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so-called "quench” temperature. Al 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 uscful 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 "guench” 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.

()] Mﬂ:ﬂglﬁumldgﬂjﬂjds The volume fraction of suspended solids in the water
pool will increase with time. Depending on the available facilities for replenishing the water,

this volume fraction could become quite large. Models available for this study are, however,
limited to volume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken to be uniformly distributed over the range of 0 to 0.1.

(8) Density of Suspended Solids. Among the materials that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 glem?) or 5i0; (p = 2.2 g/em’) from the concrete and
UQy(p = 10 glem’) or Zr0, (p = 5.9 gfcm?) 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, 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 S is the
weight fraction of dissolved solids. The sign of the change is taken to be minus or plus
depending on whether a random variable € is less than 0.5 or greater than or equal to 0.5.

Thus, the surface tension of the liquid is:

o(w) (1-5) fore <05
’ la(w} (1+8) jfore = 05

where o{w) is the surface tension of pure water,

(10) Mean Aerosol Particle Size. The mass mean particle size for aerosols produced during
melt/concrete interactions is known only for situations in which no waler 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. Ewven with a water pool present, smaller particles would not be expected.
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Conseguently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 ym) = -1.39 to In (2.5 pm) = 0.92

(11} , : ' € n. The aerosols produced
during core debri I-l:urlc'rttc mtmchms are nsmrrmd to hav: lognormal size distributions.

Experimentally determined geometric standard deviations for the distributions in cases with no
waler 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 conlention. The geometric standard deviation
of the size distribution is assumed to be uniformly distributed over the range of 1.6 to 3.2, Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Acrosol Material Density. Early in the course of core debris interactions with concrete,
Uﬂ; with a solid density of around 10 g/cm® is the predominant aerosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/em” and condensed products of nmcre!.e decomposition such as Na,0, K,0, Al,0, §i0,,
and Ca0 with densities of 1.3 to 4 gfem® 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
cvidence to be considered in the uncertainty analyses done here.

(13) Initial ize. ‘The initial bubble size is calculated from the Davidson-Schular
equation:
B Vm
;e e[ﬁ] L
= 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, = 00105 ¥(o, /g(p,~p 1"

where the contact angle is assumed to be uniformly distributed over the range of 20 to 120°,
The maximum bubble size is limited by the Taylor instability model to be:
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£ 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

wm;!ﬂﬂl

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
i1 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;L3HEHH'

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(elim.inatiml 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
FPTI1 was seen to be between a SEM 1mage 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 times were long (months) and the value of speculating on potential speciation on the basis of
the available information is debatable. Nevertheless. there is clear evidence that some elements reached
higher states of oxidation in the containment when compared to their chemical form i the circuit.
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£R6-1 HMHBORE

WO E (RTM-96)
Release Rates

The release rates were chosen to provide estimates for the total range of Possibie
rates. The assumed release rates and resulting escape fractions are listed in Table C-6.

Containment leakage rates include (1) catastrophic failure, rel_easing most of the
fission products promptly (in about 1 h for a 1 ft* hole at design pressure),

(2) 100%/day, which is a traditional assumption for a failure to isolate containment,
and (3) design leakage.

(& FIEAR)
R

Mo VEBLTATORHBE T L TEESTE LS . REEBE L T-5, K
Lleikide b FofERR bno etk 3% C-6 10w,

EMESEOKbSRIZE (1) SRR - S5 3ER o ARS SREI. (REENT
102 ORI DR S8 1 BEE) M, (2) 100%/B  ERE SRR IC S 2 ERR R
i, Bt (3) BREHRGRASS,

61-6-54




CF: ZEAARBIE N E TR OREONE

C-1 PWR BEi#MESHOEEORE

& — & AUHiE R R Al T — R

@ EHLE - ﬁé#@

kB
A B

@D s
2 feiniE el 0% - 3
f WAL g A7vA
] HMiLF -y FANF
4 #is =0 HEER

#e7 1 mes
e g A
A 1 S ERE

FORE"{ 2= 1.

A2 IMEREHS LS (PORV)

A3 BEREBREETRE

Ad A4 Az (MBI IZEEFREEE~ORL)
B EES

B-1 BHER

B-2 shElSEES M

B-3 SEMEE (>1f9)

B-4 AARZA
¢ O

C-1 FHEERBLPL- LR MR- BH#HRAE 7 —HE

C2 BEME—ZsnAFMERL

C3 HEEH—T4LFRELY

C-4 #HABESMHENS

RTM-86 C-20

R 6—2 PWR AR BEE] (RTM-96 FERAR)

61-6-55



4. RTIFREWA SR DRERER

FHREE TR A R OBIERER O % RLIZEI L Tid NUREG/CR-6909 (2 & b Tk Y, HRE
FIFEIBREREBTD PR 77 b2 LT 1/32 27— VR 1/8 27—V ORBNER
T3, 1/32 27— D SC-3 RER T3 v FEORBHAZEEL TBY, EBEOD PR IZ
RbEATAIRRLEEZDND, (KK6—32M])

F72, 1/8 A — L TORBRIITA A2 T ¥ &E&T PR RO Mark-TT%E! BIR OHFIRUR FIF#E
HBEBDONL OPDORKEEZ B LADEEARTORRTHY, RSN IR RERDE
BoB3ELLRD, (MiK6—42H)

WTNORBRIZBWTH/MRERE 2V TIERL, KEERETFFEAEROBBICELI R
BELRTWS, (FiEs6—2, Kik6—5 )

(23, BE6—51X1/8 R —NVORBREDEETHY, KEELBEENSEZ o722 LB 0D
50, EEOFR TR CIIMTERENFET D720, BEi6—5 TRENTWD X 5 BEA
BRET B iV EEILNS,)

SC.aO
SC1

65.8" e WALL
O 0 THICKNESS
3 =0.048"

._L.r——‘ [ PERERy—— .
462"~

CLEAN SHELL RING STIFFENED SHELL WITH
SHELL PENETRATIONS

Figure 23 1:32-Scale Steel Contalnment Vessel Models

E#s 6—3 1/32 A — L TOREBR{(EZ (NUREG/CR-6906)
X CVEBE CHEEB L SC3NEBEOPRICELESTABRTHLIEELLNAS,

61-6-56



FH6—2 1/8,1/32 Ar— )L TORERFESE (NUREG/CR-6906)

Table 6 Summary of Results of Experiments for Steel Containment Models
Test Scale Shape Rt Pressure Global Matenial Remark:
Rartio Strain at
PyPo) Failure
SNL SCO 1:32 | Cylinder w 450 0.93* 20% AISI 1008 | Catastrophic
(1272182, hemisphencal (R=549, rupture and
12/12/82) dome =1.22) fragmentation
imfiating at
vertical weld
seam [20, 21]
SNLSCI | 132 |Cylnderw 500 0.76% & AIST 1008 | Teanng and
(4720-21/83) hemusphenical =546, leakage next to
dome =1.09) vertical weld
seam.[ 20, 21]
SNLSC2 | 132 |Cylnderw hoop | 478 (R=546,| 093° 27% AIST1008 | Leakage and
(7121/83) suffeners and =1.17) tears at cylinder-
hemusphencal dome mterface:
dome repamed.
(8/11/83) 097+ 25% Retest;
catastrophic
rupture and
P, ;
111
SNL SC3 1:32 | Gylnder w/ 478 0.83* 145% AISI 1008 | Catastrophic
(11/30/83) penetrations and =546, rupture mitiztng
hemusphencal =1.17) atEH [20,21]
dome
SNL 1:8 1:8 | Cyhnder w/ HE 49 3% SAS16, Catastrophic
(11/15- stffening nngs. (R=2134, Gr. 70 rupture and
17/84) penetrations and t=4.76) (134 fragmentation
henusphencal 10.27) mitiation at
dome stiffener near
EH [22,23, 24,
25]
NePEC | L0 | mproved BRR | o160l o0 T SovaoD, | leanng and
SNL geom / | Mark I w/ (R=2027- SGV 480 | leakage at
SCV 1:4 | contact struchue 2900, (47) vertical seam
(12/1196) | tuck t=7.5-9.0) 10.78) weld and at E'H
msert plate weld
[26,27, 28,29,
30, 31, 32]

*Design pressure not specified. maxamum pressure (MPa) given.

E/H (Equipment Hatch) ZE6DKFELRBEBE L LEDEREZR-> TS,
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(b) Aerial View of Site after Rupture

Figure 17 Results of 1:8-Scale Steel Containment Vessel Model Test

EH6—5 1/8 A — L TORERFESR (NUREG/CR-6906)
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(ERI/NRC 02-202 %5 4 )

Hin SN - ERBEEIRENT, BREIE S ERORKRRBFEETSON/t, $F.LOIFHEREEES0GNd/ t % X
KLELTWA,
HFAAXLOHEROFERE L URENE, &7 = — AOMEGERE R CBAA RN ~D R HE
BIZONWT, BELIORKIS-2KRUPRIRI5-31Z777 (ERI/NRC 02-202 Table 3. 1% UTable 3. 12),
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
DI T NV—TIZOWTIE, NUREG-1465DFfE L » K&E B EBRRINTVWE T —2X b dH
HHOD, ZhbOBFEWVIIABEE L ITEBROFHEEEICLLIBDOTHL Z LD, EABEER
BIERICERERATE LS TW5,
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VI EDOERmOFER E LT, ERI/NRC 02-202TiX, 51 LAEEXD LB BRBEERENIXT L T
H,NUREG-14650 Y — A ¥ — A& @A TE 5 L#E#RfHiT T3,

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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Regulatory Guide 1.183, ERI/NRC 02-202 FU'Sandia ReportiZ-REN TV 5,

10 3 BFDREHES R DR EmIRBEEIX, V7 REFTE56Nd/t, 7T - T b =0 ARG
WRELT45GWd/t T B Z & 235, ERI/NRC 02-202i2361) 58 &R, REHEAKROREREEE
75GWd/t % USandia Report i KR, MRAEIHE S AR @ IRBERSIGHd/t & Lt LIEH OREENIZH
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,
Sandia Report FEEOEKMEIZO>WVTYH, U T2 « TN b= LAEREBR{ILWREHZ DWW TIZE—D
BRRSRORRXEXMNGR L LIEMITIcE EE-oTEY, KENRC (T4 —Y T4 XS bD TR
WZLEEBRL, SEIOFMCHNTIL, FEVA FICHEH I TV HNUREG-1465DFfE % A
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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La 3 #1.2x10° <1

ait 1.3%10° 100
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