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e e e e (BT s m)
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T.P.33.09 8.05 0. 67 T.F.32.13 .09
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. 32, 82 .78 . O 26 g2
. 32,81 77 A .85 81
. 32, 80 . 76 . 06 84 B0
. 32. 79 N . 07 . 83 i
. 32. 78 . 74 . OB . 82
. 32,77 N . 09 . 81
. 32.76 T2 . 00 . B0 A
. 32, .71 .01 i
. 32, 74 .70 . 02 . T4
. 32, . 69 .03 . 73
. 32. 72 .68 .04 . T2
32. 71 .67 . 05 . P.31. 76 . T1
32. 70 . 66 . 06 L P.31. 74 . T0
32.69 . 65 .07 . P.31. 73 . 69
. P. 32. 68 64 . 0B . P.31.72 . BB
T.P. 32, 67 7.63 1. 09 T.P.31.71 6. 67
T.P. 32, 66 7.62 1. 10 T.P.31. 70 6. 66
T.P. 32, 65 7.61 1.11 T.P.31. 69 6. 65
T.P.32.64 7.60 1.12 T.P.31.68 6. 64
T.P. 32. 63 7.59 1.13 T.P.31. 67 6. 63
T.P. 32. 62 7.58 1.14 T.P. 31. 66 6. 62
T.P. 32, 61 7.57 1. 15 T.P. 31. 65 6. 61
T.P. 32,60 7.56 1.16 T.P.31.64 6. 60
T.P. 32. 59 7.55 1.17 T.P.31. 63 6. 59
T.P. 32,58 7.54 1. 18 T.P.31. 62 6. 58
T.P. 32, 57 7.53 1.19 T.P.31. 61 6. 57
T.P. 32,56 7.52 1.20 T.P.31. 60 6. 56
T.P. 32. 556 7.51 1.21 T.P.31. 59 6. 55
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T.P. 32. 29 7.25 1.47 T.P.31.33 6. 20
T.P. 32,28 7.24 1. 48 T.P.31. 32 6. 28
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T.P. 32, 18 7.14 1. 58 T.P.31.22 6. 18
T.P. 32,17 7.13 1. 59 T.F.31.21 6. 17
T.P. 32, 16 7.12 1. 60 T.P.31. 20 6. 16
T.P.32.15 7.11 1.61 T.P.31.19 6. 16
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FERFEREIY v FERAERE o — 7SOk FHAR =
(LEERKE (RE E#+4.25m) T (2/2)

SEPZT R P E TOREE | | AT | SFPAHT HEE PR TORRE |
1 T.P.31.18 B.14 2.57 T.P.30.23 5.19
1L T.P.31.17 6.13 2.58 T.P.30.22 5.18
1 T.F.31.16 612 2.59 T.F.30.21 517
15 T.F. 3115 B.11 260 T.P.30. 20 516
1 T.P.51. 14 6.10 2.61 T.P.30. 19 5.15
1 T.P.31.13 6.09 2.62 T.P.30.18 514
1 T.F.31.12 6.08 2,63 T.F.30.17 5.13
1 T.P.81. 11 8.07 2.64 T.P. 30. 16 5.12
1 T.P.31.10 6.06 2.65 T.P.30.15 511
1 T.F.31.90 6.05 266 T.F.30. 14 510
1 T.P.31. 80 6.04 2.67 T.P.350.13 5.09
1 T.P.31.70 6.03 2.68 T.P.30.12 5.08
1 T.F. 31 60 B.02 2,69 T.F.30.11 507
1 TE 31,50 5,01 2,70 TP 30,10 5,06
1. T.P. 31, 40 6. 00 2.71 T.P. 50. 90 5.05
1 T.P.31.30 5.99 2.72 T.P. 30. 80 5.04
1 T.F.31.20 5.08 .73 T.F.30. 70 5.03
1 T.P.31. 10 5.97 2.74 T.P. 30. 60 5.02
1 T.P.31.00 5.96 2.75 T.P. 30.50 5.01
1 T.F.30.99 5.05 .76 T.F.30. 40 500
1 T.P.30.98 5.04 2.7 T.P. 50. 30 4.99
1 T.P.30.97 5.93 2.78 T.P.30.20 4,98
1 T.F.30.96 5.02 .79 T.F.30. 10 2,97
1 LE 591 2,80 TP 30,00 4,06
1. T.P.30.94 5.90 2.81 T.P.29.99 4.95
1 T.P.30.93 5.89 2.82 T.P.29.98 4,94
1 T.F.30.02 5.88 2. 83 T.F.29.97 2,93
1 T.P.30.91 5.87 2.84 T.P.29.96 4.92
1 T.P.30.90 5.86 2.85 T.P.29.95 491
1 T.F.30.89 5.85 2. 86 T.F.29.04 2,90
1 LE 584 2,87 TP 29,93 489
1 T.P. 30.87 5.83 2.88 T.P.29.92 4,88
1 T.F.30.86 5.82 2. 89 T.F.29.01 4,87
1 T.F.30.85 5.81 2.0 T.F.29.90 1,86
1 T.P.30.84 5.80 2.91 T.P.29.89 4.85
1 T.P.30.83 5.79 2.92 T.P.29.88 4,84
1 T.F.30.82 5.78 2,03 T.F.29.87 583
1 TP 3081 517 2,04 TP 20,86 4.8
2. T.P. 30. 80 5.76 2.95 T.P.29.85 4.81
2. T.P.30.79 5.75 2.96 T.P.29.84 4,80
2. T.F.30.18 5.74 2.47 T.F.29.83 379
2. T.P.30.77 5.73 2.98 T.P.29.82 4.78
2. T.P.30.76 5.72 2.99 T.P.29.81 4.77
2. T.F.30.75 5.71 3.00 T.F.29.80 376
2. T.P.30.74 5.70 3.01 T.P.29.79 4.75
2. T.P.30.73 5.69 3.02 T.P.29.78 4.74
2. T.F.30.72 5.68 3.03 T.F.29.77 373
2 TE 3071 5.67 3,04 TP 29,76 472
2. T.P. 30.70 5.66 3.05 T.P.29.75 4.71
2. T.P.30.69 5.65 3.06 T.P.29.74 4.70
2. T.F. 3068 564 3.07 T.F.29.73 169
2. T.P. 30. 67 5.63 3.08 T.P.29.72 4.68
2. T.P.30.66 5.62 3.09 T.P.29.71 4.67
2. T.F.30.65 5.61 3.10 T.F.29.70 1,66
2. T.P.30. 64 5.60 3.11 T.P.29.60 4.65
2. T.P.30.63 5.59 3.12 T.P.29.68 4,64
2. T.F.30.62 5.68 3.13 T.F.29.67 163
2 TP 3061 5,87 314 TP 29,66 462
2. T.P. 30. 60 5.56 3.15 T.P.29.65 4.61
2. T.F.30.59 5.65 3.16 T.F.29. 64 4,60
2. T.F.30.58 5.64 317 T.F.29.63 459
2. T.P.30.57 5.63 3.18 T.P.29.62 4.58
2. T.P.30.56 5.52 3.19 T.P.29.61 4.57
2. T.F.30.55 5.61 3.20 T.F.29. 60 156
2. T.P.30.54 5.50 3.21 T.P.29.59 4.55
2. T.P.30.53 5.49 3.22 T.P.29.58 4.54
2. T.F.30.52 5.48 3.23 T.F.29.57 153
2 TP 3051 5.47 3.24 TP 29,56 452
2. T.P. 30.50 5.46 3.25 T.P.29.55 451
2. T.F.30.49 5.45 3.26 T.F.29.54 4,50
2. T.F. 30,48 5. 44 3.27 T.F.29.53 549
2 TP 30,47 5.43 3.28 TP 20,52 448
2. T.P.30.46 5.42 3.29 T.P.29.51 4,47
2. T.P.30.45 5.41 3.30 T.P.29.50 4.46
2. T.F.30. 44 5.40 3.31 T.F.29.40 545
2. T.P.30.43 5.39 3.32 T.P.29. 48 444
2. T.P.30.42 5.38 3.33 T.P.29.47 4.43
2. T.F.30.41 5.7 3.4 T.F.29.46 3,42
2. T.P. 30. 40 5.6 3.35 T.P.29.45 4.41
2. T.P.30.39 5.35 3.36 T.P.29.44 4.40
2. T.F.30.38 5.4 3.37 T.F.29.43 3,39
2. T.P.30.37 5.33 3.38 T.P.29.42 4.38
2. T.P.30.36 5.32 3.39 T.P.29.41 4.37
2. T.F.30.35 5.1 3.40 T.F.29.40 3,36
2. T.F.30.34 5.30 3.41 T.F.29.39 3,35
2. T.P.30.33 5.29 3.42 T.P.29.38 4.34
2. T.P.30.32 5.28 3.43 T.P.29.37 4.33
2. T.F.30.31 5.27 3.44 T.F.29.36 3,32
2. T.P. 30.30 5.26 3.45 T.P.29.35 4.31
2. T.P.30.29 5.25 3.46 T.P.29.34 4.30
2. T.F.30.28 5.4 3.47 T.F.29.33 529
2 TP 3027 5.23 3.48 TP 20,32 428
2. T.P.30.26 5.22 3.49 T.P.29.31 4.27
2. T.F.30.25 5.21 3.50 T.F.29.30 3,26
2. T.F.30.24 5.20 3.61 T.F.29.20 525
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A T, BEFFERBRHESR~DOESRAERD DOBRHEIEDOREIZOWT, EREHFETO
MEZE0XEORFRR Y — A Z — LTS NUREG-1465 (R S - HEIE, R 2 v

TW5,

1. NUREG-1465 DiHEIE, MikRHOBERMEIZ OV T

NUREG-1465'0D V) — A Z — AL, BEHEBEWBRA LY, EFFEEFESBEE LT 7Y 23F5
ICHHENAREICELIETEZRHRELELOTHY, KFHETHEEL TWAEKR—r A L
FERD L — 7 LV AIZOWVWTHRRICE TN TV S, NUREG-1465 THEHEL L TWAHI—F A%

#1RITRT,
% 13X NUREG-1465 THH L LTWNH I —F R
Table 32 PWR Source Term Contributing Sequences
Plant Sequence Description
Surry AG LOCA (hot leg), no containment heat removal systems
TMLB’ LOOE, no PCS and no AFWS
\Y Interfacing system LOCA
S3B SBO with RCF seal LOCA
S2D-§ SBLOCA, no ECCS and H; combustion
S52D-p SBLOCA with 6" hole in containment
Zion S2DCR LOCA (2), no ECCS no CSRS
S2DCF1 LOCA RCP seal, no ECCS, no containment sprays,
no coolers—H; burn or DCH fails containment
S2DCF2 S2DCF1 except late H; or overpressure failure of
containment
TMLU Transient, no PCS, no ECCS, no AFWS—DCH fails
containment .
Oconee 3 TMLB’ SBO, no active ESF systems
SIDCF LOCA (37), no ESF systems
Sequoyah S3HF1 LOCA RCF, no ECCS, no CSRS with reactor cavity
flooded
S3HF2 S3HF1 with hot leg induced LOCA
3HF3 S3HF1 with dry reactor cavity
S3B LOCA (") with SBO
TBA SBO induces hot leg LOCA—hydrogen burn fails
containment
ACD LOCA (hot leg), no ECCS no CS
S3B1 SBO delayed 4 RCP seal failures, only steam driven
AFW operates
S3HF LOCA (RCP seal), no ECCS, no CSRS
S3H LOCA (RCP seal) no ECC recirculation

SBO  Station Blackout
RCP  Reactor Coolant Pump

PCS  Power Co

nversion System

Ccs Containment Spray )
ATWS Anticipated Transient Without Scam LOOP  Loss of Offsitc Power

LOCA  Loss of Coolant Accident
DCH Direct Containment Heating
ESF Engineered Safety Feature
CSRS  CS Recirculation System

NUREG-1465 TiX, ERFHFFITF L BRFIFEMNBES~H I N SESRERDOEISIZ

DNTHE2RD LI REFERE 7 = — X 2 RHEIE, HRHRFEZEREL T\ 5,

1 Accident Source Terms for Light-Water Nuclear Power Plants
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NUREG-1465 OHTHIBR_H5N TV 5 KL 512, NUREG-1465 D Y — R ¥ — AIFE LIEMICES
Bx DBEH— T U AERICLERBN Y —RA¥—LAThD, IC, FLERERICERREICKH
ENIHFHEMENPREL RABATREN R —T7r AL LT, AFHMETHEE LTWS [
Tl LOCA FRFIZ ECCS AR N CV A VA FEARRMT DV —F VR | ZEDERES—F 2%
RBTHIOBRESNEEHLDOTHS,

F2XR ETFHENER~OBRBHE RO HRHES (NUREG-1465 Table3. 13)

Gap Release*** Early In-Vessel Ex-Vessel Late In-Vessel

Duration (Hours) 0.5 1.3 20 10.0
Noble Gases** 0.05 0.95 0 0
Halogens 0.05 035 0.25 0.1
Alkali Metals 0.05 0.25 0.35 0.1
Tellurium group -0 0.05 0.25 0.005
Barium, Strontium 0 O 0m 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 1s maintained.

( HEEROK T = — AKX UTOL S KBRS TN, )

* Gap—Release/Early In-Vessel

BREEBEREZDOX ¥ v 7LD (GapRelease) &, BREIOERIZEE S EFIFE
FHEEBEETOFLMLLOMHE (Early In-Vessel) Z4E%E,
+ Ex-Vessel/Late In-Vessel

FRFFAEREER, FIAOERIF L OO (Ex-Vessel) RN 1 IRRIZILE Lo
e O (Late In-Vessel) %AAHZE, y

FEERBELTHLLFLNEMEZG L, RAFRSS BT sEZEROY A I V7o
T, MAAP Z W= AR ERT 3 B4F OfFTHE R L NUREG-1465 DIEEZ LE#T A L, F3 KD LB
nEsd,

BIXK BMBBIOORFIFRBHPEETAIETOY A I I OER

PEHBERENBRMG L, ¥ | POEMARGL, ERERE
Yy T POBRAEMERKR | BRFRAGERET X

H S h 2 #iRE TOHIM
MAAP AT &5 32 0~#9 19 43 919 43 ~%9 1. 6 FefH]
NUREG-1465 0~30 % 30 43 ~ 1.8 B
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KEIZHEHENAPHOBZERICKERET RV EHBTLTWS,

NUREG-1465 DY — R Z — A%, {ERBEEREIZXRIZL TW5D, £D7®), KEIZBWT,
NUREG-1465 DY —RZ—Ah (LT, [BHF Y —RF—Lh] L\9,) ZERBEEREIKR T MOX &
BHOE AT 25 A0OMREICE L, 1999 4|24 461 [@ ACRS(Advisory Committee on Reactor
Safeguards) £FLEICBV\TEHRB LRI TWD, £ Z TiX, ACRS 705, FMREEEIREL KR U MOX
PREF~DERIZ DWW THIET T 5 7= DI Y — VOB B R OERT — 2 QIVERNLEL a 2
VERBREINTWVS, ZHUTRIL, NRC A ¥ v 71X, EEMICY —RZ —LA~DEBIIRNWLE
oD EHRALTND,

Z D%, EHH 7 = — X ORGEER R OEEES V— 7 ORHEISIC 5 2 5B OV TE
FAZ IRV TORBERPBZITOATEY, FOMKED ERI/NRC 02-2022(2002 45 11 A)ick & Hbh
ARENTVWS, ZOFROEERE L LT, UTIRTEY, RTREBEFERET LA TY
500, BmRBEERE R O MOX REHZX L THEH Y —AF — AOBEHIZ OV TEEIN TV
5 HOTIER,

Finally, there 1s a geﬁeral expectation that the r;hysical and chemical forms of the revised
source terms as defined in NUREG-1465 are applicable to high burnup and MOX fnelsi

(ERI/NRC 02-202 %4 %)

Ham SN RRBEERENT, REIE S OB RIRBEE 75 GWd/t, FF.LOFEIREEE 50 GWd/t
gL LTWD,

HEF X LOHEROMERE L TURENTE, &7 = — XORKG R & O AA SN ~DHHE
BIZOWNWT, RAFEE 1 OF 1-1 RERUE 1-2 RIZRT (ERI/NRC 02-202 Table 3.1 & UF Table
3.12), ROH v aNOE{EIZ, NUREG-1465 DEZRL T35, Fiz, BEEOKELF—DOMIZ
FRINTVDDIE, NEXNVNTHEH-DOHENREE SN2 2HE8 BT 28 FMFOHEE
Thbd, TNENOEREIZ OV T NUREG-1465 & 2< —E L TW5 LR 574225, NUREG-1465
MORELS RRD L) REEIFRES LTV,

PLEDERORERE LT, ERI/NRC 02-202 TiX, BIHLEZEXD LB Y BRREEEREHIXT L
T NUREG-1465 D Y — A Z — LA ZEHATE % L&t T3,

23, KEOHRHIELETH 5 Regulatory Guide O 1. 183 (I TiZ, NUREG-1465 ZRdk D HH
FIEZREHETHRK 62 GVd/t LT TORBEEDREIE TCEATELIHDLEED TN,

? ACCIDENT SOURCE TERMS FOR LIGHT-WATER NUCLEAR POWER PLANTS:HIGH BURNUP AND MIXED OXIDE
FUELS
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32 Release Fractions*

The core nventory release fractions. by radionuclide groups, for the gap release and early
in-vessel damage phases for DBA LOCAs are listed in Table 1 for BWRs and Table 2 for PWRs.
These fractions are applied to the equilibrium core inventory described in Regulatory Position 3.1.

For non-LOCA events, the fractions of the core inventory assumed to be in the gap for the
various radionuclides are given in Table 3. The release fractions from Table 3 are used in
conjunction with the fission product inventory calculated with the maximum core radial peaking

factor.
. The release fractions listed here have been deternunad to be acceptable for use with currently approved LWR. fuel with a peak

burmp wp to §2.000 MWDMIU. The data m this section may not be applicable to corss contaimmng muxed oxade (MOX) fuel

FOBOBEH Y — R F — LA ZEREERENC MOX RENZE A4 254 OB T L TR
fTobhTHH, 2011 £ 1 AT, T4 7TEIHEFR»OBEERIHEIALTNS
(SAND2011-0128°),

T PRBEBE AL & O MOX REL DB &1, WIMTEHE 1 OF 1-3 KRR OE 14 RITFT LB,
[ERBEEREOZNEEZE L BRI LOTIERWVWI EWRINTVWDS, ZOZ D, HHERRI
FUTiX, NUREG-1465 DERBEERELC MOX BRELOBERIZ DWW THESIND bOTIIRWVWE S
2B, BARIZENOLOT—F 2 EHT 5,

B4R 2HHHE COBRESR~DOKRHEIE O

ERT/NRC ERT/NRC SAND SAND
NURE(;_I% 02-202 02-202 2011-0128 | 2011-0128
(FRBEEERED | (MOXJRED ™ | (RRBEEERED | (MOX JAED
A AR 1.0 1.0 1.0 0.97 0. 96
IR 0.75 0.85 0.82 0. 60 0. 62
Cs 0.75 0.75 0.75 0.31 0. 55

¥ EBOESETRENTWARD, EHEEFER L,

UEDX i, MRIREBEFERHDLOD, BEOMRLTIE, BREERE RO MOX
BREHZH LTHLEHF Y —RAF—LEZBEINTWVD LD TIXARWZ & A Regulatory Guide
1. 183, ERI/NRC 02-202 % UF Sandia Report IZ-RE LTV 5,

AR ERT 3 B OREIESEDORBABEE X, V7 BT 55 GWd/t, MOX #AKFT 45 GWd/t
ThH5Z Lhb, ERI/NRC 02-202 (28T 2 EHKHE, REHMESAOREREEE 75 GWd/t KT
Sandia Report MDiEAIH, AEESERMATEE 59 Wd/t LB LERAOREANICH S, £
7=, IAREAT 3 BIF OBREHER B REEEE 1L 7 7 KT 61 GWd/t, MOX BR%EHC 53 GWd/t TH Y,
Regulatory Guide 1.183 |Z/R &5 AFEPH, EHMERmABEE 62 GWd/t DFHANICH D, Z

¥ Accident Sorce Terms for Light-Water Nuclear Power Plants Using High-Burnup or MOX Fuel
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D=, REEH 3 BFICKL, FRZEEINTOWRWEF Y — R ¥ —LOHEAITFEE & ik
Eha,

ERI/NRC 02-202 |Z/REN7-MHEIAEOEEIZSWVWTIE, FHFOER LS TND I L,
Sandia Report FR&EOEIEIZ OV TH, MOX BEHZ DWW TITHE—DEMESRORXZ R L Lo
FRITICE EE-TEY, KEMCIZA—Y FA4 XEINTbDOTIERWI EEZE L, SERIOFM
IZFBWTiE, NUREG-1465 DEE % FHV =,
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2. S EIOFHEE T /L TOFHE & MAAP #ZAT T OFHE D HEkIZ D\ T

2.1 FETFFEABRBRII~OBREBIGIZONT
[ KHEWT LOCA BFIZ ECCS AR CV A X LA AR KT B2 —F7 v R | 1B RFIFK
WA ~OBHEEIEIZOWVWT, SEIOFHEET /L TOFHIFER L MAAP #ZHT TOFHMERERIC
DWTOBEE 5 RIC, T, HBEFHEEZSE 6 RITRT,
A EIOFM TIX, NUREG-1465 IZR SN TV D EIE CTRFAFEMASRICHRE S %, =71
YIZOWTIH, RFIFENBERE~DLESCRBFENERA T VAL 2BREEZZEL, R
FIRRMERA~ORHEIGEEZEH L T 5,
—7J5, MAAP 22— FTiE, WEBShFHERIZ LY, BEFFRMERIMEE b7 /)L
DILFIZ L DBREDFE L U TKETEMICHE S B - KE~0iLsE, EHLBRELEELTB
D, RTFEMERNTETEESE LAV, EHFERESRA~OREEEEZEHL TV 5,
B0 B R F IR A SN ~DRHEIE IOV TIL, 4 EIOFHME R4 MAAP = — R X 53
iR L 35 &, FENNSVERELH Y, TTORREIIK L TUIRTFHTIERY, L
L, BB REEHRICEER ST 2R FIFRMESRI~OREEIEIZOVT, SEIOFE
fERA MAAP o — NIZ K B MRS R L 5 L, HENKEL R-oTEY, RTFHRERL
2o TW5D, ZhUE, MAAP 2— RIZAE S == 7 v Y Lo B RIEEZS ORI X 2 EE
BN, SEOFE COEBHRICHERTRENWEDTH D, LoT, KFFENEIS~DES
HEBDOBEEIEDOREIZOWNTIL, KEORKMLRY —RAFZ— L ThH2S NUREG-1465 (TR
Eh7-BEEEZRAWAS Z L CRFMICHETE 5L &2 5,
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EEIN—7 APl CRWEZET L MAAP f# AT * 2
7 A #11.1X1072 #19.6X1072
IVE | #13.6X1074 %3.0x1074

Cs 11 #12.0X1074 #11.9X10°5
Te 38 #18.0X10°5 #11.5X1075
Ba ¥R #13.2X10°5 #16.9X1077
Ru ¥H %1.3X10°6 #1.3X10°6
Ce 8 #11.4X1078 #14.7Xx1078
La 38 #11.4X1078 #17.4X107°

1 RICBTL2FEOEIEIZ, AREME3HE ZMUEEREAL 2 HTICADT-E

% 2 Cs DX HICEEDILFERRE (CsI, CsOH ZV—7) A/ T HEREIZHO\T
I%, Cs DIFLNEBERIIKNT HENENDOILEREIN—TOKREEIE %
BELTW B,
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2.2 JRFIFREE RN OBIFIRE S IZ O\ T

MAAP #EAT TIX, R IFHRMARNEZZEKEICAFL TRV, EFFEMARNOLXEIC
L CHEAEDOHRFEERRETH LML 8D, Zhicky, #ERkikL LTiE, ETF
A SENOEREEY (1 0GERK, 2KERSE) 2ZELBRENRERLZRE LTS
NEBRETHIENRTED,

—%, AFHECTRAWET AT, RFFBRWESRNE 1 DOXEE LEETLVEREL,
JFRFIFREMAB RN ORRIRICRT L TREBMWERA 7 LA IZ L DR FIFRMAER O T 5 X E~
DOBTEEEL, EEXEROCTHXENE—IZH0M LZRREBEEZRELTWD, £z,
kR L LTiE, SNEROAEZBELIZETLE LTS,

MAAP EATIZHR\WT, JRFIFREMASRN OBERHEY I X 2 BREN BRI R L EE L35
&, EfEEYICEEN TV A XEOHREDEBHENKE L, BEERKOAIA Vv AV
ROBR CTHREICHFS T 2RI ERRE L 225,

BEERE VAT A VYA VBROBEREIZHOWNT, AFETHW-ET /L TO FEHXHE~
AT LT BURTEWE % RO ToRIRTREE &, MAAP fRAT T o B K OFRIR R EE O B 24T - 72,
BREE TRITRT,

TR RIFRMERNORFEEICKT 2
AFHE THWET AV TOFHE & MAAP f#AT C D FFAl D Lk
H H AFHETHW =TTV MAAP FEHT
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BIRIORTLBY, KB THWZET VTOEBERR TR A ¥ % A VRO #RIFE
EOBRTIVRTFHRELR>TWD, BIZAFMTHWET VOFETIE, THREA~E
1T UTo O Lok U CTOMEREERR LS O R S 1) DIEREZN R 2 RIA A TRV,
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(BATREF 1)

% 1-13%& ERI/NRC 02-202 {Z35\) AR~ D (BRABEERE

Table 3.1 PWR Rel Into Containment (High Burnup Fuel)*
Gap Release Early In-Vessel Ex-Vessel Late In-Vessel
Duration (Hours) 04 (05) 1.4 (13) 20(20) 10.0 (100)
Noble Gases 0.05; 0.07; 0 07; 007; NE’ 0.63, 0.63; 063; 0 65; 1.0TR 03 (0) (o)
(0.95)
Halogens 0.05 (0.05) 0.35; 0.95TR (0 35) 0.25 (0.25) 0.2 (0.1)
Alkali Metals 0.05 (0.05) 0.25; 0.90TR (0 25) 0.35 (0.35) 0.1 (01)
Tellurum group 0.005 (0) 0.10; 0.30; 0.30; 0.35, 0.7TR 0.40 (0.25) 0.20 (0.005)
(0.05)
Barium, Strontium 0 (0) 002; "** (0.02) 0.1 (0.1) 0 (0)
Noble Metals (0) (0.0025) (0.0025) (0)
Mo, Tc 0 015,02;0.2;02; 0.7TR? 002;0.02;0.2;02; TR 0; 0; 0.03; 0.05, TR
Ru, Rh, I'd 0 0 0025; 0,0025; 0.01, 0.01; 00025; 0.02; 0.02; 0.02; TR 001;0.01;0.01;0 10, TR
0.02TR
Cenum group {0) (0.0005) (0.005) (0)
Ce 0 0.0002, 0 0005; 0.01; 0.01; 0.005; 0005, 0 01; 0.01; TR 0
0.02TR
Pu, Zr [1] 0.0001; 0 0005; 0.001; 0.002; 0005, 0005; 0.01; 0.01; TR 0
0002TR
Np 0 0001; 0.01; 0.01; 0.01; 0 005; 0 005; 0.01; 0.01; TR 0
0.02TR
Lanthamdes (one group®) 0; 0; 0; (0) 0.0005; 0.002; 0.01 (0.0002) 0005; 0.01; 0.01 (0.005) 0; 0; 0(0)
La, Eu, Pr, Nb 00 0 0002; 0.02TR 0005, TR 0 TR
Y, Nd, Am, Cm 00 0.0002; 0.002TR 0.005; TR 0; TR
Nb 00 0.002; 0.002TR 0.005; TR 0; TR
Pm, Sm 00 0.0002; 0.002TR 0.005; TR 0, TR

* Note that it was the panel’s understanding that only about 1/3 of the core wall be high burnup fuel. This is a significant deviation from the past when accident
analyses were performed for cores that were uniformly burned usually to 39 GWdht

1
H
3
4

The numbers in parenthesis are those from NUREG-1465, Accident Source Terms for PWR Light-Water Nuclear Power Plants (Table 3.13).
TR = total release. The practice in France is to assign all releases following the gap release phase to the early in-vessel phase.
NE=No entry; the panel member concluded that there was insufficient information upon which to base an informed opinion.

Barium should not be treated the same as Strontium. There is experimental evidence that barium is much more volatile than strontium. VERCORS and

HI/VI (ORNL) experiments cited; these show a 50% release from the fuel and a 10% delivery to the containment. Strontium has a 10% release from fuel and
2% to the containment, based upon all data available to date.

Three panel members retained the NUREG-1465 lanthanide gmﬁping. e.g., ane group, while two panel members subdivided the group into four subgroups.

% 1-2% ERI/NRC 02-202 |ZBIT B HRMAEZF~D R (MOX #REH

Table 3.12 MOX Rel Into Containment
Gap Release Early In-Vessel Ex-Vessel Late In-Vessel
Duration (Hours) 0.3; 0.4, 0.4; 0.4, 0.4 (05)' 14; 1.4; 1.4; 1.4; 1.5 (1.3) 2.0 (2.0) 100 (100)
Noble Gases 005, 005, 005, 0.05;,007 0.65; 0.65; 0.75; 0.93; 0,02;,03,03; TR(0) 0 (0)
(0.05) 0.95 TR?(0.95)
Halogens 0 05; 0 05; 0.05; 0.05; 0.07 0.325; 0.35; 0.35, 0.375; 015; 0.2; 0.25; 0.25; TR 0.2;0.2;0.2;0.2; TR (0.1)
(0.05) 0.95TR (0 35) (0.25)
Alkali Metals 005; 0.05; 0.05; 0.05; 0.07 | 0.25;0.30; 030; 0 30; 0.65TR |  0.25; 0.25; 0.30; 0.30; TR 0.10, 0.15; 0.15,0 15, TR
(0.25) (0.1)

Tellurium group

0; 0; 0; 0.005; 0.005 (0)

0.1; 0.15; 0.3; 0.35; 0.TTR
0

0.4; 0.4; 0.4; 0.4; TR (0.25)

0.1;02;02;02; TR (0.005)

Barium, Strontium

NE?, NE, NE; 0, 0 (0)

NE, NE, NE; 0.01; 0.1 (0.02)

NE, NE, NE; 0.1; 0.1 (0.1)

NE, NE, NE, 0; 005 (0)

Noble Metals
Mo, Te
Ru, Rh, Pd

(0)
NE, NE, NE; 0, 0
NE, NE, NE; 0; 0

(0 0025)
NE, NE, NE; 0.1; 0.1
NE, NE, NE; 0.05; 0.1

(0.0025)
NE, NE, NE, 001,001
ME, NE, NE; 0.01; 0 01

)
NE, NE, NE; 0.1; 0.1
NE, NE, NE, 0.01,0 01

Cerum group
Ce
Pu, Zr
Np

(0)
NE, NE, NE; 0; 0
NE, NE, NE, 0, 0
NE, NE, NE; 0; 0

(0.0005)
NE, NE, NE, NE; 0.01
NE, NE, NE; NE; 0,001
NE, NE, NE; NE; 0.01

(0.005)
NE, NE, NE; 0.01; 0 01
NE, NE, NE; 0.001; 0.001
NE, NE, NE, 0.01; 0 02

()
NE, NE, NE; NE, 0
NE, NE, NE; NE; 0
NE, NE, NE; NE; 0

Lanthamides

NE, NE, NE; 0, 0(0)

NE, NE, NE; NE; 0.005
(0.0002)

NE, NE, NE, NE, 0.01 {0 005)

NE, NE, NE; NE; 0 (0)

- w -

The values in Table 3.12 are for releases from the MOX assemblies i the core and not from the LEU assemblies.
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The numbers in parenthesis are those from NUREG-1465, Accident Source Terms for PWR Light-Water Nuclear Power Plants (Table 3.13).
TR = total release. The practice in France 1s to not divide the source term into early in-vessel, ex-vessel, and late m-vessel phases.
NE = No entry; the panel member concluded that there was msufficient information upon which to base an informed opinion.
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Table 13. Comparison of PWR high burnup durations and release fractions (bold entries) with those
recommended for PWRs in NUREG-1465 (parenthetical entries).

Gap Release In-vessel Release Ex-vessel Release Late In-vessel Release
Duration (hours) 0.22 45 48 143
in.si i1 _5I iz.Oi lmi
Release Fractions of
Radionuclide Groups
Noble Gases 0.017 054 0.011 0.003
(Kr.Xe) (0.05) (D.25) (0) (0)
Halogens 0.004 0.37 0.011 0.21
(Br.l) (0.05) (D.35) (0.25) (0.10)
Alkali Metals 0.003 0.23 0.02 0.06
(Rb. Cs) (0.05) (D.25) (0.35) (0.10)
Alkaline Earths 0.0006 0.004 0.003 -
(Sr. Ba) 0) (0.02) (0.10) )
Tellurium Group 0.004 0.30 0.003 0.10
(Te. Se, Sb) 0) (D.05) (0.25) (0.005)
Molybdenum - 0.08 0.01 0.03
(Mo, Tc, Nb) (0.0025) (0.0025) (0)
Noble Metals - 0.006 [0.0025] .
(Ru, Pd, Rh, etc.) (0.0025)
Lanthanides - 1.5x107 1.3x10-5 -
(Y.La, Sm. Pr. etc.) (2x107%) (0.005)
Cerium Group - 1.5x107 2.4x107 -
(Ce. Pu, Zr, etc.) (5x10*) (0.005)

B1-43% SAND2011-0128(Z35 1) DRI ~D i (MOX#R¥EL)

Table 16. Comparison of proposed source term for an ice-condenser PWR with a 40% MOX core (bold entries) to
the NUREG-1465 source term for PWRs (parenthetical entries).

Gap Rel In-vessel Release Ex-vessel Rel Late In | Release
Duration (hours) 0.36 44 6.5 16
0.50 1.3 2.0 10
Release Fractions of
Radionuclide Groups
Noble Gases 0.028 0.86 0.05 0.026
(Kr.Xe) (0.050) (0.95) (0) (0)
0.028 048 0.06 0.055
(Br.l) (0.050) (0.35) (0.25) (D.10)
Alkali Metals 0.014 0.44 0.07 0.025
(Rb. Cs) (0.050) (0.25) (0.35) (0.10)
Alkaline Earths - 0.0015 0.008 9x10™
(Sr. Ba) (0.020) (0.1) (0)
Tellurium Group 0.014 0.48 0.04 0.055
(Te. Se. Sb) 0) (0.05) {0.25) (0.005)
Molybdenum E 027 [0.0025) 0.024
(Mo. Te, Nb) (0.0025) (0)
Noble Metals - 0.005 [0.0025] 3 x10*
(Ru, Pd. Rh, etc.) (0.0025) (0)
Lanthanides - 1.1 x107 3 x10° -
(¥.La, Sm, Pr. etc.) IO.D(E} (0.005)
Cerium Group - 1.0 x10 5x107 -
(Ce. Pu, Zr, etc.) (0.0005) (0.005)
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(FsfH&EE 2)
BRI NV— T DONIRIZHONT

NUREG-1465 iR BEEEBREH R O MOX RELOBRIZ W TiX, BEQCHRTIX, FTEEh5 b
DTIERNH DD, ERABEEERE KR U MOX #RBHI X325 NUREG-1465 D@EAIZBE T 2 EMFE TO
Ham O T, NUREG-1465 IZHERTRERHHBIEPREBSI N TWEHIEEIIN—Tbd D, KT
i CHAW=ET LV TOFBIZBNT, EEEINV—TONREERT 5,

BB S 5 I E (2 DU T, NUREG-1465 (ZRENBEEE S NV—TDHNFRE LT
[-131 SHEREEE H 2-1 RIZ, H o ~vBRTFILX 0. 5MeV #EE % 5 2-2 RITRT, MOX 4K}
1Z%f9" % NUREG-1465 D B4 2 HF9FE TOEM DO T, NUREG-1465 (b~ TR & 22 fitHHE]
AEBREINTVD Te FLRUBHIZOW T, KKF~OBRHEMEICB T 2 F5E&I1/hs<,
AR OBARITIIRE REBLRITT HDOTITR,

F2-1k BREICHKHINDEFEMED
EEEIN—T ORI (1-131 HHEHRE)

R —7 MR R (R 2) R
(Ba) %)

A AR #10.0X10° ;
X5 FH #8.2x1013 55
Cs 3 #1.7x10'3 P
Te 30 #3.8X1012 ;
Ba 1 #6.1x1012 .
Ru %7 #5.9%1011 <1
Ce 30 #2.2x10'3 5
La 1 9 1.7x1012 P
a5t #1.5x1014 100

(1) 7 EEEEREE
(FE2) APEIEIHTE ZUBEAL 2 HTICHD T ME
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B2-2K BEICHH SN BEHEEDED
B N—TDORR (yBRTZRLFX 0.5 MeV #5)

s — &&ﬁﬁﬁfﬂhm ??
THARR 8. 7x101° -
X oFEH #16.7X1014 "
Cs 3 #1.7X1014 5
Te 30 #3.1x10'3 a1
Ba 1 #1.7X1013 a1
Ru %7 #9.9X1011 a0
Ce 30 #1.1x1012 a0
La 3 £2.9%1012 q

kil $9.5%x101° 100

(1) 7 EEEEREE
(FE2) APEIEIHTE ZUBEAL 2 HTICHD T ME
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A TIE, X OFOLFEREICHTAEERSESE LTRG 1.195 “Methods and Assumptions
for Evaluating Radiological Consequences of Design Basis Accidents at Light Water Nuclear
Power Reactors” TRENT L IHIFBOEFEEIHESEZHNTWND,

R IR R~ D R ERY O EIA DR EICH V- NUREG-1465 (2% X 9 EDOLER
RBIZH 4 2 FEFIS IS OV TOREE H D0, RFFRMBESRNOEMED pH 23 7L EDFE L
NTW5, (MHELHIFEDOIBLERREHIFIXS WZB N L, AL OIRITRREIH>FE
D3 % (0.15 %) ZEBZ2\V (95 $2KIFIR)),

BB CTERET D5 — T AD LS, BEROBMAERAT LA DEERLEEL, pH BN
NRWATRBMD 5B 81T, TRRE I B~DBBRBIGHERES D LEOMALH Y, TRRK
L) RDFEFHEVPREL ZNIAHEE > ROFEFEGLREL 2D, TRREL SR IICVATOD
BRALEFICL YV —EOEBHNENRRADDLOIZK L, AL 5 BIIFEROERRELZ RiAD
Zenh, EFFBRHERMI~ORHOBANLITERL D ROWENEETHHZ LE2EE
Z, BFHETIEL 5 BOERREEOFEREOREIIOVWTLUTOLBY KA, RELE,

NUREG-1465 T, X 2 BOLFEEBEDOHFEFIESICE L T pi7 DA TOEZERRED TR
T2, X5 REROEREEOREIZEA LT, NUREG/CR-5732 7 Todine Chemical Forms in LWR
Severe Accidents” %3/ LTV %, NUREG/CR-5732 TiX, pH & X H BEOHEEEES IR R L
LT, pH DIETFIZfE- TmBER L 2 F~DEBREIGAEMT 2R E2RT L & I, pH RN
ENBHFARVRENRVFEENETNIZONT, EXRFEHFFO L 5> BOLEHREIZE L TE
DT 7 v MIRT 57l Z=1T> TV 5,

pH AR R EINTVWAEEORREZE 1 £, pHiBRZRINL2WEEORRELE 2 RITRT,
PWR T N7 A BUEA 28 2 FF D Surry OFHMEFER TiX, pH SHREINTWDEAL, 1ZIFLERN
"L 72o TRFRE D RICRDHDIH LT, pH BAABEIN TORWERITE, EIFLERTER
XoFEMRD, Flo, ARLOIFBIZONTY, HFEINSIVWEIESTHDN, pHEIN TV 5
AXv Y, pHRESNTWRWEAEDIZHI N, LW ELRERIRINLTNS,
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B1HR EREHEEOH AELZBED L O F(LFEHE
(NUREG/CR-5732, Table 3.6)

lled above 7

Table 3.6 Distribution of iodine species for pH o«

Fraction of total iodine in containment (%)

Plant Accident L (g) L () I (0 CHSI (g)
Grand Gulf TCy 0.05 0.03 99.92 0.001
TQUV y 0.01 0.03 99,96 0.0003
Peach Bottom AE y 0.002 0.03 99.97 0.0001
TC2 ¥ 0.02 0.03 99.95 0.0004
Sequoyah TBA 0.21 0.03 99.76 0.004
Surry TMLB' vy 19 0.03 98.0 0.03
AB y 24 0.03 97.5 0.03
F2R HBEKRFHFFO pH HEZEZE L 2WEE0 X 5 BLFEHE
(NUREG/CR-5732, Table 3.7)
Table 3.7 Distribution of iodine species for uncontrolled pH
Fraction of total jodine in containment (%)
Plant Accident L (g) L© () CH,I (g)
Grand Gulf TC ¥ 26.6 153 580 0.2
TQUV ¥ 6.6 183 5.1 0.06
Peach Bottom AE y 1.6 21.6 76.8 0.01
TCZ v 10.9 18.0 ) 71.0 0.07
Sequoyah TBA 69.2 99 205 0.4
Surry TMLB' ¥ 971 1.5 0.7 0.7
AB y 97.6 1.2 0.6 0.6

ZDEHIT, BEREHFORESRMGEZ2EZE LIZSEIOFEDOBFEIZIX, NREG/CR-5732 TR
L% pH F8%E STV 20 Surry OFFHEFERIZ & 5 BOFEESFIENELWV 2 &, #IiE < FHE_ LR
HELEE L@ RTMEGFERETHIE, LV oBANLEEL, RG1.195 DX H5FE
DALERREDOEESIE (BE3RBR) 2HVWHIZLLELE

%5 3 ¥ NUREG-1465 & R.G. 1.195 (2817 5 & 5 EOLFEEBREDOFEER S OL®

NUREG-1465 R.G. 1.195
LRI LOFE 4.85 % 91 %
AL OFR 0.15 % 4 %
R SE 95 % 5%
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B IFEARIRE~DTERR L 9 BOULEFEHRIZOWNT

JRFIFEMERNICK T 2 RRE 5> BOBARLEICOWT, MEEAN R HREEETEE
(AR, INUPEC) &9 5.) ([TX 28t [k 9 £ NUREG-1465 D Y — R ¥ — L% AW T fstE
WEHRHEOFHRICBEI T 2 ®EE ) 1BV T, CSE A6 EBRICESENRIN TS,
BEOREHIZET 2HMELUTIRT,
R FRMERNTOTRRE ) ROULEFEL 14 L T5 L, RAFBMERNICE T 5LHR
REORORE p OBREZE(IIUTOXTERIND,

dp
P __;
ar 4P

p D RFFRMASRNICET 2 TRR I S ROBRE (ne/n®)
Ad : BRAULAER (1/5s)

Iz Z LT, BRFFHRMARNTOILRR L 5 ROWEERE 14 (TR nl2 BT 5 L3RR
5 T po L BRI ICHT B TR L 5 KB py 20T, BTFOL S ICRSNA,

1 P
fa=o i — 1o log[.p_o]

72 ¥, NUPEC #if5#E TiX, Nuclear Technology “Removal of Iodine and Particles by Spray
in the Containment Systems Experiments” DEC&E; (CSE A6 EBR) X v, [CSE A6 EER DM
U ROMELALTIE, FZ 05 TRE 10° peg/m®* THo7 b DA, K430 57T 1.995X 104
pe/m*lied, ] ELTEY, ZnboEE ERICRATEZ LT, 2RI I ROBARLEH
BE9.0X10* (I/s) ZRHL TV, ZHEIFHAMHO L 5> ROFERNPEL, AT VA BE-
TWRWIREET TOZBEZIERT 272D L EZ b5, 725, KE SRP6. 5. 2 TR FIFREMAR
WNOTTFRIR L 5 FRIMEEA 1/200 IR D EFTRIRR L S ROBRENRAENDS E LTV, 4E
DEE L — 7 U ADHE, JLFRIR K 5 A5 DF (BRYRE0) =200 ([ZEE T DHFHIE, [Gap-Release)
~ [Late In-Vessel] DA T L7ckim (FttiBitas o 11.8 Kefll) L7225, RFIFBEHAS
(PR LT D IHE R B SR O E B O 100 530 1 BEICIE T3 5RAET
IFEHARUEFFERENIZIE—ETHD I LMD oTEY, R FEMERNOTLERE > RIZD
K\ DELNHOBRLEEE I CTHRESND, LT, ZZTIHRRITEFEAIHDOB
RULEFEFEEZEA LTS,

CSE A6 EBRDFEMMILAIR D Nuclear Technology D ILIZIS VT BNIL- 1244 B35 E TV 5,
£E L LT, BNIL-1244 FEB O FIFRAARHNITER L 9 BORMELZKIITY, ZOHRT
TRR L O BROPHIREIL 10° peg/m® Lo TEY, HEEF 3 BFORTIFEMASRICIFET
LXORDORELFRETH S,
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£ . BNWL-1244, “Removal of Iodine and Particles from Containment Atmospheres by

Sprays—Containment Systems Experiment Interim Report”

EAERTIE, A7 VML LTT A Y NaOH) BV GRTW D2, IEEEERHICI

AT A PELROBBEOEZHANWTWATED, AT LA EIMYOEBLZZ TR0,

BNWL-1244
/ B¥% 0 43 : 10° pg/m®
]05 o %
,31/2 = 12 min
DROP SIZE: iZ]U ¥ MMD
FLOW RATE: 49 gpm
= TEMPERATURE: 255 °F
PRESSURE: 44 psia
SPRAY ADDITIVE: 3000 ppm BORON
104 k| NaOH - pH 9.5
o E
“::-l‘. i ReZl 30 43 : 1.995X10* pg/m?
= L
(=]
-
2 L
[~ 4
=
5 3
s 10° [
S -
L&) -
! =
2] :' = 540 min
= =4
by —
wy
=
b S
oy 2 THIRD SPRAY
10 — (RECIRC.)
n SECOND
b SPRAY —
10! [TAREN HARNY l? el
0 50 100 150 200 1550 1600 1650
TIME, min

FIGURE 9. Concentration of Elemental Iodine in the Main Room,

Run A6
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CSE EB D@ Az -\ T

CSE EBR D&M L 1HREBEFT 3 BIFOHBICOWTHE 1 RIcE 2D, 7=, NUPEC 0HEEICE
WTIE, A7 VA KBTEMENSRTOHE D L 5 RBELZEICBEARALEFERELREL TNWH7D,
AT VAKIZED OV NEZE~DOEITIR, Thid, OV NEZDENICL 5 L 5 BobE (e
ZEREL TWVDZLLLETFHRRYVFENEEZD,

%1% CSE EBREM LA ER 3 SR DLEs

CSE ZEB2® Run No. HFEERT 3 BIF
A-6 (1) (2) A-5 (3) A-11 (3) ﬁgﬁ;ﬁg%
FHX RR+H2ER A& [RA R
FESES .
(MPG) #90.20 £ 0.22 0. 24 #70.335%2
g;@gg #9120 #9120 #7120 7 138%3
Hb
AT A | BRENZED *! 2L 2L GeER X >F|ITH L
TIXERUEEZEDAEE)

(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

* 1 : BRIWEFEOHEBIZIZIE L BEE DR T LA D EDRIDEMAEZRN
XORBEOEZANTN S,

* 2 FIAERERRR IE > — 7 v 2 DRFHTIE

* 3 1 BWASBIRAEERS Ik > — 7 o A DRFTE
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HARLE DL D —A (A-5, A-11) ORIBZIANRTAETIRE 2 LA TSRS, MEOLEFIZOWVTIE,
ATV AHY (A-6) DPELRERFEFRDOLNR, £/, FIHIEELY 1/200 LI HETFLE
BIIEEDRESNIC B2 Wy b4 7)) BEDHLND,

i 10
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b, #1352 05 min 4
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— 112
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III.2 41 0.5hr
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2
10 1w -
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o N ;f""-:‘.:-a_f"_"f ROOM " ]. .n\
WA e eI el 10" I ‘\ MIDDLE ROOM
I ROTIOM ROOM == § -
ji BCITIOMRO?M B o = /
it BOTIOM ROOM._ _ —
IUD H i I A ]uﬂ el — g ——T L,
0 4 8 2 B wn M ] B 12 16 2 2 &
Lhr L hr
FIGURE B-5. FIGURE B-6.
Concentration of Elemental Concentration of Elemental

Iodine in Gas Space, Run A-5 Iodine in Gas Space, Run A-1ll

23 CSE EBRICBIT 508 D%l

A6 (2) A-5 (3) A-11 (3)
QL 12 4y 13.5 4y 16 %y
7’3 vy 1*7-]‘7% %* 4
() 3 5 ) 540 43 (9 ¥R 22 BFfHE 18 B
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BHIOLEOEETME LT, BREMTEZER L, FEEZEIRIC, BRLELELRITTT,
INEY, by "ATHRDOILEREILCV A~DOTER L S ZOKHBIEITH L TEENR/ EIN
=%, BATOFHMESRHIIZEEE X5,

B3R REMITRMN

R— R FA JRKBE FR AT
0 12 53 F
(915) (Db 9E-4 s~ 1)
40 ¥R
ERS R
\ oo Ak (A-5 EBRFER D 34 BRRE (R
(%1 v b7 DF=200 %) FEATR) R E RI-E)

FaR REMRITRER

N— R 5 R EE AT
X IH9FED CV S~ HBEIE 3. 6E4 3. TE-4
(DA XU b H) (1.00) * (1.03) *

¥ Hy aNIFR—R &I AEIE

A EOFAMTIX, CSE EBRIZEIT 5 EBRBILAHE 30 0 F TOXLFER L > RORER D LR
HAREERZFEHA LTS, ZIT, CSE ERIZBWT, DF=200 |ETHEMETCOTERELS
RORERD O BRULEBERLROIZHEOEEEZLUTIIRT,

CVHNDOBRILEREZRELIRILE LTWD A-6RBRIZOWVWTIL, AT LA ENBZETRS
VAL DBREDRNR S H7=0, MIHREICK LT DF=200 (2T 5 £ TOM XX, BUROFHEIC
FERALTWAHARLEBFEOAOEE LY L REL, BEPRIIKE D,

Ei, AT VvA SRBRVERBROBRL LT, FUL CSE ORBFER (A5, A-11 #ER) ZHIZ
HAERZAVWEBAICBW T, ATkt By, M0 BRLERIIBROFFMIHERL T
WHBRILERE KX RBVITARV, E5IT, A-5 REBEERO A-11 B CV A X 5 BRI
DF=200 fHif % TILEFEHEIZET L TWRY, LER-T, DF=200 E T—EDHRILEREZH S
Z LI WEEZ B,

28, I A-5 REBRE O A-11 BBRO 5 bEMFEEH O R A-11 REBROBERN /LN 5 F
HWH 16 32 ANVT LS RO CVA~DHHEIGICOWTEY LIEEREZE 5 RITRT, FHliE
RIIFE S RITRT LBV, oRBERN O/ ONI BARUEERZ AV THLHRO A-6 REFER
NH/OND BRERBERLHRTERITNINVWEFZ S,
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FEoHEX BHARUERZEHIEEHBADOLHIFEDCVIHA~DOKHEES

BgEr—=A RREERRTD REERRITQ)
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72, BARUEEFERIITHET 2B ROXEERE L NEREOLL TH I REREROEELZIT, hE
EREAREWVIZEBRILERIIRE S 2D,

% Z T, CSE ORER{AR LIAFEEHT 3 BFOLREREICOWVTHE 6 RITTT,

FO6RITRT LBV, CSERBRER L HRERN 3 BFIIRAZEOLLERREL 2> THY, CSE DR
BRCRONILEEEITRRERF 3 SFICERTRETH S,

F63FK CSERBREPEEH 3 EFOLLEREHEDLLE

CSE B AR AR EFT 3 B
A () #7600 %7 65, 500
FHAE (m?) #1570 %7 69, 000
HREE @ %9 0. 96 #11.05
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(%) CSE RBRIEFR

TABLE 1

Physical Conditions Common to All Spray Experiments

Volume above deck including drywell

Surface area above deck including
drywell

Surface area/volume

Cross-section area, main vessel
Cross-section area, drywell

Volume, middle room
Surface area, middle room

Volume, lower room
Surface area, lower room

Total volume of all rooms
Total surface area, all rooms

Drop fall height to deck
Drop fall height to drywell bottom

21 005 ft* 505 m?
6 140 ft* 569 m?
0.293/ft | 0.958/m

490 ft* | 45.5 m?
95 ft* 8.8 m?

2 089 ft? 59 m?
1 363 ft* 127 m*
3 384 1t® 96 m?
2 067 ft* 191 m*

26 477 ft* 751 m*®
9 560 £t? 888 m*

33.8 ft 10.3 m
50.5 £t 15.4 m

Surface coating
phenolic paint®

All interior surfaces coated with

Thermal insulation

All exterior surfaces covered with
1-in. Fiberglas insulationb

aTwo coats Phenoline 302 over one coat Phenoline 300 primer.
The Carboline Co., St. Louis, Missouri.

5% = 0.027 Btu/(h ft?) (° F/it) at 200°F, Type PF-615, Owens-
Corning Fiberglas Corp.
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BE . ZOho5 B (PHEBUS FP 3BR) |Zxf4 52 EEIZOWVT

PHEBUS—FP 2HHIZ, 7 ¥ T v ¥ 2% FT® PHEBUS BFZIE# AW T, PO OEHERICES
FP 23471 2181%, Ay bV Y, a— L FL/ERE, RRBREBS»RBLIEFEFEC AT A
PHEEL-AR TRANRERETT-LDTH D,

PRERITH023 GWd/tIREE L 7= A 2R B 2 182, REBHHREHEAZZFEAL, +oRkERE
PR T C19964E7 A I Ehs /=,

PHEBUS FPRRBRIEE OBLEM % 1K =T,

REBIIH A% FR ST TREZHBRESE S 72— X0%, 1KREIERBEL SN THRHESRD
BEES NS, ZORET2AROEMERVBBEES N =T vy V7 = —X, K205 ORMAESE T
EIZUERE L7=FP% FEIY v ZIC VT T 85 7 = — A0 E S TR A 2N OFPIRE O RIE R TH
N5, Dk, 2HBREDRMERD L I RBROILFZEEHEZHRE T HLFET7 =— AP WMbh, 7
KEEGOIFPEEHRFHOND,

PHEBUS FPRERDFERAZFE2AXITRT, =7 Y N7 2 —XZBIT ABRMAEBRNDO T AR L HFE

GERREOFBRUEHKL 5 F) OFIEITHHEE ORER BT 51224 THI0.05 % (JFlA v~
R bVH) FTCHSETTAZ2 08000, ERFMORRBE L HITRERTOBEMA/NE L
RAEZENDNS, MIET—FR=TaYy V7 x—X (BHEREEER) OETHY, FPHHE
BRFEREL TS 2 Lhb, ZOEBIIATROCSEER L RROBHM TH 5,

PLEDD, XV#H LWEIR T HPHEBUS FPRBRASCSEER ORGSR & AR OB TH 5 L T
50D, BEEFE(1), (2) TEH XN 7-PHEBUS FPRRER TIIEHAIHI 1 O DL EREN RSN
TWARWE, L 5> ROLFEERENRINTWACSEERZFMELER T2 L LTWA,

(1) RFHREEAHENE, EEREDREFM (RAPanWaSEREEREES) (BT 58
EWmEE, T 15 F

(2) RFHREEIMHEE, EEREYREFE (R PBnAREEEELESER) BTk
EmEE (B, FRlsF
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BFIERMERE~D T a VY LOLEDHRIZHONT

RFIFRMERNICK T 27 ey VO BRILEICOWNWT, MEEAN R HEEEEE
(BLF, INUPEC) &9°5,) [Tk DHeat IRk 9 4EE NUREG-1465 D Y — R ¥ — A& AW o et
WEREEOTHEICRET 2HEE) CER 1043 A) (LT, INPECHREE] L7 5,) IZBWT,
=7 u Y VOEHEEFEERE AW ET AR I TS,

ZDETNVOBMEELTITRT,

RIS RNTOENIEBEEE 2 Vg L 15 &, BEFFRNERNOBESRERD DILEIC
X BB RIT, RAFEARBRAR—RIRE IR TWA LD L L, UTORXnbROLND,
72k, AREH 3 BF ORFIFHEMASRERELE VRFIFEAES H BHEEOELZ AVTng,

A
,?Ld::vdzr—f-=6.65><10"3 (1/8%)

g

i, : BRRULER (1/s)

v, : EAREEE (n/s)

A, R IFRMASRKERE (n?)
(HFEEFT3 54 1,250 m?)

%  RFIERMARE B HEE ®)

(JAZEFT 3 5JF 65,500 m?)

ZIT, VaPEHIZOWTIE, =7 ey Al kET5BEOKEEREEZROLIATHLRA F—7
ADOXEBEAL, UTO X ITREIND,

Vi = 2r5(Pp — Pe)g N 215 ppg

Oug Oug
rp r =7 e YV ()
P =7 v Y IVEE (kg/m?)
oz : [AEDEEE (kg/m?)
g : ESIIEE (w/s?)
g  [RUEDREEE (Pa - s)

ENRTA—ZDEEFLIRICELD D, 8B, ZIZTRLEAT A—F L NIPEC #5E CiCH
ENTWAETH B,
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BHBIR FHEICRWEARTA—H

RFG A=K & ik

z7a Y LR P (n) 0.5X10°% BR 1l pmOTT7 O VEEE

7 a Y VEE PP (kg/m?) |3.2X103 NUPEC #4&5&E L Y

K[UEDEE P (kg/m?) = =7 a Y )VERE L AN S W ER
BEHIGEE & (w/s?) 9.8 BRHMER LY

SUEDKEE #2 (Pa - s) 1.8X107® | NUPEC #&E L Y

XoT, 14= 9.68X1075X1250,65500 =1.847X10" ¢ (1/s)
= 6.649x1072 (1/Ff) — 6.65X1073 (1/8f) L 725,

(2%E)
NUPEC TERE 9 4EBE  NUREG-1465 @D Y — A & — L% AW - B i EOFHEIZ BT A5
HE (ER104E3 A)) kB

(1) HARWAT

- WHA REPS R R E AT ol P EE S FERICTEAR LR W,

-AITER (HR) FREHBI B UG AT o] B i & [ BRICTERT L 72V,

- ERITUER (TR) 9.0X107% (Is) : HALHER (1)
CSE A6 D i 3 7 ROBWAEL(L TIL, FsKI05 THE10°
pgm* TH-=H DM, BFL305r TL99SX 10 pgm? L7325,
m‘,=—ﬁ log (1.995x 10°/10°) =9.0x 10741 /)

- Csl(z7 Ov/)b) 1.9X10° (I/s) : BALER (1Y
lemOKREZIDOLY OV IVOEHUPEEEZF W, FEZKH
IC—RRICEA L TWAEREL T, B KEA S B BAER
EDLERUCTROENS,

V= 21, (p,-P) 8 _zrnlppg

Ou, on,
C2x(1x 100¢/2)*x3.2x 10°x 9.8
- 9x18x10°

A, 4 ®mx215" i
ld=Vdv;~9.68x 10 XWZI.QXIO (If"S)

=968 x 10 (m/s)

« Cs,Te,Sr,Ru,Ce,La CslERIU#HWET S,
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ATV LB Ta Y VOBREFEEDREIZOWT

BEREYRHICE L DEMARRE END TR, BFROBSEDE L, LECHET T
TR AT VA IZEIDBREZEDHRIZEL > TH, RFFEMERNTOXERICEELZIT5, 1€
7T, NUREG-1465 X° MAAP |ZiZZ v b OEENZFRHFFMER, FHEET VB WITERICESERE
SNFEEPRINTEY, EEVTA FTHLINOHROBEIZOVTREIN TV S,

ZDHIBbTa Y NIIHT HERAT VA HROEBEIZONT, FFHETHR L LTSEL L
NUREG-1465 TIZZDHRICOVWTHEEUNZIBE T2 L L TWHZ L bEE %, SRP6. 5.2 128
WTRENDTT 0 kT 5 A7 LA BR KO NUPEC EBRFERICESWIERA T LA R EH
WHZLLTDH, REDEZFITOWTLUTIZERL,

1. SRP6.5.2 =7 B Y LIkt H AT LA BBEDOR

HKE SRP6.5.2 Tit, AF VA FERICBIT AR LAICL D=7 ) LOBREFEZ L TOR
IZEVWEHLTWS,

Z OFHEERIT, KEFR T T > b (US-APWR, AP-1000) DR EUEE SR I 2 EHEICB VT
RAwoinTsY, £/, YET7 727 7 v Mg 22— R Toh 5 MELCOR R° MAAP [ZHAAE N TV
5HDThH5D,

3hFE
As =

2VsD
s ATV BREEE
h D ATV IREE TR S
Vs D AT A FEBROEE
F . AT LA R
E D R
D P AT VA RTEE

*7-, ¥ERG 1195 THLZT R Y VORATVLAFHREL LT, TLDLEBY SRP6. 5.2 23 @EH
AEEE LTWA Z &b, RFHEIZHLHAWVWTNS,

2.3  Reduction in airborne radioactivity in the containment by containment spray systems that
have been designed and are maintained in accordance with Chapter 6.5.2 of the SRP!

(Ref. A-1) may be credited. An acceptable model for the removal of iodine and
particulates is described in Chapter 6.5.2 of the SRP.
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3 2 ' o _ E/D(~7)based on test data h=180m)

oLt x% % 8-y .y T v =122m")

60 60 180 300 420 540 660 780 F =0.020(m" / hr)

Time after spray initiation (min)

[€3.2-12 PWRHEEERE (XASME) P LNUREG-14655F(H{HE L LB

(2) AREF 3 BIF~0DiEH

AR ERT 3 BF DS EIDOFETiX, NUPEC ##ERBRIZESE, E/D=T L LTW5,

NUPEC ##ERBR TlX, PCCVAL—T T 7 hDYET T 7Ty MBRIBEEEL, A7 LA
WL DREDR AR LIER, A7V AHR L5m OFREDTT, E/D=T7 L OKERENREDL
nTng,

PCCY 7Z o b &gk CV 75 o F DIARERT 3 B TIE, EXFHEFEORESENIZONT
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3.

ETOERDHDZLOLBONBENR, CSEEBRTORERENS, RE, EHAZEOFBEOEVHRTS
VAHRIZEZ DEBIINEVDIZH L, AT VA RBRIIKRELEEBEEX DI EBbND
(-1 2H8),

X > T, NUPEC OREBRFERTH D E/D=T ZBAT H7-DIZ1E, AFVAREN 1.5 mm & k
B HRNWZ L AR T ILERD D,

ZORBTIX, EEEFETORT L, ) ANV 1IEHEZVH1n®/h2EELTEY, Z0L
EDRAT VA KREDN 1.5 mm Th o7z, {HFEERT 3 5 TIIRNBEEMBRA T VAR TIT
LBARATFVATHEATHRAT LAV T~y FIZ 100 EORTF VLA ) AVHRFERBENTND
edh, AT LARELSmUTEZERT L0121, AT LA R THE 1000 /h LILE (R
FrA ) AV 1 AHTZV R 1 n®/h) BUETH D, SEIOFM THWZERER 3 BHFON
BRMESRA T LA HEIL 140 m®/h O 100 n®/h) THY, A7 LA RiZ 1.5 mm LLF Z3ER
TETWAH7®, EN=-TZEHATHZLIIHLETHD,

7 u Y )VEREREDREH

1. C/RL7ZSRP6.5.2 DT a VNIRRT HATVABIRTOARAT VA RO EZ A
W, 2. CRLERATVLAZE (E/D) , H3BEF TORT LA RMETES, A1 A
EBROBRBER VAT LA MBI TC=T o VBREERELZEH L,

ZIZTOFMETIE, SEOFHMEEZEZEZREL, A7 AT 5720 0BR#EE LA
BHBBAT VAR T LT D, 205G, RBEBMERSAT LA IHREL/NEL, £
DANR—FEHL/PIWV, 2O, FFHICBWTIE, RFFEMBERN TR I LA AR
PRLRWVER EATVAHEK) BHHZEEBRLT, =T u I/ VREFRELEH
LTwWa,

FATVAFERIZBWTIE, AT VAICX DT u Y VREDRZEZENIZRAT
TEETERVS, EFFHEMBEFENETOFRICEIDZBEHMRIZE-T, X7 1LA
BEBANEIB AT VA \mBRICBITT5 2L T, MEBENICEREINLD,

#[E Regulatory Guide 1.183 TiX, R/ LAk A =7 u Yy LOBRESEZ M
BEEICIIHFEA S VA EREEZER TS L, A VA EHK LIRS LA HEOERASE A X
AT U AERN 1RERIC2EHRTAELTVWEZEND, SEIOFMTY, AT
LAEKEZZRL, BEFGIIERATVAEHEL 1 FHIC2EFERT S 2L L35 (R
-2 28) .

OB Z LU FIORT, BHERNEEEV o ST 52T LA EROEEEIS
fEL, AT VAERICBOTREAT VAL DBREDER LV bD LTS, B i
KBIAFHECZTa/ VIBEZC &L, AT LAEIBE AT LA BROMICIT, fiko @
BEB/EEDHY, AT VABRA~BIT LT e VIR T LA ICEVBREEND EEZ D,
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R T LA B,

ZOFETNMIBITAERAT VA BBRE VAT VA B8RO T a /' )L =EDOREEIZE(LE
BIEBRNOFEZ T v V&1L, R TIE L.

dC_N:_L.(CN -Cs)

dt [T

aG 1
G-

Ne(t)=(f - Co+(1-)-C) Ve

C D BRI ICBITAFEST u YL ERE (Ba/n?)
N, 1 FERT VA FEIREERFD CVNT v )L & (Bg)
f : ERAT LA EEEEEE (-)

(JHZEFT3E5F 93 %)
1 CVAZERUR SR (h)

Vev
Q

NN
1

(CV ADZEXRB+7ITRET D £ TORH)

g""

: VB BEHE m?)
(JAFEFT 3 5/F 65,500 m®)
0 : OV NZEXIEERTTE (m®/h)
(JAFEFT 3 51F 122,000 m*)
A : AP VAEBOAT LA X BT u Y/ L RERE G )
Vy 1 AT LA EIAERE
(RFE N: AT VAR, S: A7 LA FER)

EEL, ARAFUAERICBT 3BRERKTHY, RAFEMAESEEOEEN LI
AT VAEREZELIWEEY OFEBRTOR T LA BRERETHS, Lo T, SRP6. 5.2 TR
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shTnd V) i3 27vLEsise LT, Vox(-f)eLtzrs,

LRETAEZERAL, AT VA EEEEZRE LR FREARSRNEEDRE-=T /v
DAT VA REEEXEH LT,

BB, =TT HARAT VA HRIZONTIE, =7 a S LvoRREEE OF) 2355
EIZET 5 L BREFEDRECHNIT/AR D £V H NUREG/CR-0009 DFERIZESE, SEIOFHET
1%, BREFERERFEONZRLFERODF%Z [y A7 DF] EE&EL, SRP6.5. 2 ICTHRES
NTWBHy hA7 DF ERILT 50 L§%7E L7z, SRP6. 5.2 TixH » b4~ DF 28 50 & E5ELIE
%, EDE 1/10 L THEDEZXFLRINTEY, TOEZXITH, By M4 7 DF50 %48
ZTBDARAT VA BBIZOWTIE, E/D=0.7T ¢ LTHREHREZEH L,

UEDZ s, KFHBIZBIAA T ALz T o VBEREL L TE1IEROLS
IZRRE LTz,
T, BI1EEZSTTITERELEAT VABREDREOETAZE 1 KIZTT,

FBIR 7Y VERERE

By FNATZDF | =7 a S LREEE
DF <50 0.36 (1/H¥)
DF=50 0.043 (1/8%)
1.0E+00 P
@
. 1.0E-01 F
#
Bt
E
%
oe
H
b 1.0E-02 F
1.0E-03 : S — —
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AL ABita BEBEFE (h)

BIN RTVABREDROET IV
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(B fH-1)

CSE 7 —# ( “Removal of Iodine and Particles by Sprays in the Containment Systems

Experiment” 1971 )

Nuclear Technology Vol. 10,
CSE TOERBRTORBRELLTIZART,

TABLE I
Experimental Conditions—CSE Spray Tests

Run Run Run Run Run Run
A-3 A-4 A-6 A-T A-B A-9
Atmosphere Air Alr Steam-air Stem_'n-a.ir Steam-air Steam-air
TeTnpe]:tlure, °F il 7 250 . 250 250 250
Pressure, psia 14.6 14.6 44 50 48 44
a b c
Hozzle type - . s 1220
Drop MMD, pd 1210 1210 1210 1210 770
Geometric standard deviation, ¢ 1.53 1,53 1.53 153 1,50 1.50
[ —
12
Number of nozzles 3 12 12 12 12
Spray rate, gal/min 12.8 48.8 49 49 50.5 145
Total spray volume, gal 510 1950 1960 1960 2020 2300
i 1 I
Spray solution L [ s

©525 ppm boron as HaBO; in NaOH, pH 9.5.
3000 ppm boron as HaBO; in NoOH, pH 9.5,
23000 ppm boron as HaBOs in demineralized water pH 5.

agpraying Systems Co, 3/4 7G3, full cone.
bSpraying Systems Co. 3/8 A20, hollow cone.
cgpraying Systems Co. 3/4 AG0, hollow cone.
iMass median diameter.

Fle, TOFBTHBONEZRAT VA BERORREZLTITRT,

TABLE IX
Summary of Initial Spray Washout Coefficients

As Observed, min™'?

Iodine on Total
Run { Elemental § Particulate]| Charcoal | Inorganict
No. Iodine Iodine Paper Iodine

¥ e

A-3 0.126 0.055 0.058 0.125
A-4°| 0.495 0.277 0.063 0.43
A-6 0.330 0.32 0.154 0.31
A-7 0.315 0.31 0 0.20
A-8 1.08 0.99 0.365 0.96
A-9 1.20 1.15 0.548 114

*For first spray period, corrected for natural removal on
vessel surfaces.

Includes iodine deposited on Maypack inlet.

ZOFRERNS, BRERVEHZELIETHBREZEM L A4, A-6 RKDA-TT
?D” Particulate Iodine” DFERZLLET 5 L, HBOHHEHT—HLTEY, KEED
ACTW2WY, ZHzxtl, A VA RREZ/NSL Lz A-8 T, 3MELULERT LA HER
MELTWSZ EXRDND,
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(%f+-2)

AT VA FHREIERT LA FEBOEY T NZDONWT

7 a Y NVOBREDHRIZONVWTIE, 2EERNITREN 5 5MTHEME Iz NUPEC B &2 HKiZ R
TFVUAPRLEEREDOK L LTE/D=T ZHWTW3,

NUPEC B TlZ, TiEDEBY CVEHBEBERUNRNEBERA T VA HEBEEZEBL TAr—1¥ L
TFHEZRERANTNWAZ Lvd, E/D=T ORI CVAOREBIOFELIMkEN- DL o TS,

MEEIZ. PWROBS,. X757 P LTEANTCEGETPORERT 7 - FTHH1100

KWelrDa— 7% BELE, —OBES. ARBTERTIMERBEHRIERLEBLT
(i T#1/5900TH Y . — 5, AMEHCERT S/ AV#ERLBEO—-H (BRTENILD
A LA~y DI 120RE) Lo\, ERBTERTIAT LA/ ALOER
ZEU T L5, T72b5, PWRBERBIZBVWTREBOAT LA/ XA EEDFEE
BT&ZVED, FPRENEICKELRITTLELLNDAMAT LA BORBENH % T
XAMRVBELID VI alL—F ) ANEFERTHLLLE, 8, AT HRICEL
Tid. AMBED A 7L A i E&H8120 tonhr THY . ZHEVSIOTA Ty —AFT7 LT, ¥
T al—% X lT034Y v Flimind RREESL LE,

FOE®H, E/D=T #FEICH, BIZERA T LA ERICE > TZ7 2 LOBRENRRIADRN
HEEZBMVIATZ LIXTROLBYVESTFHRBNE 25,

100 ¢
1 e FRT LA R DZNREEMSE E(2[E/h)
1 e FRTLAEEDOHR BMEELL
g 60
40
o
a 40
B
2
! 20
0 | '.’..::::::::::3"1000100.. ...... jasssssssssnsssasas Aassssssssas
0 5 10 15 20 25
B fiEl (Hr)

K R7UABREDREROLLE
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(Z2E%&E) NUPEC PWR BiiEskBrgeft

#3123 PWREEEERRE

ERTF b B T
for Dbl b AHF Bx
HBTF b PWR4A/L—TIE R
3 s 110 7 2000m’ £ 5
CViEm 71,700m 12.2m 5. AY—nIUSSTT
CVlh & 20m 4
AL A ANEE 120 1
A7 LA Kk 120m’/hr 0.34L/min
7 AR FEEX554L YIalb—F XN
J Xpng 10mm 1.2mm
A7 A T 1500320 ($"9988) 14703507 (¢ 0588)
ok #110hr WHE R
27 LA kiB 303K B
A7V A KE g %
CVIIM2E 0.52MPa %
AEHSE 0.39MPa RE
AirE 0.12MPa R N, C{tA
H, 53 EE 0.01MPa @ He C{LA
CV Wi 415K Mm%
CVIIMALL R 100mm f’t‘}’f“* r—REf®
=7 o/ AR Csl oh
Csli 0.01g/m’ [F3
CsIF & 1370 @k ST MEEIZ20
B P OIS L %
ERIIFFIFEEIEE 1085
MO L~ (B
HREE B 3,41 1MWt 43 kW HADOTH)
R —E TS
MG DR E S B2
I e CVTE BiE
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BIHE 7
B IFBAERR A VROBREIZOWT

JRTIFREMERRD D DM WVERIZOWTIE, ARG CHEET 2 FHIARICRS) L= Fis
=T ADI L, KFFRMESRNENSEHER T 2F R — 7 A TH S [ RREHET LOCA FFiZ
ECCS AR CV A7 LA TEAZKIT 52 —F v R | (TR DIRFIFEAB RN O E S iR
BICHE LRV RICRBE RALVEEEZREL TV 5,

FRFIFRRMNASR D OIRAVRIT, R FRWESNENSR®ERESD 0.9 FFOEHLTF
DHET IR TE, BAHHEXQ)IITRTEHERT 5,

(1) BRI EsNEARREERESD 0.9 FLLTOEHE
EmERESD 0.9 FLLT O/ A WVERERTFIICFHMET 2 =DICEZERKOK (ZNETOR
AESRICTER) LvEHT S,

L AP Pd

La AFq  pr

WL

BEHR L

RSN BRI
AP AE BRIE IE

WAF “d IHRAORBBOREE RS
WAF U7 I TEEFOREEET

~ A L% Inl

Q) FFIFRMESBNEN P ER&EREND 0.9 fFL 0V REWVWEE
FEABRERE T, HEIEREREOEGZ TR 720, RFFBRMNAESRANEARR&EER
JEA1P 0.9 5 X 0 REWHEIIEMETREDOBH - ELROREEZEZET 5, WAVFIIEERR
OX, EMEEFREORBTE, F-3ERKE2ZELERX0 3 X0 bEONAEON, BRRKOME LT
%,

1.11-285



t~

JEAMEER A (i)
u 2k, P, Y
g ]( jl & R’eak,d ka . *P!'&ak,d
o P P,
| 1
2 k41 2
' —max % mek,r ki . Pfeak,r k,

d - Pr Pr \ \

k,—1 hfi_.fli. JEAEMETR A (BLR)

2k P Yo, 2 ky+1

k—jl ! r Pregk.a | . Plagka | %

’ Pd Pd
[Adﬂ_fai] % 7=
| A‘Pa' pr i
_ ke

& D RFIFRRESRNES Pieak t _ max [ 2 )kt—l Fatm
P = WZWVWOHATOER B _kt +1 ’ B
i L RFIFRRAE RN OKUEO KRR _ .
k D RFIFRRERN OO L ngzmﬁ( 2 szﬂm
Patm - kﬁj}: Fa ’ P

ka +1

FEFIFHRAESRPODORAVEEZE L KITRL, ERL0), @ THRANEERROXNLED
NHWMAVEREZE 2 KIRT,

R F IR MAB RN OENBITER (R&ERN 0.360 MPa (gage)) Zxt LIz VW E (19
0.144 %/ B) ICRBEFIAATZEEL LT, RFFHEMERDDORAWVEZEWHRE (7 HRH)
H0.16 %/ H—EBIZREL TS, ZOR, RAVEO. 16 %Xt 2R FIFEMEIRE NI,
O/ WEMETRAE (B ZKELEZE LTS, FIRKIIRT LIV 0.40 MPa[gage] T
bV, FEFFEAEIRNERRITRRICH L TRBEAZATNS,

728, ERTITREOMBIIEERNRVD, [UEDHERE, HBALETRERELEZE
L7zET, BoN5ED I LRERKMEZFHEL TV 5,
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B 8
T =2 T REZELERE T 4 VE BREGROREIZOWNT

1. PRI+ 7 4 VEZBREHRIZONT

T =27 AETECREOMRLT 7 AV FICX DT u S NVBREDEOFMESEL LT 99 %
ERAWVWTWS, BT 7 4 M ZITOWTIE, MARIO THEREICBWT LR Y 4 V7 BREDES
BRI TWA I EZ2HERL TV,

PWRLT-7 4 NV EZ DAMIIH T AHEE > — MRICLTEZH DT, =7 B VEEATEERN A8
ZiBET DBRIZ, =7 a IV H T AGHMEICEZE - TS LIV IND,

T o2 T AERE RS ORI+ 7 4 L&
a. REKRERESRHFIZONT

AFHECRE LZFHEERICHE W T, KTFEMARENIT 150 CREL Y, FEFFE
AP DIREGESICL VT =27 ANDORER RT3,

T =27 ANOREIIRAmT 120 CREZTCO LR THI =D, HRBREFR3IBFFOT=
2 7 AEFEREICHRE L TV AELF 7 « V2 O mERREZ KIBIC ERES Z LT
2, HEMETT2Z L2, 28, 74 ITHEINEAEDE ORERC X
HIRELERIT1I CERETHY, 7T=a2 7 ZANBE~OEBIIRZWVHOTIIRY, Fi,
BEIZOWVWTYH, BABRRAVRIIE LTI REBE LREZH 0D, T=2F A
R LR BREEIL, T2 7 AANLDETBALDH L ZEND, THIEFEBEN L
WD LT, 74N OMEMET T2 Z L3R, LERoT, b7 41
ZBREZNFR 99 WIFERTE 5,

b. HREFAEIZOWNT

AREF 3FFDT =2 7 RAZEKIF LR OWRLF 7 4 V7 ORFAEITA 8. 9kg/6
(212D 55 LMl 6 ) TH5,

FHEHE P IR TR ERERRN D T =2 T ARV LT a VT RTUHBHE S
B & D REFRYZRRGE TRIME L 72522549 0.9 kg TH 5,

T, REEELEEZ T, BMERPLRAWVW L TEEMFAER7 A V2 I
EXNHA2HbOL LTIHMELZbDOTHS, 228, XOFIILTRFREOIFEL LTIIMEL
7= (BIRKUVE1XSR)

L7edio T, 7T=2 7 AZEXRELRMBOWRLTF 7 4 VZ12IE, =T v NVE+45ICHE
TELRERHDDT, WRLF7 4 VFBRENE 99 WIFERTE S,

BLIR T=a2T7 ARG CREOMELT 7 « W ZRIFEE

k7 4 V% 7 =2 T AERE R
TANZIHEINS T Y VE 0.9 kg
REEE #18.9 kg
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2. XHFETANFOBREBHRIZONT

T=a T ABTEERBO X DR 7 A NV ZIXEHK L 5 BRURFER L 5 BORESEO M
FEL LT 95 $FHAVTWS, LIRTANFIZONTIE, EHEEERE CLEIBREDHES
MERTETWAILZHERL TV,

+ Toa 7 RABEREERBEO L SR T4 NVE

a. REKRERESRHFIZONT

L7421, KIREHT COREMEMENZ LB TEY, EXFHRKEO
X RBEREWVRETHONE, (LZRIEBET LT < BEDRIEL R2EAEDH 5,

7z, BEICK LT, EBREOFVPEVREDRLZRETE DM, £DLBY, K
BRRZVRIILE CTEbT 0 RBE EFIIH 500, 7=a 7 AET L mEEkIL,
T =2 AANLDOETEALHDZ D, TEEBER EXD Z LTV, L
>T, BEEVEBEOCEZIZIV 74 NVFOMREPMMETTHZ LidRL, X9F741%
BREZDHEL LT 5 WIERTE S, b, BBEREZEE X ZREDEROZ YO
IZoWTIE, WwFTRT,
b. BEREIZOWNT

HEBHSBFOT =27 AZBKEFRMO L H>FE 7 A VX OWESFEIL, §91.4ke/34
WTh5,

A DI R F IR MERN D T =2 7 AM~NRANVW L L ) BT R TEREFEND
& D RSFRYZRABE TRAM L 72 /5 82549 20 ¢ ThH 5,

ZHUL, BRIF 7 AN Z LRBROFETIHME L2 TH S (REZELEE), 12721,
EORONMFRRBIIETEREFRIOBELITAHREIOFL L, (FI3RERVE 2KBR)

L7eoT, T2 T AZETEUREO L OFET 4NV ZITIE, LOFEL+HITRETE
DEEBNRHDLDOT, LHFET A NVHBREDHRIS NIKRTE D,

FoR Toa T AEJEERBO L OR T AN IRERE

ko9E74NE T = a2 7 A ERE R
TANVFIHEINS LH5FE #5120 g
hEAER 1.4 kg
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FHEIR FOLONEHHEE (KEBEZED)

o Gl LP’*&%E’E &
g)

X HFEH®| 2. 1E+01
(L 5%) (2. 0E+01)
Cs 8 3. 0E+02
Te 8 5. 0E+01
Ba ¥8 2. 1E+02
Ru 38 6. 9E+02
Ce 38 9. 4E+02
La 38 1. OE+03
&t 3. 2E+03
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WhiF7 4 NI BER
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(RFIFRAESR DR AV LR+ 2 2 B H5E)
/N

JRF PSRN ~D Cs DHEIE
N

(RFIFEAESRPD DR A £ 0.16 %/day)
N

(FFIF & MZA P T OIERZIR)
N

(NUREG-1465 |ZZ:3 < R FIF AR~ Cs DRHEIE)
/N

REHEE LB ED
PR F DIF LNERE R
(XHFRFIETRFRET D)

FBIR 7 =27 AEKECRE OMELF 7 « v F R ERHE OBE
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LORTANFHER
N

(FF It Bi%i/i\ L7e &5 EiRLBHE)

JRTFIFRANE RS~ D K 5 BOKHEE
N

(RFIFRAERERP DDA £ 0.16 %/day)
N

(FFIF &M A P T OEREIR)

!

(NUREG-1465 (23 < JRFIF MBS~ D HEIS)

i

REFAER LB 8D
O RDOFLNEREE
(XORILTHRFRELTFERELO>FLTD)

B2l T==2T RAEREARMD L 5 F T 4 LV FZHEERFFHOBE
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LORTANZOBEFHFLZRE X LBREDROZUMEIZ OV T

(1) &3FRT7 A NEZBREDHEARIZONT
EIORTANFIZOWTIE, EHEEERBICBVW T IR 7 A NV IBREDERBREER L,
X 5 BREMENERMERE (REDZES WAE) 2HRETHIZLZHELTNS,
ZDOBEORBRSEMT NEE : 30 °C, B : 95 %RH] TH 5,

B, XORTANFITRER, BEECHFREVBREDELRE T IEMICH S,

(2) AREBEFTOIREERIUIZDOWNT

EREFTORERIIZOWVWTIY, REFFIET 6 ICR8T 2 AOKE®IREOFEE, KK
SIROEHME (Fatim 1991 ££~2020 ) (2L b &, EEERORIEMEITZZN T 25.6 C,
-5.8 CTh %,

L, BECRFHMEIT o 2BEOFHESRM I, YRFORBERVKEMETH S, 25.6 C,
-6.1 CTH o7 (FEatHifM 1981~2010 4), LIRTOFHEFA:DFH A3 EiGHIR5 - Ml & 72 5729,
WEICEN L 7-FHESEHG CORFRREZTEHT 5.

®1 BEEREFADORERI ERERFAIRM 6 ([ZF#ET 2 IRE DT

; 23 5 FH B Hhisk AN Laoatlbiiihig

HREFTORETY DRREE Jlyip gt = T

EERIRA /EIEKIEA 8 A 1A 8 A 1A
BEARRIBOEHE, RHESIEOELE | 24.6 °C | -4.7°C | 25.6 C | 5.8 C
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(3) AR EFTOHEXHE BRI OV T

2011 R O20124E D1 A ~128 £ CORREFTNOMEIMBET — I L TRAEH L LTE
B,

& B BALTLUER, fHhic B P OMMREZ R T, ZORER, 95 %RHLL_EOMEXHEE
DOmVEIZR <, HEHRE %RHLL EIZFMI3E (201148) , 1H (20124F) Th-oT,

o T, BEHOMIMBEIZIBNT, 744 OMREICEET 2 B EHOMIHEE %RHIZ
FEMEELTRL, HAHEE YRHLA EIZEME KL MEETH 5,

2B, 2021 IZBWVWTHERET o2& 2 A, HEHOMIHEEISHRHITAEM %8 L T2 H 4
LA <, HERHEAEE90 %RHUA L & 722 DITEFEM20H (BYRE) Th-oTo,

1 BEYHEMEE (20114, 20124F)

100
90 -
80 | . ._..|i|_.|||'1 Wl L . |_|||||.|
70 - I _|.|“.J|.L-.'| I 1

60 ki :
50
40
30
20
10
0
= % T 3 R T R oX

H SRR (6)

9H
104
11H
124

W20114= M20124F

1 201141 H ~20124E12 83 @ H OB RHREE
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(4) BHEFRFOLS>RT A NV FUBEKFEHITONT
a. 7 =27 RAERELRE
7 =2 7 AERELERE ORGERE K2R T, EXERROT =27 AT, BWHE
FNHKEINBBRAL, BABBRUANOATPMBALTL 5, BEMIZIE, BHESEID
DKRESBEAERBKT. 5 kg/h TV THY, BHBFRUADLLDOAERZEZADERDOBARE
%, #93000 m®/h &2 TH 3,

BREFTELOEFRVALAFEONTORE, BEL (2) HEU (3) EHLV25.6 C, 95 %RH
BU-6.1 C, 95%RHE T 5 &, BEREHHFEDT =2 7 ANERDAERZHNEILX, FLFN,
#94.0 kPa, £90.92 kPa %3 L72%, BHEFFOT =2 T AL, BABRBNOLOEBEICLYE
EREORE (40 CRE) UTIZR2ZL3BALNRVWED, T=27 ANIRE%40 CL
HELEE, ZOROMIHEEILS5 SRHEAT &80 &) | X 5RT 4 V¥ ORFRITHER
T& 5,

IRAE S_'

7.5kg/h
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(1) HBHBEELOLOKEIBARIL, BWESNERKEELBEMERRAVEIVERY
LT3, BMABSPIKERTRRE BIIARITRERDORKERI112000 kg & L, BMHESS
WA WVRITHIT < FHMESRM0.16 %/H &L LTW5,

(2) T=a272VEHKE

(##3) 25.6 °C, 95 YRHER 6.1 C, 95 ¥RHDBFDT =2 7 ANKRGHNEIL, LLTD@

hW&lsd,

AR5 25.6 C, 95 %RH -6.1 C, 95 %RH
IKETEE [p o ] 0.024 kg/m? 0. 0049 kg/m®
ZEREE [0 o] 1.1 kg/m? 1.3 kg/m?

7 =27 AVBEHERE (L) 3000 m3/h
v g,ﬂ?*?ﬁiﬁli 72 kg/h 14.7 kg/h
[Mo® = p o XL]
CV S ZESEANE
o= » oxL] 3300 kg/h 3900 kg/h
cv ﬁ%wmfﬁﬁﬁli 7.5 ke/h
(Mcv’ )
[X= (" + Mev’ ) Mol 0.025 kg’ /kg 0.0057 kg’ /kg
T = o ANKERSE
[Pw=PXX/~ (0.622+X) ] %74. 0 kPa #90. 92 kPa
P=101.3(kPa) (KKJE)

(E4) FHRHFEOT=o27ANREZLZ 40 CLT5L, 40 COBFIKEKIDEILT. 4 kPaT
DD, T=a T ANEIOMIHNEEX, LLTO@EY L7225,
25.6 C °C, 95 %RHB¥ : 4.0 kPa, /7.4 kPaX100=54.1 %RH
-6.1°C, 95 %RH B : 0.92 kPa,/7.4 kPaX100=12.5 %RH
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(1) BEFIE
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b. 7 — & HEEH#iM
WEEHE - 20114 1 A~2020 45 12 A (10 4ER8)
BRESE : 1997 4E 1 H~1997 £ 12 A
c. BEFIE
REENEI D, FAOMBEICLVREEZIT- T,
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AFHHICBWTiE, #RE~DOILEZFHET 20, BRICL 2BHELEELZE L CTHiRmibs
BEZFML TV,

UTWAE, BEEE2ZE U tREEEEE 2L ED 45 U TRE LER YIS
WTRT,

1.1 EELER L BELEROREHFIEITONT
LT OERN CEMELER L HRIER (BARFMHZY OLER) 2RDL5, TR
HEMERRERIC X 2D BRICHOVTIEFRIZEATHRWS, FIEZEEL TW5, £/, BHE
D DI DHERE S 2 B L IEE 2 BT DRAIIRIC & LT 5,

(1) EtEvLE=R
HALMH R D 72 » ORHETEE RITHE B FEFMEHOX L ARICUTORXTREIN D,
Ddi :ng ZXQU .................................................... (1)
Dai BT E D 7 0 OfETRE R [1/m?]
Ve : REHE [n/s]

x/Q : M EOFERHREE [s/m®] (1 ERHERF O L)

(2) EHETEER

HLAL A 3R 72 V) OB MEPLAE RILHR B B R ERFG TS #H KB O T0AE Bl O 2 E Bk

ELTETHN TS Chamberlain OBFFEHRE+L D BEZHMNRE (x/Q TERHRIT DL
UTFToXTRENS,

D, :A'jo IKQ(z)dZ

................................................ (2)
Dri : AR H7- 0 OB EER [1/n2]

A : Y bREk [1/s]

x/Q(z)  SRE S M OMEXHRE ST [s/m®]
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T, x/QuPBPERSHELDERETS L,

D,=A Z/Qc'm'z-_ ............................................ (3)
257 : SR EHEROE [m]

x/Q AR [s/m®] (BREL 51RO R EE 5 )

¥ Chamberlain, A.C. : Aspects of Travel and Deposition of Aerosol and Vapour Cloud, AERE
HP/R1261 (1955)

(3) HiFTLAER
EROKE G)Xd, HEREFERIT, UTOXTRSNID,

A:Da‘f+Dﬁ:ng'Z/Qo"'A'Z/Qo'm'Z: ....................... (4)

A : BAIRER &7 » OHIRIEE F[1/n?]

1. 2 R mE R E AR R O Hi R PEAE =R
SEIOFHEIZBNTT T2 FU v A VREBRKE WEIHEAIZOWT, HIREERIIEMEE
CT1IREILDOREFMHIZH LT, DRRVQ)RANLERETOWLEFRLZEHL, Z0D5
HOEM 97 WERMEEZ o7z, —FH T, HHELEOAZERE L CTERM 97 WEEELZEE L/
HILER (T7205 x/QD 97T WEREXILEEE) LOZG)RDIIICEDE, FLRD
LBV, ML1ETHoT,

1%+IL:@%UﬂQm+A7ﬁQVJE;EiM
D, P@(ﬂQ&m

() om D ER O 9T%THEE
x /Qot : BREZI ¢ OFEXHRE [s/m®] ($n1EJ5 A O _E#E 557R)

W 1®R ABEEF 3SR HEMELEETME GHEHA®)

% /Q(s/m?) $4.4X104
REHBBE T ME S s () BT Ix10"F
© WEGLEE (1/n?) -
R B 97 Wi (B MHRAE) #91.5X107°
F& & (mm/h) 0
BRELIFERROE (@, D) W1

PEXY, BHELEEZZE UL ERIT, x/QITWERELZEA L-HE0EMEILERICH
R, 4 FETERIZERBPEONZZ NG, SEIOFHEIZSWTIRMEILE B E L - tbEEHE
EEMLEDO ARG LT HZ LIIRTHRFMTH LI EEZ BN,
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B, F#MIERTAINNTA—FE2E 2 RITTRT,

F2R MRILEFEENRT A—F

NRTA—H & ik
Rz B 0.3 (cm/s) NUREG/CR-4551 Vol. 2
Ve
SN ELYE R Sefettic xS xEHE 1 B L DiE R E ],
Tz _ /(—jz BREREEMEA : 2700 (m?)
- =y\oz Tedln WAkiFE c : 0.5
0. SREFROFEHOILE /T A —F (n)
Ve fRik A=9.5E-5XPr° 8 (s71!) | AARBREFHFESEEFEFHREEROMEERRH
A LRI BId D EhE LN (LU 3PSAR) -
Pr : [E/KBHE 2008) (NUREG-1150 f##r{# FfE & L TAIH)
(mm/h)
[ESFMF 1997 4£ 19974E 1 H~19974E 12 A @ 1 B = & D A,

JRHE, K%

1.11-304




2. WMETEEHRE DR EIZOVNT

BotE DL HEE 0.3 cm/s 13 NUREG/CR-4551 (BE MR 1) IWESWTHREL T WD,
NUREG/CR-4551 TIiIAAA xR L L, 4 LILER, SARVA - BAROETHER IS L LT
W5, RFHREFTNREOBR TH D720, FIMNCBTHULEERENEHRATEHLBxb60
%, F7-, NUREG/CR-4551 TI% 0.5 pm~5 pm ORERICKH L THRHENLTEY, BxDI T
77T v NEORIFIRME ORROKRE (R 2 28) 25, BEMFHMEICRT 2 IRE
DREBIIE, ZORBEFHNICHD LEZDND,

%7, W.G.N. Slinn ORFHI L2 &, EXOK, /LW olokkx MBI 2RZICE T
DO EFRELZEE L TRBY, ZhicksdE 0.1 un~5 pm ORFETIILEEREIX 0.3
cn/s RETH D,

102

E 1 I LRI I I LA 1 1 l;l]ll[] 1 i
= wssonenQmaersren Grass, u, = 36 ¢m™, Chamberlain (1966) '
[ .-—-—-8-= Filter paper, u_ |= 24 cm sec™", Clough (1973) ! /,f+
L = Water, u, & 40 jcm sec™!, Mller and Shumann (1970) ; P
ot ———+ Wateru, = 48 m sec™!, Sehmel and Saver (1974 ' 4
= ovviiaeeess 047-1.6 cm Gravel, u_ = 22 em sec™', Schmal ot al. (1974) ! /
- ]
= 0.7 em Artificia] grass, u, = 19 em sec™", Sehmel et al. (1973) E #
= s zg®3cm, 55'Cu, < 19.5 cm sec™!, Wesely ot al. (1977) ;
] -
g 100 / g
2 ¥ =
2 S A
§ 4
w
% 107! -
= - | =
& = 2
g B o -.‘.x"" X, E -
=] e, T - — .
> 10-2 x J(T'""'"'-‘--'H'-unﬂlH‘.‘I'-!%"--.= ' .
x ~ - '] =
e o', X 1 3
N P MEdtwe. 2 . :
I i LTS “o u, = 44 cm;sec™!
i §=22mbec”! . 8
=04=v _
10-3 ! ) =
i wr-0 | =
I " =
1 ) -
I 1 o
1 '] -4
I 1
- RN NET R N [ S XA L1
1072 107! 10° 10!

D, PARTICLE DIAMETER (pm)

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 surface is shown for comparison.
Note that the theoretical curve is strongly dependent on the value for u+ and that Eq. 22 does not
contain a patameterization for surface roughness. For a preliminary study of the effect of surface
roughness and other factors, see Ref. 5.

BRex IRRIRIC BT D R E TR EE (B3R 2)
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TOEBYTHD,

SETT VT y M, BEMEME RS =T o Y LOBBIZBWTIE, DToREREN
EZzbhb,

OENEBATOWLEIC L DBRERR

BABRMNTOZT a Y VOENLEREE L, =7 oy VORED I+ 5, #iz
i, =7 a Y VKRR S pn DHE, £ORERIL, NPEC#HEE (BEXM3) L VBTE
BLTWAZT o/ LORE]L un DBRFITHR25EL 25, LEER-T, BEOKX VT
7 u Y ERERNICHEE ST 2B,

@7 =2 7 AZERE LRI F 7 4 V2 I X D BREEE

7 =27 AZEKECRE OB F 7 4 L ZIZHOWTIE, BARERR FE0.15 unZEEL
TeHERBRICT, 74V Z5RMERE (99.97 LA L) ZHERLTW5,

PWRLTF7 4V Z 1T, BEFE0.15 un AR OMBLIZK W ERHALNER->TEY (Ref.
JIS Z 4812), RIiFENZIICE WV KREL DL, WRF7 AL X OMEA H =X L (IBHEE
EHRE) ITLV T NV F BRI T B SN A BRIENKRELS RS, YEXD, 5 umllE
DREORENZT B YL, &b 7 4NVF &R LT WVRFE 0. 15 pm ([ZH~ XA
HEINSLTNENZ D,

ZDEY, RS T U AICBWTIE, 7 =2 7 ARG LR HEEESH T LERODBRESER
2T, MBI FREORE VW T B Y VIS A RNICHEIND, 7, T=2 T RZ%E
KiF L REE % TIX, ORVQ@OBREBRRET, 5 unll EOREDO=T oy Vid+oiciligsh,
FRBRBEORE =T u/ LOKHIZERIZS WEEZIBND,

ULy, a7 727 7y MEOT T 0 L OREOKER HRBEDORE 3T 0.1
pm~5 um OFPHEHICHDHZ &, /o, WHFEHERELEBVVEMICH DREPRERTT 1 VIR
KABHE SIS WEMICSH D Z 2D, RFHlICHT 2 8MEREEE L LTO0.3 cn/s ZEHA
TEBHLEEZTNA,
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2. WIREILEEOBREHBBEE 97 MEDORDF
HREILERORFEHBRBEEILX, [EEHICEHEINLTVS x/Q O REHBBE 97 MEDK

OHICESNTHEAELEL, BEMICIILTOFIETHELZT-7= E2RBR),

(1) EREAICBITHREEE?L, ROFAWVWT 1 /Q, EMHILER, BERERL I FRILIC
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BEr LS, HREEER (EHLERHEHLEER) bEu s,
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ICEDBRNWZEZNCOWTIE, MERRELERII B s,
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#ff-1 NUREG/CR-5901 Dy

so-called "quench" temperature. At lemperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO;, H;, and H,0 are too slow to maintain chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively "frozen” at the equilibrium composition for the "quench” temperature.
Experimental evidence suggest that the "quench” temperature is 1300 to 1000 K. The value of
the quench temperature was assumed to be uniformly distributed over this temperature range for
the calculations done here.

{6) Solutg 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 solule 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 waler,

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 8i0; (p = 2.2 g/lem”) from the concrete and

UO,(p = 10 glem?) or Z1O, (p = 5.9 gfem?) from the core debris or any of a variety of
aerosol materials. It is assumed here that the malerial 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 U0, will hydrate, thus reducing its effective density. Otherwise, pas
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:

o(w) (1-5) fore <035
) a(w) (1+8) for e = 05

o

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 expecied.

1.11-312




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

0 - - i The aerosols produced
during core debri s—conc;-ctc llllu'acllms are assunu:d to havc lugnormal 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 t0 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,
UCI; with a solid density of around 10 g/cm® is the predominant acrosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/cm® and condensed products of ucmcrele decomposition such as Na,0, K,0, Al,0, §i0,,
and CaO with densities of 1.3 to 4 g/cm® become the dominant acrosol 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
malerials that make up the acrosol. 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/em’.

Note that the mean aerosol particle size predicted by the YANESA code [6] is cormrelated 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;
T 0 o
D, = E[-E] = _em
- 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 )"

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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¥sft-2 STATE-OF-THE-ART REPORT ON NUCLEAR
AEROSOLS NEA/CSNI/R(2009)5 Dfr Kk UaRER O E

9213 Aerosols in the RCS
9.2.1.1| AECL

The experimenters conclude that spherical particles of around 0.1 to 0.3 pum formed (though their
composition was not established) then these agglomerated giving rise to a mixture of compact particles
betweer in size at the point of measurement. The composition of the particles was found to
be domunated Dy 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 um) 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

.2.2.]| PHEBUS FP

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 jum 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 im. Geometric-mean diameter (ds) of particles in
FPT1 was seen to be berweel 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 chemucal speciation. X-ray techniques were used on some deposits and there
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