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Table 1 Specifications of theee types of fucl

PWR-LIO, RWR-LIO, ATR-MOX

Pelict dlameter* jmm] £l 104 124
Density® [% Theerstical Denaity | (23 a7 o
Burmup JOWd/ 1] & b 41
Estimatod Pa contenl 1 12 Ay
after iradistion [w1% ]
Linear heal rale (Average] [kW,/m| (11 2 2
Estimated peliet temperature” .

" 100, &0 LS00, 470 17000, 900
[Cenier/periphersl (Average)] [K]
Fisabon gas rebeae 04 12 0

during reactor irradiation [% )

Nomminad values s Cabeicaled
*Average sepezasee during radiaon

PWR-LU0; BWR-UO, ATR-MOX
Pellet diameter* || Kl 4 124
Dﬁl\bl"l:b‘ |.'1 ﬂwrﬂ;ml Lknxil_\j 9% a7 .95
Burnup [GWd/1| 4 6 41
Estimated .T'Il content 1 12 29
after irradiation [we'%] - -
Lincar heat mte {Average) [kW /m] 1% 6 '}
Estimated pellet semperaturc® o SO/ 2009
[Center/peripheral {Average)] [K] 1 1o 1000
Fission gas release 04 2 20

during reactor irradiztion |% )

*Nominal valees as fshocated
*Average bemperalure during bradiation
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r; 1 a . . S - I Pellet height (mm) 13 a7
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Cladding external diameter (mm) 146 9.5
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Initial Py enrichment (wi%) 5.66 0
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(2% T3 /4 FFORHI Lnitial U enrichment (wt%) 07 41
254 after irmadiation (wi%:) 02 06
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1 Accident Source Terms for Light-Water Nuclear Power Flants

Pk FRTFEAER~ORHBE (NUREG-1465 Tabled. 13)
Cap Relcasc®** Early In Vessel Ex-Vessel Late In-Vessel

Duration (Hoors) os 13 20 0.0
Noble Gases®* 00s 0.95 o o
Halogens 005 035 0.25 0.1
Alkali Metals 00s 0.25 0.35 (15|
Tellurivm group o 0.05 0.25 0.005
Barium, Strontium (1] 0.0z 01 (1]
Noble Metals a 0.0025 0.0025 o
Cerium group 0 0.0005 0.005 1]
Lanthanides o 0.0002 0.005 o

* Values shown are fractions of core inventory.
=* ScecTablc 3.6 fora Inung n{lhe e:l:mts in each gnup
*** Gap releaseis 3 p Tuel

BREROE 72— AR KELUTOLHICERINT
* Gap—Release/Early In-Vessel
BHEBTREROY v o 70 L0MH (Gap-Release) L. MBOREMISHD
HAEESRREE TORELHEOREH (Early In-Vessel) Z#MHE.
* Ex-Vessel/Late In-Vessel
FErEEREANE. FAOERELILOKH (Ex-Vessel) RO RFicLH
LEESREARBORE (Late In—Vessel) Z8E

WG,

FERPBEL THLELPEMEMEL, EFFEEENERTIFSEROY (I V220 T,
MAAPZ F Ve ol 8 BRI U 4 S RO MRIT RS ENUREG- 466D BEA BT 5 L | oo LB L

60
HIR HREEECLETIESITHETOIETOS A I Y OkE

! Accident Source Terms for Light—Water Nuclear Power Plants

F2 FFIFEMNTR~0OMLTE (NUREG-1465 Table3.13)

Gap Release™** Early In-Vessel Ex-Vessel Late In-Vessel

Duration (Hours) 05 13 0 10.0
Noble Gases** 0.05 095 ] 0
Halogens 005 035 025 0.1

Alkali Metals 0.05 025 035 0.1
Telluriom group 0 0.05 025 0.005
Barium, Strontium 0 002 0.1 0

Noble Metals ] 0.0025 0.0025 0
Cerium groep 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 is maintained.

ERERDE T2 —ARARELTOLSICEEZRTV 2,
+ Gap-Release/Early In-Vessel
PEEEEERERO Xy o P SO (Gap-Release) L. BHELOTERIC
EEEFFESERI TOFRLIEDOIA (Early In-Vessel) #38F,
+ Ex-Veszel/Late In-Vessel
BEFIFEstaneg, FAORRIFCHA O (Ex-Vessel) BT IGRIC
R L HE ol (Late In-Vessel) #H7F.

FENEELTHOPLAERMEMIEL, RAFESIHRTLIFSERD YA I V2o T,
MAAP % F VoA A 5 L NUREG- 65 DIREER BT S L, Ham b Lbis,

AR R BB L,

Hel i S Wi

F o 7 b B R

PR s L, R
BT S S e lEET 5
* TR

MAAP 0~ 21 43 9 21 43~ 1.4 B

NUREG-1465 | 0~30 43 30 43~1, 8 R

PR S L R TIRERREOS A I 220 T,
BioHH Sh 3 oBEERICRE AEIIR N EHET LTINS,
NUREG-1465( 2 — A& — AL, {ERMEERE 20 SIZL THD, 20, REIZEB VT, NREG-
466D Y —AH— L (LLF, EHFY—AZ—L] L 5) 2 REREERE R UMX BEHER 558
SOTRBICE L, 19994 |5 461[EACRS (Advisory Committee on Reactor Safeguards) &SIz
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" .
Finally, there is a general that the p! } and ck | forms of the revised
conrot tormas a8 defined in NUREG-1463 are applicable to high bumip and MOX fuels.

(ERUNRC 02-202 #4%)

BETE S LT REE R RN T PRRMEE & oD B KRR ISERE TEGWd /T
LTWha,

HFAFLOEROBRE LTRSS, &7 = — X OHERRN R ERESA~0RIEE &0
5 6 WERIEEAEHZ DL T, aFEIC AT (ERI/NRCO2-202Table 3. 1) . RO M v N O EIL, NUREG-
465D ZFT LT3, £z, BROHESR—OMIZfRELT VDD, /AR AR THE—OREN
BB ENEP- LB EICB T 3EEMFEOHBETHA, TH AN OBEMIZ o TNUREG-1465 & 42 <

~E LT A SRR G AR 0AS, NUREG-146673¢ Ried Lo hBiirREIh TR

WL 00 S AR HE SOGW A/ ¢ 7 e 2 L

HRE <

PLEo@isofERE L LT, ERI/NRC 02-202Tit, BIALERIO LB mERKEEREHCHLTY
NUREG-14660 ¥/ — A ¥ — LA EA T 2 b 0 & @fw i T2,

P, REOHH IEHE T HRegulatory Guide®]1, 183128\ T, NUREG-1465T0ME b ¥ & & 44
FHRE TR RB26Wd/tE TORBEEOREBIE TEATE S LOLED TS,

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

32 Release Fractions™

The care fnventory relense finorons, by radicavelide groups. far the pap relesse and early
en-vessel damage phases for DBA LOCAs are listed in Table 1 for BWEs and Table 2 for FWRs.
These frachons are applied o the equibthrimmn core wventory described 10 Regulstory Fostion 5.1,

For non-LOCA svears, the fractions of the core imventory assuined robe 1 the 250 for the
warious wndivauslidss are given in Table 2. The releass factions frum Table 3 are wed 1
Ccomuneion With e Sision product inventory caleukied with the wadimian core radisl pesking
tactor

e :d:.u e ucnl hurhmbm defemuied Iu e uw:m e with carethy

B e I T A, £ 2 Tk, ACRSA B, MR AR R UMOAR~D R IC W THl T 5 728
ZIEHTY — A OUR R UERT — FONERLEL oA bR RERTWA, ZhickhL, NRCAF
v 7k, BENC Y —AF—A~OERBRRNEEZONBLRBAL TS,

2O%, 7 = —ZAORBE R UEEES LV — 7O RBE & IC 52 3RS oW THEMFE
AELTOFERPTORTEY ., TORENERI/NRC02-2022 C00ZEILA)ICE LD bR AR s T
Ho ZOBMBORRL LT, UTIORTEY, R _EBREEERET TV B L O0, FIEEE
B R UMOMBREHC M LT L EH Y — R 4 — ADERIZ W THES L TWAD LD T,

Finally, there is a general expectation that the physical and chemical forms of the revised
source terms as defined in NUREG-1465 are applicable to high bumnup and MOX fuels.

(ERL/NRC 02-202 WaR)

BT ST EREBERR RN . PARHE S R0 B R BEAETO0ND/ ¢, JF. LRI AES O/t Aot S & L
TWad,
HEFEAFLOBROBRLE L TRENE, 7 =— AOMRREME R IR B HE SR ~0k b
BED 5B RBRBEEREHI OWT, 2% 1 03 6 R0 712/ (ERI/NRC 02-202 Table 3. 17 UfTable
3.2), DA v aNORAEIZ, NREG-1465D{H AT LT 5, £z, EEOHESFA—0MicHiEsh
TWH0IE, “FAHTH—OMERSEESL b EBEIcBT 2R EMEORBETHL, &7

- A OREHRR RO  ~OFE B kEVEN A, ~olr TrhlEROIA—T
O BIE (220 TR, NUREG-14660 3¢ L ERRIRE L ahvTna, i, TofloER IV —7Ic
NUREG-1465 M L U K& *~rﬂ-r.‘L'.”—"JI.-’- MR EhTWwaS—28H5L0O0D,
WVEEAEEEE L T ERBROTHERICLALOTHA Z b, [BREERE LR UED
ENTHD

PLEoiaoRE L LT, ERI/NRC 02-202Tik, SIALAER IO LB MBEEREHCH LT
NUREG-1465D Y — A ¥ — A& MATE 5 bD LRI T3,

2B, KEORBIEMETH SRegulatory Guided 1. 18312350 Tk, NUREG-1465FC M0 St 4 44
FHETRKE26N/tETOMEEOE EFTHEATESLOLED TS,

—hamik
EHTEA L

2T L,

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

3.2

Release Fractions”

The core inventory release fractions. by radionnclde zroups. for the gap relenss and early
m-vessel damage phases for DBA LOCAs are listed in Table 1 for BWRs and Table 2 for PWRs,
These fraction: are applied to the equilibiiam core myentory desentbed in Regulatory Pocition 3.1

For non-LOC A events, the fractions of the core miventory assumed to be in the gap for the|
various radionvelides are mven m Table 3. The release froctons from Table 3 are used in
conjunction with the fizsion product mventory caleulated with the maxinm cors radial peaking
factor,

"9 The sefenss Fractivns listed Lere have been detemsined to be wahl:mu’urwuh cursetly spproved kam with a peak
e wp 16 62,000 AOWDVMTI! The das in this 108 be applic: CONEX I ibe (VOO0 el

ARt
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Table 13, Comparison of PWR high burnup durati d release fi {bold entries) with those
recommended for PWRs in NUREG-1485 {parenthetical entries).

Gap Release Invessel Release Ex-vessel Release Late In-vessel Release
Duration (howrs) on 435 48 143
@5 {1.5) (2.0 101
Release Fractions of
| Radionuclide Groups
Noble Gases b7 054 0011 0.003
[Mrxe) [005) [0.95) 10 ]
Halogens 0.004 037 0.011 [Fi]
{Bel) 0.0%5) {0.35) 025 {0.10)
Allali Metals 0.003 0a 0.02 0.08
Ry, Cs) (0.0%) 0.25) .35} 010
Alsaline Earths 0.0006 0.004 0.003 -
iS¢, Ba) ©) [0.02) ©.10) i
Tellurium Group 0.004 0.30 0.003 010
(Te, Se. Sb) 1] 10.05} 0.25) 1D.005)
Molybdenum - 008 001 003
(Mo_Te Nb) (0.0025) (0.0025) o)
Notile Metals. 0.006 [0 002s)
(Ru, Pd_Rh, #ic | mug:;
Lanthanides 1.5x1 1.3x10-5
(¥.La. Sem. Pr. ste) (2:10%) (0.008)
Cerium Group 1.5x107 24x10 3
(Ce Pu Zretc) (B0t (0.00%;

F 9 SANDZ011-0128 ic it BIF FIFFEFIEE~ O 0K BBED

Tabde 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).
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ASEIT 3 FIF  A2hEFHE ik
72.1.1 FRES - iREIC LD FIAR (BWEEERE) (FAER 721110 X742 157 o n-dRZEEDZREIZ20T)

KERFEEFR3 4 E5F HEE AT 3 5IF FRE B
w1
#if+-1 CSE ¥ —# ( “Removal of Iodine and Particles by Sprays in the Containment Systems |CSEF—# ( “Removal of Iodine and Particles by Sprays in the Containment Systems Experiment”
Experiment” Nuclear Technology Vol. 10, 1971 ) Nuclear Technology Vol. 10, 1971 )
CSE TOHERBTOEEREUTICRT, CSE COHRBTOEEREL TIZRT.
TABLE I
TASLE I Experinentsl Conditions~CSE Spray Tests
Brpertmental Conditions—CSE Spray Tests B Run Tun Run Rua Run Run
Foun Run Run BRun Fun Fun A-3 A-d A-G A-T A-B A4
A3 A-4 A-6 AT A-B A-§ Atmeaphere Al Alr St BN = | =
= N Temparature, *F ™ kd 280 250 =0 250
Atmosphere Alr Alr Sleam-gair sle;a.n;-air Stn;;-l!]—air St%;;;-llf Pressure, ol e 14.6 44 50 £ 44
Temperature, *F k] Li] 280 i
Pressure, paia 4.8 14.6 44 50 48 4“4 Nezzie type . 9 M a [ € |
Drep MMD, it 1210 1210 1210 1210 L 1230
Nezzle type . = a = i 8 Geomatric standard deviaticn, & 153 133 158 L33 130 150
Dirop MMD, g 1210 1210 1210 1210 e 1220 ]
Geumetric standard deviation, o 153 .53 1.5 1258 150 R0 Huber of sorzlea 3 1| 12 12 12 12
Spray ratc, gal/min 12.8 L1R:) 48 49 50.5 145
. = = “ = 13 12 Tolal spray volume, gal 510 1950 | 1950 1960 2020 2300
{E T
124 48,8 49 s 50.5 145 !
m;;:{- ?J:m‘ gl 810 1850 1960 1960 2020 2300 Spray solution - ) ST, 5 d !
i e ! B f f *Spraying Systems I:‘c.\ 3/4 7G3, full cone. “826 ppm baren as H.BO, n MaOH, o 0.5,
Spray selution ESpraying Systems Co. 3/8 A2, heliow cope. 2000 pom boros as HyBO, |n MaOH, pH 9.5,
ESaraying Systems Co, 374 AS0, hellow cone.

"525 ppro boren as HoBO; in NeOH, pH 8.5,
13000 ppm beron as HaBO; in NoOH, pH 8.5,
23000 ppm boren as HaBO: in demineralized water pi 3.

sSpraying Systems Co, 3/4 7G3, full cone,
bSpraying Systems Co, 3/8 AR0, hollow cone.
=gpraying Systems Co. 3/4 ASD, hellow cone.
IMasa median diameter.

e, TORETHLNEAT LA HRORRELLTICRT,

TABLE EX
Summary of Initial Spray Washout Coefficientas

A5 Observed, min™'*

lodline on Total
Run | Elemental |[|Particulate | Charcoal | Tnorganict
No. Todine Todine Paper Todine
A-3 0.126 0.055 0.058 0.125
A-4 0.495 R 0.063 0.43
A-6 0.330 0.32 0.154 0.31
AT 0.315 0.31 ] 0.20
A= i.08 0.88 0.369 0.96
A-§ 1.20 118 0.548 114

*For first spray period, corrected for natural removal on
vessel surfaces.
PIncludes iodine deposited on Maypack inlet.

IORERENE, BERUVEAEE(L XS THEBAER LI A4, A6 BT A-T TO" Particulate
Iodine” OFERF LR S L, HEWOGEE T—HL T, RELJ|EFIELCTHRWL, ZhicwL, A
FLAREENE LIZ A8 T, 3EUEAT LA BHENHALEL TSI Liba,

¥300 ppm boren as H2BO, In demineralized water pif 5,
dMans modan diamoter,

£, ZORFTHONEAT LA HROBRELUTICRT,

TABLE IX
Summary of Initial Spray Washoul Coefficients
A¢ Observed, min™**
Iodine on Total
Run | Elemental | Particulate | Chareoal | Inorganict
No. Iodine Iodine Papser Todine
A-3 0.126 0.055 0.058 0.125
A-4 0.495 0.277 0.063 0.42
A-6 0.230 0.32 0.154 0.31
A-T 0.315 0.31 0 0.20
A-8 1.08 0.9% 0.385 0.96
A-9 Lz20 115 0.548 L4

®For first spray period, corrected for natural removal on
vessel surfaces.
*Includes fodine d P

Stad

on Maypack inlet.

ZOFERNL, BERVEAZELEETHBEERLE A4, A6 BT AT TO" Particulate
Iodine” MEERAHETH L, ERO@EAT /L THEY, KELE|FELTWARY, ZhizwL, &
F LA HEEANE LIEAB T, SEUEAT LA BRIMELTHE ZEBDD)S,
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