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1. NUREG-1465DHHHFIE, MR OBEAMIC OV T

NUREG-1465'?D ) — 2 # — L%, MREMEBEMERA LY, RFFARIPBELT 7 U BFHC
BHENAREIZELIETERNRELELOTHY, FFHETHEHEL TWAFRI— 7 X LH
BOV—F7 ROV THRHARIZETN TV D, NIREG-1465THRRE L TWA Y —F U A% E 1

FITRT,

13K NUREG-14656 TRRELTWHI—F R

Table 32 PWR Source Term Contributing Sequences

Plant Sequence Description
Surry AG LOCA (hot leg), no containment heat removal systems
TMLB' LOOF, no PCS and no AFWS
v Interfacing system LOCA
S3B SBO with RCP seal LOCA
52D-8 SBLOCA, no ECCS and H; combustion
S2D-p SBLOCA with 6" hole in containment
Zion S2DCR LOCA (2"), no ECCS no CSRS
S2DCF1 LOCA RCP seal, no ECCS, no containment sprays,
no coolers—H; bumn or DCH fails containment
S2DCF2 S2DCF1 except late H; or overpressure failure of
containment
TMLU Transient, no PCS, no ECCS, no AFWS—DCH fails
containment :
Oconee 3 TMLB’ SBO, no active ESF systems
SIDCF LOCA (37), no ESF systems
Sequoyah S3HF1 }.1.000(‘.1‘.:1 RCF, no ECCS, no CSRS with reactor cavity
S3HF2 S3HF! with hot leg induced LOCA
3HF3 S3HF1 with dry reactor cavity
S3B LOCA (™) with SBO
TBA SBO induces hot leg LOCA—hydrogen burn fails
containment
ACD LOCA (hot leg), no ECCS no CS
S3B1 SBO delayed 4 RCP seal failures, only steam driven
AFW operates
S3HF LOCA (RCP seal), no ECCS, no CSRS
S3H LOCA (RCP seal) no ECC recirculation

SBO  Station Blackout
RCP  Reactor Coolant Pump

PCS  Power Conversion System

cs Containment Spray .
ATWS Anticipated Transient Without Scram  LOOP  Loss of Olfsite Power

LOCA  Lossof Coolant Accident
DCH Direct Containment Heating
ESF Engineered Safety Feature
CSRS  CS Recirculation System

NUREG-1465Ti%, ERFHFFIZIF LD bR IR ~H SN A S RERD DEIGIZD
WTE 2RO L ) RBERERE 7 = — X 2 EEIE, KHERFEZRELTWAS,

! Accident Source Terms for Light—Water Nuclear Power Plants
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NUREG-1465DH T HiR 25TV 5 X 51, NUREG-14650D Y — A & — A TIE LIARICE A 4
DER— TV ABRICLERRR Y —RAF—LTHDH, I, FLBRERICEEICKHIR
DIEEEMENRKEL RIBRTHENR—F AL LT, AFHE TG L LTS TREEEF
LOCARFIZ{REEAMERE, MEEABER B MESRA 7 LA AN LT TR —7 A
EEUERES—F RAERRTDIOIBRESNZLDOTH D,

F2XK RETIFHEAER~OKRHEEEEOKEES (NUREG-1465 Table3. 13)

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

Duration (Hours) 0.5 1.3 20 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 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.

( FHEEROET = —AEAEUTOL > (CEREN TS, )
+ Gap—Release/Early In—Vessel
BREEBEREEOX ¥ v 76Ol (Gap-Release) &, REIOBERIZHE S RTIFASE
BEFE TCORLIPLOKY (Early In-Vessel) %4B%E,
» Ex-Vessel/Late In-Vessel
R RRRER, FAOBRIF L OO (Ex-Vessel) KU1 IWFRIZULAE LIEnER
g ot (Late In-Vessel) %4EIE, )

FEGRRELTHOLIFLPEMEZEGL, R FEARPEB T EZEROZ A I JITo0
T, MAAPZ W= AR EAT 3 B IR DfET#E 2 L NUREG-1465 DR EZX 45 L, 3FKD LB
LB,

FHIR BRI ORFIFESFVPBIBTOETDIA I 7O
BB ERENRMG L, F | POEMABRGE L, ERe
Yy IO BRAEEMELIK | PRFREAGEBREBET L E

H &5 Hi TOHAM
MAAPFEAT 5 B 0~#919%3 91957 ~#91. 68EFRE
NUREG-1465 0~30%y 3043 ~ 1. 8B¥HE
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FLEMBAIER NETFIFEARRED YA I 71220 T, BERCTHY, BEHRERD N
REICHE SN A2 PHOFESERICRKE RET RV EHE L TW5,

NUREG-14650D ¥ — R Z — A, {RRABEEREIZXRIZL TWD, £, KEICBWT,
NUREG-14650D Y — A Z — Lk (LUF, TEHY —RAF—2Ah] LW 5) % mEBRBEEERE R UMOXBREHT
AT ABA OB L, 199945255461 EIACRS (Advisory Committee on Reactor Safeguards)
2EESBIIBVTERIRINTWDS, £ TIE, ACRSH D, ERABEERE R UMOXRE~DHE
RIZOWTHE§ 57 DITITEFT Y — VOB BRUERT —F ODINERLE L I A PR E
NTWB, ZHzx L, NRCAF v 7%, EFERIZY —RZ—L~OEBITRNWEEZOND L
LTS,

FOW%, HHH T = — X0k, SRSV —7OREEISICE X b EEEIZ O\ TEM
FAFNTOBRPMTONLTEY, ZOFEEMERI/NRC 02-2022(20024E110) I2E LD 5N
ENTVW5, ZOFRBOBERL LT, UTIIRTEY, MRTREBEFERETORLTVWS D
DD, ERRBEEEREI R UOMOXBREHIX L THEH Y — A X —LOERICOVWTHEEIN TS b
DTV,

Finally, there iwa geﬁeral expectation that the ﬁhysical and chemical forms of the revised
source terms as defined in NUREG-1465 are applicable to high burnup and MOX Iﬂ'uelsj

(ERI/NRC 02-202 %54 %)

mam S AV BB EHT, BREHE SRR KIABEEETS GWd/t, SF.LOSEEMRBEES0 GWd/t%
XL LTS,

EF AR LOFRDERE L TURENT:, &7 = — XD & O F IR AN ~D
BHEBIEITOWVT, F4-1RRVFE4-2RITTT (ERI/NRC 02-202 Table 3. 1% UTable 3.12),
ROH v aNOEMEIL, NUREG-1465DEZ KL T35, £z, BEROKMEMFR—OMIZPREh
TWA0IE, "FIAVATHE—OHEEREBEINLE»oHRICBIT 2EEMAROMBETH S,
FNENDOEREIZ OV TNUREG-1465 & &< —E L TV 5 LR 5 72V 43, NUREG-14657 5 K& <
B3 X5 REBEIIREIN TR,

P EDOERORERE LT, ERI/NRC 02-202Ci, BIH L7230 LB 0 @IREEEEREHZX L T
HNUREG-14650 Y — A ¥ — LA ZBHTE 5 b D L@ T 5,

2B, KEOHHIEAETH HRegulatory Guide®1. 183123V Tk, NUREG-14653C# D HxHIE
BEPEHETR K62 GWd/tETORBEEDREIETEATESHLDLEEDTND,

# ACCIDENT SOURCE TERMS FOR LIGHT-WATER NUCLEAR POWER PLANTS:HIGH BURNUP AND MIXED
OXIDE FUELS
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32 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 mventory calculated with the maximum core radial peaking
factor.

% 4-13 ERI/NRC 02-202 I} 3 F FIFEMASB~DHKH

(FRRBEBERREL)

Table 3.1 PWR Releases Into Containment (High Burmup Puel)*
Gap Release Early In-Vessel Ex-Vessel Late In-Vessel
Duration (o) 04 (05 14 (13) 20 (20) 10.0 (100)
Hoble Gases 0.05; 0.07; 007, 0 07; NE* OUE), 063, 0 &3, 0 65; 1.OTR, 03 (o LU
(0.05) (0.95)
Halogens 0,05 (0.05) 0.35; 0.95TR (0 35) 0.25 {0.25) 02 @1y
Alkcals Metals 0.05 (0.05) 0.25; 0.90TR (D 25) 015 {0.3%) 0.1 {0 1)
Telharmem grosp 0.005 (0) 0.10; 0.30; 0.30; 0.35, 0.TTR 0.40(0.25) 0.20 (0.003)
Harium, Strontnm o im 00z (n.02) CANUNY] @ (0
Nohie Metals 0} (0.0025) (0.0025) 0
Mo, Te 1] 015,02;02;02 0.7TR® 002,002,020, TR 0, 0; 0.08; 0.05, TR
s, Rh, T o 0 0025; 0,0025; 0,01, 0.01; 00025; 0.02; 0.02; 0.02; TR 001; 0,01, 000010, TR
OITR
Cervam grovp (o) {0.0005) (0.008) o)
Ce o 0.0002, 0 0005; 0.00; 0.01; 0.005; 0 008, 00); 0.01; TR o
TR
Pu, Zr 0 0.0001; 0 0003; 0.001; 0.002; | 0005, 0005; 0.01; 0.01; TR o
000ITR
Np 0 0001; 0.01; 0.01; 0.0 0003; 0 00%; 0.01; 0.01; TR 0
0.0ITR
Lanthamdes (one proup') 0;0: 0; (0) 0.0005; 0.002; 0.01 (0.0002) 000%; 0.01; 0.0 (0.005) 0, 0(0)
La. Eu, ', Nb (1] 0 0002; 0.02TR 0003 TR ETR
¥, Nk, Am, Cm o0 0.0002; 0,002TR 0.005; TR TR
Nb %o 0.002; 0.002TR 0005, TR oTR
Frn, Sm %o 0.0002; 0.002TR 0005 TR oTR
* Note that it was the panel’s understanding that osly sbout 1/3 of the core will be high burnup fuel, The s 2 shguificant devaation from the past when accudont
amalyses were perfiarmed for cores that were uniformly burned ussally to 39 GWdy
¥ mmu-ﬁnmmm:mmmlhnhmuw.w“n;hnwmuuxm
! TR = total release, Th France ng the gap s dpetlhrperhes
! NE=No eatry: the p died that there

mm&hlﬂd&m-m There s evidence that batkm s resch more volatile than stontimm. VERCORS snd
HIPVI (ORNL) cited; these show 8 $0% relesse from the fuel and # 10% delivery io the containment. Stontiem has 8 10% relesse from fuel and
2% to the containment, based upon all data svailahie to date. N o

Thaee pane! mersbers retained the NUREG- 1465 lanthanide grouping, e.g., ane group, while
% 4-23% ERI/NRC 02-202 IZB1T AR FIERMHASE~DHKHE

(7T« 7 b=0 LREBRILYINE

Table3.12  MOX Releases Into Containment
Gap Release Early In-Vessel Ex-Vewel Late In-Yessel
Dursion_(Hoers) 03104, 04,04, 04 05 | Ddiid: LA L4 1S (LT} 20 (20) 100 {100)
Noble Gases 003, 008, 005 0.05 007 0es; mn?s 093 0,020, 0% TR{0) 0 [0y
10.05) 0.94 TR' (0.95)
Halogens 00%; 0:05; 0.05; 0.05; 0.07 0.32%; 0I5; 6,35, 0.375; 01502025025 TR 0X0% 0L 0L TR(O1)
10,03} O9STR (0 35) 0.25)
Alkaly Meetaly 005; 0.05; 0.05; 0.05; 0.07 | 0.25; 000,030,030, 065TR |  0.25; 025 0.3, 0.06; TR 010,015 015,015, TR
(0.05) 0.25) 035 (L]
Tellurnum grosp ;0 0; 0.005; .00 () ul;lls;ftl:‘;nuxam 0 0.4 0.0, 04 TR(025) | 00010202 TR (0.003)
10%)
karium, Swentsum NE', NE. NE; 0, 0(0) WE, NE, NE; 0.00; 0.1 (0.02) ME. KE, NE; 0.1; 01 (01} NE, NE, NI 0; 003 {0}
‘Moble Metals o) (0 0025) (0.0025) ]
Mo, Te NE, NE, NE, 0,0 NE, NE, NE; 0.1; 0.1 NE, NE, NE, 001,000 NE, NE, NE; 0.1 )
T, ik, P NE, NE, NE, 0; 0 NE, NI, NE; 0.03; 001 NE, NE, NE; 0.01;001 NE, NE, NE. .01, 0 01
Corisen group ] (0.0005) 10.005) [
Ce NE, NE, NE; 0, 0 NE, NE, NE, NE; 0.01 ME, NE, NE; 0.01; 001 NE, NE, NE; KE, 0
Pa s NE, NE, NE, 0,0 NE, NE, NE; NE, 0.001 NE, NE. NE; 0.001; 8.001 NE NI, NE; NE 0
Np NE, NE, NE; 0; 0 NE, NE, NE; NE; 0.01 NE. NE, NE. 0.01;0 02 NEL NE, NE; NE; 0
Lanthansdes NE, NE, NE: 0, 0(0) N!.Nl.;f.lel.m NE. RE, NE, NI 0.01 {0 003) NE, NE, NE: NE; 0 (0}
L

NE = No eniry; the

st cuin huded that there wid

Thee vahses wm Table 3,12 se fon relesses from the MOX MthmﬂmMHm wuagmirlsen.
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F D% HEE Y — A F — L% BREEEREHOMOXREHE - 5 & ORBE I L TREMT
O TEY, 201141 A, Vo7« TEXHEFR b @EEFENH SN TV S, (Sandia Report
SAND2011-0128%)

FHAR T Vo e IEL FHBIZKRE S FETHEE I N —FI1To0 T, mRBEERE
BT T 7N h=0 AEEBRCYREOKMHEBIEIX, B-1RRVFE-2RICTT LBY, &
BREEREIOZN L E LS BRI LOTIHRVWI EBRERTVS, ZDZE0b, HEMEICE
WTiZ, NUREG-1465DFREEREC T T « 7V b= MRABRILHIREI OBERIC OV TEE
ENBHLOTIERENWEEZXD, BORIZENLOT—¥FEHE L,

;51K SAND2011-0128iZ81F A R FIFFEMARRs~D i (R EEEERED

Table 13. Comparison of PWR high burnup d and rel 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
|n.5i (1.5) |2.0i IIOl
Release Fractions of
Radionuclide Groups
Noble Gases 0.017 054 0.011 0.003
(Kr Xe) (0.05) 0.95) 0) {0}
Halogens 0.004 0.37 0.0 o
(Br.l) (0.05) (0.35) (0.25) (0.10)
Alkal Metals 0.003 023 0.02 0.06
(Rb. Cs) (0.0%5) (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 0.10
(Te. Se. Sb) (0) (0.05) {0.25) {0.005)
Molybdenum - 0.08 0.01 0.03
(Mo, Te. Nbj) {0.0025) (0.0025) o)
Noble Metals 0.006 [0.0025] -
(Ru. Pd, Rh. etc.) ]D.DCQS!
Lanthanides - 1.5x10 1.3x10-5
(Y.La Sm. Pr. etc) 2x10™) 0.005,
Cerium Group - 1.5x107 24x10
(Ce. Pu. 2r. etc) Bx10%) (0.008)

#5-23% SAND2011-0128iZ3517 5 H F IR A B~ Dt H
(vZ v« 7N b=y MRS HIRED

Table 16. Compari of prop d 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
Duration (hours) 036 44 65 16
(0. (1.3) 2.0 10}
Release Fractions of
Radionuclide Groups
Noble Gases 0.028 0.86 0.05 0.026
(Kr.Xe) [0.050) (0.85) 0] o
Halogens 0.028 0.48 0.06 0.055
(Br.i) 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) (13 rDt
Alkaline Earths - 0.0015 0. Sx10
(57, Ba) (0.020) ©.1) ©)
Tellurium Group 0.014 0.48 0. 0.055
(Te. Se. Sb) ©) (0.0%) 0.25) (0.005)
027 [0.0025) 0.024
(Mo, Te. Nb) (0.0025) (0)
Noble Metals 0.005 [0.0025] 3x10°
(Ru. Pd. Rh, stc.) ;D.DOZ!I 0.
i 1.1 x4 3Ix107 s
{Y.La, Sm. Pr.elc.) (0.0002) gam;
Cerium Group 1.0 x10 5 x10
(Ce. Pu, Zr, etc) (0.0005) (0.005)

3 Accident Sorce Terms for Light-Water Nuclear Power Plants Using High-Burnup or MOX
Fuel
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FEoFX 2HHHIF TCOBMBESR~DKHEIEOER

ERI/NRC ERI/NRC SAND SAND
NUREG-1465 02-202 02-202 2011-0128 2011-0128
(RBRBEEERREL ® | (MOX BRED ™ | (RBABEEERREL | (MOX #R%H
N A 1.0 1.0 1.0 0.97 0.96
X oFH 0.75 0.85 0. 82 0. 60 0. 62
Cs ¥8 0.75 0.75 0.75 0. 31 0.55

¥ HEEOEMERENTWARED, EHEEFER L,

UED XS, BRI RXBEFERHDHOD, BEOCMRTIE, BIREEERE R UMOXR
BHZH L THEHF V—RAF —LAEZBEINTWVAD LD TIEAeWZ & H3Regulatory Guide 1. 183,
ERI/NRC 02-202% U'Sandia Report|Z:R & TV 5,

BREF 3 BFOREESEORRREE X, 77 PRET56Wd/t, T « TV =T A
BE B LR ET456Wd/t TH D Z L A5, ERI/NRC 02-202(235() S A4, BREESEOK
EABEEET5GWd/t }e U'Sandia ReportDiEFHHEEE, HREHE & AR mIABEEESIGNd/t & Ll Uil A4
FERNICH D, £7-, HREEF 3 SFOREHERBREE TV 7 VIREFT6IGWd/t, ¥ T - T
b= NRAERLPIRELTE3GWd/t TH Y, Regulatory Guide 1.183I\Z/R &N 5 %M, MRE
R RIRBEEEG2 GWd/tOFHENICH D, D79, ARBFHT 3 BFICHL, EHETESINL T
BRWEFHY—RZ—LDOBEA XA L M S 5,

ERI/NRC 02-202{Z7R SN 7= HEBIA OEMEIZ W T, EMFOBER LS TNS Z &,
Sandia ReportEE#OEYEIZ DV T H, MOXIREHZ DWW TIZE—DRMER DI E2 35 & LI-fiF
iz EEoTEY, KENRCIZA—Y T4 XENEZHLOTIRANWZ EEZEEL, SEOFMIC
B TIiL, NUREG-1465DHfE % A\ /=,
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2. SEIOFHEET NV TOFH & MAAP gt T DFHI D HeBkiz >\ T
2.1 FEFIFEABERI~OBEEIEICONT

[ KA LOCA BRI MREEASERE, MEEABERURAESR A 7 LA EABENERT HFE
W — R BT DRTFIFEMBBRA~OBEEIEIZ OV T, EFFRMESREEROT
TaYNVRIFICRTHDF &1 & LIcHaeD, SEOFEE T /L TOFHIifE R & MAAP fi#HT T
SRS RICOWT OB EZE TRIC, £7-, HBFHEEZESRITRT,
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F1E BEREHEOHAE L-BAD L > FBLFEERE
(NUREG/CR-5732, Table 3.6)

Table 3.6 Distribution of iodine species for pH controlled above 7

Fraction of total iodine in containment (%)

Plant Accident L (g) L () I CHSI (g)
Grand Gulf TCy 0.05 0.03 99.92 0.001
TQUV y 0.01 0.03 99.96 0.0003
Peach Bottom AE y 0.002 0.03 99.97 0.0001
TC2 y 0.02 0.03 99.95 0.0004
Sequoyah TBA 021 0.03 99.76 0.004
Surry TMLB' ¥ 1.9 0.03 98.0 0.03
AB y 24 0.03 97.5 0.03

FEok HERXREHFOpHFEZZELZ2WEAD L > F(LFEHE
(NUREG/CR-5732, Table 3.7)

Table 3.7 Distribution of iodine species for uncontrolled pH

Fraction of total jodine in containment (%)

Plant Accident L (g) L (@ I CH,l (g)
Grand Guif TC ¥ 26.6 153 580 0.2
TQUV y 6.6 183 751 0.06
Peach Bottom AE v 16 21.6 76.8 0.01
TCZ ¥ 10.9 18.0 71.0 0.07
Sequoyah TBA 69.2 9.9 20.5 04
Surry TMLB' ¥ 97.1 1.5 0.7 0.7
AB y 976 1.2 0.6 0.6
——

DXL, EXEHERORESRN2ZE LI-5EIOFMEOHEIZIX, NUREG/CR-5732 TR &
L% pHAAEE S TV 2R Surry DFHlifE I & 9 BOFEREEWV 2 &, #1E < FHlE_ Lo RFE
ELERU-EYRTMFGERETDIE, EVoBANDEEL, RG 119550 X 5FE0(L
FWEZLOFERSE B3XRBB) 2AVWAZLLLE,

%5 33 NUREG-1465LR.G. 1. 195(281T 5 X 5 EEDOLFEFRRET L OFERI S DOELE

NUREG-1465 R.G.1.195
LRRELIF 4.85 % 91 %
L PR3 0.15 % 4%
BFREOHE 95 % 5 %
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ARUEBEREIIL L TREENS, Lo T, ZZTIIRENCELVHOBARLEETEELZEHL T
W3,

CSE A6ZEBRDFEMMILATR DNuclear Technology D SCIZISVVTBWL- 1244738 A STV 5,
£E L LT, BNWIL-12M4FEH DR FIFRAERHNILER L 9 BORMELEZKIITY, ZOFT
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27 : BNWL-1244, “Removal of Iodine and Particles from Containment Atmospheres by

Sprays—Containment Systems Experiment Interim Report”

W RKERTIE, A7 LAHFMME LTT AR Y NaOH) AWV SNTWA AR, IbEFERERHICIX
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BNWL-1244
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FIGURE 9. Concentration of Elemental Iodine in the Main Room,

Run A6
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(1)R.K.Hilliard et al., “Removal of iodine and particles by sprays in the containment
systems experiment” , Nucl. Technol. Vol 10 pp499-519, 1971

(2)R.K.Hilliard et al., “Removal of iodine and particles from containment
atmospheries by sprays” , BNWL-1244

(3)R.K.Hilliard and L.F.Coleman, “Natural transport effects on fission product

behavior in the containment systems experiment” , BNWL-1457
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-1 : CSERBREFR

TABLE 1

Physical Conditions Common to All Spray Experiments

Volume above deck including drywell

Surface area above deck including
drywell

Surface area/volume

Cross-section area, main vessel
Cross-section area, drywell

Volume, middle room
Surface area, middle room

Volume, lower room
Surface area, lower room

Total volume of all rooms
Total surface area, all rooms

Drop fall height to deck
Drop fall height to drywell bottom

21 005 ft*
6 140 ft?
0.293/ft

490 ft*
95 ft*

2 089 ft?
1 363 ft*

3 384 1¢*
2 057 £t*

26 477 ft>
9 560 ft*

33.8 ft
50.5 £t

595 m?
569 m?
0.958/m

45.5 m?
8.8 m?®

59 m?®
127 m*

96 m?
191 m?

751 m?
888 m*®

10.3 m
15.4 m

Surface coating
phenolic paint®

Thermal insulation

All interior surfaces coated with

All exterior surfaces covered with

1-in. Fiberglas insulationb

aTwo coats Phenoline 302 over one coat Phenoline 300 primer.

The Carboline Co., St. Louis, Missouri.

Bl = 0.027 Btu/(h ft?) (° F/it) at 200°F, Type PF-815, Owens-

Corning Fiberglas Corp.
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YRUBMVH) ETHASETTAI L8210, FEREOREE & HITREERTOHERAA/NE
K BRBZERDNS, BIET—ZNR=T7a V7 x—X (BNEREEER) OJETHY, FPHMH
BHEEFHBR L TWD Z b, ZOZEE)IRNHRDCSEER &L RROEHM TH 5,

UEMD, X0HF LWAER TH HPHEBUS FPRERDICSEER OFER L [AEROBM Th 5 L W T
5500, BRELH(1), (2) TEESN/-PHEBUS FPRER CIIEHHI N O OLFEEREIVRE
nTWanwizy, E#E S ROLEBEERENRINTWACSEERZFM EER T 2L LT
B

(D) JRFAHREELINEE, EEEESHLEFE (R FRmEsEEEEIESESE) (TR
EREE, FRI15F

(2) RFHEBLENTHERE, EEEEDREFM (R PRWAREEEETEER) BT %
EREE (BN, FRsFE
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BI#E 5
PR MAERE~DTT O Y ILOLREHEICHONT

FRFFRABRAICBIT 527 a VO EREEFICOWT, MEEAN RFHREEITHE
(BLF, INUPEC) &9°%.) X 2HREt MERK 9 4B NUREG-146500 ¥ — R # — L% RV T sk
WHEBEHEOFEIZE T 28E5E) (ERL0F3A) (BLF, INUPECREE] &£75.) 2BV,
T a Y VOEHEEEREZ AW -ETARBRMNEATWS,

ZOETNOMEEZUTITRT,

JRFIFRMERNTOENLEEEZV, L 5 &, RTFRMNERNOESRERD DILEIT
X HBORIT, FEFFBRARGENE—RIEESATWASAbDLE L, UToRXrb6ROLNS,
2¥, MEERT 3 S ORFIFRMARKERE VR FFHHASEBEEROEZHV TV S,

A
Ao = Vdvf = 6.65 x 1073(1/h)
a

A : BARWLEE (U/s)

Vy : BEHULREEE (n/s)

Ar : RFEE A SRR ERE (m?)
(JAREFT3 54 1,250 m?)

v, RFIFEMAREBEEE ®)

(JAZEFT3 5/ 65,500 m?)

ZIT, VuORHIZOWTIE, =7 a Yy AnkET 2RO EELZRDHINTHDHRA N—7
APXEBAL, UToXoickRan D,

Vi = 25 (Pp — Pe)g @ 213 ppg

ue Que
rp s 2T a YV ()
Pp : =7 a Y VEE (kg/m?)
Pg : [EOHEE (kg/m®)
g : BN (/s?)
Mg : [UEDHEEE (Pa + s)

BNRTA—HFOEEFELRICELD D, BB, ZITRLENRNTA—FINPEC #EEIZTEH
EhTWAETHS,
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B1R FHEICAWEAT A—H

G X—H fE s
TR Y VERE rp (D) 0.5X10°¢ K1l pmDO=T B LEHEE
T uY VEE pp (kg/m’®) | 3.2X10° | NUPECHEELY
K[EDEE py (ke/m?) — TTFa S VEBE L SN DB
BHAMEE g (w/s?) 9.8 HEHMER LY
K[EDKEE pg (Pa-s) 1.8X10°5 | NUPEC &£ LY

(%)
NUPEC [ERE O 45BE NUREG-1465 DY — A ¥ — A& WA EHHEOMICET 58
L& (ER10#E3A8)) ke

(1) BARTLRE
cW/HA FEEHIS B ORI A o] Bh 3l S RIERICHLAS L2V,
IR IR FESHE B UL 7 o] B3 Bl S IRl BRICTL AR L 73,
- TR (HR) 9.0x10* (1/s) : HAWEE (1)
CSE A6HRO D il 3 7 £ OB|ELAL TIL, FFRI0sr TH#E10°
pgm* TH-=H DM, BFL305 TLI9SX 10 pgm? L7825,
1.995x 10%/ 10’) =9.0x 10°%1/s)

1
""z"aoxeo"’g(

- Csl(Z7 O/))) 1.9X10° (1/s) : BARLHER (1Y
IumOREZOLTOVIOEHLFEEEZ AW, FHEH
—RRICEALTWA EREL T, HMAEKER S B iR
EDLERUCTROENS,

_2r(p,-p)g  2r,p.8

= on, Op,

C2x(1x 10¢/2)*x 3.2x 10° x 9.8

- 9x18x10°

A s ®mx215° %
A.‘,:Vdv: =968x 10 XW=1.9X10 (IfS)

Ve

=968 x 10" (m/s)

* Cs,Te,Sr,Ru,Ce,La Csl&FR U#WET 5,
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ALV AT u VOBREEEOHREICHONT

BEREHERIF L LR TIFBMWESR R SN A TR, BFROBAEDEITZ, LEP
LT TREAT LA L EREZEDOHRIZE - TH, BEFFRMESRNTOXEEICEES
7%, L7=A35 T, NUREG-1465 <> MAAP |Z1E Z 4L & DZEENZFR 5 FFME, FEMEET V55V ITESR
WCESERESNEENTRINTEY, FEVA FTLIALHROBRIZOVWTRIATW
B

IDIHBZTa I NIRRT EIRATVAHEOEBRIZOWVWT, AFHETHRLE LTSEL L
NUREG-1465 TIZZ DRI OV THEINICER THZ L LI TWVH I L bBE X, SRP6.5.2 128
WTRENDZT B Y VKT D5 A7 A ZR KO NUPEC EBRFERICE SR T LA R LA
WHZ EELTWS, REDEZFIZOVWTUUTICER LT,

1. SRP6.5.2 =7 Y Mt B R T LA EBRDOR

KE SRP6.5.2 TliX, AFVAARICBIIAAT LA IZX 22T 0y LVOBREREZUTOR
ICEVEHLTWS,

Z OFMRIT, KEFHR T T > b (US-APWR, AP-1000) DFREHEEFE R T HFMMEICBVTH
AwehTEY, £, YET T2 7 Mg 22— FTé®% MELCOR X° MAAP (ZHAAIAE LTV
HHDTHD,

3hFE
As =

2VsD
As D AT LA BREHE
h D ATV BERE TR S
Vs D AT LA EEOEHE
F D R UVA R
E ©EE

D AT VA EEEE

F7, ¥ERG1.195 THLZTRYALDRATLAHEL LT, FTRROLIBY SRP6.5.2 23 EH
AEEE L TWAZ End, AFHEICEHAVLTWS,

2.3  Reduction in airborne radioactivity in the containment by containment spray systems that
have been designed and are maintained in accordance with Chapter 6.5.2 of the SRP!

(Ref. A-1) may be credited. An acceptable model for the removal of iodine and
particulates is described in Chapter 6.5.2 of the SRP.
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2. A7V A%E (E/D) OREIZOWNT
SEIOFMTIL, EDE T ERELZ, TOEEMITOVWTUTITRT,
(1) NUPEC 38
EE#EYLLTE (RTFRNASREEEERERE (BT 2RiEREE TR 15 F

3 AMMEEAN RFHRBEWN#E tBWT, YETTZ2VT Y MEORT LA OBRITD
WTHEERB R OFHBBLTOE B ESN T3S, ZORBEZEAL, AFHMETIIAT L
A% (E/D) %7 LBRET D,

2B, =TS NCRT IR T LABBRIZONTIE, =7 2/ LVoORREE OF) 2h5HE
(T B LBRFHEERELMNITR D LD NUREG/CR-0009 DFERIZESE, SEIOFMTIL,
BREFBESEONIZRDIRDODIFZ (Hy A7 DF] EEEL, SRP6.5. 2 [T TREIHLTW
HH v M4 7 DF LRIL 50 L& 7E L7=, SRP6. 5.2 Ti& DF50 E3ZELIEIL, E/D &2 1/10 L5 &
DEZFHLRENTEY, TOEZIHEN, By b4 7 DF50 2B I=HDAT LA #hEIZH
VT, E/D=0.7 LBRELT,

& 61z, EEPIITAIROBWROBE O R & F#KIC, NUREG-1465"2> HiFli L7c =
FoYBRERBErERARVER TR L, Zhdb, PWROESICHNUREG-1465T
AVWTWAED=1DEIZRA 7L A I L 5BREDRLB/NFEL. ZDBEOEDOEITNT
TRBHEELIZF-HTE L3905, Jhiz, BWROBA L FEHREICHREENE (IR
KE) LA Ta Y LBREDERRAT LA BEPOFR@EL D bREWVWI EERLTW

B
20 ATLAIZL BB EFRYEE &
. |- UZhIc8FhIMEHEE

% ERBEBONDLL

15
g - Evaluation by NUREG-1465* I = 3AF E
E for this test** w D
- EU\L . E/D=1(m")
§ S ". oo 5 Natural removal dats —

9%
| A R EMBPWRE R
a . 1 . E/M{-T7) based on test data hzl&M)
L AL i T A v =1220m)

=

)
60 60 180 300 420 540 660 780 F=0.020(m’/ hr)
Time after spray initiation (min)

[43.2-12 PWRIEMERE (EASME) R L NUREG-14655F(H{H L O LEgE

(2) AREFT3 BIF~DEH
AR ERT 3 BF DA EIOFHM Tk, NUPECHERBRIZESE, E/D=7L L TW5,
NUPECHUERER TiXZ, PCOVAN—TFF 2 bDYET T 75Ty MNRAZBEL, A7 LA
WL DBREMDREHER LR, A7 LA RERL mPEHDO T T, E/D=T7 LDOJERENBEOLNT
W5,
PCCVF'Z v b EBBKCVS T - b DIRFEERT 3 BIF T, ERFHFOIRESCEIZOWTE
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FOERHLHDLBDNSA, CSEERTORBENS, RE, ENEOFHOEVHRAT L
AMBIZEZBEEBIINIDVDIIH L, A VARRBRIIKREZSEEEZEZSZ RIS (R
ft-128]),

X o T, NUOPECORBRGER THDHE/D=7 @A T H7-DITIE, A7 LA BEHNL 5% EE 5
BRNWZ L EERTDIVLERD S,

AT VAREIZONTIE, A7 VA ) AN ERESNABREOMETREDZHOTHY, HFE
BT 3B DOBE, A7 LA KEL Sml FEZERT 572OITIX, AT VAR 7HELOn/h
UERLETHD, SEOFMETHW-EHREEFR 3 EFOREERMERA T LA REIX
140m*/h (O 100m*/h) THY, R L LA KEL Smml F2ER TETWA7-8, E/ND=7 2 EH7
HZLIIRETHS,

7 Y VEREERE DR

1. TR LUISRPE.5. 207 a Y U T AR L VAR TORA T LA HROKXEZ A, 2.
TRLIEAFLALBE E/MD) , ASBFETCORT LA BEHETES, A7 LA BROEHE
BORTF LA RBICTC=T o VREEEZEH LK,

ZZTOFIETIE, SEOFHMEREZEZEL, A7 LA T5ED0OBMES > NERARE
BWATVAR T LT D, ZOBRE, RERMERAT VA IIREL/NESL, EOH
Bb/hI, 207, FHEICBWTIE, REFFENERN TR T LA KRB0 5 72V ik
FERATVAER) BHHZLEEBERLT, =T/ BREEEFEHBLTWS,

FEATVAERIZBWTL, ATV AL BT ey VREDRFZEEZENICRATZ LT
TERVE, FRFFBMAERNEROMRIC L 2BADRIZE ST, EXAT LA EHEANER
WAT LA BRICBITT 522 LT, MENICEREIRS,

*[ERegulatory Guide 1.183TlE, A7 L AILX BT v/ VORENREZTHET HERIC
IZHEARATVABEREEZBRT DL, AT VABRLIEAT VA BROBREFIEITIHERA T LA
IR 1 BRI 2[EEBRT A L LTWAZ D, SEIOFHMETYH, AT LA EHREZER
L, BEEIBIIERAT LA EEN 1 BIC2EIRRTSZ L35 (RI-221R) ,

FHEOBIER 2 LL TSR T, R FEAESRNEEEV T 5 R 7 LA Bk OEE
BEEfLL, AT LAFERICBVWTRAT VAL BREDERZNLD LT 5, ik
BT 2FECT o NVRBEZCE L, FERXATVAEREAT VA BIROMIZIX, HEQD
ESBRIDHY, AT VA BEE~BIT LT o VIR T LAIC LV BREENRD EE X
Do
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HEICTET 5 LBREEEDSFELHNIT/ D L5 NUREG/CR-0009 DFERICESE, S EIOFHI
TiE, BREEENBESNICROGKRDDIF % By P47 DF) EEZEL, SRP6.5.2 IZTHRE
ENTWAHy b4 7 DF LRL 50 &3%7E L7z, SRP6.5.2 TiZ#h v b4 7 DF A 50 % B
CAREIL, EDZ 1/10 £ THLDEZF L RENTEY, £0OEXIZH, H v b7 DF50
EBATBEDAT VAL HBRIZOVWTIE, E/MD=0.7 & LTREEEZEHLE,

UEDZ b, FFEHIZBIBAAT LAz Tu I/ ABREEREL LTELIRDOL
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¥, B1EE ST I TELERAT VA REDROETAZE 1 KITTT,
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CSE ¥—% ( “Removal of Iodine and Particles by Sprays in the Containment Systems
Experiment” Nuclear Technology Vol. 10, 1971 )
CSE TOERBR CTOEMHREZUTIZRT,

TABLE 11
Experimentzl Conditions—CSE Spray Tests

Run Run Run Run Fun Run
A-3 A-4 A-6 A-T A-B A-9
- - ~ai Steam-air
Atmosphere Air Alr Steam-air Steam air Steam-air
Terl‘"npal:-:lure, °F il 7 250 . 250 250 250
Pressure, psia 14.6 14.6 44 50 48 44
@ b e
Hozzle type - a = S
Drop MMD, pd 1210 1210 1210 1210 770
Geometric standard deviation, ¢ 1.53 1,53 1.63 153 1,50 1.50
[ S |
2 12
Number of nozzles 3 12 12 12 1
Spray rate, gal/min 12.8 48.8 49 49 50.5 145
Total spray volume, gal 510 1950 1960 1960 2020 2300
° H I t f
Spray solution ° L

agpraying Systems Co, 3/4 7G3, full cone.
bSpraying Systems Co. 3/8 A20, hollow cone.
cSpraying Systems Co. 3/4 AG0, hollow cone.
iMass median diameter.

(e, ZOFBTHROLNEARAT VA BHEROBEREZLTITRT,

©525 ppm boron as HyBO; in NaOH, pH 9.5.
3000 ppm boron as HaBO; in NoOH, pH 9.5,
£3000 ppm boren as HaBO, in demineralized water pH 5.

TABLE IX
Summary of Initial Spray Washout Coefficients
As 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 0.277 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 0.89 0.365 0.96
A-9 1.20 1.15 0.548 1.14

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

Includes iodine deposited on Maypack inlet.

ZOFRERMND, BERVEAZENSETRBREZZEKL- A-4, A-6 KPA-TT
®” Particulate Iodine” DFERZ KBTS L, FEORMETHLTEY, K&EhE\EFZ4ELT
Wi, ZhizxtlL, A7 LA REE/NEL LEA-8 T, 3FBULERF VAR mEL T
HZENbNS,
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AT VA EREIERT LA FEIROEY HFHNZHONT
7 a2 VOBREPREIZONTIE, BETRHIREN S RH TER S N/-NIPECRBRZ EIZAT
LA SR EBREDOKE LTED=7ZHV T3,

NUPECRBR TlZ, FTRED LBV CVEHHBEBEEORBEA S LA REBEZER L TRy —AF U L
ERERNTWAZ L5, E/D=7 OFICCVHOTREI ORI bD L > TS,

FERIC. PWROEES. RET T FELTENTEETPORERT 7P THL1I0T

KWeiDa/— 7 BELE, —OBES. ARBRTERTIRERBFRAERLEBLT
R T#/S900TH Y . — 1, AMEHTERT S/ ALBERLEO-8H (RTEHLD
AL LA~y HDH : 120BE) LVRVED, ARBTERTIAT LA/ ALDEY
FETF L5, 405, PWRRERBIZEVTREROAT LS, /AR ETOFEE
BTa&RWED, FPREDRI-HELRITTLELLNHAMAT LA BOWBENHE T
XARVBEL YDV Ialb—F ) ANEERTHELLE, £, AT LAHRICEAL
T, AMBSD R 7L A KA 59120 tonhr THY . ZHFVSIOWTAYy—AF 7 LT, ¥
Tal—# XA T034Y v h/minZ ARG L L,

FD%, E/D=T7 #FHEIZHV, BITHERA T LA BRICE > T 7 o AOBRERRIAD RN
HREZRVIALZ LITTROEBVERTFHRBNERD,

100 ¢
A AR ERTLA B D I BEEIEERCE/h)
80— ., ERTUAEEOME BMEFLEL
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H0.16%,/ H—EIZREL T\ D, ZOK, IFAVE 0. 16%Ixd 2R FIFHEMERRE I,
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