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(MeV) ) (MeV) )
1 0.01 7.8X101'8 22 1.5 2.4X1018
2 0. 02 8.7X1018 23 1.66 7.5X1017
3 0.03 1.0X10'° 24 2.0 1.6X10'8
4 0. 045 1.4%X102° 25 2.5 4.6X10'8
5 0. 06 5.3X1017 26 3.0 1.3x10'7
6 0. 07 3.6X1017 27 3.5 1.5X10'5
7 0.075 2.0X101° 28 4.0 1.5X10'5
8 0.1 9.9X10'° 29 4.5 5.0X10°
9 0.15 4.6X10'7 30 5.0 5.0X10°
10 0.2 5.6X1019 31 5.5 5.0X10°
11 0.3 1.1X102° 32 6.0 5.0X10°
12 0.4 6.6X1018 33 6.5 5.7X10%
13 0.45 3.3%X101!8 34 7.0 5.7X10%
14 0.51 1.1X10° 35 7.5 5.7X10%
15 0.512 3.7X1017 36 8.0 5.7X10%
16 0.6 1.6X101° 37 10.0 1.8x104
17 0.7 1.8X101° 38 12.0 8.8%103
18 0.8 5.4X101!8 39 14.0 0.0
19 1.0 1.1X10'° 40 20.0 0.0
20 1.33 5.0X101!8 41 30.0 0.0
21 1.34 1.5X10'7 42 50. 0 0.0
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1 0.01 1.3X10'° 22 1.5 2.2X1018
2 0. 02 1.5X101° 23 1.66 3.7X1017
3 0.03 1.7X101° 24 2.0 8.0X10'7
4 0. 045 2.9%X1020 25 2.5 1.1X10'8
5 0. 06 7.4X1017 26 3.0 1.7X10'6
6 0.07 4,9%X1017 27 3.5 4.8%10"2
7 0.075 4,2X101° 28 4.0 4.8%10"2
8 0.1 2.1X1020 29 4.5 2.2%X10°
9 0.15 4.7X10'7 30 5.0 2.2%X10°
10 0.2 8.0X10'° 31 5.5 2.2%X10°
11 0.3 1.6X102° 32 6.0 2.2%X10°
12 0.4 9.3Xx10'8 33 6.5 2.6X10%
13 0. 45 4.6X10'8 34 7.0 2.6X10%
14 0.51 1.4X101° 35 7.5 2.6X104
15 0.512 4,7X1017 36 8.0 2.6X104
16 0.6 2.1X101° 37 10.0 7.9%103
17 0.7 2.3%X101°9 38 12.0 4.0%103
18 0.8 7.2X10!8 39 14.0 0.0
19 1.0 1.4X101° 40 20.0 0.0
20 1.33 4.6X10'8 41 30.0 0.0
21 1.34 1.4X10'7 42 50. 0 0.0

59-10-¥s 1-24

41



5 1-6 &

BT~ B OAD A X A < BOFHIIZ W 5
T ROV BRI o~ S R AR TR (3/4)

(AR 2N b FEhits)

re TRVX | W~ R R AR R re TRILX | H o~ AR R IR

(MeV) ) (MeV) )
1 0.01 1.6X10'° 22 1.5 1.9X10'8
2 0. 02 1.8X10'° 23 1.66 1.9x10'7
3 0.03 2.0X101° 24 2.0 4.1X1017
4 0. 045 4,0%X1020 25 2.5 4.1X1017
5 0. 06 6.1X1017 26 3.0 9.4X10'5
6 0.07 4,1X1017 27 3.5 3.5x10!1!
7 0.075 5.9%X 1019 28 4.0 3.5x10!1!
8 0.1 2.9%1020 29 4.5 3.6X10°
9 0.15 3.8X1017 30 5.0 3.6X10°
10 0.2 3.5X1019 31 5.5 3.6X10°
11 0.3 7.1X1019 32 6.0 3.6X10°
12 0.4 1.1X101° 33 6.5 4.1%x104
13 0. 45 5.7X1018 34 7.0 4.1X10%
14 0.51 1.2X101° 35 7.5 4.1%104
15 0.512 4,1X1017 36 8.0 4.1%x104
16 0.6 1.8X101° 37 10.0 1.3x104
17 0.7 2.1X101° 38 12.0 6.3X103
18 0.8 8.3X10!8 39 14.0 0.0
19 1.0 1.7X101° 40 20.0 0.0
20 1.33 3.9%x1018 41 30.0 0.0
21 1.34 1.2X10'7 42 50. 0 0.0
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7t THRX | T RRRE AR R rt TAHX | T~ B R RRR IR R

(MeV) (=) (MeV) (=)
1 0.01 3.7X10'° 22 1.5 6.5x10"'8
2 0.02 4.1X10'° 23 1. 66 1.3%X10'8
3 0.03 4.8X10'° 24 2.0 2.8X10'8
4 0. 045 8.3X102° 25 2.5 6.2X10'8
5 0. 06 1.9%X10"8 26 3.0 1.6X10L7
6 0.07 1.3X10"8 27 3.5 1.5X10t3
7 0.075 1.2X102° 28 4.0 1.5X10t°®
8 0.1 6.0X102° 29 4.5 1.1X10°8
9 0.15 1.3X10"8 30 5.0 1.1X10°8
10 0.2 1.7%X102° 31 5.5 1.1X10°8
11 0.3 3.4X%X102° 32 6.0 1.1X108
12 0.4 2.7X10'° 33 6.5 1.2X10°
13 0.45 1.4X10'° 34 7.0 1.2X10°
14 0.51 3.7X10t° 35 7.5 1.2X10°
15 0.512 1.2X10'8 36 8.0 1.2X10°
16 0.6 5.5X10'° 37 10.0 3.8%X10%
17 0.7 6.2X10"° 38 12.0 1.9Xx10%
18 0.8 2.1x10'° 39 14.0 0.0
19 1.0 4.2%X10%° 40 20.0 0.0
20 1.33 1.3X10"° 41 30.0 0.0
21 1. 34 4.1X10'7 42 50.0 0.0
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Ea-1£ REBREM

Parameter Standard Range
Value
Geometric | injection nozzle dismeter (ca) 15 1~15
propecty scrubbing depth (meters) 3.7 0~3.8
pool water temperature T) &0 20~110
Hydraulic | carrier gos teamperature {C) 150 20~300
property stean fraction (vol. %) 50 0~80
corcler goo flow rate {L/min} 500 300~2000
Aerosol particle dismeter (pm) | 0.21~1.1 0.1~1.9
property caterial LATEX LATEX, Csl
CARRIER GAS OUTLET
CARRIER GAS — ==
INLET .
WINDOW
[
8
Q|
E
0
=
INJECTION NOZZLE—]
.': -
_
HEATER FOR BOILING
5 4-3 B Ak 1E oo 2
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FIGURE 9. Concentration of Elemental Iodine in the Main Room,

Run A6
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%1 R.K.Hilliard et.al, “Removal of iodine and particles by sprays in
the containment systems experiment” , Nucl. Technol. Vol 10

pp499-519, 1971

%2 R.K.Hilliard et.al, “Removal of iodine and particles from
containment atmospheries by sprays” , BNWL-1244

%3 R.K.Hilliard and L.F.Coleman, “Natural transport effects on

fission product behavior in the containment systems experiment” ,
BNWL-1457
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Concentration of Elemental
Iodine in Gas Space, Run A-5
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5F) lITHOWNT

Py var s TV TORI T T LEMKE S FEORE
hE (LLF TDFJ w9 ,) &L T, Standard Review Plan 6.5.5
WK SZFZDF10Z®RELTWDH, Z X Standard Review Plan 6.5.5
ZEWT, EELOSFORIZ IV LR ENRLELT, Mar
k—IDKOMark—IICHLTDFIOMUTF, Mark—TIZxLT
DFSUTZERTLIEHAGIE, FICHAEZLELETARLTHR W]
CoRE (SR CESKbLoTHhHY, HilEE RKBEHMEIMa r
k —THRFFFEMNEGEZEAL TV EE, 7Ly v a v -
TV OWEOAEICEDLLT, DFI0ZEHAT 2L TWD,

B, AL OFIConTE T AROMETCHDH b, ADF
OMBICEFHEL TV, T REIZFODFIZOWTIE, MAA
ProA s e 7itE 702775 (SUPRA=—FR) 2T
LTW5s,

[Standard Review Plan 6.5.5] (#kF¥+)

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 | !

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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%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 Is concentration) decreases. These decreases

cause the pool scrubbing to become less effective at the iodine

. »
concentrations of pool.
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%4 : “State-of-the—art review on fission products aerosol pool
scrubbing under severe accident conditions”, 1995
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Pogl

Mizing Chamber
ladine Feeding
Las Callectar
Sampier
Sampiar

Orilice Assembiy

# 3K POSEIDONZERIKR
1R OEREKME
Program Aerosol Aerosol Carrier Steam mass | Water Pool Injector
size, pm fluid fraction temp., "C | pressure
Csl 1.7-27 N, + 0.008 - 25
ACE CsOH 1.6 -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, 0.4-27 He + 0-0.95 - near sa- ambient orifice
Sn 2.7 steam turated
Csl ~45 273 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 < 0.3 orifice
JAERI DOP 0.3 -10.0 air 0 ambiene ambient single
orifice
LACE - Csl 1.7-7.2 N, + 0.07 - 110 3 bar -single
Espaiia steam 0.85 {abs.) orifice
-multior.
SPARTA Csl 0.7 air + N, 0 close o ambient 2 orifices
sataraton
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 |
| steam (downco- |
L mers) I
IPOSEI- I, vapour - N, 0 ambient ambient | -single |
I  DON orifice |
e e e (e I — — — — |- multior, |
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Vivand —_=2 7
2R OEBRMER
Experiments Species tested DF range
Cs 145 - 3000
ACE Mn 11 - 260
I 47 - 1500
DOP 6-12
EPRI Csl, TeO, 1.4 - 1600
Sn 110 - 6800
EPSI Csl 2100 - 3300
GE Eu,0, 68 - 2900
Csl 7-10
JAERI DOP 10 - 150
LACE-Espaila Csl 16 - 3000
SPARTA Csl 7
UKAEA N o o - — L5 1680 _
| L 14 - 240 L
POSEIDON Iy, 20-300000

Only one test performed.
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CsOH % $3.2x10°° Hp4.0x10° 7
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Sr0 # % 8.6x10 ° #2.6X10°
BaO %5 #9.2x10°° #1.6X10°
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La, 03578 1 1.6X10 ° #1.1x10 °
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(h - [KERHEOEE IV — S 12T B4 IE%)
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i A KA $4.3x10° #9.5x10 1
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CsOH # #3.2xX10°° ¥ 4.0x10 7
Cs JH*?2 $13.4x10°° ¥ 4.5x10° 7

Sb %A 9 6.8x10 ° #9.0x10 8
TeO, ¥8 #16.8X10 6 #19.0x10" 8

Sr0 % #2.7x10°6 %1 3.6x10 8

BaO #H ) 2.7x10° ¢ #3.6X10 8
MoO » 8 $3.4x10° 7 ¥ 4.5X10°
Ce0 . A ) 6.8x10 8 $19.0Xx10° 10
La, 0378 2.7x10 8 #3.6X10 10O

1 N EEE 2L TFY B
%2 CsIZH KON CsOH H D fE 2> & 5F Al (FFAH 1= 1)

OTMIR®HEESR R FHOREEMFLTOBMERICONT

BoT-1 RICKDE, EHEBEMEZE (Cs I, CsOH) OXv 7
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BOBBMEAENRKREW (100 ° A —F—) LWIFRIZR->TWND,

—J, TMIX®EER R FHDREETFHTOBNFLENL, FH
MBEALLELLGA IR ZESBEESNINFIRWEITX, LHo>FLEID
LEOmBERMEOME TH Y, | - AR EVEO W E O i &L s R
MOMBELH_XTAHAETHLZEDN D> T WD,

BT-3 F£ix, TM I FHR I S 7z i R o 5t & O 17 1E
BTHLN, A AREBERENEEE (B v AKX D3%) BDEFFE
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73K TM I Stk 7l & 472 S YERE TR o 55 B g O A7 1 &
(B4 %)
ERRE R EEEE

%iE

144Ge 154Eu 155Eu QOSr 106Ru 1258b 1370S 129[ 85Kr‘
[REIEEE
| [RFIFEE 105.4 1227 1095 89.7 93.2 117.2 40.1 42 30 |
RFRRA AR - - - 1 - 0.2 3 1 -
HFEK, [ABS % 0.01 - - 2.1 0.5 0.7 47 @nt 54
HYMER - - - 0.1 - 0.7 5 7 -
=X 105 122 110 93 94 119 95 97 85

T LBREAQIRENEEESENTIY (BHTH T KRR O, CCTORBFRIIFOALAUN —EAE(E
Bl HHERELOTLES, LI=htoT, CTITRESNIIDA VAU —[ECsERETHHEE RS,
MEAEFEG=F T VRABOSIHER ORI GEN 2 = — FFEHHER
HEL:TTM T — 2 5RO EN MR (2, I B pEER B AR
T & Vol.32, No.4 (1990)) ]

T, BT4RT, BEF R TFHORETFLBRICERINTZREE
it o LE P RE RO T VSR TH LD, Kb EL
IR T LIOEREEREEEE (B a0k oFK) ThHhy, £<
OF - RFEREEEIIABRE (ND) EWIHIHERERS TV D,

FHIT-4K BEH R AORBERFRRICRE ST
358 h D S PR R A

(Bf: Ba/kg-SEE)

[ RD]x1 [E A2 [ M@ @565 #Y-CR |OEFERRMT |5 y &
EUE ST A e S SrA0% LR AT gy [ORE (JEEE (OEEE
(FGALTE $500m) *2 (FEF500m) +2 (PTG #7500m ) *2 (3£#51,000m) #2 | (IE#500m) 2 [FIOUU Laleaas i
HHERAR 3/21 3/25 3/28) 3/26 3/28 3/25 3/28) 3/26 3/22 3/22 3/22 3/22
ST JAEA JAEA Pl st JAEA s JAEA Phog JAEA JAEA JAEA JAEA JAEA
EEL] 3/24 3/28 3/30) 3/28 3/30) 3/28 3/30} 3/28) 3/25) 3/25 3/24 3/25]
#% [1-131(#8R) 5.8E406 5.7E+06] 3.8E+0 3.0E+06 3.9E+04 1.2E407 2.6E+06] 4.6E+05 3.1E+06 7.9E+05 226406 5.AE+06
T (1320820 ) *4 4 2.3E+05) *4 1.3E+02) *4) 1.5E+05) #4) #4 4 *4 4|
Gs-134(#024F) 34E+05 48E+05 5.3E+05 TIE04 3.2E+02 3.5E+06 9.7E+03) 6.85+04 9.5E+05 BTE+03 1.7E+04 1.6E+05]
Cs-136(#113H) 7.2E+04 6.1E+04 3.36+04) 1.0E+04 28E+01 46E+05 6.9E+04) 3,6E+03 1.1E+05] 1.9403 22E+03 256404
Ce—137(#730%F) 34E+05 48E+05] 5.1E+05] 7.6E+04 3.2E+02 35E+06] 9.3E+05 6.7E+04 1.0E+08] 2.06+04 1.6E+04 1.6E+05]
Te-120m(#5348) 256405 2.8E+05 B.5E+05 5.3£404 ND 276406 6.0E+05) 2.8E+04 8.9E+05 856403 1.9E+04 1.7E+05]
Te-132(3938) 6.1E+05 34E+05] 3.0E+0 6.5E+04 1.4E+02) 31E+06 2.0E+05] 3.2E+04 1.9E+08] 24E+04 3.8E+04 38E+05
Ba-140(4913R) 1.3E+04 156404 ND| 25E+03 ND ND ND ND)| BOE+04 ND| ND ND
Nb-95(#935H ) 1.7E+03| 2.4E+03] ND| ND ND| 5.3E+03 ND| ND 8.1E+03 ND ND 7.9E+02|
Ru—106(#53708) 5.3E+04 ND ND 6.4E+03 ND)| 276405 ND| ND| 6.8E+04] 1.9E+03 ND 326404
Mo-99(#9 66E5R) 2.1E+04 ND ND| ND ND 6.6E404 ND| ND)| ND| ND| ND ND
Te-99m($IGERAE) 2.3E+04 2.0E+04) ND| ND ND 4.5E+04] ND)| 1.88+03] 2.3E+04| ND) ND 8.3E+03
La-140(8928) 3.3E+04 37E+04) ND| 23403 ND 9.7€+04] ND| 2.56+03 2.1E+05 426402 6.26+02 7.8E+03
Be- (#4536 ND ND ND| ND ND ND ND| ND 326404 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

H#: W8 /) (BR)HP (http://www. tepco. co. jp/cc/press/11040609-3. html)
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Fig. 4 Dry deposition velocity as a function of particle size. Data were obtained from a number of
publications.'* =*# The theoretical curve appropriate for a smooth surfzce is shown for comparison.
Note that the theoretical curve is sttongly dependent on the value for i+ and that Eg. 22 does nol
conlain a parameterization for surface roughness. For a preliminary study of the effect of surface
roughness and other factors, see Rel. 5.

2 15-1 B2 ZRIRRIZ I D IR LA HE (Nuclear Safety Vol. 19%7%)

<1 J.L. Sprung %¥ : Evaluation of severe accident risk : 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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B#%1-1 NUREG/CR-59010 fiF:

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 carefuily in the experiments done to date. It is assumed here that the
logarithm of the solute mass is uniformly distributed over the range of In(0.05 g/kilogram
H,0) = -3.00 to In(100 g/kilogram H,0) = 4.61. .

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

(8) Density of Suspended Solids. Among the materials.that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 glem®) or Si0, (p = 2.2 g/em’) from the concrete and
UO,(p = 10 glem®) or Z10, (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/em. 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 § 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, =

o(w) (1-5) for e <05 }
{o(w) (1+S) for e > 05

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

(10) Mean Aerosol Particle Size. The mass mean particle size for aerosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is

reason to believe smaller particles will be produced if a water pool is present. Examination of
aerosols produced during melt/concrete interactions shows that the primary particles are about
0.1 um in diameter. Even with a water pool present, smaller particles would not be expected.
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Consequently, the natural logarithm of the mean particie size is taken here to be uniformly
distributed over the range from In (0.25 um) = -1.39 to In (2.5 um) = 0.92.

(11) tion. The aerosols produced
during core debns«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 cuursc of core debris interactions with concrete,
UQ2 with a solid density of around 10 g/cm is the predominant aerosol material. As the
mteractmn progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/em® and condensed products of concrete decomposition such as Na,O, K30, 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 1s taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 g/em?.

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

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

13 VCH
‘Db = E(E) I cm
* 80/2

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

= 0.0105 ¥{o, /g(p;~p )1V

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

9.2.1 Aerosols in the RCS

QNJIEEI

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
betweenin size at the point of measurement. The composition of the particles was found to
be dominated by Cs, Sn and U: while the Cs and Sn mass contributions remained constant and very similar
in mass, U was relatively minor in the first hour at 1860 K evolving to be the main contributor in the third
(very approximately: 42 % U, 26 % Sn, 33 % Cs). Neither break down of composition by particle size nor
statistical size information was measured.

9.2.1.2 | PBF-SFD

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

922 Aerosols in the containment

9.2.2.1 | PHEBUS FP

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 um at
the end of the 5-hour bundle-degradation phase growing to 3.5 pm before stabilizing at 3.35 um; 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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WRPB—RSZZ ANNEX-A

2.2.2  Meadow grass and crops
Elemental iodine

Methy! iodide

There are fewer data for methyl 1odide than for elemental iodine. but all the data mdicate that
it is pootly absorbed by vegetation, such that surface resistance is by far the dominant resistance
component. The early data have been reviewed elsewhere (Underwood, 1988; Harper er al, 1994) and
no substantial body of new data is available. The measured values range between 107 and 10~ m s
approximately. Again, there are no strong reasons for taking 7, to be a function of windspeed, so 1t 15
recommended that v, is taken to be a constant. Based on the linufed data available, the ‘best judgement’

value of vy is taken asfio0™ m §

hnd the ‘conservative’ value as 107 m s Where there is uncertainty

as to the chemical species of the 10dmne, it 1s clearly safest to assume that 1t 1s all in elemental form from

the viewpoint of making a conservative estimate of deposition flux.

223 Urban

Elemental iodine

Methvl iodide

There appear to be no data for the deposition of methyl iodide to building surfaces: the
deposttion velocity will be linuted by adsorption processes and chenucal 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), 1t 15 recommended that the values for extended grass
surfaces be used.
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HZDOLEY LT,
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ENE, E, ESEIZDWTIX 2005 FFHEIZ%F L 2015 41X 0. 5~0. 9 f5H2
BEDRIREE & 72V, 2005 FFHE TOFNIZRFRIZRFM & 7o > TR Y, #E
AR R~ DL B 2 72\, 728, S SWIZ DWW TIE 2005 4 (2% L 2015
IR 1 LS OMRE L IZEFRETHY, £, S SWITHEEN IR
< AR EE D E R ITAL & 1T 72 B Te O EFEHI ~ DT e,

% 1-2-3 & FEHEII N7 JR A O A R EE 0 b s R

FASRHEEEE™ (s,/m®) | FERHEE™ (s/m?)
JaL 7] it (B A)
(2005 4FE) A (2015 4FJ%) : B

ENE 1.456X10° 1.258 X107 ° 0. 864

E 1.982X10° 1.010X10™° 0.510
ESE 1.810X10° 1.062X10° 0. 587
SSW 1.265X10°° 1.421X10°° 1.123

¥ REHMEARE THLZHE LR BEREICBIT 5, & IALD 1 KR
DRGET — X e HWTEROMIBEZ/NSIWHNLREEL, 0
BUFEBEE DY 9T %1224 7= 5 AH R i 2

L fE
2006 FEE DR G T — X WD Z L O EBRFTOXET — ¥ LDt

WS L0 Al L7/ R I T O &R0,

(1) fHEF MR O EFHFIZH O DA REIC DWW T, MEFmIC AW 2545
(2005 ) &R DORER (2015 4£E) TOFHEFRICOWTHEZT -
o R, KRBT SN TV DR E OFELE) (30%LAN) DOFiHIC

IWE D, 2005 FFEDRKRET — Z TR R0,

(2) 2005 FEEDKRET — ZITHOWTHEEROREHFART —Z (2001 44 H ~
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2013 4E 3 A) RORHFASLRT —4 (2004 4 4 H~2016 453 ) THREEMH
EEAT-o TR, BRIV, AERBINIV, £, [GEHHEEITT
AT D ENHERIN TV IRFORBREEDRET —ZICBW\ T,
2005 FFEDORG T — X IXFEAEII D 70 <, BEE L ITHB Sz,

(3) BEERMEIC THER I NI OFHXHREIZOWTIE, BoRRT —4 &
HARTERSE, DV, IRIERSE 2o TE Y, MEFERER~DREL
B2 720,

PLEXY, 2006 FEDORGET — X M EHMEICH WD Z L3R Y TH 5,
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© ZAFTE (AFE) (FES148m)

RiUSEAT - B AR (PR 148m, #E b 140m)

(%

fﬁtﬁl_ik 2001 2002 | 2003 | 2004 | 2007 [ 2008 | 2009 | 2010 | 2001 | 2012 | J*H{E {%{’%:F '.IIL-#J.JHﬁ(S_ )

FEL|ml VU2 1 RRR | FR

N 3.96 | 5.85 | 3.78 | 3.40 | 5.01 | 427 | 411 | 4.62 | 4.43 | 4.50 | 4.39 | 3.52 [ 6.02 | 2.77
NNE 8.89 | 8.15 | 6.91 6.22 | 11,41 [13.51 [I8.30 [ 14.74 115,31 | 14.20 [11.76 | 6.67 |21.42 | 2.11 O
NI 1971 (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 &
ENE 8.31 | B.38 |10.04 | 8.97 | 7.09 | 6.97 | 5,61 | 5.25 | 65.40 | 4.10 | 7.00 | 9.80 [11.55 | 2.46 &
E 1.39 | 3.76 | 4.56 | 4.42 | 4.9 | 4.14 | 3.49 | 5.17 | 3.13 | L.70 | 3.74 | b.Bb | 5.88 | 1.59 Q
ESE 2.79 | 2.86 | 2.93 | 2.99 | 2.32 | 2.8 | 2.26 | 2.26 | 2.22 | 2.20 | 2.7 | 3.66 | 3.37 [3:/6 ps
SE 2,90 | 2.6l 295 | 2,66 | 216 | 2,85 | 259 | 2.74 | 2.82 | 3.00 | 2.73 | 3.09 | 3.31 214 O
SSE 3.35 ) 3.34 | 3.74 | 3.54 | 3.69 | 3.73 | 418 | 4.89 | 4.68 | 550 | 4.06 | 3.32 [ 5.80 | 2.33 £
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 O
S55W 3.79 | 3.56 | 4.35 | 5.02 | 4.54 | 4.565 | 4.43 | 5.35 | 4.76 | 5.70 | 4.61 | 3.13 | 6.15 | 3.06 O
sW 4,32 1 490 | 4.93 | h16 ] 3.92 | 3.40 | 453 | K16 | 5.T6 | 540 | 475 | 367 | 6.44 | 3.06 Q
WsW 438 | 4.09 | 3.53 | 4.3l 4.66 | 3.29 | 411 4.67 | 4.07 | 470 | 418 | 425 | 5.3 3. 05 O
W 544 | 4.16 | 4.23 | 4.65 | 3.89 | 3.81 | 4.47 | 5.556 | 4.26 1. 40 .49 | 5.13 | 5.88 [ 3.09 O
WNW 5,95 | 5.06 | 6.19 | 6.71 | 65.87 | 6.13 | 6.26 | 6.05 | 6.37 | 6.30 | 6.09 | 7.656 [ 7.12 | 5.06 X
NW 7.95 | T.42 | 7.60 | 9.12 | 9.02 | 8.06 | 7.95 | 7.99 | 8.94 |10.10 | &.42 | 9.54 |10.41 6. 42 o
NN T.63 ] 6.60 | .19 | 6,97 | 7.03 | B.B6 | 4.90 | 52T | 5,98 | 6.60 | 6.20 | 6.53 | 8.35 | 4.05 Q
CALM 1.24] 0.65] 0.75] 0.76] 0.42] 0.39] 0.98 L. 26 1. 32 1.2[ ©.90 1, 1O .73 | 0.06 O

) 19969 H E Tl e EOE A, 199810 sl Ky 75— Y — ¥ ofHlETH S,

H2) 2006 E RSSO T —F 2 ) A ADEERH okl hliEs L, 2001FE 58N,

@ FARER (BE) (FE148m)

LALER - BN A (RS 1480, M EE140m) (%)
i | BERA (5 90) | UL

2001 | 2002 | 2003 | 2004 | 2007 | 2008 | 2009 | 2010 | 20011 | 2012 | |AH4E 2005 6 — Oz

- TH | x3EmH
1.24 | 0.65 | 0.75 | 0.76 | 0.42 | 0.39 | 0.98 | 1.26 | 1.32 | 1.20 | 0.90 | 1.10 | .73 | 0.06 | O
0.5~1.1| 6.70 | 519 | 5.56 | 6.43 | 5.00 | 4.91 | 6.14 | 6.91 | 6.97 | 7.40 | 6.12 | 6.99 | 8.26 | 3.98 | O
[.5~2.4[10.58 | 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 [ O©
2.5~3.4 [12.17 [11.16 |12.556 [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 | 879 | O
6.6~7.4| 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
7.6~8.4| 6.17| 7.68 | 7.35 | 5.34 | 6.97 | 7.05 | 5.91 | 6.39 | 6.28 | 7.30 | 6.64 | .51 | 8.40 | .89 | O
8.6~9.14| 5.14 | 6.81 | 6,01 | 5.03 | 5.60 | 4.77 | 5.03 | .82 | 5.52 | 6.00 | 5. 48 | 4.82 | 7.03 | 3.92( O

9.5k k |15.56 [18.54 |15.15 |14.02 |15.61 |17.08 [14.61 |11.356 [13.84 [13.00 (14.88 [13.00 |19.70 |10.05 O

1) 199669 B F CILE S A BER, 1996F0A MBI Ry I — Y —FDORAETH S,

E2) 20065 EEMES 148n D T — F 2 /A ADRBEEA oot L, 2000FE &R0 L.

61-10-43
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@ ZFEHRER (AM) @EFE&89m)

BT - SHA ASS (5 89m, HEE 81m) (%)

=, !'!'ij:él-i% 20001 | 2002 | 2003 [ 2004 | 2007 [ 2008 | 2009 | 2010 | 2011 | 2012 |£E{ {ig(—}g— 'w::;;%ﬁ f—!i |i;‘ ;I-I‘;ﬁt;;i\l

N 4.00)  4.59| 3,42 3.25) 4.84] 4.64 4.84] b.88| 568 b.bl 4.67 | 3.79 | 6.79 | 2.56 &)
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 @]
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 ] 9.8 | 7.84 | 6.78 | 7T.22 | 5.33 172 | 3.74 | 3.30 ) 6.48 | 8.95 |11.52 | 1.44 5]
E 3.34 ] 3.80 ] 4.30 [ 4.02 | .35 | 4.18 | 3.00 | 2.48 | 2.26 | 1.80 | 3.35 | 4.32 | 5.55 | 1.16 @)
ESE 240 | 2.79 | 2.47 | 2.75 | 2,29 | 2.79 | 2.30 | 2,05 | 1.83 | 1.70 | 2.34 | 2.77 | 3.26 | 1l.42 QO
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 | 6.65 | 2.22 &
5 .77 | 3.66 | 4.43 | 6.82 [ 5.76 | 1.74 | 1.64 | 5.91 | 5.42 | 570 19 ] 4.88 | 7.35 | 3.03 @]
SSW 2.86 | 2.66 | 3.20 | 3.86 | 3.40 | 3.06 | 3.59 1.46 | 1.16 | 4.30 | 3.65 | 2.43 | 507 | 2.02 @)
SW 3.26 | 3.62 | 3.42 | 3.63 | 3.07 | 2.30 | 2.96 | 3.33 | 1.04 .10 | 3.37 | 2.64 1.63 | 2.11 )
WsW 3.32 | 3.338 | 3.11 | 3.09 | 3.28 | 2.76 | 3.08 | 3.37 | 310 | :3:80 | 3:.22 3.08 | 3,87 | 2.B8 Q
W 4.53 | 4.08 | 4.57 | 4.17 | .04 | 3.59 | 4.13 ] 5.19 | 4.29 | 4.40 | 4.30 | 4.58 | 5.30 | 3.30 @]

L 829 | 7.52 | 802 | 903 | 7.668 | 7.81 | 817 | 8.29 | 8.89 | 8.70 | 821 | 9.14 | 9.34 | 7.08 O
NW 16.13 |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 | .88 | 4.76 | 5.67 | 632 5,06 | .30 | 5.73 | 6.03 | 7.32 | 4.15

CAIM 0,65 | 0.8 | 0.59 | 0.61 | 0.68 | 0.85 | 0.90 | 1.21 | 1,14 | 1,10 0.8 | 0.69 [ 1.41 | 0.21 ()]

19964E9 H T i el ks, 19964E10H B F o 7 oY - # o8l Th s,

L) Z00BEE LR S 148D T — F 10/ of ADEERN ot niEs L, 200HEEABINL A,

el
ro
.
=
=
=3
o=
=
oy}

Ty
R

i1

@ zEAMRER (EFE) (FE&89m)

TLNSET - WA ARG R 89m, HBLEF 81m) (%)
Wi | REIRA(5%) | ”f” =
2005 [-F& TR 5

2002 | 2003 | 2004 | 2007 | 2008 | 2000 | 2010 | 2011 | 2012 |EHy{L

0.0~0.4| 0.65 | 0.8 | 0.59 | 0.61 [ 0O.68 | 0.65 | 0.90 1. 21 Lo14 | 110 ] 0.81 | 0.69 | 1.41 | 0.21 ]
0.b~1.4| 492 | 495 | 5.23 | .62 | 4.89 | 5.08 | 6.94 | 7.56 | 7.82 [ 7.80 | 6.08 | 5.79 | 9.13 | 3.03 (@]
1.6~2.4 (10,06 [10.15 [10.09 |11.31 | 9.38 [10.83 [12.09 |12.36 |[12.35 [12.90 |1L.15 |10.58 |14.05 | B8.25 O
2.6~3.4113.91 |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 |15.29 |16.48 |16.57 |14.01 @)
1.5~5.4 [13.97 [12.98 |12.756 |13.85 |14.76 [13.52 [13.42 |13.75 [12.61 [12.80 [13.44 |13.66 [15.04 |11.84 O
5.56~6.4 (11,36 [10.40 [11.85 |10.73 |11.54 [10.67 [10.40 |10.51 | 9.52 [10.40 |10.74 |11.14 |12.356 | 9.13 @]

G.6~T7.4| B.16 | 8.38 | 876 [ 7.90 | B.66 | 7.72 | 7.14 | 7.22 | 7.49 100 795 | 8.04 ] 9.29 | 6.62 O

-

L~8.4] 6.41 | 6.50 | 6.98 | 5.44 [ 6.25 | 5.74 | 5.23 | 5.40 | 6.17 10 6.02 | BB | T.35 | 470 O

1
5EAE [ 10,04 |11.52 | 9.92 | 9.568 [10.65 |[11.45 | 9.84 B4 8,37 LBO L 9.67 | B.T4 | 12.98 | 6.36 @]
$1) 1996459 H F T T I A ELEE, 199645100 i bid Ko T T - - OB T H
FE2) 20064EAT I IEE 14807 - - (2 J o ZOEEN I 7272 HERA L, 20014ERI 4 B Lz,

8

i
8.6~9.1| 4.97 | 5.31 | 4.65 | 4.10 | 4.85 | 4.30 120 320 | 443 | 440 | 443 [ 4.02 | B.BL | 3.06 G
9. 7

D
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® ZHMER (AF) (E&18m)

T - B A (B 18m, HEE 10m) (%)

it 2001 | 2002 | 2003 | 2004 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | SEHpiE *’\r'ft AT (a ) ;Hrjﬁ'
&) 2005 | pEp | NER | <3
N 3.29 3. 24 2. 88 2,50 2 BT 21T DR 2, B1 2.62 2. 40 2,70 2. 15 3. 54 1. 85 8]
NNLE T2:3e: | 1209 | 12000 | L3 7.29 Qg | 1121 9. 18 |11.62 8.50 | 10.45 9.53 | 14.64 6. 26 )
©E 12,70 (15,12 | 17.57 [13.28 |15, 17 |17.51 |16.15 |12.25 [12.18 | 11.60 [14.35 |15. 156 [19.68 | 9.02 J
ENE BT 367 3,90 3,74 h. 42 6. 41 B. b2 5,07 1. 14 A, 40 4. 74 4. 49 1.2 1.97 @]

E 2,51 2,86 | 2.84 | 2,62 | 3.08 | 2.44 | 2,87 | 2,19 | 1.78 | 1.80 | 2.49 | 2.60 | 3.55 | 1.43 O
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 | Z.26 Q
SE 5.14 ] 5,79 | 5.80 | 5.63 | 4.29 | 4.37 .69 | 5.21 | 4.53 | 4.60 | 5.00 | 5.73 | 6.40 | 3.59 )
SSE .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 )
5 2. 41 2,22 | 2.63 | 3.85 | 3.68 | 3.79 | 3.25 | 455 | 3.04 | 420 | 3. 41 2.31 h.2b | 1ihY O
S5W 3.02 1 3.26 | 3.07 | 3.20 | 3.19 | 2.35 | 3.28 | 3.64 | 3.38 | 3.40 | 3.23 | 2.36 | 4.06 40 x
SW L37 | .79 | L.35 | LO8B | L.53 Log | L06 )] L00 | 1.12 | L30 | L.17 122 | L.68 [ 0.66 b
WsW 2.91 ] 2.70 | 2,48 | 2,15 | .44 | 1.25 | 2,47 | 2.66 | 2.34 1.90 | 2.23 | 2.40 | 3.64 [ 0.92 C
W 12,93 (11,05 |10.01 [11.71 4,73 | 4.55 | 6.91 6,99 | 7.88 | 6.30 | 8.31 [10.13 | 15,30 | 1.31 @

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 O

AW 6.836 | 6.86 | 6.03 | 6.52 | 9.60 | 887 | 6.09 | 7.67 | 835 |10.90 | 7.78 | 7.42 |11.65 [ 3.91 O
NNW 2.97 | 2892 | 2.83 | 2:61 | 3.51 3.10 | 2243 | 2.87 | 3.04 | 3.50 | 2.93 | 2.656 | 3.87 | 1.99 8

CATM 0. 82 03| 1.29 | 1.8Rh | 1. 11 1..82 | 1.35 1.6 Ml 2,00 | 1,48 | 1.69 | 2.46 | 0.49 o

L) 20064 BEIZ MR 148mO0F -~ F {2 2 oA AOBEEBNH bR L, 20014EE A2 L -,

® ZHMmER (BF) (EFE18m)

oo

RIS LT - S AT (B2 18m, Mt 1R 10m) (%)

e | BEIRR (5%) [ T
2005 [N FR

2002 | 2003 | 2004 | 2007 | 2008 | 2009 [ 2010 | 2011 | 2012 |2H908

Lo3 | L29 | 1.8 | L.IL | L.82 | L35 | L.60 | L.90 | 2.00 | L. 48 | 1.69 | 2.46 | 0.49 Q

0.5~1.4 (12,24 [12.79 | 13.24 |14.96 | 11.40 | 15.93 |13.88 |15.83 [15.92 |16.70 [14.59 |15. 14 | 18.20 | 10,98 O

1.h~2.4 (30,43 |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 O

2.5~3.4 | 22,23 |21.48 |21. 80 | 22.97 |2L. 70 |21.95 |23.48 [23. 08 [23.60 |21.90 [22.42 |20.88 [24.29 |20.55 O

2
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 9]

4. h~h 4| 7.69 | 816 | 9.27 | 6,25 | 6.89 | 6.66 | 7.22 | 6.75 | 6.01 T.10 | 7.20 | 7.09 | 9.49 | 4.9 @
.5~6.4| 5.21 6.40 | 6.23 | 434 | 469 | 415 | 3.91 3,08 | 417 | 450 | 472 | 479 | 6.97 | Z.46 O
6.6~T7.4| 4.20 | 4.07 | 3.92 | 3.30 | 3.31 | 2.25 | 2.60 | 2.02 | 2.44 | 2.60 | 3.07 | 3.00 | 4.96 | L. I8 O
TebrB04 | 2,84 | 2051 | 2:18 | 2:34 | 2.24 1.20 [ 170 | 1.39 | 1.25 | 1.60 | 1.93 | 2.29 | 3.28 | 0.57 O
8.5~0.4( 1.77 | 1.12 | 1.07 | 1.33 ] 1.24 | 0.86 [ 1.20 | 0.72 | G.60 | .70 | 1.06 | 1.09 [ 1.90 | 0.22 o

=1
o

9.5k | L13 | L.13 | 1.67 | 1,45 0.90 | 1.30 | 0.94 | 0.75 | 0.80 [ 1.18 | 1.10 | 1.99 | (.36 o

1) 20084EEEI LR 148n) - F |2 2 A ZOBEES H - fo bR L, 20014EE &£ B L.,
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@ FEAMER (AMm) (& 148m)

HiERET « B A R (ER148m, HE@m110m) (%)

i 2004 2007 2008 2000 | 2010 2011 2012 2013 2014 2015 | FEHE ﬁ’til o s il
I ) 2005 | LR | FER
N 3. 40 5. 01 4,27 4. 11 4, 62 4, 43 4, 50 4, 48 4, 38 b 90 4. 44 302 5. B0 3. 28 O
NNE 6.22 [ 11,41 |13.50 [18.30 [14. 74 | 15.31 |14, 10 |11.42 | 14,59 |20, 56 | 14.02 6. 67 |23.32 4.72 O
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 O
ENE 8.97 7.09 | 6.97 5.51 5.25 | 5.40 4.16 | 5.74 5.59 4. 95 5. 96 9.80 | 9.21 DT
E 4. 42 1. 59 1. 14 3.49 | 3.17 3.:13 1.65 | 3.02 3.06 3.04 £ P Hibh | 5.40 1.34
ESE 2.99 23 | 2.:88 2.26 2.26 | 2.22 2.17 | 2.00 2.36 2.20 | 1438 3.66 | 3.10 1.62
SE 2. 66 2.15 | 2.8b 2.09 2.71 2.82 2.98 | 2.99 2.79 2. 26 2. 69 3.09 | 3.36 20 O
SSE 3. 61 3.69 | 3.73 1. 18 1. 89 1. 68 b. b2 1. 76 5. 29 b. 12 1. b1 3.32 | 6..23 2.85 O
3 6. 63 6. 33 b. 38 p.19 | 6.03 5. 83 6. 96 | 6.48 3. 87 5. 76 6. 04 1. 99 7.36 1. 73 O
SSW h.02 4. hd {.bh 4. 43 b3 1. 76 5. B8 6, 07 4. 89 5. 45 5. 08 313 B:i37 3.78 X
SW h. 16 3.92 3. 40 4.5h3 B 16 h. 76 5, 38 4. 94 4. 64 5, 0h 4.79 3. 67 6, 46 3. 13 O
WSW 4.31 4. 66 3. 29 4. 11 4. 67 407 4,63 4. 81 5:kh 4,10 4, 38 4. 25 n. B2 3. 14 &
W 4, 65 3. 89 1. Bl 4. 47 hibh 4,26 4, 40 4. 64 h. 07 4, 24 4,50 b 18 h. 74 3. 26 O
WNW 6.7 b, 8T 6,13 6. 26 6. 05 687 B, 29 6. 75 7.56 5, 62 6. 36 e 7.6h B O
NW 9,12 9.02 | B.06 7.95 7.99 B8.94 [10. 14 | 8.95 9. 69 . 99 8. 68 9. 54 | 10. 90 6. 47 O
NNW 6.97 7.03 | 5.86 4.90 5.27 5. 98 6. 57 6. 52 5.08 4, 81 5.90 6.53 | 7.92 3.88 O
CALM 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. B8 0.12 O

FE1) 2006 EIEIES AR T — #10 /o XOEEERH T HEA L, 2004F R L,

® ZEAMER (FH) (%&148m)

RRSET - M A RS (E&148m, HE E&140m) (%)
ey | IR (5%) | )
2005 | Lig [ FIR

2004 | 2007 | 2008 [ 2009 | 2010 [ 2011 | 2012 | 2013 | 2014 | 2015 |~2E

0.76 1 0.42 | 0.39 | 0.98 1,26 L. 32 1,21 0.75 | 0.88 .04 | 0.90 110 L.e8 | 0.12 C

6.43 | 5.00 | 491 | 6.14 | 6.91 | 6.97 | 7.32 .78 6.26 | 6.99 | 818 | 4.33 &

o
=]
)
L
i)
S
=

1.5 11.42 | 8.63 | 9.44 |10.82 |11.16 |10.43 |10.94 |10.58 | 9.76 |10.98 (10.42 |11.28 |12.50 | 8.33 O
2.0~3.4|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 @]
3.6~4.4|13.58 [12.63 |13.41 [13.26 |12.52 |12.24 |12.12 |14.22 |15.05 |13.51 [13.05 |13.85 | 14.64 | 11.47 O
4.5~5.4 12,07 | 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 O
5.0~6.4| 9.68 [11.98 [ 10,33 [10.78 | 10.64 | 10,24 110,01 | 10,35 | 11.29 | 9.51 | 10.48 | 9.92 [12.23 | B.73 O
B.o~T.4| 7.95 | 8.74 | B.28 | .19 | 8.89 | 8,08 | B.62 | 857 | 9.22 | 7.47 | 8.40 | 7.40 [ 9.61 Te 3 O
T.5~H.4| 5,34 | 6.97 | 7.05 | 5,91 | 6.39 | 6.28 | 7.32 | 7.0l 6.63 | 5.89 | 6.48 51 T.08 | 4.98 O

L

8.5~0.4| 5.03 LB0 ) 47T | 5.03 | 4.82 .62 ] 6.08 | 5,01 | 5.14 | 4.97 | 5.20 B2 | 6.17 | 4.22 O

00 |17.90 110.05 o)

(v

9. 6500 F |14.02 |15.61 |17.08 |14.61 [11.35 [13.84 [12.98 |12.18 |13.45 |14.63 |13.97 |1:
FED) 2006 FEITES 18D T — 10/ A AOBEENRH B L, 2000FE&Bn L,

61-10-46
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—

9

2

A ESLR (Am)

(ﬁ 1G]] 89131)

ISR -

,@L!;TCH'# 2004 | 2007 | 2008 | 2009 | 2010 | 2001 | 2012 | 2003 | 2014 | 2015 |EH{E HE{%:— 'T:i; H:Iﬂ:
N 3.2b | 1.81 | 4.64 | 4.84 | 5.88 | 5.68 | b.50 | 5.04 | 5. 0B | 6.22 | b.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 | 4.4b @]
NE 17.51 [ 16.08 [19.04 |16.64 [13.25 [12.20 [11.40 |14.95 |13.31 [12.28 | 14.67 |17.88 |20.77 | 8. 56 @]
INE T84 | 6.78 | 7.22 | 5.33 | 472 | 3.74 | 3.30 | 5. 73| 4.21 | 452 | 5.34 | 8.95 [ 897 | L.7I O
E 4.02 | 4.35 1.18 | 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 | 2206 | 1.83 | 1.790 | 2.17 | 2.07 1.91 | 2.19 | 2.97 | 8:04 | 1:83 o
SE 2.80 | 2.21 2.96 | 2.89 [ 2,63 | 2.99 | 3.20 | 2.56 | 3.40 | 2.60 | 2.81 2,75 | 3.64 1.98 9]
SSE 3.77 | 3.74 | 3.90 | 4.83 | 5.80 | 483 | 6.10 | 479 | 5.78 | 5.58 | 492 | 416 [ 7.03 | 2.81 O
5 6.82 | 5,76 | 4.74 | 4.64 | 5,94 | 5.42 | 5.70 | 5.01 | 4.67 | 4.87 | 5.36 | 4.8% [ 7.03 | 3.68 O
SSW 3.86 | 3.40 | 3.06 | 3.59 | 4.46 | 4.16 | 4.30 | 4.07 | 3.53 [ 4.25 | 3.87 | 2.43 | 4.95 | 2.79 P
SW 3.63 | 3.07 | 2.30 ] 2.96 | 3.33 | 1.04 | 4.10 | 3.45 ]| 3.38 | 3.66 | 3.38 | 2.64 | 4.63 | 2.13 o
Wsw 3.00 | 3.28 | 2.7 3.08 F3d 3.10 3.80 | 3.50 4.06 | 3.23 533 3.08 | 4.23 2.42 @]
W 4,17 | 4.04 59 | 4.13 | 519 | 429 | 4.40 | 4.66 | 4.76 | 4.26 | 4.35 | 4.58 | 5.39 | 3.31 @]
WNW 9.03 | T.66 | 7.8l 8.17 | 8.29 | 8.59 | 8.70 | 9.54 |10.05 | 7.43 | 8.53 ] 9.14 [10.51 | 6.54 ]
NW 15.17 [15.33 |12.82 |10.66 |11.34 |13.08 | 14.10 |15.28 |12.90 [10.98 |12.97 |15.31 |16.82 | 9.11 O
NNW 5,67 | 6.32 | b.42 | 4.60 | B.6b | 6.0 | 6,30 | 5.80 | 5.51 | 5. 08 | b.61 | 6.03 | 6.90 | 41.38 ]
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 &)

1E1) 20064EEF | LIEE148n0 T -~ F 1T/ of ZAOFES b o To o bR L, 20044EFF 4 B L7z,
© EABER (BE) (FEE89m)
IS O - B PY AL (2R 89m, HE LR 8Im) (%)
2004 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | E&{E }1;';;?;? st
U2 BRR | OFR _

0.601 | 0.68 | 0.65 | 0.90 | 1.21 | 1.14 | 110 ] .ol | 0.86 | 1.29 | 0.95 | 0.69 [ 1.53 | 0.37 %)
5.62 | 4.89 | 5.08 | 6.94 | 7.86 | 7.82 | 7.80 | 7.4l | 6.47 | 7.60 | 6.72 | 5.79 | 9.42 | 4.01 O
11.31 | 9.38 |10.83 |12.09 [12.36 [12.3b |12.90 |12.41 |11.84 [13.06 |11.85 |10.58 |14.46 | 9.24 @]
14.52 [ 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
16,34 | 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
4.6~5.4|13.86 |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
B5.6~B.4110.73 |11.54 |10.67 |10.40 [10.51 | 9.52 |10.40 |10.94 |10.49 | 9.78 |10.50 |11.14 [11.84 | 9.16 @)
6.6~T7.4| 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 D
8.5~0.4| 4.10 | 485 4.30 | 4.12 | 3.20 | 4.43 | 4.40 | 4.20 | 3.89 | 4.42 | 4.19 | 402 | 5.22 | 3. 16 )
9. 65LL 1 | 9.58 [10.65 [11.45 | 9.84 | 7.54 | 8.37 | 7.80 | 7.44 | 8.05 | 8.47 | 8.92 | 8.74 |12.21 5. 63 i)

D 2006

A B 75— 4

T A KA

ST iR L,

2001 BEFBR0 L7,
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W EAmER (&M  (ER18n)

BT B AKESS (B (8m, MBS 10om) (9%)

Fat ERIRM (5 %)

] 2004 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 - -

LA kBE | TR
N 2,650 | 267 | 217 | 252 | 2.81 | 2.62 | 2.30 | 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 | 8.21 | 884 [11.06 | 9.58 | 9.93 |12.98 | 6.18 O
NE 13.28 [ 15,17 |17.51 [16.15 12,25 (12,18 |11.68 [12.60 |12.33 [13.45 | 13.65 |15 15 | 18.32 | 8.98 O

ENE 3.74 | 5.42 | B 6
E 2.62 | 3.06 [ 244 | 2.85 ] 2.19 | L.78 | 1.78 | 2.84 [ 2.14 | 3.40 | 2.51 | 2.60 | 3.79 | 1.23 o
3 3

o0
—
=1
%3
o
=]
oo
=
-
o
oo
jup)
a1
o]
o
=
()

ESE 3.81 44 | 3.44 | 3.98 3. 36 .25 | 2.38 | 301 .47 | 2.82 ] 3.30 49 | 4.40 | 2,19 O
SE 5.63 120 | 4.37 | 4.59 | 5.21 1. 53 .58 | 4.04 | 4.56 | 4.03 | 4.58 | 5.73 | 5.76 | 3.40 O
SSE 5.62 | 5,03 | 1.47 | 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 | 4.585 .04 | 4.20 3. 69 3. 42 .50 | 3.7h | 2.31 4.66 | 2,84 x
S5 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 bt
SW 1.08 | 1.63 | 1.09 | LO6 | 1.00 | 1.12 | 1.27 | 1.47 | 1.34 [ 1.78 | 1.27 | 1.22 | 1.88 | 0.67 @,
Wsw #ulb 1,44 | 1,25 | 2,47 | 2.66 | 2, 34 1. 91 .47 | 252 1.97 | 2,07 2. 40 3. 16 | 0.97 £}
W 11.71 | 4.73 | 4.55 | 6.91 | 6.99 | 7.88 | 6.34 | 5.87 | 6.41 | 65.74 | 6.71 |10.13 |11.52 | 1.91 O
WNW 19.53 [24.91 |22.81 |21.72 |22.62 [22.60 |22.88 |22.63 |24.11 |20.77 |22.46 |21.68 |26.09 |18.83 Q
NW 6.2 | 9.65 [ 8,87 | 6.09 | 7.67 | 835 |10.93 | 9.78 | 937 | 7.93 | 8.5l 7.42 (12,10 | 4.93 C
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. 86 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 @
FEL) 20084 B8 L 148men 7 -~ F 10 J 4 ADFEN i o biEs L, 200448 & B L7

@ =EEABER (BE) (i 18m)

BHEAT - B ARE (FEf 18m, M2 Es 10m) (%)

g | SERITRA (5 9%)
2004 [ 2007 | 2008 [ 2009 | 2010 | 2011 [ 2012 | 2013 | 2014 | 2015 |FHyfH *?;’If': -
2005 | Fm | Fm

I.8b i | 1,82 .35 L, 60 1,90 | 2,00 I, 68 I, 64 .70 |. 66 .69 | 2,30 .03 &
14.96 [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
31,22 132,03 33,39 32,69 [32.91 (3315 |31.38 |32.64 |33.04 [31.24 | 32,37 [32.77 |34, 36 [30.39

L97 | 21070 21,95 |23.48 [23.08 | 23,60 |21.94 [22.79 |24.23 |23.94 |22.97 |20.88 |25.06 [20.88 X

2.5~3.4122

3.05~4. 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
4.5~h.4| 6.25 | 6.8 | 6.66 | 7.22 [ 6.75 | 6.0l T.06 | .04 6.89 | T.48 | 6.83 | 7.09 | T.87 | 5.79 O
b.5~6.4| 4.34 | 4.69 | 4.15 ] 3.91 ] 3.58 | 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 2.26 1 2.60 ] 2.02 | 2.44 | 2.63 | 2.19 1.59 | 1.93 | 2.43 | 3.01 3.75 ] 1.10 O
T.h~8.4] 2.34 | 2.24 | 1.20 L7000 1.39 1.25 1. 55 137 | 0.94 | 1.05 La0 | 2,29 | 2.62 | (.39 O

8.5~9.1] 1.33 1.24 | 0.86 1.20 | 0.72 0.60 | 0.72 1 0.71 0.47 0. 19 0.83 1. 09 1. 58 0.09 O
958l | 16T | 1,45 | 0.90 | 1.30 | 0.94 | 0.75 | 0.84 | 0.8 | 0.56 [ 0.37 | 0.96 | 1.10 | 1.91 | 0.01 O
FE1) 2006 F B IAE A4S T — H 12 /A ZAOEERH 720 L, 2004FEEEBMLT,
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i
)

=

FEHRER (BM)

CkF# G R &R5)

BT

D RFE RS (%)

i | WL ST . . s, e . o e | TR (5 %) | T i
A 2004 | 2007 2008 | 2009 | 2010 | 2011 2012 | 2013 | 2014 | 2015 | /A 2005 L = \;ﬁf\
Fhz)

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
NME 6. 78 6, 87 8. 19 T1.567 7. 63 7.52 7.0h T.07 6, 68 7. 83 1,32 6, 68 8. 5l 6. 13 O
NE 6.22 | 6,14 | 814 | 9.37 | 6.51 7.25 | 6.82 | 6.01 6.65 | 8.23 T.13 ] 7.36 | 9.76 | 4.51 O
ENE B.70 | 8.79 | 9.94 |10.20 | 7.40 | 7.33 771 9.20 | 8.31 8.81 | B.64 | 9.50 110.97 | 6.30 @

E 9.92 | 9.38 [10.94 | 9.26 | 8.565 7.28 | 6.49 | 9.98 | 8.95 | 8.8V | 8.96 |10.92 |12.06 | 5.87 5]
ESE 4,37 3. 22 8. 08 3. 38 4. 19 .02 4. 02 3. 43 3.79 3. 81 3. 90 4. 41 h. 21 2. 60 O
SE 5 vl i 5, 02 3. 38 3. 05 2,99 3. 05 .74 2,82 2,95 3, 07 3,12 2,91 3.74 2,50 O
SsE 1. 30 1. 50 1. 12 1. 156 .29 1.47 1. 36 1. 10 1.28 I L. 27 1. 43 1. 61 0.94 O

5 2.99 | 2.43 1.66 | 2.49 | 2.82 | 2.74 | 2.98 | 2.96 | 2.17 | 2.47 | 2.566 1.96 | 3.62 1. 50 O
SsW 5.32 b, 83 | 4.64 bh.28 | 6.78 | 6.32 | 6.22 .78 | B.79 | 6.40 | b. 84 4. 24 7.31 | 4.33 X
SW h 47 4, 84 3. 40 3,77 4. 86 5,08 4. 00 4,01 392 3.97 4,33 4,20 h. 93 2.73 )
Wsw 2,97 3.28 2,61 2,74 3. 62 2,91 1.41 | 3. b6 3. b6 .20 3. 26 4. 049 b O

W .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 2.8 | 257 | :2:17 1: 72 1.BA | 2.24 | 2.89 | 2.66 | 2.54 1.69 | 2.29 | 3.17 | 3.3b 1.22 O
NW 6.63 | 5.69 | 3.15 1.59 | 4.86 | 4.11 | 6.10 | 6. 47 7.06 | 5.48 | h.41 7.67 | 8.34 | 2.49 @
NWW 13,20 114,77 | 12,63 | 16,29 |15, 44 |16.86 | 17.84 [ 17.99 | 1801 [19.29 | 16,23 |13.36 |21.45 | 11.01 O

CALM .75 1. 73 L. 74 1. 45 l. 36 1. 47 0. 83 0. 85 1. 38 0. 87 1. 34 L. 74 2,22 0. 46 O

1) 2006F IS 1480 DT — # (2

S A XD g -

OKFHAERRE)

BIHIAT « AKF AR

&1 (%)

2004 2007 2008 20049 2000 2011 2012 2013 2014 2015 | kR ;j ”:J_— RS ) +. Mi_\

2005 | LR | FIR | <z
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

LA 33,41 |36, 08 |36.96 |37.22 |32.05 |33.83 |31.560 |32.61 32,82 |26.35 [33.18 35, 02140, 51 | 25. 85

l.b~2,4129.63 |29 88 |30.31 |28.20 |30.41 |29.79 [31.92 |31.80 [30.66 |3h. 10 | 30,77 29, 14135, 18 | 26, 36 O
2.5~3.4|16.75 |17.7 16,28 | 15.96 | 17.80 | 16.66 | 16.03 | 16.83 [ 16,86 | 17.36 | 16,83 16, 521 18.36 | 15.29 O
3.6~4.4] 9.81 9. 42 8. 08 3. 85 9. 43 9.50 | 9.63 9.81 |10.24 |11.26 | 9.60 10, 01| 11. 57 7.63 )
1.6~b.1| 4.93 3. 73 3.76 1.08 | 4.11 4.18 | b.29 1. 14 1. 23 4.93 | 4.37 4. 93] b.61 3:13 {5)
5.5~6.4| 2.0 1. 30 1::68 2.14 2.h9 2 T 2.47 1. 80 1. 97 2. 78 2.08 1.84] 3. 18 0,98 Q
B.o~T.4| 0.96 0. 63 0,51 ., 14 1. 19 I 13 .25 0. 82 .14 0. 98 0, 98 0.46] 1,47 0. 38 O
T.h~8. 4 0,41 0. 26 .31 0. 46 0.:53 0. b6 0. 67 0. 39 0,43 0. 20 0,42 0.19] 0.76 0, 08 O
3.5~9.4| 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 3
9. 5Lk Q.11 0. 11 0.34 0. 30 0. 25 0. 34 0. 16 0. 43 0. 08 0. 09 B2 0.06] 0.5°2 0, 00 &)

1) 20064EEF L

T 148m T —F T P A ADEERE T

61-10-49

foshlgdh L, 20044EBE&SB AN L 7,

269



© FEAER (AR (DA IEKSEBIFT)

BT : N RESBAT (%)

Jélh:rja::ﬁ'a'ﬂ; 2004 | 2007 | 2008 | 2009 | 2010 | 2001 | 2012 | 2013 | 2014 | 2015 | Y3{E %Sg?— . lHl;:tﬁ (_i_;:

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
XE 5,07 | 5.21 | 5,40 | 6.15 | 5.19 | 4.83 | 5.89 | 5. 79 | 5. 13 | 5.70 | 5.44 | 4. 456 | 6.44 | 1.43 O
ENE 1.70 | 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 2.16 | 2,92 | 2,36 | 2.48 | 2.38 | 2 37 1.90 | 2.42 | 2,68 | 2.52 | 2.42 | 2,17 | 3.07 I.76 3
HSE 132 LL95 | 2.02 | 1.75 [L78 | L.60 .68 | 2.15 | 2. 14 | L8R | L83 | L77 | 2.4 | 1,22 O
sl 2,96 | 2.68 | 2,04 | 2,19 | 2.64 | 2.86 | 280 | 2,98 | 2,96 | 2.60 | 2.76 | 3.36 | 3.35 | 2,18 bt
SSE 5,80 | 4.93 | 4.51 | 491 | 5,09 | 5.79 | 5.05 | 4.80 | 4.77 | 4.66 | 5.03 | 6.02 | 6.07 | 3.99 €

& 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 7.86 [ .71 | 5,88 | 6.43 | 7.42 | 6.79 | 7.04 | 7.74 | 6.28 | 7.56 | 6.81 | 4.77 | 8.59 | 5.09 X
SW 2.13 | 1.79 | 1.58 | Z.68 | 2.70 | 2.29 | 2.70 ) 2.79 | 3.04 | 1.79 | 2.3 | 1.69 | 3.556 | 1.1b O
Wsw 0.95 | 0.82 | .05 | 1.13 | 0.97 | 0.97 | 1..18 | 1.11 1.O7T | L1565 | 1.04 | 0.95 | 1.30 | 0.78 Q

W 180 | .70 | 1.58 1.70 | 1.44 | L1.71 1.h0 | 1.42 ] 1.75 .46 | 1.6l 189 | 1.94 | .27 O
WKW 4,70 | 4,69 | 3.84 | 3.98 | 3,98 | 4.36 | 4.28 | 4.43 | 4.94 | 2.88 [ 4. 2| 6.05 [ 5.60 | 2.82 X
NW 9.27 | B.TO | 7.85 | TLUT | T.62 | 8.06 [10.22 | 9.14 | 9.83 | 6.42 | 8.49 [10.63 |11.23 | 575 @
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 | 0.66 | 0.94 | 1.00 | 1.76 | 2.47 | 3.74 | 0.00 O

FED) 2006 T E S 48D T — S 4 A RDEHN o fe B L, 2000F AR L,

©® FARER (B N IERRERIET)

R

P e

2004 | 2007 | 2008 | 2009 | 2010 [ 2011 | 2012 | 2013 [ 2014 | 2015 |3FH9fH 2005

2.61 | 2.16 ) 2.73 | 2.11 L33 2.34 ] 0.80 | 0.66 | 0.94 [ 1.00 | 1.76 2.47) 3.74 | 0.00 O

]

21.92 121,13 [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

28.61 |30.72 |3L. 17 |29.65 |30.568 [28.79 [30.61 |29.38 [32.17 [31.56 |30.32 | 30.33|33.13 |27.562 ()

17.92 |18.99 |17.19 [18.04 |20.06 |[19.71 |21.00 |20.11 [20.21 [20.27 |19.35 | 18.36|2Z.32 |16.38 O

11.69 [11.62 [10.66 112.27 |11.79 |12.18 |12.28 [13.73 |12.06 [12.36 |12.06 | 10.841|13.89 [10.23 &

747 .80 | 711 | 6.84 | Ti96 | To82 | T.AL | Ti86 | 42 7.32] B.42 | 6.42 @,

7.33 | 6.90 | 7 [
.06 | 3.87 | 4.62 | 3.8] 3.73 | 3.96 | 5.4 5,02 | 3.85 | 4.28 | 4.36 4. 91| 5.83 | 2.89 O
2.45 | 2,43 | 2,27 193 1,32 | 2.23 | 2279 | 2,585 | 2,47 | 2,17 | 2.26 2.56] 3.22 1,30 O

B~84 111 | L08 | 0.99 | 0.96 | 0.48 | 1.03 | 1.21 | 1.45 | 1.37 | 1.05 | L.07 1.14] L.70 | 0.45 o

8.0~9.4] 0.7 | 0.34 | 0,70 | (.43 | 0,15 ] 0.50 | 0.59 [ 0.45 | 0.63 | 0.60 | 0.51 0.72] 0.94 | 0.09 Q

9585 1n | 0.39 | 0.34 | 0.32 | 0.21 0.15 ]| 0.31 0.50 | 0.54 [ 0.37 | 0.36 | 0.35 0.39( 0.63 | 0.07 §]

FEL) 2006 B IS 4B 5 —F (L /A KD AH ok

AL, 2004 AR L,

61-10-50
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%88 R IF i sk O RMATICBE 3 2 XS 58t ) OffEFh X. TOFLH

. RRBGOFLEB)

K[EBRI, ZEFEVFERAMITIVRINTWVER, FICLHEH LT
ET %, 207, BEFEKOREFFIZHODHEREICONTE
DFEEE & LI RIS b o THA L TH D &, MRHREOFELEIC
X9 D AAFEOMHIIREDORZAD L, 30%UNTH 7,

ZOZEND, VEROKEERNT S &SRR, K[RBLED
FEBA S TEBHTHHOD, TOREIZIIFERELIRVDOT, £
T, VEROKRERZHWTHIT T2 2 & & Lz,

ZOHEITIE, TOENLEKITRERFETHINENERFTFOREE
BEORGEREHCCTHET I ZENEE LY, £/, 2FEL LRSS
ERPFEIET H2HEGI1E, CNEANCFHT 22 ENREE LY,

61-10-51
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WA E B 3
B R A (U D R SUHE G A

FREFEMIZ VN D REIEE ORI, S50k ke e i 2 B IS BHR L 72 i %
RN DN T/ EWED BN R TR L, BB 97% (2472 5 &
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Fig. 4 Dry deposition velocity as a function of particle size. Data were obfained from a number of
publications.'* =*# The theoretical curve appropriate for a smooth surfzce is shown for comparison.
Note that the theoretical curve is sttongly dependent on the value for 4+ and that Eq. 22 does rol
conlain a parameterization for surface roughness. For a preliminary study of the effect of surface
roughness and other factors, see Rel. 5.
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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,
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BE1-1

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 Suspended §th Among the materials that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 g!c:m ) or 8i0, (p = 2.2 glcm3) from the concrete and
UO,(p = 10 g/lem®) or ZrO, (p = 5.9 g/cm’) from the core debris or any of a variety of
aerosol materials. It is assumed here that the material density of the suspended solids is
uniformly distributed over the range of 2 to 6 g/cm®. The upper limit is chosen based on the
assumption that suspended UO, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

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

[s] o=

o(w) (1-8) fore <05 }
{U(w) ¢ +S”) for e > 05

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

(10) Mean Aerosol Particle Size. The mass mean particle size for aerosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is

reason to believe smaller particles will be produced if a water pool is present. Examination of
aerosols produced during melt/concrete interactions shows that the primary particles are about
0.1 um in diameter. Even with a water pool present, smaller particles would not be expected.
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Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 um) = -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. 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,
U0, with a solid density of around 10 g/cm? is the predominant aerosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/em® and condensed products of concrete decomposition such as Na,0, K,0, Al,04 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 is taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 g/emd.

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, =¢ -é- — m
b n) 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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NEA/CSNI/R (2009) 5D $& # . OVFRBR o Al 25

2:31-2 STATE-OF-THE-ART REPORT ON NUCLEAR AEROSOLS,

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
between(0.1 and 3.0 uml|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 evelution 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 pm) 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 (dsp) of particles in
FPT1 was seen 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 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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