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Parsmeter Standard fenge
Value
Geometric | injection nozzle dismeter (cm) 18 1~]15
property scrubbing depth (metera) 2.1 0~3.8
pool water temperature (C) &0 20~110
Hydraulic | carrier gns temperature {C) 150 20~300
property stean fraoction (vol. %) 50 0~80
carrier gao flow rate {L/min} 500 300~-2000
Aerosol particle dismeter (wm) | 0.21~1.1 0.1~1.9
property caterial LATEX LATEX.Csl
CARRIER GA'S OUTLET
CARRIER GAS — ==
INLET . A% -3
WINDOW
-
8
o
E|
0
E o
INJECTION NOZZLE|
s
-
HEATER FOR BOILING
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Sprays in the Containment Systems Experiment” ®fic#; (CSE A63FEER) XV, BEEZI0SICE
TR L S ROKHARLL 1 g/m’ L ORFZI3053 (2351 £ HEEE K 5 S OKHHER L. 995X 10" 4
yﬁ%kﬁkﬁﬂ?é_kﬁ,ﬂﬁﬁkkb,ﬂ%i9ﬁ®§%¢%4goxm40h)%%ﬁb
T LTnd,

A= ———log(2222%) 5 9.0 x 107 (#:3)
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ZOBRIEZRIY, BNWL —1244, “Removal of Iodine and Particles from Containment
Atmospheres by Spray—Containment Systems Experiment Interim Report” ®C S E AG6ZEERIZ
£ DM X O ROKHEIIRE ORHZE A2 R TIICESS DO TH D, K057 ~305r DIREEZAL
3, KORORBERENLL, BNAGAT LA 2B B L TORWHEORELZEEEL T D
LEZLND, (FIKER)
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,EJ/Z = 12 min

Lg; T

ELEMENTAL IODINE - RUN A6

DROP SIZE: 1210 p MMD
T FLOW RATE: 49 gpm
TEMPERATURE : 255 °F
B PRESSURE: 44 psia

SPRAY ADDITIVE: 3000 ppm BORON
NaOH - pH 9.5

ug/m3
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FIGURE 9. Concentration of Elemental lodine in the Main Room,
Run A6

H1¥ CSE A6FEBRIZ L AMEHK L 5 FHoEEE(H
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(ZZA?PSE ejf) #90. 20 #90. 22 #90. 24 0. 47U
??%EB? #1120 #9120 #9120 92004 T
s TIPS L L s

%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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SFFEANAR 2N OIS 5 FRIBFEN 1720012725 T L D BFORENRIATND E LT D,
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RUN A-5
ELEMENTAL
10DINE
md[ typ *13.5 % 0.5 min

C.. GAS PHASE CONCINTRATION, pgim’
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FIGURE B-5. FIGURE B-6.

Concentration of Elemental
Iodine in Gas Space, Run A-5
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fifi )4
YTy iay s FT—IVTODATZ T I L HBEDR EE L HFE) 12250 T

Ty var s S VTORI T TICL DKL SFOREDRE (BLF IDF] &
5, ) & LT, Standard Review Plan 6.5. 5|12 25X D F10%7%E L T\ 5%, ZHlEStandard
Review Plan 6.5.5(238 W C, (ML IFZDOR 7T Ik bBEDRELLT, Mark - 10
FOMa r k -INZH LTDFEFIOMT, Mar k - TIZ LTDFSLL T2 ERETH8A81%, i
ARZVLELETARBLTHLRY] LORHICESS bDOTHY (GRS R) |, AES 3BT
Ma r k — IR PR ASREZSRA L TV 2 EnD, 7Ly ar « F—LoOBlEnaHEIC
o567, DFI0ZEATL2ZLELTWND,

B, AL O RBIZOVWTIEHATAROMETHSL Z Eb, KD F ORFITITHIFEL T,
B REDFEODFIZONWTIE, MAAPRTORZ e 7iti7a 775 (SUPRA=Z—
R) TR L T 5,

[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
methods to calculate the retention of fission products within the pool, provided that these
methods are described in the SAR adequately to permit review. If the time-integrated !

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

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 e FT—ILTORATZIELTITL D
e X 5 BOBREZDRICET Do xR >\ T

YTy vay s TV TOAY T T LD Y 5 FOREDRICET HhomA L LT,
SPARCa— RIZL2HEMEINNIUKAEAKDOPOSE I DONIZTiThI=FEBRRH 5,

ks, BELLFELY —r 23, B EIEERATHY, UTOSEEREZEEL TVD,

(1) SPARC=— RIZX H3tHEME
Standard Review Plan 6.5. 53| AXXE* BT, SPARC— REZHW-LHIFE DA
FEUTICRDBREDREFHRE L T D, Y TIE, Ma r k — I BRI 25 2 k5
ELTEMESHE (1), RFIRESFE (Cs 1) ROEHLHIHE (CH3 1) [T+ 5D 27
TV TICRDBREDREZFRE L TS, FREBERIIFIKO LY THY, L S RITHT
%D Flid/NCIORETH D,
B, |ELLER— 7 AL, FPFEREEERTHY, UTOFKERZEEL T
Do
- T PERF IV THIE R O AR R 23384
C BEWFDM AL AT ZIMEET 50, BRI LI T Ly g v s LD HIGE
i
< JFAIFIE N B OMREMIE OFANT X0 AR I U7 fE R, PSS R A

$¢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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1 S PARCHRMERR (BFFED F)
¥ SRR OREE (k)
“Here the 1o flow rate is fairly high until 148.5min, then the rate(and incoming
I, concentration) decreases. These decreases cause the pool scrubbing to become

’»

less effective at the iodine concentrations of pool.

(2) UKAEAKU'POSE I DONIZTIirbi-E6
HERE O RITHT 27 T 0TI L DBEDRIZONT, UKAEA¥ERURPOSEIDO
NANZBWTERITOIL TV D, ERIKRZ F2AX KO3, FEERSI L OVERGE R4 1R
ORI, F2RO LBV, BELSFEDODFIIHR/INTIATH D,
2 AKXV RDOY 4 7Y A (FEKBEHEPEHEEK G HIE (SGHWR) ) OZAKINHI> A7 ATBIT 5
B2y SR D DIRF: A T D T2 6D D FEBR
K3 AL ADR— =T =T TATONT KT ~DOTZREL S FEOA 7 T e 72T

BES
%4  “State—of-the—art review on fission products aerosol pool scrubbing under severe
accident conditions” , 1995

fi 2 4-3



NT2 fH® #HE-270-4 RO

LEGEMD

(D) = TEMPERATURE MEASUREMENT
(%) = PRESSURE MEASUREMENT
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CAEES SN

Program Aerosol Aerosol Carrier Steam mass | Water Fool 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, Njor - ambient single
EPRI TeO, 0.4-27 | He+ 0-0.95 - near sa- ambient orifice
Sn 2.7 steam turated
Csl ~4.5 273 1.1 MPa | single
EPSI (radins) 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 DOpP 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 ambient 2 orifices
saturation
UKAEA Cr/Ni 0.06 air + 0.25 - ambient ambient 4 orifices
steam 0.96 {downico-
mers)
| UKAEA T Lvapour |~ ~ - ~ [airandior | 0-1° | ambient | ambient | 4 orifices,
I steam (duwnm—l
MErs) I
POSEL- 1, vapour - N, 0 ambient ambient -single |
DON orifice |
- multior. |

Hok EERER

Experiments Species testad 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-Espaiia Csl 16 - 3000
SPARTA Csl 7
UKAEA _NICr | _15-1680 _
I 14-240 |
POSEIDON by, 20-300000 |

* Only one test performed.
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fifi /25
R A A AN g~ DZ 53 FAE A D U & DR EIZ DUV T

RESOHB T, FANERRICRFFERESN~OBINEIGEZR LD Z L CHIET 2, &
Z15M)

JR IR AN AR~ DI EIS DFARIZ S 72 > Tk, RBEHL ST U4 [REEKILOC A+&EE
SR EIRIHREF DR EIRR (BB EREROEEZZRE) 2B W TR TIFE IS
PERIORETHEHINK T 5720, 2077 MREBEZERTRELEMAAPa— R s 2 Lk
T20, AFOBEND, L0 FEREICE LR FIFRM AR~ DO FAE R O B & & 5% E
T 572%, NUREG—1465DH1 i FV T - (R O BIHEIS 2/ B3 2, 72, T
SFHMIZ 52 25288 U CIEmERMEREN O OFENT LA E L5, NUREG —14650D4!
RAERWCTHIET 2 « REERMZED O BRI DWW T EIE S FHE~OFENE 2 5
L, MAAP a— ROMITHEREZZOEEHMT 2 LMEITRTHRFME 2D 2 b, kb3
RICEN L7237l & 5728 NUR E G — 14650 %1 7. %2 AW 7= i EI & ORIEZ1T 9,

Hik  HEIS ORHMIEIR (MA A P#T)

JR PP RS AR AR > B Ji 7 R~ M AN E I E k7S UAEE

i D Z\WVEIEH I
Tn—7F S/ CRv b D,/ W~y h S/C~Rv b D/ W~y h
A AT AHA #94.3%x107° #94.3%107° #99.5x107! #99.5x 10!
Cs I8 #16.2Xx107° #96.2X107° #91.0x10° #93.9x 107
Cs OH¥E #93.1X10° #93.2Xx10° #14.0x107 #97.5%x107°
S b F7.6X107° #97.5X107° #92.7x10°° #71.8%107
Te O 94, 4Xx107° #94.4X107° #93.8x107 $99.9x10"
Sr O #98.6Xx10° F97.1X10° $92.6x10° #92. 410!
B a O #99. 1X107° #98.3Xx10° #91.5X10° #91.4x10"
Mo O -4 #19.1x10° #19.0Xx10° #93.5X10° #93.0%x10?
CeO-H 1.6Xx107° #98.3x10°° 1. 1x10° #97.1X1072
La-,O3% 91.6X107° #98.3x10°° 91.1X107° F7.1Xx10°2
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OTM I Rof@ B8 — R+ )T COBLRIFEFEIZ DN T

HIRICED L, WERMEERE (Cs I, CsOH) OBMAEZE KA LEE D OMHEIS
(10°5~1074—2—) L, f - RIEERMEEREOMHEI GO L R RE N (1074 —F—) L)
RIS TV D,

—J, TMIXESE R IRENFLCTOBREEND, FERBAELELGAICRBZ K
HENDRIRWEL, XoFESEV U LAHEOEEREOWETHY, | - [REFRIEOWE DRt
BIXEFEBEOME L LR TOLETH DL LR > TN D,

F3RIT, TM I FHEMEICHEM SN BT OSRFT Z L OFERTH DN, Fl ASLCEER
PR (B v a0k 9FR) BEAFENRIBIMFNER-EOEoREKREBENS KT, F -
AR ML Z &N ENFBIREIN T E WO R L e o TV 5,

B3R TM I FERITAHME S N7 S ERERE O 58T & L OFF LRI
(B3 : %)

s R EE ik g EERN
‘|44Ge 154Eu ‘ISSEU QOSr 106Ru 1ZSSb ‘|37CS 129I 85Kr
RFIFEE
| [RF IR 105.4 122.7 109.5 89.7 93.2 117.2 40.1 42 30|
RF IR AR - - - 1 - 0.2 3 1 -
Rk, [IBZ I 0.01 - - 2.1 0.5 0.7 47 @nt 54
YRR - - - 0.1 - 0.7 5 7 -
ait 105 122 110 93 94 119 95 97 85

T LCEEOIREREELSEDNT IV (BHITHTKIEERY) D=8, CCTORFEFFLIVAUN —EXREE
EAMFERELEO>TLED, LIzA 0T, COITREFEINFIDA RN —([ECsERFETHHEER D,

X3 FEEIG =T T NEEBIOSHHRER ORI GEN 2 21— RNt R
HH . TTMI — 2 SHEORENF IR (S, H L, pREE B AR /15%E85E  Vol. 32,
No.4 (1990) ) |

o, WARIT, \BEFE T ENT R S ISR AT N o B P R R oD
YTV TRERTH LN, HBEZ RSN TV D OIIEEBEERE (B ARk 2F) Th
D, Z< O AR ITA BT (ND) LW ofiRER->TV D,

AR REH T EIT IR ISR S vl T O R R R

(47 :Bg/kg-82t)

[E DI A2+ [Em3Tx (@565 8112 |SEFERRZMT |5 : @
BRRIET |75 ERO% e i Eu I T e N e R 3l
(FGALFTHI500m) +2 (FE§3500m) +2 (PP TE#500m)+2 (AE#1,000m) 2 [(HE#y500mIw2  |FIHOM Likaul ksl
HuEme 3/21 3/25 3/28) 3/25] 3/28) 3/25 3/28 3/25) 3/22] 3/22 3/22 3/22]
S JAEA JAEA Lo JAEA e JAEA Pintc i JAEA JAEA JAEA JAEA JHEA
BER 3/24) 3/28 3/30) 3/28] 3/30) 3/28 3/30 3/28] 3/25) 3/25 3/24 3/25]
# [I-131048R) 5.8E+06 5.7E+06 3.8E+06] 3.0E+06| 39E+04) 1.2E407) 2.6E+06 4.6E+05 3.1E+06 7.9E+05 226406 5.4E+06
| -13208) 285 ) *4 *4) 2.36+05) =4 1.3E+02| *4 1.5E+05) 4] =4 #4 *4 4]
Cs-134(8024F) 34E+05] 4.9E+05| 5.3E+03) 7.7E+04] 3.2E+02 3.5E+06 9.7E+05 6.8E+04 95E+05 87E+03 1.TE+04 1.6E+05]
Cs-136(#13H) 7.2E+04) 6AE+04 3.3E+04 1.0E+04] 28E+01 4,6E+05 5.9E+04) 8.6E+03 1.1E+05] 1.9E+03 22E+03 2.5E+04
Cs-137(#30%) 3.4E-05 4.8E+05 5.1E+05 7.6E+04] 32E+02) 3.5E+08 9.3E+05 8.7E+04] 1.0E+08] 2.0E+04 1.6E+04 1.6E+05
Te-120m($9348) 2.5E+05] 2.9E+05] 8.5€ +05} 5.3E+04] ND 2.7E+06 6.0E+05) 2.8E+04 89E+05 956403 1.9E+04 1.7E+05]
Te-132(4938) 6.1E+05, 34E+05 3.0E+05} 6.5E+04] 1.4E+02 3.1E+06 2.0E+05 326404 1.9E+05] 2.1E+04] 3.9E+04 3.8E+05
Ba-140(#9138) 1.3E+04 1.5E+04 ND 2.5E+03] ND ND ND ND| 80E+04 ND! ND ND
Nb-95(#435H) 1.7E+03| 2.4E+03 ND| ND| ND| 5.3E+03 ND| ND| 8.1E+03| ND ND! 7.9E+02]
Ru-106(#37080) 5.3E+04 ND ND 6.4E+03 ND| 2.7E+05 ND| ND)| 6.8E+04] 1.9E+03 ND 3.2E+04]
Mo-98(#16685 M) 21E+04) ND ND ND| ND GHE+04 ND ND)| ND)| ND! ND ND
Te-99m(#7685R8) 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(#02 8) 3.3E+04) 3TEH04 ND 2.3E+03] ND 9.7E+04 ND 2.56+03 21E+05 4.2E+02 6.2E+02 7.8E+03
Be-7(#53H) ND ND ND ND)| ND ND ND ND 326404 ND! ND ND
Ag-110m(£52508) 1.1E+03] 2.6E+03 ND ND)| ND| ND| ND)| 1.7E+02) 1.8E+04] ND| ND ND

HllL : BN A — VT ¢ 7 2RSS HP (http://www. tepco. co. jp/cc/press/11040609—]. html)
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¥4 HEFIBITE B LTZBHRRER D & O RAERM L T 7 F = RO EEEHT O 7= D0

WF42 (JAEA-Review 2013-034, 20134E127) |

@IEIZ SN T

ORUV@ LY, HEIROF « THHERMLREO HHEIE DS AR L D bR E 0 &0 9 I
EREICHILTES T, Z4Uud, MAAPRITICISNT, o - (KRR i B S 0B 1 k&
M S0 B2 b, ERE LT, ERRE S ERAK LIARRELO S EE S E L L7 1%
Th, BT 7 U KD S OB E OB FHTIC 35U TIABYRE O IR E 2 2 L TR &
ZEHE L TWD Z &0, ImRREL LI KICE D A7 T U IR EER L TN ENZEIT S
N5, %38, MAAPaI— ROBELTHIEPR I MDY, UFOWENRRSNATND,

SF LK LA ORIEREEE (RukUMo) OHIZOWT, [KIROIELER
FHETIE <, ERMREIO AR 2 BB R E 2 R LT 5729, MA A PREFTMRST
ISR 2 52 DA 085 5,

* Mo DR EFHHICHOWT, NUREG—1465L 9 6 MAA PO EE% < Ff4 5,

L7223o> T, TMI FSEESE R ENFROFERERICLY e o7, REP~Ot&E
M 572, |- RHEBMEEREOBEBRIG A ET S 2L & Lic, #iIETHI24720, TMI
FAEZELE LT BT T 7T v MR D Y — A2 — LA E 2, BEEM THD
DN a=vg LAOBALEDENFEIC L VR RERM OBIHESPHIH S A I ZITHENREL D 2 &
ZEREL, BWREOPWREZNLIUIK L THIHEIGZRET 2%, KVBENRY —XF—24
DOFREZXZANE LTHIESN/ZNURE G — 46508 AAFIHT 5, F5584%, FOBRENEG
L, RTFIEDNRGPHET 2 E TOMAAPHITE NURE G — 146504 E D IR D &
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INR P B—R322 ANNEX-A  [2.2 Todine] O#cky

2.2.2 I Meadow grass and crops

Methyl iodide

There are fewer data for memylk iodide than for elemental indine,\ 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, 1088; Harper et al. 1994) and
no substantial body of new data is available. The measured values rangs between 10%and 107 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 fo be a constant. Based on the limited data available. the Dest judgememi :

.. -3 - . o [P S | . L .
value of v, is taken agJ10™ m s fand the ‘conservative’ value as 107 ms . 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

SRAEeER wRRiiles et

the viewpoint of making a conservative estimate of deposition flux.

2,23  TUrban

Methyl iodide

There appear to be no data for the deposition of methyl iodide Iobuilcl\ing smrfaces: the
deposition velocity will be limited by adsorption processes and chemical reactions (if any) at the
surface, for which specific data are required. No reconumendations are given in this case. For vegetation
within the urban area (lawns and parks etc). it is recommended that the values for extended grass
surfaces be used.
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- Water, U, & 40 ¢m s2c”!, MBller and Shumann (1970}
—— Water,u, =44 am sac~ ", Sshmel and Sutter (1974)
casespeesss 047-16cm Gra:ue!. u, = 22 cm sec”, Schmal ot 3l. (1874)
0.7 em Artificlallgrass, u, = 19 em cac™", Sehmel et al. (1973)

------ 8-— Filter paper, u_ 24 em sec™", Clough (1973)
10’

2= 3cm, 5.5 Ku, €10.5 cm see™!, Wesely ot al. (1977)

107 e T T TIT] S R 2 2 17 T T T |
- =1, Chambarlain {1966) =
{ . s Grass, u, aﬁc{n amberlain .
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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.

Hl K& IoRIBRIC BT DR EE HE (Nuclear Safety Vol.19%2)

%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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%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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[B%1-1 NUREG,/CR—59010H#H]

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 compos:tmn 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 carefuﬂy 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 distribuied over the range of 0 to 0.1.

(8) Density of Suspended §ghd Among the materials that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 g/cm3) or Si0, (p = 2.2 g/em®) from the concrete and
UOy(p = 10 g/em®) or Zt0, (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
assumptlon that suspended UOQ, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

(9) Surface Tension of Wa’{gr; 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:

(43 -

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

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

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

reason to believe smaller particles will be produced if a water pool is present. Examination of
aerosols produced during melt/concrete interactions shows that the primary particles are about
0.1 um in diameter. Even with a water pool present, smaller particles would not be expected.

fili I 8-6
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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) = -1.39to In (2.5 um) = 0.92.

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

(12) Aerosol Material Density. Early in the course of core debris interactions with concrete,
UO, with a solid density of around 10 g/cm? is the predominant aerosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/em? and condensed products of concrete decomposition such as Na,0, K,0, Al,O, 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 calculated 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, = 0.0105 ¥[o, /g(p,~p 1"

where the contact angle is assumed to be uniformly distributed over the range of 20 to 120°,
The maximum bubble size is limited by the Taylor instability model to be:
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%:#1—2 STATE-OF-THE-ART REPORT ON NUCLEAR AEROSOLS,
NEA/CSNI/R (2009) 5D ¥k fe OVakBR oA 2

9.2.1 Aerosols in the RCS

0211

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
betweein 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 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 (dsy) 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 FPTI test: during this period, the smallest particles were found to
be cesium-rich. In terms of chemical speciation, X-ray techniques were used on some deposits and there
also exist many data on the solubilities of the different elements in numerous deposits giving a clue as to
the potential forms of some of the 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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g.50L 1 1.70 1.13 1,13 L. &7 1.30 | .94 | 0.75 | 0.80 1. 14 .59 | 0.36 &)

1) 200647 EITEEE 148D F - Z 12/ o X DEE L AL, 20014F K &)
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FEHMER (AR) (5148w

40m) (%

SEHIRR (5 %)
2005 1R

2004 2007 | 2008 | 2009 | 2010 | 2011 2012 | 2003 | 2014 | 2015

3.40 | 501 60 | 3.28 O

e
pd3 ]
Lo
.
i
-
R
>

6.22 |11. 41 |13.51

10 [11.42 |14.59 |20.56 | 14.02 | 6.67 |23.32 | 4.72 o

18.45 | 18. 06 | 20.80 1471 [13.66 [ 15,68 |13.11 |13.60 |15.98 |18.41 |21.91 |10.05 R

B.97 | .09 | 6.97 5.10 | 4.16 5. 59 h,96 | 9.80 | 9. 2.72 X

E 4,42 | 459 | 414 3. 3.06 | 3.04 ) 3.37 | b.55 | 5. 1. 34 *

ESE 2.99 | 2.32.]| 2.8 0o 2.20 | 2.36 | 3.66 | 3.10 L. 62 X
SE 2.66 | 2.15 | 2.853 2, 82 2.98 | 2.99 | 2.7 2.26 | 2.69 | 3.09 | 3.36 | 2.01 O
5SE 3.54 | .69 | 373 .68 | 5.b2 | 4.76 | 5.29 | 5. 12 | 4.54 | 3.32 | 6.23 | 2.8p O
S 6.63 | 6.33 | 4.38 5.83 | 6.96 [ 6.48 | 58T | &7 6.04 [ 4.99 | 7.36 | 4.73 4

pea}
[
i
al
e
T
o
a1
e
=]

J35 | 4ATE | 568 | 6,07 | 489 | 545 | 08 | 5
1.94 | 4,64 | 5.06 | 4.79 | 3.67 | 6.46 | 3.13 &

o
—
fa3}
=
w0
o3
"
=1
=
on
o
=1}
-
[=1]
o1
=1
@
o
o3
0

410 | 438 | 425 | 5.62 | 3.14 Q

W 4.65 | 3.89 | 3.81 1. 47 hh 1. 26 10 | 4.61 | 5,07 1.50 | 5. 13 | .74 | 3.26
W .71 | .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 O
NW 9012 | 9.02 | B.O6 | V.85 | T.O99 | B84 |10.14 ]| B.95 | 9,69 | 6.99 | B.68 | 984 [10.90 | 6.47 )
NNW 6.97 | 7.03 | 5.86 | 490 | 527 | 598 | 6.57 | 6.52 | 5,08 | 481 | 5. 90 | 6.53 | 7.92 | 3.88 O
CALM 21 04 ] 0. 80 .10 | 1.68 | 0.12 &)

fEL 2006

® IFEMeEFE (BEUE)  (BEE148m)

SR S ANT (ES148n, #155140m) (%)

NT2 ffi® #@-270-4 Rl

R FEHIRN (5 %)
2005 | EpR | TR

2007 | 2008 | 2009 | 2010 | 2011 2012 | 2013 | 2011 | 2015

0.42 | 0.39 | 0.88 | 1.26 | 1.32 | .21 | 0.7% | 0.88 | 1.04 | 0.90 | 1.10 | 1.68 | Q.12 @]

0.B~1.4] 6, 4 B.OOD [ 491 6.14 | 6,91 6,97 | .32 | 592 | 6,20 | B.T8 | 6.26 | 6,99 | B.18 | 4.33 O

63 | 944 [10.B2 [ UL 16 | 143 | 10,84 | 10068 | 9.76 | 10,898 | 10,42 [ 11,258 | 12,50 | &

2.5~3.4[13.72 [11.36 [12.24 |11.61 |12.66 |12.49 |12.28 |12.89 |12.13 |13.45 |12.49 |14.10 |14.24 |10.75 O

13,68 [ 12,63 | 13,41 |13.26 | 12,62 | 12,24 |12.12 |14.22 [13.05

51

4.56~b.4 [12.07 [13.08 [12.09 |12.67 |13.40 [12.60 [11.01 |12.52 |12.25 |1L.78 |12.35 |12.03 |13.95 | 10.75 o

5.5~6.4| 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 | 8.73 O

8.28 | B.19 | B.BO | B.08 | B.62 [ B.57 | .22 | 7.47 | 8.40 | 7.40 | 9.61 | 7.19

T.6~8. 4| 5,34 | 6.97 | 7.05 | 5.91 | 6.39 | 6.28 | 7.32 | 7.01 | 6.63 | 5.89 | 6.48 | 5.51 | 7.98 | 4.98 @]
8.5~9.4| 5.03 | 5.60 | 4.77 | 5,03 | 4.82 | 5.52 | 6.08 5,14 | 497 | 5,20 | 482 | 6.17 | 4.22 O

968l E [14.02 |16 61 |17.08 | 14,61 11,33 |13.81 |12, 98 13.46 | 14,63 | 13.97 | 13.00 | 17,90 | 10,056 O

FELY 200REE R 1R S L 48mn 57— F 12 o ATk naf L HERSN L, 2004FEEAEINL A
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NT2 ffi® #@-270-4 Rl

@ FEARER (BMmE)

(25 89m)

ST - BN AT

20m, M1 L5 8lm) (%)

2007 | 2008 | 2008 | 2010 | 2011 2004 1 2014
N 3.26 | 4.84 | 4.64 | 4.84 | 5.88 | 5,68 | b.bO | 5.04 | 505 | 6.22 [ 5.09 | 3.79
KNE 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 @
NE 17.51 [16.08 |19.04 |16.64 |13.25 [12.20 |11.40 |14.95 [13.31 |12.28 |14.87 |[17.88 |20.77 | B.56 (@]
ENE T.84 | .78 | 7.22 | 5. 33 | 472 [ 3.74 | 3.30 | 5.73 | 421 4.52 | 5.34 | 8.95 | B.97 Il ]
E 402 | 435 | 418 | 300 | 2.48 | 2.26 1.8O | 2.89 | 2.33 | 2.47 | 2.98 | 4.32 | b. 11 0. 85 o
ESE 290 | 2,29 | 279 | 2.30 | Z.0a 1. B: |00 | el || 2a0T 129 20019 | 277 | 3.0 1. 33 O
SE 280 | 2.2] 2006 | 2i8G | 208 2,89 | 3.20 | .86 | 340 | 2.60 | 2.8l 2.7h | 3.64 1.98 &
58I 37T AT 380 | 48B3 | RBO| ABR | RID | 479 | 5.TB | BRE | 4.92 | 416 | T.03 | 2.8 @]
3 6.82 | 576 | 4.74 | 4.684 5.894 | 5.42 | 5.70 | 5.01 .87 | 4.87 | 5. 36 | 4.88 | T.03 | 3.68
3.86 | 3.40 | 3.06 | 3.59 1,46 | 4.16 | 4.30 | 4.07 | 3.53 | 4.25 | 3.87 | 2.43 | 495 | 2.79
3.83 | 3.07 | 2.30 | 2.96 | 3.33 [ 4.04 | 410 | 3.45 | 3.38 | 3.56 | 3.38 | 2.64 | 4.63 | 2.13 8]
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 ]
W 417 | 404 | 359 | 413 | 5.19 | 420 | 4.40 | 466 | 476 | 426 | 4.35 | 4.58 | 5.39 | .31 o
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 fi. 54 6]
W [h, 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 | 9.1l o
NN h.oBT | 6.32 | 5,42 | 4,60 | h.65 | 6.06 | 6.30 | 65.80 [ 6.4 | H. 0B | b.64 | 6.03 [ 6,890 | 4.38
CALM 0,61 .68 | 0,65 | 0,80 L, 21 I, 14 .10 1.0l 0.95 | 0.69 1.5B3 | 0.37 O

iF1) 20067

Fe-Fin A AMEE

bRk L, 2004

(1= 89m)

Al

geate - T
2004 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 O
T s X TEL
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
0. 5~1. h. 62 1, 89 A, 08 6, 94 7. 56 7.82 7.80 7.l 6.17 7. 60 6,72 5,79 9,12 1. 01
loa~2.4 111,31 9,38 [ 10,83 2,00 112,36 [12.35 | 12,90 12,40 [11,84 [13.06 | 1185 | 10,68 | 14, 146 9.24 O
2o8~3. 4 14,52 | 13,35 [0 AL AG LG 20 [ 14, 86 | 1410 | 15, 15,34 | 1631 [ 14,77 | 16,24 16,74 [ 12,80 @
3.0~ 16,31 | 14,98 | 1A, 93 | 15,47 | 15,06 14, 60 | 15,91 11.65 [15.3b | 16.48 [16.71 |13.98 Q
4.5~6.413.85 [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
5.5~6.4]10.73 (1154 [10.67 [10.40 [10.51 | 9.52 |10.40 |10.94 [10.49 | 0.78 |10.50 |11.14 [11.84 | 9.16 | ©
6.5~7.4| 7.90 [ 866 | 7.72| 714 | .22 [ 749 [ 810 | 738 | 849 | T34 | 74| 804|001 | 648 O
T.5~8.4| &4 6. 25 574 5,23 a4 6,17 B, 10 | 4,94 T 5. 51 a. 64 A 64 6. 66 4. 63 O
8.5~0.1] 4.10 1, 8h 1,30 4,12 3.20 1.13 1. 10 1. 20 3. 89 1. 42 1.19 4.02 5:22 3. 16
9,580k | 9.58 [10.65 |11.45 | 9.84 37| 7.80 | 744 | 805 | 847 | o2 | 8741221 | 563 O

1) 20068 IR R 148n0D T — {2 2 of ZDE

FhbRsh L, 20MMEREAEML
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NT2 ffi® #@-270-4 Rl

D FEHERRER (BM) (& 18m)
ELEE T B AR (R0 18m, Hh L
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | T-=9{iT mmﬂu mﬂﬂmm},
2.17 | 2.52 | 2.81 | 2.62 | 2.39 | 2.26 | 2.16 | 2.70 | 2,47 | 2.15 | 2.99
9.57 |11.21 | 918 [11.62 | 8.49 | 8.24 | 8.84 |11.06 | 9.58 | ©9.93 |12.98
NE 13, 28 |7 16,15 | 12,25 | 12,18 |1, 58 13,45 | 13,65 |15 15 |18.32 | 8,98 O
ENE 3.74 | 5.42 | 6.41 | 5.52 | 5.07 | 4.14 | 639 5.78 | 4.49 | 8.65 | 2.90 O
E 2.62 | 306 | 2.44 | 2,85 | 2.19 .78 | 2.84 | 2.14 | 3.40 | 2.51 | 2.60 | 3.79 | 1.23 O
3 .80 3.44 | 3.41 | 3.98 | 3.36 38 | 3.00 | 3.47 3.30 | 3.49 | 1.40 | 2.19 @]
SE .63 | 4.29 | 4.37 | 459 | 5.21 | 4.53 | 458 | 4.04 | 4.56 | 403 | 458 | 573 | .76 | 3.40 o
) .62 | 503 | 447 | 463 | 6.32 | 573 6,01 | 4.96 [ 474 | 563 | A31 | 4.5% | .81 | 3.82 G
5 3.85 | 3.68 | 3.79 | 3.25 | 4.56 | 3.54 | .20 | 3.69 [ 3.42 | 3.50 | .75 | 2.31 | 4.66 | 2.84 x
3.20 | 3.19 | 2.35 | 3.28 | 3.64 | 3.38 | 3.39 | 3.47 | 9. 14 | 3.32 | 3.23 | 2.36 | 4.05 | 2.42 %
1LO& | | 109 [ 106 | 1Loo | I 1,27 .34 | 1.78 .88 | 0.67 O
w3 2.15 | L.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 5.87 | 6.41 | 574 | 6.71 |10.13 |11.62 | 1.91 O
W 19,53 |24, 91 20,72 |22.62 | 22,60 |22, 88 [22.63 [24, 11 |20, 77 |22.46 |21.68 [26.09 |18, 83 o
N 6.52 | 9.65 | 8.87 | 6.09 8.35 |10.93 | 9.78 | 9.37 | 7.93 | 8.51 | 7.42 |12.10 | 4.93 O
NN 2.61 | 3.50 | 3.10 | 243 3.01 407 | 8,20 [ 3,09 | 216 | 2,65 | 4.32 | 1,98 O
CALM 1.85 | 1.11 | 1.82 | 1.25 1.90 | 2,00 | 1.68 | 1.64 | 1.70 | 1.66 | 1.69 | 2.30 | 1.03 O
FEL) 200G S E 148000 F — ¥ [2 /) of H OB T 1 i bk L i,
@ FABER (BuE) (E&18m)
LllE TR BMIP AT (I8 18m, H
2004 | 2007 | 2008 | 2009 | 2010 | 2000 [ 2002 | 2003 | 2004 FEHE| s Rl 6 &)
2005 TR
.85 | 1. 11 B2 | L35 | Leo | oo 200 168 | L61| LTO| 166 | LG9 | 2.30 | L.03 O
14.96 [14. 40 [15.93 |13.88 | 15.83 |15.92 15. 60 | 15,63 [16.08 |15.50 |15.14 |17.51 |13.48 ]
31.22 |32.03 |33.30 |32.69 [32.91 [23.15 32,64 |33.04 |31.24 |32.37 34.35 [30.39 ®!
22,97 JT0 | 21,95 | 23,48 |23, 08 | 23.60 22,97 25,06 | 20,88 b
9.77 |10.95 [10.88 [10.69 |11.19 |10.19 [10.67 10. 89 12.28 | 9.49 ®]
6.25 | B.89 | B.66 | 7.22 6.01 | 7.08 6.83 | 7.09 | 7.87 | 5.79 O
B.5~6.1| 1.31 | 1.69 | 1.15 | 3.9 1,17 | 4,18 1,06 | .79 | 5.04 | 3.09 &
6.5~7.4| 3.30 | 3.31 | 2.25 | 2.60 2.44 | 2.63 2,43 | 3.01 | 3.75 | 1.10 o
TA~8.4| 234 | 224 | 120 | 1.70 T 1.65 | 1.37 105 [ 1,50 | 2.29 | 2.62 | 0.39 O
#.5~0,4] 1.33 0.86 | 1.20 0.60 | 0.72 | 0.71 | 0.47 | 0.49 | 0.83 | 1.09 | 1.58 | 0.09 )
9. 5LLE | LBT | 1.45 | 0.90 | 1.30 0.75 | 0.8 | 0.86 | 0.56 | 0.37 [ 0.96 | 1.10 | .91 | 0.01 &)
L) 2006EELER 4D T — & 12 ) of XOPEN Lo BB L, 2004EE 4]

fHE11-11




@ =ARRER (AF) KFH#HERSEE)

MHDr - KFHGTRE S (%)

2007 | 2008 [ 2009 | 2010 [ 2011 | 2012 | 2013 | 2014 | 2015

i 15,34 17.09| 18.48 16.36| 17.58 | 14,82 13.31 | 12.53 | 11.75
NAE 6.78 | 687 7.0 | 7.07 | G.68 | T.83
NE 6.22 | 6.14 9.37 G.82 | B.01 | 6.65 | 8.23
.70 | B.79 10, 20 T.70 | 9.20 | 8.31 | 8.8l

9.92 | 9.38 9.2 6.49 | 9.98 | B.95 | 8.87 | 896 |10.92 [12.05 | 5.87 @)

4,37 | .22 3.38 4.02 | 3.43 | 3.7 3081 | 3.90 | 4.41 | 5.21 | 2.60 ]

374 | Z.8L [ 296 307 | 312 2,491 3. 74 2.50 @]

551 .30 | 1.30 1.12 | 1.15 .29 | 1.47 | 1.36 | 1.10 1. 28 Ll 1. 43 L. 61 0. 94 @]
5 2,99 | 2,43 | L.BG | 2,49 [ 2.82 | 2.74 | 2,98 | 2.96 | 2.17 | 2.47 1.96 | 3.62 | 1.50

5.32 | 5 8 .28 | 6 6.22 | 5.78 6. 40 4,24 | T.34 ¥

SW 5,47 | .84 3.97 | 1.86 | 5.08 | 1.00 | 4.0l 382 | 3.87 4.20 | 593 | 2.73 ]
WsW 2,97 | 3.28 2,74 | 362 | 2.91 | 3.41 21 | 3.66 | 3.56 3.26 | 4.09 | 2.31
W 318 | 2.86 2.84 LA ] 3.07 | 3.70 ) 3.27 | 434 | 2.82 3.81 | 4.40 | 2.08

W 2.7h L. 72 L84 | 2.24 | 2.89 2,51 I. a8 3,17 | 5.35 1,22 9]

W 6.63 | 569 4.59 | 4.86 | 4.11 | 6.10 [ 6.47 | 7.06 | 5. 48 T.67 | 8.34 | 2.49 o

NN 13.20 | 14. 77 16.29 | 15.44 |16.86 [17.84 |17.99 [18.01 |19.29 13.36 [21.45 |11.01 ]

NT2 ffi® #@-270-4 Rl

I, 415 I, 36 1. A7 0,83
afe bRl

S ABmED T =~ B S

b FEHFRER (B KFthFE&Ed)

D ARFHIREE (%)

2007 2008 2008 2010 2011 2012 2003 2004 *Wy_uh.u
2005
0, 0~0,1 175 Lo T I, 38 0. 87 I, 34 I, 74

0.5~1.4|33.41 |35.08 32,82 |26.35 |33.18 | 35.02|40.51 |25.85 )]
1.B~2,4|29.63 |29. 88 30,66 135,10 |30.77 | 29.14|35.18 |26.36 O
2.5~3.4|16.75 |17.72 16.86 | 17.36 |16.83 | 16.52|18.36 [15.29 ]

3.h=d | 981 .42 10,24 11,26 | 9 60 LG L BT | 763 @]

4.5~5.4( 4.93 | 3.73 4.2 4.93 | 4.37 4.93| 5.61 | 3.13 ]

5.5~6.4| 2.05 | 1.30 L97 | 2.7 2,08 1.84 3.18 | 0.98 8]

Boh~T.4 | 0.96 | 0.63 | 0.51 1..14 L8 1. E I 2h | 0 82 1.1 | 0,88 | 0.98 0.46] 1.57 | 0, 3¢ O

b~8. 4| 0.41 | 0.26 | 0.31 | 0.46 [ 0.3 | 0.66 | 0.67 | 0.39 | 0.43 | 0.20 | 0.42 0.19] 0.76 | 0.08 @]

8.5~0.4( 0,18 | 0.15 [ 0.18 | .21 | 0.29 | 0.37 | 0.24 | 0.21 | 0.18 | 0.08 | 0.21 0.09

9, 581 E
ity 2006

0.16 | 0.43 | Q.08 | 0.09 ] 0, 22 0. 06

FERBEINLE,

fHE11-12




NT2 ffi® #@-270-4 Rl

& EABRER (BM)

(iR SEIET)

o 2004 | 2007 [ 2008 | 2009 | 2010 [ 2011 | 2012 [ 2013 | 2014 | 2015 |fEEyfa +W%M_l
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
9.51 | 9.46 |11.94 [13.36 | 9.44 |11.3 970 |10.37 | 9.91 [12.46 |10.75 | .71
NE 507 | 5,21 | 5.40 | 6.15 | 5.19 | 4.83 | 5.89 | 5. 79 | 5.13 | 5.70 | 5.44 | 4.45
ENE LT0O | 2,19 | 2222 | 2220 | 2222 | L8R | 2200 | 2.43 | 269 [ 2279 | 2.23 | 1.89
E 21h | 282 | 2,536 | 248 | 2,38 | Z.37 1. 80 204271 207 | 3.07 1. 76 Q
13815 I, 32 1.9 | 2.02 I.7h I 78 1. 60 I. 68 I. 83 L77 | 2,44 122 9]
SE 2.96 | 2.68 | 2.94 | 2.19 | 2.64 | 2.86 | 2.81 2.76 | 3.36 | 3.35 | 2.18 *
SSE 5.80 | 493 ) 4.51 | 491 | 5.09 | 5.7 5.03 5,03 | 6.02 | 6.07 | 3.99 9]
5 1132 | 9.73 | B.58 | 9.45 |11.91 [10.63 |10.26 10.32 |10.33 [13.33 | 7.31 @
35W T.067 | &7l | & 6.43 | 742 | 6.79 | 7.04 B84 | 47T | B.BY | BOY *
W AR 179 | Lh8 | 2,68 | 2270 | 2.29 | 2.70 2. 3h 169 | 3.6k | L Ib @]
WSW 0. 95 106 | 113 | 0.97 | 0,97 I 18 o4 | 0,895 | 130 | 0.78 @]
W 1.80 .68 | 1.70 [ 1.44 | 1.71 | 1.30 1.61 | 1.89 | 1.94 | 1.27 )]
4.70 3084 | 3.98 | 3.98 | 436 | 4.28 4,21 | B.05 | 5.BO | 2.82 *
NW 9 27 | BLTO | T.BB | TLUT [ T.6Z | B.06 |10.22 8.49 |10.83 [11.23 | 5.75
NN IB. 51 | 17.31 [16.04 | 14,80 | 15,83 [15. 60 | 16. 16 1h.66 | 16,88 [17.78 | 13.54 @]
CALM 2005 | 273 [ 2.0 | 233 | 2.3 | 0.80 176 | 2,47 0.00 @]

1) 20064

H AR F -~ 5 |2

A RO EEE A G

@® EH

#bEa L,

e (R

fHE11-13

2004 | 2007 | 2008 | 2009 | 2010 | 2000 | 2002 | 2003 | 2014
0.0~0.4 [ 264 | 2015 | 2073 | 2,001 | 2,33 [ 2,34 | 0.80 | 0.56 | 0.94 | 1.00

201.92 [21.13 |22.45 |22.79 |22.30 [22. 11 |16.85 | 18.40 | 18.83 A9 120,53 | 2097|2564 | 15,11 ]

28.61 [30.72 | 31,17 |29.65 |30.58 [28.79 [30.61 |29.38 |32.17 56 [30.82 | 30.33(33.13 |27.62

1792 | 18,99 | 1719 [ 18.04 {20,086 [19.71 |21.00 |20. 11 [20.21 |20,27 |[19.35 | 18 36|22.32 | 16,38 o

L6 | 1162 [10.66 |12.27 | 11,79 | 12,18 | 12.28 | 13,73 | 12,06 |12.35 [12.06 | 10.84]13.89 |10.23 @]
4. 5~b. 4| 7.47 | 7.33 | 6.90 | V.80 | V.11 | 6.84 | 7.96 | V.82 | T.11 | 7.86 | 7.42 7.32) B.42 | 6.42
5.5~6.4| 5.06 | 3.87 | 4.62 | 3.81 | 3.73 | 3.96 | 5.41 | 5.02 | 3.85 | 4.28 | 4.36 4.91| 5.83 | 2.89 (&)
6.5~T7.4| 2.45 | 2.43 | 2. 27 1.93 2o8E | 22 TE 2,65 | 2,47 | 2,17 | 2.28 2.56] 3.22 1.30 O
T.h~8 A4 il | 1Log | 0.99 ] 0.96 | 0.48 | 1,03 | .21 | 1,45 | .37 | 1.05 | 1.07 14 1,70 | 0.15 @]
8.5~08.4 0.34 | 0.70 ] 0.43 | 0.15 | 0.0 | 0.59 | 045 | 0.63 | 0.680 [ 0.51 0,721 0.94 | 0.09 @]
9.5 F | 0,39 | 0.3 0.32 | 0.21 0.15 | 0.31 .50 | 0.54 | 0,37 | 0.36 | 0,35 0,39 0,63 | 0.07 @]

SO064TE L 1 ABe 7~ 7 (2 7 4 X B b 7= 7= himdk L, 2004650 4 iz,
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LN ARG T — & K OV FEBRiE SR AL S A
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L O C ARFHE/KEREFE R T ORISR k7S USEHE /T 58
B> bR B DN O ERh R ERIAM A L EEI T A2~ T,

WA EFEAR
ER D AT DX G T — & (19814 2) DORFEME N RE 720
Z NG oT,

I SN T e
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