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Aerosol Containment Experiments (LACE) LAZ, ORNL
A. L. Wright, J. H. Wilson and P. C. Arwood, PRETEST AEROSOL CODE COMPARISONS FOR LWR
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#2 : D. A. Powers and J. L. Sprung, NUREG/CE-5901, A Simplified Model of Aerosol Scrubbing
by a Water Pool Overlying Core Debris Interacting With Concrete
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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 arc 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 1o temperatures such that the gas
composition is effectively "frozen" at the equilibrium compasition 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 expected to make up the
suspended solids are Ca(OH), (p = 2.2 g/em’) or Si0, (p = 2.2 g/em?) from the concrete and
UO,(p = 10 g/em?) or ZrO, (p = 5.9 g/em?) 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 1o 6 g/em’. The upper limit is chosen based on the
assumption that suspended UO, 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 1o be Se(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
a(w) (1+8) fore = 05

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

(10) Mean Aerosol Parlicle Size. The mass mean particle size for aerosols produced during
melt/concrele interactions is known only for situations in which no water is present. There is

reason to believe smaller particles will be produced if a water pool is present. Examination of
aerosols produced during melt/concrete interactions shows that the primary particles are about
0.1 um in diameter. Even with a water pool present, smaller particles would not be 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 pm) = -1.39 to In (2.5 pm) = 0.92.

(11) Geometric Stands dewiatic [ il L . 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 1.6 10 3.2. Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Aerosol Material Density. Early in the course of core debris interactions with concrete,
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, ALD; §i0,,
and Ca0 with densities of 1.3 1o 4 g/cm® become the dominant acrosol species. Condensation
and reaction of water with the species may alter the apparent material densities.
Coagglomeration of acrosolized 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 gfem’,

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:

04
6\ Vs
ﬂ}'E[:] Fm

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

D, = 0.0105 ¥[o, /g(p,~p 1"

where the contact angle is assumed (o 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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9211 AECL

The expermenters conclude that spherical particles of around 0.1 to 0.3 pm formed (though their
composition was not established) then these agglomerated giving rise to a mixture of compact particles
l:n:m-eenhl size arf the point of measurement. The composition of the particles was found to
be demunated by Ls, =u and U while the Cs and Sn mass contributions remained constant and very sumilar
i mass. [T was relatively minor in the farst how at 1860 K evolving to be the mam contributor in the third
{very approximately: 42 % 11, 26 % Sn, 33 % Cs). Neither break down of composition by particle size nor
statistical size information was measured.

9.2.1.2 | PEBE-SED

Further mreresting measurements for pruposes here were six 1sokinene, sequential, filtered samples located
about 13 m from the bundle ourler. These were used o follow the evolution of the aerosel composition and
to examine particle size (SEM). Based on theze analyzes the anthors state that particle geometrical-mean
diameter vared over the ran_zelﬂ.?ﬁl'-i}.ﬁé pmf elnmnation of the first filter due o it being early with respect
to the main fransient gives the tange U.31-0.56 pm) while standard deviation fluctuated between 1.6 and
2.06. In the images of filter deposits needle-like forms are seen. Twrning to composition, if the first filter
samiple 15 eliminated and “below detection linut™ is taken as zero, for the stmectural components and
volatile fission products we have in terms of percentages the values given m Table 9.2-1.

922 Aerosols in the containment

0.2.2.]\ PHEBUS EP

The asrosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 pm at
the end of the 5-howr bundle-degradation phase growing to 3.5 pm before stabilizing at 3.35 pm: aerosol
size in FPT | was slightly larger at between 3.5 and 4.0 pun. Geometric-mean diameter (dy;) of particles
FPT1 was seen to be I:-erwem a SEM mmage of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the lognormal distribution was fairly constans ar a value of around
2.0. There was clear evidence that asrosol 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 1o
be cesimme-rich. In terms of chemical speciation, X-ray rechniques were used on some deposits and there
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Do

#F 151 HHEOHE

MH=FEORE (RTM-95)
Release Rates

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

Containment leakage rates include (1) catastrophic failure, ml;asing 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 2 failure to isolate containment,

and (3) design leakage.
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WMESEOKEFICR (1) SERIRIR W B R O SRR (REHEANT
100 DFOES G 1) M, (2) 100%E  ERFEEESRITNT S Emeen
e, Bt (3) RitRG#5 4,
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Figure 23 1:32-5cale Steel Containment Vessel Modeks
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#1-5-2 1/8,1/32 A — A TORBEEE (NUREG/CR-6906)

Table 6 Summary of Results of Experiments for Steel Containment Models
Tes=t Scale Shape Eit Pressure Clohbal Material Eemarks
Rartio Strainm at
(PP Failure
SML SCO 1:32 | Cylinder w' 450 0.3+ i AIST 1008 | Catastrophic
(17282, herm-pherical (F=549. rmnre axd
1212787 dome =1.77) f2mmentinon
bt af
vertical weld
seam. [20, 21]
SML 5C1 I-32 | Cyvlmder w' 500 0.76* 6% AISI 1008 | Tesnmg and
(420-21/83) hepusphencal =346, leakage next to
m™=1.09) vernical wald
seam [ 20, 21]
SHL 5C2 1:32 | Cylhnder w' hoop | 478 (R=346, 093* 21T ATIST 1008 | Leskzpe and
(721/83) stiffensrs and =117} tears at cvlindes-
heousphencal dome mterfice
repamed.
(B711/83) 097* 25% Eatest:
catzstroploe
Tupture and
frapmentation
P02y
SML 5C3 1:32 | Cylmder w' 478 0.83% 45% AISI 1008 | Catastrophic
(11730/83) penstranons and (R=346, Tuphwe mnatng
hepusphencal =1.17) a EH [20, 21]
dome
SHML 18 18 Cyhnder w' 448 48 % SAS516, Catzstrophue
(11715 stiffermne nngs, =2134 Ge. 70 rupture and
17784) penetancns and =4.76) (134} fragmentabon
hepuspherical \0.37 mitiaton at
dome stiffener near
EH 22,73, 24,
23]
NUPEC/ | 110 |Improved BWR | 135-161 60 0% SPVAO0, | Teanng and
SNL geom. | | Mark I w' (R=2027- SGV 480 | leakage at
SCV 14 | contzet stuchure 2900, (47} vertical seam
(1V11596) | fuck =7.59.0) 078 weld and at EH
maert plate weld
[26, 27,28, 29,
30. 31.32]

*Desizn pressre not specified. manomumm pressure (MPa) gven.

E/H (Equipment Hatch) ZEM b0 XMEABERE ULLLOBRLEoTWS,
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(b) Aerial View of Site after Ruprure

Figure 27 Results of 1:8-5cale Steel Containment Vessel Model Test

E1-55 1/8 A4 —AToORERESE (NUREG/CR-6906)
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1-9 #EITic BV S NUREG-1465 M@ BT

FANNHATEETHICE T ARBAOKAEYE O N = RIC X A A8EE oHiE
BEICOWTIE, ERAREARTFICEIERFEHFOHBERUCEIFTHETOBEEICRD
WL FFICBET AR F (LT, THEEHA F) L)) 288V, NUREG-1465 IR LA
'iCHT AR T FERERN~ORHBES2EICRELTVA,

KEICHWT, NUREG-1465 MY —AF—h (LIF, TEFY—RF—L4h)] L)) ZHEREE
BEE U MOX R EHER TS OMMEICE L, 1999 S25 461 [B] ACRS (Advisory Committee on
Reactor Safeguards) EfESEIcEWTERNZSRTWS, F 2T, ACRS 6, HBEEER
BHE U MOX BB ~OBERIZ YW THI T S 203 Y — L O B RUERT — & OIER
BlaodrbiesdhTwWad, Zhic® L, NRC A ¥ v 7i%, EHMIZV—AF—L~DEEIX
RWEFBEZOGNDEFAL TS,

Tk, EHHT7 = —XDfRFHECEER S A —7OKHBIS I 5 AR BEIC VW TE
AR TOHERBITHOATEY, FORE ERI/NRC 02-202(2002 £ 11 A)MicE o bh
ST S, ERI/NRC 02-202 (2002 48 11 A) i, KEIZT NUREG-1465 @ Y — A # — LD EHR
BEEEHREL I OF MOX #RE~OE MEIZR L, #HH 7 = — X0k R &R 7 v — 7 O
BSICEA B LYW TEMEAFATORRPITEAEEREZE LY, 2sh TS
DTHD, ZOBBOFERLLT, UTFICFaT@EY, MET2ZBREERFZTLATVWI LD
O, FRBEESE R MY BEHCH L THEHF Y — R ¥ —LAD@#AIC 2V THTEIh TS L0
TR,

Finally, there isa general 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 %)

Eam S o RN, MEMES OB IR 75 oWd/t, F.OOFEEBREEE 50 GWd/t
ERgLl LTS,
EMFARAOEROERE LTRENE, £7 = — XOHEEFREUBHESRA~ORHS
B2V, &R ORE 1-9-2 R TFE 1-9-3 12777 (ERI/NRC 02-202 Table 3. 1 B UF Table 3. 12),
O v aNOHAEIZ, NUREG-1465 DEZTFLTWAS, i, EHOEELR—OMIZffitEh
TWAHOE, NFANTH-OEELSE SN B SICB T 2 5EMEOHRETH S,
#7 =z — ADORRFEE R, #iE ~OFERHEMEICKREVWETR, ~adfy, TAHV &
Bo I A—7FOuEBIEIZ 2 TiE, NUREG-1465 ODEE L BBDhEREL S TWD, T
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OEfR S V—F 22V Tid, NUREG-1465 OFfE L W KEx HBlSHETR I TV A Fr—ALdH
HZH0O0, ZhbOENWGITRERE L IEBFEOFRRERICL 2 bOTHLIZ Lb, BIREER
BlmULEPERATEDLShTWS,

PLEOERORFE L LT, ERI/NRC 02-202 Tif, SIALEEIXD LB BSEERECR LT
% NUREG-1465 0 Y — A #—LAFBEHTZ 5 LEmAIT TS,

2E, ¥EORBIERETHS Regulatory Guide ¢ 1. 183 |23\ TiE, NUREG-1465 Ao ikt
BIG A2 EHE TR A 626Wd/t £ TOREEOBREIE CERATEZALOLEDHLATVS,

32 Release Fractions™"

The core mventory release fractions, by radionuchde groups., for the gap release and early
in-vessel damage phases for DBA L OCAs are listed in Table 1 for BWEs and Table 2 for PWRs.
These fractions are apphied to the equilibrizm core inventory described in Regnlatory Position 3.1.

For non-LOCA evenis, 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

FOHLELH Y — A Y — LR EREERES MOX BEHOERT AR A OREICH L TRAST
bhTEh, 2011 £1 A3, 4074 TEHAIHER»LBESF (SAND2011-0128'%7) A Eh
T3,

T AP b no I FHICRE<HETIER A —F 22T, BRRERE
EUMOX Bl oM BI&1E, BAEEOR 194 RUE 195 0RT 2B, EREEREOT
hiEFLLREDZVDTREVWILBEFRISh TS, 202 thb, REBEICBWTIE,
NUREG-1465 O ER B R EL-PMOX R ELOE R IZ YW TEEENS O TR WES 2 5, K 1-9-1
ICENLOTF—FEEALE, £z, BAFHEfOoEEHEERICBI3RFFREBRAOK
FEMHE MO OFERER AN A v HBERIZ-OVT, NUREG-1465 (7R S h 5 A N —
FORBERRERMEEOR 1-9-6 1277,

#F 1-9-1 EHHBEcoEHER~ORERSOER

ERI/NRC ERI/NRC SAND SAND
NUREG-1465 02-202 02-202 2011-0128 2011-0128
(EiREEEEREL) = | (MOX L = | (G EmED | (MoX #25D)
F£H A 1.0 1.0 1.0 0.97 0. 96
L% 0.75 0. 85 0.82 0. 60 0. 62
ETh 0.75 0.75 0.75 0.31 0.55

# HEEOESETIATVWSED, FREEERLE.
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PLE@E 5, MET22BRHERHSHLO0, REOCHMR TR, SREERER U MOX
BcH LTLEH Y —AF—LEFTEINTVWA LD TV £ 4% Regulatory Guide 1. 183,
ERI/NRC 02-202 B 1F Sandia Report IZREN T4,

3 B OBBESEORBRBEEIL, v 7 ET 5560d/t, MOX #AHIT 456Wd/t ThoHZ &
76, ERI/NRC 02-202 (ChiT @AM, SRS EORMIRSEE 75 GWd/t &1 Sandia Report
OB AR, REMES R S IRBEEE 596Wd/t LHE L@ O@EENICHS, £, A3 EBFOR
FHERRSIEE XY T REIT 61GWd/t, MOX #R%}T 536Wd/t THh Y, R.G 1183 [ZREh
#0pH, SEHEREIRRERE 626Wd/t OEBERICHD, Zo®, A3EFICHL, EHETESN
TWRWEH Y —A¥—AD@ERIZTEL RS S,

ERI/NRC 02-202 IZFREhiHBEESOHEBEIZ>VW TR, FMHFOBERLaMbh TS L,
Sandia Report L#OIEIZ ST H, MOXBAEH- W TRE—ORHERORX L HSE L LB
rick¥E-THED, KENCICA—Y T4 XN bOTRZVWILEZFE L, SEIOFMIC
BUWTIE, BEAVA Ficbit#l Sh T3 NUREG-1465 DEIEZ WA Z L B@EYTHA LB XL
no,

(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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F2 1-9-2 ERI/NRC 02-202 21T HREMESR~DRH (HREERE)

Tabbe 3.1 PWH Heleases Inio Containmsent (High Bumop Fael)*
Gap Relense Early In-Vessel Ex-Vessel Late In=Vessel
Durasion {Hours) 04 (o5 1415 020 1040 (1oa
Haoble Geses 0005 0.07; 00T, 007; NE' 0,83, 0u3; 0 &3; 0 64; 1LOTR 03 oo}
[a23)
Habogens 0od (o) 035 0.95TR (035) 0,25 {0.25) 0z (&)
Alkesli Metals s {0u0E) 025, 0.90TR, (025) (.35 [0.35) a1 (@)
Tellurum group 000S () 0ob0g @.30; 0.30; 035, OLTTR 040 (0.25) 020 (D005,
[005)
Darizm, Strostium o {0 002; ™ (0,02) Ll 1) D 0
Noble Metals (0 (0.0025) [0.0025) ]
Mo, Te o 015,02, 0302 07TR 002; 002 0.2; 0.2 TR 0 o e 0,08, TR
R, I, PA 1] 0 DO25; DO0RSE; 0,00, QUi 0 D025; G0 0,02; 0.02; TR W00 00 G 0 10, TR
OmTR
Cermam proup i [LTes Y] [LECIEY] [[E]
Ce n 0.0002, 0 0004, 0.01; 0.0 ; 0005, 0005, 001; 0k TR 1]
T
Pa, i o 00001 ; 0 0005: 0,001; 0,002; | 0005, 0005; 0.01; 0.00; TR o
00aTR
Hp o 0.001; 0.01; 0.01; 0.01; 0D0S; 0 DOS; 001 0,00, TR il
DO2TH
'I.mlh-uintnmpwp'] LR e CLCED0S, 00T, 0,00 {0.0002) 0 DS, .00 ; 0.0 (0.005) I, o, © )
La, Bu, Pr, Wb w0 0 0003; 0.03TI i 0 T 0T
¥. Rd, Am, O o0 00002 T TI 0005 T 0T
Mh L 0.002; 0.003TR 0,008, TH 5T
Vi, an o0 (LI, 0 03T 0,005, TH 8T
i

" Mot fhiat o vean (he panel’s usdersesnding that only sbous 13 ol e cor willl be bigh beamup fael. This is & sigsdlicsst devation fram ihe pail whin sccidem
il ynen weew performeod loe coies that worn unifomly bumed ususlly w30 GWils

" The numbers in parenihesis are thosn from MUREG-1465, Aceident Soerce Tems for PWER Lighs-Waber Nuclear Power Plants [Tabds 3,13)
* TR = total release. The practice in France & to assign all roleasss fallowing the gap relesse phase o the early in-vessel phase.

¥ ME= Ma eniry; the panzl member concluded that there was insuffisicn infentation opee whick so hase an informed opinion.
‘

Batium should not ke ireaed the same as Strontium. There is

i I evidenes that hasium is much more velatile than strontium.  VERCORS and

npmrrm .
HIWVT (ORNL) experimenis clied; thess shew n 50% release from the farl and & 10% delivery ho the contzinement, Strontium has 2 10% rebease from fiie] and
% o the comaireneni, based upom all dam availahle b dae .
* Three panel members retained the MUREG-1485 lanttanide grouping, e.g., one grosp, whils twa panel members subdivided the group inte four subgroups.

# 1-9-3 ERI/NRC 02-202 BT HE@EsS~O i (MoX #5h)

Table 3,12 MOX Releases Into Containment’
Gap Release Early In-Vessel Ex-Vessel Late In-Yessel
Duratson {Hours) 0.3; 0.4, 0.4; 0.4, 04 {0 5)° 14 14 1.4 1.4 L5 {13) 240 (20) 100 (100}
Mabile Gases 003, 003, 005; 0.05; 007 0.65; 0.65; 0.95; 0.9%; 0,02; 03, 03; TR() a (0}
(005} .93 TR (0.95)
Hazlogens 0 03; 005; 0.05; 0.05; 0.07 0.325; 0.35; 0.35, 0275, 015; 0.2, 0.23; 0.25; TR 0.2 0 0023 0.2 T (0u1)
(005} O.95TR (0 35) (0,25
Alkals Metals 005; 0.085; 0.085; 005 007 | 0:25; 0.30; 0 30; 030, 0.65TR | 0.25; 0.25;0.30; 0.30; TR 0L10, BU15; 0.05,0 15, TR
(005} 10.25) 10.35) [(3}}
Tellarium group 0; 0; 0; 0.005; 0.005 (0) 0.1; 0,15, ?ﬂsﬂiﬁ;&.ﬂk 0.4; 04; 0.4 0.4, TR (0255 | 0002, 02,0 2 TR (0.005)
Barium, Stroatuam ME', NE, NE; 0, 0 (I} NE, ME, ME; 0.01; 0L (0.02) | NE, NE, NE; 0.1; 0u1 (001) ME, NE, ME, &; 105 {0}
Hakle Metals m {0 0025} (00025) {ay
Mo, Te ME, NE, NE; 0,0 WE, WE, WE; 0.1; 0.1 ME, NE, NE, 401,001 NE, NE, NE; 0.1; 0.1
T, Ry, Fd ME, NE, NE; 0; 0 ME, NE, NE; (105; 0.1 ME, NE, NE; 0.01;0 01 ME, ME, ME, 0,01, #01
Cermm group 1 {00005} (0,005 )]
Ce ME, ME, NE; 0; 0 ME, NE, NE, NE; 0.01 ME, ME, NE; 4,01; 0 01 NE, NE, ME; HE, 0
Fu, Zr MNE, ME, NE, 0, 0 NE, NE, NE; ME; 0.001 NE, ME, NE; 0.001; 0.0a1 HNE, ME, ME; NE; 0
Np MNE, ME, ME; 0; NE, ME, NE; NE; 0.01 NE, NE, NE, 0.01; 0 02 NE, ME, ME; ME; 0
Lanthanides ME, NE, ME; b, {0) NE,NE.J:}EQ-E]};}E; 0,005 ME, NE, NE, NE, 0,01 (0 005) NE, ME, ME; NE; 0{0)
{

' The numbers in parenthesis are thase fiom MUREG-1465, Acesdont Souree Term for PWI Light-Water Muclear Pawer Mants (Table 3.13),
* TR = tatal release, The practice in France 15 to ot divid il soares teom o waly in-vissel, exevessel, and late inovessel phases.

! HE = Mo enlry; the panel member concluded that ihere was isufflcient mformsation upan which b base an informed openion,
¥ The values m Table 3,12 are for releases from the MOX assemblics m the cose and not from the LEU assemblies.
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2 1-9-4 SAND2011-0128 [2H T AH@ER~DHH (BREEERE

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

Gap Release In-vessel Release Ex-vessel Release Late In-vessel Releass
Dwration (hours) o2z 45 48 143
(0.5} (1.5) (2.0} (10}
Release Fractions of
Radionuclide Groups
Moble Gases 0.7 0.34 oo 0.0032
[Kr.Ke) (0.05) (0.25) (0} [1}]
Halogens 0.004 0.a7 0.4 021
[Brl} {D.05) (0.35) {D.25) (0.10)
Alleali Metals 0.003 0.23 002 0.0e
{Rb.Cs) {0.05) (D.25) {0.35) (0.10)
Alkaline Earths D.00E 0004 D003 -
{Sr.Ba) {0} (0.02) {0,100 (-}
Tellurium Group n.nnd 030 0003 R
[Te. Se, 5b) {0} (0.05) {0.25) (0.005)
Molybdenum - 0.08 0.0 003
{Mo. T, Nb {0.0025) (0.0025) {0}
HNoble Metals - 0.006 [D.0025] -
(Ru, Pd, Rh, eic.) {0.0025)
Lanthanides = 156107 1.3x10-5
(Y. La, Sm, Pr, stc.) (207" {0.005)
Cerium Group - 1 507 2. 4x107
{Ce. Pu, Zr, eiz. (B0 {0.005)

#F 1-9-5 SAND2011-0128 idiT HREMEs~OH (MoX #2E)

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
Dwration (hours) 036 4.4 65 16
{0.50) (1.3) (20) (10}
Release Fractions of
Radionuclide Groups
MNoble Gases n.028 0.86 005 0.026
(Kr.Xe) (0.0:507 (0.95) (0} (D}
Halogens 0.oza 0.48 006 0033
(Br.I} (0.0507) (0.35) ({0.25) (D.10)
Alkali Metals 0.0414 0.44 0o7 0.025
{Rb, Cs) (D.050) (D.25) ({0.35) (D.10)
Alkaline Earths - 0.0013 0.00a X107
[Sr, Ba) (0.020) (0.1} {0}
Tellurium Group 0.0414 0.48 004 0.055
[Te, Se, 5h) {0 (0.05) ({0.25) (0.005)
Molybdenum - 0.27 [D-0025] 0.024
{Mo. Tc, Nb) (0.0025) {0}
Noble Metals - 0.005 [0.0025] 3 xi0
(Ru, Pd, Rh, etc.) (D.0025) (D)
Lanthanides - 1.1 =107 3 107 -
(. La Sm, Pr, eic.) (0.0002) {0.005)
Cerium Group - 1.0 x107 5 ;0™
{Ce, Pu, 71, etc ) (0.0005) ({D.005)
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# 1-9-6 WAHHHEFOHIIFMERICB I AR TFIFREERAD
BHEHESEH N COHEREVA DA v A BOFER S N—THR

B L — ﬁ%ﬁ&ﬂzﬁﬂ;gzaf ks Y Eﬂ
it A8 #4. 131074 32
ERZE S #7.6>x104 59

Cs ¥ #11x107 8
Te 8 # 5.8>10°° <1
Ba Hi #6.2x1077 <1
Ru$ #5.5x10" 8 <1
Ce ¥ #14.7x1071° <1
La $ #1.2x10°5 5
G #1.3%1077 100

(1) TERNFHE&ER
(FE2) FHEEMNTE R A Lz i hi={E
(#£3) AEEATI SPRELEROE
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B i P DRI AR DV T

HREEFMESENERTOMEERS 0BT BEOFFMEEEE 1-10-1 (7T,

Zhibvbhadlisy, SERCOORBREBMNICHAIHOEVAEN-BHEEDEIC L 58T
LRUAKE P~ S hRmic it L2 H S E» b 00 =8I0 X 5 B2l
AN TOEIEL BRI ELS,

FEaR HATAOREELEIAI» OHEEDEZ I ADERAIZL 2 b 0D,
HE@ICBIT S AP EHRE OB E(EEE 1-10-1~HE 1-10-5 IR+, £, #EORk
UBROIC L 28I oMERBROFHELEE 1-10-6~H 1-10-9 |[Z5R T,

Rk, BELLT, HFHEPIWHOERLIDEHI(EROBERRED A A —TH
L AR 1-10-2 oFT,

#F1-10-1 BN ETOSHEEROWIT < MR

FE o (mSv)
L < & o f
BE S E X AT
O RHFREEAOERESE 0N = o
#1.3x10"%
oL agE<
e @ KEP~H s hthEEEdh okt .
. #17.3x10°
ﬁ HEIC L BRI EFRATOEEL
= | @ AgromyAEhERHEREIC LS
2 #17.7x100
2N ToREIE<
@ KEP~pH ShiFmicitsd Li-ie 9 4. 3% 100
M D O H w8 L BBITL '
&8 (D+@+3+@) # 13
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RS (BT T8 & 9.) IRV iATEh 5 EE S EEORMELR UK
HiEEOWABRIC L 5B TOHEE 22V T, |BNISA R TRTARERTPR
HE=oBEEECEL EEFHmEECOWT (FRH) (k21 - 07 - 27 FBEE 1 5 Fll
2148 A 12 B) ) ICER#@EOKICTEY, BHFOBRSBROBHIIZESHTIFHMELTWS,
FHlRMIZ 2V TR, T1-1 B2 o BESICR 2B FEREIC >V T 2571
LBV THS,

E, MHEIEE, BAAOKRSEERBOM LT 25 (REtERBIEEEL T
VRV,
Q = Qe*exp(-At)
Qo: HiHH 5 LR B A D R
AHEHIZ kA ERE
LT, A=BSY
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