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R iPEMER~OBESRERD O BB OREITONT

AFEMTIE, FFRFERMNES~0BESEERSoBBRESOREIC 2T, BEXEERE TORE
EETEEORTNE Y — AT —ATHD NUREG-1465 |Z - E = MH#E, FHESEREZRVTWS,

1. NUREG-1465 O RH&IE, HHRe @RI oW T

NUREG-1465'0D ) — R # — hjZ, MARIEBEBERAL Y, HFPESSHEE LT 7Y B Ffcik
HEnH2KBICEIETEANBLLELOTHY, KA THEL TV —F R LRIERD >
— A EZOWTHHBIZESEN TS, NUREG-1465 THE L L TWE—4Y 2% 1 BIZTFTT,

# 1% NIREG-1465 TH &L LTSI —F rR

Table 32 PWH Source Term Contributing Sequences

Plani Sequence Deseription
Sarmy AG LOCA (hot leg), no containment hent remival systems
THLB* LOOE oo PCS and no AFWS
v Intecfacing sysiem LOCA
53B EBO with RCP seal LOCA
5ID-& SBLOCA, no ECCS and H; combustion
SaD-p SBLOCA with 6 hole in centainment
Zion SIDCR LOCA ") ne ECCS no CSRE
SIMCF LOCA RCP seal, no ECCS, no containment sprays,
no coolers—H; barm or DCH fails containment
SIDCF2 52DCF] eacept late Hy or overpressare failure of
containment
THLU Transient, no PCS, no ECCS, np AFWS—DHCH fails
containmen
Oconee 3 THLE" EBD, no active ESF eystems
SIDCF LOCA (37), no ESF systems
Sequoynh B3HF1 ﬂlﬁﬁm no BCCS, no CERE with reactor cavity
i
SIHF2 EIHFI with hot leg induced LOCA
IHF3 SIHF1 with dry reactor Gy
5IB LOCA (%) with S5BO
TOA SB0 induces hot leg LOCA—hydrogen bum fails
contamment
ACD LOCA (hot legh, no ECCS no C5
5381 SEO delayed 4 RCP seal failures, only sleam driven
AFW operates
S3HF LOCA (RCP seal), no ECCS, no CSRS
52H LOCA (RCP zeal) no ECC recirculation

SBO  Sdation Blackout
RCF  Heactor Cooland Pump

PCS  Power Conversion System

s} Cantainment Spray :
ATWS Anticipated Transicnt Without Seram LOOP  Lass of Offsite Power

LOCA  Loss of Coolant Accident
DCH Direct Containment Heating
ESF Engineered Salety Featire
CSRS C5 Recircalation System

NUREG-1465 Tid, EAHFHEFZFLL LM FIFEHES~HH S h 2 B0 RERBOF &Iz T
BeEOLILESERSE 7 = —XTHT HMBIES, BHHHEREL TS,

1 Accident Source Terms for Light-Water Nuclear Power Plants
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NUREG-14656 @ T Hifi<HHTW A X 912, NUREG-1465 @V —A ¥ — AP LERICELSEL
Bl — o AREICLERENR YR F—LTHD, B, FORERICRECKE Eh 5N
MWEAKELLIBAATIRENR Y~ AL LT, KFFETHESE L LTS KRN LOCA BFIZ
ECCS HARTRCY A7 LA BEAZRMTHL—Fr R 2380EBE—F A AEREBETHLIRES
b oThs,

B2 NTrEWES~ORHBMERIHSIS (NUREG-1465 Tabled. 13)

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

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
Telluriom group D 0.05 0.25 0.005
Barium, Strontium 0 0.02 0.1 D

Noble Metals 0 0.0025 0.0025 0

Cerium group 0 0.0005 0.005 0
Lanthanides 0 0.0002 0.005 D

* Values shown are fractions of core inventory.
** See Table 3.8 for a listing of the clements in cach group

*** Gap release is 3 percent if long-term fuel cooling 1s maintained.

( SGRBOET = —XEREUTOLS BRI TS, ke
» Gap-Release/Early In-Vessel
PE#REREEOX vy v 7L OME (Gap-Release) &, ¥EEOEMIZHES N IFESE
{EEFTORLALORE (Early In-Vessel) #187E,
- Ex-Vessel /Late In—Vessel
iR EREERE, PAOEMPLHAEORE (Ex-Vessel) BTF 1 MFBIZILF LIcESEE

_ Ao (Late In-Vessel) #AHIE, D

HEEBREEL TR ONEREREL, RTPEFRIHEETIESEROY A I - 7ITo0T,
MAAP % R\ VI- TR R AT 3 SR ORFHTHRS - & NUREG-1465 DEZ 5 L, BIRO LB L5,

Wik EEMBCCHETREESNERTLIETOFA I - YOHhE

HERERESMESL, ¥ | POEMSHEL, FERSE
¥ oy 7o HFEEHRS BN | ARTFEESETRETLET

¥ gy il ] 7o HAR
MAAP AFITEER 0~#7 19 43 #9 19 4r~# 1. 5 Byl
NUREG-1465 0~30 4 30 4y ~ 1.8 B
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PLERRERE VR FIRESBERO YA 2 7220 T, BERILTHY, BT ERH LR
CHHEZALMMOBSERIZ K RERLVLHBLTWA,

NUREG-1465 @ — R & — AL, EMBEEREEHKICILTVS, Fokd, KEIZEWT,
NUREG-1465 Y — A F—h (LUF, [HEHFY—AF—Ah] LD,) & EmERBEEERRE R U MOX #hEHZ &
AT 5BSoMMECE L, 1999 f£i2% 461 [B] ACRS(Advisory Committee on Reactor Safeguards) 4
LB BOTERBRENLTWVWS, T I T, ACRS 06, FRERBERERREL R U MOX AR ~D@ Iz -
WTHET T 50T Y — AL OB RRUEBRT — S OINERLBE L A L FRRERATWS, 2
AL, NRCRZ v 71, ZEWNIZ Y —RF—A~OEE IV EEZ LRI LHBELTWE,

FOE, EHH7 =— Xo#EHREEUVSER Y L — 7T oS5 2 5 BRSO THMNE
AFANATORBHITEATEY, TORES ERI/NRC 02-2022(2002 4 11 A) iz L HbhaMEn
TWd, ZOBROBERELT, LTICTAT@EY, MRTAZEEHELRETATVWEILOO, &
PRBEREMEEL R MO M EHC M L TLEFH Y — 27— 0BRIC W TEEER TV A L O TR,

" |r_' . -. ' " 2 i < f-the ]- &
Finally, there is a general expectation that the physical and ?hemlcal forms o evised
source terms as defined in NUREG-1465 are applicable to high burnup and MOX fuels.

(ERI/NRC 02-202 &5 4 )

iiae ST mRBEEERREHT, MREHE SR OB ACHRBERE 75 OWd/t, PO EEERBEEE 50 GWd/t & Xt
BLLTHE,

HEFAFXALOEROBRLE LTRENE, 7 = — XORKERHEETENERA~ORHSIE
2WT, FTEE 1 08 1-1 RS 1-2 RiZFT (ERI/NRC 02-202 Table 3.1 B TF Table 3.12),
DA v aNOEEIL, NUREG-1465 DEZ TR LTWA, £, B¥EoEENR—oMIzfEsh Ty
B0, NANVHNTHE—OHRENSEINRP-> BB 28EMFEOHRETHS, ThTh
OIEFIZ VT NUREG-1465 & &< —BE L T\ 5 L iZR& 42145, NUREG-1465 b KE RAEBH LD
REETREIN TR,

LLEO#iRORREL LT, ERI/NRC 02-202 Ti, SIALERITOLE ) M MEREHCH L TE
NUREG-1465 DY — A ¥ — A @A TE D LERKRTIT TV,

s, ¥EOHHHEETHD Regulatory Guide @ 1. 183 {233 Tk, NUREG-14685 Foil R #EE
EHREHETROK 62 GWd/t £ TOMBEEOMEIE TERATEALOLEDHTVA,

* ACCIDENT SOURCE TERMS FOR LIGHT-WATER NUCLEAR POWER PLANTS:HIGH BURNUP AND MIXED OXIDE
FUELS
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3.2 Release Fractons™”

The core mventory release fractions, by radionuclide groups, for the gap releaze and early
m-vessel damage phases for DBA 1OCAs are listed in Table 1 for BWEs 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 mveniory assumed to be wmn the gap for the
varions radionuclides are given i 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.

"0 The relesse fractions listed here have besn
fo O OO0 AV AL . 1he dal

FOELEFH Y — R Y —LEF@EBEERE-CMX RS T 2B S oMMz L TRMSTbR
TED, 201141 AiZiX, 47« TEIHRFHOWMEENHEIA TS (SAND2011-0128%),

AR EL R U MOX IR RO HEI S 1L, BITEE L O 13 BLRTP 14 RICTTLEED, B
BEBEOTNLFE LR bOTRAVWIENFRIATVS, 2O b, HERIZEVTHE,
NUREG-1465 i #EHE AR L2 MOX Bt O BRI YW T HEENSZ L OTIRAVWE B B ARICF
nNeoF—F ¥EET5,

H4dk R TORWES~ORH#E G OERE

ERI/NRC ERI/NRC SAND SAND
NUREG-1465 02-202 02-202 2011-0128 2011-0128
(FRERREEEHAED * | (MOX#RED ™ | (FHABERCERED (MOX #5EH
Eigoed ] 1.0 1.0 1.0 0. 97 0. 96
L IEH 0.75 0. 85 0. 82 0. 60 0. 62
Cs $ 0. 75 0. 75 0. 75 0. 31 0. 55

¥ HEOESBETREATVARYD, FEERERLE,

koL ii, META2BEFENHL 00, BEOMR T, WEBIEERE R MOX #EH
HLTLEHF V/ —AF—LETEEINTWSLOTEAVI LA Regulatory Guide 1. 183, ERI/NRC
02-202 B 1F Sandia Report io R Z#L TV A,

JARER 3 BIFOBEESRORMBHERE X, 77 BRENT 55 GRd/t, MOX ¥AHEIT 45 GWd/t TH
% Z & #»6, ERL/NRC 02-202 (2 35+ 238 A #iE, #AEHE & (oo By @ RE 75 GWd/t B2 TF Sandia Report
OEMEHE, WEHMES R mREEE 59 oW/t tHELEROEERICSES, £/-, HEEFISHF
OEFEEHER MR T Y 7 BT 61 GWd/t, MOX BE¥HT 53 GWd/t TH Y, Regulatory Guide 1. 183
IR S5 E AR, PEERRBEEE 62 GWd/t OWENIZHSD, ZoOfb, ARER 3 EFIzH
L, ERESEENTWRVWERF YV —AF—LOBERETE:-HFEERS,

ERT/NRC 02-202 |=7F S i $IE 0 K#IZ>W T, EMFOBR LA TS Z &, Sandia

¥ Accident Sorce Terms for Light—Water Nuclear Power Plants Using High-Burnup or MOX Fuel
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Report i D EEIZ W T H, MOX BEHZ W TIHE—OBMEROBA L& L LTz Y%
ATED, ¥E NRC 24—V FA XA LOTIRAVWILEERL, SEOFEMEIZHSVTIE,
NUREG-1465 (84l % v 7=,
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2. 4 EIOFFHRET A TOFEM 2 MAAP fRIT TOFEM O &Iz oW T

2.1 WFFEHERA~OBEEEIZoWT
M AT LOCA BfIT ECCS HEAR T CV AT LA BAZKMT 5 — 7 R ) (2B 2 MFFEHE
BA~OHEHEESIZoWT, S EOFMHE T L TOFEMER & MAAP T TOFMERICSVWTO
EEmo®ic, £, HEFEZB e RIZTT,
4B OFAE THL, NUREG-1465 IZ R s TWAHS THRFFEMEFRICHHE S R, =7/
22V T, HFPREMERSE~OLECPABEEMESA T LA ICL5REEBEL, HTIREWH
HaA~opifsEaEHL T3,
—X, MAMAP =— FTiX, ARELAFERIC LY, K rEMESsSEgsooxcT o/ ok
FICLBEREDHR L L TKEREMRICH S B - Km~oid, EHitESEEELTEY, HF
PHRMESNSHETRESE AT, N rEREst~okE#sE B L Twns,
{5 000 6 TP B E BN ~O &Iz oW T, SEOFEEY MAP o— Fiz X 5 ik
Rifl+ol, HENPEZVERELDY, TATOBRMICH L TIHESFHTIEZV, LL, &K
W ERFEICEEFET 5 FPEAESRS~OBESIS Iz T, SEIOFMSRE MAAP
a—FIZE 5l RL LTS L, HERKEL{R-TEY, BTHARRERLE-TWS, Zh
i, MAAP I— FiZE iz 7 o /A0 BRI ESOFBRIC L 5 EHDRS, SEOFETO
ERDRCEATRKEVWEDTHS, LT, RTHPRNES~OESRERYORHE S ORE
IZ2oWTi, kE O EME Y/ — R F— AL THS NUREG-1465 [CRENAHASEAVS Z L TR
SFENCTHETE S EER D,
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W5# MAMAP o—Fio X 5 Y—2 F—L#E LIiHl&E R &S5 Bl O ilifs F o b

EE—T EFH TRV =ET NV MAAP fiftr* 2
A8 #1.1x10"2 $19.6x10°3
L HFEH #13.6x10°4 ¥13.0x10"4

Cs $ #12.0x10"4 $11.9x10°5
Te ¥5 #18.0x10° #1.5x10°°
Ba ¥ #13.2x10°° #16.9x10°7
Ru #H #1.3x10"° #1.3x10°%
Ce ¥ #1.4x10"8 4. Tx10"8
La ¥§ #F11.4x10°8 ¥ 7.4x10°°

*1 FiCBITHAFESOEEZ, FOHEEAIFTAFNERAL 2  iichbi{E

*2 CsOkIIcHEO{EEEIE (Cs1, Cs0 Y1L—7) & FT+T 58Iz T,
Cs P LCAERRIZH T2 EhEFnobEEE S —70B#ASESF LT
WA,
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EEL, LEEERVTHEEICH—C o LERRBEEZREL TWD, 5, Efftk : LT,
AMEHROLEZEBLET AL LTV,

MAAP BRITIZHEWVT, T FHEMESRNOEREEDC L 2RENEFHREEE LB,
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% 1-1 3 ERI/NRC 02-202 |27 A MBS~ (BREERERE

Table 3.1 PWR Rel Into Contninment (High Burmup Fuel)®
Gap Release Early In-Vessel Ex-Yessel Late In=-Yessel
Duration |Hours) o4 (5 1ALE 10 (20 LR {HHE
Noble Cases 0,048; 0.0T; 0 07; 007, ME* | 063, 0.65; B63; 0 64; LOTR 03 0 {1y
{005} (0,05)
Halogens 005 {0.05) 0,14 O85TR (035) 0.25 (0.25) 2 {00}
Akl Metals 005 (0.05) (.24 50TR (0 25) 035 (1.35) L {01y
Tellurmm greap 005 {0} 010 0.30; 0305 38, OTTR 040 (.25) 0,20 (0.005)
A1)
Dariem, Strontium oy 00z ™= (0,02) ol i) o ()
Hobie Metals ay (u0025) (0.0025) (m
Mo, Te a 015, 0202 0.2 0.7TR 0002; @a2; 1,2; 0.3 TH 1 & 0.05; 0,03, T8
Ru, Ith, P a 00025, 0,0025; 0,01, D.O5; 1 (025 QUG 02; 0O, Th g U3l 0.01; 0 10, TR
TR
Cermm group {0} (ILUHHIAY 10L005) (41
Ce o QLO002, 0 0005, 0.01; 001 | 0.005; 0005, 001; 0.00; TR L]
OOITH
Pu, & o CLO001; 00005; 0.001; 0.002; | 00035, 0008 0.01; 0.05; T ]
0 00ETR
Np B 0001; 0.01; 4.00; 0,01; (HO0S; 0 G0 001 0.0 TR L]
{LIETR
Lanthamdes (ane group’) 0, 0 @; {0} 0.0003; 0.002; G (0L0002) 0 005; 0.01; 0.01 (0.005) 0;0; 0 [0
La, Eu, Pr, Nb o0 0000 0AXTR 0 003 T o TR
., Wi, Ang, Cig oo 0LO0aE, 0003 TH 0005; TR TR
Hb (1] 0.00F; 0.00XTR 0005 TR 0; TR
P'os, Em (] 00002, 0002 TR (L00%; TH 0, TR

" Blutg that 1t was the pazel’s understanding that oely about 163 of the core will be bigh bamup foel. This 15 2 sgsiian deviaton Som the past when acedent
smtalyses wone performed foo cares 1hat were unlfirsly bumed wemlly to 19 W4

' T2 rumbers in parenthesis are those from NUREG-1465, Accidest Source Teems for MWR Light-Wter Nuclear Power Plants (Table 3.13)
! TR total release. The practice in France is to assign all releases follawing the gap release phase in the arly in-vessel phase,
' ME= Mo eniry; the panzl member concloded that there was imsalTicsent isformation upan which to base an informed opinion. _
* Baium should not be treated the same ns Strontiom. There is exporimental evidesce that barksm & much more valatile than strontium, VERCORS and
VT (ORNLY experiments ciied; hese show  50% releaze from the fuel and a 10% delivery wo (he containment, Steontium has 2 1025 release from fuel and
I% ba the contalament, hased npon al! data available 1o date.

#1-25% ERI/NRC 02-202 Iz BIT A BHER~DOHKH

Tahle 3.12

MOX Releases Into Containment’

Three paned membess retained e MUTEG-1265 larthanide grouping, £.g., oos group, whils twa pasel messbers subdivided ihe group ista four sbgroups,

(MOX #28%})

Gap Relense Early In-Vessel Ex-Yessel Late In-Vessel
Duratzon [Hears) 0.3; 0.4, 0.4; 0.4, 0.4 (0 5)! P42 L4 14 14 15 {1.3) 2.0 {2.00 100 (100}
HMoble Gases 005, 005, 0405; 0,05 047 0,65, 0,65 0.75; 0,03 0,02:03, 03 TR 0 (0}
10,05 005 T (0,95}
Hzlogens 0 05; 0 05; 0.05; 0.05; 007 0.325; £.15; 0,15, 0,375; 0 15;0,%; 0.25; 1.25; TR 0.2 0.2 0.2 0.2 TR (0L
10.05) 0.95TR {0 35} (25}
Alkah Metals 005, 005 005, 005, 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; 0,105,015, TR
f [0.25) (L35} (0.1}
Tellariem group 0; 0; 0; 0.005; 0.005 {0) B.l:ﬂ.ls:?ﬁa&::..!i,- 0.ITR 04y 004 0oy 0.4 TR (025 | 001502, 0020 2; TR (0.005)
Bassurn, Stroatmum WE, ME, NE; 0, 0(0) NE, NE, ME; 0.01; 0.1 {0.02) | ME, NE, NE; 0.1; 0.1 {0.1) ME, ME, ME, &; 005 {0}
Wable Meals (1] {0 O025) (D02 ]
Mo, Te ME, NE, NE; 0,0 ME, NE, NE; 0.1; 0.1 HE, NE, HE, 001, 001 NE, NE, NE; 0.1; 0.1
T, Rl B ME, NE, NE;: 0; 0 ME, NE, NE; 0,04; 0.1 NE, NE, KE; 0.01; 001 ME, ME, ME, 0,01, 4 01
Cerum group () [0.0005) (0005 (i)
Ce HE, NE, NE; (1 0 ME, ME, ML, NE; 0,01 NE, NE, NE; 0.00; 001 ME, ME, NE; ME, 0
Pu, Zr HE, NE, NE, 0,0 ME, ME, ME; NE; 0,001 ME, NE, NE; 0uDiH; 0,001 ME, NE, NE; ME; 0
Hp MNE, NE, NE; 0; 0 ME, NE, NE; NE; 0.01 HE, KE, NE, 0.01; 002 ME, NE, ME; ME; 0
Lanthansdes ME, WE, ME; 0, 0 (1) ME, NE{'ﬂ,bE:};IE‘ 0,005 ME, NE, KE, NE, 0.0 {0 005} ME, ME, NE; NE; 0{0)
)

The values i Table 3.02 are for releases from the MOX pssenblies i the core &nd sol from the LED assembhes,

1.11-258

The numbers in parenibesis ore those from NUREG-1465, Accident Soarse Terms lor PWR Light-Water Muclear Power Plants (Tabde 3,13),
TR = total release. The practice 1n France 15 1o ot divede the source tesm mio gacly in-vessel, exvvessel, and lale mevesse] phases,
NE = Mo eniry; Ike panel member concluded that thers was msuiTheient idormatbon upon which 1o base an informed opimon.
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Table 13. Comparison of PWR high burnup durations and release fractions (bold entries) with those
recommended for PWHSs in NUREG-1465 (parenthetical entries).

Gap Release In-wessel Release Ex-vessel Release Late In-vezsel Release
Duration (hours) 022 4.5 48 143
0.5) 1.5 .0} 10
Release Fractions of
Radinnuclide Groups
Moble Gases o.oaT 0.94 oot 0.003
(Kr. Xa) {0.05) 0G5} JiE)] oy
Halogens 0004 037 LG R 021
[Brl} {0.05) |D.35) {0.25) (D10}
Alkali Metals 0.003 0.23 ooz 0086
{Rb, Cs) {0.08) |D.25) {0.2E) (0.10)
Alkaline Earths 0.0006 n.004 0003 -
(Sr, Ba) {0) 0.02) {0.10) i}
Tellurium Group 0004 0.30 0.003 040
{Te, Se, Sb) {0) |0.05} {0.25) {0.005)
Molybdenum - 0.08 0.0 003
{Mo, Tec, Mb}) {0.0025) (0.DD25] {0)
HNoble Metals - 0.006 [D.0025] -
{Ru, Pd, Rh, ets.} {0.D025)
Lanthanides = 152107 1. 3105 =
{r. La, Sm, Pr, eic.} (2107 (0.005)
Cerium Group - 150107 2.4x107 =
{Ce, Pu, Ir, 6] [Bx107Y (0.005)

F1-43% SAND2011-012Bi=H T HEMER~ORE (MOXZEDH

Table 16. Comparison of proposed source term for an ice-condenser PWR with a 40% MOX core (bold entries) to
the NUREG-1465 source term for PWRs (parenthetical entries).

Gap Release In-vessel Release Ex-vessel Release Late In-vessel Release
Duration (hours) 0.36 44 6.5 16
0.50 13 2.0 10
Release Fractions of
Radionuclide Groups
MNoble Gases n.0z8 0.6 0.05 0.026
(Kr.xe} (0.050) (0.95) (0} (D}
Halogens n.0z8 0.48 0.08 0.055
(Br.I} (0.050) (0.35) {0.25) (D.10)
Alkali Metals 0.014 0.44 0.07 0.025
(Fb. Cs) (D.050) (D.25) (0.35) (D.10)
Alkaline Earths - 00015 0.008 ax10”
(5r. Ba) (0.020) (0.1} {0}
Tellurium Group 0014 0.48 0.04 0.055
[Te, Se, 5b) {0} (D.05) {0.25) (0.005)
Molybdenum - 0.I7 [0.0025] 0.024
(Mg, Te, Mb) {0.002E) {0}
Noble Metals - 0.005 [0.0025] 3 xi0
(Ru. Pd, Rh, etc.) (D.0025) {0}
Lanthanides - 1.4 =107 32107 -
(. La, Sm, Pr, eic) (D.0002) ({D.005)
Cerium Group - 1.0 x107 5 107 -
(Ce. Pu, Zr, etc.) (D.0005) ({D.0O5)
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(FfT s 2)
FEE Y L —TORRIZ T

NUREG-1465 @ i HEBERREL R UF MOX #EEHOBER I 2\ THL, RECRRTIE, SEShLL 0TI
e\ vh OO, FFEEEEEFRELR U MOX #EEHZ 5 NUREG-1465 0@ RIZMET 5 EMFE TO#R OB T,
NUREG-1465 (== TR E L HHFIEHBEI ATV EEE LV —7T L 3 5. AFETAVW=ETAT
OFEIZHE T, FEESN—TORNRLRERET S,

BRI i & B B FE B 122V T, NUREG-1465 IR S h A FEE /v — 7 oW L LT I-131
SMBRMFEEEZE 2-1 I, Hr<HBT ¥ 0.5MeV MEEE P 2-2 RIZFT, MOX BENZHT S
NUREG-1465 @@z 5 HMF TOMR O T, NUREG-1465 \tHATREZLRHEHBISHLBESL
TS Te B Ru Bz oW T, KEP~OHHEEHRICBT 32 F5REILhE{, FFEMOBAIC
RELREEERITTLOTIIARN,

W2-1%& BECHHEIAIHHMEHERO
HEEE S L —7ONRR (1-131 SHERE)

e e A = 2 &R
Hi—F

o (Bq) (%)
Eipr et | ¥10.0x10° ]
LI W|E ¥ 8. 2x10" 55
Cs 3 11, 7x10L3 12
Te$d #13.8x10t* 3
Ba 3§ #6.1x1012 4
Ru ¥ ¥15.9x10 " 1
Ce 3 S e [ 15
La$g 1. 7x10L3 12
&FF F11.5x1014 100

(FE1) 7 B HIRE
(E2) AREEIHEZREBRAL 2HICADIE
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W22k RECHHEZAIHHEHRO
FEE N —TORR (yBTFLF 0.5 MeV BH)

: R e 2 Par
I n—=F
B {(Bq) (%)
cipr et | #18. Tx10'° 91
LI ®|E 6. Tx104 T
Cs ¥ ¥11.7x10%4 2
Te # ¥3.1x10° £1
Ba ¥ 1. 7x1012 <1
Ru ¥ ¥19.9x1011 1
Ce ¥ 1. 1x102 £1
La¥g #ooxiotre <1
&t $99.5x10° 100

(FE1) 7 B HIBR A &
(FE2) AHEESHEZNETIAL 2HICADE
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Rl 3
LI BEOEFEEBOREIZ2ONWT

AFETIX, L IFOFEEIIGTIHIFEREL LTRG1.195 “Methods and
Assumptions for Evaluating Radiological Consequences of Design Basis Accidents
at Light Water Nuclear Power Reactors” TrREhXH»FEOFAEFSZHVTH
D

FFIFRMESR ~DESRERY O HRHEIEOREICAV iz NUREG-1465 (26 X 5
FONRFEERIIAHTAHAFERSIZIOVWTOERYEH 50, EFFEAESHOIEMED
pH R 7 LLEDORHEL I TWVWS, (HH2L5F0 bR >FIT5 %&28LL
Wk, AEBEIOFRXTERELIFOI S (0.15 %) XAV (95 ¥3BFIR)),

AEMTHEET AL~ ADEH, EROBAERA L4 OEELLEEL,
pH FER N2 WITEMEHDHHEICIE, TER L I FE~DERBISHAKE 2D L
OHELHY, TERISFOFERSHEREL ANITFRIL SFOFERESLRE
<23, TEHRLISFIX OV ATOBERLEFICL YV —EOEMZRES RAD S 0%t
L, At SFRRECEFDRELZRADAENW LG, ETFFREHAERINE~DRK
HOBAPORFRLISFORENEETHLIZLEFHE 2, AFMETIRE >F0(L
FEEGEOFESISOREIZOWTUTO LB BE, BEL:,

NUREG-1465 TiZ, X 5 FEO(EREFEOFEERISIZEL T pH<d OBE TOEEDN
REORERIXRVS, X OFEOLFEEESOREIZRM L T, NUREG/CR-5732 " Iodine
Chemical Forms in LWR Severe Accidents” #7|H LTV A, NUREG/CR-5732 TiZ,
pH L XS FROFEERSITEAIMAL LT, pH OETIZfHE-THFERE 5 F~0kxH
BlErEmTsmRETRT L LI, pHABR2ERA2HGERPRENEVEHEEEN
FhizoWT, BERXFHFO L 5> FO(ERRICE L TERO T F - MMoxr+ S5
ZfT-o T3,

pH AR ERTWAHRESORELZE | £ pH BRI RVWBEEORRE2E 2
FITTT, PWR TFF 4 BRMEREE Surry OFMBRE R T, p KRBTV
HHEE, BELERN TR THFRISFICRDIOIZHLT, pi BRBINHT
WRWHEIZIE, RELERTRRLOIRLRS, £/, ABLOIR|ITOVWTSH, ¥
FIDEWEIETHSHE, pH BN TWAHES LV L, pH B Sh TWiWEE
DIEHH, LVELIRHBERBTENRTVS,
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W1k BEREHHRO pH HE LTZESO L 5 F/EFER
(NUREG/CR-5732, Table 3.8)

Table 3.6 Distribution of iodine specica for pH controlled above 7

Fraction of total iodine in containment (%)

Flant Accident I (g} I; (N I{n CH,I (g)
Grand Gulf TC v (05 003 9992 o
TQUV ¥ (.01 003 0.9 [ITELIE]
Peach Bottom AE y 0.002 003 Sy OLO001
TC2 4 002 0.03 G005 QL0004
Sequoyah TBA .21 003 .76 0004
Surry TMLB' v L9 0.03 SR 003
AB ¥ 24 003 975 003

W2k BEARELHOpH HEZEE L 2WESO L S FJEFER
(NUREG/CR-5732, Table 3.7)

Table 3.7 Distribution of iodine species for uncontrlled pH

Fraction of total iodine in containment (%)

Plant Accident L (g I (1} rn CH;I {g)
Grand Gulf TC y 266 153 580 n2
TOUY ¥ Lt 183 751 i
Peach Bottom AE y 1.5 2.6 6.8 m
TCZ y 10.9 180 1.0 o7
Sequoyah TBA 692 9.9 0.5 0.4
Surry TMLE" y 971 1.5 07 0.7
AB y 976 1.2 G G

ZOE I, EREERNORBSEAEEENL-SEIOFMOESIZIL, NUREG/CR-5732 TREND
pH A Z R T Surry OFHEERICE S FOFEHSH R L, ST {Fl LOFRTHEEFELSE
LB eFMEFERETLIL, Lo BANLERL, RG 1195 OLIROLEEER
OFERE (W3HxSH) #HVWHZLELE,

i 3 #& NUREG-1465 & R.G.1.195 {23517 5 X 5 |MOLEEEEOFEHE O

NUREG-1465 R.G.1.195
LItk L 5% 4.85 % 91 %
oL P F 0.15 % 4%
Bk 5% 95 % 5%
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FE TP HEAERSE ~OTRR L > FORFDRICONT

HFFHERAICBIT xR E S ROBARILFIZ-WT, MEAKEA WFHREEHTEE (L
T, INUPEC) :5,) =& B8dt TR 9 EBE NUREG-1465 @ ¥ — R # — b % v o it R
BOFEMIZET28ESE) (25T, CSE A6 ERIZESENFTERLTVWS,

BEORHICHTAMELZ L TICAT,

HFFEERNTOTERE O ROEFTHEST 44 L T2 L, MTFEHESNICBT TR L
IRORE p ODREE(LILLLTOXTEEND,

dp
ar =P
o) : P FHEAERNCBT 2 EFREOFORE (pe/n?)

Ad : BEIEEE (1/s)

INEMRC LT, T IFRAESHATOTER L > FoitEHEE 47 IsdnicBaxFEzE R LS
FRE o LRANICETSRRERLIOFERE A FRAWVT, LTS cERERS,

Jusee * Lug[ﬂJ
I~y Lo

745, NUPEC #iE5#E 7L, Nuclear Technology “Removal of Iodine and Particles by Spray in the
Containment Systems Experiments” ¢ iC#k (CSE A6 EEE) LV, [CSE A6 EBOEBa vEOREE
BT, B30 5 TRE 10° pe/w® Tho7oboaR, K30 47T 1.995x10°
pem®lied, | LLTEY, Zhen¥Ez ERCRATEZ LT, xR RLIFOARILEEE 0
X10* (1/s) #EHLTWS, ZhRFRINMOL I BORBERSEEL, AT LA HETOARNVR
BT ToEBHLTEET 0 EFL6N 5, W05, XKESRPE. 5.2 TRIETIFKEMERNOTERL D
FREN 1/200 1225 EFTHARRL S ROBRERRAEND L LTS, SEOFH L —F - AD

&, FTFR L O A% OF (BREARED) =200 IZBIZET WML, [Gap-Release] ~ [Late In-Vessel] @
HeiAs#e T Lickys (RrhBisgd6 11 8 B5fE) L5, MR SRICRE L Ty SRR E
PHEHEA RS EHEROK 100 50 1 BECETT2HAE TRERLEEENIZIT-ETHD
ZiNBbhoTEY, R PARAHEBHOTIR L O FET 0K IS 0 B AT EEE TIE
CThEEND, £-T, ZZTHARMICESOMOB RS EEEZER LTV 5,

CSE A6 EB OFEMILaTE @ Nuclear Technology MEIIZIS VT BNWL- 124 B8 Eh T3, &
# L LT, BNWL-1244 REORMFIARMERNTHER L S FoRMELERICTT, ZOoPTaERE
HFEOFIABEEL 10° peg/n® Lo TED, BREEF ISFORFFAEHERSICZET S LOROR
ELERBETHD,
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#Z% : BNWL-1244, “Removal of Iodine and Particles from Containment Atmospheres
by Sprays—Containment Systems Experiment Interim Report”

H:RXEBRTIE, A7 vAFMpE LTTABY NaOH) BRAVEATWSD, iEEERHICE
ATVA BESAEOBEOCEERVCTWSED, ZA7T LA FENHOEELZIT R0V,

BIWL-1244
/ BEZ| 04y : 10° pg/m®
'HJS [ T
.ﬂ£132 = 12 min

DROP STIE: TZ10 5 HMD

FLOW RATE: 49 gpm

TEMPERATURE : 255 °F

PRESSURE: 44 psia

SPRAY ADDITIVE: 3000 ppm BORON

: NaQH - pH 9.5
10
ReZl 30 43 : 1.995X10% pg/m?

(=)

THIRD SPRAY
(RECIRC. )

Cge GAS PHASE CONCENTRATION, wg/m’
=

(=]
i~

SECOND
SPRAY

Ll nigEin, gl bl 'ﬁﬁﬁgﬁﬁ%?
i T
150 200 1550 1600 1650
TIME, mim

FIGURE 9. Concentration of Elemental Iodine in the Main Room ,
Eun Ab
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CCEEBOSEFLHREERISFORBIZOWTH 1 RIZELD S, i, NIPEC OREEFIZBNT
i, AT LA KBEHEMENSRTOMBOL ) FRELEICARILEEELRELTVSED, A7
A KIZ LD CVABE~ORNIZRV, Zhid, CVHEEOBNIZE S X I>FROoLEFRELERA LT

CSE EBR @RIz oW T

HILPLRTFHLBIBNLEERD,

P11k CSEEBREHFNMEEFHIEFOHE

CSE ZEB D Run No. HEER 3 5P

A-g (1) {2) A=5 (3] A-11 27 ﬂﬁﬁﬂ
i ET+ES Rl R%x A%

EREES : ; : : .2
(MPaG) #0.20 #1022 0,24 #9 0. 335

mﬂﬁ;ﬂg #1120 # 120 #1120 i) 138+ 2
Ho

AT LA il o] =g R L 7L CeFER L S9FECHLT
i3 H 2RIE A O 5% i)

(1)R.K. Hilliard et. al,

experiment” , Nuel. Technol. Vol 10 ppd499-519, 1971

(2)R.K.Hilliard et.al,
BNWL-1244
(3)R.K.Hilliard and L. F. Coleman,

sprays. ,

the containment systems experiment” ,

“Removal of iodine and particles by sprays in the containment systems

“Removal of iodine and particles from containment atmospheries by

“Natural transport effects on fission product behavior in

BNWL-1457

¥1 : BALHSEECBEHIZHT 1 BIAOA T -1 & SEIORATIRN
LOFEREOCEERVTVS,

¥ 2 RESAEREIEL L — v AORTE

¥ 3 : BAESRIRBENLE S — o R OMRTE
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EMoEoREFMLE LT, BERITEZERLE, £82F3EC, 8RB 4T,
XD, hy bATEOILEHEIICVA~OTRRR L 5 ROBHBSIZH L TEER N ZWVED,
RO EEEIREYLE2S,

Bak WEMRITEHE

et i1 R EERRAT
SEE iy 2= B 12 43 i
(&) (¢ B 9E-4 5—1)
40 FFE
{ﬁwffjﬁgmﬁ) [l k. (A-5 FBERE RO 34 By (R
ZAL) [T E R-{E)

Wik WERITER

~— Ak 1% FE R AT
Lo5FD OV H~0HHES 3. 6E-4 3. TE-4
(R 2 B U H) (1.00) # (1.03) *

# b v aiES—ARFioHT 58E

£ E|OFEM T, CSE EBRITIHT 5 EBRMMEE 30 HE TORFER L 5 ROBEREL L HRDI-AR
ICEEFERALTWVWS, Z 2T, CSE ERICEWT, DF=200 [CFE+T 5 CoxHiIRE > ROMBE
AL BRI EEE RO EBEOEELLUTICIRT,

CVAHOBRKRILERERELZRAL LTWS -6 BRIZOWVWTIE, AT VA ENBZLETAT LA
CEABREDRERHDS D, VIHBEICH L TIF200 CET 5 Codsil, RROFMzERLT
WHHRLEEFEOLZOBE LY L REL, BEDBRIREI RS,

Fi, A7LAZNAVEBOERL LT, RLL CEORBER (A5 A-11 38 2EICAKIL
FEERACERSIIBWTH, giko by, PO RERHRROFMIZER LTS 8L
BFELRKERBWIEARY, 25617, A-5RBRUA-11 RO OV AD & 5 TR DF=200 fHiE % Tit
FEEIZET LTV, LEdisT, DF=200 ET—EOHRLEEER S Z LiITRHEREHE L
D

e, RIZ A5 HEBE T A1 B0 5 LEMEREMOR A-11 BBEORES /LN 5% MER
W16 FERAVTEIRD OV A~DHRHESISIToONTREHLARRER 5 Kiord, WEEREIH5
FITFTLEREY, LORBERI /LI ABLFTREAVTLRRO A-6 BBERERIL/OLNS
BELERLE~TERISZNWEERS,

1. 11268



W5k HRULEEZEEBZELB/BSOLIFEO OV A~OHHES

HiFr—= L EERTET(D WA AT D
EflEE () 12 4 [&l#E 16 4%
Sl (DF=200 2E#E) Ak 40 B2 Rl
LIED OV A~DHHBE #1 3. 6E-04 #1 3. TE-04 #1 3. TE-04
Bifir—2ioH+ 5ol 1. 00 1. 03 1. 04

1AM EROERLVBELEE
W2 A SEBOERICREBEEAAATHRELEE

£, HAREFEIFGTRFOEEAB L AEROLETHIEERROERL =T, LEEH
BREVZYESRILEREIRE 25,

FZ T, CSE 0HEBREER L REER I FFokEEMic VW TH 6 RITTT,

WeRITTATERY, CSERBERLARER I SFIRAZEOLERHML>THEY, CSEORBRT
FoniEEELNEER 3 SFICERTETH S,

MoeFk CSERELRRBER 3 SIFOLEEBOLE

CSE Bl % IHEEF 3 EF
A (m®) #1 600 #1 65, 500
Femfi(n?) #1570 #1 89, 000
HREmfm ") #1 0. 96 #1 1. 05

L. 11-269



(2%£) CSEHRBER

TABLE L
Physical Conditions Commen to All Spray Experiments

Volume above deck including drywell | 21 005 £t7 595 m?
Surface area above deck including
drywall & 140 f1° 5689 m*
Burface area/volume 0.293/ | 0.958/m
Cross-section area, main vessel 490 rt? 45.5 m*
Cross-section area, drywell o5 ft* 8,86 m*
Volume, middle room 2 089 &t? 58 m?
Burface area, middle roam 1 363 ft* 127 m*
Volume, lower room a 384 1t? 86 m?
Surface area, lower room 2 057 ft* 181 m*
Total volume of all rooms 26 477 £t° 751 m?
Total surface area, all rooms 0 6560 ft7 B8E m*
Drop fall height to deck 33.8 ft 10.3 m
Drop fall height to drywell battom 50.5 ft 15.4 m
Surface coating All interior surfaces coated wilh
phenolic paint®
Thermal insulation All exterior surfaces covered with
1-in. Fiberglas insulation®

“rwo coate Phenolineg 302 over one coat Phenoline 300 primer.
The Carboline Cu.,:st. Louls, Missouri.

bk = 0,027 Btush 117) (° FAAL) at 200°F, Type PF-015, Owens-
Corning Fiberglas Corp.
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ZOETFAOBREE L TIZRT,
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BAEZ, MTPRMERAL—RIZESEATVWELOLL, UTORpEROLNAS, &, #
SEEAT 3 S ORFIFRMFSFRRE UV FFE#EEE AEROEZRVTWD,

A
A =Vd?f = 6.65X 10 % (1/

d
E

i L BRALEE (1/s)

Y, : EACREGHEE (n/s)

A, R PRHESEEER (n?)
(MREFT3 547 1,250 n?)

A D R RERE A B AR (n°)

(l%EErT 3 547 65,500 m*)

ZIT, VgoBREHMIZoWwTH, =7 a /AR 2R0oRREELROLIATHLRA M2 A0
AEXEHL, LTOLS5EREIND,

2 2
i 2rp(0p — Pe)E _21pPpE

Otg g
e : TF 1 /A ()
Op : TF o VYV (kg/n?)
Pe : RO (kg/m®)
g : EAINHEE (m/s2)
e RO (Pa - s)

FRFA—AFAOEEZBIEICELHE, i, T CTRLEATA—FINPECBESEICTT#EHh
TWA5ETHD,
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9, I,
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mx 215"
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A .
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AT LA L BREEOHRICLE-TH, KFFEMESATOERICEEEZT5, €T,
NUREG-1465 <2 MAAP (T 13 Z v & OFEEITHR 27l FME7 VRV EBRICESESRE S ES S
TENTEY, FEVA FTLIAOBROBHIZOVWTTFERATIS,

IOSLITFao /IR TERAT LA PDROERIZOVT, XFETHRELTEELLE
NUREG-1465 TIXZOHRIZSVWTEDICERTE L LA TWA L b £, SRP.5.2 126 T
RENBZTT RS MZHTEAT LA HRED NIPEC ZBRRERIZESWERT LA HEERADZE
213, REOCELFIZOWTLHUTIZERELE,

1. SRP6.5.2 =F o/ i3 5 27 LA RO
FESRPE.5.2 TiE, A7 LA EEIIBIT AT LS It k3T o/ LoBREliELE L TFoRio L

DREHLTWA,
T OFEERIL, KEFR T b (US-APWR, AP-1000) O FHEEES (T 35 EICBVTHLRAW
bENTEY, ¥k, YETFT237T 2 bMEtTa— FTéH 5 MELCOR ° MAAP iC#AHAENTWALOT

HD,

Ag—ShFE
2Vs D

As p AT LA Bl
i D AT LA ERE TR X
Vs P AT LA iSO R
F P RT LA Fiilk
E D e
D AT LA EEE

£, ¥ERGLI19 TH=Ta/LORATLAHRELT, FTRO LB SRPE. 5. 2 HEAE
LLTWAZ Ed6, AF@EIZLAWVWTWVD,

2.3 Reduction in airborme 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 1s described i Chapter 6.5.2 of the SEP.
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CSES—# ( "Removal of Iodine and Particles by Sprays in the Containment Systems

Experiment” Nuclear Technology Vol. 10, 1971 )
CSE TOEMBTOEFRELTIZRT,
TARLE T
Experimantal Comditions—CSE Spray Tesis
Fun Run Ruan Hun HRun Fur
A-3 A4 Asi A=T A-B A8
Adr Alr Steam-ilr Stagm=-air Etpam-nir Steam-air
;::n;::;iﬁe ) ™ 1] 250 . 360 250 250
Pressare, paia 14.8 14,6 a4 E0 0 44
] 1 b ©
Heozzle type " 3 . .
Brop MMD, 1210 1210 1219 1110 770 1
Geometric stapdard deviation, ¢ 1.53 153 L53 1.58 150 1,50
S
Mumber of norzles i 12 12 12 12 |E
f, galfmin 12.8 48,8 4 40 50.5 145
?ﬁ:;r;y ﬁnﬂ, al A1 1850 1560 1060 020 2300
* - I I
Spray solubion L_r _I“

"A9E ppm baren a8 HaBOs in MaCH, pH 8.5,
I3000 ppm boren ag HBO, in HaOH, pH 8.5,
E3000 ppr boros as HaBO,; in dem:neralized water pi 6,

sgpraying Svalema Co. 3/ 4 TG3, fell cons.
bgpraying Systems Coo 370 A0, hellow cope,
cypraying Systema Co, 3,4 ASD, hallew cone.,
Oons median diametar.

¥, ZOEEGETHRENEAT VA BEORRELTIZFT,

TABLE IX
Summary of Initial Spray Washoul Coeffinients

ry Observed, min™'"

Todine on Total
Fun | Elemental §Particulate]| Charcoal | Inorganich
No. Todine Iodine Paper Toding
A-3 0.128 0. 055 0.058 n.125
A4 0.495 0277 0.063 0.43
A-f 0330 o3z 0.154 0.31
A-T 315 031 0 £4.20
A-8 1.08 0.5% 0.365 0.98
A-Q 1.20 1.1% 0.548 1.14

Tor first spray period, coerrected for natural removal on
vessel surfaces,
PIncludes indine depesited on Maypack inlet,

IORRNE, BERVEHZELEE THBAEBLE A-4, A-6 RUA-TT
" Particulate Iodine” OBEREZFHET S L, EFloEET—HLTEY, KELBREL
Ty, “Hizdl, A7 LA EENEZC LT ASTH, 3FLEAT L-ASHE mELT

WHZEHbhD,
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2 al—=% 0 XAl T034) v bbimin® RS E L,

.

T o, E/D=T #FMicAv, FIzRAF L/ llfic LTz F e/ A0RESALAHRVHRS
Byir- bR TROLESVETHZEWERS,

100

LTI Y ﬂsza{ﬁﬂd}ﬂjﬂ;ﬁ-iﬁmgﬂﬁx"h}

=
-
-
-
-
-
-
-
=
-
-
P
-

sevoves ERTLAEMODE BNEBLL

[=2]
=

SBEFPEIS (%)
&

2
[=]

L
LT P T
L i .
LT
0 ' =

s
qelidddsss s s sl AR R RS

0 6]

10 15 20 25
Bl (Hr)

AT A REHFROHE

1.11-281



(W) NUPEC PWR BEEtBE0

#32.3  PWRIR &

ERTF - FEE e+
for Pt o AHF EE3
EoE il bl 8 PWRAA—FIF R
) ¥ $4t0 A M 2000m* & 6 1
CViE 71,700m 12.2m 5. Al—AEUSETT
CVilha 20m &
AT A ) ANEE 120 I
AL L4 KR 120m'/hr 0.34L/min
P WA EX554L YZTalb—& XN
S EXNLHOE 10mm 1.2mm
AT LA BRE 1500380y (F 998E) 1470580y (4 95EE)
HAES #10hr EE Rl
274 AKR 03K W%
AL RE hiE mE
CVIIAIE 052MPa M
e E 0.39MPa ME
AiryE 0.12MPa R%E N, A
H, R E 0.01MPa 553 He T{LH
CV T 415K M
CVaTmA(L W) 100mm St h o
=T o S A Csl M
Csli 0.01g/m' R
CslfiE 1290 Mm% S EEIL20
BB OIS - A%
ERAETFS I &1085
MoK L~ (S
HalEm 341 1MW 43 kW SEROATR <
BT
48 0 B B i T S [LES
mEtaE s CVTHR m#E

- 11-282




L
TR 2RI 2V ORI T

IRFFRRERDOORMAVEIZ2V T, FHMFRTEET 2 FHNEIC RS LB —7
YADI L, MTPRHERAEDER HEBTIEH—r A THS KMl LOCA BFiZ ECCS ¥
ARV A7 LA BEARERNT LV —F R BT 3 RTFFEAERAOEDRITERICHE L
RWAVEIRBTLAALEEEREL TV,

HFFEHER,ORAVEL, PR ESREHNERERESH® 0.9 FOEHL T OB
MR TRE, B2538812Q) IR+ EERT S,

(1) BFFHE#FENEDPEREREAD 0.9 FLTOES
ERmEREA® 0.9 FUTORAVERZRTACHFE TS HIIEZEROR (I E TORGE
SICTERA LvEHTS,

WA e

AREHR A

R P ESENAEE
JRLF-47 R 75 2 P i B

BATE “d” RRAVABRFOREL &
AT 1" BEMFOREEZ T

BB R s ®

(2) BFFHE#AFSAEDSEREREAO 0L.IFLY KEWES
FEADERT UL, REEREREOER 273720, NPl aERnEA S RmtERES
@ 0.9 LV KEVBSIEREREORE - ALMOKELEXT S, RAVEZZEEROR, E
fHEMEORR, EFFAREEELEX0 3R o/BonsEOR, BKOELET S,

1.11-283



[EMEtE R E (8

=~

EREEFE (5

_) E = E i

L. 11-284



K

P FERMEBNES Paks _ [ 2 ]ﬁ Pam
Pk @ WzOHMOTOEHR B ke +1 B
7 T PR ESNOIEO SRR ; -

k D T PRWERNOSEO R M:m ( 2 ]m Patm
Form @ KRE Pi ka +1 " Py

T IPHEAESRPLORAVEEZR 1 BizRL, ki), @ thtgFRiRohe@ond
W2 EER 2 BT,

P ERNOEDRITER (BEEH 0. 360 MPa (gage]) T8 LB 2 VE (§90. 144 %/
B) mREE LAATHEE LT, R FEAESrooR A ELSEHHME (7 BFM) P 0.16 %/
A—EIRELTWVWS, ZOR, RBAVEL SCHT 3 FEMEREL, Bb S0V ERE
Hedifk (@) 2RELEELTYL, BIRICTT 2594 0.40 MPalgagel TH Y, MFIFHEMHE
BHEMITRRICH L TREBEEHZ ATV,

ks, EXICIRECHBITEERN RV, [EOKERYE, KRESTRERERFEE L
ET, BONDED S BRAEZFEBL TS,

1. 11-285



081

091

BN Y MO QU SR S QWD AR SN R 1

(TR
Higs 0g1 00T 08 08 o 0@

(Kep/9.91'0)F) M /W 4 —
A g —

P00

g
o
(A% )i\ R O S

aro

=]
=
=

1.11-284



(MEEHE) =Y HOQ R H-FE A V2N TSRS E 2%

ST NTRTY AP OT O~4Bp/% 80°0 B WM HWE WU ZEATH

(10 Ri&H
e O9T Ofr 1 0el LT = 04 0¥ ir

L6 0 CEH AR |

38 L AT e ] "

Vil ( TG 0O HEH RS S e iyl

(W) Rt

(WITE) TR

YiFE

(RBPY) TR Y B0 S OB S S e o

1. 11-285



S NE QA 2 H S B - (R €

(IsqeledW) f TR A ch L ¥
050 oro 0E0 0z 0 010 wo

| ._L.izﬂmdﬁf._” ”_.m 1 w...i&ﬁ__w.

i
i
i
]
I
| AN . . -....._..-ﬂiﬁzpm.ﬁ___.z_ﬁ.,..... )
I
. i
I
I
|
I
|

T
o
U MY S S —— -n'----—‘----!--ﬁ--

N

ES

"
—

i 1
1 -
1

.

i

1

-

L]

-

-

1

-

1

*

1

[ |

T L T A o R

\\
g [ S K. | [y

1. 11-286

(Aepf%) MIXE




Al 8
F=aF RGBT LA BEREOBREIZI2NT

1. WEF7 4L FEEHEICONWT

T=a7 AR ERFBOMBLT 7 AV ZIC L 2T o/ VEREDEOFMEHFL LT 99 %%H
WTHS, BEF7 4 L7220 T, MARIOLEREICBEVWTERZ 4 L ZBREDEIME SN
TWHILEZMRL TS,

PR TF7 AN FOAMEH T AfMEE L — MRIZLELOT, 7oV AREARERRAMEE
BT EEC, —FoYNET Al e - ST s o kit kv EiEEN S,

s F=a7 AEK[GERWOMBTFZ 115
a. WMERRESREEIZONT

AR TRE LM FRICBOT, HFPEMNESRNIT 150 CTRELLY, W PkWMeE
BHLEORERESC LY T2 7 ARORER ELRT 5,

T=a2F ARNORERR®RT 120 CREFTOLRTHLED, BREFIBZFOT =27
RSB CREL TV AEETF 7 A7 ORBRERRES A EBS - Sidkd, #
EAETTIZLiElw, BB, 74407 RSN HAEEOROMERIC L SRE LRI
1 TRETHY, T2 7 AREBE~OEFIXREVWLOTEEY, £, BEIZSWTE,
BHEBRAVECIELEDTORRE LRSS 00, T=2F AEGMERHEBEL,
TZaZ7AARL0ERBALHEZ L6, TRIZERERENRDZ Li3hvizd, 710
FOREFMBETTAZLidRz, LER-T, MBT7 L FEREDE I XIMAETE 5,

b. FEREFRIZONT

HEEFIBFEOT =2 7 AE[IPLRHBOME T 7 + L7 ORFERITM 8. 0keg/6 # (£
12 #2055 BHiM 6 #2) THS,

B P R FERERERP T =2 7 AH~BAVLET o AT THEEERD
E S R {RE Tl L7/ R4 0.9 ke TH B,

Thil, KEEELEEEAT, BWMERLLRAVLTEEMEFE2RT s L7 IR
NEZLOLELTHBLAELDOTHS, 28, LOIREHETRFREO>FBLLTHMLAE, (B3
REUH 1 HEM)

LERoT, T2 7 AERPERMORBTF7 A7 11T, =T o/ +4IcETE
LERNHLOT, MET 7 o L FEREDE 9 WIRRETES,

Bl1E 727 2ETMERBOMET 7 47 REBEER

ke P T =27 AR LR
FinFiiEEENRA T o LR #10.9 kg
EEER #18.9 kg

1. 11-287



2 LOWM7ANFOREDREIZONT

T=aZ7AER[HERMOL IR 7 4 A7 3FHE 5> FRUERTER L 5 BoREDEOFHmEN
LLTHBIEAVTWS, EIF7AAFIE00TIE, EMREROENBESTRE T LEREHE
PHFETETWS L ERmEEL TS,

s T=aF7 AESHERWOLOIFEZ 47
a. WERRESEEIZONT

LIF7 40711, BREGT CoOREEEMEVZLEgh-TEY, BEXEHEROL D
RRESAERGIRETCHNE, (EFERICHET LT BEHEEmCELEREH S,

i, BEZHLTIE, ERECHAFRVEREDEZRETESN, E0lBh, BWMER
WAVWEEZELEDTPLBELRREHI 2 LO0, T2 7 AEAMERHEESHEIL, T==
FAADPLOERRALHZ MG, THIZVBERENRS Z LERW, LT, RE
EUVSECER LIV NFOMERETTLI LR, L3740 FREDELLT
95 WITMMRTED, 4b, REESFHREEABRESDEOZYHOEMIZ VT, Ktz
1,

b. BMEFERIZONT

HEEMISIFOT =27 AETPERMOL IF 7 A FOREEFERIT, # 1.4 ke/34
ThHd,

RSP T PR T =2 7 R~ RBAV L L BT 2ATERFEAS L1
SRR 2 E THM LISERAH 20 g THB,

ZhiE, BRTFT A ERBOFETHELELOTHS (XEEELEN). XL, &
IRDEFEEEIZETRBTRE OFJERIFEL OFJ|LE Lz, (BIREVHE 2 XER)

Lo T, T=a2aF7 AERMEDRMO L >F'B 7 4405710, LH>FE+THITRBTEILE
BEHDZOT, LOF7 4 FlREDE S WIMETES,

Bafk Toa2F7RAEIMERWOLOIFZ L7 EEER

LOET 405 T == 7 AT
ZAAZICHEEEND L O FER #)20 g
WA S5 #11.4 ke

1.11-288



Fik FOHAEHMER (KEEEEZSD)

. iﬁmbp‘*fﬁﬁﬁ
g)

L HFEH 2. 1E+01
(X 5%, (2. DE+01)
Cs 1 3. 0E+02
Te 3§ 5. 0E+01
Ba 3§ 2. 1E+02
Ru 3§ 6. 9E+02
Ce ¥ 9. 4E+02
La 38 1. OE+03
&5 3. 2E+03

L. 11-289




PRI 77 4 2R

?

(RTFfRHERP WAV LRl T2 £ B HE)

|

R P ERA~D Cs ORHES
AN

(R FERAESRNLORZLV : 0. 16 %/day)
N

(T AR FE#E S P T OEMR)
N

(NUREG-1465 (= -3 < JR FIF AN~ Cs OFHEIS)

|

EFEEE L 5o
PR FOFELANERE R
(LH5FITETRFRET D)

FBIE T==FAERMMEREOMELT 7 « 7 HERFHOMAE

1: 11290



Iz N FEER

)

(R FRaEFR» bR Lt X 5 Eieniif)

T IFHBMERI~D X 5 ROMHHE
i\

(RTIFRAESRLLORBZ : 0. 16 %/day)
N

(TR HE I S P T OEMZR)

1

(NUREG-1465 =23 < JR FIF M AN ~D R HES)

|

FeRpfEE L s s o
Lo wOFELNERER
(LHFRETEREREFLIAERL IR LT D)

B T==2FAERMMERMEOL SFZ A FHERFHOMBARE

111201



=t

LoE T N FOREERSESEEIZFEESEOFURICIOWT

(1) £9F7 4 - FlEEHERBICOWT
LIFZANFiIz2nTH, ElREROENFEFRECBVWTI IFE 7 L FlrEHERER

ZHEBL, £5FEREMEENERMERE (BrE2¥5 %Lll) 2RSS LML TVWS, £0

BEoRBE bt MILEE - 30 °C, {BBF: 95 %RH) TH 35,
s, LoFE7 407 11mIR, BRECHA BV EEDEZEH CEIERICHS,

(2) HREFORERRIZOWT
AREMOREERRIZ->WVW T, EREFIHHEESCEE0ANORREBEOCES#E, RE

[ROEHEIZLA L, EREERVEEEIZTNFN25.5 C, -6.3 TTHS,

#1 PEEFRIOBRERR (BEREFFHEREAER

: SN Epg ik
BEEFORFTIOREETE S Sl AT RS
Femn il A R SGRA 8 H 1 A 8 H 14
ERSIEOFHE RESEOFEEE | 242C | -5.1°C | 2656TC | 6.3

1. 11-292



(3) MREEFHFOMEHRERRIZONT
B2 5 4E (2014E R TF20124E) D1A~12A EFCOBBEFTHOEMNRET— 7 CELTEEY
LLTEHELE,
sz 14EM 03658, fEdhiC B THORAHREE TR, ZOE, 95 SRHU EoEsREoR
Hid/e <, FAAHRE90 %RHLA LiXEMI3E (20114) , 18 (20124F) Th-ois,
- T, BEHOEHREIZEWT, 74407 OMEEICEET S B EHOMEAHRES SRUITERM
HELTIEEA YRS, AR YRHEL LiTEMB KXY $BRETHS,

100

A BEHHEMEE (201148, 20124F)

a0

B0

| ._-...] ILIJIL i ‘:J_;L. 14 .LJ

70+
60
a0
40
a0
20
10

H FRgtehmeE (%)

1H

o o m o m o o o
= e =+ L =] - o o

10H

H20115 M20128

E1l 2011481 8 ~20124E12 8 @ B £ O ESHR B

1.311-263

'iIL._. ; L:_ 'h_.id TRORI0RT Ol PR

11H
128



(4) FHFOXL HIT7 A L FRBEGEBEIZHONT
a. 7=z 7 AER LR
T =27 AERHERRORHB/EE E2iIsrd, EXFEROT =27 AT, BEWES>
EAESTHEAL, BMERLUANGAGHEALTL S, BEMIZE, BHERNLOKESR
AR5 kg/h BY THY, BEMERUALLOAEZTESDESOBARIE, #3000 nd

/h &8 B,

HEEBFALIOEZFRFELFEONAZTOME, WE%* (2) mLV25.5 C, 95%HEU-6.3 T,
95%RHE +5 L, BAEMIBEOT =2 7 ARNEROKETTER, Th¥h, #4.0kPa, §#0.92
kPa #3) Lizd, BEROT =27 A E, BHES»LOGRICE VEFOERE (40 CRHE)
LTIz LBz onLnid, T=aF72ARNBES240 CEHEELEES, —oRofast
MWEEII55 XRHEATF &2 B | Y HRT7 4 N-FOBERIMRTE S,

5 .
- Hicln |E|
A/ £ i

'_;'! FIFIF C 7 57':#:"11 ._5._
R ES & 5 y
000wk

¥

-

F==FA | RS

Himl S0 h —
_ \ . <
HAF | w7 49 %

4 |
CAF | Lagzans ¥ +

HAE

EH/C| MEmBasr | domms P [

w1
F

B2 H3EF 7==2F AELMLRHHEFR R

1.11-294



(1) ®BMEBLLOAETEBARIE, BWEBARCHER:-BEWHESBELVEIVEHLT
WA, BMESRNAESRAXERIIMITFEFRORKEMNLI12000 kg L, HBAERNLE
I e 16 /B E LTV,

(Z2) TFT=a27AR4IRHIR

(£3) 26.5 °C, 95 ¥RHETF-6.3 C, 95 SRHOBFO T =27 ARAEESHEL, LITO@EY &

%5,

AT EHt 25.5 T, 95 %RH -6.3 C, 95 %RH
KEKEE [p o ] 0.024 kg/m? 0. 0049 kg/m3
HEHEE [o o) 1.1 kg/m* 1.3 kg/m®

T=a7 A0 RESR (L) 3000 m®/h

oV Ao kESEAR

e 72 kg/h 14.7 ke/h
cV LiADESEAR
o o 03t] 3300 ke/h 3900 ke/h
CV inbokESEAR 7.5 ke/h
{HL“;‘T :] .- g
"_".:r__ :ﬂ:'r &
7 =27 ANZERMARE 0.025 kg’ /kg 0.0057 ke’ /ke

[¥= (Mo + Mev' ) .“Mo]
T =27 ANAEIE
[Pw=PxX/ (0.622+X) ] #4. 0 kPa ¥90. 92 kPa
P=101. 3{(kPa) (K&E)

(iF4) FYHOT==F7ARMEY 40 CLT5HL, 40 CORMAKEBTSEILT. 4 kKPaTHD
Mg, T=aF ARNESOBEAMEEL, TO@RY &5,
25.5 C, 95 %RHAEF : 4.0 kPa,” 7.4 kPax100=54.1 %RH
-6.3 T, 95 %RHEF : 0.92 kPa, 7.4 kPax100=12.5 %RH

1: 11209



AL 9
FiE<FEmCAWESESFERoREEIZ ST

BHEIC B W TEM L 19TE1 A»S 19TE 12 AF 00 1 FROSSTEH-C LV MITET o0y
=0, —o 1 FROFSFHLEIROSSEEEFRE LTV ALY 3o ETo iR, %
S5 LT L, LTEREFERUVRERREZTT,

(1) BEHIE
a., ARFHFEETIE, B rMicth R (Em20n) O587T—FEFERALTHIICEMEEREL
TWVWaHH, [BT7T—FOREELZAGETSICHY, #F 20 n 0BRSS A THSHE & S
TERFTLEHE 4 n OBEMNEEEACTRERZIT- .
b. 7 — % it Wi
BEFHEE @ 2003 4 1 H~2012 412 B (10 4E[)
WIESE : 199T4E 1 A~1997T4 12 A
c. BENE
REENEI b, FAOMBECIVBREERTo,

(2) BERRE
PlRICBREFRELTT, £, 8520 0o TOEHRER (BE5HBREE) RO (BAERE
BIHIERSEEE) 22 RRUFE IR, HE 8 n TOFEHREREZF 4 XBEVR 5 RiIoTT,
Fm20m HEEM e TORMSEIZ2TRADI L, FEKE (alEx) 5 sTEHINZEA
i, EE20niioM #EsdniidE (Bm (1HEA) RUEERSE 2HA)) THL, »wTh
billEOEEFEECBOTREESAZDAL RV L ZA-EANRAE (1~3 HH) O#A
A2TWEIZERE, BEFFHSRMMOSSRELRRL T2 LT END,

B1E: REFRERR

B BIE R ®E # R
W& 20 Jaak i 1) 1 35 FEHERL
Jaa 5o R e 1 B 6 FHIERAL
e e S L R M B 1( § [E] ¥§
B fdn EQE¥H
B AR B B (ELE PR : 0. 0m/s~0.4 m/s, 0.5 m/s~1.4 m/s)

1:11~-296



O LIEl 80°0¢ E¥Fl orgl BE'LI SELL ESLI L0F EEEl L85l ehsl 0691 F: ! LEF| ~L'f
[w] LZE 69 e o BE'E EYE aoy [* [:r o oy BO't a0y EOE Fira CO't tE~CS8
[e] EB'E 99°5 GEF Gk lE¥F i LG 'S G2 ¥ LEF 0gS k¥ F0'S 66k FE~5L
[o] ary cEt Gi'C F0a 1S cta ERG [ 4] I6C 1cd ol Qag fa9g LLg Fii~50
[e] EED EL'B EVL (=0} FE'B c0'g F4yd ZI'8 'L LO'8 1Z6 c¥l Al E¥L FO0~05
[@] SFL Pzl BY9'A G001 FETI 66 [ (B'6 A6 {06 El'LL G001 L6'f (10l FE~5%
[@] DE'G ZrEl g6l gl EBLL rOLL 386 ¥l Ge'll G211 (5] EEZI vogl 12¢1 tr~GLC
O LEZI Fa¥l Al EAEl g6El BEEL FGEL GFEl ZEEl cokl G9El L&¥l 09°gl L6'EL FE~S57T
0 QEEIl c£HEI F1Gl FEDI FEGI HEDI gcol cayl Ll BELI Qo oLl 1281 oLl PE~G1 |(5,/W)
O LBE SEEl [T Lag BO'D 66°L 9g01 2011 2021 FoL 0g4q E¥FL Ci'l CE6 FI~50 | B8
[@] ooo gl GE0 e EYO rao GED o'l ae'0 oo o oco CED 150 FO~00 | &
MMM W | ®T | L6l | BiEE | ZI0Z 1I0Z | OI0Z | GOOZ | BOOZ | [ODZ | S0OZ | SOOZ | #0OZ | E£O0OF
LF [oEHHE |SxH ERL L]
M) WOLE T UWDZEet B W
(W oz WE) (EEEHIOSREE) EElrHE FoH
[e] 00¥F RN BE'S FL G 69°L 65F gt L¥'6 698 BER 006 0l'6 MNN
O oE0l azel 0ZEl ECFl F il | Z6El BEEI 1Z€l El'gl EELI FEEI Bt vl 9G] MN
(9] LL'6 0aLl BFCI BLEL Gl HE'G| 2F 01 SOE ac'll FCEL 1E¥I L] 1ZEL MMM
Q ZEE ZEZI E6'G (LW 16°L 8101 0gELl E9°L PEC EDQ 0E9Q (R FiR] M
[&] LFL L 00k 00'e a8 ac’E B60F 6FE e e0'd (15 [ Ji5 MEM
[@] GED A el 'l T 0L are el az'l gE'l gl’l GE'l 640 M5
0 BF0 ort 180 T} &0 ELD 260 g8'0 o FE0 BF 0 180 CR0 MSS
o] FLO e a0'l el ¥l G0k a1l oF'l 66'1 L9l 881 Gl g2'¢ S
9] LE'L ety [T FEE FoE FAL oge FLE gLE FA S LFE 0oe 9 J5%
O LEF FOL a9 L6'S SEL 08 865 [ 06'S G0y aF9 Fed 2a'g B
[@] BED 6S°1E POl BEtI GZ6 CE'LI 21701 309l oFal oovl acel 16%1 |6t 3=3
[&] Fa'C 09°F1 WLl gl'6 BE'S1 506 LE6 {86 ¥R ae'l 0L 09°L 08'L 3
(o] LF'S [TN4 G6'S A58 399 (1] B8 #0'e ¥R'Y FEL 9g9 a0d e NI
[¢] BE'L 605 LL'F B¥E L6'E (S'E 6LF 06'E GiLE CEE EFE L9 CEE aN
O Ll ore [i] & e GIE it LA 892 gEe Qg2 {50 i ql'e JHN
[@] e ok 192 BY'E 06'E LIE H31E BEE O8E EgE COE oy ORE BYE N [l T
ﬁwm Bl g Li6l | BT | 2102 LI0E 0Log GO0z 002 LO0Z an0e COOZ F00Z £002
Lk [T EUHE |FaiH TS

(90 WOLETH WOCEE WIW

(W07 wal) (FEMEHELE) E2HTE FECE

12120



O (GBIl [I6L1 [ %Dl |B8¥l |BLSI |EZSI [6¥Ll |GAPl |EAZl [O0BELL [6BPL [EIPl |€0GI |I8El ~G6

O BEE el'G |6'F (- T EE¥ GEE GEY iy £9% agy 86 GZC riN - FE~CH

O LOF AN SF'S iFs 0gs's LS q1c 285 [ 828 g 0es it B BeF FE~5L

O 958 FoL G¥'a 099 EE'9 [y LE9 389 o8 GL9 11 cL9 198 FE9 FiL~51%

O 699 |e8ce |ecB |¥SL |6IL | 29L |0l |ISL |i6L |I8L GBI |09L |69L |I69 | ¥9~GS

0 BL'E LZ01 |66 EER 206 L6 i oF'6 9658 876 806 BLB ¥R 08s FC~CF

4] | LLTI LE'L] LEL] BGLI oL CE0l Bl'LL ¥5IL g2l 5L eIl 9L BELL F¥~50E

0 SFEl FE ol orgl FEFI JEFI EEGL GEFI DEFL FESL Fogl BEEL gLl BLFL L¥ 5l FE~57

O | 696l | 0611 | G525l |6LG) |BLS) | GLF | ¥i9) | 18I | ¥69L | L0GL |00BL | 6L81 |I1G%l |659) | Fo~G1 |(5/W)

W aef cLol 113 g 288 (88 886 '8 68 BEY 28 a0'e BE'L HN: Fl~c0 | B

x - L5l ZF0 20l 160 BE'D 80 880 6E'l LE71 (131 L0 60 180 Yo-~00 | B
ﬁwm B4 F2iED 661 | Qi3 | 2103 [LoZ 0log BOOE 2002 LO0E 900 G002 F002 £002

IR [wEHEE | 2=

(%) WOIEJH WresEE WHSH
(UpR g (HEEH SRR ) F2 Wy FECHE

O [62L [9¢ [I0F |2lz [OL1 |88l [I61 |¥z¢ |®ve |clL |09z [¢92z |66l |¥ieg MHN

O AN 0Tzl 0g'6 BE6 Li'g BE'LL £L6 -4 A 058 OL'g F{ R £L'6 168 MM

O BTEIL 0¥ET LI'TE 0eal Do'Ll ool kel ¥Igl 8kgL 8200 ol FOgl b i oL ol MMM

O  |S06 |SLIZ |Oi%l |OFSl | 6991 | 286l | l26l |SO9L |e5¥l 9291 |26l |#52l |OGEl |9zl M

O [e¥z |¥9% [I6C |EO¥ |ZvE |vi¥ [21S |Z8¥ |62v |€9% |90C |ELE |9SE | 6¥E MSH

O EGD B¥'1 190 1! orl 01l 0g’| | GR'0 1810 880 190 620 0l MS

O eir'd 190 (& 11] 190 290 FE0 8L0 59°0 &80 Ga10 150 a0 LS50 990 M35

9] 080 ol aL'o 080 80 GED GEQ GL0 990 ¢80 850 L80 G6L0 a0 5

O |00 |e¢l |e0l |90 290 |6¥0 |90 |80 |¥L0 |250 |80 |i60 |0LL [Z8D 358

O gl'E or'e L2 192 s e GOZ (Hr 6EE IFE oA 162 062 1£2 E

O aF'e LCL 1E'G I#6G 166 BOE ¥ 88y -2 LB8G acg L9 Z6'G ¥ g 353

O 58l ECSC | 9004 BE0OE &€ LYl el QEET IVIE | ¥FEEL BLEE | BULE | 9561 B6 08 3

O [288 [I6tl [[801 |OFIl |[GZOF |EFIF [2ril |20el |90¢l |O9IL [£66  [9901 [ErLl [9LEl | 3n3

0 11474 BOF I¥E ge'e ¥E BlI'E aog eFe BEE LIE ¥6°2 BEZ 0EE FRE E]

O 090 19l ECL (N oLt LE0 GOL 'l 280 LB 2Ll 671 gLl gL =]

*® FE'L 181 £Z1 sl o'l Gl 89l ¥9'l 1571 Gl as’l 69°L Sl E¥FL N /e
WWW A [21ED L66)1 |Eibg& | TLOT LLOT OL0E GO0E BO0E LO0E 9008 S00E 002 £008

Ak [ EHEE | S8 EL

(%) WOIETof WiysEH WeEH
(wps WE) (FEEHNELIE) EFIHEFE FEVE

1. 11-298



Bll#= 10
MAEPCR & 5 L R Em L AR O E TV T

1. RMELEEEE Lo RELEHEOREICONT

AFFMizB VT, HiRE~OLELFET 58, BRI EL B8 L ThkmitaRE
ZE LTV S,

UFIC4E, SIS BN L RELEEE 2 EMLEO 4L LTRELERYEICo1T
=

1.1 Bt EE L RELEEORERECONT
UTFORARNLERDTRE L iRitEE (BIRRHY oLER) 2RD5, 2 TidHH

@ v e

MBI L ZEPBRIZOVTRAICEATOWENS, HEEELTWS, £, HRHEILORK
AT SRR L L EE BETSRMIERLLE LTWS,

(1) RefEdLa
B s 7= 0 oL E R R A R EFREHOXL FRICUToXTRENS,
D, =¥, 'I’Qn ...................................................... (1)
D : TS Y ORMELEE [1/n]
Ve : ICHHE [n/s]

%/ Qo M EORAHRE [s/m®] (M RS O8 F#E)

(2) WHELEE

B Y- 0 oRELEEIEE A REFHESHCREAROLERFHOSEREL L

TEF 5N TS Chamberlain OFFERS+L W BEZHABE (/Q THRETSLUTOA
T#RINS,

Dri : B kS 0 ORI EE [1/n?)
A : T bEs [1/s]
x/Q(z) : SRE T RO RE ST [s/n?]

1112945



Lz o T A (]

x/Q : FAAHBAE [s/n?] (SREHE O FREESH)
#* Chamberlain, A.C.

: Aspects of Travel and Deposition of Aerosol and Vapour Cloud, AERE
HP/R1261 (1955)

(3) Huiderla¥E
ERE(DaE Q) F b, HMRLEFRE, LTOXTREIND,

A=D§+Dn-=ng-Ian+ﬂ-IfQﬂ-d2?r-Ez

A : HifirBpf a7z 0 ot FE(1/n?]

1. 2 i % FE Rl Ry o0 i e v 58

SEOFMIZBEVTY 7 Firy A VBRBKEVWERAIZSWT, Rt EFETFEMEZELT
1 B oS8 Erd LT, (VEAEVCEANLEHBTORFELEHL, T09 L0448/
97 SHEEE -, —H T, EEEOAEEN L TER 97T VHREEE L EHLEE (F

bt x/Q097 YHERE 1 LEEE) FolkEFE)ROLCESE, Bl1EROEED, P11
Thate,

D.+D. :(I{gJ'IJ'FQm+ﬂ'XKQUr'J§'EzJ9m

............................ (5)
D, Vgﬂ' {I."Qn)m
Oon RO 97% R
I Bt ORI [o/n®] (G AFIO8 B EELT)
1% BREFSFICHT RS R GHEAD)
x /Q(s/m?) 4. 41074
REWIRE T M [ o = (1/m) L 3xi0-"
® MERGELEE (1/n?) "
B 07 % (SR el
1 B (/) 0
AR L RRRORE (0, D) Bl

PLEEY, SELEL B L EERT, /0 97 WHEELER LABE O ELEEICH~,

4 FETELZERBB\BOAZ LG, SEOFMIZE O TRMELSE % %58 L /- d & gk
HOAELTHLIERTNLFETHE LB LLND,

s, EMICERT AT A—FER 2 FRIITT,

1. 11-300



Wk HBILFEE ST A—F

sRFRA—F & i %
CRER R 31 0.3 (cm/s) NUREG,/CR-4551 Vol. 2
Y.,
RN [ISEHICESEFR 1R L mEE RN,
Lz 2 BREREEHEA : 2700 (n?)
Ly P FOA FARGRE c - 0. 5
o MEAFEOEROI# AT A—F (m)
by e e A=9.5E-5xPr® B (s71) A AR Tt (T H B ER ORE RN L
A SFFIZBE3 5 TR (L2 3PSA #8) : 2008
Pr : BEksEE (NUREG-1150 gt FRiE - LT3R
{mm/h)
ABEH 1997 4 1997 45 1 A ~1997 £ 12 A @ 1 K] Z & o E,
Bk, AR A ER

[. 11-301




2. EMIEEEOREIZSWVWT
HEHEOTEAMEE 0. 3 em/s i% NUREG/CR-4551 (BF 3Rk 1) IZF-S\v TEE L TV 5, NUREG/CR-4551
THRHEAZHSL L, §ALLER, SERUVA - EROETEBREINSE LTWS, HTFHEER
HLERROBE TH L, FHcBIT A FEENERTE S L FE L 65, F£7-, NUREG/CR-4551
T2 0.5 po~5 pm OREICH L TEMNEZATEY, @rOLETT 77 MROBTRBRO
HEORN (Bf228) »6, BEAFECS TR TFROEOXESE, —oERERIzH S
L2 HhE,
F7-, WG N Slinn OBRHZ L5 &, B0k, AAEVokir EHRICHTARBIIE U
OLEHEAZEELTEY, Zhickd2 01 pn~5 pn ORETHILEFHET 0.3 cn/s BETH
5,

“11= T ™ T T 0111 T =TT T 1Tl T =TT T+111 T T
E s Grass, o, = 36 :?11'1. Chamberlain {1965 :
[ e .—.@.= Filter paper u 7 2¢ e g2~ Chaugh (1873 !
- === Water, u, = 40 fm sl Miiler and Shumann (1970} |
o' =+ Water,u, = 44 4 see™", Sehmel and Sutier |1974) :
= Avesss D47-18 o Gravel, U, = 22 om sec™ !, Sehmal o1 al, (1674} !
= : !
= 0.7 em Artificisl grass, v, = 19 em eV, Setwmed o1 @l (1873) !
o - O fp =3 om, 55Ky, S 105em w1, Weealy ot 2l (1877 i
5
g 10°
=
5 1wk " 5
Z ]
S g
& e e
g |
E Iy |
#-E 7
1072 3
AN N B I AN Lo g g L

i 10! 1% 10!
o, PARTICLE DIAMETER [pmi

Fig-4 Dry deposition velocity as a fanction of particle size. Data were obtained from o lul:n'n?r of
publications.’* =** The theoretical cowva nppropriate For a smooth surfzee is shewn For comparison.
Mote that the theoretical curve is sirongly dependent on the value fox e and that Eq. 22 does net
contain a pacameterization for sutface roughness. For a preliminary study of the effect of surface
roughness and other faefors, see Bal. 5.

[ kx2S SREILEEE (3530 2)

L. 11-302



i, EFMIZHET3HEITFER~0 LTV AEERLEES, =7 o/ L oNEOERAERLLTO
LBV THD,

VETT 2T bRHC, B ESEES=7 o/ AoBMIZEW T, BTOREARNRE L
Ena,

ORMEBATOLEIZL SREARE

BRESATO T o/ A0EHIEEEEDL, =T o/ LoBE0 " RihkfT 5, Al
FTaYyAE@ENRS pn OBE, TOMLEEL, NPECHES (BEURI) LvATEELTVWS
TTa/AORE]l pn ORSICH_25/FLES, LiEdoaT, HIBOKEWZTa /I ER
MERAICER LT <25,

@7 =2 7 AETHEREME T 7 A 712k 2BEER

F=ad AZSHHERROMB T 7 s A Z 1220 T, BAERKFZ0.15 un 2 EE L8
WRABRICT, 747 ZhEE0ERE (99.97 %LLE) Z@MEEL TV 3,

WEFZ7 4070, BEFE0.15 poEbLEBLICS NI EAHLHER->TEY (Ref. JISE
4812), RIFENRZNIZEVKEL{ RS L, RET7 L7 0REAI=XL (AEFEDRT)
CED 74 FHHEICH T AR ENIBESHRE D, LEXY, 5 pmll EOREDKE
TFa /AL, Bb 7 A EFER LT VR TR0 Sen iHAEMNICEEE LT E VL
B,

ZOdH, Kl F U AITE VT, T=2 7 AESMEREEDH Tt LRDoREARIZT,
HHNCHTEORE LT o ARE BHEBNICHEEENDS, £, T=27 RERMERE
BETIE, ORUVOOBRESRT, 5 pnllLoREOCT o/ Ad+aicdlsh, Tholigo
KehxzTa/roliizshic{ wiEIzohd,

BLEED 2OV EFTTI2LFy PO T o/ A0BBORMLEBOREHIT0.1 pn~5
pm@OREIZHS L, T, HEELAFWGERICIEENKER T o/ L3RG~ HEh
L WEMIZHS - LG, AFEMCETIEMIEEHEL LT 0.3 cn/s 2 EATESLEZ T
&,

1.11-303



2ETE

J.L. Sprung % : Evaluation of severe accident risks: quantification of major input

parameters, NUREG/CR-4451 Vol.2 Rev.1 Part 7, 1990

SH W 2
W.G.N. Slinn : Environmental Effects, Parameterizations for Resuspension and for Wet and
Dry Deposition of Particles and Gases for Use in Radiation Dose. Calculations, Nuclear Safety

Vol.19 No.2, 1978
EZETE 3

NUPEC Rk 9 4EBF NUREG-1465 @ Y — R ¥ — L& fuv=HEEREHECOFEMICET 58S
£ (¥rk104E3H))

1. 11-304



|

e mE A O RBHBMEE 97T WEORD FIZ20T

1. HIFmLEIZOWT

FIEEUVRADICFAT L5 CHE~OBRFHESROLE L, ELE L BHLFC L - TEET S,
EEPETE A I B < OBHMESED, HERRESIZL - TRELSLEFHE (CEEE) ([ L THE
IZILETHHETHY, IHEHREROMEBRREIZEEREL TS L TR IS, BELET
BRI L > THHESERARAKICRYAZhH, BEICET - LEFT52R8THY, KKPOHEHED
HOBESH - BABERTESOFSETFTHRPFEEICILI->THEZNS,

W
' ik
REAHAMT IR - SIS SRR KAMIE
FER (MEFHLES) EMtEoLtER
F1E HEEHEFOL A (% oL )
<HE@mILEEOHAES >
D=D,+D, = x[0, v, +_f,1’fQ{x]Mz e e
D cHEEILEE (1/m?) (HArHHEYED)

D, : L EE (1/n%)
B MR EE (1/m®)
7/Q, :HIEDOWEMRE (s/w®) (HEHHFON LRE)

1/Qp) : WEITEOHMBREST (s/n®)

: ILEHE (n/s)
A : Jeip R (1/s)
##L, A=aP
ab : EPRE AT A—F (—)
P EEKMEEE (mm/hr)
z HEEE (o)

1. 11-305



2. HiFmLEEO RN BIMEE 97 MEORD K
HEmILEEORMHBME L, SSHEHICREILTVS x/Q ORBEHBRMEE 97 MEoRDFE

RESHTHELE, BEEMZERULTOFETHEEZIT-E (B2E88),

(1) ERAZBT 25845800, ROEFRAWT x/Q, EHELEE, BELEEE 1ML IZEHY
T4, %28, HEASFEUACEBRNEREIZ 20T, iRz ET5 x/Q8Fok
A, EmitEE (EHLEE+RBMELESE) bEo ks,

B2 Eoflik, FmES5E NN, N L LERSTHY, x/QICL5EMIEFERUEKIC
Lot EEsOREICEETAM TS, FER5A (W, NN HAL) LA oXfiriz Bt
WRERFEICOW T, HREILEEIEe L5,

(2) ERQ) TRDHE 1 FEFEOMERIEERLEOKRE S\ICHTNZ, PEVWEHLLEZTEMN
HFRSEEEAS 97 %% @A=L Z A0EEY, MEmLEE0RMHBRMEA 97 MEL T 5 (H¥km
HFELEORMUBRMETHL 8, x/QORMHBEELRLES),

NW, NN T R 4 REAchiAz L BRI,

} B DEE s T raids \
aw | ot || mE | xm v | PEEEE L N\ | PR | wamias
& ; a / 3
(B[} (m/=) EHH {s/m?) (@) {mm/hr) N (@} (D@0
T ™
1/1 1:00 ot 1.0 1] Q104 Ox10-"7 0 (1] Cx1?
{SE)
s NNW 7 v o | -7 -8 -8
1/1 2:00 23 E ksl Ox10 1.0 %10 Ox10
(SSE)
1/1 3:00 . 1.1 1 - - 1.5 — 0
)
12/21 23:00 - 2.6 1] Q102 O=10-® 0 i O=10-®
(SSE)
FEdS A OFEOR 0 /
RO R HFEFRILERLZFIEICEC

.

(%) (s/u) (@+@)
0, 000 — o

No HESE /0 EEmiLEe
1
2

0. 003 — 0

ﬂﬂ-ﬁﬁmﬁ%@ Qo 97, 004 (S Bk Q®10-7
REMBEE 97 4 0o 97.010 | OXx107° QX107

—4 -8
HEREEROUURATEY, ABEE | _— | ~°F | 10000 [ Ox0 ©x10
HEoTx/QEEFLbLAHEIER T
B,

(FEFEm QBN RS RS

F2E MFELEEORMHESE 97T WEORDFH
(FEfI & 50045 NW, NNW @fF)

1. 11-306



S D

YEFTF YT O T o/ obgiconT

VETT 2Ty MRS OVATRET S BHEMR LB =70/ LORBESHL LTO.1 un~
5 unOHEATHDZ LiE, HENFCELTERSA TV AHREECREL TS,

VETT 23Ty ROV NCR T LA B L AR ERENRD L0 b, YETTIFT
FREOHESFEREL IC(VATOZT o/ L 0ER)] R IOVAOKOFEEOER] Lvo7BlA
TEEENEE 1 0Q, QILTTHRESZMEELE, 6T, YETTI/L 7T MROTo /A0
BT 5@l s Ty AFREBRL O, BAORGEE (NRC 2 YY) LEEOSR
TEBESNATVWALET T 27y MO T o/ LOEBHORERE (2100, @, @) ##EEL
T, BEOMERGREELFE1ICTT,

TORTEELRBRSE, METLITT o/ AREN, EBEE (CV, RCSEES) RUKOEE
FITEVWEH LM, =T o S AREOFEBIZKE GEVER], OV ARETOT o/ L OREILC
oD T o AHE L RF2AHHREEFOLOLHEETE D,

fE-T, BEOHLOMEE  -WRICLVFRENTHWERMEE D A—TSELLT, 0.1 pn~5um
OO T o AERETALRARUTHELEFZLS,

#£1 VEFTFTIFr FBOTo AR onToOTREEER

g2 | smavpessas IT?;KE% e
PETFTT 2T FROFEMmICER
D R °°F #1 0. 5~5 ENSa— FTORMESHELAD
(1 28) BiEmirfAT L= EL L
B,
0.26~2. & CV PIZAKDFEL, ERiPLEE-
@ NUREG,/CR-5901%2 fﬁHJ} TWAEBEDRIFELIYHROE
FAbE#BIr Lz LiR—Fk,
Q - — VETT I YT PROFOREE
@ AECL #3321 L 7= 38k (T l4-2) EE L 1RFHOTT 0/ LEH
I HE Li-HEE,
i e YET T2 LT M ROPLEEE
@ PBF —SFD*? -2) HEE L1 RRAOTT o/ LER
(k- - = [ k4 8
VYT T 7T RO FP ERonHE
s 0. 5~0. 65 B (RO 7T o/ HEi PHERUS
® e (FE(T-2) FP B0 OV DT T 11 o/ LB
HLEEBOER.)

1:11-30%




S Z R

#1:J. H. Wilson and P. C. Arwood, Summary of Pretest Aerosol Code Caleculations
for LWR Aerosol Containment Experiments (LACE) LA2, ORNL

A. L. Wright, J. H. Wilson and P. C. Arwood, PRETEST AEROSOL CODE COMPARISONS

FOR LWR AEROSOL CONTAINMENT TESTS LA1 AND LA2

%2 : D. A. Powers and J. L. Sprung, NUREG/CR-5901, A Simplified Model of Aerosol
Scrubbing by a Water Pool Overlying Core Debris Interacting With Concrete

$4¢3 : STATE-OF-THE-ART REPORT ON NUCLEAR AEROSOLS, NEA/CSNI/R (2009)5

ORNL DWG 88-T370

a0
LA2Z PRETEST

50{ ® AEROSIM-M (WK

CONTAIN (RN

ome

MCT-2 {US)
NAUA-5 (FN) _ _
NAUA -4 [US)

..............

4.0

+ < ¢ 0O >

204 = \:\

AERODYNAMIC MASS-MEDIAN DIAMETER (um)
=3

LINE I B I |

R ; " R
TIME (s}

Figs 11+ LA2Z pretest calculations — aercdynamic mass median
diameter vs time.

-8l LACE LA2 T a— FHEEB THEON T o M EORELY 57

1.11-308



fisft-1 NUREG/CR-5901 d#e

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 Ipochd to make up the
suspended solids are Ca(OH), (p = 2.2 gtcm’] or 8i0, (p = 2.2 g/em”) from the concrete and
UO,(p = 10 g/em?) or ZrO, (p = 5.9 g/cm?) 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/em®, The upper limit is chosen based on the
assumption that suspended UO, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

(9) Surface Tension of Water. The surface tension of the water can be increased or decreased
by dissolved materials, The magnitude of the change is taken here 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) for e <05
a(w) (1+85) fore = 05

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

(10) Mean Aerosol Parlicle Size. The mass mean particle size for aerosols produced during
melt/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 um in diameter. Even with a water pool present, smaller particles would not be expected.

1.11-309




Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 pm) = -1.39 to In (2.5 pm) = 0.92.

(11) Geometric Stands dewiatic [ il L . The aerosols produced
during core debris-concrete interactions are assumed to have lognormal size distributions.
Experimentally determined geometric standard deviations for the distributions in cases with no
water present vary between 1.6 and 3.2. An argument can be made that the geometric standard
deviation is positively correlated with the mean size of the aerosol. Proof of this correlation is
difficult to marshall because of the sparse data base. It can also be argued that smaller
geometric standard deviations will be produced in situations with water present. It is unlikely
that data will ever be available to demonstrate this contention. The geometric standard deviation
of the size distribution is assumed to be uniformly distributed over the range of 1.6 10 3.2. Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Aerosol Material Density. Early in the course of core debris interactions with concrete,
U0, with a solid density of around 10 g/cm’ is the predominant acrosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/em? and condensed products of concrete decomposition such as Na,0, K;0, ALD; §i0,,
and Ca0 with densities of 1.3 1o 4 g/cm® become the dominant acrosol species. Condensation
and reaction of water with the species may alter the apparent material densities.
Coagglomeration of acrosolized materials also complicates the prediction of the densities of
materials that make up the acrosol. As a result the material density of the aerosol is considered
uncertain, The material density used in the calculation of aerosol trapping is taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 gfem’,

Note that the mean aerosol particle size predicted by the VANESA code [6] is correlated with
the particle material density to the -1/3 power. This correlation of aerosol particle size with
particle material density was taken to be too weak and insufficiently supported by experimental
evidence to be considered in the uncertainty analyses done here.

(13) Initial Bubble Size. The initial bubble size is calculated from the Davidson-Schular
equation:

04
6\ Vs
ﬂ}'E[:] Fm

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

D, = 0.0105 ¥[o, /g(p,~p 1"

where the contact angle is assumed (o be uniformly distributed over the range of 20 to 120°.
The maximum bubble size is limited by the Taylor instability model to be:

1:11~310




-2 STATE-OF-THE-ART REPORT ON NUCLEAR
AFROSOLS NEA/CSNI/R(2009)5 i (ra8 s

2217 Aerosols in the RCS
9211 AECL

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

9.2.1.2 | PBF-SFD

Further inferesting measwrements for pruposes here were six isokinene, sequential, filtered samples located
about 13 m from the bundle ourler. These were used to follow the evolution of the aerosel composition and
to examine particle size (SEM). Based on these analvses the anthors state that particle geometrical-mesan
diameter vaned over the mnch 0.29-0.56 JJII1I elimmation of the first filter due to it being early with respect
to the mamn ransient gves the tange U.31-0.56 pum) while standard deviation Huctated between 1.6 and

2.06. In the images of filter deposits needle-like forms are seen. Twrning to composition, if the first filter
sanple 15 eliminated and “below detection linut” is taken as zero. for the struchural components and

volatile fission products we have in terms of percentages the values given in Table 9.2-1.

922 Aerosols in the containment

9.2.2.)\ PHEBUSEP

[

The asrosol size distributions were faitly lognornal with an average size (AMMD) in FPTO of 2.4 pm at
the end of the 5-howr bundle-degradation phase growing to 3.5 pm before stabilizing at 3.35 pm: aerosol
size in FPT1 was slightly larger at between 3.5 and 4.0 pun. Geometric-mean diameter {ds;) of particles in
FPT1 was zeen to be ben';ee a SEM mmage of a deposit is shown i Fig. 9.2-2. In both
tests the geometrie standard deviation of the lognormal distribution was fairly constant at a value of around
2.0. There was clear evidence that acrosol 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 cesiume-rich. In terms of chenmcal speciation, X-ray techniques were used on some deposits and there
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