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R1-72 770 oy A UREHERE (7 BRER)

R RXNF— TRV — i TR BRI R
(MeV/dis) (MeV/dis) (MeV)

0.1 E =01 1.6x10'°
0.125 0.1 < E =0.15 2.7X10'8
0.225 0.15 < E = 0.3 6.4X10'°
0.375 0.3 < E = 0.45 1.6%X102°
0.575 0.45 < E = 0.7 4.3X1020
0.85 0.7 <E=1 3.4X1020
1.25 1<EZ=15 1.2X102°
1.75 1.5 < E =2 1.3X10°
2.25 2 <EZ25 1.0X10°
2.75 2.5 <E=3 2.7X10'7
3.5 3<EZ=14 8.5x10'3

5 4 <EZ6 2.6X10'°

7 6 <EZ=8 2.9%X107
9.5 8 < E 4.5%10°
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1-9 FRESEMHIZ AV A NUREG-1465 DIz DWW T

RARRIRATE I BT 2BBN OB ENE D b OH < #IZ L 25MBHKIE < O
SEEEICOWTIE, EAREARTIFICR2 ERFERFOHIEER OCBRAR RO BEMEICRD
WX FHEIZRET A HEN A K LT, [HFEHA K1 &) IV, NUREG-1465 DIF LA
BIZX T AR FFB M ERN~OBRHEIE 2 EICREL TV,

KENZEBWT, NUREG-1465 DY —AFX—L (LLF, THEHY—RZ—5h] L\9) ZERERE
PRENE O MOX BREHZE R+ 23548 OFREICEI L, 1999 4525 461 8] ACRS (Advisory Committee on
Reactor Safeguards) ZESFEICEBWVTEMARIN TS, £ TIE, ACRS »bH, mREEER
B O MOX #REF~ D38 A I DWW THIB$ 5 72 D IZIT#IT Y — )V D B R OERT — ¥ OILER L
BElLaA MR RENTVS, ZHIZH L, NRC ¥ v 7%, EEMIZY —RF —Lb~DFEIL
BNEEZOND EHBALTND,

Z0%, EHHT7 = — AOMGERMROEEE SN — 7 OBEEIEICE X 5 EEEIZOVWTE
FAZ RNV TOHERPTLATEY, FOREE ERI/NRC 02-202(20024E 11 A) VicE & bh
AR E TV, ERI/NRC 02-202(2002 4E 11 A) 1%, >KEIZ T NUREG-1465 D Y — R # — A DER
BEEEIREL R O MOX SREF~DBERMEICBI L, &7 = — XDk &7 Vv — 7 O
BRI EZ BRSOV THEMAR XLV TOBRBITONIEREZE LD, AEh TS D
DThHDH, ZOHMDFERL LT, UTIZRTEY, MRICEZBEFELZTONATVDHO
O, ERBEEEBRER O MOX BEHZ X L THEH Y — A ¥ — ADBEAIZOVWTEHEEIN TS HO
TiEReuy,

Finally, there !S a geﬁeral expectation that the ;;hysical and chemical forms of the revised
source terms as defined in NUREG-1465 are applicable to high burnup and MOX fuels:

(ERI/NRC 02-202 %54 %)

Him SN ERBEEIRENT, BREMESRORKRIREEE 75 GWd/t, JF.LOFHREEE 50 GWd/t
gL LTND,

HEF X LVOHEROMERE L TUREINE, &7 = — XOMGRE R OHMAESRAN~D S
BIZOWT, TR DFE 1-9-2 KU 1-9-3 (2777 (ERI/NRC 02-202 Table 3. 1 &z T* Table 3. 12),
RO v aNOEMEIZ, NUREG-1465 DIEZRL T\ 5, F7=, EHOEENRR—OMIZHiEIh
TWBDIX, RFVNTE—OEEREEREINRZPoTEHBAICBIT 2EEMFZOHBETH S,

&7 x— XD KD, I ~OFEPBEHPIIKREWFEHTR, ~alrfy, Trvil&
BD T N—T DRHEIEIZ OV TIE, NUREG-1465 D¥E & BRI RFEBRE L ShTwa, TOf
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DI NV— 71TV TIE, NUREG-1465 DFE L Y KE RHEHEIE BB RSN TWE I —XbdH
HbD0, ZhbDBEWIIREEE L ITEBEROTHEEEICLSHDOTHLZ b, EKRAEER
BHERICERERATE LI TV,

P EOERORERE LT, ERI/NRC 02-202 TiX, SIALEEXOEBY @WREEEREHIXT LT
t, NUREG-1465 D Y — A ¥ — A% EHA TE % L gt T 5,

2B, KEDOREIZEUETH S Regulatory Guide @ 1. 183 1235\ Tix, NUREG-1465 CH DHH
BA ZREHE TROK 626Wd/t £ TORBEEDREIE CEATE LD LEED LN TS,

3.2 Release Fractions

The core inventory release fractions, by radionuclide groups, for the gap release and early
in-vessel damage phases for DBA L.OCAs 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 nventory calculated with the maximum core radial peaking
factor.

proved LWE. fuel with a pes

FO%GEE Y — A — L EERERERERS MoX AEHTER T 5 B8 OREICH L TREBT
bTEY, 2011 F 1 B2k, o7« 7ESLHEF» H#4EE (SAND2011-0128'2) A Sh
T3,

FHAR 0T LV o T RIELS FHEICKRE K FET DB L —T12o0T, ®RBEERE
B OMOX REF D HHEI G, IR EEIDOE 1-9-4 RUE 1-9-5 1ITRT LBV, (KREERE O
NEZELLERDZBOTIERNWZI LR RINTWVWS, ZDOZEnb, RERIZBWTIL,
NUREG-1465 D B RBEEE R MOX BB OB DWW THEE SN D L DO TRV EE 2 5, £ 1-9-1
WCENODT—FZZBE LI, /-, BRFRETOKIIFHERHRICBIT 2R FIFERNOK
FEWE NS OEERBERPANTA ¥ A VHREIZOWT, NUREG-1465 (TR S DA L —
T ORBRNREZRMEEIOE 1-9-6 [T,

# 1-9-1 2HHHF TORMBESR~DORHEIE0ER

ERI/NRC ERI/NRC SAND SAND

NUREG-1465 02-202 02-202 2011-0128 2011-0128

(BRI EERRED | (MOX BRER * | (BBRBEEERRED | (MOX BRED
i H A 1.0 1.0 1.0 0.97 0. 96
$o%F 0.75 0.85 0.82 0. 60 0. 62
NI 0.75 0.75 0.75 0.31 0. 55

¥ EBOESETRENTWARD, EHEEFER L,

61-6-%s 1-88



PEDXSIZ, METREBEEFERHDILOD, BEOCHMR T, BEREEERER U MOX #&
BHZX L CHEFH Y —AF —LEBFEINTNS LD TRV Z &4 Regulatory Guide 1. 183,
ERI/NRC 02-202 }% U Sandia Report IZ/REN TV 5,

1A 3 B DBREIES EOREIRBEEIL, 77 BREHT 556Wd/t, MOX #R¥EFT 45GWd/t THH Z &
226, ERI/NRC 02-202 (Z331T 58 AR, PRBHESRORERBER 75 GWd/t R Uf Sandia Report
OE A, EHEA R EREEE 506Wd/t & B LERAORBENICH S, F7z, H3 BFOR
EHE R mIRBEEE LV T BT 616Wd/t, MOX JRKFT 536Wd/t TH YV, R.G. 1. 183 [T R 5 iEH
B, REMEREIRBEE 626Wd/t OFEFNICH D, Z D=, H3BFIRL, FHREEESL
TWARWEH Y —ZAF—LAOBERITATEE L HET I 5,

ERI/NRC 02-202 (2R ENT-HEIA OEEIZHOWVWTIE, EMFOBR LN TS Z &,
Sandia Report SEEEDEIEIZ OV TH, MOXBREHZOWTITE—DEMASRORIRX 215 L LR
rick EE-oTEBY, KENRCIZA—Y 74 XEINTEHOTIEHRWI LE2EREL, 5EIOFHAIC
BOWTIL, FESVA FIZHE® I TV 5 NUREG-1465 DEEZ WS Z L RBEUITHE EEZXD
ns,

(1) ACCIDENT SOURCE TERMS FOR LIGHT-WATER NUCLEAR POWER PLANTS: HIGH BURNUP AND MIXED OXIDE
FUELS, ERI/NRC 02-202, Energy Research Inc, 2002

(2) D. A. Powers, M.T. Leonard, R. 0. Gauntt, R. Y. Lee, M. Salay, Accident Source Terms
for Light-Water Nuclear Power Plants Using High-Burnup or MOX Fuel, SAND2011-0128, 2011
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# 1-9-2 ERI/NRC 02-202 |Z3\T DB R ~DOH (BRBEERED

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 (10 0)
Noble Gases 0.05; 0.07; 007, 007; NE* | 0.63, 0.63; 0 63; 0 65; 1.OTR 03 (0) 0(0)
(0.05) (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)
Tellunum group 0.005 (0) 0.10; 0.30; 0.30; 0.35, 0.TTR 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, Te 1] 015,02;0.2;0.2; 0.7TR? 002;0.02;0.2;02; TR 0; 0; 0.05; 0.05, TR
Ru, Rh, 'd 0 00025; 0.0025; 0.01, 0.01; 00025; 0.02; 0.02; 0.02; TR 001;0.01;0.01;0 10, TR
0.02TR
Cernum group (0) (0.0005) (0.005) (0)
Ce 0 0.0002, 0 0005; 0.01; 0.01; 0.005; 0005, 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
0002TR
Np 0 0001; 0.01; 0.01; 0.01; 0005; 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, 'r, Nb 00 00002; 0.02TR 0005; TR 0; TR
Y, Nd, Am, Cm 00 0.0002; 0.002TR 0.005; TR 0; TR
Nb 1] 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 will be high burnup fuel, This s a significant deviation from the past when accident
analyses were performed for cores that were uniformly burned usually to 39 GWdi

' 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 mluded that there was insufficient !nl'mtmn upon which to base an informed opinion.
4

Barium should not be

treated the same as S

There is

| evidence that barium is much more volatile than strontivm. VERCORS and

HIVI (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 ‘N1JREG 1465 lanthanide grouping, e. B one group, while two pane] members subdivided the group into four subgroups.

# 1-9-3  ERI/NRC 02-202 |28} DEMBFF~DHH MOX #A¥EH

Table3.12 MOX Rel Into Contai U
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 03; 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 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
(0.05) (0.25) (0.1)

Tellurium group 0; 0; 0; 0.005; 0.005 (0) 0.4; 0.4; 0.4; 0.4; TR (0.25) | 0.1;02;02;02; TR (0.005)

0.1; 0.15; 0.3; 0.35; 0.7TR
0.0:

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 (0) (0 0025) (0.0025) 0)
Mo, Te NE, NE, NE; 0,0 NE, NE, NE; 0.1; 0.1 NE, NE, NE, 001,001 NE, NE, NE; 0.1; 0.1
Ru, Rh, Pd NE, NE, NE; 0; 0 NE, NE, NE; 0.05; 0.1 NE, NE, NE; 0.01; 001 NE, NE, NE, 0.01,001
Cerium group (0) (0.0005) (0.005) (0)
Ce NE, NE, NE; 0; 0 NE, NE, NE, NE; 0.01 NE, NE, NE; 0.01; 0 01 NE, NE, NE; NE, 0
Pu, Zr NE, NE, NE, 0,0 NE, NE, NE; NE; 0.001 NE, NE, NE; 0.001; 0.001 NE, NE, NE; NE; 0
Np NE, NE, NE; 0; 0 NE, NE, NE; NE; 0.01 NE, NE, NE, 0.01; 0 02 NE, NE, NE; NE; 0
Lanthanmides 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 values in Table 3.12 are for releases from the MOX assemblies in the core and not from the LEU assemblies.

61-6-% 1-90

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 15 to not divide the source term into early in-vessel, ex-vessel, and late in-vessel phases,
NE = No entry; the panel member concluded that there was msufficient information upon which to base an informed opimion.




# 1-9-4 SAND2011-0128 |23 1) DB R~ D (FRABEEERED

Table 13. Comparison of PWR high burnup durations and release fractions (bold entries) with those
recommended for PWRs in NUREG-1465 (parenthetical entries).

Gap Rel In-vessel Release Ex | Release Late In-vessel Rel
Duration (hours) 022 45 48 143
0.5 1.5 2.0 10
Release Fractions of
Radionuclide Groups
Noble Gases 0.017 0354 0.011 0.003
(Kr.Xe) (0.05) (D.95) (0) (0)
0.004 0.37 0.011 021
(Br.l) (0.05) (0.35) (0.25) (0.10)
Alkali Metals 0.003 0.23 0.02 0.06
(Rb, Cs) (0.05) (0.25) (0.35) (0.10)
Alkaline Earths 0.0006 0.004 0.003 -
(Sr. Ba) ©) (0.02) (0.10) )
Tellurium Group 0.004 0.30 0.003 0.10
(Te. Se, Sb) © (0.05) (0.25) (0.005)
Molybdenum - 0.08 0.01 0.03
(Mo, Tc, Nb) (0.0025) (0.0025) (1))
Noble Metals - 0.006 [0.0025) -
(Ru. Pd. Rh, etc.) (0.0025)
Lanthanides - 1.5x107 1.3x10-5 -
(Y.La, Sm, Pr. etc) (2x10%) (0.005)
Cerium Group - 1.5x107 2.4x107 -
(Ce. Pu, Zr, etc ) (5x10) (0.005)

# 1-9-5 SAND2011-0128 (28} AHEMAEZR~DHH (MOX #4E}

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-vessel Release Ex-vessel Release Late In-vessel Release
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) (0.85) (0) (0)
Halogens 0.028 0.48 0.06 0.055
(Br.l) (0.050) (0.35) (0.25) (0.10)
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 - 0.27 [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° -
(Y.La, Sm, Pr, etc.) (0.0002) (0.005)
Cerium Group - 1.0 x107 5x10” -
(Ce. Pu, Zr, etc.) (0.0005) (0.005)
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£ 1-9-6 BRIFFNEHOHFIIFMERERICBIT2REFIFEEAD
HREMEN S DEERECANA V¥ A VBROEERE S V—THR

Tl i S A
i A58 #14.1x1074 32
SRS #7.6x1074 59

Cs 3 #1.1x1074 8
Te 35 #15.8X107° <1
Ba 3 #16.2X1077 <1
Ru 3 #5.5X107® <1
Ce 35 #4.7x10710 <1
La 3 #1.2x107° <1
aF #1.3x1073 100

(1) THHREKE
(FE2) AZEUESHTE Z U T A L2MTic D -l
(£ 3) JARERT 3 BIFRKFFDE
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