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2-4 BEHREBRDOBHEISIZONT

FLDFELWRENRREELILBERICR T 2 BEMEICR L HEL

AT, RIS~

ENRERDOBHBEIEOREIZOVWT, EREHERE TORELZEXEOREN Y —A
% — LT 5 NUREG-1465 | R S - HEIE, BHEEMEZ BTV 5,

1. NUREG-1465 OfgHEIE, HHiFR O@EAMEIZ oW T

NUREG-1465'0D Y — A Z — AL, MEHBEMEARRLY, RFFAEFIBHELT 7Y 2354
KHHENDREBICESIETERNRLELELOTHY, RHECTHEL TV HFEH—F &
ERED T —F L AZOVTHRBICEEN TV D, NUREG-1465 TRHEE LTWHI—F A

8 2-4-1 RiTTT,

8 2-4-13 NUREG-1465 THHE L LTWVHI—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
S3iB 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 RCFP seal, no ECCS, no containment sprays,
no coolers—H; burn 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 }lfr)ugsd RCF, no ECCS, no CSRS with reactor cavity
S3HF2 S3HF1 with hot leg induced LOCA
3HF3 S3HF1 with dry reactor cavity
S3B LOCA (}4") 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 gperates
S3HF LOCA (RCP seal), no ECCS, no CSRS
S3H LOCA (RCP seal) no ECC recirculation

SBO  Station Blackout
RCP  Reactor Coolant Pump

PCS  FPower Conversion System

cs Containment Spray )
ATWS Anticipated Transient Without Scam  LOOP  Loss of Offsite Power

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

NUREG-1465 Ti¥, BEREFMERFIZF L ORFIFEATSE~REHIWDESRERH OEE
IZDWTE 2-4-2 RO L) RESERE 7 = — X d 2 HHEE, MERMAEZREL TW5,
NUREG-1465 OHFTHIRRE5N TV A X 51T, NUREG-1465 D Y — R ¥ — AIE LIEMICE S
BrxDBEH— U AERIILEREN Y —RAF—ATHD, ¥iC, FOLREZICREICK

! Accident Source Terms for Light—Water Nuclear Power Plants
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HENDHEEMENRKEL RH2BA TR 2 —F7r R LT, AFETHREL TS
[RREWT LOCA BRICIEETEARRE, BEEASER RAAIA 7 LA EAMENELRT 5
FEDEES— T U RAERRTIIOIRESINELOTHSD,

H2-4-2 K JRTIFEMES~OKRBHEIE RO HHEIS (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 0.35 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 © 002 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.

[ FHEROE T = — REAELUTFOL S ICERSA TS, A
+ Gap—Release/Early In—Vessel
REHEBEREZOX vy vy 715D (Gap-Release) &, MREIOEMICHES FFFEE
RHEEE TOFLMLDOKE (Early In-Vessel) ZH8E,
» Ex-Vessel/Late In-Vessel
RFIFRREE®, FIAOERMIFLILOME (Ex-Vessel) KT 1 KFRIZLE LIS

L LR O (Late In-Vessel) Z4H7E, P

HENRELTHOLLELPEMEZRKBL, RFRARIBETIERERDY A IV TITo
W, MAAP AW =1a3EERT 3 BIE DARITAE R & NUREG-1465 DABEZ LB+ 5 &, H2-4-3 K
Dy Lia,

B 243K VERBHEIORTFFERBPIBETAIETOFA IV THE
REIEERENRBL, | FOEMARGL, BEEMR
Fy o 7O HBAEDEN | BB EFFEAREHETS

e & B HM E TOHIM
MAAP AT &5 S 0~#719 4> 919 43 ~%9 1. 6 ¥
NUREG-1465 0~30 4y 30 43 ~ 1.8 BEfE

BLDERMBBE R OREFEABRBEOZ A I 712250 T, BIERLCTHY, BEHZERY
BREZHEHENWAOHMOBESRERICKE REX RV EEW LTV 5,
NUREG-1465 D YV — A Z— AL, (KRIEEREZXHRIZLTWS, FO7EH, KEIZBWT,
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NUREG-1465 @Y —AZ—Lh (LLF, [EBHFY—RFZ—Lh] L1V)) ZEBBEEREKRVOTZ
VeI b= ABREBICHBREHCERT A5 EOBEICE L, 1999 45 461 [E] ACRS
(Advisory Committee on Reactor Safeguards)EEESFHIZBWWTEmBREINTWS, £ZT
i%, ACRS 75, BRREEEEREIR Y T - 7L b= LRAEALHIREN~D8 A 2 DU THT
THEDITIIENY —VORBRROERT — X ORERKLEL a2V MRRIATNS, Zh
iRt L, NRNCRA¥ v 7%, EEWIZ Y —RZ—L~OEBIIRWVWEZZLNH EFHHAL TS,
Z D%, FRE7 x— XOfGERE R OEZES NV — 7 OREEIEIZE 2 2EEBEIZONT
BEF XL TORRPMTONTEY, ZOFREEN ERI/NRC 02-2022(2002 45 11 A)ICE & HH
NARSHh TS, ZOBEBOBRELT, UTIIRTEY, MRTAIBEFELZTON
TWAH00, BMBBEERERTY 7Y - v b=y AREBEYREHIX L THEH Y — 2
Z—LADERIZOWVWTHEINTND HDTIERNY,

. : ; . " o
Finally, there is a general expectation that the physical and ?hctmcal forms o revised
source terms as defined in NUREG-1465 are applicable to high bumup and MOX fuels.

(ERI/NRC 02-202 %54 %)

Him SN o ERBEEREHT, BRSO R KIRBEE T56Wd/t, JF.DIFEIRBERE 506Wd/t % %t
HLLTW3,

BEF AR OB ROFERE L OREINE, &7 = — XOMRERR R OB A RN~ H
FEIZONT, BIHE 1 OF 2-4-1-1 ERUE 2-4-1-2 RIZ/RT (ERI/NRC 02-202 Table 3.1 %
W Table 3.12) , #DH v aNOEIZ, NUREG-1465 DEZR L TW5, 7o, BEOEEH
F—OMICHFRINTWVEDIE, "RV NTE—DOHELEEEINRI-TLBEIIBITHEE
MEOHRETH D, TNENDOEREIZ DOV T NUREG-1465 & 2< —F L TW5H LIRS 21043
NUREG-1465 »H K& 725 X 9 REYEITRE IO TRV,

P EDO@ERORERE LT, ERI/NRC 02-202 TiE, BIA LD LB @RBEERENCHR L
TH NUREG-1465 DY — R ¥ — AZBATE 5 b0 L #EGRfHTTn3,

2B, KEOHHIEAETH S Regulatory Guide @ 1. 183 (2 TiE, NUREG-1465 L&D HH
FE LR EHME TRK 626Wd/t £ TORBEEOREILE TERHTEZ LD LED TN D,

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

The core mventory release fractions. by radionuclhide groups, for the gap release and early
in-vessel damage phases for DBA LOCAs are listed in Table 1 for BWRs and Table 2 for PWRs.
These fractions are applied to the equilibrium core inventory described in Regulatory Position 3.1.

For non-L. OCA eveants, 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 calculated with the maximum core radial peaking
factor.

"0 The release fractions listad here have been determined to be accentable for use with currensly d LWE fuel with 3
burmp 1w to 62.000 MWDMIU. The data m this sechion may not be applicable to cores containmg mixed oxade (MOX) fuel

ZOHROLEH V) — A Y — L EEBRIBRERELCY 7V - TV b=y AREB{CREHTER T
HBEOBBE I L TRAMMThATEY, 2011 £1 A1, V27 4 TESIFEF» HRE
ENH I TS (SAND2011-01287)

ERBEEREI R Y T v - TV b =0 LREEB(CHBREIOBINEIEIX, M1 0% 2-4-1-3 K
RO 2-4-1-4 RITFRT LBV, EBRBEREOZNLELL ERSZBOTIIRWVWI LBRE
T3, Oz b, BHEREIZBWTIZ, NUREG-1465 OEREEEREILY S - L b=
U LREBMIEYIBREOBERIZOWTEESINDI DO TIEIRWVWEEZR D, B 2-4-4 RIZENHD
T—EEREET S,

B 2-4-4 K 2RHEIE TOBMESR~ORHEIE DR

ERI/NRC SAND
ERI/NRC SAND
02-202 2011-0128
NUREG-1465 02-202 2011-0128
(9T« TN b= L ("5« PN b= A
(BRMRMEREREL) * (B PRBEREIREL)
RAE(LIRED * RAER{LRED

FH A 1.0 1.0 1.0 0.97 0.96
LOFHR 0.75 0.85 0. 82 0. 60 0. 62
Cs ¥ 0.75 0.75 0.75 0.31 0. 55

X EREOEIETIIN TSR, EHEEZER L,

UEDXdic, MRTREBREERDHS OO, BECHRTIE, BREEREEVRY S
Ve TN b=y MRABICHBREHIH L THLERF Y — R —AETEIN TS H O T
Z L Regulatory Guide 1.183, ERI/NRC 02-202 F2 X Sandia Report IZ- RS TV 5,

JHREFT 3 BIFORBHESRORBREEILX, 77 RETo56Nd/t, YT « TV h=1T A
IBAELIREL T 456Wd/t Tdh D Z &5, ERI/NRC 02-202 \28i) 5@ A4, MEESED

3 Accident Sorce Terms for Light-Water Nuclear Power Plants Using High-Burnup or MOX
Fuel
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FeEPRBEE T5GWd/t 2T Sandia Report i F#GEH, REIHESEOEEBRIEEE 596Wd/t & s
LEAGEEANICSH 5, 7=, ARER 3 BFOBREHEORERFEEIXY 7 K T61GWd/t, ¥
TV« I b= NREBRCYIRENT 53GWd/t TH Y, Regulatory Guide 1.183 TR bl
FA%EEH, MEHEORBERIEE 626Wd/t OFEHENIZH S, ZDO7, AREF 3 BIFICHL, f#
AZBESNTWARAVWEF Y —RAF—LOBEAITFRE LY SN D,

ERI/NRC 02-202 (2R ENHEEIEOEEIC-OWVWTIE, EMFOER LS TND I L,
Sandia Report SEEDOIKMEIZ>WTH, V7 « T =7 MRS EHZ DWW TIZE—D
BB ROBREZMRE LIEBITICE EFE-oTEY, KE NRC IZA—Y T4 XENTHD T
RNWZEEEBEL, SEIOFMIZISVTIL, NUREG-1465 DFEE AV 7=,
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2. BRI N—TORRICHONT

NUREG-1465 DEREEEBREIR RY T v « 7V b=y MREBILHREIOBEAIC >V T, Al
H‘oLEY, BECHRTIE, BESNDIBOTERVLDOD, BREEREEVOCY T « F
Vb= NEAELIREHT 5 NUREG-1465 O B+ 2 EME ToRE#R O T T, NUREG-
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KRELRBFHEIEPRBESIN TS Te L Ru FHIZOWTIE, % 2-4-5 REUEE 2-4-6 RITFT
ERY, FREEERESFMICBITIFSEEIEL, BEEHECRERZEELZRIET
HLO TR,

(1) BEICHE SN S HEEHEHEDONRIZOWVT (I-131 SMEHRE, y B F/LFX 0.5MeV #
5)
gl 2R PN R OVNGBRIR R O 851 < BRI RS RIC I 1T A RBEICHH S h 2 BREwE Iz > »
T, NUREG-1465 (ZRENHEEEI/ NV—7ORNRE LT I-131 HMBHRER Ny B FLF
0. 5MeV BB DEZ 5 2-4-5 RITRT, I-131 EMEBERB I 07y (XH5FH) 15 92%,
CsEMBKI2%, FTOMPBH6%LIE->TED, yBRZIIF0. 5MeVIAEIIFH A ABHKI 93%,
raFy (KRB BKIT7%, CsEIPKIL%, TOMPBKIL %L R>TWND,
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F;2-4-5% (1/2) BEICHHEINHESHMEDEOEERE I LV—TDNER
(I-131 HHEHRE)

AR — MO R R P MR

(Ba) (%)
i A% #70.0%x10° 0
X OFH #17.9x108 92
Cs 3| #1 1. 7Xx10%2 2
Te ¥ #13.8x 10" <1
Ba 35 #6.1x101 <1
Ru 3§ #15.9x10% <1
Ce 11 %1 2.2x10% 3
La $8 9 1.7x10% 2
&t #18.6Xx108 100

(F1) 7 PHEENRHE
(F2) ADEESHEZNBRIAL 2HTIZHDT-E

B;2-4-5% (2/2) BEICHHEINAHEHAMEDEOEEE S L—TDNER
(y B3 3—0. 5MeV #E)

. iy Gan)e S=8 - e PR
EEIN—7 (5) (%)
A #8.7x10% 93
X OFH #6.2x10M 7
Cs 3| 1.7x108 <1
Te ¥ #93.1x10% <1
Ba 18 #1 1. 7x10% <1
Ru 35 #99.9Xx10% <1
Ce 11 1. 1x101 <1
La 38 #12.9x101 <1
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(FE1) 7 HEEEKRHE
(F2) AZEMESH B ZNEBLAL 2HTICHO-E
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Table 3.12

(B 1)

% 2-4-1-13 ERI/NRC 02-202 |ZBIT DN BESR~DORH (FRREEERED

Table 3.1 PWR Rel Into Containment (High Burnup Fuel)*
Gap Rel Early In-Vessel Ex-Vessel Late In-Vessel
Duration (Hours) 04 (05) 14 (13) 20 (20) 10,0 (100)
Noble Gases 0.05; 0.07; 0 07; 007; NE* 0.63, 0.63; 063; 0 65; 1.0TR 03 (0) o(0
(0.05)
Halogens 0.05 (0.05) 0.35; 0.95TR (0 35) 0.25 (0.25) 0.2 (0.1)
Alkali Metals 0.05 (0.05) 0.25; 0.90TR (0 25) 0.35 (0.35) 0.1 (01)
Tellunum group 0.005 (0) 0.10; 0.30; 0.30; 0.35, 0.7TR 0.40 (0.25) 0.20 (0.005)
(0.05)
Barium, Srontium 0 (0) 002; "** (0.02) 0.1 (0.1) 0 (0)
Noble Metals (0) (0.0025) (0.0025) (0)
Mo, Te 0 015,02;0.2;0.2; 0.7TR? 002;0.02;0.2;02; TR 0; 0; 0.05; 0.05, TR
Ru, Rh, Pd 0 0 0025; 0.0025; 0,01, 0.01; 00025; 0.02; 0.02; 0.02; TR 001;0.01;0.01;0 10, TR
0.02TR
Cenum group {0) (0.0005) {0.005) {0y
Ce 0 0.0002, 0 0005; 0.01; 0.01; 0.005; 0 005, 001; 0.01; TR 0
0.02TR
Pu, Zr 0 0.0001; 0 0005; 0.001; 0.002; | 0005, 0005; 0.01; 0.01; TR 0
0 002TR
Np 0 0 001; 0.01; 0.01; 0.01; 0 005; 0 005; 0.01; 0.01; TR 1]
Lanthamdes (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, P'r, Nb 0,0 0 0002; 0.02TR 0005, TR 0, TR
Y, Nd, Am, Cm 0,0 0.0002; 0.002TR 0.005; TR 0; TR
Nb 00 0.002; 0.002TR 0.005; TR 0; TR
P, Sm 00 0.0002; 0.002TR 0.005;, TR 0, TR

* Note that 1t was the panel's understanding that only about 1/3 of the core will be high burnup fuel. This 1s a significant deviation from the past when aceident
analyses were performed for cores that were uniformly burned usually to 39 GWdh

1
1
3
[

The numbers in parenthesis are those from NUREG-1465, Accident Source Terms for PWR Light-Water Nuclfnr Power Plants (Table 3,13).
TR = total release, The practice in France is to assign all releases following the gap release phase to the early in-vessel phase.
NE=No entry; the panel member 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

HUVI (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.

% 2-4-1-2 & ERI/NRC 02-202 (2T MBI ~OKH (V7> - 7N b=y LAREBILD

MOX Rel

Into Containment

#REL

Gap Release Early In-Vessel Ex-Yessel Late In-Vessel
Duration (Hours) 0.3;0.4,0.4; 04,04 (05)' 14;1.4;1.4; 1.4, 1.5 (1.3) 2.0 (2.0) 100 (100)
Noble Gases 005, 005, 005; 0.05;, 007 0.65; 0.65; 0.75; 0.93; 0,02;0.3,03; TR (0) 0 (0)
(0.05) 0.95 TR (0.95)
Halogens 0 05; 0 05; 0.05; 0.05; 0.07 0.325; 0.35; 0.35, 0.375; 015; 0.2;0.25; 0.25; TR 0.2;0.2;0.2;0.2; TR (0.1)
{0.05) 0.95TR (0 35) (0.25)
Alkal Metals 0 05; 0.05; 0.05; 0.05; 0.07 0.25; 0.30; 0 30, 0 30; 0.65TR 0.25; 0.25; 0.30; 0.30; TR 0.10, 0.15; 0.15, 0 15, TR
(0.25) (0.35) (0.1)

Tellurium group

0; 0; 0; 0,005; 0.005 (0)

0.1;0.15; 0.3; 0.35; 0.7TR
0.

0.4; 0.4; 0.4; 0.4; TR (0.25)

0.1;02;02;02; TR (0.005)

Barium, Strontium

NE’, NE, NE; 0, 0 (0)

NE, NE, NE; 0.01; 0.1 (0.02)

NE, NE, NE; 0.1; 0.1 (0.1)

NE, NE, NE, 0; 005 (0)

Noble Metals
Mo, Te
Ru, Rh, Pd

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

(0 0025)
NE, NE, NE; 0.1; 0.1
NE, NE, NE; 0.05; 0.1

(0.0025)
NE, NE, NE, 0 01, 0 01
NE, NE, NE; 0.01; 0 01

)
NE, NE, NE; 0.1; 0.1
NE, NE, NE, 0.01, 001

Cerium group
Ce
Pu, Zr
Np

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

(0.0005)

NE, NE, NE, NE; 0.01
NE, NE, NE; NE; 0.001
NE, NE, NE; NE; 0.01

(0.005)
NE, NE, NE; 0.01; 0 01
NE, NE, NE; 0.001; 0.001
NE, NE, NE, 0.01; 0 02

(@)
NE, NE, NE; NE, 0
NE, NE, NE; NE; 0
NE, NE, NE; NE; 0

Lanthamdes

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

NE, NE, NE; NE; 0.005
(0.0002)

NE, NE, NE, NE, 0.01 (0 005)

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

The numbers in parenthesis are those from NUREG-1465, Accident Source Terms for PWR Light-Water Nuclear Power Plants (Table 3.13).
TR = total release. The practice in France 1s to not divide the source term into early in-vessel, ex-vessel, and late mn-vessel phases.

NE = No entry; the panel member concluded that there was msufficient information upon which to base an informed opinion.
The values in Table 3.12 are for releases from the MOX assemblies in the core and not from the LEU assemblies,

59-T-#s 2-4-13
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Table 13. Comparison of PWR high burnup durations and release fractions (bold entries) with those
recommended for PWRs in NUREG-1465 (parenthetical entries).

Gap Release In-vessel Release Ex-vessel Release Late In-vessel Release
Duration (hours) 022 45 48 143
IQ.&i i1 .Si iz.ui imi
Release Fractions of
Radionuclide Groups
Noble Gases 0.017 054 0.011 0.003
(KrXe) (0.05) (0.85) (D) (0}
0.004 0.37 0.011 021
(Br.T) (0.05) (0.35) (0.25) (D.10)
Alkali Metals 0.003 023 0.02 0.06
(Rb. Cs) (0.05) (0.25) (0.35) (0.10)
Alkaline Earths 0.0008 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) (D.005)
Molybdenum - 0.08 0.01 0.03
(Mo. Tc, Nb) {0.0025) (0.0025) (0)
Noble Metals - 0.006 [0.0025) -
(Ru, Pd, Rh, etc.) (0.0025)
Lanthanides - 1.5x107 1.3x10-5 -
(Y.La Sm, Pr.etc) 2x107) {0.005)
Cerium Group - 1.5x107 2.4x107 -
(Ce. Py, Zr, etc ) (5x10%) (0.005)

52-4-1-43% SAND2011-0128IZ8 (T A MBI ~DHH (77 « v b= NEABRILDR
)

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 | Release Ex-vessel Release Late In-vessel Rel
Duration (hours) 0.36 44 65 16
0.50 1.3 2.0 10
Release Fractions of
Radionuclide Groups
Noble Gases 0.028 0.86 0.05 0.026
(Kr.Xe) (D.050) (0.95) (0) 0y
Halogens 0.028 0.48 0.06 0.055
(Br.l) (0.050) (D.35) (0.25) (0.10)
Alkali Metals 0.014 0.44 0.07 0.025
(Rb. Cs) (0.050) (0.25) (0.35) (0.10)
Alkaline Earths - 0.0015 0.008 9x10™
(Sr. Ba) (0.020) (0.1) )
Tellurium Group 0.014 0.48 0.04 0.055
(Te. Se, Sb) @) (0.05) (0.25) (0.005)
Molybdenum - 0.27 [0.0025] 0.024
(Mo. Tc. Nb) (0.0025) (0)
Noble Metals - 0.005 [0.0025] 3 xi0™
(Ru. Pd, Rh, etc.) (0.0025) {0)
Lanthanides - 1.1 x107 3x10° -
(Y.La, Sm. Pr. etc.) (0.0002) (0.005)
Cerium Group - 1.0 x107 5 x10” -
(Ce, Pu, Zr, etc) (0.0005) (0.005)
59-T-#s 2-4-14

324



2-5 HREME OKRKEEBEIZOWT

1. K&~ R EFHE OBERS (2o T

FHliA A —T&F 2-5-1 [T, RIRFP~OKRHEEEO#IEZE 2-5-2 [IZ, oo/
o P& 2-5-3 RITRY,

7z, BORMEHEORTREIERZ 5 2-5-4 2 b5 2-5-7 KITR T,

N P
/AN T A AT/ AN ; ‘
=7 ey
R LA
T CEBBE o, 5 .
7 - kR LI~ Y| T=a T REREHE
L] mmeox 22
= N EHERE 7; > A l
= ~@A
Z i
b e \1&* T
] IE Bn# B
n e |
e TV 7
L] 2
A EEmRY il
rs
B F
ZTEHE =

% 2-5-1 % FHliA A—

% 2-5-2 IR TRRBIZLIER > T, RRF~DOREBINEREZREHT 5, FOICEREL
TR RAERDIL, FLOERIZHE > TRFIFEEMESEN~BE S, RFFRABESENTO
BEAEBRLA T VAL BREBICI WV ENRRIER 2R 6, BWESENICEET S,
BT, AHMFHEOBMEABRNEDOELE b L ICREINT-BMERD D OV EITHE
S>TRAWVWL, T2 7 AEBTEERBO 7 A VI BREDHEEZZE L T, SEEOKHKS
EOREZEMT S, B, FFFERMABEENPDORAWICET 27 o/ VRFOHE
DR (BRYRET 10) 258 5,

59-7-#%s 2-5-1

325



HEREOFLNEHRBORE

g

NUREG-1465 |ZE-5<, F L LRFIFEMABRRICHEEN2BEDORE

.

JFRF PR EZR N TOEERI R ORE

 FF RSB COBNLRC X 57 0/ L0 B IR OFH]
(NUPEC) A
Ja=Val

Ve

« TP SN C OB & 5 300 B ALAHE O B (NUPEC)

B, == m%ﬂJ
rl _'Io Fjo_

- BFFRMABERNORAT LA B CORBERMER AT LAILL 52T

o Y )VERFEEE DO EH (SRP6. 5. 2)
3hFE
AS:
2VsD

=

R A D b DR Z\VRORTE
* MAAP FENTEIZ S S IR AW EZ 8#& T HEZ X E (0. 16%/day)

N

BRFIPRABERN L DR WEIEDEE
(=7 v VRIFIoH U CRYRE 10 2 EZ8)

—

T =2 T AETHERED 7 A VEBREDRELFER L -RE~OKHE
(7EM) o&HH

F2-5-2 RKRRFP~OHHEHERREOHRE 7 0 —

59-7-#x 2-5-2

326



% 2-5-3 HIX, HMHESEEEFEMOZ o/ v PR RL, RICKEHORERILZ, FoHRE2E
BT AR TH D,

04 7H

3047 1. BEFR 3. 8EFR 11. SEFRY

Gap Release

Barly In-Vessel Late In-Vessel

FFFH#ERN~
i

Ex-Vessel

FTiFH#ERA~D
e EAR

7= a5 ABTO
7 4 n R
R FH#ERNTO
F:-orateni
6043 24FFH
FFFHsEgETo
ATV BE

% 2-5-3 X HHESEEFMOI/ o/ ad

59-7-¥% 2-5-3

327



MR - EEBIIE DT 27
MEEFEA LT E%T#

HAfiZ : Bq (GROSS &)

kX K ~
N
5 H AKHE : #95.4X10% Bq
N

7T =a T AERLISL
N

3%

[ RF R MERNP DL DIRZ ¢ 0. 16%/day ]

/

\

JRF IR AN S D 75 T A

/

(RFIFHEMAaRN
/

\

T OERH R IEAR)

\

(NUREG-1465 = 25 < friElE)

/

\

REFHEE L7280/ T ADFELNERE
#93.0X10" Bq

5 2-5-4 [ FHHADOKKEHIBERE

T =27 AREERER (718 ) £T
FEZERRUCHKHT S & L TRHE

59-7-#s 2-5-4

328




MEEFEA LI EZCHE

& & EREITAIETF 2 471

K & =
N

L OFHHE - £ 2.3X10" Bq
\

/|

N

T =2 T AETELRE T 4 NV F
(Z4NVEhER EELXO>FE AHLIFE:
95%, BIFIRE HFE : 99%)

(REERRFFME : 78 %)

N

‘ Tz
N

7 A ‘

97%

HA{\Z : Bq (GROSS &)

T=ag

A ERLLS

3%

BiFRXEH9F 10, EELIH>FE: 1, AHLIOIFE:1

[E%F%%ﬁ%ﬁ%@ﬁimm%#éﬁﬁﬁ%(%%%&)}

[E%ﬁ%%ﬁ%m%wﬁim:&m%mw}

AN

JRFIFREIAA SN D X 53R

\

)

)

FFIFRME | (RFFBAESRNT

BNTOEE | | OILFIZ L SR

¢

REBHBRBARAS VAR TORA T AT L HIER
: SRP6. 5. 2 DFFMUIZEES < BrEEE

JRF ISR TOIEE I X 5 R

Zh R MEAR : CSE EBRRITES<
BAUE SR
/]\ AN
FL. PR i B
4%\ QHK\

¢

: ENREEE % VTSR S < BREEE

BRI SHR

\

5%/

T

(NUREG-1465 |23 < HHEIA)

)

EREMEEL-BE0 L I BZOFELNEHEE

#J 2. 7X 10" Bq

8 2-5-5 K X9 FEOKRKAHIBERE
T =27 ABJEERRR (78 &) £ T

59-7-#x 2-5-5

(TEEERR

T 5 & LU TEHE

329




MHE L EEEIIAEDEE 2/
MEH A L7-{EA2 T

X fi o BfT : Bq (GROSS f&)

YU LBHE - £ 3.4X10" Bg
N\

N\

N

(7 4 V7 53R

/N

7 =27 AZEFEL 7 = a7 AL}
BT 4 LA /

: 99%)

(B EEARFFR :

\

78 43)

F==aFA

N

97%

3%

0

[ﬁ%ﬁ%%ﬁ%mgwﬁzwmﬁféﬁﬁﬁﬁ(%%ﬁﬁ):m}

¢

[ JEFFRAERENLDIRZ : 0. 16%/day ]

dl

E%F%%@%W@tv¢A

)

REBRAEBA TS VLA R TORTF LA L AIEE
SRP6. 5. 2 DFFMRICE S BREEE
s BRFIFRRAE RN TOLEIC L H1ER

ENRREE 2 A\l IS S < BREFEE

i

(NUREG-1465 (2 H 3 < frHEE)

]

ERMEEGE L2880 7 A0BELNERE
#75.9X10' Bq

F2-5-6 [0 EVUALIOKZEHIEE

7 =a 7 AREERERE (718 47) £ T
FEFERRUCHH TS & L TR

59-7-#x 2-5-6

330



R R & E R RIIAEETF 2 #7iC i s B
WSEA L7 % ik BAAL : Bq (GROSS f)

X K 0~
N\

Z OB HE : £ 7.1X10"% Bq
/

N N

T =a T AZESEL T =a T A LIS
BT 4% N
(7 4 VEEHE : 99%)

(BEERFFR : 18 4)
/N

T = A
/N

97% 3%

1

[Jﬁ%ﬂmﬁmmamﬁzm:sﬁmﬁﬁ% (RUARE) - 10 ]

0

[E%F%%Eﬁm%®ﬁiw:am%mw]

T

R FIFRE A 2N D F Otz

T

c REBBPBEB/AT VAR TORTLAITLD
{13975

SRP6. 5. 2 DFHEUZES < BREHE

- P MARN TOWLEIZ X A KR
EAEEE Z AW FHMERIC RS < BREERE

(NUREG-1465 |2 < fHEIE)

|

EEEERR LR e 0ot LNERE
#12.2X10% Bq

B 2-5-TH FOMBEEORKIKHIBRE

T =27 AREEREHE (18 47) £T
FEERRUCHE T 5 & L THHE

59-7-#x 2-5-7

331



2. REH~DOhH S EROHESE
KEDT~DOHBBSAEROHSL S T 7 %25 2-5-8 B~ 2-5-13 IR,

1. 0E+18

1.0E+17 |

1.0E+16 |

Ji 4k (Bq)

1. 0E+15 F

1. OE+14

LOEH3 b e e e e '-

£ (h)
% 2-5-8 X &N AREE MU EE & (GROSS E) DR (7 B (168 BEERS))

1.0E+18 |

1.0E+17 }

1.0E+16 |

K& (Bg)

1.0E+15 }

1. 0E+14 ‘\7:1§RQE5$EE (78 47)

LOE+18 e e e e e e e e
0 5 10 15 20 25 30

BERE (h)
% 2-5-9 M N AFEE KRB EE (GROSS E) OHERE (30 FEfE)

59-7-#%x 2-5-8

332



1. 0E+15

1. 0E+13

B & (Bq)

1.OE+12 }

1.0E+11 |

1. 0E+14 K-//”_;

1. OE+10
0

B2-5-10 ¥ X 5 FREEMEASEER (GROSS ) O#ER (7 AR (168 BrfE))

50 100 150

B (h)

200

1. 0E+15 ¢

Kt & (Ba)

1. 0E+12

1. 0E+11

/

1.0E+14

1. 0E+13 ¢

T =27 AREER (78 573)

1. 0E+10
0

F2-5-11 1 L5 FEEKRHHBUHER (GROSS B) OHERE (30 KEfE)

iy} (h)

59-7-%s 2-5-9

30

333



1. 0E+14 ¢

1.0E+13 |

1.0E+12

HH & (Bq)

1. 0E+11

1. OE+10 F

LOE+09 b v v . i
0 50 100 150 200

BFFH (h)

$2-5-12 [ T v ARBERHASTEER (GROSS &) DR (7 BRH (168 FEfE))

1. 0E+14 ¢

1. 0E+13 / T =T AEEER (78 47)

1.OE+H12 |

Hie & (Bq)

1. OE+11

1. 0E+10 F

LOB+09 b v v v v v v
0 5 10 15 20 25 30

R fel (h)

F2-5-13% & U LAREMHASTEER (GROSSTE) OHER (30KFfH])

59-7-#s 2-5-10

334



2-6 X OFRDILFHEREOBREIZOWT

FLDOELWREREA LEHEOPREEEOCFFEMEICTHEI I FHMETIE, L O>FDE
KRR T A2FES S L LT RG1.195 “Methods and Assumptions for Evaluating
Radiological Consequences of Design Basis Accidents at Light Water Nuclear Power Reactors”

TRENEL S ROFESEZANTND,

R FIF MBI~ DS RERY O HEIE O EICH = NUREG-1465 2% X 5 FO(LFF
BT A HFEERRICOWVWTOREREH DA, FTIFEMERNOIRMED pH 27U EDOHE L
ENTVS, (BHEEXSI>FOILERLOS>RIISREBALNI L, AL S RIIE/HL O>FE
D 3% (0.15%) Z#BZ 72V (95%A3BIFIR) ) .

BB CHREST AV —F VY AD XL, BEROBMERA LA OBEELEEL, pHFFER X
NRWATREMA H 5B EITIE, EE L S B~OBEREIGHREL RLL0MRbHY, EHEL S
FOFEHEDRREL BNITER I SFBOHFEFEbRELL 2D, BHIOFIL OV NTOERA
WHEICL Y —EDEBREBRIADLDIZR L, AL O BIXFEKROEEHIRE RADRNI &
no, BFFRHBESRIMT~OBRHOBE»LIIAEEEL > FZORENEETHH Z L 2T X,
AFMHTIIEL 5 BOLEWEZ L OGFESEGDOREICOVWTLUTDO LB Y BR, RELE.

NUREG-1465 Tix, X 5FEDLFHREZ L OFEEFIE TR L T pH<7 DF{E TOEREHREDT
WIE7en A, K OROLFERRED L OREICB L T, NUREG/CR-5732 ” Iodine Chemical Forms
in LWR Severe Accidents” #35|H LT\ 5%, NUREG/CR-5732 T, pH & X 5 EOEERIA I
HARE LT, pH OETICHES TEE Y 5 B~0OEREIEHEMT MR E2R4 L & bIT, pH
TR R ENDIBARORENR2VEBRENTICONWT, EXEHFEO L > BFEFREICEL
TEEDOTZ v MIXT 55 liZ1T> T 5,

pHIAER 2SN TWABEEORREEZHE 2-6-1K, pHIELR R INBRWEEOEREZFE 262K
{2~ T, PWR T FJ A BUEMARR LR Surry OFHERER TIX, o SRESNLTWDHEEIE, 1F
F2EN 1722 THFREIBIZRDDITH LT, pH BPREINTHWRWESITE, 1334
ENERY OFLRD, 72, BRI OIFRITHOVTD, EFITNIVEIESTHSA, pHEEL
TWAHEEID L, pHRABIN TWRWVFEADIEI B, LVELRH/ERI TSI TNS,
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F2-6-1 K BEREHHEOpH AR LEZHED X 5> FLFRE
(NUREG/CR-5732, Table 3.6)

Table 3.6 Distribution of iodine species for pH lled 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

H2-6-2FK HBEREYWRHO HAEZZEELLRWEAED X H>FELFEFE
(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 (9 r CH,I (g)
Grand Gulf 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

Zorii, FLOELWVERENEELZEEORERHEZEE LS RIOFHEOHEITIL,
NUREG/CR-5732 T/R&EMNS pH A SN TVl Surry OFHERERIC L 9 FOFEERIA TN
&, BT FHE LORTFHELER L-BEURFMEGEZRET DL, LV oTBANLEE
L, RG.1.195 DX HFEDLFHRERI L OFERE (F2-6-3KBMW) ZHVWHZLE Lk,

% 2-6-3 % NUREG-1465 & R.G. 1. 195 28T 5 L 9 EDO(LFEFRE T L OFEEEIE O B

NUREG-1465 R.G.1.195
MR L O FE 4.85% 91%
AL OFE 0.15% 4%
BFREH>E 95% 5%
59-7-#% 2-6-2
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2-T RFIFHRHERE~OERL 5> ROLBEHRIZONT

JRFIFREABRNICB T 2 EE L 5 BOBRLERICOVWTEL, MEEAN RFAHREEEIME
# (LLT, [NUPECI &9, ) (X ZHEt TRk 9 4E B NUREG-1465 O Y — A Z — A& Wi
SHEME R EOFHRICEE ¢ 28EE] (CBWT, CSE A6 ERICESERTEINLTWVD, BR
LEERORBICETIBMELZLTITRT,

JRFIFREMBRNICB T 2EE L > BOREORMEIL, EBEL>BOBRLEELANDS
LUTORXTREIND,

dp(t)

—ar —Aap(t)

p(t) :FEFFRMBTGENICET2ERLE 5> RORE (ueg/v')
Ag : BRUAEER (1/s)

INEMZET, BRILERIZL, KA, ¢, TORFFEMBEBNICBITHERL >FOR
EZzHWTUTOL I IZREN S,

_ 1 p(ty)
M= t, —tp fog (P(tu))

NUPEC #453& T, Nuclear Technology “Removal of Iodine and Particles by Sprays in
the Containment Systems Experiment” DECE; (CSE A6 ZEBR) X v, T[CSE A6 EBRD T vy
ROMEZLTIE, FHHO0HTRE 10°pg/n° Tho7obDA, BEZI 30 4T 1.995X 10" u g/m* &
2%, 1 LT, RAKRVCEREZ ERUITRATHZ L TEE L S FOBRILEER 9.0X107[1/s]
EEHLTWA,

THIFEHEOHO K 5 ROFERPEL, BHESRAT LA Z L T RWRET TOXEEZE
BIDHODOUDTHDEEZOND, 728, KE SRP6.5.2 TIHRFIFEMAERNOMHERL 5
A 1/200 1272 5 ETIRERE S ROBEVAAEND E LTS,

SEIOFHK S —F L ADEFE, EHE 5 FED DF(RYFRE) =200 [ZBIZS ML, [Gap-
Release| ~ [Late In-Vessel|] DT L7cFm (BHBRZE G 11. 8 Fefd) & 725,

CSE A6 EBREN D, FEFFEMASICIZEL TV 2 BHEMEMED, Ml ShicStEmERo
100 mD 1 BECETISRAE TRERLEEENZE—ETHY, EFIFEHAESRNDOE
#®E O RIITORELPELHOBRLFRE IS CTRESND ZERGP> T 5,

CSE A6 FEBRDFEMILATIR D Nuclear Technology MDFRSTIZIS\V T BNIL-1244 B3| ST 5,
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£%E L LT, BNIL-1244 EEROEFIFHENERNICE T 2 EH L 5> RREORBE(LESE 2-7-1
]k g

7235, CSE A6 EBRICHITHEH L 5 ROPHIREITZ 1X10°ue/n’ L R>THEY, HEEF3I S
FIZBWTRFFEAESRIAMICEE SN2 B L S FOREDLRIL 10° A —F—LoTW

Ds
BNWL-1244

BEZI04y - #91.0X10° 1 g/m°

- 2 I = 12 mi
- 172 min
E ELEMENTAL TODINE - BUN Af
il DROP SIZE: 1210 p MMD
FLOW RATE: 49 gpm
= TEMPERATURE : 255 °F
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4 NaOH - pH 9.5
107 |
G"!E :
o= 4 3
E: - BFZ 30 43 : 2.0X10* 1 g/m
= i
=
=
= L
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b 3 £
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FIGURE 9. Concentration of Elemental Iodine in the Main Room,
B Fun A6

Bo-T-1 0 FFIFBWABENICE T 2ER L > RREORBZL
HiE : BNWL-1244, “Removal of Iodine and Particles from Containment Atmospheres by

Sprays—Containment Systems Experiment Interim Report”
o ARERTIE, A7LAE8MBELTT ALY NaOH) BRAVWSNTWA D, (EEEERHIC
FAT VA BBREHRIOBEOEEZANVTNWATD, AT LA FIMYOEELZIT RV,
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(B%E1)
CSE EB OB T W T

CSE EB L AIZ FFETHEL TWAER T —47 2 KAl LOCA BRICEEEAME, &E
EAKRER UHBMARA T LA EABRENELAT 2F (BT 5 MAAP TR RIC L 2R FIF
BHBBNOFGZHE | RTHBT 5, F£7=, CSEERORBREREZE 1 RITRT,

7%, NUPEC EFICBW\TIL, ATV BXERAINSRIOHMO L 5 FREICE ST BRI
EREERELTREY, EBRFHIIARET 3 ZFOFR S —7 o AITHT 25 MAAP TR FRIC
L BN RFIERMESRENOSGE L BRRETH 5,

%1% CSEEBREM LR EF 3 BIF DR

CSE %52 ® Run No. TR ER 3 5)F
A_Bfl) 2) A_5(3) A_]_]_(S) ﬁ@ﬁ%%
BHX ER+ZER [RlZE [F£E Rl
AN
Shsiiunn #90.20 #9 0. 22 #90. 24 #9 0. 335%
(MPaG)
FH IR
PR #1120 #1120 #9120 #7138
()
HY
AT A Cil s fel 2L (R L > FRITHE
RILFDHERE)
(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, 1970

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

behavior in the containment systems experiment” , BNWL-1457, 1970

*1 : BRAUBEREOEHIZIZI I ERE DAY LA BEA SN AHIOR FIFEAESRNOREZ AV
T3,

*2 : BN AZRRERHRRS 1k o — 7 o A DORYTE

*3 : HE AR BIRERPG Ik > — 7 v A DFRTE
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FIGURE 3. Schematic Diagram of Containment Arrangement
Used in CSE Spray Tests
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CSEERTAT LA ZEA LRV A5 RUA-11 IZB) 2 B L 5 EOREFIFRABSRSMHEETE
EORRELESE 2 KITTT,

MHADLE (AT VA KREROHM) 122V TIE, A-6 DFEEREREZEFTZRDOLNT, FIHIR
EX0E100 501U HET Lk, WESRBRNIRDZLE (Wy 7)) #ARDOLND,

10 10°
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FIGURE B-6.
Concentration of Elemental
Iodine in Gas Space, Run A-11

Concentration of Elemental
Iodine in Gas Space, Run A-5

H2B CSE A5 RUA-11 ERIC X AER L H>FED
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# 2% CSE EBRICHIT 5 b8 0% 45
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B bATH
540 9 H * 22 B 18 K
S FAD 4y (9 BERE) i3] %
B bATH
— (&2 L) 34 FFRE 33 FFfE
(FE&ER)
x4 : A7 A BT =%
59-7-¥%% 2-7-5

341



HHOLEDORETFME LT, BREMITEZEM LI, £HEEFE IR, BREFELRITTT,
&Y, By MATEROEEFEERE IR FIFENERI~OER L 5 BOKREBIEGITH L TE
EHR/NIWD, BATOFMBERHFIIZU L E XS, RiHEIREFFRMEREBRTO=T oY L
BLFIZXIT 5 DF 2 1 L LEBEORRETH LY, RAFHRMESREETOT oY VhFIZxt
TAHDF %10 & LEBAITBWTH, RERZ2ERE 25,
B3R REMITRE

N R M TR fiRAT
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- }\%f jﬁim - AL (A-5 EBRFER D 34 B (38
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_R— A TR E RRAT
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DOHHES (FELA =y k 3. 6E-4 3. 7TE-4
o (1. 00) # (1' 03) "
U k)

¥y aNiIR—2E&HIIRT 58S

SEIOFHETi, CSE EBRICEIT 5 EBBHE% 30 0 E TOEEKL > FORER VL ORDE-H
RIEEFEREZEHA L TWVWD, Z I T, CSE EBRITBVWT, DF=200 |ZZETHHME TOEE L > FED
BEBD»L BRUEEFEELZROZIFEOEEBEUTITRT,

RFIFEMERNOBARLEREZRE LZBILE LTS A6 HBRIZOWVWTIE, AFvA3h
HDZELETATVAICLDBRENREDH D728, FIREIZ LT DF=200 ([ZE 3 5 £ TOMEIL,
BROFEIERA L TV HERLBEOLDOHEEZ LV b REL, BREDRIIKRELI S,

¥z, A7 A SNV RBROBERL LT, MU CSE ORBRFER (A-5, A-11 ABR) ZEIT
HARUEFERZ AVEHAICBWTE, ko tBh, S0 BRLERIZFROFMICHER LT
WAHBERILERE KX EWVIRY, E5IC, ASRBREVA-11 RBROFEFIFERMEBNDO L S
FPAEEIT DF=200 fHEE CbEEEIXET LTV, L7Edi» T, DF=200 ¥ T—ED AARLE
FEERAVSZ LITRERNEEZ S,

7B, I A-5 RBRR U A-11 RERD 5 LEMERIOREV A-11 RBROFBER»LHE LN 2 F(f
P 16 mEAVT X S BORFIFBABRBNA~OBRHBEIGIZO W TEH LEREREZE 5 RiC
AT, AHMBERRIEE 5 RITTTLBY, HORBERENLBOLNI BRUBFREZAVTHERRD
A6 REHENLBONIBRULEFRLLAATERIIDIINE VR S, FFHEIZRFFEMNESR
@7 o VRFIZxTH DF 2 1 L LEBEORERETHIA, EFFBEMAREETRD
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T Y VRIFICRTADF % 10 & LRSI TYH, FERER L 25,

HE5R BARUFSEREZLHIEHEOL O ROREFIFEMEIRI~DOKHEE

Mgy —2x RRERTO RERFITQ
AR (F0H) 12 43 Gip:= 16 43*!
S (DF=200 ZEH%) Ak 40 B &
b i =T
* jifi;igi&% %9 3. 6E-04 #9 3. TE-04 #9 3. TE-04
HEr—R x4 5k 1. 00 1.03 1. 04

XL A- 1L ABRORERIVERELE
X2 A S HBROBRICRBE RIAATRE LIE

72, BRULERITFFMT 52BROERENEEOL TH L LREROEELR T, LREE
BREWVIZEFEBRULEFRIIREI D LE IS,

CSE EBRIZH T HHFR L IHEEF 3 FFOLRERICOWVWTE 6 RITFT, CSE EREBRE
3B FDOLEREIIFABRELR>TEY, CSE ERTELh-HALEEFEZH D LAT
EHLEZOND,

63K CSERBRLINBEN 3 SR OLREHED L8

CSE sBR &% 1A BT 3 5IF
&5 (o) #7600 #9 65, 500
FEE (m?) #7570 #9 69, 000
HREE ™) #70.96 #1.05
2% . CSE REBER
TABLE 1

Physical Conditions Common to All Spray Experiments

Volume above deck including drywell | 21 005 ft? 505 m?
Surface area above deck including
drywell 6 140 nt* 569 m*
Surface area/volume 0.293/fc | 0.958/m
Cross~-section area, main vessel 490 ft* 45.5 m*
Crosas-section area, drywell o5 ft* 8.8 m*
Volume, middle room 2 089 ft? 59 m?
Surface areca, middle room 1 363 ft* 127 m?
Volume, lower room 3 384 ft? 86 m?
Surface area, lower room 2 087 ft* 191 m*
Total volume of all rooms 26 477 £t° 751 m?
Total surface area, all rooms 0 560 ft? 888 m?
Drop fall height to deck 33.8 1t 10.3 m
Drop fall height to drywell bottom 60.5 £t 15,4 m
Surface coating All Interlor surfaces coated with
phenolic paint®
Thermal Insulation All exterior surfaces covered with
1-in. Fiberglas insulation®

“Two coats Fhenoline 302 over one coat Phenoline 300 primer,
‘The Carboline Co., St. Louls, Missourl.

bk = 0.027 Btu/(h ft*) (°F/ft) at 200°F, Type PF-615, Owens-
Corning Fiberglas Corp.
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2-8 FRFIFHRMAGRE~OTT u Y LOLFEHRITONT

FLDELUWBENREAE LEBEOPREEEDOBEHICR A HIZ MV T, REFRK
WMAERBRNIIBIT 57 o Y LOBRLEICOVWT, MEEAN REFHRERT#EE LT,
INUPEC| &9 %, ) (2L BHat 1Ak 9 4B NUREG-1465 O Y — A ¥ — A& W= U E
BHEOFMIZET2@MEE) (FR10E£3AH) (LLF, INPECHEE) 715, ) ItBw
T, =7 VOEHEEEREEZRAW-ET BRI S TWS,
ZOETNOMEEZUTITRT,

JRFFRMESRNTOERNLEEREZV, LT 5L, EFIFEAESNOESRERY DILEIC
XHRORIT, FFFBEARENE—RIEESATWSbDLE L, UTORXNLROLNS,
2¥, MEERT 3 S ORFIFHRMARKERR VR FFHRWASEBEEROEZHV TS,

_ A_f_ 3
Ag = Vz—= 6.65X103(1/h)
V.
g

v : BARLEE (1/s)

v, : EHCEEE (n/s)

Af : RPN ASRRERE (o)
(JBZEFT3ZF 1, 250m?)

/A : B FERRAARE BEE ()

(JAZEFT 3 54 65, 500m*)

ZIT, ZwoEHIZOWTIE, =7 a A BETA3BOKRREELRDEIRXTHLA F—7
ADOREFBEAL, UTOXoickRE S,

_ 25y —Pg)g 215 Ppg

. ug - Yug
.3 : =7 1 Y )VHEE ()
Py : =7 B Y VERE (kg/od)
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B2-8-1F FHHIZCHAWE=ARTA—F

RG A—H & i
7 a Y VEE 15, (o) 0.5X10° | B luym DT Y VERE
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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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Experiment”

CSE TORREB TORYREZLITFIZTRT,

TABLE II
Experimental Conditions—CSE Spray Tests

(2% 1)

CSE 7—# ( “Removal of Iodine and Particles by Sprays in the Containment Systems
Nuclear Technology Vol. 10, 1971 )

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
'I'erl‘"npal;‘;lure, °F 7 77 250 . 250 250 250
Pressure, psia 14.6 14.6 44 50 48 44
a b e
Hozzle type - # . i
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
i I t I
Spray solution ° [

IDRRNDL,

agpraying Systems Co. 3/4 7G3, full cone.

bSpraying Systems Co. 3/8 A20, hollow cone.
cgpraying Systems Co. 3/4 AG0, hollow cone.

iMass median diameter.

©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.

(e, ZOFBTHROLNEARAT VA BHEROBEREZLTITRT,

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.

59-7-¥ 2-9-6
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b2, LiERoT, MBiF7 4 VZREDER I9%IIHMR TE 3,

b. REEAEIZOWVT

HREFT 3 SO P RFIHEBELEFEBOWBLT 7 4 NV Z ORFFAEEITH 2.9%e/2 1 (&
Atk 5 b EFM28) THD, PREEE (FL0FELWEE) BEMEICRIBIELGF
i CRE LIZFHEERICBWTRFFRABREIDRE S, PREEZENICHEATS
7 a Y )VEiIH 30mg TH D,

“hi, BEEELEEIT, BFHICT a3 A7 AN RICLAREDESERL,
BFFRMBERPLORIWVICET A7 v Y VR FOREOH R L ZEET, FEFIFk
WEBEPDIRAV L TE MR TR TR TRRPICHHEN AL LTRHEL 72D TH S,
¥, WAV LB FIZ T Tl ALK EN S & LTRABSR» DR REFEEE T
DORZIE (FRDFE) 2BEL, PREEENICEBA LML FIZILER 7 A V2 ICH
E£I3hdbne L, 28, IORETIT_TRFREIBLLUTGHEL, (F2-12-5 K
RO 2-12-1 (B R)

Lo T, PRAEEEZREBOWRF7 4NV ZITIE, =7y VE+oICHETE
LBEEVBHDHDT, WHTF 7 1 VZBREDER 9%IIMHETE 5,

% 2-12-1 % PRAEIEEZMEBOWRIT 7 4 VA REGER

WHRLTF 7 4 V5 th L =2 E
TANFITHEESNS =T oY V& #9 30mg
RERE #12. 9kg

(2) 7==27 ARG iE ORI F 7 4 V¥
a. REERNBESRMEFIZONT
A CEE LIZFHEERICB W T, FEFFRAASRNIT 1I50CRE 20, RFIFERRH
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RaPbOREREEICLIV T =27 ANORENR LTS,

T =27 ANOREZEHEH TI20CREETOLATHI N, HEEHNIBFOT =27
AZEG LRI AR L OV BT 7 o A& 3 JCootiEmR e £ LT Y, ik
PIETT2Z LIy, B, 74NV ICHESNTERAEMEORERIZ L SEE LR
FX1CRETHY, 72 7 ANBRE~DEEBIREVWLOTIERY, £, BEICOWV
TH, BHERRZAVEIZIE LEbTPRBELRZIH 2000, 7=27 AEREK
(REER®RIX, T2 7 AANLOEIBALDHDLZ 0D, FRIEERENENSZ EIX
RN, TANZOWENMETT5Z i3k, Lo T, Wb F7 o VEBREDE
9% IIFERTE 5,

b. RFAEEIZONT

HEEF 3BF DT =2 7 AZERELRIE OWRLT 7 1 NV Z ORFEFAERITA 8. 9ke 6 1
(Z12#HD5b EFHEAI6F) THD,

FHEHE P I E FFEEMAER PO T =2 7 AHANRAWVWLEZ T B Yy VTR TAHES
LB LW D REFRY LR E TRHE L 725 52549 0. 9kg TH 5,

Zhit, ZEEELBEZ T, RTFEWERPLDORAWVICET =7 oy VEF0
BEOPREZEZRET, FTFENEBPOLRAV L TELMETRERET A V¥ ICHE
Sh3bDELTFHHELELDOTHD, 228, LOBEFTATRTIRESIFREL LTEFMAL
Too (B8 2-12-5 RR U 2-12-2 B R)

L7ehioT, 7T=2 7 AEKGFRBOMKLF 7 4« M ZITIE, =7 vy vE+HHICHE
TELBRENDHDDT, WELF7 4 VFBREDE I9%IIHERTE 5,

B 2-12-2K T =27 RAERHFERBEOWEIF 7 A VI RFRE

WL F+7 4 N5 T =27 AZEREH LR E
TANZIHEINA =T ViR #70. 9kg
REFEE % 8. 9kg

[ ] tEsoRFEHERICR L ETOTARTE A,
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2. XoFB 74 NFITHONT

FLDELWERERRE L=HEOFREEEOEEMICR A HIT FHMEICBWT, F0H
HEEREBROT =2 7 AZBTEERBOL OB T ANV FIXEHL > BROER L 5 FOK
EREOFHESME L LT 5% ZHNTWS, EREOXSIFBTZ A NFIZOWTIE, EHEEER
ETLEREDEIERTETCVDHILEZHERLTWVS,

(1) PRHIEHEEFHEBOL >R L F

a. IRERCBESRHEIZONT

Fen By, JAFEEFT 3 EFOFREEZEL, BEFFEAESRI»OEEN-MEBIZIHS T
DIZ, REXPCEBESBERFICHESATRESEDDZ LITRL, 74NV ZOHEMETT 5
X ORBBEICIFZ bR, LEdoT, LOFBT7ANFBREHERE LT BWITMEETE D,
2B, BBEFMEZEE X ZBREDROZYUEOFEMIIOVTIE, BF 1ITFRT,
b. MEEEIZONT

BEEF I BEFOPREIHELEREBOL >R T7 A NFOREREIL, £ 0.43kg/10 &
Thd, PREBEZE FLOFELWEE) BEMICRL L FHECRE L2 MERIC
BOWTRFFEMBSRENO RS, FREEENICHRATS X 5 FREITH 25ng BETH
5, Zhix, M. eiF7orZizonT (1) PREEEEFHEBOMBIF7 4 V57 )
CFEBRDFETHMELZbOTHS (REEEHLER) . 721, X5FRD(FEREILT
RCERIOBTLIIAEHEIOFTLL, PREEENBALELIBIZERI>ETY
ANBITHEINLIbDL Lz, (5 2-12-5 RAUE 2-12-3 B R)

Lo T, FRAEEEZREBO L SR 7 4 L ZITIE, PREBEENITHRAT LT
TOEHIFRETLTHICBETEZHIRERDY, LOF 74 NVFREDEL LT 5%
tRTE 5,

F2-12-3FK FRHEEZEEREBOL >R 7 A VI RFEE

XoET4NE h L S 2o R
TANZIHEIND LHYFER # 25mg
WERE %5 0. 43kg

(2) 7T=a2 7 AETHEILRBEOLOIR T L4

a. IRERCBESRHEIZONT

LOFTANFE, BBEEBT COREEREIBENZ LRG> TEY, FLOELW
BERBELZHEO L 5 RBERBVRECTHIE, (LZRISHET LT BREDE
@ RAEmRH 5,

7z, BEIZLTUL, BEBEOFPBOVEREDRZRETEELM, kolkY, BN
BRRAVEBIIECELT P REBELEFEIHD2 00, 7=27 AEKELRHEZERIZ,
T=aFZANNEDRERBALHDE 0D, TRIFEFBENERZ Z xRy, LR
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>TC, BERVEBEOCEEBIZIV 7 NVIOHEMETTHZ LITRL, LH2FB7410¥
BrEGERL LT B5%ITHETE S, 2B, REESFGZEE X -BREDROZ LU OEM
[ZOWTIE, 8% 1ILFT,

b. RERRIZOWNT

HEBHIBFOT =27 AEKHFLRMOLOIFB 7 A NVFOBREREIL, # 1.4keg/34
HTH5,

R P I R F R AR N T =2 T ABNRAV LX) BT RTEREESNS
& W ) RSFRYRARUE TRl L 725 R340 20g TH 5,

Zhix, T #RF74AZIZonT (2) 7T==27 AR LREOMEIF7 1 L4 )
LEROFETHELZbOTHZ (REEELER) . 12720, L5FRo(LFREBIZT
RTEBRLOFELTERI O OFL Lz, (B 2-12-5 KRR UE 2-12-4 NS HR)

L7e3oT, T=a 7 ALEKIERBEOLIBT A NVFITIE, LO5FRE+HICRETE
LDRENRHDHDT, LIBT7 A NZBREDER IBUIIHEETEZ S,

F2-12-4RK T =2 T7 AERFLREOLOI>BT7 ANV IRERE

rogE7 4% T = a7 ARG
TANZIHESND LHOFE # 20g
LERE 1. 4kg

F2-12-5 K% FLNEHEER (REXEZED)

- FONEREE
(kg)
BQE | 2. 1E+01
(X558 (2. 0E+01)
Cs 11 3. 0E+02
Te 3§ 5. 0E+01
Ba ¥ 2. 1E+02
Ru 37 6. 9E+02
Ce 38 9. 4E+02
La 3§ 1. OE+03
it 3. 2E+03
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N

RPN AERRIN~D Cs DiFHEIA
N
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N

(FFIF RN A SR T OERZIR)
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N
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N
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FFIFEMEERIA~D X 5 ROBRHEIE
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N
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(ZE1)
LORT AN OWEFZRE 2 CBREHNRDZ YT ONT

(1) L5F7 AN FBREDEHABRICONT
EOFTANFITHONTHE, EMFEEREICBVTE I RT7 A VI BREDERRBR L N
L, &5 FBREMENERME (REDRBWLL) 2R THZL2HAELTVS,
Z DBROBBREMIL, 7 =2 7 AERERE, PREESIEFEHBRRMLLE bIC EE :
30C, IBEE : 95%RH] TH 5D,
7E, LORTANFIIEER BEEOHFVEVREDELZRETEIEMICHD,

(2) BEEFTOBRERRIZOWVT
HEEFTORBRIICOVTIZ, REFAIRM 6 IZEEHT 5 ABOKR®IREOFHE, &KIE
SIROEHME (FEHHim 1991 F£~2020 ) 12X 5 &, ERERVREMEIZZNZEN 25.6TC,
-5.8CTHh %,
=L, BECERHEZIT > REOFMEMFIL, HROERERUVRIEMETHD, 25.67C,
-6. 1CTh o7 (FEHHIR 1981~2010 ), LARTOFHMSRA: DG 23 QREHI 2 5HM & 72 5 729,
WEICER L7-FHER G CORBRERELTEHT 5.

H1R PEEFEIORBERT GREFF RN 6 (ST DIRE DR

: 5 FEHT A I ik /R R sk

HREFORFTY DIREE ST PR —

EmRIRA EIESIEA 8 H 1A 8 H 1A

B RO T R 24.6°C -4.7C 25.6°C -5.8C
DIEHE
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(3) HFEERTOFRBERILIZOWVT

2011 R UR20124E0 1 A~12H E CTOHERBEHTAOHENRET —Z ICBAL TAFEH L LT
B U7-, MA8hIC 1ERMID365H, Mt B FHOMMBEEZTRT, ZORKEE, 95%RHEL LD

FHEEO®VAIZ72<, BXHBEI%RILL EIXER13A (20114F) ,

7=

1 B (2012¢E) Tho

L72d3> T, BFEHOMMEEIZIBWNT, 747 OHEICEET S B FHOHEXHEEIS%
RHIZFEM 238 L T7/A<, MIEEEIO%RILL HITEMBE K4 %BRETH D,

2E, 2021FEIZBW TR EITo/2E 25, BEHOMIEEISWRUTEMEBELT2H
M L27e<, FHSHEEE0%RHLL L L 72 5 DITFEM208 (5 %RRE) ThoT,

H  HEMEEEE (2011 45, 2012 4F)
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1H
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L ({e]

20114 MW2012 4

10 H

11 A
124

B 20114 1 A ~20124£128 @ B £ OFEHEE
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(4) BEHHED X 5 FRT7 4 NV UBEKEMHFITONT
a. 7 =27 AEXE L
7 =2 T AERELERE O R R E K2R T, EXERFEOT =2 7 A 21X, BHAE
FNHKERZBRBRAL, BMBERUSAPOAIBBRBALTL 5, BRENICIL, BRI
DKEZBARST. 5kg/h P TH Y, BMBERUADDOKEREEDERDORARIT,
#33, 000m*/h#2 T3 3,

BEREFTEALOEFRVAFEOAIORE, BEL (2) HEDV 3) HXE025.6C, 9%5%
RHE 1f-6.1°C, 95%RHE T 5L, EREHHEDOT =27 ANEROKEZSEX, FhFh,
#4. OkPa, #90.92kPa™ L7253, HHEEDT =27 R, BMAER» O DOEEC L 0 BEER
DRE (WOCEE) UTIZRsZ Li3BAbNR2WEY, 7227 ARNBEZ40CLEEL
A, ZOREOHEIBEIXS5%RILAT L2 & X 57 4 VZ OPHFEIIHERTE 5,

v
aleln ;
] _FJF A1 ABE IS
7. 5kg/h
HER A~ % = B
3000m’/h g, :
A
:;'. FIF|F|¢c
T=aFA fid okas
Abl 30000/h |
v y s
H/F | ki F7 s %
EH/C| B&Em#z1 it ?

2l 3B 7 =2 T RERE LR R AR
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b. HRGIEHEIEE RIER R

FREHEEEABRAKEOREERIIEIRKOBEY THY, GHaA I VHHE (B
) Sh, 60%RHLATFICHERFSNADT, LORT ANV FDOHRIIMETE S,

YMERROBEEELRZICLY, BHaAA VX Z2HBHGRE) B TELVRRIZBWTL, &
KEtiEs, B, 77 VEORBICLY, PREBEZENEIAIIVBESEL 25720, H
ABEIXELS 25, LER->T, PREEEANEIOHEIEEIZS%RIZ LES Z L i1372<,
EOBT AN OBHFRITHERTE S, FIAIE, PREEENTORIED 5 COHE, SRR
BE25.6°C, 95%RH K U-6.1°C, 95%RHEFD X 5 F 7 4 V¥ AOHERHEEILX, THLENT3%
RH, 63%RH%Z FEZ P L i3,

FEERBER 74NV Z2=y b

Gg ESHCH@
9 7 ||
* L |£ %5
EFHBRT 7~
<l#
H B[/ T v
RS
3 S .
A === o sl 2 - Wl F
I 4 B BHaA
oA )

3N AP REEAEIEFE AEERART BRI
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(FED) BWHEHEILOKEIEBARIL, BRWESNRRKERLEMERRAVEIVEDN
LTW5, EMESRPKETRRKE BRIIAITERORKMERLL2, 000kgs L, BMHE
M WV ERITHEIE < FEMSRA0. 16%/day & L TW 5,

(H2) 7T=z2F7RPEHKE

(#3)  25.6°C, 95%RHEU-6.1°C, 95%RHOBEDT =27 ANKEKHEIL, LATO@EY

ERB,

PSS 25.6°C, 95%RH -6. 1°C, 95%RH
KERREE [p o ) 0. 024kg/m’ 0. 0049kg/m®
7BREE [o o] 1. lkg/m’ 1. 3kg/m®

ToaZ7 AV EHERE (L) 3000 m*/h
CV LIA DKz
A DABRIBAR 72kg/h 14. Tkg/h
[Mo> = p o XL]
CV LIShDZEZEANE
3, 300kg/h 3, 900kg/h
[Mo= p oXL]
CV 2B Dka
bOAKRREANE £ Blegl/h
(Mcv’” )
T =a T AN ap ki
7 ANZTICHRE 0.025kg’ /kg 0.0057kg’ /kg

[X= (Mo’ + Mcv’ ) Mo)
7 =27 ANKERSE
[Pw=PXX/ (0.622+X) ] #14. 0kPa #30. 92kPa
P=101.3(kPa) (K&E)
(1) FHEHFEOT=a27 ANBEZ 40CLT5L, 40COEMKERSIIEILT. 4kPaThH D
b, 7=2 7 ANEXOHEXHEEL, UTO@y &%,
25.6°C, 95%RHFE¥ : 4. 0kPa/7. 4kPa X 100=54. 1%RH
-6. 1°C, 95%RHFF : 0. 92kPa/7. 4kPa X 100=12. 5%RH
(H5) 25.6C, 95%RHETU-6.1°C, 95%RHOKEKSEIX, ThEh, 3.2kPa, 0.35kPaT
b5, Tz, 30.6 CRU-L ICORBEFKERRDEIL, EhEh, 4.4kPa, 0.56kPaT
B, PREFEIEERB/R 7 4 V7 2=y FEREROMBEMNREIL, LLTO®#
YEigs,
25.6°C, 95%RHEE : 3. 2kPa/4. 4kPa X 100=72. 8%RH
-6.1°C, 95%RHB¥ : 0. 35kPa/0. 56kPa X 100=62. 5%RH
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2-13 #HIFL FEMICAWE=RBEEE OREHEIZONT

AR EFTEHNIZB TR L7z 1997 £1 A5 1997 £ 12 AL TO 1 EMORSET—F %
AWTEHEEIT O ICH2Y, Y 1 FROKRET —FBRRENEPORMEF HMREICLVE
e L7z,

UTICREFERURIERE T,

1. REFE
(1) BEICHW-8HT—%
[EBEORRELHERTHITE > T, BFEEIFIKTHE LEERERERRLZ AW T
BRETHHO0, HIEFETIHRTFHICH EREZERA LTS Z L2b, KRR SfHE%
RES 5EH 84n OBRT —Z 1T Z, R 200 OBAIT —F ZHVWTREEZITo 7.
(2) 7—# WEEtHir
HLEHEE : 1998 4E 1 H ~2007 £ 12 A
FRIESE : 1997 4 1 A ~1997 ¥ 12 A

(3) BEHTIE
FEREADOERNRECET 5 F oMREDFIEICHE > TREZITo 7.

2. REMER
BREORKEER, HERFE® IE2RETHER 84n OBRIT — & R OHER 20m OBHIT — 7 &
LICHEBKES % TEHSNEEENOEA Tho72Z b, EHENVRIREFEDOT R
IREHFEDORBR L LR TRE TII R -7 LYl LT,
BRERBREEZSE 2-13-1 RN HH 2-13-4 RITRT,

3. RBEBEDOFHEIZOWT

F—AEHOBANID ., RBEEDOTF—FIZHOWVThH, UFTIZOVWTRERZITW, 7—F %
LT LT,

IRBIZOWT, AREROEAREICET 5 FAMREOFIBIZE > TREEZITo 72, &
Buht, AEKIES % CERINAEB N/ MK SBRIFTCOEE, FHEHH
BREBHFTCT2HE ThooZ &b, EHEIBV R BMEFORRIIMIEDORE L LA
TERE T oz Ll L=,

BRERRZE2-13-5RNOLHE2-13-8RITFT, £, IBEEBOHEMIZOVTE 2-13-1K
Rtz e B
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(1) /I 5 Hisk S S B I i
1999 4F 2 AIC M EGEFRER S OEE (12.3m~13.6m) 233 o 7272 LU T OHiRM % 7
T 5,
WEEHEE : 1988 4E 1 A ~19984E 12 A (1997 FE&[&L)
BELE 1 1997 41 A ~1997 £ 12 A

(2) FHEERIHIRK S EEIFT
HEEH4E - 1998 4E 1 A ~2007 4£ 12 A
FREE - 199741 A~1997 4 12 A
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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 are 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 to temperatures such that the gas
composition is effectively “frozen" at the equilibrium composition 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 ex to make up the
suspended solids are Ca(OH), (p = 2.2 g/em”) or 8i0, (p = 2.2 g/em’) from the concrete and
UO,(p = 10 glem®) or ZrO, (p = 5.9 glem®) from the core debris or any of a variety of
aerosol materials. It is assumed here that the material density of the suspended solids is
uniformly distributed over the range of 2 to 6 g/cm®, The upper limit is chosen based on the
assumption that suspended UQ, will hydrate, thus reducing its effective density. Otherwise, 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 to be So(w) where § 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
i a(w) (1+8) for e = 05

a

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

(10) Mean Aerosol Particle Size. The mass mean particle size for aerosols produced during
melt/concrete interactions is known only for situations in which no 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 pm 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 um) = -1.39 to In (2.5 um) = 0.92.

ric Standard Devig ; ( . 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 1.6to0 3.2, Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Acrosol Material Density. Early in the course of core debris interactions with concrete,
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, Aly0; 8i0,,
and Ca0 with densities of 1.3 to 4 g/cm® become the dominant aerosol species. Condensation
and reaction of water with the species may alter the apparent material densities,
Coagplomeration of aerosolized materials also complicates the prediction of the densities of
materials that make up the acrosol. As a result the material density of the aerosol is considered
uncertain. The material density used in the calculation of aerosol trapping is taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 glem’.

Note that the mean aerosol particle size predicted by the VANESA code [6] is correlated with
the particle material density to the -1/3 power. This correlation of aerosol particle size with
particle material density was taken to be too weak and insufficiently supported by experimental
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:
1w yet
D, = E[-EJ i, 18 cm
n g™

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

D, = 00105 ¥{o, /g(p,~p N'*

where the contact angle is assumed to be uniformly distributed over the range of 20 to 120°,
The maximum bubble size is limited by the Taylor instability model to be:
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£E 1-2 “State—of-the-art Report on Nuclear Aerosols” ,
NEA/CSNI/R (2009) 5 D #EE K OB D=
921 Aerosols in the RCS

9.2.1.1

The experimenters conclude that spherical particles of around 0.1 to 0.3 pm formed (though their
composition was not established) then these agglomerated gi|viug rise to a mixture of compact particles
between n size at the point of hieaslu‘emem. The composition of the particles was found to
be dominated by Cs. Sn and U: while the Cs and Sn mass contributions remained constant and very similar
i mass. U was relatively minor in the first hour at 1860 K evolving to be the main contributor in the third
(very approximately: 42 % U. 26 % Sn. 33 % Cs). Neither break down of composition by particle size nor
statistical size information was measured.

9JL3HEHH'

Further interesting measurements for purposes here were six 1sokinetic. sequential. filtered samples located
about 13 m from the bundle outlet. These were used to follow the evolution of the aerosol composition and
to examine particle size (SEM). Based on these analyses the authors state that particle geometrical-mean
diameter varied over the 1'ange(eiim.ination of the first filter due to 1t being early with respect
to the main transient gives the range 0.32-0.56 pum) while standard deviation fluctuated between 1.6 and
2.06. In the images of filter deposits needle-like forms are seen. Tuming to composition. if the first filter

sample 1s eliminated and “below detection limit” is taken as zero, for the structural components and
volatile fission products we have in terms of percentages the values given in Table 9.2-1.

9.2.2 Aerosols in the containment

9.2.2.1 | PHEBUS FP

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 um at
the end of the 5-hour bundle-degradation phase growing to 3.5 pm before stabilizing at 3.35 pm: aerosol
size in FPT1 was slightly larger at between 3.5 and 4.0 um. Geometric-mean diameter (dsp) of particles in
FPTI was seen to be between a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the lognormal distribution was fairly constant at a value of around
2.0. There was clear evidence that aerosol composition varied very little as a function of particle size
except for the late settling phase of the FPT1 test: during this period, the smallest particles were found to
be cesium-rich. In terms of chemical speciation, X-ray techniques were used on some deposits and there
also exist many data on the solubilities of the different elements i numerous deposits giving a clue as to
the potential forms of some of the elements. However. post-test oxidation of samples cannot be excluded
since storage fimes were long (months) and the value of speculating on potential speciation on the basis of
the available information is debatable. Nevertheless. there is clear evidence that some elements reached
higher states of oxidation in the containment when compared to their chemical form i the circuit.

HE AL W IHEELS HREBROME
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KET A FHEN TFREPER CER SN FOEERET
PBF — SFD DOREHER DR L D55 EWVIE NI SR A R R KT DR
Hiz>WToORER

T T VADH T v 2 BFFEETO PHEBUS BFFEHF THEHE S i
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