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1. NUREG-1465 DtH#EIS, MHRMOBRAEIZ W T

NUREG-1465'0D Y — A & — A, MREHEBEMERA LY, RTFARSEIELT 7Y 2355+
CHREHSNDRBIZELETERNRLLIZLOTHY, FFFHETHEL TV HFEHI—F X
ERIRD Y — 7 ROV THHRIZEEN TV S, NUREG-1465 THEL LTNDH I —F R

2 2-4-1 RITTRT,

85 2-4-1 & NUREG-1465 THREL LTWVWB I —F R

Table 32 PWR Source Term Contributing Sequences

Plant Sequence Description
Surry AG LOCA (hot leg), no containment heat removal systems
TMLB' LOOF, no PCS and no AFWS
v Interfacing system LOCA
S3iB SBO with RCP seal LOCA
52D-8 SBLOCA, no ECCS and H; combustion
S2D-p SBLOCA with 6" hole in containment
Zion S2DCR LOCA (2"), no ECCS no CSRS
S2DCF1 LOCA RCF 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 }lfr)ugsd RCF, no ECCS, no CSRS with reactor cavity
S3HF2 S3HF1 with hot leg induced LOCA
3HF3 S3HF1 with dry reactor cavity
S3B LOCA (}4") 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 gperates
S3HF LOCA (RCP seal), no ECCS, no CSRS
S3H LOCA (RCP seal) no ECC recirculation

SBO  Station Blackout
RCP  Reactor Coolant Pump

PCS  Power Conversion System

cs Containment Spray )
ATWS Anticipated Transient Without Scam ~ LOOP  Loss of Offsite Power

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

NUREG-1465 Ti¥, BEREFMERFIZF L ORFIFEATSE~REHIWDESRERH OEE
IZDWTE 2-4-2 RO L) RESERE 7 = — X d 2 HHEE, MERMAEZREL TW5,
NUREG-1465 OHFTHIR_RE5N TV A X 51T, NUREG-1465 D Y — R ¥ — AIE LIERICE S
BrxDBEH— U AERIILEREN Y —RAF—ATHD, ¥iC, FOLREZICREICK

! Accident Source Terms for Light—Water Nuclear Power Plants
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5 2-4-2 K FEFFRNESR~OKRHEMEOKRHEES (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 0.35 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 C 002 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.
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L LR O (Late In-Vessel) Z4H7E, P
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W, MAAP AW =1a3EERT 3 BIE DARITAE R & NUREG-1465 DIBEZ LB+ 5 &, H2-4-3 K
Dy Lia,
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MAAP AT &5 S 0~#719 4> 919 43 ~%9 1. 6 ¥
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VeI b=y ABREBICHBEHCERT A5 EOBEICE L, 1999 45 461 [E] ACRS
(Advisory Committee on Reactor Safeguards) &L IZBWVTEmMARENTWS, £IZT
i%, ACRS 75, BRREEEEREIR Y T - 7V b= LRAEALHIREL~D8 A 2 DU THT
THDITIIFEN Y —VORBROERT — Y ORERKEL 2 AV MRRIATNWS, Zh
iRt L, NRNCRA¥ v 7%, EEHIZY —RZ—L~OEBIIRVWEZBZLND EFHAL TS,
Z D%, FHRET = — XOfGERE R V& IZE S Vv — 7 OREEIE I 2 2 EFIZONT
BF XL TORRPMTONTEY, ZOFREEN ERI/NRC 02-2022(2002 45 11 A)ICE & HH
NI TWS, ZOEMROBRELELT, UTICRTEY, MRTREBEFESZET O
TWAH00, BMBBEERERTY 7Y - v b=y AREBEYREHIX L THEH Y — 2
Z—ADOBRIZOVWTEHEEIN TS HDTIERYY,

. : . : , o
Finally, there is a general expectation that the ph;:-ncal and ?hctmcal forms o revised
source terms as defined in NUREG-1465 are applicable to high bumup and MOX fuels.

(ERI/NRC 02-202 %54 %)

Him SN BB EREHT, RS RO R RIABERE T56Wd/t, 1F.0 D FIEIBRBEEE 506Wd/t %
XELE LTS,

BEF AR OB ROFRE L OREINTE, &7 = — XOMGHE & OB MAEIFHN~D R H
FEIZONT, BIHE 1 OF 2-4-1-1 ERUE 2-4-1-2 £IZ/RT (ERI/NRC 02-202 Table 3.1 %
W Table 3.12) , #DH v aNOfEIZ, NUREG-1465 DEZTRL TW5, £/, BEOEEH
H—OMICHFRIN TV HDIE, "RV NTE—OEELREEESNRISTLBEICBITHEE
MEOHRETH D, TNENDOEREIZ DOV T NUREG-1465 & &< —F L TW5D LIRS 21 A3
NUREG-1465 »H K& 725 X 9 REYEITRE IO TRV,

P EO@ERORERE LT, ERI/NRC 02-202 TiE, BIALAEEXLO LB @REEERENCR L
Tt NUREG-1465 DY — A ¥ — LA ZEATE 5 b0 LTI T 5,

2B, KEOHHIEAETH S Regulatory Guide @ 1. 183 (2 TIE, NUREG-1465 Fak DA
FE LR EHME TRK 626Wd/t £ TORBEEOREILE TERHTEZ LD LED TN D,

2 ACCIDENT SOURCE TERMS FOR LIGHT-WATER NUCLEAR POWER PLANTS:HIGH BURNUP AND MIXED
OXIDE FUELS
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3.2  Release Fractions'

The core inventory release fractions. by radionuclhide 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-L. OCA eveants, 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 mventory calculated with the maximum core radial peaking
factor.

*® The relesse fractions listad here have been dstermined to be acceptable for use with currensiy approved LWR finel with a peak
burmp w to 62.000 MIWDMIU. The data m this sechion m=y not be applicable to cores containng muxed oxde (MOX) fuel

ZOBROLEH Y —RAZ—LE@BBRERLY Z v - TV =0 AREB{EHREHCER T
HBEOBBE I L TRMMThATEY, 2011 £1 A1, V7 4 TESIHEF» HRE
ENH I TS (SAND2011-01287)

ERBEEREI R Y T v - T =0 LREB(ICHBREIOBINEIEIE, A1 0FE2-4-1-3 K
RO 2-4-1-4 RITFRT LBV, EBRBEREOZNLELL ERSZBOTIIRWVWI LBRE
nTns, ZoOZ b, HEREIZBWTIE, NUREG-1465 DEREEREIC YT - 7V b=
U LREBMIEYIBREOBERIZOWTEESINDI DO TIEIRWVWEEZR D, B 2-4-4 RIZENHD
T—EEREET S,

B 2-4-4 K 2RHEIE TOBMESR~ORHEIE DR

ERI/NRC SAND
ERI/NRC SAND
02-202 2011-0128
NUREG-1465 02-202 2011-0128
(9T« TN b= L ("5« PN b= A
(BRMRMEREREL) * (B PRBEREIREL)
RAE(LIRED * RAER{LRED

FH A 1.0 1.0 1.0 0.97 0.96
LOFHR 0.75 0.85 0. 82 0. 60 0. 62
Cs ¥ 0.75 0.75 0.75 0.31 0. 55

X EREOEIETIIN TSR, EHEEZER L,

PEDEIIT, MRTREBEEERHS HLOD, REOCHMATIE, BREEREEOY S
Yo IN b=y AREEBIEOBEHCK L THEH Y —RAFZ— L EBEINTVD HDOTIERW
Z L Regulatory Guide 1.183, ERI/NRC 02-202 F2 X Sandia Report IZ- RS TV 5,

IBFERT 3 B OBREEE RO ERBEEIL, V7 VBETE56Nd/t, V7 - =T A
IRABLYIREL T 456Wd/t TH D Z &5, ERI/NRC 02-202 (Z8() 5@ A4, REEEED

3 Accident Sorce Terms for Light-Water Nuclear Power Plants Using High-Burnup or MOX
Fuel
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B PRBERE 75GWd/t T8 Sandia Report i FH#EEH, BREIHESEOEEBRIEEE 596Wd/t L s
LEAGEEANICSH 5, 7=, ARER 3 BFOBREHEORERFEEIXY 7 K T61GWd/t, ¥
F v s I b= MREBRCYIREL T 53GWd/t TH Y, Regulatory Guide 1.183 ITxEh bl
%, REHEORRBRIEE 626Wd/t OFEENICH D, Z D7, PREFT 3 BFICHL, £
AEEEINTWARAWER Y —2A ¥ —LAOEAIXFREL H S h 5,

ERI/NRC 02-202 (2R SN HEEIEOEEICOWTIE, EMFOER LS TND I L,
Sandia Report iEEOEIEIZS>WVWTH, U T2« T = AREBR{LOBREHZ DWW TIZE—D
BB ROBREZMRE LIEBITICE EFE-oTEY, KE NRC IZA—Y T4 XENTHD T
RNWZ L EEBEL, SEIOFMIZIBTIX, NUREG-1465 DEIEE AV =,
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2. BB N—TORRIZHONT

NUREG-1465 DEREEEBREIR RY T v « 7V b=y MREBILHREIOBEAIC >V T, Al
BOEBY, BECHMATIE, BTEINDILOTRR2VWLOD, BREEREERVCYT Y - 7
v b= NRAEBREIRENT 5 NUREG-1465 D3 FICE4 5 HPFE TOFEMDO T T, NUREG-
1465 IZHARTRELBEHEIERBREIN TWAIBEEI N —T 15D, AFHETHW-ET AT
DOFHHIZIBNT, FEREIN—TONREHERT 5,

BREICHH SN E T 587 V— T ORNRECRFIFEEN QKRS MESHE )
HDA <RI XD PREFHENERFOEZER VAL ¥ A VREICKH T IEEI N —T
DHIREZNENE 2-4-5 RROE 2-4-6 RITT™T, 772« TN b= LRABILHIRENC
%4 % NUREG-1465 D@ RIZBE ¥ 2 FMF TOFIRD T, NUREG-1465 (TR TRE Z2RMHEIE
BRESN TS Te X Ru BITOWTIL, & 2-4-5 RROE 2-4-6 RITT-TEB0, 9
HEREMTEIZRBT 2FEEEINEL, BESEFMICKE REEZRIET HOTIIRY,

(1) BREICHKH SN EAEHEONRIZOWT (I-131 EMEHRE, y#HR=F/LX 0.5MeV #
®)

L A 2R PN R OV GBS O 51 < BRI A BRI 1 A BRBBIC M S h o i HEmE Iz o »
T, NUREG-1465 (ZRENHEEE I NV—7DORNRE LT I-131 HMBBRER Ny B FLF
0. 5MeV BB DE %% 2-4-5 RITRT, I-131 EMEBHRBE I 0r v (X H5FH) 134 55%,
Cs MK 12%, FOMBK 33% L 72->TEY, yBRTFAX 0.5MeV HEIIFH T R
91%, nury (K5FF) B 7%, CsEPKI2%, TOMBPKI1L%ER>TND,
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(I-131 HHEHRE)

Bl L — mﬂmfﬁf“ o ‘:/T
i A A YR #90.0x10° 0
X OFH #18.2x10% 55
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(y B FLF—0. 5MeV HE)

A L iy Gan)e S=8 - e PR
(Ba) (%)
i AR # 8. 7Xx10% 91
X OFH # 6. 7x10M 7
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La 38 #2.9x10% <1
e #9.5%10% 100
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2) RFIFRENOKSMEDME NS DOH < RIZ L 5P REEENBRBEOERZELE RA DA &~
¥4 VBREOHNRIZONT

H gl 1 2 GRIREF O 81 IS RIS BT A ETFIFRENOBEME D b OEER K
CARABA %A T <TONT, NUREG-1465 ICRENAEEE SN —TORNFREE 2-4-
6 RITTT. HMAREIKGE %, ~aFy (LH5FFE) 238 85%, Cs FHHKI5%, Z£OMH
E5%LloTWVB,
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Table 3.12

(B 1)

% 2-4-1-1 & ERI/NRC 02-202 (2B DRI~ DI (BRBEERE

Table 3.1 PWR Rel Into Containment (High Burnup Fuel)*
Gap Rel Early In-Vessel Ex-Vessel Late In-Vessel
Duration (Hours) 04 (05) 14 (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
(0.05)
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)
Tellunum 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, Srontium 0 (0) 002; "** (0.02) 0.1 (0.1) 0 (0)
Noble Metals (0) (0.0025) (0.0025) (0)
Mo, Te 0 015,02;0.2;0.2; 0.7TR? 002;0.02;0.2;02; TR 0; 0; 0.05; 0.05, TR
Ru, Rh, Pd 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) {0y
Ce 0 0.0002, 0 0005; 0.01; 0.01; 0.005; 0 005, 001; 0.01; TR 0
0.02TR
Pu, Zr 0 0.0001; 0 0005; 0.001; 0.002; | 0005, 0005; 0.01; 0.01; TR 0
0 002TR
Np 0 0 001; 0.01; 0.01; 0.01; 0 005; 0 005; 0.01; 0.01; TR 1]
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, P'r, Nb 0,0 0 0002; 0.02TR 0005, TR 0, TR
Y, Nd, Am, Cm 0,0 0.0002; 0.002TR 0.005; TR 0; TR
Nb 00 0.002; 0.002TR 0.005; TR 0; TR
P, Sm 00 0.0002; 0.002TR 0.005;, TR 0, TR

* Note that 1t was the panel's understanding that only about 1/3 of the core will be high burnup fuel. This 1s a significant deviation from the past when aceident
analyses were performed for cores that were uniformly burned usually to 39 GWdh

1
2
3
[

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

HU/V1 (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, ) B .
* Three panel members retained the NUREG-1465 lanthanide grouping, e.g., one group, while two panel members subdivided the group into four subgroups.

% 2-4-1-23F& ERI/NRC 02-202 IZH\T MBS ~OKH (V72 - 7N b=y LAREE(LD

MOX Rel

Into Containment

#REL

Gap Release Early In-Vessel Ex-Yessel Late In-Vessel
Duration (Hours) 0.3;0.4,0.4; 04,04 (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;0.3,03; 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)
Alkal Metals 0 05; 0.05; 0.05; 0.05; 0.07 0.25; 0.30; 0 30, 0 30; 0.65TR 0.25; 0.25; 0.30; 0.30; TR 0.10, 0.15; 0.15, 0 15, TR
(0.25) (0.35) (0.1)

Tellurium group

0; 0; 0; 0,005; 0.005 (0)

0.1;0.15; 0.3; 0.35; 0.7TR
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, 0 01, 0 01
NE, NE, NE; 0.01; 0 01

)
NE, NE, NE; 0.1; 0.1
NE, NE, NE, 0.01, 001

Cerium 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

Lanthamdes

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)

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 mn-vessel phases.

NE = No entry; the panel member concluded that there was msufficient information upon which to base an informed opinion.
The values in Table 3.12 are for releases from the MOX assemblies in the core and not from the LEU assemblies,
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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) 022 45 48 143
IO.&I i1.5i iz.l.'}i imi
Release Fractions of
Radionuclide Groups
Noble Gases 0.017 054 0.011 0.003
(Kr.Xe) (0.05) (0.85) (D) (0)
Halogens 0.004 0.37 0.011 021
(Br.l) (0.05) (0.35) (0.25) (D.10)
Alkali Metals 0.003 023 0.02 0.06
(Rb. Cs) (0.05) (0.25) (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) (0.05) (0.25) (D.005)
Molybdenum - 0.08 0.01 0.03
(Mo. Te, 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)

2-4-1-43% SAND2011-0128IZB1T MBS ~DH (V7> « 7 b= NMESER{LYR
EH
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 Release In | Release Ex-vessel Release Late In-vessel Rel
Duration (hours) 0.36 44 65 16
0.50 1.3 20 10
Release Fractions of
Radionuclide Groups
Noble Gases 0.028 0.86 0.05 0.026
(Kr.Xe) (0.050) (0.95) (0) [}
Halogens 0.028 0.48 0.06 0.055
(Br.l) (0.050) (0.35) (0.25) (0.10)
Alkali Metals 0014 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) ©)
Tellurium Group 0.014 0.48 0.04 0.055
(Te. Se, Sb) 0) (0.05) (0.25) (0.005)
Molybdenum - 0.27 [0.0025) 0.024
(Mo. Tc, Nb) (0.0025) (0)
Noble Metals - 0.005 [0.0025] 3 x10™
(Ru. Pd, Rh, etc.) (D.0025) {0)
Lanthanides - 1.1 x107 3x107 -
(Y.La, Sm, Pr. etc.) (0.0002) (0.005)
Cerium Group - 1.0 x107 5 x10” -
(Ce, Pu, Zr, etc.) (0.0005) (0.005)
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2-6 X OFDLFEEREROREIZOWNT

FLDOELWEESREAE LEEESOFRREIEEOEBFEHICHRLIBITIIFEMETIE, L o>F0FE
RIS T A2FES S L LT RG1.195 “Methods and Assumptions for Evaluating

Radiological Consequences of Design Basis Accidents at Light Water Nuclear Power Reactors”

TRENEL S ROFESEZANTND,

R FIF MBI~ DS RERY O HEIE O EICH = NUREG-1465 2% X 5 FO(LFF
REIZXIT 5 FEREICOVTOREEH DD, RIFRMERNORED pd 87U EOHE L
ENTVS, (BHEEZII>FOILERLOS>RIIS%EBALNI L, AEIOSRIIEBHL O>FE
D 3% (0.15%) =Mz 72\ (95%BRIFIR) )

BB CHREST AV —F VY AD XL, BEROBMERA LA OBEELEEL, pHFFER X
WIRWATEEMER H DHEITIE, B X SR ~DOERBIGHERE R LOMAELHY, EERELD
ROFEFEVPRELLNTIARL O BOFER SO RELS RS, WKL ORI OV NTOER
LEICLY —EBDEBHRENRIADLOIIR L, AL 5 RIIFEROEEHREZ RADRNZ &
nh, RFFBMNERIMNE~ORHOBA»LITE#L DROFENEETHHZ L 2BEZ,
AT TIEL 5 BOMFERRED L OFEREOREIZOVWTUTO LB B, RELE.

NUREG-1465 Tix, X 5FEDLFHEZ L OFEEIEICBIL T pH< 7 DFHE TOEERZEDT
WIE7en A, K9 ROLFERRED L OREICB L T, NUREG/CR-5732 ” Iodine Chemical Forms
in LWR Severe Accidents” Z5|F L T\ 5%, NUREG/CR-5732 TiX, pH & X 5 ROEERIA IR
HARE LT, pH OETICHES TEE Y 5 B~0OEREIEHEMT MR E2R4 L & bIT, pH
TR R ENDIBAROREN2VEBRENTIZONWT, EREHEO L > BFERREICEL
TEEDOTZ v MIXT 55 liZ1T> T 5,

pHIAER 2SN TV ABEEORREEZHE 2-6-1K, pHIRELRRINBRWEEOEREFE 262K
{2~ T, PWR T FJ A BUEMARR LR Surry OFHEFRER TIX, o REBIH TWDHEEIE, 1F
F2EN 1722 THFREIBIZRDDITH LT, pH BPREINTHWRWESITE, 1334
ENERY OFLRD, 72, BRI OIFRITHOVTD, EFITNIVEIESTHSA, pHEEL
TWAHEEID L, pHREINTWRWEAEDIZI A, LVBLIRH/ERINIRINTVS,
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H2-6-1% HEAKEHEFOH HELEEED L S FLFEHRE
(NUREG/CR-5732, Table 3.6)

Table 3.6 Distribution of iodine species for pH lled above 7

Fraction of total iodine in containment (%)

Plant Accident L (g) L () I 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 y 0.02 0.03 99.95 0.0004
Sequoyah TBA 021 0.03 99.76 0.004
Surry TMLB' ¥ 1.9 0.03 98.0 0.03
AB y 24 0.03 97.5 0.03

F2-62FK HERKEHRKOHABLZERLZ2WESO L 5> FBLFEE
(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 (9 r CH,I (g)
Grand Gulf TC ¥ 26.6 153 580 0.2
TQUV y 6.6 183 751 0.06
Peach Bottom AE v 16 21.6 76.8 0.01
TCZ ¥ 10.9 18.0 71.0 0.07
Sequoyah TBA 69.2 9.9 20.5 04
Surry TMLB' ¥ 97.1 1.5 0.7 0.7
AB y 976 1.2 0.6 0.6

Zorii, FLOELWERENEELEEEORESRHEZEZE LIS RIOFHEDOHEEITIL,
NUREG/CR-5732 T/R&EMN S pH B SN TVl Surry OFHlRERIC L 5 FOFEERIE TN
&, BT FHE LORTFHELER LB RFMEREERET LI L, LV oBANLEER
L, RG.1.195 DX HEDLFHHERI L OFERE (F2-6-3KBMW) ZHVWHZ L L LK,

% 2-6-3 % NUREG-1465 & R.G. 1. 195 28T 5 L 9 EDO(LFEFRE T L OFEEEIE O B

NUREG-1465 R.G.1.195
L > R 4.85% 91%
L PR3 0.15% 4%
BFREOHE 95% 5%
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_ 1 p(ty)
M= t, — 1y fog (P(tu))

NUPEC #453& T, Nuclear Technology “Removal of Iodine and Particles by Sprays in
the Containment Systems Experiment” DECE; (CSE A6 ZEBR) X v, T[CSE A6 EBRD T vy
ROMEZLTIE, FHHO0HTRE 10°pg/n° Tho7obDA, BEZI 30 4T 1.995X 10" u g/m* &
2%, 1 LT, RAKRVCREZ EXCRATLHIZ L TERL S FOBRILEER 9.0X107[1/s]
EEHLTWA,

THIEREHEOHO X 5 ROFERNPEL, BHESRAT LA Z L TOWRWRET TOXEEZE
BIDHODOLDTHDEEZOND, 728, KE SRP6.5.2 TIRHRFIFEMERNOERL 5
A 1/200 1272 5 ETIRERE S ROBEVAAEND E LTS,

SEIOFH S — T ADFE, B 5 FD DF(RYFRE) =200 [BIZS S0, [Gap-
Release| ~ [Late In-Vessel] DT L7ckm (BB G 11. 8 Kefd) & 725,

CSE A6 ERREN D, FEFFEMASICIFEL TV 2 BAEEMED, K ShicistEmE R
100 pD 1 BEICETISRAE TRERLEEENZE—ETHY, REFIFHRAESRNDOE
#®E O RIITORELPELHOBRLFRE IS CTRESND ZERGP> T 5,
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CSE EBRIZH T HHFR L IHEEF 3 FFOLRERICOWVWTE 6 RITFT, CSE EREBRE
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TABLE 1

Physical Conditions Common to All Spray Experiments

Volume above deck including drywell | 21 005 ft? 505 m?
Surface area above deck including
drywell 6 140 nt* 569 m*
Surface area/volume 0.293/ft | 0.958/m
Cross-section area, main vessel 490 ft* 45.5 m*
Crosas-section area, drywell o5 ft* 8.8 m*
Volume, middle room 2 089 ft? 59 m?
Surface area, middle room 1 3683 {t* 127 m?
Volume, lower room 3 384 1t? 86 m?
Surface area, lower room 2 0BT ft* 191 m*
Total volume of all rooms 26 477 £t° 751 m?
Total surface area, all rooms 0 560 ft* 888 m?
Drop fall height to deck 33.8 1t 10.3 m
Drop fall height to drywell bottom 60.5 £t 18.4m
Surface coating All Interlor surfaces coated with
phenolic paint®*
Thermal insulation All exterior surfaces covered with
1-in. Fiberglas insulation®

“Two coats FPhenoline 302 over one coat Phenoline 300 primer,
The Carboline Co., St. Louls, Missouri.

bl = 0.027 Btu/(h ft*) (°F/It) at 200°F, Type PF-615, Owens-
Corning Fiberglas Corp.
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FLDE LWBENELE LGS LI OENER S Sh 2 H AR, BHROBSHMEY
HiL, IWEFEDIEBIZT TR AT LAIZEBBREZEOHRIZE - TH, FETIFRMHERNTOE
BB E =TS, LI=A 5T, NUREG-1465 X° MAAP (21X 24 & DEENfR HFHER, FHEET
NHDWEIERICESEREINEENTRINTEY, FEHA FTHLIILHRDERIZS
WTRENTWD,

ZDILT Y NVIZHTHAT VA PBROEBREIZHOWNWT, AFFETHRELTSELLE
NUREG-1465 TIXZEDZHREIZHOVWTHEYNIEETHZ L LINTVWDHZ L bEE X, SRP6.5.2 (T
BWOURENDZZT a Y IxT 5 A7 LA B KO NUPEC ERFERICESWIERA T VA HEREY
AWnsZ &l LTS, RENPEBZFIZOWVWTUTICEREL,

1. SRP6.5.2 =7 a Y Ik TBHAF LA HEOR

KESRP6.5.2 Tit, AF VLA ARICBIT AR T LA ICXB5=T7 ua Y VOBREREREZUTOR
ICEXVEHLTWS,

Z OFHERIT, KEHHE T T b (US-APWR, AP-1000) DR EHEMERS KT 55 MIcHB VT
LEAWLNRTRY, £, YETT 7T M2 — FTh D MELCOR X° MAAP (ZHAIA T
TWHHDTH D,

_ 34FE
57 2WD
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F7-, ¥[E Regulatory Guide 1.195 THhZT7a Y LOARATFLAHRLLT, TROEEY
SRP6.5. 2 NEATIREL LTWAZ &b, AFEMICHLANTWS,

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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(% 1)

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

Experiment” Nuclear Technology Vol. 10, 1971 )

CSE TORREB TORYREZLITFIZTRT,

TABLE II
Experimentzl Conditions—CSE Spray Tests

Run Run Run Run Fun Run
A-3 A-4 A-6 A-T A-B A-9
- - -ai Steam-air
Atmosphere Air Alr Steam-air Steam-air Steam-air
Ter:npal:llure, °F 7 77 250 . 250 250 250
Pressure, psia 14.6 14.6 44 50 48 44
a b c
Nozzle type = n = s
Drop MMD, pd 1210 1210 1210 1210 770
Geometric standard deviation, ¢ 1.53 1,53 1.63 153 1,50 1.50
[ SR |
2 12
Number of nozzles 3 12 12 12 1
Spray rate, gal/min 12.8 48.8 49 49 50.5 145
Total spray volume, gal 510 1950 1960 1960 2020 2300
i I t I
Spray solution ° [

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

(e, ZOFBTHROLNTEARAT VA BEROBEREZLTITRT,

£525 ppm boron as HyBO; in NaOH, pH 9.5.
3000 ppm boron as HaBO; in NoOH, pH 6.5,
£3000 ppm boren as HaBO, in demineralized water pH 5.

TABLE IX
Summary of Initial Spray Washout Coefficients
As Observed, min™'?
Iodine on Total
Run { Elemental { Particulate]| Charcoal | Inorganict
No. Iodine Iodine Paper Iodine
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-T 0.315 0.31 0 0.20
A-8 1.08 0.89 0.365 0.96
A-9 1.20 1.15 0.548 1.14

*For first spray period, corrected for natural removal on

vessel surfaces.
Includes iodine deposited on Maypack inlet.

IORERENS, BERUVCEHZELESETCERBREZERM L A4, A6 F AT T
D" Particulate Iodine” DFERZHETS L, HEo@GBET—HLTEBY, KELEIIALELT
WL, ZhiCR L, A7 VLVABIEE/NEL LE A8 TiX, 3EEULEAT LA EEBE EL T
HZENbNS,
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(2% 2)
AT VUAFEER L IERT LA FEBROBRIF I ONT

7 NVOBREDREICOVTIE, BBRICRENAEMTERMESN7- NUPEC B2 EICX T
AR L EHMEOKE LTE/D=T ZHW\TW5,

NUPEC B2 ClE, TP BV CVHHABEOREBERAT VA HEZEREL TAF—ALF 7L
T AEZZRANWTWAZ Lb, E/D=T OH|ZCV NOREIDOFHELIMBEENT- LD L AR->TNS,

FDI=W, E/D=T ZFEIZAV, BIZFERA T LA BRI L > Tz 7 2 Yy VOBRERRIADRN
PBEEZRVIALZ LIXTED LB VR RFWNE 25,

100 ¢
i ....... ERTLA RO REBMEE(2[E/h)
80 '.: ....... FERTLAIEE DR BMBELL

60

SUBERFPEIS (%)
N
o

20

""""""

20 25
B (Hr)

FBIR ATV ABREHROHE
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NUPEC PWR #8550

#32-3 PWREEHRZH

ERTT b B EK
xS A AHF Bk
Fop v ol PWRA/L—TE A%
) 3 A f&2000m’ 2 8
CV{k# 71,700m 12.2m 5. Ar—ALUSETT
CVilh & 20m A&
AT A ) ANBE 120 1
A7 LA ik 120m’/hr 0.34L/min
7 AR W HEEXS54L YIalb—F XN
7 ZMos 10mm 1.2mm
AT A HEE 15003207 (§° 998%) 14703707 (4" 1588)
ik #710hr WY [RZe
A7V A kB 303K B
A7V A KE htE %
CVIIMLE 0.52MPa (0h
AEHSE 0.39MPa [z
AirsE 0.12MPa Gr3 N, C{EA
H, 53 E 0.01MPa GES He C{LA
CVIIMIRE 415K Mk
CvamALL () 100mm 3‘?;*7_3 k&b
=7 oS RS Csl R
Csli B 0.01g/m’ [RF3
CsI¥ & 12 2no @7 S MEEII20
BB P OCsIEES i L @
ERIIFFIHEILE 1088
MORER L~ (B
3-8 0 3,41 1MWt 43kW HADOTN)
RBII—-ETHE
HEORE fu s ExE
mEpamE CVTE& %
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2-10 7 =27 AZEREEE ZEXEBFOBRBFENEDRLEIZ OV T

FOLOELWRENREA L-HE0 D REIHEDBEMICE I T FEICB W TEEL TW
b, T=a27 AEEEL7 7 V EBHO-DOBRIEDORKIMEIZOWVWT, FRIZFRT,

[7 == 7 ZAHRF L "BEFHRERME, 7=2 7 2A2BHIARBER (£R) HaHERE]

1. BREBIE
EREN /) BIREKREF, FLORERFOEII RO, 7=2 7 AZBRFLT 7 2 EH)
T 512D DY AR EROUE X BIEZ1T 5.

2. LEEBBRUERIERRH
VEEEHK 1 24
BiERR (BE) 49204
HBiERE (B8 %174y (BE), HHERVEBEEASE)

3. BMEORIHE
TI2EAE :~y FIA b - BPEITZBETL VDI ENET 7 ERARETHD, Fi,
TI7EANV—MIBRBEINTWARAIAy T IV NBETHY, BHRET
ICBWTHT 7 ERRRETH 5,

EERE  FERETICRI2FRITBEERRELRETH D, £, FEET)TITR
BESNTWAIRARIANy 7 VHNBETHY, EYERETICBWTHLIEERRET
»bH, e, BRITRSNIEEI, BARESFZHERL, BHRVERSEL
ERT 5,

B E M BEEFTIEBRMAEICH Y, BEICEBIETE S,
BRERIARVAREEGT L7 VX TNEEIL, Iy FSERETHVES IO
EIZERETED, RUREHFERETHDOTEITR U ATICEREL TW
b,

EigFBE BEROBEFRL LT, EHREZEEMEFERMBOETEF R (PHS)
ZETLTERY, EFuEE TR 6 RRERTEETH D, £z, FHRETICE
WT, BEDOEBFEEN/MERATRELRSTZHE T, HBITAERFEEELHERL
PRFIEE & OEKEIT.
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T =25 AR v B FERE 7 =2 7 AR AR TR
(FF4A#EBhEEE T.P. 40. 3m) BEHARLROND v T 58

URF4FfEBhE R T.P. 40. 3m)

ZRBHGERIE (ST IR EE) %?&-‘ﬁtﬁ%f CGRER SV 7 8BAF)
(RFIFHBhEE T.P. 40. 3m) (4B E T.P. 40. 3m)
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[(RUEHR I E B RRE & o FALE ]

1. BB

T =2 T AESELT 7 VRS, ¥ NORMEEITY.

2. WEEBEFUHRIERH

VEEEH

14

BiEReE (BE) @ 304
BIERE () @ 2345 (BE), HEHRDEEERED)

3. {E¥EDRIE
T 7 A

TEER T

B E

HEAEFE

~y R b - BHREITEZETLTWVWAIENBT 7ERATE S, £,
TI7EAL—MIBRBENTWAIRAIEIAYTVABRTHY, FHIRE
TIZBWTHLT 7 EARATE S,

EYRETICBI2ZRIBFERRELFRETHS, /=, ¥ ML
BEEx Y 7EDITIE, (E¥E2179 ETHEE 23F IR, ~v F7
A b - HEPEITEZ2RVAZ ELEHBRBETICBWTLIEETE S,
BRBFHEINIEAIE, EARBRHZESL, KERELS2ERS
60

F U BRI, MRS AOHEAZRMGEFARIELERE S ¥ 7
M EZPARINEITHEREDATH Y, BHIZEMATETH S,

BEEOBEFERL L TENREEEAEHREOWH T EERA (PHS)
ZHAT L TR EELERE TN 6 RFER TR Th 5, o, FHIRETIC
BWT, BEOEKFEN/ERREL R-TZHETYH, #THEFEEL
fEA Uil il= & OEREZ1T O,
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TR ER (I ZE R B TR EARIEA 2 —2)
(R fBHERET. P. 40. 3m)

O FEFFRHBIERT.P.40. 3n~BE) L, {F¥EHE
HET5.

@ HBEF v RORIEAER G 2B Y
B

GERET ¥ 7 b, IEDRIA A=)

(Z=RAFBZ 2 SEAERA A=)

@ ForRFRv—FoEfEy Y7 FOIED
RTUERD D,

HAE T v 7 MR ~EET 5,
FREAZ R L E IO R V2D
I35,

®®
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2-11 7=z AROAEZEREERFIZOWVT

RREEEORBEHICRABIEFFMIERA L TWBE T =2 7 RO AEERERN 718 4y =7
=2 7 AEK[ELRHESD) 60 /317 =2 7 A BRI LR FEEE NG T = 2 7 A A EZMRR 18
53) 1%, B 2-11-1 RIFRTEBIVREL TS, 8B, 727 RAZRELREED ) LAE
ERE TOREFIZOWTIE, FRFFRABSSRNOT =27 AE~DORZVE, 7==2 7 RAE5n

LAY —7BEZZBLTCEHLTWS (BIKSE) |

F2-11-1FK BEEHM3IEFOT =a 7 AEAEZMFFEMIZOWT

35
7 == 7 AEE HZEE AR 7860 m’
7 =27 AERE{ LR EHER R 250 m’/min
7 =27 ARAERERRER | EEREE~T =2 7 AEREEREE 60 43
&)
7 =2 7 AEKE CREES ~AEE <#312 4y
%
<#972 %y
B WTHEAT S 7 =2 7 A EEARERE 78 4y

59-7-# 2-11-1




(BI#E)

7 =2 7 AHBEERFFROEHIZ oW T

T =a T AEET =2 T AZRE LR THER U7 BRIC AUEERR R % TICE S 5 R 2 3
ER-E

1. FHiET L
7 =27 AHOAEZENRFRFEHMEE T AES 1 KITRT,

BIR 7T==7 AFMOREZREMEFETT IV

[ dtmsomsigmEacg LETocABTE 8 A,
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2. FHE=C

HHFEELZLLTIORT,

T=aZ RAEICBWT, T=2 7 AEBRE LT 7 ViES» bAEERMERIL, EFFRAELS
DHEDEBL DT =27 AHORE LR, FHFHRMAROIE, RIFRABTHENLORL
Wi, T2 7 24P ) — I 2BRBLTEHENS, T=2 7 AHMNITIEIOA L L,
HEAKKE LTRVED,

[ onBSERSICR LETOTABTE EEA,
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[ ] 0onBSERSICR LETOTABTE £HA,
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3. RS
7 =2 7 ARAEERREOFMICAV S EHEEE 1 RITRT,

H1IR T == T AEREEERFRE O FHEmRMN:

RFE =S fERE B
CV iR & AV,
CV (58 Vi 66600 m’ KLOCAEFRfE (FR5FHY
W2 K EVME)
WAz L 0.16 %/day | SA BRI 2 VVEREKE
/{‘/U-—?E -Finl.eak
T =a7 AHERE (7] Vi 7860 m’
)
T2 AEIBRE (FH| T
FF)
7 7 e Fan 250  m’/min
KEE Pisa 101325 Pa (abs)
ZERDORIREL R 287 J/K/kg

[ onBsERRICBR LETOTABTE EHA,
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4. FRAMhRS R
TR ORER, REERFFRITN 1209L 75,
PREEEORBEHICHR I FT S FHEICRBV T, AEZERFHEE LT, REPR 77 b0
BEEETH S 18 & FERT 5,
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2-12 7 A NEBREHEOREIZOWT
GEf] BRRMEERE LI L 5825

fhIRE, MR, FHE7 o—

1. #hiF7 4 NVZIZ2WT

FLDE LWEENRREAE LZBE 0P REIHEOBEMNICR L BIE < FHBICBW T, el
HEEFEBR VT =2 7 AZBKFRBOMELT 7 4 VZIZL 57 vy NVEREDEOFME
L LT 9% ZHWTWAS, EROMWEF 7 4V ZIZo0TIE, MARIOLBBREICBNT
T ANEREDERBERINTND I EEHERL TV,

WHLF 7 A NEZDAEMEHT T ABHEE S — FPRICL7ZH DT, =7 a I NVEFALEEINA
MEBEd o8I, =7 a7 ABKEICEZE - T 5 ikl sh D,
(1) HREEHEZEFEBOMBIT 7 4 NV EF

a. RERVEESMEFIZONT

HREEFT 3 5FOPRGEIHE=EIL, FEFFEAEEIOEBENMBICHD DI, BRER
BENBERICHERTRELEDLSZ LIRS, ZA4NVFOMENMETT 5 X5 RREIC
b2, LiERoT, MBLF7 4 VZREDHER I9I%IIHMRTE 3,

b. REEAEIZOWVT

HREEFT 3 BFEOFRFIHELERMEEOWRLT 7 4 VZ ORFFEEITH 2.9%e/2 L (&
A4ten 5 b EFM 2% THDH, PREBEE FL0OFELWEE) BEMEICIRIBIELFF
i CRE LcfHEFRICB W TR FFEMARE ORI Sh, FREEENICHEATZ
7 a Y Ei3K 30mg TH D,

T, BREBELBEEZ T, BFHICT =27 A7 A NVFICLEREDREZERL,
BRABBRDP ORIV L TELBRF AT R TREFICHHENRS L LTHIE LD TH
b5, £z, WAV LB FIZT_XTH ENOHHEINS & L THEAZSE O P REI#EE
EFTORKIILHEH (HRDE) 2BEL, PREEENCBALEMEFIZIZ2ER 7 157
ICHESNDIBDE LT, 2B, LIOFRTITXITRFRESBL LU TGEMEL. (B2-12-
5 RFEOE 2-12-1 B R)

Lo T, PREBEEEREBOMBF 7 AV FITIE, =T/ e +oIclETE
LEBRHDHDT, WMELF7 4 VFBREDHE I9%IIFHERTE 5,

B2-12-1 K FPREEEEREBOWRLT 7 4+ VX RFEE

WhiF7 4 NVH th - = e R
TANEITHEIN =T Y VE %7 30mg
REFEE % 2. 9kg

(2) 7 =27 AERELREOWBLTF 7 1 V&
a. EERVEBESMECONT
AFHAM CBE L7FHEERICHBW T, RAFEWAESRNIT I50CREL 2D, RTIFBM
BBRPODOBRELGESICIVT7T=2 7 ARNOREN LRT 5,
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T=a2aTZ7 ANOREIREH TI20CEREETOLRETHIA, BREREFIEFNT =27
AR LR RE LTV AT 7 4 A7 e cotiemR e ER L T, ik
PETT D52 LiTRV., 2B, 74 NVZITHEINTCBAEDE ORERC L 2IRE LR
HX1CERETHY, T=27 ANBEE~OEEBIREVLOTIERY, £, BEIZOW
ThH, BMEABRIVWERILS LT RBE LRI 000, 7=2 7 AERELER
HEEBEZIX, T2 7 XADPLDOERBALDLZ 1D, FRIZEBENERSZEIX
RNV, TANZOHENMETTHZ L3R, Lo T, Mhi+F7 4 L FBREDHR
99%IIFERTE B,

b. REAEIZONT

HREEF 3BF DT =2 7 REKE LRI DML T 7 4 NV 7 ORFFERITA) 8. 9keg /6 1K
(Z12HD> b LFHMI64) THA,

B P IR F IR ARR N DT =2 7 ARNRAWVW LT e AT RTUBHES
B & D RFHY R E TRHE L 72552349 0. 9kg TH 5,

Thi, BEEELBEZ T, BMABPORAV L TE LB FRL2ET 4 LV F ITH
EINH2bDLLTFHMLAEbDTH D, 2B, LIOBFTRTHFRE>FEL L THHAE
L7z, (BB 2-12-5 RKRUE 2-12-2 BR)

L7e3oT, 7T=a2 7 AZEKEERBOMWBLT 7 1 L ZITIE, =7 ) Vik+nIlidsE
TELRERDHHDT, WELT7 4 VEBREDIE 9%IIFEMRTE 5,

F2-12-2K T =27 AZEKFERBEOMELF 7 4 L RIGAE

WL F+7 4 N5 T =27 AZEREH LA
TANZIHEINS =Ty Vi #70. 9kg
REFEE % 8. 9kg

[ #E20RESERRCBRLETOTABTE 2 A,
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2. XoFB 74 NFITHONT

FLDE LWERENRRAE LZHBEOPREIEHEOBEMNICR BT FHlICBV T, gl
HEEREBROT =2 T AEREEBRBOLOIFZ 7 AN FITABL > FRCEH X 5> FORK
EREOFHESEME L LT 5% ZHNTWS, EREOXIBTZANFIZONWTIE, EHEEER
ETLEREDEIERTETCVDHILEZHERLTWVS,

(1) PREEHEEFHEBOL>FT7 4 NVE

a. BERVEBESEMHEFICONT

DB, BEEFR3IEFOPFRAEEEIX, RFFEAER»OREN-MNEBICH DT
DIZ, BEXPBENBEERICESTRESEDLSZ LIRS, Z4NVFOHEEMETT S
LORBEICIZROR, LIEB-T, KIRTZ7ANVFZREGEL LT B5%ITEETE 5,
2P, RBEFGEEEZZBREDEOZYEOFHEMIZOVTIE, B35 1177,
b. BEAFEIZONT

BREFT 3 BFOFRFIEHELEFHEBD L SR T7 A VT ORESEIT, 9 0.43kg/10 #
Thd, FREE=E (FLOF LWEE) BEHICKRIBEIFFMETRE L-FFHEERIC
BWTRFFRMASRPORE S, PREEENICHAT S L5 FRITH 250 BETH
5, Zhu, T RIF7 4 AZICOVT (1) FRFEEZEFHEBOMEF 7 4 L7 )
EFEROFETHELEbOTHZ (REEELER) . 127210, Lo>Fo(FREIZT
NRCEBLORELIEREIOIFLL, PREBFENITBALEZL)BI2ERI SR Y
ANZITHEENDbDL LTz, (5 2-12-5 REUHE 2-12-3 B R)

L7eh3oT, PREEEERLEBDOLS>FE T 4 L Z 12X, RREFEENITIRAT ST
TOXIFRBRTHLIRDICBETELERERDY, LOFTANIREDEL LT 5%
®TES,

H2-12-3FK HFRHEEZEEREBOL >R 7 A VI RFEE

XoET4NE h L S 2o R
TANZIHEIND LHYFER # 25mg
WERE %5 0. 43kg

(2) 7=2 7 AZETHERMOL IR T 4 VT

a. BERTEBESEMEICONT

XIRTaNZE, KEFRGT COREEEMEVZ EBGr-TEY, FLOELN
BERRELILBEEO LI REENBVRETHIE, (LFERIGHET LT SBREDR
B RHBEMAH B,

7z, BECHLTUL, KEEOHFPBVBRENREZREECTEL, £oLBY, #MH
BHRAVRIIG LT P REBEERIHDLLOD, 7T=2 7 AZEXEHLRMBEDRIT,
T =2 T AANPODERIEBAGHD 0D, TNEEBEN EARD Z Lidkwn, LR
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>TC, BERVEBEOCEEBIZIV 7 A NVIOMEMETTHZ LIFRL, LHFB7414
BRESERL LT B5%IIHETE S, 2B, BEESFGZBE X -REDEROZ UM O
[ZOWTIE, 8% 1ILFT,

b. RERRIZOWNT

HEBHIBFOT =27 AEKHFLRMOLOIFB 7 A NVFOBREREIL, # 1.4keg/34
HTH5,

R P I R F R AR N T =2 T ABNRAV LX) BT RTEAREEIND
& W ) RSFRYRARUE TRl L 725 R340 20g TH 5,

Zhuxk, T #RFZ7A4NZIZonT (2) 7T==27 AZERELREDOWELTF 7 1 V% |
LFEROFETHEL-bOTHL (REEELER) . 127201, X 5Fo(FREITT
RTEBRLOFELTERI O OFL Lz, (B 2-12-5 KRR UE 2-12-4 NS HR)

L7e3oT, T=a 7 ALEIELRBEOLIBT 4 NFITIE, L5FE+HITREFETE
LDRENRHDHDT, LIBT7 A NZBREDER IBUIIHEETEZ S,

F2-12-4RK T =2 T7 AERFLREOLOI>BT7 ANV IRERE

kogE7 4% 7T = a7 ARG LR E
TANFIHEINS L HOFEERE %9 20g
W E AR 1. 4kg

F2-12-5 K% FLNEHEER (REXEZED)

- FONEREE
(kg)
BQUE | 2. 1E+01
(Xo5%) (2. 0E+01)
Cs 11 3. 0E+02
Te 3§ 5. 0E+01
Ba H 2. 1E+02
Ru 37 6. 9E+02
Ce 38 9. 4E+02
La 3§ 1. OE+03
it 3. 2E+03
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HhL 7 « VAR
N

(PRI Lok 72 2 B HHE)
N\

R E SN R OB F B B
AN

(REIEBIZ L AFR : x/Q=#95.6E-04 s/m® (M EAEH) *)
N

(T=a2aFRT7ANFICL DBREDR L EHR)
N

FF PR ME SR~ DORHEE
/N

(RFIE AR B DR A & 0. 16%/day)
N

(FF IR A SR T OERZIR)
N\

(NUREG-1465 {Z -5 < JR FIF A SN~ DO KHEIE)
N

REHEELICEED
PRI FOF LNERE R
(X HFFFTTRFIRET D)

*1: HEENRE 2D X D ICHILEKIED x /QTRET S

F2-12-1 1 =2 ERE OB 7 4 M F ERFHROBRE
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SOFETANEFHER
N

(FRHEFEEBICHRA L2 &L 5 BHRLBERHE)
N

PRFEEESIRD & 5 RRE
N

(KREIEENC LD FR - x/Q=§95. 6E-04s/m* (Hh_EjHgH) *)
N

(T=a2 T A7 4 NVZIZL BBREDREEZER)
N

JRFIF AR~ D IRHEI S
/N

(R ERR B DR A ¢ 0. 16%/day)
N

(FFIF A SR T OERZIR)
N\

(NUREG-1465 {ZH-5 < JR FIF AN~ D HEIE)

]

REFHEEER L 2B 60
X HRDOFLNERHE
(FTRTEBEEITARLOFLTH)

1 HEENE 2D LS ITHLERHD x /QTRET S

F2-12-2 0 fRBIMEERHERD X O FET 4 VI BERFmOBRE
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WRLF 7 4 VIR

|

(RF IR OIR A LI+ 2 2B %)
N

RPN AERRIN~D Cs DiFHEIA
N

(IR AAERR B DR A @ 0. 16%/day)
N

(FFIF RN A SR T OERZIR)
/N

(NUREG-1465 (23 < JRFIF MBI ~D Cs OHHEIR)
N

REfER L2 E &0
ok F O DNERE R
(XS FIT_TRFIRET D)

F2-12-3 K T =2 T RAZERIF LR OWRLT 7 « NV Z R B OEE
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LOFTANFHER
N

(RFFEABRPDRAV LI X 5 RPN BHE)
N\

RFIFEMEERIA~D X 5 ROKHEIE
/N

(IR AERR B DR A @ 0. 16%/day)
N

(FF AP T OERZIR)
/N

(NUREG-1465 {Z -5 < R FIF AN ~DKHEIE)

|

REFHEE L2580
X IRDOFLNEREE
(KOBIFT~TERELIFEIOIKRLTD)

F2-12-4 T =27 AZEKELREO X 5 R T 4 VA HERFHOBRE
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(£ 1)
LORT AN OWEFZRE 2 CBREHNRDZ YT ONT

(1) L5F7 A NEFBREDEHABRICONT
EIFBTANFITONWTE, EMFEEREICBVWTEIE 7 AV FBREDRRBR L ENM
L, &5FBREMENERME (REDRBWLL) 2R THZL2HAELTVS,
ZOBRORBREMNT, 7T==2 7 ARG, PREEEHEERB/ERREL bIC HERE :
30C, IBEE : 95%RH] TH 5D,
B, IHIF74NVFIEIREER, BREEOCOHFARBVBREDRZREE T IHAIICHS,

(2) BEEFTOBRERRIZOWVT
HEEFTORBRIICOVTIZ, REFAIRM 6 IZEEHT 5 ABOKR®IREOFHE, &KIE
SIROEHME (FEHHim 1991 F£~2020 ) 12X 5 &, ERERVREMEIZZNZEN 25.6TC,
-5.8CTHh %,
=L, BECERHEZIT > REOFMEMFIL, HROERERUVRIEMETHD, 25.67C,
-6. 1CTh o 7= (FLEHHIR 1981~2010 ), LARTOFMSRA: D IF 03 QAEHIZRFHAM & 72 5 729,
WEICER L7-FHER G CORBRERELTEHT 5.

H1R PEEFEIORBERT GREFF RN 6 (ST DIRE DR

: 5 FEHT A I ik /R R sk

HREFORFTY DIREE ST PR —

EmRIRA EIESIEA 8 H 1A 8 H 1H

B RO T R 24.6°C -4.7C 25.6°C -5.8C
DIEHE
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(3) TAFRERATOFERHEERIIZOVNT

2011 R U012FED 1 A~12A FTORBEFTNOMEEE T —X B L TREY L LT
B L7=, #E8hIC 1 FERMD365H, Mt A OMEMBEZTRT, ZORE, 95%RHEL EDOFE
HHEEOBEV B IZ2 <, MXHEEI%RILL EIZEMI3HE (20114F)

7=

1 B (2012¢E) Tho

Lo T, BEHOEMMEEIZBWT, 74 4% OWREICEET 5 B I OMERHEEI5%
RHIZEMI 28 L T/ <, MHIHTEEIO%RILL LIZERBE KL %RBRETHS,
2B, 2021FEIZBWT LR EITo/2 2 24, B OMAEEISWRIZEMEZELT2H

M L2va<, HEAREI%RHLLEE 725 DITFM20E (5 %EE) Thol,

H  HEMEEEE (2011 45, 2012 4F)
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80 ) | | |||||||.H: | | |
70 4 |L|Ii ||| || . ||‘ L4l ‘I |I | | |
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H MR E (%)

1H
2R
3 A
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e L ({e] (7]

b= oo

20114 MW2012 4

10 H

11 A

IR 201148 1 A ~20124E12 A © H EH O FERHEEE
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(4) FHEFEFEDO X >RT7 4 NVFUBEKEHFITONT
a. 7 =27 AEXE L
7 =2 T AERE LR O R HERERK2RT, EXERFEOT =27 AT, BHAE
FNHKERZBRBRAL, BMBERUSAPOAIBBRBALTL 5, BRENICIL, BRI
DKETEARSKT. 5kg/hFVTH Y, BWBERUNAD L OKEREEDLERIOBRARIT,
#33, 000m*/h #2 T 3,

BEREFTEALOEFRVAFEOAIORE, BEL (2) HEDV 3) HXE025.6C, 9%5%
RHEL1-6.1°C, 95%RHE T 5 &, EREHHFEDOT =2 7 ANEROKEZSEIX, L FN,
#4. OkPa, #90.92kPa™ L7275, HHEFEDT =27 X, BMABER» O OB LV BER
DIRE (40CEE) UTIZRsZ 3B R2WEY, T=2 7 ARNBEZ40CLEEEL
A, ZOREOHEIBEIXS5%RILAT 2 & X H5FT7 4 VZ OFEIIHEMRTE 5,

v
Hfciwl b s—
L] FlF|F|¢ IEL 4
7. 5kg/h
HER A~ % ? >
3000m’/h 2, -
LHEE
; F|F|F|¢
FT=aSRA fid okas
Al 30000 /h | P
v Y L. LT
H/F | #hF7 40

2l 3B 7 =2 T RERE LR R AR
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b. HHIEEIEE AIER R

FREHEEEABRAKOREERIIEIRKOBEY THY, GHaA VXL VHHE (B
) SN, 60%RHLATFICHERFSNADT, LIFRT A NVFOHRIIMETE 5,

MERROBEEERZICLY, BHaAA VX ZHBHGRE) B TELVRRIZBWTL, &
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(1) BB D OKETBRARR, RWEFEARKERLEWESRRAVEIVER
LT3, AESRAKEIRERERIIBITERORKAERLL2, 000kgd L, AR
aatm A WVERIIHIT < FRMESFRMA0. 16%/day & LT\ 5,

(F2) T=aF7RALEHRE

(3) 25.6°C, 95%RHK U-6.1C, 95%RHDEBED T = 2 7 ANKEKSIEIX, LLTFD®EY

ERB,

&S 25.6°C, 95%RH -6.1°C, 95%RH
KERREE [p o ) 0. 024kg/m’ 0. 0049kg/m®
7BREE [o o] 1. lkg/m’ 1. 3kg/m®

ToaZ7 AV EHERE (L) 3000 m’/h
CV LISk osk
DA OARIBAR 72kg/h 14. Tkg/h
[Mo> = p o XL]
CV DSk DZER
ADERENE 3, 300kg/h 3, 900kg/h
[Mo= p oXL]
CV 2B Dk
5DOKEZIBEAE 7. Skg/h
(Mcv’” )
T =a T AN ap ki
7 ANZTICHRE 0.025kg’ /kg 0.0057kg’ /kg

[X= (Mo’ + Mcv’ ) Mo]
7 =27 ANKERSE
[Pw=PXX/ (0.622+X) ] #14. 0kPa #30. 92kPa
P=101.3(kPa) (K&E)
(1) FHEHFEOT=a27 ANBEZ 40CLT5L, 40COEMKERSIIEILT. 4kPaThH D
b, 7=2 7 ANEXOHEXHEEL, UTO@y &%,
25.6°C, 95%RHFE¥ : 4. 0kPa/7. 4kPa X 100=54. 1%RH
-6. 1°C, 95%RHFF : 0. 92kPa/7. 4kPa X 100=12. 5%RH
(H5) 25.6C, 95%RHETU-6.1°C, 95%RHOKEKSEIX, ThEh, 3.2kPa, 0.35kPaT
b5, Tz, 30.6 CRU-L ICOBEKERRDEIL, EhEh, 4.4kPa, 0.56kPaT
HHND, FREEEFRFEABER 7 4 V¥ 2=y NEREKOERMBEIL, LLTO®@
YEigs,
25.6°C, 95%RHEE : 3. 2kPa/4. 4kPa X 100=72. 8%RH
-6.1°C, 95%RHB¥ : 0. 35kPa/0. 56kPa X 100=62. 5%RH
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so-called "quench" temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,0 are too slow to maintain chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively “frozen" at the equilibrium composition for the "quench” temperature.
Experimental evidence suggest that the "quench” temperature is 1300 to 1000 K. The value of
the quench temperature was assumed to be uniformly distributed over this temperature range for
the calculations done here.

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

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

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

(9) Surface Tension of Water. The surface tension of the water can be increased or decreased
by dissolved materials. The magnitude of the change is taken here to be So(w) where § 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 <05
i a(w) (1+8) for e = 05

a

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 pm in diameter. Even with a water pool present, smaller particles would not be expected.
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Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 um) = -1.39 to In (2.5 um) = 0.92.

(11) Geometric Standard Devi article Size . 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 1.6to0 3.2, Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Acrosol Material Density. Early in the course of core debris interactions with concrete,
U0, with a solid density of around 10 g/cm’ is the predominant acrosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/em” and condensed products of concrete decomposition such as Na,0, K,0, Aly0; 8i0,,
and Ca0 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 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 glem’.

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

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

sY8 Vot
D’ = E{-;] F cm

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

D, = 00105 ¥{o, /g(p,~p N'*

where the contact angle is assumed to be uniformly distributed over the range of 20 to 120°,
The maximum bubble size is limited by the Taylor instability model to be:
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£ 1-2 “State—of-the-art Report on Nuclear Aerosols” ,
NEA/CSNI/R (2009) 5 D$&#E K URBR D=
921 Aerosols in the RCS

9.2.1.1

The experimenters conclude that spherical particles of around 0.1 to 0.3 pm formed (though their
composition was not established) then these agglomerated gi|viug rise to a mixture of compact particles
between n size at the point of hieaslu‘emem. 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
i 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.

9JL3HEHH'

Further interesting measurements for purposes here were six 1sokinetic. 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 1'ange(eiim.ination of the first filter due to 1t being early with respect
to the main transient gives the range 0.32-0.56 pum) while standard deviation fluctuated between 1.6 and
2.06. In the images of filter deposits needle-like forms are seen. Tuming to composition. if the first filter

sample 1s 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 pm before stabilizing at 3.35 pm: aerosol
size in FPT1 was slightly larger at between 3.5 and 4.0 um. Geometric-mean diameter (dsp) of particles in
FPTI was seen to be between a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the lognormal distribution was fairly constant at a value of around
2.0. There was clear evidence that aerosol composition varied very little as a function of particle size
except for the late settling phase of the FPT1 test: during this period, the smallest particles were found to
be cesium-rich. In terms of chemical speciation, X-ray techniques were used on some deposits and there
also exist many data on the solubilities of the different elements i 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 fimes 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 i the circuit.
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