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RDOH v aNOEEIL, NUREG-1465DfEZ R L TW5, 7o, BHOKENRF—OMIZH RS
TWAHDIE, RRVATE—DOEERABEINR» B AICBITA2EEMFOHBHETH S,
%7 x— ADMMGERE R, #IE ~OFEIHEABNCKEWFEATR, ~aFy, TAra)e
BD I N—TFDHEBEIEGIZ OV TIE, NUREG-14650 %l & BRLrhFRIBE L ShTW5b, FO
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728, KEOBHIEAETH HRegulatory Guide®1. 183123V Tix, NUREG-14655C& D HHEIE
ZREHE TROR62GWd/t £ TORBEE OB L TEATE 2 HbDEED LN TS

12 Release Fractions™®

The core inventory 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-L. OCA 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 mventory calculated with the maximum core radial peaking
factor.

ZFOHROEHFH Y —AY —Le@REERELCY 7 - N =y MRAEBCRENZER T 5

BEOBBEICH L TRMATOATEY, 2011FE1/ICE, v T4 TEIMEFR» O BES
(Sandia Report SAND2011-0128@) A EH TW\5,

THAR AT LWV BITSFEICRE S FET LB N —TI2oWT, mRBEERE
BOUZ v 7N b=y LREBIEYIBREIOBREEI S, 2E1ORKIS-4ARURIKLS-SHITTRT &
BY, BREEREOZNEELLERDZIBLOTIIRVWIENRRENRTWS, ZOZEnD, B
EEPEIZ IV TIE, NUREG-1465DERBEEREICY 7 - v h=v MREE(LHREIOEAIZ S
WTEEEINDbOTIERWEE 2D, RFIS-UCENOOT—F BB L=, £-, B2Rx
WATIR AT O E < FHEfE RIC BT 2R IFBRBANOHFEME ) S OEERER A LA v
A VRREIZOVWT, NUREG-1465\Z7R SN 5B S NV— T OB BNREBELIORKIS-6IZFT,

FIK 15-1 2HHEIR COBARIR~DOBRHEIE 0%

ERI/NRC 201S f(])jlzs
ERI/NRC 02-202 SAND e
NUREG-1465 02-202 (75>« I 2011-0128 A b =o AR
(BRAEEEERED | F=D LIRS | (BRRBEEERRED A&"}K%%
e i EL) * ” )
A A 1.0 1.0 1.0 0.97 0. 96
Lo%F 0.75 0.85 0. 82 0. 60 0.62
A 0.75 0.75 0.75 0.31 0.55

XK EEOEBEREINTWASTD, EHEEZER L,

ULEDE ST, RTREBEFELHL OO, BAEOHA T, MBREERKOCY Z 2 -
TN =0 LREBRIEBREHCH L THEH Y — R — L2 BEEINTVDH LD TRV A
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5. Ei, A3 BFOREERBBREE XY 7 U RETIGNd/t, 7T - TV b= NRAERL
YRELTH3GWd/t TH U, R.G. 1. 183 RSN 5 H#EE, BVBHER MPRBEEE626Wd/ t DFEEHEMNICH
b, 2D, A3IEFIIHL, EREZEEINTVWRWVWER Y —RF —AO@E A ILFHE & Hilr
Sha,

ERI/NRC 02-202{ZR EN-HBEIEOEMEIZOVWTIE, EMFOBER LN TWAE I L,
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WHZERBEEUITHD EEZOND,

(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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Table 3.1 PWR Rel Into Containment (High Bumup Fuel)®
Gap Release 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; 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, 0.7TR 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) ()
Mo, Te (1] 015,02;02; 0.2; 0.7TR? 002; 0.02; 0.2, 0.2; 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
Cerum group (] (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
Lanihamdes (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 xo 0 0002; 0.02TR 0005; TR 0, TR
Y, Nd, Am, Cm 00 0.0002; 0.002TR 0.005; TR 0, TR
Nb %0 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 1s a significant deviation from the past when accident
analyses were performed for cores that were uniformly bumed usually to 39 GWdi

' The numbers in parenthesis are those from NUREG-1465, Accident Source Terms for PWR Light-Water Nuclear Power Flants (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 mw:lude.ﬁ that there was |mﬂ'mcnl ml‘mmn upon which to base an informed opinion.
i i

Barium should not be treated the same as §

There

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

HI/VI (ORNL) experiments cited; these show a 50% release frum 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 ‘N'UREG 1465 lanthanide grouping, e B one group, while two panel members subdivided the group into four subgroups.
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Table3.12  MOX Releases Into Containment*
Gap Release Early In-Vessel Ex-Vessel Late In-Vessel
Duration (Hours) 0.3;0.4,0.4; 04,04 (03) 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 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) (0.35) (0.1)
Tellurium group 0; 0; 0; 0.005; 0.005 (0) 0.1,0.15; (0635 ;J).Si: 0.7TR 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; 0 05 (0)
Noble Meials (0) (0 0025) (0.0025) (0)
Mo, Te NE, NE, NE; 0,0 NE, NE, NE; 0.1; 0.1 NE, NE, NE, 0 01, 0 01 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; 0 01 NE, NE, NE, 0,01, 0 01
Cerum group (0) (0.0005) (0.005) ()]
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
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 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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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 m-vessel phases,
NE = No entry; the panel member concluded that there was sufficient information upon which 1o base an informed opimon.
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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
|0‘5i i1.5i iZ,Di i1l:li
Release Fractions of
Radionuclide Groups
Noble Gases 0.017 094 0.011 0.003
(Kr.Xe) (0.05) (0.05) (0) (0)
0.004 0.37 0.011 [F3]
(Br.1) (0.05) (0.35) (0.25) (0.10)
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) (@) (0.02) (0.10) (=)
Tellurium Group 0.004 0.30 0.003 0.10
(Te. Se, Sb) (0) (0.05) (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 1.3x105 -
(Y.La Sm. Pr.etc) (2x107) {0.005)
Cerium Group - 1.5x107 2.4x107 -
(Ce. Pu, Zr. etc ) (5x10%) (0.005)
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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 Rel Ex- | Release Late In-vessel Release
Duration (hours) 0.3 44 65 16
iU.SUI I1.3i ilﬂl I1UI
Release Fractions of
Radionuclide Groups
Noble Gases 0.028 0.86 0.05 0.026
(KrXe) {0.050) (0.85) (0} (0)
D.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 - 027 [0.0025] 0.024
(Mo. Te, Nb) (0.0025) (0)
Noble Metals - 0.005 [0.0025] 3 x10*
(Ru, Pd. Rh, ate.) (0.0025) (0)
Lanthanides - 1.1 x107 3 x107 -
(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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Ru % #5.5X10°% <1
Ce 3 % 4.TX10710 <1
La 3 #1.2x10° <1
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