0. 66 O
WSW 2.94 1 2.70 | 2.48 | 2.15 1.44 | 1.25 | 2.47 | 2.66 | 2.34 1.90 | 2.23 | 2.40 | 3.54 | 0.92 O
W 12.93 |11.05 [10.01 J11.71 4.73 4.55 6.91 6.99 7.88 6. 30 8.31 |10.13 [15.30 1.31 O
WNW 19.82 |18.95 [18.46 |19.53 [24.91 |22.81 [21.72 |22.62 [22.60 |22.90 [21.43 |21.68 |26.45 |16.42 (@)
NW 6.86 | 6.86 | 6.03 6.52 9. 65 8.87 6.09 | 7.67 8.35 |10.90 7.78 7.42 |11.65 3.91 @)
NNW 2.97 2.92 | 2.33 2.61 3.51 3.10 2.43 | 2.87 3.04 3.50 | 2.93 2.65 | 3.87 1.99 O
CALM 0.82 1. 03 1.29 1. 85 1. 11 1.82 1.35 1.6 1.9 2.00 1. 48 1.69 | 2.46 | 0.49 O

L) 2006FEIIAER 148D T — X (2 ) A AOEENH > 7272 DRIV L, 2004FE 4 BN LTz,

©® TAMRER (A=)

(FZ%=18m)

BULET « BOM AT (B 18m, HIER 10m) (%)

\#fééftfi 2001 | 2002 | 2003 | 2004 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 |F¥fE t%é%fz AR (5 %0) (jgﬁia
L (m/s) O EBR [ TER | xzEH
0.0~0.4| 0.82 ] 1.03 | 1.29 | 1.85 | 1.11 | 1.82 | 1.35 | 1.60 | 1.90 | 2.00 | 1.48 | 1.69 | 2.46 | 0.49 O
0.5~1.4[12.24 |12.79 [13.24 [14.96 |14.40 |15.93 [13.88 |15.83 |15.92 [16.70 |14.59 |15. 14 [18.20 |10.98 @)
1.5~2.4130.43 [30.39 |28.56 |31.22 [32.03 [33.39 |32.69 [32.91 |33.15 |31.40 [31.62 |32.77 [35.24 [28.00 @)
2.5~3.4[22.23 |21.48 [21.80 [22.97 |21.70 |21.95 [23.48 |23.08 |23.60 [21.90 |22.42 [20.88 |24.29 |20.55 O
3.5~4.4(10.85 [10.91 |11.31 | 9.77 [10.95 |10.88 [10.69 | 11.19 [10.19 |10.70 |10.74 |10.16 [11.83 | 9.66 O
4.5~5.41 7.69 | 8.16 | 9.27 | 6.25 | 6.89 | 6.66 | 7.22 | 6.75 | 6.01 | 7.10 | 7.20 | 7.09 | 9.49 | 4.91 O
5.5~6.4| 5.21 | 6.40 | 6.23 | 4.34 | 4.69 | 4.15 | 3.91 | 3.58 | 4.17 | 4.50 | 4.72 | 4.79 | 6.97 | 2.46 O
6.5~7.4| 4.20 | 4.07 | 3.92 | 3.30 | 3.31 | 2.25 [ 2.60 | 2.02 | 2.44 | 2.60 | 3.07 | 3.01 | 4.96 | 1.18 @)
7.5~8.4| 2.84 | 2.51 | 2.18 | 2.34 | 2.24 | 1.20 | 1.70 | 1.39 | 1.25 [ 1.60 | 1.93 | 2.29 | 3.28 | 0.57 O
8.5~9.4| 1.77 | 1.12 | 1.07 | 1.33 | 1.24 | 0.86 [ 1.20 | 0.72 | 0.60 | 0.70 | 1.06 | 1.09 | 1.90 | 0.22 @)
9.500k | 1.70 | 1.13 | 1.13 | 1.67 | 1.45 | 0.90 | 1.30 | 0.94 | 0.75 [ 0.80 | 1.18 | 1.10 | 1.99 | 0.36 O
TE1) 20066 EIIER 148MDT —F I ) A ADEENH - - ORI L, 2001458 E 42BN 7.
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BIHE 17

@ FAmER (BE)  (FEm148m)

BURSIET - BN AR (B 148, Hb L& 140m) (%)

o000 | 2007 | 2008 | 2000 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | RES il Sk o) (iigg;

L 2005 | LR | FER | <3
N 340 [ 501 | 427 411 | 462 | 443 | 450 | 448 | 438 520 444 | 352 560 328 ©
NNE 6.22 [11.41 [13.51 |18.30 [14.74 [15.31 [14.10 [11.42 [14.50 |20.56 [14.02 | 6.67 [23.32 | .72 ©
NE  [18.45 [18.06 [20.80 [16.75 |14.99 [14.71 |13.66 [15.68 [13.11 |13.60 |15.98 [18.41 [21.91 [10.05 | ©
ENE 8.97 | 7.09 | 6.97 | 551 [ 5.25 | 5,40 | 416 [ 5.74 | 5.59 | 4.95 [ 5.96 | 9.80 [ 9.21 | 272 x
E 442 | 459 | 414 [ 349 [ 317 313 1.65 | 3.02 | 3.06 | 3.04 | 3.37| 555 5.40 | 1.34 | x
ESE 200 | 2.32 | 2.85 [ 2226 | 2.26 | 2222 | 2017 | 2,00 | 236 [ 2220 | 2.36 | 3.66 | 3.10 ] 1.62 | x
SE 2.66 | 2.15 | 2.85 | 2.50 | 274 | 282 | 208 | 299 | 2.79 | 2.26 | 260 | 3.09 | 3.36 | 2201 | O
SSE 3.5¢ | 3.69 | 3.73 | 418 | 4.89 | 268 5.52 | 4.76 [ 5.20 | 5,12 | 454 | 332 6.23 ] 285 ©
S 6.63 | 6.33 [ 5.38 | 5.19( 6.03 | 5.83 ] 6.96 [ 6.48 | 5.87 | 5.76 [ 6,04 | 2090 | 7.36 [ 4.3 O
SSW 502 | 4.54 | 4.55 | 443 | 5.35 | .76 | 5.68 | 6.07 | 4.80 [ 5.45 | 5.08 | 3.13 | 6.37 | .78 | x
SW 516 | 3.92 ] 3.40 | 453 | 5.16 [ 5.76 | 5.38 | 4.04 | 464 | 5.05 [ .79 | 3.67| 6.46 | 3.13| ©
WSW 4.31 | 466 | 3.20 [ 411 | 467 | 407 | 463 481 | 516 410 ] 4.38| 425 | 562 | 314 O
W 465 3.89 | 3.81 [ 447 | 5.55 | .26 440 | 464 | 507 | 424 | 450 5.13] 5.74 | .26 ©
WNW 6.71 | 5.87 | 6.13 | 6.26 | 6.05 | 6.37 | 6.29 | 6.75 | 7.56 | 5.62 | 6.36 | 7.65 | 7.65 | 5.07 [ ©
NW 9.12 [ 9.02 | 8.06 | 7.95 [ 7.99 | 894 [10.14 | 8.95 | 9.69 | 6.99 | 8.68 | 9.54 [10.90 [ 6.47| ©
NNW 6.97 | 7.03 | 5.86 | 490 | 5.27| 598 6.57 | 6.52 | 5.08| 481 5.90] 6.535] 7,02 s.88| ©
caM [ 076 [ 0,42 | 0.39 | 008 | Loe | nse | e | o7 oss| Lot fogo | Lo Les| o] O

1) 20064 TAR @ 148mD T — Z U/ A AOFEENR b o /272 FRsb L, 2004FE 4800 L7z,

® FEAREER (RH)  (FE&E148m)

BHISHT - BON AME (BEE148m, # BiE140m) (%)

- - - =1

B 2004 2007 2008 2009 2010 2011 2012 2013 2014 2015 | FEHIIE *%Eﬁa cucclecarel ggﬁﬂ

2 (/) 2005 E R FIR | x5
0.0~0.4 | 0.76 0.42 0. 39 0. 98 1. 26 1.32 1.21 0.75 0. 88 1. 04 0.90 1.10 1.68 0.12 O
0.5~1.4| 6.43 5.00 | 4.91 6.14 | 6.91 6. 97 {92 5,921 6.20 | 6.78 | 6.26 | 6.99 | 8.18 | 4.33 O
1.5~2.4|11.42 8. 63 9.44 |110.82 |11.16 | 10.43 |10.94 | 10.58 9.76 110.98 |10.42 |11.28 |12.50 8. 33 @)
2.56~3.4|13.72 |11.36 [12.24 |11.61 |12.66 |12.49 (12.38 |[12.89 |12.13 [13.45 [12.49 |14.10 |14.24 [10.75 @)
3.56~4.4|13.58 |12.63 |13.41 |13.26 |12.52 |12.24 |12.12 |14.22 |13.05 | 13.51 |13.05 |13.85 |14.64 |11.47 @)
4.56~5.4112.07 |13.08 [12.09 |12.67 |13.40 |12.60 (11.01 |12.52 |12.25 [11.78 |12.35 |12.03 |13.95 [10.75 (@)
b.b~6.4| 9.68 |11.98 |10.33 |10.78 |10.64 [10.24 [10.01 [10.35 |11.29 | 9.51 |10.48 | 9.92 |12.23 | B.73 Q
6.5~7.4| 7.95 8.74 8.28 8.19 8. 89 8. 08 8. 62 8. 57 9. 22 7.47 8. 40 7. 40 9. 61 7. 18 @)
7.5~8.4| 5.34 | 6.97 7.05 5.91 6.39 | 6.28 182 7.01 6. 63 5.89 | 6.48 5. bl 7.98 | 4.98 O
8.5~9.4| 5.03 5. 60 4. 77 5./03 4. 82 h. 52 6. 08 5.01 5.14 4. 97 b. 20 4. 82 6.17 4,22 @)
9.5k F |14.02 [15.61 [17.08 | 14.61 |11.35 |13.84 [12.98 [12.18 [13.45 | 14.63 | 13.97 |13.00 |17.90 [10.05 @)

1) 2006 FEITAER 48O T — Z T/ A AOEERH 112D L, 2004FE 4B L7z,

IR 17—123

935



BIHE 17

©® =ZTEHEMEXR (BEM)  (FE=89m)
BB : B ARUS (B2 89m, H1bwE 8lm) (%)
g 2004 | 2007 2008 2009 2010 2011 2012 2013 2014 | 2015 | E¥fE RiEs AR5 %) SC;!}K%R
1] 2005 1 bR | FER | x A

N 3.25 | 4.84 | 4.64 | 4.84 | 5.88 5. 68 5. 50 5.04 5. 05 6.22 5.09 3.79 7.05 3. 14 O
NNE 6.03 | 10.15 |12. 15 [17.45 [14.51 |16.54 |14.50 | 11.55 [14.10 [19.46 |13.64 6. 60 |22.84 4. 45 O
NE 17.51 116.08 |19.04 [16.64 [13.25 |12.20 |11.40 |14.95 [13.31 [12.28 |14.67 |17.88 |20.77 8. 56 O
ENE 7.84 6. 78 7.22 5.33 4.72 3.74 3.30 5.73 4.21 4.52 5.34 8.95 8.97 1.71 @)

E 4.02 4. 35 4.18 3.00 2. 48 2.26 1. 80 2.89 2.33 2. 47 2.98 4. 32 5. 11 0.85 O
ESE 2.75 2.29 | 2.79 2.30 2.05 1.83 1.70 2. 17 2.07 1. 91 2. 19 2.77 3.04 1.33 O
SE 2.80 2.21 2. 96 2.89 2.53 2.99 3. 20 2. 56 3. 40 2. 60 2.81 2.75 3. 64 1.98 O
SSE 3.77 3. 74 3.90 4.83 5.80 | 4.88 6. 10 4.79 5.78 5. 58 4.92 4. 16 7.03 2.81 O

S 6. 82 5.76 | 4.74 | 4.64 | 5.94 5.42 5.70 5.01 4. 67 4. 87 5. 36 4. 88 7.03 3. 68 O
SSW 3. 86 3. 40 3. 06 3.59 4.46 | 4.16 4. 30 4.07 3.563 4.25 3.87 2.43 4. 95 2.79 X
SW 3.63 3.07 2. 30 2.96 3.33 4.04 | 4.10 3. 45 3.38 3. 56 3.38 2.64 | 4.63 2.13 O
wsw 3.09 3.28 | 2.75 3.08 3. 37 3.10 3. 80 3. 50 4. 06 3.23 3.33 3.08 | 4.23 2.42 O

W 4. 17 4. 04 3.59 4.13 5.19 4.29 4. 40 4. 66 4.76 4. 26 4.35 4. 58 5.39 3.31 @)
WNW 9.03 7. 66 7.81 8.17 8.29 | 8.59 8.70 9.54 |10.05 7.43 8.53 9.14 |10.51 6. 54 O
NW 15.17 |15.33 |12.82 [10.66 |11.34 |13.08 |14.10 [13.28 [12.90 |10.98 [12.97 [15.31 [16.82 9.11 O
NNW 5. 67 6. 32 5. 42 4. 60 5.65 | 6.05 6. 30 5. 80 5.54 5. 08 5. 64 6. 03 6. 90 4. 38 O

CALM 0.61 0.68 | 0.65 0. 90 1.21 1.14 1. 10 1. 01 0. 86 1.29 0.95 0. 69 1. 53 0.37 O

1) 20064EEE 1T

&
7~ =]

148D T —Z 2 ) A A DEE:

BT DBRINL, 2004FE A BN,

© FEARER (EH)

(FZ%89m)

BUGTT - BOBN A (R 89m, H1 B 8lm) (%)

#rtr 2004 2007 2008 2009 2010 2011 2012 2013 2014 2015 | ‘F¥ME BEs HHIRA (5 %) S:%i?ﬁ

i (n/9) 2005 1 bR | FER | x
0.0~0.41 0.61 0. 68 0. 65 0.90 1.21 1.14 1. 10 1.01 0. 86 1.29 0.95 0. 69 1.53 0. 37 O
0.5~1.4| 5.62 4. 89 5.08 6. 94 7.56 7.82 7. 80 7.41 6.47 7. 60 6.72 5.79 9.42 4.01 O
1.5~2.4(11.31 9.38 110.83 [12.09 [12.36 (12.35 [12.90 (12.41 [11.84 |13.06 |11.85 |10.58 |14.46 9.24 O
2.56~3.4114.52 [13.35 [14.11 |14.46 |16.20 |14.86 |14.10 |15.47 [15.34 [15.31 [14.77 |15.24 |16.74 |12.80 O
3.5~4.4116.34 |14.98 [15.93 |15.47 |15.05 |15.26 |14.60 |15.94 [15.26 [14.65 [15.35 |16.48 |16.71 |13.98 O
4.5~5,.4113.85 [14.76 [13.52 |13.42 |13.75 |12.61 |12.80 |12.85 [13.64 [12.56 [13.38 |13.66 |15.00 |11.75 O
5.5~6.4110.73 |11.54 [10.67 |10.40 |10.51 9.52 |10.40 |10.94 ]10.49 9.78 110.50 | 11.14 |11.84 9. 16 O
6.5~7.41 7.90 8. 66 7.72 7.14 7.22 7.49 8.10 7.38 8. 49 7.34 7.74 8. 04 9.01 6. 48 O
7.5~8.4| 5.44 6. 25 5.74 5.23 5.40 6. 17 6. 10 4.94 5.67 5.51 5. 64 5. 64 6. 66 4.63 O
8.5~9.4 4.10 4. 85 4. 30 4.12 3.20 4.43 4. 40 4. 20 3.89 4. 42 4. 19 4. 02 5.22 3.16 O
9.5l 9.58 110.65 |11.45 9.84 7.54 8. 37 7. 80 7.44 8. 05 8. 47 8.92 8.74 112.21 5.63 O

TED) 20064F EIIAEE 148D T — X2 ) A RDOEENR D > 1= 7=

IR 17—124

WERINL, 200447 E A B LT,
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@ ZEHRER (AR)

(1= % 18m)

BIHE 17

BST - B AR (S 18n, #1IER 10m) (%)

gt 2004 2007 2008 2009 2010 2011 2012 2013 2014 2015 | EHIME e IR (5 %) SI?JJ/ER

AL 2005 bR | FER | xomes
N 2.50 2.57 2.17 2.52 2.81 2.62 2.39 2.26 2.16 2.70 2.47 2.15 2.99 1.95 O
NNE 10. 30 7.29 9.57 [11.21 9.18 [11.62 8. 49 8.24 8.84 [11.06 9.58 9.93 |12.98 6.18 O
NE 13.28 |15.17 [17.51 |16.15 [12.25 |12.18 |11.58 [12.60 |12.33 [13.45 |13.65 |15.15 [18.32 8.98 O
ENE 3.74 5. 42 6.41 5.52 5.07 4. 14 6. 39 7.34 6.61 7.12 5.78 4. 49 8. 65 2.90 O
E 2.62 3.05 2. 44 2.85 2.19 1.78 1.78 2. 84 2. 14 3. 40 2.51 2. 60 3.79 1.23 O
ESE 3.81 3. 44 3.44 3.98 3. 36 3.25 2.38 3.01 3.47 2.82 3.30 3.49 4. 40 2.19 O
SE 5.63 4. 29 4. 37 4.59 5.21 4.53 4. 58 4. 04 4. 56 4. 03 4.58 5.73 5.76 3.40 O
SSE 5.62 5.03 4.47 4.63 6. 32 5.73 6. 01 4. 96 4.74 5.63 5. 31 4. 59 6. 81 3.82 O
S 3.85 3. 68 3.79 3. 25 4. 55 3.54 4. 20 3. 69 3.42 3. 50 3.75 2. 31 4. 66 2.84 X
SSw 3.20 3.19 2.35 3.28 3. 64 3. 38 3.39 3.47 3. 14 3.32 3.23 2. 36 4. 05 2.42 X
SW 1.08 1.53 1. 09 1.06 1. 00 1.12 1. 27 1.47 1.34 1.78 1.27 1.22 1. 88 0.67 O
WSW 2.15 1. 44 1.25 2.47 2. 66 2.34 1.91 1.97 2.52 1.97 2.07 2.40 3.16 0.97 O
w 11.71 4.73 4. 55 6.91 6. 99 7.88 6. 34 5. 87 6.41 5. 74 6.71 |10.13 [11.52 1.91 O
WNW 19.53 124.91 [22.81 |21.72 [22.62 |22.60 |22.88 [22.63 |24.11 [20.77 |22.46 |21.68 [26.09 |18.83 O
NW 6. 52 9. 65 8. 87 6.09 7.67 8.35 110.93 9.78 9.37 7.93 8.51 7.42 [12.10 4.93 O
NNW 2.61 3.51 3. 10 2.43 2. 87 3.04 3.49 4. 17 3.20 3.09 3.15 2. 65 4.32 1.98 O
CALM 1.85 1. 11 1.82 1.35 1. 60 1.90 2.00 1.68 1.64 1.70 1.66 1. 69 2.30 1.03 O

TEL) 20064F FE 1T E 148D F — Z T ) A XD %

BHol-=0RA L, 2004FEEZBMLT,

© ZEHRER (B&F)

(& 18m)

BUSPT - BN AR (B 18n, H#1IER 10m) (%)

g 2004 | 2007 | 2008 | 2009 [ 2010 | 2011 2012 | 2013 | 2014 | 2015 | FME %\ggf AR (5 %) 5?7%)3

JRUH (/) O ERR [ TR | x=HA
0.0~0.4] 1.85 1. 11 1.82 1.35 1. 60 1.90 | 2.00 1. 68 1.64 | 1.70 1. 66 1.69 | 2.30 1.03 O
0.5~1.4114.96 [14.40 |15.93 |13.88 |15.83 |15.92 |16.73 [15.60 [15.63 |16.08 |15.50 [15.14 |17.51 |13.48 O
1.5~2.4131.22 [32.03 |33.39 [32.69 |32.91 |33.15 |31.38 (32.64 [33.04 [31.24 |32.37 [32.77 |34.35 |30.39 O
2.5~3.4(22.97 |21.70 [21.95 |23.48 [23.08 |23.60 [21.94 |22.79 [24.23 |23.94 [22.97 |20.88 [25.05 |20.88 X
3.5~4.4 | 9.77 |10.95 [10.88 |10.69 [11.19 |10.19 [10.67 |11.34 [11.65 |11.54 [10.89 |10.16 [12.28 | 9.49 | O
4.56~5.4] 6.25 | 6.89 | 6.66 | 7.22 | 6.75 | 6.01 7.06 | 7.04 | 6.89 | 7.48 | 6.83 7.09 | 7.87 ] 5.79 O
5.6~6.4| 4.34 | 4.69 | 4.15 | 3.91 3.68 | 4.17 | 4.48 | 3.78 | 3.36 | 4.17 | 4.06 | 4.79 | 5.04 [ 3.09 O
6.5~7.41] 3.30 | 3.31 2.25 1 2.60 | 2.02 | 2.44 | 2.63 | 2.19 1.59 1.93 | 2.43 3.01 3.75 1.10 O
7.5~8.4| 2.34 | 2.24 1.20 1.70 1. 39 1.25 1. 55 1.37 1 0.94 | 1.05 1.50 | 2.29 | 2.62 | 0.39 O
8.56~9.4| 1.33 1.24 | 0.86 1.20 | 0.72 [ 0.60 | 0.72 | 0.71 0.47 | 0.49 | 0.83 1. 09 1.58 | 0.09 O
9.500 1.67 1.45 | 0.90 1.30 | 0.94 | 0.75 | 0.84 | 0.86 | 0.56 [ 0.37 | 0.96 1. 10 1.91 0.01 O

L) 20064F FE ITAE S 148mD T — Z T ) A R D

Wl oT=72 DRI L, 2004 4B LT,

BIHE 17—125
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BIHE 17

® FEAHmER (Am) KF#fFREE)
BT - KFHFRRE (%)
g 2004 2007 2008 2009 2010 2011 2012 2013 2014 2015 | ¥ ME HEE R (5 %) SEJ:ER
JEIE] 2005 b | FER | x5k
N 15.34 17.09| 18.48 | 14.84 | 16.36 | 17.58 | 14.82 | 13.31 | 12.53 | 11.75 | 15.21 | 13. 38 |20. 47 9.95 O
NNE 6.78 6. 87 8.19 7.57 7.63 7.52 7.05 7.07 6. 68 7.83 7.32 6. 68 8.51 6.13 O
NE 6.22 6. 14 8. 14 9. 37 6.51 7.25 6. 82 6. 01 6. 65 8.23 7.13 7.36 9. 76 4.51 O
ENE 8.70 8.79 9.94 |10.20 7.40 7.33 7.71 9. 20 8.31 8. 81 8. 64 9.50 |10.97 6. 30 O
E 9.92 9.38 110.94 9.26 8. 55 7.28 6. 49 9. 98 8.95 8. 87 8.96 110.92 |12.05 5. 87 O
ESE 4. 37 3.22 5.08 3.38 4. 19 3.72 4. 02 3.43 3.79 3. 81 3.90 4. 41 5.21 2.60 O
SE 3.11 3.02 3.38 3.05 2. 99 3.05 3. 74 2.82 2.95 3.07 3.12 2.91 3.74 2.50 O
SSE 1. 30 1. 50 1.12 1.15 1. 29 1.47 1. 36 1. 10 1. 28 1. 17 1. 27 1. 43 1. 61 0.94 O
S 2.99 2.43 1. 56 2.49 2. 82 2.74 2.98 2.96 2.17 2.47 2.56 1. 96 3. 62 1. 50 O
SSW 5.32 5. 83 4. 64 5.28 6. 78 6. 32 6. 22 5. 78 5.79 6. 40 5.84 4.24 7.34 4.33 X
SW 5.47 4. 84 3. 40 3.77 4. 86 5.08 4. 00 4. 01 3.92 3. 97 4. 33 4. 20 5.93 2.73 O
WSw 2.97 3.28 2.61 2.74 3. 62 2.91 3.41 3.21 3.66 3.56 3.20 3.26 4. 09 2. 31 O
W 3.18 2. 86 2.83 2.84 3. 49 3.07 3.70 3. 27 4. 34 2.82 3.24 3.81 4. 40 2.08 O
WNW 2.75 2. 57 2.17 1.72 1.84 2.24 2. 89 2.56 2.54 1. 59 2.29 3. 17 3.35 1.22 O
NW 6.63 5. 69 3.15 4.59 4. 86 4.11 6. 10 6. 47 7.06 5.48 5.41 7.67 8. 34 2.49 O
NNW 13.20 [14.77 [12.63 [16.29 [15.44 |16.86 [17.84 [17.99 [18.01 [19.29 [16.23 [13.36 |21.45 [11.01 O
CALM 1.75 1.73 1.74 1.45 1. 36 1.47 0.83 0. 85 1. 38 0. 87 1.34 1.74 2.22 0. 46 O
VEL) 20064 IIER 14800 T — Z12 /A XOBER Do 12 1= DRI L, 200M4EE 28 LT-,
® FEHmER (BEH) KFH#fFKSRE)
BT : AP HFEERE (%)
\%q 2004 2007 2008 2009 2010 2011 2012 2013 2014 2015 | ‘FH{E TRIEL R (5 70) (j%ﬁﬁ
B (n/9) 2005 1 ppp | FRR | xzEs
0.0~0.4( 1.75 1.73 1.74 1.45 1. 36 1.47 0.83 0. 85 1. 38 0. 87 1.34 1.74] 2.22 0. 46 O
0.5~1.4(33.41 [35.08 [36.96 [37.22 [32.05 [33.83 |31.50 |32.61 |32.82 |26.35 |33.18 35.02]40.51 [25.85 O
1.5~2.4(29.63 [29.88 [30.31 [28.20 [30.41 [29.79 |31.92 |31.80 |30.66 |35.10 |30.77 29. 14| 35. 18 |26. 36 O
2.5~3.4(16.75 [17.72 [16.28 [15.96 |[17.80 [16.66 |16.03 |16.83 |16.86 |17.36 |16.83 16.52(18. 36 |15.29 O
3.5~4.4| 9.81 9.42 8. 08 8. 85 9.43 9.50 9.63 9.81 |10.24 |11.26 9. 60 10. 01| 11. 57 7.63 O
4.5~5.41 4.93 3.73 3.76 4.08 4. 11 4. 18 5.29 4. 44 4.23 4.93 4. 37 4.93| 5.6l 3.13 O
5.5~6.4| 2.05 1. 30 1.53 2.14 2. 59 2.17 2. 47 1. 80 1.97 2.178 2.08 1.84] 3.18 0.98 O
6.5~7.41 0.96 0. 63 0.51 1.14 1.19 1.13 1. 25 0. 82 1.14 0. 98 0.98 0.46( 1.57 0. 38 O
7.5~8.4| 0.41 0. 26 0. 31 0.46 0.53 0.56 0.67 0. 39 0.43 0. 20 0.42 0.19] 0.76 0.08 O
8.5~9.4( 0.18 0.15 0.18 0.21 0.29 0. 37 0.24 0.21 0.18 0. 08 0.21 0.09( 0.40 0.02 O
9.50 L F | 0.11 0.11 0.34 ] 0.30 | 0.25 | 0.34 ] 0.16 | 0.43 | 0.08 [ 0.09 [ 0.22 0.06] 0.52 | 0.00 O

1) 20064EBEITIE & 148mD T —Z 2 ) A4 XD

BT DRI L, 20044FEABM LT,

BIHE 17— 126

538



©» ZFARER (AM)

(N IR SERIAT)

BIHE 17

BUSTT - AR GBI (%)

gt 2004 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | EH#yfE ot | TR (5 %) 5%\'
JALIF] 2005 1 BRR | FRR | x )
N 15.61 | 18.08 | 19.49 | 16.90 | 17.05 | 16.58 | 16.86 | 16.92 | 16.52 | 18.76 | 17.28 | 14.97{20.03 |14.53 | O
NNE 9.51 | 9.46 |11.94 |13.36 | 9.44 [11.36 | 9.70 |10.37 | 9.91 |12.46 |10.75 | 9.71 [14.14 | 7.36 | O
NE 5.07 | 5.21 | 5.40 | 6.15 | 5.19 | 4.83 | 5.89 | 5.79 | 5.13 | 5.70 | 5.44 | 4.45 | 6.44 | 4.43 [ O
ENE 170 | 2.19 | 2.22 | 2.20 | 2.22 | 1.88 | 2.00 | 2.43 [ 2.69 | 2.79 | 2.23 | 1.89 | 3.03 | 1.43 | O
E 2.15 | 292 | 2.36 | 2.48 | 2.38 | 2.37 | 1.90 | 2.42 | 2.68 | 2.52 | 2.42 | 2.17 | 3.07 | .76 | O
ESE 1.32 | 1.95 | 2,02 | 1.75 | 1.78 | 1.60 | 1.68 | 2.15 [ 2.14 | 1.88 | 1.83 | 1.77 | 2.44 | 1.22 | O
SE 2.96 | 2.68 | 2.94 | 2.19 | 2.64 | 2.86 | 2.81 | 2.98 | 2.96 | 2.60 | 2.76 | 3.36 | 3.35 | 2.18 | X
SSE 5.80 | 4.93 | 4.51 | 4.91 | 5.09 | 5.79 | 5.05 | 4.80 | 4.77 | 4.66 | 5.03 | 6.02 | 6.07 | 3.99 [ O
S 11.32 | 9.73 | 8.58 | 9.45 [11.91 [10.63 [10.26 | 8.92 | 9.93 [12.47 {10.32 |10.33 [13.33 [ 7.31 | O
SSW 7.56 | 5.71 | 5.88 | 6.43 | 7.42 | 6.79 | 7.04 | 7.74 | 6.28 | 7.56 | 6.84 | 4.77 | 8.59 | 5.09 [ X
SW 2.13 | 1.79 | 1.58 | 2.68 | 2.70 | 2.29 [ 2.70 | 2.79 | 3.04 | 1.79 | 2.35 | 1.69 | 3.55 | 1.15 [ O
Wsw 0.95 | 0.82 | 1.05 | 1.13 | 0.97 [ 0.97 | 1.18 | 1.11 | 1.07 | 1.15| 1.04 | 0.95 | 1.30 [ 0.78 | O
W 1.80 | 1.70 | 1.58 | 1.70 | 1.44 | 1.71 | 1.50 | 1.42 | 1.75 | 1.46 | 1.61 | 1.89 | 1.94 | 1.27 | O
WNW 4,70 | 4.69 | 3.84 | 3.98 | 3.98 | 4.36 | 4.28 | 4.43 | 4.94 | 2.88 | 4.21 | 6.05 | 5.60 | 2.82 X
NW 9.27 | 8.70 | 7.85 | 7.77 | 7.62 | 8.06 |10.22 | 9.14 | 9.83 | 6.42 | 8.49 |10.63 [11.23 [ 5.75 | O
NNW  [15.51 [17.31 |16.04 |14.80 |15.83 [15.60 |16.16 |16.05 |15.40 |13.91 |15.66 |16.88 [17.78 [13.54 | O
CALM 2.64 | 2,15 | 2.73 | 2.11 | 2.33 | 2.34 | 0.80 | 0.56 | 0.94 | 1.00 | 1.76 | 2.47 | 3.74 | 0.00 [ O
TEL) 20064F EIIAEE 148D T — X2 ) A ADEERBH - T- DRI L, 20044FEEBI LT,
EHRER (BUR) (NBIEKSEHPT)
BT « /N ERSBLINET (%)
gt 2004 [ 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 |EH{E %gf TR (5 %) &%ﬂ
TR (m/s) ERR | TR | x 3R
0.0~0.4| 2.64 | 2.15 | 2.73 | 2.11 | 2.33 | 2.34 | 0.80 | 0.56 | 0.94 | 1.00 | 1.76 | 2.47| 3.74 | 0.00 | O
0.5~1.4]21.92 |21.13 [22.45 {22.79 |22.30 [22.11 [16.85 |18.40 |18.83 [18.49 [20.53 | 20.97|25.64 |15.41 | O
1.5~2.4 [28.61 |30.72 |31.17 [29.65 [30.58 |28.79 |30.61 [29.38 [32.17 |31.56 |30.32 | 30.33|33.13 |27.52 | O
2.5~3.4|17.92 [18.99 [17.19 |18.04 |20.06 [19.71 [21.00 |20.11 |20.21 [20.27 [19.35 | 18.36/22.32 |16.38 [ O
3.5~4.4|11.69 |11.62 [10.66 |12.27 |11.79 [12.18 [12.28 |13.73 |12.06 [12.35 [12.06 | 10.84|13.89 |10.23 [ O
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PROJECT | YEARS | Materials Conditions Tested Measured
tested Pressure Temperature | Gas retention
[bar abs] [°C] composition % | Efficiency
steam %
ACE 1989- Cs 1.4 145 42 99.9999
1990 Mn 1.4 145 42 99.9997
Total 1.4 145 42 99.9997
iodine
(particles
and
gaseous)
DOP 1.2-1.7 ambient 0 99.978 -
99.992
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