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%2

% 3 : Hi8h : TAEA, Nuclear Data Services, Fission product yields(2013 &8 HHRf5)
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Fig. 3 Fuel temperature and fractional releases of Cs
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Table 1 Specifications of three types of fuel

PWR-UO; BWR-UO- ATR-MOX
Pellet diameter® [mm) 8.1 10.4 12.4
Density® [% Theoretical Density] a5 o7 95
Burnup [GWd/t] 47 56 43
Estimated Pu content
after irradiation [wt%] L L %9
Linear heat rate (Average) [kW/m] 18 26 28
Estimated pellet temperature” ]
[Center/peripheral (Average)] [K] 1000/660 1500/870 1700/900
Fission gas release 04 12 20

during reactor irradiation [%]

ENominal values as fabricated
" Average temperature during irradiation
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DOHEIGICKREREZ 2L, IZIE2ED Cs VHEHINDI/EREL- TV,

PE- T, U0, BREFL MOX BREE & i L= 354, (RIRREBIZB W T, A%
BEOBEWZL S Cs HHBISIZEZNR LN 00, BmiRREBIZBWTIE, Cs D
BHBEISIZEWVIR NN E VIR REINT VS,

ZZCOHRERT 3 BFICE T AR BAE R AT HEELEO MOX FLOSHE .,
IR I BRI MOX RS U0 BREL B ZE DD 72<, M 17.1 kW/m THH729,
MOX BREFR L FDREIZOWTHIRIE V0 RER Ly AL EZ NS T
ENG, DTV VEGA EBRITEIT D PWR-U0, R EL L T WEE 2 RTHD L E
bbb, #E- T, VEGA EBRDELE)DH L, MOX BB E U0, R E 2 KB L T
BHZLRIFRETHS LYW TE B,

— 75, NUREG-1465 {ZB T, REINEIR & 72 0 IBEBICE 518 1% Early
in-vessel 7x—XTERINTWSB, K7 = —X(ZBIT HREH1 5 OBHEIAI
DUNTIX. NUREG/CR-5747c THREN R E N TW5, STCP (Source Term Code
Package) IZ X AFHMBE TIZ. 2D 7 = — XIZBITABREIN SR FIFERZRA~D Cs
ORHEIGIZTOVWTIE, FELENKHINSE L TEHH, VEGA EB L
NUREG/CR-5747 IZIEH/ L7 bD L 72> T35, 72F, NUREG-1465 D Early
in-vessel 7 =z — RAIZBITH2RFIFEBRMABEHR~OKBHEEGIXZ., Z 0
NUREG/CR-5747 \Z7R SN HRED bR FIF RE~DOHHEIE 2 BT, 1 RnHR
TOULBEENEBENEE R>TWS, £2, F 31T NUREG/CR-5747 (281}
BB DR FIR AR~ OBRHE & 2R,

PLEDZ & )35, NUREG-1465 (Z SN TRRE L 7= MOX B2 5 o Cs i Bl &
& VEGA EBRIZEKIT 5 MOX BREIMN S D Cs MBS IXRZE L E X 6N 5,
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£2 BB LRTIFRBA~OKHEIE® PR, BEY—F7 2 R)

Table 5.1 STCP Results for Fraction of Initial Core Inventory Released to Vessel

Prior to APV Fallure (FCOR) PWR, High ACS Pressure Sequences

Surry Zion Sequoyah OCONEE
TMLB" 538 TMLU  S2DCR/S2DCF S3HF/SIB  §381 TMLB' TLE
NG 0.98 0.98 1.0 0.99 0.97 0.99 0.97 0.99
1 0.98 0.98 1.0 0.99 087 0.99 0.97 0.99
Cs 0.98 . 0.98 1.0 0.99 0.97 0.99 0.97 [XTH |
Te 0.46 0.3 0.54 0.43 0.84 0.85 0.36 0.3
sr 7x10* 5x10* 2x10? ax10* 6x10* ax10*  sx10* 7x10*
Ba 0.013 0.01 0.02 8x10” 0.01 0.014  0.01 0.013
Au 10° 10* 2x10°® sx10” 10* 2x10* 10° 10*
Ce 0 [ 0 o [ [ 0 [
La 10”7 10”7 2x10”7 5x10° 107 107 107 107
3 BE»rLRTFERESE~OKRHEIE? (PR, BES—F7 2 X)
Table 52 STCP Results for Fraction of Initial Core Inventory Released to Vessel
Prior to APV Fallure (FCOR) PWR, Low RCS Pressure Sequences
Surry Sequoysh
v AG IBA ACD S1DCE
NG 1.0 1.0 1.0 1.0 1.0
| 1.0 1.0 0.98 1.0 1.0
Cs 1.0 1.0 0.98 1.0 1.0 I
Te 0.63 0.86 0.80 0.51 0.35
Sr 1.5x10” 10° 2x10? 107 Tx10™
Ba 0.03 0.02 0.04 0.01 0.014
Ru 3x10°® 2x10° ax10* 10°¢ =10%
Ce 0 0 0 0 0
La 2x107 2x10” ax10”7 10”7 =107

(1)Akihide HIDAKA, Tamotsu KUDO, Jun ISHIKAWA and Toyoshi FUKETA, Radionuclide

Release from Mixed-Oxide Fuel under High Temperature at Elevated Pressure and
Influence on Source Term, J. Nucl. Sci. and Technol. 42[5] 451-461 (2005)

(2) Tamotsu KUDO, Mitsuko KIDA, Takehiko NAKAMURA, Fumihisa NAGASE and Toyoshi FUKETA,
“Release of Cesium and Poorly Volatile Elements from UQ; and MOX Fuels under Sever
J. Nucl. Sci. and Technol. 44[11], 1421-1427(2007)

(3)H. P. Nourbakhsh, Estimate of Radionuclide Release Characteristics Into
Containment Under Severe Accident Conditions, NUREG/CR-5747, USNRC, 1993

Accident Conditions”
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WA —1
VEGA EBRDEEIZ OV T

KRR

Hot Cell

EE R A

Cascade
impactor

Y detecar

Fuel specimey

Steam generator [T Helium [

Condenser(273K) Cooled activated
Gasecus lodine fran carbon(210K)

E3
BEERE (XL v b)) &2, 773K 25 3, 123K £ TMEL L, Ftl &7 FP 2 AEEK
/He TTFHMAIZE- Ty MRetll %2 Elm L, FPHEIEZEE,

BREFDRE T

MOX Uo,
(ATR Fugen) (PWR)
VEGA-M1,-M2 VEGA-3

Pellet diameter (mm) 124 8.05
Pellet height (mm) 13 a7
Theoretical density (%) 95 95
Density (g/cm?) 10.96 10.96
Cladding inside diameter (mm) 12.7 .22
Cladding external diameter (mm) 14.6 9.5
Burn up (GWd/t) 43 47
Fissile Pu enrichment {wi%) 4,83 0
[nitial Pu enrichment (witS) 5.66 0
Pu after irradiation (wi%) 1.7 0.9
Initial U enrichment (wi%) 0.7 4.1
51 after irradiation (wt%) 0.2 0.6
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JRFIF AR R~ DS RAER DB S DRREIZ OV T

AT 2.1.1.8

Al Clix. RFFERBESR~OESRERMOBHEEIEDFREIZDOWT,
BEREHFE TOREEZSTKREONREFR R Y — A Z— L TH 5 NUREG-1465 |2
RENTHHEIE, B Z RV TS,

1. NUREG-1465 OFHEIE, Atk @ AHEIZ >V T
NUREG-1465'0D ¥ — R # — A, BB EWERRA LY, R FFAZRI R
L7 U BB ENIREBICEDIETERRE LELDOTHY . AFHE
THELTWAERY—F VR LREDY—F VROV THRBIZEENT

W5, NUREG-1465 TXER L L TWABY—4», A EEF1LITTRT,

#x1

NUREG-1465 TR E L TWVWH I —HF A

Table 32 PWR Source Term Contributing Sequences

Flant Sequence Deescription
Surry AG LOCA (hot leg), no containment heat removal systems
TMLE’ LOOF, no PCS and no AFWS
v Interfacing system LOCA
S3B SBO with RCP scal LOCA
5206 SBLOCA, no ECCS and H; combustion
5ID-§ SBLOCA with 6" hole in containment
Zion S2DCR LOCA (2"), no ECCS no CSRS
S$2DCF1 LOCA RCP seal, no ECCS, no containment speays,
no coolers—H; bum or DCH fails contzinment
SIDCF2 S2DCF1 except late H, or overpressure failure of
containment
TMLU ‘Transient, no PCS, no ECCS, no AFWS=DCH [ails
conizinment
Oconee 3 TMLE' SBO, no active ESF systems
SIDCF LOCA (3"). no ESF systems
Sequoyah S3IHFI mRC?. no ECCS, no CSRS with reactor cavity
S3HF2 S3HF1 with hot leg indeced LOCA
3HF3 SIHF] with dry reactor cavily
5B LOCA (™) with SBO
TBA SBO induces hot leg LOCA—hydsogen bum fals
containment
ACD LOCA (hot Ieg), no ECCS no CS
sl SBO delayed 4 RCP seal failures, only steam deiven
AFW operates
SIHF LOCA (RCP seal), no ECCS, no CSRS

§IH

LOCA (RCP seal) no ECC recirculation

SBO  Station Blackout
RCP

CS  Containmen|

LOCA  Loss of Coolant Accident

DCH  Direet Containment Heating

ESF Engineered Safety Feature
CS Redirculation Sysiem

) CSRS
ATWS Anticipated Transient Without Seram  LOOP  Lass of Olfsite Fower

NUREG-1465 Tid, BEARFHEFIIFE LI bR FIFHEMA R~ Sh AR
EFPOEIGIZONTER 2D L ) RERERE 7 = — X\ T 2 HHEIE, &

HEFR 2B E L TV 5,

1 Accident Source Terms for Light-Water Nuclear Power Plant
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NUREG-1465 O THIB X HI TS X 91T, NUREG-1465 D Y — R & — AR
DIABICELIEA DEH L — TV AR LERENR Y —RAFX—LThH D,
RRlZ, FOBRERICEREICHKE SN BREYE R KE L 258 R TXER 2
= AE LT, AFMTHERE LTWAS TRAENT LOCA BFIZ ECCS HEA KR
CVATFVABEAEZRMTBHY—FT VR 2ELEE TV RERETTH LD
REINEZHLOTHD,

#£2 FRTFEARZ~OKHES (NUREG-1465 Table3.13)

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

Duration (Hours) 0.5 13 2.0 10.0
Noble Gases** 0.05 0.95 0 0
Halogens 0.05 035 0.25 0.1

Alkali Metals 0.05 0.25 0.35 0.1
Tellurium group 0 0.05 0.25 0.005
Barium, Strontium 0 0.02 0.1 0

Noble Metals 0 0.0025 0.0025 0

Cerium group 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 1s maintained.

HERERDE 7z —ARFIRELLUTOI I IZEEINL TV, \

« Gap-Release/Early In-Vessel
PRE R EREROX v v 7 b OH (Gap-Release) &, BREIOERIC
B R ARSREEE COFELMLOKE (Early In-Vessel) Z487%E,

» Ex-Vessel/Late In-Vessel
RFIFAREE. FAOBEMIF LIPS OKE (Ex-Vessel) BT 1 &KF&IZ

\ W LIcERREBD O (Late In-Vessel) ZAB7E, /

BEENREAL TOLLFELNEMZESE L. EFRAESI BT 2 ELERBD S
A I TITOWT, MAAP%Z FAV 7= FEMT S S & NUREG-1465DARTE # Ll 35 & |

®3IDLEBY LB,

£3 WHRKLOREFIFRERPBERITDLIETOIA I T OHER

PREH R E R BRMA L
Xy v 7oA EHE
DI E i 5 HifE

PR DBRLE L TR
BB RFIR RS EZBET
5 E TOHIM

MAAP

0~#9194>

#1947 ~#91. 6FFRE

NUREG-1465

0~30%y

304y ~1. 8HFE
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DR R R FRFARBREDZ A I JITonTiL, IZERLCTH Y,
BARERD P RKB R SN2 OFRERICKE 22T RV L HBT LT
W5,
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NUREG-14650 ¥ — A & — AL, {ESRBEEEREL 20 RICL T\ D, ZED=®, K
Bz T, NUREG-146500 Y — A Z—2h (LATF, [BH Y —RAZ—5b] L))
% EIRBE B IR R OMOXIREHZE 4 256 OFREICEI L, 1999452 55461[H]
ACRS (Advisory Committee on Reactor Safeguards) &S FTBIB VW TERNL
INTWVWD, £ITIE, ACRS B, EABEEEAEL R UMOXIRE~ D A IZ-DW\ T
HWr 5 =D — VOB B R OERT —Z OINERMLEL a2 A bR
RENTWD, ZhiZx L, NRCRF v 7ix, EFEMIZY —RF—L~DEEIX
RNEEZXBNRD EHRALTVS,

Z D%, HHH 7 = — XORGRER R SRS LV — T ORHEISICE 2 5
BEZZOVWTEHEMERRXATOBERIPIITOATEY, ZOKEMRN
ERI/NRC02-2022 (20024E11 ) ICE O BRI TWS, ZOEmmDfERE L
T, UTFIZRTHEY, BRI REIBEFENZTONTVWEHOD, ERBEE
BB OMOXIRBHZ X L THEH Y — R X —ADBEAIC DWW TEEE R TWS
H DO TR,

Finally, there is a general expectation that the physical and chemical forms of the revised
source terms a8 defined in NUREG-1465 are applicable to kigh bumup and MOX fuels.

(FRI/NRC N2-202 SFAE)

wam SN ERBEEE RN T, BRBHE B R DB KIRBEEETOGN/ t, 1P L IR GE
BES0GWd/t xR E LT3,

HAFEARNVOEROME M E L ORI N & 7 = — X OfkEe R & YR 4P
AR ZRAN~OHRHEIE D 5 bEBRBEEREHCONT, Z2E1DOXRE6 KUET
(2773 (ERI/NRC 02-202 Table 3. 1% U'Table 3.2), DI v I NOEEIL,
NUREG-1465DfE% R L TW5, 7o, EHOBUEL R —oMicfficahTnd
DX, "RFNVNTHE—OEENERBE INRo GBI 2 EHEMFEOHELE
ETH D, &7 = — ADfGER R UL ~DFESHABNKREWFH R,
nalfy TR ERO I N—TORHEIEIZ OV TIE, NUREG-1465 Dl
EHhFBRELEIRTWS, £, ZOMOBEE I LV — T2V TR,
NUREG-1465DFfE L ¥ KZ RMHEI GBI REINTNE T —A b HDHH DD,
THHDOBDITRBEE L IXBBEROREEEICILIDZLOTHLZ b, ER
BEEEREL LRI CESERATE S LT 5,

UL ED#EROFER L LT, ERI/NRC 02-202TiX, BIH LD L BV EREE
BEPREHZ 5 LT HNUREG-1465D Y — A ¥ — A% EATX 5 b D & fEswftiT T

2 ACCIDENT SOURCE TERMS FOR LIGHT-WATER NUCLEAR POWER PLANTS:
HIGH BURNUP AND MIXED OXIDE FUELS
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728, KEDOHHIEAE TH HRegulatory GuideD1. 1831233V Tix, NUREG-1465
OB G & REHE THRK626Wd/t £ TOMRBEE ORELE TERTE S %
DELEDTND,
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3.2 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-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 inventory caleulated with the maximum core radial peaking
factor.

'® The release fractions listed here have been determined to be acceptable for use with currently approved LWR fel with a peak
burnup up to 62.000 MWD/MTU. The data in this section may not be applicable to cores contaning mixed oxide (MOX) fuel.

ZOH G EH Y — A F — L& mBRBEEEREFOMOXIAEHZ E A 3 2 358 ORI
XL THREBTHhATEY ., 2011FE1AIZX, > F 4 TEMHEFT» LHRESE
BHIN TS, (SAND2011-0128°%)

AR BT VoI FICKEL FETHERE I N —TFITo0
T, ERREEEREI R OMOXRELORHEIAIX, 2B 1 D0ORSKRVEKIIRTER
D, ERBEEREIOZNLE LI ERDZBOTIHERVWI EBREINTVS, Z
DI Lt BB TIL, NUREG-14650 A EE EE B OMOX AL oD 38 F 12
DNWTHEEINDILOTIIRNWEEXD, RAXEFNLDOT—F 2B LT,

F4 SR CORFIFRMATR~ORHEIE O

ERI/NRC ERI/NRC SAND SAND
NUREG-1465 02-202 02-202 2011-0128 2011-0128
(EprBERED * | (MOXJRED) * (B BRBEIRE) (MOXJA R
A 1.0 1.0 1.0 0.97 0. 96
L% 0.75 0.85 0. 82 0. 60 0. 62
A 0.75 0.75 0.75 0.31 0.55

X BEEOEPRRINTWSD, EHEEZER L,

UEDE ST, BRI REBEFELHDLHLOD, BAEOHMA TIX, BREE
BRELE OMOXIREBHZ R L THEH Y — A I —LEZEBEEINTWVWAHDO TN
Z & DRegulatory Guide 1.183, ERI/NRC 02-202}% UXSandia ReportiZ;m X 31T
W5,

REVES RO REREEE L. 7T BREHT556Wd/t, MOXERELT456Wd/t TH 5
Z &b, ERI/NRC 02-202i2334F @ &G, REHE AR DB B ABEEET56GWd/ t

3 Accident Source Terms for Light-Water Nuclear Power Plants Using High-Burnup or
MOX Fuel
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J U'Sandia Report i F#EFH, PAEIE & i mpRBEEES9GWd/t & ik Ui A 4G
FNIZH D, 1=, BREMERBRBEEIL T T L RBET616Wd/ t, MOXERELT536Wd/t
TH Y, Regulatory Guide 1. 183\T78 I 12 16 FAFEEH ., PREHE S = A BEEE62GWd/t
OHEEANIZH D, 20D, FRHEEEINTWVWRVWESR Y —AFZ—L20O@EH
IXFTRE L HIT S5,

ERI/NRC 02-202iZ7~ S 7= B A OISV TIX, EMFEOER LM
NTWBZ &, Sandia ReportiB#&DEEIZ OV TH., MOXBREHZ DWW TITE—
DR FIFEMBRROBIR LR R L LT2fEiTicE K-> TV, KENRCIZA— Y
FTARXEINTELDOTERWNWZ LEERE L, 5 EIOFMIZISV TIINUREG-1465D
BiEx A=,
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2. S EIOFMET VL TOEAM & MAAPFEHT T O L D HeBk iz DT

[KHEMT LOCA BFIZ ECCS AR UEMBR IR A S VA EAEZ KRBT H—F v
R | BT B RTFEMEZRNA~DOHHEIEIZOWVWT, SEIOFHEET L TD
SEAMlRE S & MAAP AT COFHBRE BRI O\ T OB #E 52, /-, LB HES
E 12577,

A EIOFAR TiX, NUREG-1465 (2R STV A EIE CRAFEMA S IR S
N, =7 a Mo Tk, RIFFEBHAERE~DOLESCREBRHES A
TVAIL L HDBREEZZBR L, RTFBEMARSRA~DOKHEEIEEZREEL TV,

—J, MAAP 22— R ClE, WEBSINEFHMERIC L V., RAFEAARSR KM
LOTTa Y NVOWLEIZLBREDREL U TKEKIENREICHED BERm - KE~D
waE, ENEBELEEBEL TBY, RAFRARSAKIHETIRES Y AV T,
JRF IR ~OKRHEIEZHHE L TW5D,

LD bR F PR RN A~OBHEIE IOV TIX, SEIOFHmFER % MAAP
a— NIZXAFHERER LT A L, BENNESVWERELDY, T XTOEME
Wt L TIRSFBTIX 2V, L L, BHESEEFHMICEERT ST 5/ FF
BB~ DOEHEIGIZOWT, 4 EIOF MRS R % MAAP =2 — RNIZ X % 5FlifE
BLUBTILE, BENPKEL R-oTEBY, BSFHRERLER->TVSE, Zh
iIX, MAAP =— RIS hi-=7 u Yy Lo BREESOFMKIC L 5 EHERE
N, SEIOFMTOEBDHDRICESRTRKENVEDTHD, Lo T, RKFIFHEMN
R ~DESRERD OBHEEIEDOREICOVTIX, KEOREHR Y —RF
— L Cd 5 NUREG-1465 | Z/R Sz B Z VW5 Z & TIRSFIICFHME T X 5
i,
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# 6 ERI/NRC 02-2021281) 2R FIFEMAE~DOHE (BRBEERE

Table 3.1

PWR Rel

Into Containment (High Burnup Fuel)’

(2%1)

Gap Release Early In-Vessel Ex-Vessel Late In-Vessel
Duration {Hours) 04 (05) 14 (13) 20 (20) 10.0 (10 0)
Noble Gases 0.05,0.07; 007, 007; NE® | 0.63, 0.63; 063; 0 65; 1.0TR 03 (0) 0(0)
(0.05)
Halogens 0.05 (0.05) 0.35; 0.95TR (0 35) 0.25 (0.25) 02 (0.1)
Alkal Metals 0.05 (0.08) 0.25; 0.90TR (0 25) 0.35 (0.33) 01 (o1
Tellunum group 0.005 (0) 0.10; 0.30; 030; 0.35, 0.ITR 0.40 (0.25) 0.20 (0.005)
(0.05)
Barium, Strontium 0 (0) 002, ™4 (0.02) 0.1 (0.1) 0 (0)
Noble Metals (0) {0.0025) (0.0025) {0)
Me, Te 0 015,02;02;0.2; 0.7TR? 002;0.02,0.2;02; TR 0, 0; 0.05; 0.05, TR
Ru, Ith, Pd 0 0 0025; 0.0025; 0.01, 0.01; 00025; 0.02; 0.02; 0.02; TR 0401;0.01; 0.01; 0 10, TR
0.02TR
Cerium group (0) (0.0005) (0.005) ()
Ce ] 0.0002, 0 0005; 0.01; 0.01; 0.005; 0 005, 001; 0.01; TR 0
0.02TR
T, Zr [i] 0.0001; 0 0005; 0.001; 0.002; | 0005, 0005; 0.01; 0.01; TR [i]
0002TR
Np 1] 0001;0.01; 0.01; 0.01; 0005; 0005; 0.00; 0.01; TR 0
0.02TR
Lanthanides (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 00 00002; 0.02TR 0005; TR 0; TR
Y, Nd, Am, Cm 00 0.0002; 0.002TR 0.005; TR 0 TR
Nb 0;0 0.002; 0.002TR 0.005; TR 0; TR
Pm, Sm 0;0 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 wall be high burnup fuel, This 15 2 significant deviauon from the past when accident
analyses were performed for cores that were uniformly burned usually 1o 39 GWdit

Footnofes to Table 3 1

1
1
3
4

The mumbers 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 fs to assign all releases following the gap release phase to the early in-vessel phase.
NE=No entry; the pancl member concluded that there was insufficient information upon which to base an informed opinion.

Barium should not be treated the same as Strontium. There is experimental evidence that barium is much more volatile than strontium, VERCORS and
HI/VI (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 NUREG-1465 lanthanide grouping, .g., one group, while two panel members subdivided the group into four subgroups.

# 7 ERI/NRC 02-202iZ81F 5 R FIF AR SR~ (MOXEEED

Table3.12  MOX Rel Into Containment”
Gup Release Early In-Vessel Ex-Yessel Late In-Vessel
Duration  (Hours) 0.3;04,04;04,04 (0 SJ' 14; 145 L4 14; 1.5 (L3) 20 (2.0) 00 (100
Noble Gases 005, 005, 005; 0,035,007 0.65; 0.65;0.753; 0.93; 0,02;03, 03 TR a (o)
{0.03) 0.95 TR*(0.95)
Halopens 0 05; 003; 0.03; 0,05, 0.07 0.325, 0.35; 0.35, 0.375; 015;0.2; 025025 TR 0.2, 0.2;0.2; 0.2; TR (G.1)
(0.03) 095TH (015)
Alkull Mewads 003, 0.03; 0,03; 0.05; 0.07 0.25; 00.30; 0 30, 0030; 0.65TR 0.25; 025, 0.30; 030; TR 0,10, 015, 0,15, D15, TR
(0.05) (©.25) 0.35) 0.1
Tellurium group 0; 05 0; 0.003; 0.005 (0) 0.1; 015 0.3; 0.35 0.7TR 0.4; 0.4; 0.4; 0.4; TR (0.25) 0.1;02;¢2;02; TR (D.005)
{0.05)
Barjuny, Strontium NE', NE,NE; 0,0(0) ME, NE, NE; 0.01; 0.1 {0.02) NE, NE, NE_; 0.1; 0.1 (4.1) NE, NE, NE, 0; 003 (1)
Nobls Metals () {0 0025) (0.0025) )
Mo, Tz NF, NE, NE; 0,0 NE, NE, NE; 0.1: 0.1 NE, NE, NE, 001,001 NE, NE, NE; 0.15 0.1
R, Rhy, Pd ME, NE, NE; 0; 0 ME, ME, NE; 0.05; 0.1 NE, NE, NE; 0.01; 0 01 MNE, NE, NE, 001,001
Certam group () 10.0005) {0.005) @
Ce INE, NE, NE; 0; 0 ME, 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 ME, NE, NG; 0.001; 0.001 NE, NE, ME; NE; 0
Np ME, NE, NE; 0; 0 NE, NE, NE; NE; 0.01 NE, NE, NE, 0.01; 0 012 NE, NE, ME; NE; 0
Lanthamdes ML, ME, NE; 0, ¢(0) NE, NE, NE; ME; 0.003

{0.0002)

NE, ME; NE, NE, 0.01 (¢ 003}

KE, NE, NE; NE; 0(0)

Th numbers in parenthesis are those from MUREG-14635, Accident Source Terms for PWR Light-Water Nuclear Power Plants (Table 3.13),
TR = 1otal release. The practice m France 15 to not divids the source tenn into carly in-vessel, ex-vessel, and late in-vessel phases.

NE = Mo eniry; the panel member concluded that there was msuilicien information upon which to base an mformsd opimon.
‘Thie values wn Table 2.12 are for releases from the MOX azsemblics i the core and not from the LEU asscmblies.
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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 Rel Ex | Release Late In-vessel Release
Duration {hours) 022 45 48 143
0.5) 1.5 20 10
Release Fractions of
Radionuclide Groups
Noble Gases 0.017 0.54 0.011 0.003
(Kr.Xe) (0.05) (0.85) (0) 0)
Halogens 0.004 037 0011 021
(Br.l) (0.05) {D.35) (0.25) (D.10)
Alkali Metals 0.003 023 0.02 0.08
{Rb. Cs) {0.05) {0.25) {0.35) {0.10)
Alkaline Earths 0.0006 0.004 0.003 -
(Sr, Ba) {0) (0.02) {0.10) )
Tellurium Group 0.004 0.30 0.003 010
(Te, Se, Sb) 0) {0.05) {0.25) (0.005)
Molybdenum = .08 0.01 0.03
(Mo, Tc, Nb) {0.0025) (0.0025) {0)
Noble Metals z 0.006 [0.0025] 2
(Ru. Pd, Rh. atc.) (0.0025)
Lanthanides = 152107 1.3x105 =
(Y.La, Sm, Pr. etc.) (2x107) (0.005)
Cerium Group - 152107 2.4x107 -
(Ce, Pu, Zr, etc) {Bx107) (0.005)

9 SAND2011-0128 (2B} R FIFHEME I ~DOHH (MOX B&%EH

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- | Rel Late In-vessel Rel
Duration (hours) 0.36 44 65 16
Ia_ﬁni i1.3] |2,Di ilDi
Release Fractions of
Radionuclide Groups
Moble Gases 0.028 0.86 0.05 0.026
[Kr.Xe) (D.050% (D.85) (o) @
Halogens 0.028 0.48 0.06 0.055
(Br.0) (0.050) (0.35) (0.25) (0.10)
Alkali Metals 0.014 0.44 0.07 0.025
{Rb. Cs) (0.050) (0.25) (D.35) (0. 1qg
Alkaline Earths - 0.0015 0.008 S0
(Sr, Ba) (0.020) (0.1) @)
Tellurium Group 0.014 0.48 0.04 0.055
(Te, 5e, Sh) (0) (0-D5) {0.25) (0.005}
Molybdenum : 027 [D.0025] 0.024
{Mo. Tc. Nb} {0.0025) (0)
Noble Metals - 0.005 [0.0025] axio®
{Ru. Pd, Rh, =ic.) (0.0025) (D)
Lanthanides - 1.4 2107 3x10° .
(Y. La, Sm, Pr. etc.} {0.0002) (0.005)
Cerium Group - 1.0 x107 5x107 -
{Ce, Pu, Zr, etc ) {0.0005) (0.0O5)
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(2% 2)

BB NV—TDONERIZHONWT

NUREG-1465 O & #ABE BERABEC MOX AL D@ FHIZ DWW T, BMEDH R T,
BEIND D TIIRVS DO, EPRBEEIREL K UMOX BREHZ X9~ 5 NUREG-1465
DR ICET 2 EMAF TOFEIRDOH T, NUREG-1465 (ZHATRKE 2HEIE
REINTVWAEEIN—Tbd 5, KiHETHWEET AV TOFHEIZIB VT,
BRI N—TDONREHERT 5,

BB S 2 HEE (2D T, NUREG-1465 (TR SN BT L —
TORRE LT I-131 EMEBRBRHEZE 1012, T ~vBT RV 0. 5MeV #E
ExFE 1R T, 1-131 EMERE T\ n ¥y (3 7FEE) 2358 55%. Ce A
#115%., Cs FHH 12%., La B 12%, ZOMBKT % Lie>TEY, v ##
TRV 0. 5MeV HAEIIFHH AN 91%., »uaFy (FUFRHE) 7%, Cs
2%, EOMPBHK1L%ER>TVNS,

728, MOX #REHZ X9 % NUREG-1465 i FHIZBET A2 HAFK TOERDOH T,
NUREG-1465 |Z bR TR E 2 HBIEBRESN TV S Te HL RUEHIZHOWTIX,
RRF~OHESEMEIC BT 5 FEEEIT/NE L, RFFHOBAIZITKRE 2
BERIETHOTIER,

# 10 BREICHHE I E OSBRI NV—T DGR
(I-131 & MmEHE)

B L O e F 2 HFE5EE
(Ba) (%)
Xe #1 0. OE+00 0
I8 8.2E+13 55
Cs 1. TE+13 12
Te 38 3. 8E+12 3
Ba 8 6. 1IE+12 4
Ru ¥ 5. 9E+11 <1
Ce 18 2. 2E+13 15
La 31 1. TE+13 12
&t 1. 5E+14 100

(F1) 7 HHEERHE
(FE2) AIBIESHTEZMHBEAL 2HTICHDTME
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F 11 BREICHHE I Y E DL BRI V—T DWNER
(o< RILX 0. 5MeV 2 E)

AR e E L 2 HHEE

' (Ba) (%)
Xe 3 8. TE+15 91
13 6. TE+14 7
Cs¥8 1. TE+14 2
Te 38 3. 1E+13 <1
Ba 38 1. TE+13 <1
Ru 38 9. 9E+11 <1
Ce ¥ 1. 1E+12 <1
La 38 2.9E+12 <1
N8 9. 5E+15 100

(F1) 7 HFMEERHE
(FE2) AIBIESHTEZMHZBEAL 2HTICHDTE
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WAERFT.2.1.1.9

RN R E~D=T 2 Y/ VDI BE N RIZHONWT

R IR MERAICBIT 2= T e Y LOHREEFEIZOWT . HHEEAN BT
TR E AR (LT, NUPEC &9 %,) (X S8t [SEAK 9 42 NUREG-1465
DY —RAY — KE RS E R RO MICET 2 HEE) (FRk 10
#3H) (LAF INPEC#EE] L325,) I2BWT, =7y VOBEHLER
EExRAWEETARRSE STV,

ZOETIVOMEE L TIZRT,

JRFIF AN CORNILEEEZ k, &35 & RFIFRMERN O
DRAEFRDOUEEIZ X DB RITRFFHRAREND—RICIREG S TWS
boE L, UTOXNLRDOOND, 708, HFHEERT 3 ShF OJF FIFH& A+
R K R F R A as B R IAROMEZ VT 5,

Ay = &g ﬁ—f
g
Ly  BARULER (1/s)
k, : BEILEEE (n/s)
A JRTFIFRSIA 2R R A ()
V., JRTFFRRMASR B B A o)

ZIT kDEHIZOWTIE, =7 e Y ARKBT BEEOKEE 2 RD D
XTHEHEA =7 ADKXZEHL, LTOXIIRIND,

_2,(P,—P)g 2, P8

kg
u, Su,
r, T7aYL¥EMm)

p, :TT Y LEE(ke/m)
p, REOEE (kg/m’)

g BHIEE (n/s%)

e 2 REDHKE (Pa - s)

BNRNTA—FZOEZRLICELDD, BB, ZTZTRLENRTA—ZIX
NUPEC #iEZE IR I N TV AETH 5,
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£1 FHHIZCHAWZ T A—4
PNE Rt fig fii %
CV IKififg (m?) 1250 AxaHE
CV HHE{ERE (n°) 65500 A e
T Y VEE rp () 0.5X10° | R lumD=7 Y LEHEE
7T aY VEE pp (kg/m’) 3.2X10° | NUPECH&EEL Y
~F i -+~ v b

[EOBE py (ke/nd) - g MR R <l R
BEAOMEE g (w/s?) 9.8 HEFERLY
KIEDKEE pe (Pa-s) 1.8X10% | NUPEC #&EE L Y

(%)

NUPECI Rk 9 4EEE  NUREG-1465 0D Y — A & — L& W= Bt e E i B ORI

Hdo%mEE

(1) B2ATLHE

- mHAA
cfHEaITR (HR)
- BRI OR (FR)

« Csl(Zy Ov))

» Cs,Te,Sr,Ru,Ce,La

(FERk 1043 H) )

el

REPF R R oI HFE S FERICEA LRV,

PR BUR ONGREAF v AN & S R ERIZTERE L 2V,

9.0x10¢ (I/s) : HAWLEE (1)

CSE A6HBRO D il 3 7 R OBEELL TIE, RRl0osr TH#IK10°
pgm*TH-=bDA, B30/ T1L9SX 10 ugm3 72 %,
xd=—ﬁ log (1.995x 10°/10°) = 9.0x 107401 /)

1.9X10% (1/s) : HARILAEHR (A

1ltmOREZIOLTY OVILOEHEFEEEEZH L, FHELH
IZ—RRIZBALTWA EREL T, BMASRKERE B f (kR
EDRERUCTROENS,
_2r7(p,-p)e _21,°p8

- ou, u,

C2x(1 x 1006/2)x32x 10° x 9.8
- 9x18x10°

A=V, %F ~9.68x 10 *x %‘g_ =1.9x10°(1/5s)

CsleF CHWET S,

Ve

=968 x 10 (m/s)
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wATERT7.2.1.1. 10

A F VLA E BT e NVOBREFREOREIZOWNT

HRFHERIF L bR IR RARS~ I S s 0 28K, LR OB
WL, IEERIEEIE T TR AT VAL BREZEDOHRIZE-TH, FHF
FHMBZRN TOEBICEEL T 5, 76> T, NUREG-1465 ° MAAP (ZiZZh
b ODEEIFR LM, FHMEET VB NITIERICESERESNZEEI RS
nTBH, FEHA FTHLINOLHROBRIZOWVTHRIN TV S,

ZDH2HbTa Y MIKTEARAT VA NROZBEIZONT, Kl TR &
L TZ%E & L7= NUREG-1465 TIXZ DHRIZOWVWTHEINIBET AL LT
WAHZ EBBEE X, SRP6.5.2 ICBWTREND T B Y MIKTHARAT LA %)
BN NUPEC EBRERICESWERATF VA REANVLZ L E LTS, RE
DEZIFIZOWTUTIZER LT,

1. SRP6.5.2 =7 Y MIxtTHARAT LA RDOK

X[E SRP6.5.2 TIX AT VA HERIIBIIAARAT L AL BT Y/ VDK
EHFEEZUTORICEIVEHRLTWS,

Z DFHERIL. KEFR T T > b (US-APWR, AP-1000) DFREHELHEF ST X
HEMCBNTHLHWLNTEBY, £, VET T2V T Y MEFTa— R TH
% MELCOR *°MAAP I[ZHAIAENTNLEHDTH S,

_ 3hFE
S 2VD
As: A7 LA BE#EE] h: 27V A &K% FE S (]
V: 27 LA B8O FFE (] F: 27V A fik[n’/h]
E : fEHE[-] D: A7 VA {EHMEL m]

2. ATVAFE (E/D) DBEIZOWT

ATV DHERERETNTA—Z L LT B—RHICLREDREZRT N
TA—F THHHEDEEEARAT VA RHEZD TRLZME E/D AV
Do —HRENZ A T VA RIEEED/NSWVIEE E/D OEIEFKRE L RHEMIZH Y,
ARATVAHYETIZED X 10n' UL LR TE 5 SN TW5 (SRP6.5. 2),
EE L ARICHERBREND R 2D LBREINHIRBRA T VA OFEMRFIZIT
EDIFETTHZERNEZLOLND,

SEOFMTIX, EDZETEREL, FOZLUMHIZOVWTLUTIIRT,
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e
APV A EHEEED : /I AT LA BEIHEED : K
= REEMAE: X = RERE/MAEHE : /)
= AL VAEED : K = AL VLAHEED : /)
X A7 VAHRIZHONWT
(1) NUPEC B

[HEERBEMLRETM (RPN AREEMEELEE) ICET 2RER
EEVR 15 4 3 AMEEANRF AR EEMEE) 2B\ T, Y777
TV MEDRT LA OBRIT OV CTHBERBR R OFE A LA T 0 v FEii X
nTnws, ZOEREZEA L, KM TIIATLA2%F (E/D) %27 LERE
T 5,

B, 7T AERAT LA BEIZONTIE, =7 1 Y LORRYE
# (DF) b HMEIZET D LBREEEIFELHIT/R S &V H NUREG/CR-0009
DFERIZESE | S EIOFHE T, BREFFEREDFEOCNITRHBERODF &2 [
v A7 DF] LZEFEL, SRP6.5.2 ICTIREENTWA Iy FAT7 DF L[
U 50 LERE L7, SRP6.5.2 TiX DF50 E[ZELIKEIX, E/D % 1/10 LT 5 &
DEZFLRENTEY, FOEZIZWEN, By hA4 7 DF50 28BX 2% 0
AT VA IRIZONTIE, E/D=0.7 LEEE LT,
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A 517, FAEBICEEIEOBWROEES O R L FERIC, NUREG-1465"% 6 5l L= =
Tu/ABEHEEEERECER TR LE, S, PWROBEIZHNUREG-1465T
AWTWAED=IDEIXA T LA I L BBREDREB/PEAL. = DEEOEDOEIIKT
TREBERLIZIF-ETEoLASM S, Shiz, BWROBE L FIREICREEERE (I
KE) Ik AT/ AREDENRZ LA EMFOFRIELY bREVNIEEZTFLTY

aﬁ

» RTLA LD EHRYE &
. UThIaEh SMEHEE
] LRBHEDDE

15 L
E . Evaluation by NUREG-1465¢ - ;E £
= for this test** spr W D
EIO :fc\& EfD:](m")

o iy
5 . o Natural removal data
.!D Df .
% 5 L R EBHEPWREM
5 i'._‘ Uﬁ EH*"’}&MMMMIGW ﬁ'z]S{m)
L L W g v =1220m)
60 0 180 300 420 540 660 780 F=0.0200m"/ hr)

Time after spray initiation (min)

[3.2-12 PWRIEHEEAES (X 4%5H) R LNUREG-14655 (H{E & D LLE:

(2) 1AREFT 3 BIF~DHEH

AFEERT 3 B4 DA B OFEM Tik, NUPEC BRI ESE  E/D=7 [n"]
LA P

NUPEC DFRER TIXPCCVA L —TF FZ L DY ET T 7 57 v MRIRETRE
L. A7 VA X DBREDREZMER LR, A7 LA RIER 1. 5mm DD
TT, ED=7m"]EDFEENEFELNTNS,

PCCV 7F v P EHRERT3BIF T, Y ET 77 V7 MRORESCE
HZOWTETOERHEZ LD L BN DM . CSEERTORRNS IRE,
ENEDOEEDBENBARAT VA PRIZEZDEEBII/NIVDIZHL, ATV
ARERDIIREEEBEZEXDZ 080D (1 2R),

£ o T, NUPEC DRBRER THAE/ND=7 m1ZEHT A=D1, A7
ARIEED 1.5mm &2 ERISHRNWT L 2R THILELRD S,

AT VARBRIZOWNWTIER, AT A ) AV EBRHENDBEOHRETRE S
LOTHY, AREFIEFORE. A TS VAR L b LA F2ERT 57
BITIE, A7 VAR THE 100’ /h BULETHD, SEIOFMETHWZA
FEIT 3 B ORBBARIAT VA itk 140m°/h & 100m’/h) THY, A
TUARIEE L 5mm LA T2 ERTE TCWAHD E/D=7T2EHAT5Z LI3%Y
ThHb,
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SE!

CSE & —# ( “Removal of Iodine and Particles by Sprays in the Containment
Systems Experiment” Nuclear Technology Vol. 10, 1971 )

CSE TOZKRB TORHGERZ LU TITRT,

TAELE I
Experimental Conditlons—CSE Spray Tests

Run Fun Run Run Run Run o

A-3 A-4 A-G A-T A-B A-9
Atmnsphere Air Alr Steam-air Steam-air Steam-air Steam-air
Temperature, °F 7 7 250 . 250 250 250
Pressure, psia 14.6 14,6 44 50 48 44
Nozzle type = *‘ 4 ¢ b »
Drop MMD, pd 1210 1210 1210 1210 770 1220
Geometrie standard deviation, o 1.53 L33 1.53 1.63 1,50 1.50

i [ |
Number of nozzles 3 12 12 12 12 12
Spray rate, gal/min 12.8 14.8 49 49 50.5 145
Total spray volume, gal 510 1950 1960 1960 2020 2300
I T

“Spraying Systems Co, 3/4 7G3, full cone. ©525 ppm boron as HyBO; in NaOH, pH 9.5.
bSpraying Systems Co. 3/8 A20, hollow cone. 3000 ppm beron as HaBOs in NaOH, pH 9.5,
“Spraying Systems Co. 3/4 AS0, hellow cone, #3000 ppm boren as HsBO; in demineralized water pH 5.

Wass median diameter.

¥, ZOXBETELNER T VA BRI FITRT,

TABLE I
Summary of Initial Spray Washout Coefficients

ns Observed, min™'?

Iodine on Total
Run | Elemental | Particulate | Charcoal | Inorganict
No., Iodine Iodine Paper Iodine
A-3 0.126 0.055 0.058 0.125
A-4- 0.495 0.297 0.063 0.43
A-6 0.330 0.32 0.154 0.31
A-T 0.315 0.31 0 0.20
A-8 1.08 0.98 0.365 0.96
A-9 1.20 1.15 0.548 114

For first spray period, corrected for natural removal on
vessel surfaces.

bIncludes iodine deposited on Maypack inlet,

ZORRENPORERVEAZ B ST THRBRL EME L7z A-4, A-6 RUA-T
TPD” Particulate lodine” DFERZ T 5 &, HFOFHEAT—HLTEY,
REQREZFELC TR, ZTHIZHL, AT VA REZ/NS< L2 A-8 Tid,
BEUEATVAHEREMELTWEZ R0 5,

w7.2.1.1.10-4
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WA EERF7.2.1.1. 11

JRFIF RN 2V EROREIZOVT

Cs—137 DOHHEFHMICH WV IR FIFRMNBRN DDA WVRIZOVWTIL, &

SR CAEET 2 HHNERIZR LEEER L — 7 A0 55, FLRMAE
<, FHERERY, RIFBRMESRNENPELSHEBT I IER S —Fr X THD
[ KR LOCA FRRIZIKEFEABERE, mIEFEABRE R USMAS A 7 L A TEAKERE
MR HHEE (ITBIT 2R TIFEMAZSRANOENBITFE RIS LA v
RIZEH T RIAATEEZREL TWVWD,

JRFIF AR a2 b DI AWV RIT, RFFBARSNEN & ERE O
0.9 fFEDEHNUTOHRSRE (D ITRTHE, B LG QIITRIRE2ERT 5,

() RFIFERESNEND DR EEHERESD D 0.9 fFLLTOSE
EEMBEREND 0.9 FLUTFORZAWVREZRFINFHET S 72 DICEERDOK
(ZNETORFFRTHER) KVREHT S,

L _ AR
L, AP, p,
L3 WA VR

Ld:  BREHRA VR

AP:  JRFIFREMAA ae NI EIE

p: JRFIFRNA SR N B

d:  WAFCRFAVABRFORELZRS
D BRAFUCUREEROREERT

2) RAFENEBRNENDREBEREND 0.9 LY KEWEE
EAREHETE, BEIIEREREOESZRT 720, RAFEMHERN
EHBREREFERESD 0.9 X0 KEWEAIIEREREORBR - ELitoREE
ERT D, WAWRIIEEROR, EMEREORER, £I3ElkEZE L
XD 3XNLHELNDEDON, HRKRDEL T 5,
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Pleak’ RO CTORKBEE ' ’ ‘
ik R FREMBRNOSIEORMIERE  p [ s You p
k: RIS MA SR O XKD He# B (kd +J : }:" }

Pota? R

BT MAESR, b ORZIVELE LIoRT, 7. 2 (1), @) Tk
ERRORN HBLNDRAVELR 21T,

JRFIFHANE RN O E S ENTHE R (B BT 0. 360MPa (gage)) (it L 7=k
ZWER (0. 144%/d) IZRBERAATEE LT, BT FERARRNLDOIRZ
WEREPEKME (7 BF) #0.16%/d —EIZREL TS, ZOK, KAVE
0.16%/d \ZHkT 2R FIFHRMABRERES L, &b/ IWEMERE (B ZR
ELEZELTH, K3IZRT LBV 0.40MPalgage] TH Y, R FIFHEMHEZZN
[EDFRMTRERIZH L TR ZE RIAA TV S,

7B, ERITITREOHBIIERERN RV, [EOKMERE, B ET
REXEZZERLICLT, HONDHED S LRKEZFEL TV 5,
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