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FIGURE &. Concegtratﬁun of Elemental Jodine in the Main Room,
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VEFC %k : BNWL-1244, “Removal of Iodine and Particles from Containment Atmospheres

by Sprays—Containment Systems Experiment Interim Report”
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FEek1 : R K.Hilliard et.al “Removal of iodine and particles by sprays in the
containment systems experiment” ,Nucl. Technol. Vol 10 p449-519, 1971
%2 :R.K. Hilliard et.al “Removal of iodine and particles from containment
atmospheres 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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Y7L a =V TODAI T TICLDBREDRE (EEELHIFE) 2OV T

BTy va TV TORI T TICL DL 5 FOBREDE (LLF IDF) £n)H,) &L
C, Standard Review Plan 6.5.5 2559 DF10 Z5R7E L CW\W5, ZiiE Standard Review Plan
6.5. 5128 WT, MEHEIFDORY Z L ZTIZXHBREDFE LT, Mark— 1T L O Mark— I %F L
T DF10 AR, Mark— I (Z%fLC DFS AN A2 FET 25A61E, FHCHEZLELEETAERLTHE
W) DR RS R) ITESL b D ThH D, MRXDPR-F- 13 ERTEH 7 5H81% ABWR 284 L T
WAHN, Y7Ly a T =)L TORY T IR REA KRS, Mark— I & K& 72288370
WZ &2, Standard Review Plan 6.5.5 OE#kicEo%x, 7L v a7 —LOEOFE|IC
B b3, DFI0 Z@EHAT 22L& LTW5D,

0B, AL O RIZTOWTIHTAROWETHDH Z LD, ARDF OFRITITHIFFL T2, KL
TIREIFEDDFIZONTIE, MAAPFITOAZ SV 7RtE7Ta 77 5 (SUPRAZ—R) (2
TEHMEL TV 2%

[Standard Review Plan 6.5.5] (¥#Y)

1. Pool Decontamination Factor. The decontamination factor (DF) of the pool is defined as
the ratio of the amount of a contaminant entering the pool to the amount leaving.
Decontamination factors for each fission product form as functions of time can be
calculated by the SPARC code An applicant may use the SPARC code or other

‘methods are described in the SAR adequately to permit review. ; If the time-integrated |

'DF values claimed by the applicant for removal of particulates and elemental iodine are
'10 or less for a Mark Il or a Mark Il containment, or are 5 or less for a Mark |
'contalnment the applicant's values may be accepted without any need to perform

L

organlc |od|des The applicant should provide justification for any DF values greater
than those given above.
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YTy a I TOARAT I I DY S BOBREDRICET 2MOMmA L LT,
SPARC=Z— RITXAFERELIONT UKAEA K OV POSEIDON (2 Tt =EEBn b 5,

l. SPARCZ— RFICXDFHHMR
Standard Review Plan 6.5.5 ®5|HCHR*IZHBWT, SPARCaZ—FEHWEZLHIFEDRY
TEUTICKDREDREZFHE L T D, Uit T, Mark— [ BURFFRAB SR Z IR E L
TEHE SR (1), KFREOFE CsD) KOFELIFE CLD) T 527 780 72Xk 5
EPREFRELTND, SHEBRIIR 1 OLIBY ThY, HEEL S FRITd 2 DF (35 10 FRE
Th s,
BB, WELLFEL—7 R, RPFELEEELTHY, UTOoFSKERZEEL T
Do
< WPERFIZ ISV THIER O AR R 2N
c BAFLDMHY AT JMIEBT L0, RSP LI T Ly v a = L O mHIE
Ze i
< SRR R ZR ORI ORI L0 A SR LI/ R, FOEER A
FFC % @ 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
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to become less effective at the iodine concentrations of the pool.”
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UKAEA % TX POSETDON (2 THTdo 417 38k
B L O RITHT 227 T B 71T K DBREDRISONT, UKAEA™ J TN POSEIDON** {2451 T
FEBMTOIN TV D, ERIERZM 2 LUK 3, TG M OERGER 2 1| KOE 2 1R,
K2DLBY, BWHELOFDDIF THDTI4THD,
FEikl: A XY 20T 47 U A (BEAKBORPBISE KIS ET (SGHWR)) OZRKMH > AT KITE
T DR OURFF 2~ D T2 8 DFEER
%21 A ADHR =)L+ = T —WEFT TITONIZK T ~DH AR L S FRDOR 7 F e 7B
% FEhR
%3 : “State-of-the—art review on fission products aerosol pool scrubbing under

severe accident conditions” , 1995
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# 1 ERSEHE
Program Aerosol Aerosol Carrier Steam Water Pool Injector
size, pm fluid fraction temp., °C | pressure
csl 17-27 | 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, Nyor - 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 (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 ambient ambient single
orifice
LACE - Csl 1.7-7.2 N, + 0.07 - 110 3 bar -single
Espafia steam 0.85 (abs.) | orifice
-multior.
SPARTA Csl 0.7 air + N, 0 close to ambient 2 orifices
saturation
UKAEA Cr/Ni 0.06 air + 0.25 - ambient ambient 4 orifices
steam 0.96 (downco-
mers)
""""""""""" o N ok il akeein Tl ek Al
UKAEA 1, vapour B airand/for | 0-1 ambient ambient 4 orifices 1
steam (downco- :
mers) :
POSEI- 1, vapour - N, 0 ambient ambient -single :
DON orifice |
- multior. !

* Only one test performed.
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#2 FEERER
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-Espafia Csl 16 - 3000
SPARTA Csl 7 *
UKAEA Ni/Cr 15 - 1680
POSEIDON
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A A EEBICTREI IR SN,

I, Cs : @IRICTREID DIRIZ BRI S D, BRI T A & RS,

Sb, Te : @WIRIZ TRENOIZIFREMINEND, EWEE L UG L%, HEE O
ARV SR EY g

Sr, Mo, Ru, Rh, Ba C FHEERSEM BRESM or BILHRM) ICKREREEBEZIT D,

Ce, Np, Pu, Y, Zr, Nb : @iEIREEC & AL KV,

Rk - MEFERICE B UTZBHRRERD & O S E M N T 7 F = RO B FHE O 7 9
DOHFFE (JAEA-Review 2013-034, 2013 4E 12 H) |

# 3 OFHIAERIL 24O OBHIFEE L OERSER L BEEVRII TV Ry, 2L, F—r v
- (KM K LOCA+ECCS TE/KBERETE G + A2 i@ R HER) (28R Tik, MA A P#HrAsH - fKf#
FMZEOHHEIE ZMEICRELSFHEL TV L7 ThHhDH LEX LD,

MA A PEHT OFF SRS L LTI, DA FIRK LIERE LOSNER A E L L2t T, Rk
77U R S O R E O BRI B\ TR — L s O & 2 W Ui B & ST
LTWNDZ R, FLEKRFICEBWTERET 7Y EOKIZED A7 T8 7 REBEB L TR

e 5—1



WZENEFHNDH, MAAP 22— RO ILTH D EPRI 225 &, FRRIK L7200 b OFEFR M
BREOIZOWTMA A P DRSFRIZRE R E 52 25608025 FOLLTOWMER LI Tn
Do

CJFOERK U725 OFERMERFE Ru O o) Ok i oW, (KIEOARN R AT

Tl <, WERRE ORI 2 I HIEE A B H LT\ D720, MA A PRENT RS2
MREGZ2DHE0RH 5,

* Mo D EFEAMIZ DUNT, NUREG-1465 KXV S MA A P =— RO LB &% % T 5,

7F, EIERMEE (BY ARk 9HE) IOV TIFERIHNIF DIMTBIE EN D 70,
EROBRESFHEOREIZ T WbDEEZ BN,

LLEDZ &ne, Fi—4 A (KRBT LOCA+ECCS VK MERETE S + 2 AT Eh IR IEL) 108
WTH - AR MR O U BN G 2 Rl DB, BICMA A PRREHTIC K 2RHilRE R4+ 2 &,
FEIS & U GREICRSTFIRE R E 5 2 2/ ReERN S 572, hoOFEE AWMl LB 272
HEEZBRND,

Z 2T, MAAPHTIZ L2 IHEIG OFMIFE RSN, A TORBIFICHIEHN S TND
NUREG-1465 CKE DR NHHIZES (NRC) TEHINT-HDTHY, KETHLIET T 7T~
NRED #7245 & LT, ORI E O R AR ORk & 25l CHEH STV D) OFIRAEFIH T
LZbDE LT, ZOZEIZED, ML FHOMEEH — R F IR EFTFROERIZ IV BE - 725
DAREE T2 D,

ks, FH L —r oA (KW LOCA+ECCS JE/KBERE FEJ + 222 i B ) EIRFE ) 12860 C, i
P AMSEERNE I TE RN S D L UE LTS A Ic BT 5, FLEERED D, JRTFIFE IR
T 5 E TOMA A PRTFRER (i —7 A (RikWr LOCA+ECCS /KRB HE K + 228 P Eh
TBIFIER) T, YEHEL—7 v ACBW R TFEREREZ AT 2 2 LI L0 HTFES
e EICITE 5 720) & NUREG-1465 OFEEDLEIEIFR 1 O LB Y TH Y, NUREG-1465 OFEE &
MA A PEHT OFRERIZRE 221370 <, AFHIIZIU T NUREG-1465 0> %N L I3Ad I AT HE & Ik
L7,

NUREG-1465 D401 7. % FIF L 723554 O HEIA OF MRS R4 % 6 (ORT,

#£1 MAA PFHTEES R & NUREG-1465 OFEE D i
IREHE B OBENBILE L, v > 7 | FFOAEDEILE L, WWERE N E
7 & U PEME DN i & B TR T ENREAET 5 F TOHIM

MAAP K17 Jr~H 41 43! K 41 4y ~#) 6. 4 B *2
NUREG-1465 | ~30 4y 30 43 ~2 B

FERD k1 DR BRI AR RBHIGE R L 1000K) ~ 4P LUAmBRLG (BUBHIEE IR 2500K)
%2 1 JAFFEABRBEN I TE 220 b O LARGE LT2 A1 2 I -1 ) 45 e RbHR R ]

e 5—2
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Feson(T) -
Fea(T) - 1534

MAAP 22— FCTIHMEFEN - WEEEZ BB L EEE 7 —7510 L TkY, &7
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D GRS — 7 O IR F NN EIZ L T OFEIEIC L D FHMEL T\ 5,
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@ OOtz b &I, FMfROERZ ELEDLY, FrRoEEZHET 5,

@ QDFEREMAAPa—RIZA 7 FL, MAAP 22— RIZT, £k DbEW
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F2 BEMETN—T DR E

) ) FHRE T L — T KA PN AR (kg
AR —" B o N
stIcT 1L EY (ZEMEZE &Te)
i T A Xe, Kr 9 750kg
CsI CsI, RbI ) 57kg
TeOy, Te, | TeO:, Tey # T4kg, #J 63kg™
Sr0 Sr0 #7 160kg
Mo0, Mo0O,, Ru0,;, TcOs, RhO, #) 600kg
CsOH CsOH, RbOH ) 470kg
Ba0 Ba0 #7 220kg
L8203, PI‘203, ngOg, SHIZOS,
Las0, 9 1200kg
YQOg, ZI‘OZ, NbOQ, AmOg, Cm02
Ce0, Ce0,, NpO,, Pu0. ) 470kg
Sh Sh #1 2. 2kg
U0, U0, 9 180000kg

HERL sk« RHURT Teo DIFIAER [kel 1, (FIERFICHFRICAAIET D Te LR DEE

78 Tes DIGRECIHET D& OIS %,
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FRNA~DRHHEIE 2~ d,

Fes(168h)
Fnoble gass (1 68h)

Y.
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RMENBIRA T VA FIZ L OGN ORESND LB bND, £, FHRAER,
JR TIPS AT 2R D SARER 0> B DR ENE A T2 TR IR RN ER 2 D O 2 DI &
WER D LD EEZLND,
ARG CIE, - ARERE O 7 NV — TR, TP RNA RN TR -IRE & L
ThlRESND Cs #REXLELTSHRL, T - [KIEEREMEOEHE 7 V—T7 0 [HBFZIZE
FARAVEIS] &, [BEEZICBITS Cs OIRAWES ] [l srboL L,

e 5—6



# 3 MAAPIHTIC & 2 HEIE ORHMERER GG TEREOBREZETHEICHEN L)

P IR PN IR 5
R N—T FEANZRZRIEJTE DS L2 &~ H B &
(IS 168 1% I 5)
i A #9.2x10™
CsI $1.3X10°
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Mo0, #93.0x10°
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Ce0y #1.0x10™"
Sb $2.9X10°
Te, 0
U0, 0
Cs* $2.6X10°
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wahg R — - — 0.1 —_ 0.7 5 7 -
& @ 105 122 110 93 94 119 95 97 85

tIRTERO T MEREM L RO 77 ) (s iR LEY) D, & o COFFRIFLSA VY b)) -2k E S
EEABRR LIS TLE o LuMsT, ZBEHXNLIOL VY DY) —3CsRSTHAEEL Bo

i - TMI-2 SR DR ZERR (M, bR, #HHEEL B AR 157258
Vol. 32, No. 4(1990) )

£5 ARSI T A REEATIEAR T ST T O A

(4% :Ba/keg-¥ot)

o e Frayy i e ol L - Lo

(B FEH500m) *2 (EE#500m)*2 (FAR#500m) +2 (3#91,000m) #2 |(3£#9500m) +2

HHERE 3/21 3/25 3/28] 3/25) /28] 3/25] 3728 3| a2 3722 3722 o722

SR | ovaea JAEA — JAEA St JAEA o JAEA JAEA JAEA JAEA JAEA
BEE 3/24 3/28 3/30) 3/28) 3/30) 3/28) 3/30) 3/28) 3/25) 3725 3/24) /25
#4 [i-131%98 ) 58640 57406 38E+0) 30840 3.0E+04 12€407 26E+06] 466405 3.1E+06 79405 228406 5.4E+0
18 [1-132(5928% M) *4) *4) 2.3E+05| *4 1.3E+02 *4] 1.5E+05) 4| *4) *4 *4 *4)
Cs-134(#92%8) 34E+05 49E+05 5.3E+05) 7.7E404] 326402 356406 97E+05 6.8E404 9.5€+05, 8.7E+03] 1.7E+04 1.6E+05
Cs-136(#3138) 726404 6.1E+04 33404 1.0E404 28E+01 466405 69E+04) 86E+03] 1.1E+05 1.9E+03 226403 256404
Cs-137(4530%) 3.4E+05) 48E+05 5.1E+03) 7.6E404] 326402 35E+06] 938405 67404 1.0E+06 206404 1.6E+04 1.6E403]
Te-120m(#5348) 25E+405 29E405 8.5€+05) 536404 ND 27E+06 6.0E+05] 286404 B9E+05 956403 1.9E+04) 1.76+05]
Te-13204538) 6.1E+05) 34E+05] 308405 656404 148402 3.1E+06] 20E+03] 326404 1.9E+06, 21404 3.9E+04 3.8E+05
Ba-140(4413 ) 1.36+04 1.5E+04) ND 25E403) ND ND ND ND BOE+04 ND| ND| ND
Nb-05(44358) 1.7E+03} 24£+03 ND ND| ND 536403 ND ND 8.1E+03 ND| ND 7.96+02)
Ru-106(#93708) 536404 ND ND) 6.4E+03 ND 27E+05] ND| ND 6.8E+04 1.9E+03] ND 326404
Mo-08(#36684141) 21404 ND ND| ND| ND 6.6E+04 ND| ND ND ND| ND ND
To-99m(#6ESRT) 236404 206404 ND) ND ND 456404 ND 1.86+03 23E+04] ND| ND| 83E+03
La-140(492 ) 336404 37E+04 ND) 23E403) ND 9.7E+04 ND 256403 21E+05, 428402 6.2E402) 7.8E+03]
Be-7(#9538) ND) ND ND) ND| ND ND| ND ND) 32E+04 ND| ND| ND
Ag-110m(#3250) 1.1E+03) 26E+03 ND ND| ND ND ND 176402 1.8E+04 ND| ND| ND

Wl - WEIE S HP (http://www. tepco. co. jp/cc/press/11040609-j. html)
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P IR PN IR 5
R N—T FEANZRZRIEJTE DS L2 &~ H B &
(FEBFE AN S 168 HERE#4 IR )
i A #19.2x107
CsI #11.3x10°
TeO, #5.2Xx107
Sr0 $2.1x107
Mo0, #2.6x10°
CsOH #92.7x10°
Ba0 $2.1x107
Las0; #2.1x107
Ce0y #95.2x107
Sb #5.2Xx107
Te, 0*2
U0, 0*?
Cs™*! #12.6x10°

Rk : CsI Zv—7" L CsOH Z N —T7 DO EI G HEEHn GHEIEZ2%E 1 221)
X2 RFHMIZEBWNT [Te, 77— KX U0, ZV—7 | OFHEISDOMA A P ENTHE
HiIPraThoH-H, NUREG-1465 O R 2 W - fEDOxf R E LT,
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# 7 NUREG-1465 TODJR 1PN s N ~D i B E

7 — SR T IF R AN fe~ D B 5
Cs 0.25
TeOz, Sb, Te, 0.05
Sr0, Ba0 0.02
MoO; 0. 0025
Ce0z, U0, 0. 0005
La0s 0. 0002

Z0sk : NUREG-1465 @ Table 3. 12 [Gap Release| OfEi& [Early In-Vessel | OfEDF1% 5

(NUREG-1465 TiX, Gap Release], [Early In-Vessel|, [Ex-Vessel| KON [Late In—
Vessel | DB HFRUMER T = — X2 L TR TR ME RN ~ORHEI& 2 52 T\,
BIGERE OB ETAGIC I T 2EFH TV A TIX, R FEDESP MRk
RECHYIIRT D720, IR FIRENRZFFREHTE TOFLL Ottt 2 487E 9 % [Gap
Release| KON [Early In-Vessel| OfEOFZ HW5,)

#8 NUREG-1465 (HFp)
Table 3.8 Revised Radionuclide Groups

Group Title Elements in Group

1 Noble gases Xe, Kr

2 Halogens I, Br

3 Alkali Metals Cs, Rb

4 Tellurdum group Te, Sb, Se

5 -~ Barium, strontium  Ba, Sc

6 Noble Metals Ru, Rh, Pd, Mo, Tt, Co

7 Lanthanides La, Zr, Nd, Eu, Nb, Pm,
Pr,Sm, Y,Cm, Am

8 Cerivm group Ce, Pu, Np

Table 3.12 BWR Releases Into.Containment*

Gap Release*** Early In-Vessel Ex-Vessel Late In-Vessel
Duration (Hours) 0.5 15 30 10.0
Noble Gases** 0.05 0.95 0 0
Halogens 0.05 . 025 0.30 0.01
Alkali Metals 0.05 - 020 0.35 0.01
Tellurium group 0 0.05 0.25 0.005
Barium, Strontium 0 0.02 0.1 0
Noble Metals 0 0.0025 0.0025 0
Cerium group 0 0.0005 0.005 0
Lanthanides 0 0.0002 0.005 0

* Values shown are fractions of core inventory.
** See Table 3.8 for a listing of the elements in each group
*** Gap release is 3 percent if long-term fuel cooling is maintained.
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X/Qp(xy,z); : KA CORMEREF[1/m?]

x/Qx,y, 2); : REZ) 1 COFRHREE [s/m’]

Vq : YhAE U [m/s] (0.003)  (NUREG/CR-4551 Vol. 21 ¥ *)

JEFC % : NUREG/CR-4551 Vol.2 “Evaluation of Severe Accident Risks: Quantification

of Major Input Parameters”
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DEHEINTEY, UTOLBVHEINTND,

c EMZ X AILEEE D “best judgement” & LT 10°m/s (107%cm/s) ZHENE

(2) BARFIFRICE W
A AR 1 PR HE L~ 3PSA i 4. 8 (LA IR T 2 L T O#E N e STV D,
- AR FVIIERISEDIL A TH Y, IWEEREIV/NS <, FEBRT 10'~102cm/s OHiFH
Th D,
< AU ATFADOULEL, ARDOV ATk MEN 2T EET L1200 TH Y, FHHEZERHLIZ
BWTEZOWLEITERTE 2D,

UbDZ s, XS FBORMHEREREIZ=T v Y VR OFZHEEEREE 0. 3em/s (ZH~T
INEWTZ ENF R D,
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VEFC % 1 : NRPB-R322-Atmospheric Dispersion Modelling Liaison Committee Annual Report,
1998-99
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NRPB-R322 ANNEX-A  [2.2 Todine] Dk

2.2.2 | Meadow grass and crops

Methyl iodide

There are fewer data for methyl iodide than for elemental iodine. but all the data indicate that
it is poorly absorbed by vegetation. such that surface resistance is by far the dominant resistance
component. The early data have been reviewed elsewhere (Underwood. 1988: Harper ef al. 1994) and
no substantial body of new data is available. The measured values range between 10° and 10 m 5™
approximately, Again. there are no strong reasons for taking 7; to be a function of windspeed, so it is
recommended that v, is taken to be a constant. Based on the limited data available. the ‘Dest judgement’
value of v, is taken asand the “conservative’ value as 10~ m s™. Where there is uncertainty
as to the chemical species of the iodine. it is clearly safest to assume that it is all in elemental form from

the viewpoint of making a conservative estimate of deposition flux.

2.2.3  Urban

Methyl iodide

There appear to be no data for the deposition of methyl iodide to building surfaces: the
deposition velocity will be limited by adsorption processes and chemical reactions (if any) at the
surface. for which specific data are required. No recommendations are given in this case. For vegetation
within the urban area (lawns and parks etc). it is recommended that the values for extended grass
surfaces be used.

M 72
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Fig. 4 Dry deposition velocity as a function of particle size. Data were obtained from a number of
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Noe: that the theorctical curve is strongly dependent on the valve for ws and that Eq. 22 does not
contain a pacameterization for surface roughness. For a preliminary study of the effect of surface
roughness and other (actors, see Rel. 5.
L5z %
1 Afx RRIRICEB T ek B (Nuclear Safety Vol. 19%*%)

FE0k1 : J.L. Sprung Z%¥ : Evaluation of severe accident risks: quantification of major
input parameters, NUREG/CR-4551 Vol.2 Rev.1 Part 7, 1990

%2 :W.G.N. Slinn: 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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%% 1-1 NUREG/CR-5901 D Hk¥H

so-called "quench" temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,O are too slow to maintain chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively "frozen" at the equilibrium composition for the "quench" temperature.
Experimental evidence suggest that the "quench” temperature is 1300 to 1000 K. The value of
the quench temperature was assumed to be uniformly distributed over this temperature range for
the calculations done here.

(6) Solute Mass. The mass of solutes in water pools overlying core debris attacking concrete
has not been examined carefully in the experiments done to date. It is assumed here that the
logarithm of the solute mass is uniformly distributed over the range of In(0.05 g/kilogram
H,0) = -3.00 to In(100 g/kilogram H,0) = 4.61.

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

(8) Density of Suspended Solids. Among the materials that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 gl/em?) or Si0, (p =22 g/em®) from the concrete and
UOy(p = 10 g/lcm®) or Zr0, (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 S is the
weight fraction of dissolved solids. The sign of the change is taken to be minus or plus
depending on whether a random variable € is less than 0.5 or greater than or equal to 0.5.
Thus, the surface tension of the liquid is:

a =

ow) (1-S) for e <05
{o(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.
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Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 pm) = -1.39 to In (2.5 um) = 0.92.

(11) metri ndard Deviation of the Particle Size Distribution. The aerosols produced
during core debris-concrete interactions are assumed to have lognormal size distributions.
Experimentally determined geometric standard deviations for the distributions in cases with no
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/cm? and condensed products of concrete decomposition such as Na,0, K,0, Al,0, SiO,,
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/cm®.

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:

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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%3 1-2  STATE-OF-THE-ART REPORT ON NUCLEAR AEROSOLS,
NEA/CSNI/R (2009) 5 D H ik K OFRER O A2

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
bctwccnin 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.

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.

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 um before stabilizing at 3.35 um; 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 between a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the Iognormal 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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72 FEHRREFR ()
e E AR BN C A (S 8bm, Hi i 51m) 1985 4F 10 H ~1986 4E 9 A
FEHEQD - BN A S (S 85m, Hi B 75m) 2004 4F 4 H~20134E 3 H

(%)

B aT4E . FEHR R *U/Tf

2004 2005 2006 2007 2008 2009 2010 2011 2012 | “EHfE OFR

- 9850 b | FBR | xem
N 5,69 | 5.93| 6.42| 6.24| 6.96| 7.84| 4.80| 5.14| 6.46| 6.16| 5.73| 8.40| 3.93 O
NNE 2.37| 2.67| 2.64| 2.52| 2.71| 2.71 1.81| 2.64| 2.59| 2.52| 2.05| 3.21 1.82 O
NE 3.72| 3.22| 2.93| 2.63| 2.78| 3.67| 2.67| 2.58| 1.80| 2.89| 1.91| 4.33| 1.44 O
ENE 4,01 3.08| 3.35| 3.21| 3.41| 3.89| 2.26| 3.21| 2.67| 3.23| 2.80| 4.55| 1.91 O
E 5,00 4.09| 4.96| 4.36| 4.91| 4.24| 4.05| 4.77| 3.46| 4.43| 5.73| 5.70| 3.15 X
ESE 9.57| 7.00| 8.17| 7.24| 7.57| 6.22| 5.91| 6.72| 6.61| 7.22| 9.16| 9.93| 4.52 O
SE 12.55 | 11.46 | 15.22 | 14.10| 16.82| 14.55| 14.59| 16.25| 16.02| 14.62| 15.18| 18.86| 10.38 O
SSE 9.61 | 10.11| 11.19| 11.20| 10.09 | 12.53| 13.86| 12.30| 11.71| 11.40| 7.24| 14.71| 8.08 X
S 3.94| 5.28| 4.47| 4.64| 3.53| 4.94| 5.03| 4.38| 4.19| 4.49| 4.26| 5.84| 3.14 O
SSW 2.77| 3.13| 2.26| 2.75| 2.23| 2.74| 2.40| 2.33| 2.10| 2.52| 2.09| 3.34| 1.70 O
SW 6.53| 5.31| 2.40| 3.02| 2.64| 2.71| 3.47| 2.66| 2.59| 3.48| 3.00| 7.00| 0.00 O
Wsw 7.34| 6.87| 5.49| 6.14| 4.57| 4.82| 5.57| 5.09| 4.8 | 5.64| 6.90| 7.98| 3.31 O
W 6.83| 6.61| 7.40| 7.14| 7.03| 6.69| 7.91| 6.47| 6.30| 6.93| 6.96| 8.15| 5.71 O
WNW 7.98| 7.58| 9.82| 9.34| 9.38| 7.14| 8.94| 7.54| 9.23| 855| 9.82| 10.95| 6.15 O
NW 7.25| 11.76 | 8.16| 9.98| 10.21| 8.06| 10.81| 11.02| 12.59| 9.98| 10.97| 14.38| 5.58 O
NNW 4.37| 5.38| 4.54| 4.59| 4.37| 4.94| 5.46| 6.03| 5.81| 505| 5.30| 6.60| 3.51 O
CALM 0.47| 0.53| 0.58| 0.89| 0.80| 2.31| 0.47| 0.8 | 1.00| 0.88| 0.91] 2.26| 0.00 O
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£33 FARER ()

e E AR BN C A (S 8bm, Hi i 51m) 1985 4F 10 H ~1986 4E 9 A
FEHEQD - BN A S (S 85m, Hi B 75m) 2004 4F 4 H~20134E 3 H

(%)
WAt o HEHIFR S HIE

2004 2005 2006 2007 2008 2009 2010 2011 2012 SEYE 1985 OFAR

RV (/) ERRCDOTRR O gy
0.0~0.4 0.47 0.53 0. 58 0. 89 0. 80 2.31 0.47 0. 86 1. 00 0. 88 0.91 2.26 0. 00 O
0.5~1.4 4. 75 5.71 6.03 7.32 7.90 6. 85 7.07 6. 46 7.24 6. 59 6. 92 8.94 4. 24 O
1.5~2.4 11.41 11.40 12. 47 13.01 12. 69 12. 88 12.03 12.79 12. 87 12. 40 11. 37 13.93 10. 86 O
2.56~3.4 13. 48 14. 54 16. 18 15. 98 15.91 15. 58 14. 65 14. 25 13.59 14.91 15. 33 17.43 12. 38 O
3.56~4.4 13. 37 13. 96 14. 49 14. 81 13.94 13. 26 14. 43 14. 30 12. 81 13.93 14. 83 15.53 12. 33 O
4, 5~5.4 13. 08 11.42 13.71 12. 68 11. 37 11. 06 12.54 12. 17 10. 20 12.03 11.51 14.71 9.35 O
5.5~6.4 9.70 9. 33 9. 65 9.03 9.22 9.13 8. 88 9.14 8. 85 9.22 8. 38 9.95 8. 48 X
6.5~7.4 6. 83 6. 47 5.78 5.13 6. 33 7.48 6. 02 6. 47 6. 48 6. 33 6.12 7.93 4.73 O
7.5~8.4 3.93 4.15 3. 58 3.49 4. 32 4. 47 4. 07 4. 43 4. 40 4.09 4. 41 4. 98 3.21 O
8.5~90.4 2. 88 2.99 2.67 2.53 2.62 3.73 2.25 2.94 3.3 2. 88 3.16 3. 97 1. 80 O
9.5 E 20. 11 19. 50 14. 87 15.12 14. 90 13. 26 17.59 16. 18 19. 20 16. 75 17. 07 22. 68 10. 81 O
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B E AR BN A (BEE 20m, HiEE 10m) 1985 4F 10 H ~1986 4E 9 A
FEHEQD - BN A S (S 20m, Hi EE 10m) 2004 4F 4 H~20134E 3 H

(%)
LA . FEHR R *U/Tf
2004 2005 2006 2007 2008 2009 2010 2011 2012 SEYME 1085 OFAR
L] B | FRR X FEH]
N 6.69| 6.51| 7.04| 7.31| 7.68| 7.57| 4.58| 6.12| 6.88| 6.71| 7.29| 9.00| 4.42 O
NNE 1.16 | 1.25| 1.61| 1.52| 1.46| 2.26| 1.08| 1.82| 1.37| 1.50| 1.83| 2.39| 0.62 O
NE 2.05| 2.04| 2.54| 2.44| 2.71| 2.92| 2.23| 2.69| 1.8 | 2.38| 1.76| 3.27| 1.50 O
ENE 2.23| 1.98| 2.39| 1.87| 2.22| 2.69| 2.21| 2.87| 2.03| 2.28| 3.37| 3.07| 1.48 X
B 7.67| 7.29| 8.01| 7.76| 9.52| 10.10| 9.25| 9.08| 9.49| 8.68| 5.30| 11.13| 6.24 X
ESE 11.24| 9.56| 9.53| 8.74| 887| 891| 9.27| 9.60| 10.55| 9.59| 12.40| 11.60| 7.58 X
SE 16. 89 17.03 19. 17 18. 62 16. 29 14. 20 16. 10 13. 36 12.51 16. 02 14. 47 21.54 10. 49 O
SSE 2.90 2.67 2.73 2.69 2.52 1. 89 2.46 2.57 1. 89 2.48 5.59 3. 35 1. 61 X
S 2. 80 2.94 3.00 2.92 2.33 2.22 2. 56 2.82 2.54 2. 68 2.56 3.37 2.00 O
SSW 1. 25 1.43 1.12 1.48 1.12 1.12 1. 54 1. 66 1.21 1. 33 1.85 1.82 0.83 X
SW 2.56 3.19 2.76 3.57 2.81 2. 86 3.23 3.19 2.97 3.02 2.93 3.76 2.27 O
WSW 7.22 6.41 5.70 5.69 5.24 5. 80 5. 88 5. 30 5.25 5.83 6. 56 7.39 4. 98 O
W 8.17| 9.30| 10.30| 9.31| 9.11| 853| 10.63| 7.79| 887| 9.11| 8.66| 11.35| 6.87 O
WNW 8.14| 9.96| 7.98| 7.75| 8.04| 7.21| 8.33| 7.40| 9.02| 820| 9.11| 10.25| 6.15 O
NW 8.73| 9.09| 6.53| 878| 831| 7.85| 8.26| 9.57| 10.52| 8.63| 8.56| 11.34| 5.92 O
NNW 3.74| 3.60| 2.70| 2.37| 2.60| 3.72| 4.27| 3.76| 3.60| 3.38| 4.31| 4.95| 1.80 O
CALM 6.55| 5.75| 6.88| 7.16| 9.17| 10.14| 8. 11| 10.41| 9.43| 8.18| 3.45| 12.27| 4.09 X
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B E AR BN A (BEE 20m, HiEE 10m) 1985 4F 10 H ~1986 4E 9 A
FEHEQD - BN A S (S 20m, Hi EE 10m) 2004 4F 4 H~20134E 3 H

(%)
FozkeE e | IR i

2004 2005 2006 2007 2008 2009 2010 2011 2012 SEYfE 1985 OFR

R (m/s) EEROFIR L e
0.0~0.4 6. 55 5.75 6. 88 7.16 9.17 10. 14 8.11 10. 41 9.43 8. 18 3. 45 12. 27 4. 09 X
0.5~1.4 44. 91 45. 66 49. 32 47. 96 47. 40 47. 44 48. 83 49. 05 46. 74 47. 48 28. 26 51. 17 43. 80 X
1.5~2.4 16. 53 15. 25 16. 39 15.74 16. 31 15.49 15. 64 13. 87 14. 91 15. 57 30. 49 17. 60 13. 53 X
2.56~3.4 7.82 8.12 7.90 8. 26 8.39 8. 26 7.15 8.02 7.74 7.96 10. 11 8. 87 7.05 X
3.56~4.4 4.93 6. 14 4.78 4. 98 4. 44 5.04 4.55 5.68 5. 27 5. 09 6.12 6. 41 3. 77 O
4, 5~5.4 4.74 4. 30 3. 34 3.96 3. 60 3. 55 3. 80 4. 39 4.43 4.01 4. 34 5.17 2.86 O
5.5~6.4 3.65 3. 58 2.93 3.55 2. 77 2. 77 3.57 3.31 3. 27 3. 27 4. 00 4. 14 2. 40 O
6.5~7.4 3. 67 3.67 2.75 3.29 2.27 1.99 2.90 2.54 2. 86 2.88 3.16 4. 30 1.47 O
7.5~8.4 3.06 3. 08 1.95 2. 40 2.13 1. 89 2.45 1.51 2. 30 2.31 3.21 3. 57 1. 04 O
8.5~90.4 1. 85 1. 97 1. 17 1. 39 1.75 1.43 1.52 0. 66 1. 36 1. 46 2.39 2.41 0. 50 O
9.5 ML |k 2. 28 2. 47 2.59 1.32 1.75 2.00 1.48 0. 56 1. 69 1.79 4. 47 3. 34 0. 25 X
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e E AR BN C A (S 8bm, Hi i 51m) 1985 4F 10 H ~1986 4E 9 A
HEHED - N A S (5 85m, Hi B 75m) 2008 4F 4 H~2018 4 3 H

(%)
HiatE g | sEamR |

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | ‘F¥yfiE 1985 OFR

] ERR | TR X HEH]
N 6.96| 7.84| 4.80| 5.14| 6.46| 5.20( 5.59| 5.54| 6.40| 4.93| 5.89| 5.73| 8.24| 3.53 O

NNE 2.71| 2.71| 1.81| 2.64| 2.59| 2.76| 3.06| 3.68| 5.13| 2.76| 2.98| 2.05| 5.08| 0.89

NE 2.78| 3.67| 2.67| 2.58| 1.80| 2.11| 1.84| 2.79| 2.91| 1.97| 2.51| 1.91] 3.90| 1.12 O
ENE 3.41| 3.89| 2.26| 3.21| 2.67| 2.06/ 2.16| 3.16| 2.55| 2.80| 2.82| 2.80| 4.23| 1.41 O
E 4.91| 4.24| 4.05| 4.77| 3.46| 2.98| 3.46| 4.84| 4.05| 4.15| 4.09| 5.73| 5.62| 2.56 X
ESE 7.57| 6.22| 5.91| 6.72| 6.61| 5.27| 6.25| 7.41| 5.66| 7.02| 6.47| 9.16| 8.23| 4.70 X
SE 16.82| 14.55| 14.59| 16.25| 16.02| 15.85| 15.55| 16.07| 15.46| 15.44| 15.66| 15.18| 17.34| 13.98 O
SSE 10.09| 12.53| 13.86| 12.30| 11.71] 12.09| 11.92| 11.72| 10.96| 10.93| 11.81| 7.24| 14.25| 9.37 X
S 3.53|  4.94| 5.03| 4.38| 4.19| 4.41| 4.26| 3.72| 4.19| 4.26| 4.29| 4.26| 5.39| 3.20 O
SSW 2.23|  2.74| 2.40| 2.33| 2.10| 2.49| 2.53| 2.12| 2.04| 2.41| 2.34| 2.09| 2.86| 1.82 O
SW 2.64| 2.71| 3.47| 2.66| 2.59| 2.93| 3.02| 2.70| 2.64| 2.82| 2.82| 3.00| 3.46| 2.18 O
WSW 4.57| 4.82| 5.57| 5.09| 4.89| 6.09( 5.74| 5.97| 4.48| 6.60| 5.38| 6.90| 7.08| 3.68 O
W 7.03] 6.69| 7.91| 6.47| 6.30| 7.28| 7.26| 7.12| 6.09| 8.40| 7.05| 6.96| 8.75| 5.36 O
WNW 9.38| 7.14| 8.94| 7.54| 9.23| 9.95| 9.86| 6.98| 7.82| 9.26| 8.61| 9.82| 11.29]| 5.93 O
NW 10.21| 8.06| 10.81| 11.02| 12.59| 12.26| 11.04| 9.49| 11.58| 9.82| 10.69| 10.97| 13.90| 7.48 O
NNW 4.37| 4.94| 5.46| 6.03| 5.81| 4.97| 5.21| 5.57| 7.04| 4.91| 5.43| 5.30| 7.20| 3.66 O
CALM 0.80| 2.31| 0.47| 0.86| 1.00| 1.28| 1.23| 1.12| 1.01| 1.54| 1.16| 0.91| 2.34| 0.00 O




S—TT & B

KT OFEARER ()
B E 4 BN C R
MEHEQ : BN AR

(F= % 85m, Hi =% 51m) 1985 4F 10 H ~1986 4£ 9 H
(F= & 85m, Hb =% 75m) 2008 4F 4 H~2018 4 3 H

(%)
et pa | TEEIRA HiE

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 | FEIME 1985 OFAR

L (n/s) BB | PR | xEm
0.0~0.4 0. 80 2.31 0. 47 0. 86 1.00 1.28 1.23 1.12 1.01 1.54 1.16 0.91 2.34 0.00 O
0.56~1.4 7.90 6. 85 7.07 6. 46 7.24 7.45 7.79 8. 67 7.85 7.73 7.50 6. 92 8.99 6.01 O
1.5~2.4 12.69| 12.88| 12.03| 12.79| 12.87| 11.60| 13.84| 14.02| 13.19| 12.41| 12.83| 11.37| 14.59| 11.08 O
2.5~3.4 15.91| 15.58| 14.65| 14.25| 13.59| 13.95| 15.14| 17.33| 15.60| 15.73| 15.17| 15.33| 17.79| 12.56 O
3.5~4.4 13.94| 13.26| 14.43| 14.30| 12.81| 14.20| 13.47| 14.61| 13.06| 14.32| 13.84| 14.83| 15.35| 12.33 O
4.5~b.4 11.37| 11.06| 12.54| 12.17| 10.20| 10.82| 10.51| 11.10| 11.06| 11.24| 11.21| 11.51| 12.87 9.54 O
5.5~6.4 9.22 9.13 8. 88 9.14 8.85 8. 74 .77 8.03 8. 66 8. 17 8. 66 8. 38 9. 86 7.46 O
6.5~7.4 6. 33 7.48 6.02 6. 47 6. 48 6. 46 5.85 4. 98 5. 67 6. 16 6.19 6.12 7.73 4. 65 O
7.56~8.4 4. 32 4. 47 4.07 4.43 4. 40 3.62 3. 86 3. 44 3. 96 3.77 4.03 4.41 4.90 3. 17 O
8.5~9.4 2.62 3.73 2.25 2.94 3.35 2.93 2. 30 2.49 2.79 2.49 2.79 3. 16 3.90 1. 67 O
9.5 U I 14.90| 13.26| 17.59| 16.18| 19.20| 18.93| 18.25| 14.22| 17.16| 16.45| 16.61| 17.07| 21.37| 11.86 O




78 FHREFR (EH)
B E AR BN A (BEE 20m, HiEE 10m) 1985 4F 10 H ~1986 4E 9 A
HEHED - BN A S (S 20m, Hi EE 10m) 2008 4F 4 H~2018 4E 3 H

6—TT &8

(%)
B aT4E . FEHIFR AR %?

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | FH5fH L85 OFR

ERRO|OFRR | xgER
N 7.68| 7.57| 4.58| 6.12| 6.88| 5.16| 6.09| 5.58| 6.51| 5.55| 6.17| 7.29| 8.56| 3.78 O
NNE 1.46 | 2.26| 1.08| 1.82| 1.37| 1.42| 1.67| 3.76| 4.06| 2.48| 2.14| 1.83| 4.57| 0.00 O
NE 2,71 2,92 2.23| 2.69| 1.85| 1.42| 1.18| 2.18| 2.05| 1.60| 2.08| 1.76| 3.46| 0.70 O
ENE 2.22| 2.69| 2.21| 2.87| 2.03| 2.46| 2.38| 2.65| 2.13| 2.18| 2.38| 3.37| 3.04| 1.72 X
B 9.52| 10.10| 9.25| 9.08| 9.49| 8.31| 6.80| 5.80| 5.19| 4.95| 7.85| 5.30| 12.53| 3.17 O
ESE 8.87| 8.91| 9.27| 9.60| 10.55| 12.77| 12.57| 10.15| 9.91| 9.76| 10.24| 12.40| 13.53| 6.95 O
SE 16.29 | 14.20| 16.10 | 13.36| 12.51| 10.78 | 12.56 | 15.84 | 16.36 | 18.73 | 14.67 | 14.47| 20.35| 8.99 O
SSE 2.52 | 1.89| 2.46| 2.57| 1.89| 2.83| 2.72| 4.17| 4.81| 5.31| 3.12| 5.59| 5.98| 0.25 O
S 2.33 ] 2.22| 2.56| 2.82| 2.54| 1.94| 1.88| 1.91| 2.30| 2.17| 2.27| 2.56| 3.00| 1.53 O
SSW 1.12| 1.12| 1.54| 1.66| 1.21| 1.39| 1.08| 1.36| 1.54| 1.67| 1.37| 1.85| 1.91| 0.83 O
SW 2.81 2.86| 3.23| 3.19| 2.97| 2.22| 2.59| 1.62| 1.86| 2.08| 2.54| 2.93| 3.88| 1.20 O
WSW 5.24| 5.80| b5.88| 5.30| 5.25| 7.69| 6.38| 6.44| 4.75| 6.62| 5.94| 6.56| 7.99| 3.88 O
W 9.11| 8.53| 10.63| 7.79| 8.87| 8.64| 7.93| 7.88| 8.06| 9.36| 8.68| 8.66| 10.76| 6.60 O
WNW 8.04| 7.21| 833| 7.40| 9.02| 10.16| 9.29| 6.56| 8.57| 7.76| 8.23| 9.11| 10.78| 5.69 O
NW 8.31| 7.85| 8.26| 9.57| 10.52| 8.98| 9.39| 8.44| 10.40| 9.07| 9.08| 8.56| 11.22| 6.94 O
NNW 2.60| 3.72| 4.27| 3.76| 3.60| 4.72| 4.53| 3.96| 4.85| 3.77| 3.98| 4.31| 5.54| 2.42 O
CALM 9.17| 10.14| 8. 11| 10.41| 9.43| 9.10| 10.96| 11.71| 6.67| 6.94| 9.26| 3.45| 13.18| 5.35 X




OT—TT &y HY

£9 FAMRER ()
B E 4E BUN AR
MEHEQ : BN AR

(=& 20m, Hb_-% 10m) 1985 4F 10 H ~1986 4 9 H
(=& 20m, Hb % 10m) 2008 4F 4 H~2018 43 H

(%)
R e FEHIFR S HIE
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 | EHME 1;2?5 O
R (/s) BT e
0.0~0.4 9.17| 10.14 8. 11 10. 41 9.43 9.10| 10.96 | 11.71 6. 67 6. 94 9. 26 3.451 13.18 5.35 X
0.5~1.4 47.40 | 47.44 | 48.83 | 49.05| 46.74 | 46.58 | 47.32 | 44.92 | 43.28 | 39.98 | 46.15| 28.26| 52.70| 39.61 X
1.5~2.4 16. 31 15.49 | 15.64 | 13.87| 14.91 14.47 | 13.03 | 18.22| 19.88 | 23.82| 16.56| 30.49 | 24.29 8. 84 X
2.5~3.4 8. 39 8. 26 7.15 8.02 7.74 7.30 6.72 7.81 8. 44 8.54 7.84 | 10.11 9.29 6. 38 X
3.5~4.4 4. 44 5.04 4. 55 5.68 5. 27 5.62 4.78 4.72 6. 14 4.54 5.08 6.12 6. 45 3. 70 O
4,5~5.4 3. 60 3. 55 3. 80 4. 39 4.43 5.42 4.14 3.32 4. 58 3. 65 4.09 4. 34 5.59 2.58 O
5.5~6.4 2.77 2. 77 3. 57 3.31 3. 27 4. 30 3.92 3.16 4. 25 2.94 3.43 4. 00 4. 78 2.07 O
6.5~7.4 2.27 1.99 2.90 2.54 2. 86 2. 88 3.79 2.18 3.07 2.42 2.69 3.16 3.94 1. 44 O
7.5~8.4 2.13 1. 89 2.45 1.51 2. 30 1.96 2.32 1.61 1.92 2.31 2.04 3.21 2.79 1. 29 X
8.5~9.4 1.75 1.43 1.52 0. 66 1. 36 1. 22 1. 57 1.21 1. 20 1. 89 1. 38 2.39 2.920 0.57 X
9.5 L k 1.75 2.00 1. 48 0. 56 1. 69 1.16 1.45 1.14 0. 57 2.96 1.48 4. 47 3. 15 0. 00 X
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WM T T R A U B~ BEHEET LIz 2N T

JRFAF RN O FSHEE O DEHET <M OA A > ¥ A I o~ B, Rrdz
D YRR K O B D IR R 2 BB L, FHl LT\ 5, FHIE T L& KK ORI2IZR T,
Flz, TV Rux A U~ BaHlE, KRB A~E S VR ISR U7z BUR P E % B
&L, BRITHRRERICEH AL TWDEbDETDH, T Rux A U oI L HHIERE
1%, HEATHEY - ORBAEAES (Bg ¢+ s/m?) 2, [External Exposure to Radionuclides in Air,
Water, and Soil FGR-12 EPA-402-R-93-081. (1993) Tablelll. 3] (ZFC#EiD, H1ZREILEE D & FERhHR
BR~OBRFEREERL D2 L THET 2,
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k=
a7 J— b
7243 (1. 2049 X 107 [g/cm?]) (f%7o [g/cm®])
EP URFIFRRA L —F 1> 7
T.M.S.L. 50035 Ta7 ORIEOR)

] W s J—

[] (2.15 [g/cm?])
/

A4

e <_J;;J

///////////////////////

A-AWTTHE
T.M.S.L. 50035 q

T 77

B-BWrif

] o MRIRAEN (HAL : mm)

[ - Al L5 L 7ot
(AFMEP D~ A FTAMFFEE (b)) Z5|WZEE)

M1 TR TR BN O BSEWE 2D OEEN <RI L D
P < FHEE TV
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S By ) —k

IR . 3
T.M.S. L. 50035 \Vi (B : 1.7g/cn’)
=3 /
ZZR
(BB ¢ 1.2049 X 10 °g/cm’)
AR RE K //
) gy Y — |
T.M. S. L. 31700 (#E : 2. 16g/cm”)
o
i /
BEEEET NV (ANIT SNa2— FOFHEETL)
%Af\, -3 3
(BB« 1.2049 X 107%g/cm®)
k2
$£%1000m
T.M. S. L. 50035

VAN
L

HEHIBETL(G33 - GP 2Ra— FOIFEEFIL)

(EAAL : mm)
WAk EE LCERT s RFar sy — s [ i
AP &~ A F AWFFAE (-5mm) &5V o)R &

%2 BUELBEI D 1T, RO & FFAf AR Tz i
AORISERET D,

X2 TEHETIFRBNOBIEDE NS DADA VX A VA~ E D
#ix < FHmE T
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N A BHERER OVEE B O4RIE < B BT D dE & i oW T

Ny NEREICHE D Ry MBERFFOEEBOWIZ S FHMEIIcB VT, Y2y vz (BLF TW/W)
EWVS, ) MBEDOXRY RNETHIGAKORTA T =/b (LLF ID/W) W), ) IDHDORY REITH
GBI OWTEHME 21T > T\ b, T LDl DOE NI OV TLL FIZRT,

1. BHEFHmIC I 2 3mSRtk o N
W EFEHmIZ BT DWW b, D/WRY EOSMHEOENE, JRIFREAARZSRNIC T 2R E2)
BTHY, TOENNIRUIRTEEBY TH D,

K1 ERHR A OEN

R FEATh S
W/W D/W

YTy va = TD 0 S8 LA

A7 T TICEDEREDE L 5 F) -
T 7T AR #9.2x10! #8.1x10!
INUE=S = #93.3X 102 #93.7X 1072
Cs¥A #92.6X10°° #93.9%107°
FEANTE BRI F136 08 LEEE ~D filt i | Tedd #5.2X 107 H97.7X 10
E|A Ba¥f 2. 1X107 #93.1Xx10™
Ru¥H #92.6X10°° #93.9%107°
LaJA #92.1X107° #93.1x10°°
CeJH #95.2X107° #97.7%x10°°
A AT AJA F91.4%107? #91.5%107?
X o FH #16.6>10" #7.1x10™"
Cs¥d #12.8Xx107° #93.1x107°
JE TR gm0 O R T IP AL R~ | Tedd #95.6x107° #96.2x107°
DO Z\NEIS BaXA #92.3x 107 #92.5x 107
RuZH #12.8x107 #93.1x107
La¥d #12.3x10°® #12.5x10°®
Ce¥d #95.6x 107 #16.2x10°®
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2.

BIE < FHm SRR O E

W/WARY b, D/WARY NEMICHED EED S B, —RIBHERBBAEIZ OV TN/ WS |, D/
Y RTT 7 EAN— N ROMEEGTGENDR B S 7280, I FHlC I T 55 iR % Z L Z ek
ELTEY, FHIEEIEDNDR S D, 72k, “IRIREEERFRERE, 7 1 V2 EE X7 F KpHii#,
RU & v 7 Kk & HEO— KRB BB ELSN DIEZEIZ DN TIEW/WAR Y b, D/WRY N TT 7k
A — bk R OVEEGENIE U CTh 0 S 0@ 720,

(1) REIEHEA
REIEHEHR SR Z DWW TIIEN TR,
ks, RHEICAEN U7 REWEBRELS, & B aehn (16500) & U, SRtk
HAR2 B 10mA A & U 7o REGEBGEHEZ VT, e RO RS R 2 5 % 7= BREE O FEfh#5 2R <
b, ZOH, FETY T EHITH L, RTHREREGZDZ L EMRD,

(2) MR RRIE )L URERLE 7> b DR o~ BBk s
W/ WA b, D/WAY MZH T D — IRIEEES BRI VB O RGN &1 k3 LB RLAE 7> b D
ELEET o~ BROFHIRI BT DR & R ORE ) b OBBEOE W2 #2102, —RIEHE B
BB DR S0 b T A U EEDOAE Z K1) 5 4R,

e/ i€ SUAPE AT

HENES G
THH i
W/W D/W L
27 J— F60cm

R @I =17 U — F60cm BEIIZEB W
W | ERRE S o +=2 7 J— h30cm o ‘
i K OMWEZERE AR (8O 10 +IBERIER (86 bem | TH, VEEN
i 1= ax i (F cm . \
5 O A A AR
;’;;F% B0 | BB i L F L L CH

.om . (m
1E DOFEEE | K OVWEER fifi,

Dk © CIRIBBEFRBAEME, 7 o W FIEE R T T KPR, KL & o7 KEEEO—R
[REEFR BB ELIAN DVEZEIZ OV TIEIW/ WA b, DWWy N TT 72— K ROYE
SELANIFE U CTH 0 FHlEE OB T 220,
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X1 TSR ENEREEE (R Fa R T 1)

M2 TSREEPNEREES (R R T IR (PRI )
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3 T SHEENEREESE (R EE 2 )

4 7 SHEEPNERGEES (R REE 3R (PRER))
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3. B < FHHE R OE

W/W_ R, D/WRY MTEIT 5 — IR FEEESR BRI ERF O T < FHIRE R OE N 2 FK3ITRT,

K3 UL FHEFEROE (HAL : mSv)

FHAPYE

AN SESERTOMESE

— K bR D — K bR D
BRERE  (W/W A1) BREIE (D/W R
=) =)

(IR MRS

(IR MRS

JE -4 R NS TR T D O
MMENS DT o~ L b
SRR RIE < *!

#71.5X10!

#11.6xX10!

R PEE S OB E ) D
DI =BT K DM HRIE <

7 4.7X10°

#72.8%10°

TS EE 2 AR 5 2
AT & D BRI <

$11.4%X10°

$11.6X10°

HFmEICTEE Ui s
N D H < BRI KD INER
%<

*3

*3

S ESE IR WA O S { =

NS E NS DH v~ 0.1LLF 9 5.5%10°
BRI L HH0E<

I < R B #J 21mSv #J 25mSv
HERe k1 X MR ERBNICHAT D Z LI LD EBITEE LR,

%2~ A7 %M (PF1000) ([Z LA R A ZET D,
%3 B L ORI TSR IEfM D D120, BT THY, FMoRst e 45,
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Tl 14

HARFMERIIIB T D 7 4 )V F 0 b HEHRE Ok D BAER £ D RFAi (2 DV T

T A H N EREEEIZ DWW T, ERFMEROBREOFHE 21T 5, BBREOMmIL, Bk
TOWRE EFADEE LWERT 2T L, BB IS D W FIEIC LV AHET 5,

1. 7 gV H R NERREE BT D AFHRE O E STk
T 4 NE R MEREEIZ AN T DT~ BROBIRE LT, KOoFT7 vy, T4 VFEE, &
B 42, 74 VAEEBEANRE, FUUREROpHFHEREZHEL, ZAORRICE EN
D HAEE DN D DB o~ B OEFI AR EL, ERARE O AHNRE L L TRET D,

2. T4 NERy MEREEOIRE R OFE L
EWETFEICa 27 ) — TS TR Y, fHiiE, =27 U —Foke L TRHMET %,
HRFHEFERZIT 2 7 B A OIS S E D BOREWE NS DT < HIT K 2 A5
FREIIR 63 (kKGy/T BIE) L7~ 7=, FHHEZK 1 IR,
UEEASREND 7 4 LA MEfEERE O T HREBREON v~ AR 2RO D L, 51,4
X10k]/em® & 725, ZAUC K DIRE EFIIRAUC IV EHT 5,

AT = Q +1000 / (c* p)

AT D iRE EF(C)
Q : Hr~EdEEE (k]/cm®)
c a7 Y—rok#E (1.05k]/ (kg C)) *
o a7 U—hDOBE (2.15g/cm’)

Rk T2 7 Y — MERERTGTH MGt (BA%=, 2007)

3. MELEFOELED
a7 Y — NERUARE CTOF L~ RIS X DIRE EFITN 60°CE 720, TR GRS 2B
TLBURERE (1977 4, ARREFNFR) ] CBWOURSILTWDL T U ~fRICHT a7
U — MRERIFRE (WikEinE 177°C/ MilkmiiE 149C) T ThoD I L 2R Lz, 72
B, RNEEFAGZ, RFAICa 7 U — N OWREREZKE L725HEiCTH 5,
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@ TRAEWT LOCA+ECCS {E/KBRAE R + AU E) /) IRk ] OFEAE
VA G 38 IR ISR A SR N b (DWW AR b)) 2RSS

v
DM IE DS LA A~OHIHEE DFA
REAIT 6 SRR

XOF T 4z L FHEEAE T Bk E CICHAARSRIT DS UEEEICHRAT 2 61 L 9 F RO
X D FBORED, BAMY FERZICIVIAENHHEE
A7 TNK  BHOEAE T A% E TICEASE ks UEE AT 2 MR L 5 3B KU
TAIRBEE O ED, BRGR NEZICIVIAEN S HE
EJRT 4 VH L BEEE T Bk E CIOHBMARITE DN UEEE ISR T 25 J68% X 5 F KO
FARBGHERE D 10%73, AR Z N FERICIRYIAENHEE
FRF ! FEEEAE T BB E TITHKMNA ST kA LB E ISR AT 5 Rk & 5 3B & %
TAIRBETERE D 10%73, AN MERICELE 100m (25T 5 & 8E
RL B - AR NERICHINMEE 2 5Tk 2Na4 5 S BE™
pH FHEERLE © HIARZR N N EZICHSA MY E % &Kk ENET 5 & EE*?

faeE S 3 YN ]
k2 FERAE T A E TITHINAEMRITE k)Y LRI T 2 M6 K 5 R ORL IR E ok %, 7 4 V2 3EEKAHEE Okik
X) BiDORZ FKDKE (35m° EARE) T LI-HEEA2HEE

Y

O@FBARITIE L, H <R F L X#iH T & ICHRIFGREE 2 R ™!
PR D BB RSSOV T, A BIRO B BLIC X 5 7~ o 5L 36 & 3L RIS & > TR T 5,

@7 4 NH Ry NEBNOBELZFTMT 5720, £8FEEZ TROXLS5IZET VL, QAD=a— K|
THEFREEZ T
<kHIFET4NH> )
Ko7 4% N T
KXOFT AN FREED  7.7[g/cn’]

BRI (7r 4 3£) 1 0.32[g/cm’]

=P
:
=

< Wi X > <Wrii 4 (A-A) >

< AT T k>
T 4 NV BEERAER) 7. 7[g/cm’]

IR (K) : 1. 0[g/cm’]

<Wrim < > <Wrim (A-A) >

1 7 4 L2 B ERE O MR R B D ASRREORHEO 7 v —X (1/3)
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@74 NER NEBNOBREEZFMET 5720, F#EE2 PO X H5I2ET/UEL, QAD=— R
THERARE A R

N )
<ERET 4NH > X A A

T 4 NV BEERAER) 7. 7[g/cn’]

IR (E25) : 0[g/cm’] gm

mm
W[ > <IBr X (A-A) >

<ERE (74 VFIEBAOM) >

- FUE (E72) - 0[g/cm’]
T o | 4 B P A A
10000 mm | 5 I:Im“‘
A SE
il : Imm
< WX > <IHrm [ (A-A) >
< RLopmdi >
RRIR (K) 1 1.0[g/cm’]
2 Bl (8k) @ 7. Tlg/cm’]
10000 mm i 1
i il L
= imm
. 5 yau
A A =

<WrimX > <X (A-A) >

<pH FHEERLE >

BRIROK) : 1.0[g/cm’]

E B (BK) - 7.7[g/cn’]

< WrmE > <X (A-A) >

10000 mm

= —p
=

1 7 4 L2 D EfRE O MR R BT D ASRREORHEO 7 m—X (2/3)
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OMEFHMERIZILLTO LB

XoFE7 4 2EREINE I OEFEEORRE 5 4. TX 10 [Gy/7 ARG+
LT s FRE»OL__In OHBEORE 59 6.3X10°[6y/7 A

AT T KKED S m OPHEEORE - #9 1.8X10°[Gy/7 H[#]

&R T 4 NVEREDD m OPHEEORE - F9 1.6 X10°[Gy/7 H#]

FEE (7o v ZEEADM) RmoOMBE - F 4. 4X10°[Gy/7 BH]

R UBERmMOME 1. 1X10°[Gy/7 AfE]

pH SR R OFE - £ 7.8X10°[6y/7 HH]

HRE k1 KO FT 4 M F AR H R

OO TOFMERERICHEDE, BRESRGAZRE
% ® TR LIE 5 ik e A L LT 5.
T 4V N EREES ;6. 4X 10 [Gy/7 HE]*?

ikl 22 59k, @Bz rsmoznen[p [hotsmossan. £ ro%7 oz eitnsznzn___ O
Dm@ﬁﬁrﬂf&b%éf&fﬁ (7 4 V2~ DERIBE OBERI 2> D L C, ARSI EREEANI VN K 5 R 7 4 b & LEREEAS VK 5 BT 4 28
FLEL, TRENOKTEBELRET5) .

*2: BBIIC L DMBEEAR, KORT N2, RTT9K, @7 A VZZHOWTEERESE LiEE, ERE (70 V2 EEA
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