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1i SRS SN N N < .
iZISUA S ZN
TR F— — TEFARIERSR L (photons)
24 Wrfi % 48 IR # 7 y
(MeV) e ;Eﬁ 72 Eﬂf;lfﬁ 96 Eiﬁ& 120 A | 14d TSGR [ 168 PTG
0.01 Eox 10" T 2 Ix10" | 22x10° | 6 2x10° IR A _ A5 B
0. 02 6. 2% 108 5 4% 101 1 TX 107 6.9><1019 8.O><1019 9.5Xx10%Y 1. 1X 102
0.03 7.9%10® 2 TX 107 £ X107 7.5><1019 8.9><10lq 1.1x10% 1. 92X 102
0. 045 1. 0X 10% 4 8% 107 T oX 100 1.5><1021 9.4><102' 1.1X10% 1. 2X10%
0. 06 3. 5% 107 L OX10% X107 2~2><1018 2.OX101; 2.4%X10% 2. 7% 102!
0.07 2.3%10Y7 6. 8% 10" T TX107 1.5><1013 2.7><1018 3.1X10% 34X 108
0.075 1.5X 109 7 0100 X107 2.3><1020 1.8><1020 2.1X10" 2 3% 108
0.1 7.3%10%° 3 5X 109 X 10D 1~ T 3.0><1021 3.6X10% 41X 102
0.15 2. 7TX 10" 6. 8% 10V L 0X 107 1'3><1018 1.5X1018 1.8X10% 90X 102"
0.2 37X 10" 9. 0X 107 I 10E 1~2><1020 1.6><1020 1.8X10'% 2.0X10®
0.3 7.4X10Y 1.8X 102 5 2% 107 2'3><1020 1.2)(1020 1.2X 102 L 2% 102
0.4 5.8X10'® 1.9X10Y 3 5107 5'2><1019 2.4)(1019 2. 4% 102 9 4% 10
0. 45 2.9X%X 108 9.4X 10" 8% 107 2.6><1019 6.8><1Olq 8. 110" 9. 4% 10"
0.51 9.0X 10 2. 5X10Y L 0X10° 5.3><1019 3.4><101'CJ 4.1X10" 1 7X10°
0.512 3.0X107 | 8.2x107 | 13x10° | L8X107 6.8x10° | TLXI07 | T.TX100
0.6 1.3x10% 3.6X10"° 5.9%10% 7.8X107 > 1019 24107 2.6x10°
0.7 1.5X 10" 1 1X10° T X 107 8~8><1019 9.3><IO20 1.0Xx10% 1.1X 102
0.8 4.8x10'8 1.5X 10 5 65107 3'7><1019 1. 1><10lg 1.2X 102 1. 3% 102
1.0 9.5X10'® 30X 10 5 3107 7'3><1019 4.5)(101'9 5.2X 10" 5 7X10"
1.33 4. 3% 1018 9. 3% 10" T IX10% 1~9><1019 9.()><IOlq 1.0Xx10% 1.1X 102
1. 34 1.3%X 10" 5 8% 107 WA 5~7><1017 2.2><101'7 2.5X10" 2 7% 10
1.5 2.1X10' 4.5X10'® 70X 10F 9'2><1018 6.8X1019 7.6X 10" 8. 3% 107
1. 66 6.2x10"7 8.9% 10" L IxX10® 1’3><1018 1. 1><1()18 1.2X10"Y L3%X10"
2.0 1.3X108 L 9% 10" > ax 107 2~8><1018 1.5><1()]8 1.6X10% 1.7X10
2.5 3.4X10'® 4.0X 108 25X 107 5'O><1018 3. 1><1O]8 3.4X10'® 3 6X10°
3.0 1.3X10"7 1. 4X 107 L EX10" 1'6><1017 5.4><1017 5.7X10'8 6.0X10®
3.5 1.7X10% 17X 105 X107 1~7><1015 1.7><1()]6 1. 8X 10" 1.9% 10"
4.0 1. 7X10% 1.7X 105 75 10® 1'7><1015 1.7)(10]‘6 1.7X 10" 1. 7x10°
4.5 5.4X 10" 7.9% 100 8.8x 10" 9. IX 10" L7107 | L7x10°0 | L7x107
5.0 5.4X 10" 7.9% 100 8.8x 10" 9. X 10" ey K 9.3 x 10 9. 3x10°
5.5 5. 4% 10° 7.9% 10" 8.8 10" 91X 10° o 9.3x10 9. 3X10°
6.0 5.4 10* 7 9% 10" Tt 9-1><104 9.3><104 9.3x10* 9.3%10"
6.5 6.3 10° 9.1x10° L 0X 100 AT 9.3x10 9.3 10" 9. 3% 10"
7.0 6.3% 10° 9. 1x 10° 10X 10" LIX10° e L 1x10 L. 1X10°
7.5 6.3%X10° 9. 1X10° oo 1-1><104 1.1><104 1.1x10* 1. 1X10"
8.0 6.3X 10° 9.1x10° L 0X 100 AT L. 1X10 1.1X10° 1L1x10'
10.0 19X 10° 2.8X10° 31X 10° Rt L 1X10 1.1X10° 1. 1x10"
12.0 9.6X 102 L AX10° AT 1-6><103 3.3><10q 3.3X10° 3. 3% 10°
20.0 0.0X 10° 0.0X 10° 0. 0X10° Tox 10 0.0x10° 0.0X10° 0.0X10°
30.0 0.0X10° 0.0X10° o1y O-OXlOO 0.0><100 0.0x10° 0.0X10°
50.0 0.0X10° 0. 0X10° 0 OX 1D 00><100 0.0X10 0.0x10° 0.0X10°
. 0.0x10° 0.0x10° 0.0X10°
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F1—7T HEHEHN L ~BEOADA VXA 2T~ BOFHHIZ WS IR N
OFEFEAPIRE (2 /7 2) R ZRN NOEEREST D55
FEBERRIFIRE (photons)
TR F—
(MeV) 24 WEfH# 48 1% 72 WEfEIt4 96 FEfET% | 120 IRpRsE | 144 WefElt: | 168 Rtk
PR A I o I o R A PR A [EFY IEFY
0.01 5.5X 10 1.9X 10" 2.5%10% 2.6%10" 2.7X10" 2.7X10% 2.7X10%
0.02 6.2X10% 2.1X10% 2.7X10% 2.9%10" 3.0Xx10" 3.0X10% 3.0X10%
0.03 7.1X10% 2.5%10% 3.1X10% 3.3%10" 3.4%10" 3.4%10% 3.4%10%
0. 045 1.0X10% 4.2X10% 5.6X10% 6. 0% 10% 6. 1X10% 6.2X10% 6.2X10%
0. 06 3.5%X10"7 9.8x10"7 1.2X10'® 1.2X10'® 1.2X10'® 1.2X10'® 1.2X10'®
0. 07 2.3X10"7 6.6x10"7 7.7X10"7 8.1X10"7 8.2X10"7 8.2X10"7 8.2X10"7
0. 075 1.4X10%Y 6. 1X10% 8.1X10% 8. 8% 10" 9. 0% 10" 9.1Xx10% 9.1X 10"
0.1 7.1X10" 3. 1X10% 4.1X10% 4.4X10% 4.5X10% 4.5X10% 4.5X10%
0.15 2.8%10"7 6. 8% 10" 7.9%X10"7 8.2%10"7 8. 3% 107 8.4X 107 8. 4% 107
0.2 3.6X10" 8.6X10" 9.1X10" 9.2Xx10" 9.2Xx10" 9.2X10" 9.2X10"
0.3 7.2X10" 1.7X10% 1.8X10% 1.8X10% 1.8X10% 1.8%10% 1.8%10%
0.4 6. 4% 10" 2.0%X10% 2.6X10% 2.7%X10" 2.8%10" 2.8%10" 2.8%10"
0.45 3.2%X10% 1.0Xx 10" 1.3X 10" 1.4Xx 10" 1.4X10" 1.4X10" 1.4X10"
0.51 9.7X10% 2.7X10% 3.2X10% 3.3X10%9 3.4X10% 3.4%X10% 3.4%10%
0.512 3.2%X10Y7 8.9X 10" 1.1X10% 1.1X10' 1.1X10' 1.1X10% 1.1X10
0.6 1.4X10" 3.9%X10% 4.7X 10" 4.9%10" 4.9%10" 5.0% 10" 5.0% 10"
0.7 1.6X10" 4.4%10"° 5.3%X10% 5.5% 10" 5.6X10" 5.6X10% 5.6X10%
0.8 5.3X10' 1.6x10" 2.0X10" 2.1X10" 2.1X10" 2.2X10" 2.2X10"
1.0 1.1X10" 3.2X10% 4.0% 10" 4.2%10" 4.3%10" 4.3%10" 4.3%10"
1.33 4.6X10'8 1.0X 10" 1.2X10" 1.2X 10" 1.3X 10" 1.3X 10" 1.3X 10"
1.34 1.4X 107 3.1X10Y7 3.6Xx10" 3.8 10" 3.8 10" 3.8X10" 3.8X 10"
1.5 2.2X10' 5.0X10' 5.8X10' 6.0X10'" 6.1X10'" 6.1x10' 6.1x10'
1.66 6. 4% 10" 9.6X 107 1.0X10'® 1.1X10'8 1.1X10'8 1.1x10® 1.1x10®
2.0 1.4X10' 2.0%X10' 2.2%X10' 2.2%10"% 2.3%10' 2.3%X10" 2.3%X10%
2.5 3.4Xx10' 4.0X 10" 4.2X10"% 4.3X10' 4.3X10' 4.3%10' 4.3%10'
3.0 1.3X 107 1.4X 107 1.4X 107 1.5X 107 1.5X 107 1.5X 107 1.5X 107
3.5 1.6X10" 1.6X10" 1.6X10" 1.6X10" 1.6X10" 1.6X10" 1.6X10"
4.0 1.6X10% 1.6x10" 1.6x10" 1.6X10% 1.6X10% 1.6X10" 1.6X10"
4.5 5.6X10* 8.5% 10 9.9%10* 1.1X10° 1.2X 10 1.2X10° 1.3X 10°
5.0 5.6X10* 8.5x10* 9.9x10* 1.1X10° 1.2X10° 1.2X10° 1.3X10°
5.5 5.6X10* 8. 5% 10 9.9x10* 1.1X10° 1.2X10° 1.2X10° 1.3X10°
6.0 5.6X10* 8.5% 10 9.9%10* 1.1X10° 1.2X 10 1.2X10° 1.3X 10°
6.5 6. 4% 10° 9.8%10° 1. 1x10* 1.3x10* 1.3x 10* 1. 4% 10* 1. 5% 10*
7.0 6. 4% 10° 9.8%10° 1. 1x10* 1.3x10* 1.3x10* 1. 4% 10* 1. 5% 10*
7.5 6. 4% 10° 9.8%10° 1. 1X10* 1.3Xx10* 1.3Xx10* 1. 4% 10* 1.5X 10*
8.0 6. 4% 10° 9.8%10° 1. 1X10* 1.3Xx10* 1.3Xx10* 1. 4% 10* 1.5X 10*
10.0 2.0%10°% 3. 0% 10° 3.5%10° 3.9%10° 4. 1X 10 4. 4% 10° 4.6%10°
12.0 9.8%10? 1.5X 10 1.8X 10 1.9X 10 2.1%X10° 2.2%10° 2.3%10°
14.0 0.0X10° 0.0X10° 0.0X10° 0.0%10° 0.0%10° 0.0X10° 0.0X10°
20.0 0.0%10° 0.0%10° 0.0%10° 0.0%10° 0.0%10° 0.0%10° 0.0%10°
30.0 0.0X10° 0.0%10° 0.0%10° 0.0%10° 0.0%10° 0.0%10° 0.0%10°
50. 0 0.0X10° 0.0X10° 0.0X10° 0.0%10° 0.0%10° 0.0X10° 0.0X10°
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X 1—1 EEH~vBEORRADA YA T~ BOHEET L (1,/4)

PeHADNFIIEEFHICB LETO TR TE A,
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1—1 ESEH BB ORADA v A T ~ROFEET NV (2,/4)

PEIHA DN IIEE FHICR LETO TR TE A,
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B 1—1 EET~BEOADA v A T o~BOHEET LV (3,/74)

PEIHA DN IIEE FHICR LETO TR TE 8 A,
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B 1—1 EET~BEOADA v A T~ BOHEET LV (4,/4)

PEHADNEIIHEE FHICR LETOTARTE A,
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of Major Input Parameters
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%1 NUREG-14650DTable 3.12 [Gap Release] DfEi & TEarly In—Vessel |
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[Ex-Vessel] KX [Late In-Vessel| OFKHFRIER T = — X% L THRAIF
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BT 5 R RHIEE O B EMEFHMEIC B 2B EFL STV A TIE, HEAFEED
RN REE7RE CHEMIURT 5729, R FENDRFHRERTE TOFLH
SO EHET S [Gap Release] KX [Early In-Vessel] OfEDOFn% H
W5, )

#3—8 NUREG-1465 (3%p)

Table 3.8 Revised Radionuclide Groups

Group Title Elements in Group

1 Noble gases Xe, Kr

2 Halogens I, Br

3 Aliali Metals Cs, Rb

4 Tellurium group Te, Sb, Se

) - Barium, strontium Ba, Sc

6 Noble Metals Ru, Rh, Pd, Mo, Tt, Co

7 Lanthanides La, Zr, Ng, Eu, Nb, Pm,

Pr, Sm, Y, Cm, Am
" Cerivm group Ce, Pu, Np
Table 3.12 BWR Releases Into Containment®
Gap Release*** Early In-Vessel Ex-Vessel Late In-Vesse!

Duration (Hours) 0.5 1.5 30 10.0
Noble Gases** 0.05 0.95 0 0
Halogens 0.0 0.2s 030 0.01
Alkali Metals 0.05 0.20 0a3s 0.01
Tellucium group 0 0.05 025 0.005
Barium, Strontium 0 0.02 0.1 0
Noble Metals 0 0.0025 0.0025 0
Cerium group 0 0.000s 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 clements in each proup
*** Gap release is 3 percent if long-term fuel cooling is maintained.

59-11-65
288



Yo ADORHEIE ORI 1A

L. U LAOMHEE

(DC s I DETHEL TWNDHET T A

EXIHIFENCs 1 OFETHEET DI DL LTEHETS, Cs 1 OFRETIEE
LTWb BV LOERIZUUTOEED LD,

Cs 1 O##iERElkeg] = MI + MI/WIXWCs

Cs 1 #HiEEFDOE 7 LEE[ke] = MI/WIXWCs

U ASLHEYIME R [ke] : MCs & 9 FILH VI E & [ke] : MI
U LS E[-]  WCs Lo FRTE[-] W

(2)CsOH DEETHFELTWDLEL T A
LT ANCs 1 ECsOHDEETHEETA LD E L TEHT S, CsO
H OIFRETHEEL TWA YU LAOERIIUUTOERBY &5,

CsOH ¥#HEEFTDE Y AHER[kg] = MCs — CsI #IiEEFTOEI W
L kg
= MCs — MI/WIXWCs

)t ADRHE
MAAP fHFIZEZYCs T &CsOH DOIMNEII~DLHEIE 2 31

T AOHER[kg] = MI/WIXWCs X X + (MCs — MI/WIXWCs) XY
X: Cs I MHEESE (MAAP HTICEVELND)
Y: CsOH HESE (MAAP fHrickvBEonsd)

(4) ™ LD HE S
1. Q) THELNEY T LADOKEEND, BT ADMHEIS % T

UV LAOBHEIE = YU LAOKME / BT AR ERE

= MI/WIXWCs/MCs X X -+ (1 — MI/WIXWCs/MCs) XY
= Y + MI/MCsXWCs/WI (X — Y)

Uk

59-11-66
289



4 TSP E O RSB I SW T

BB T Ly va - F o U N\OHER T A VA LT S EE L,
AR 7 4 NV H X R RERRE LRKFICKE S D,

F 72, BB DRI EDICR 2 LI s, R R b Ik
WA AR ZRRHE LT, XITEERAPICHREENS,

KA~ FH P E O HOHH AR & & e OV FE R A0 D ORI R = & O BT
IRFFET 4 72 0 OB EE O it B A OFEm A 2 DL IR d, £70, BaHEmE
DREHHIEREZ X 4—1 B 4—4 1- L, KREP~OH ML K&K 4—5
MNHA—T7 12571,

X1 AR BT B EIEEIF LR F NN EICRT T 256 2 KT,

(DB NOY T Ly va « Fx U OPRT A AT LI e

Apcyix (D) = dpeyorevs (D) X DF

Qpeyors®  BEAD ¢ 1CI1 2 HAHFI Y 72V 0 K&~ DR HE A

[1/s]
dpcvorevs(D) 1 FFZ) t (2381 2 ALK S 72 0 DR AFIE [1/s] (&
BBRPOYT Ly v a s F=r AOPLRTA V)
DF AN R T 4 VAR N RO ERE -]

X1 BREMEIIIRMSER 1 22

(2) BN A A > B IR A O LT e E
OFHFRAED B JFAF IR FIF RO R EER £ T
(MR 70 3~ £ 0)

qR/B—)jtf;f\(t) = qPCV_)R/B(t) (t< T1)>:<2

Ar/pors(®  (HEA ¢ ISR D BALKF R S 72 0 ORI b KA
~ORHEIE [1/s]

dpcvor/B(D) K t (21T D BRI S 72 D D JRFHF RGN # 0> B I
TIFEY~DYF 2\ WEIE [1/5]

Ty D RFR ) R P R O A R RER (F R A 70 4y
#%) [s]

X1 FERH A MU R R B IR M OV SR AT N 4P ) D R U FE &
FEICEHMI LaxE (SMTERE 6 22 /)

%2 ZOHIMTITRFIFEEDIEFIFROBAENZER SN TWRNZ &b, )
FYEWE TR TIFE O RRJFPICEERE S b D & UTRHE L7z, #F
il 7c o T, JRFFEIR IR OHER 2 PRSPRIICBERR R IR/ A ] & L
77

59-11-67
290



QR FIP W IR PR R ) I AR R O IEE T
KRR N & FEhT D56
A 70 3% 168 IefElE: GHEI (7 A FTEIELARNWT &
wfEE) !
FREBERRERE O CTEBIGRICRT 554
HHORAE 70 %06 168 FfElE FHEHIFA (7 Af) FTEELZ2WT &
Z A0 E)

RO SRUIVAC (T, = 9%

d t
QIZtB( ) = —X*Qgr/s(t) + qpcy-r/B (D)

wo_ (T
Qr/p(T)™3= [ " dpcvor/e(D) dt

Ar/pors (D (HEA £ ICR U 2 BALKF R S 72 0 OJFFIFEEY b KA
~ORHEIE[1/s]
dpevor/B(D) A t (21T D BRI S 72 0 DR PRGNS w 0> B I
TG ~Di A WEIE[1/s]
Qr/s(D) DR 2B DJRIF RSN T OFERIG -]

A R OB R [1/5]
(G AT A LB % 00 T A R & - i ) I - A 22
IR B R
Ty R R AR OB R RN (SRR AR 70 01%)

[s]

XK1 KBIIRENY MEER G IEF AT ALEHRITIZEIE L 2nb o & L CEHM L
776

%2 ZOHBE IR A EDR R OBIERHERF SN TWAE 72D, Sy
BITRFIFE O REPICESERE ST, FEFHT AR ZEH LT
KRF~EH D,

X3 RTFEMRE OB EERRR (T ) 2805, EIERFRNNEZEIC
*TDIRTIFEIN TOFIEEIEIE, REFIICEFZ T | £ TITEME L B R
FHREMICIRZ D LT EE O 2 &N R FREYMNICFEET 250 L L
TRMm L 7=,

x4 JRIEEMIR R ( (m’]) ORI/ s]1E, FETH T AR

OEMEE (4400[m’/h]) IZX 5% (1[BE/H]) 28H L1,

A DONF I E FRCBE LETO TR TE EHA,

59-11-68
291



[

EREEER L B0
B R OIE LR
¥ 1.6 1019[Bq]

|

L

- MAAP AT 25-5<

|

BH b RAF~|A
R EIRKl BB ]

J

v

EH N ANBRIN D
REAFH

FrRE2IHR 0%

l

B bR A T HERE D b

AR N EERT 58

BFR] : 0~168h
T E : 5 2.3 X1016[Bq]

BRH - 0~168h
HE : #9 8.8X1016[Bq]

HBEPREBERERZHOTER LIRS 556

( ETIEEWAERA~OREES )
. MAAP fgHFIC 35 <
~ i /
R AR A BN T DR E R
: MAAP FEHFIZ 55 < (e L)
|
E AP ~ DOF AT S Ny NG A U ~DEAES

: MAAP fEATIZE5 <

[
[

WEm T 4 W EZ N MR
FeEfRd 1

Mg T (L F N B R
PR E N b

BMAERN FEERT 5%

AN
=

B ;59 32h ~ 168h
& : %9 5.1 X1018[Bg]

HREBPNREREZZHVTE
SRR T D6
HENEERN S P EEE LRV

IR O R LA O ERGEE 4400m¥h IC L AR E1E BIZ L BN

X 4—1

59-11-69
292

LD LWRE NI E L Te s O A 71 A O RS R




EWEER L2580
X9 FOEIERHF AR
1 9 2.1X1019[Bgl

T PRI B2 ~ D H B S )

: MAAP fgtric #£-5<
- | J

5% 91% 4%

SR ES

TRFAF A 3P0 C ORI

. MAAP fZHf 1 25 < TR 28N T B AL RFIFR 8T
(RS2 2 7 LA JL3) 9.0x10[1/s] , =R DF200 BREMRIIRERE

| I
v
l Ty TLsvareT—n O\

( mEERm~oRABE ) R
- MAAP fighfic 35 < PREE
~ / K1k & 5 3% - MAAP f#fric
_ ) £5¢
T T WL OF 5
T HHEDR (RERR \ s %01 //
BT L 5% : 10 3 :
WL OFR 1 Ry RFA ~DFAEIE
\_ AL FE: 1 / L : MAAP gtz #£-3<
| BWERT A V50 R R0
l BrakpRsc
DY b E N N
PN I KN 3F%i’= ﬁkij‘ > *_L%#:J:?i : 1000
AR SRR A ] o RS9 32 100
B K L 5 % 1 50 Y,
FREZHZE 0%
5 IR 2 USRS A B BRESR T (LB~ b
PERE D L
BWER~ N BT 250 T N AT T
FEH : 0~168h B : 9 32h~168h
e %9 1.9X1015[Bgl i 59 4.2X1015[Bgl
RRBERER 2 AV CES2IURT 554 BB RER LA TES
IS HHE
BER : 0~168h RIS b B LA
& - %9 4.5X1015[Bq]

IR I AR OO FERS R R 4400m3/h 12 K AIRE 1 | BIZ &0 BAMT R

4=2 JFLOFELWHEENREAELTLE O X 5 RORKHERE

59-11-70
293



ERFEEE L2550
BT ADOEIEREN N E
: %9 8.4X10'7[Bg]

}

R IR AR RN~ OB &
: MAAP fERTIZ S <

}

R IFHEAN A RN TORESD R
: MAAP fEATICE S < (AR A 7
VA gEE Y vy a S
TORZZE T

:

Eﬂ*k}:’@%“@m ANEE
M%P%ﬁ IZFES<

J
.}

v

[
[

S nn

ETJF%{P‘]@%—{J%A WLz B
T DHEZNR (I’f%fff@&)

E%#%k,¢«ﬁxm S A IR
s R EE ] KRR
m%4 P
BEEZHZE 0%

}

[

}

Ry N T A ~DFNE]

: MAAP fE#ric 25 <

BERT A NH 0 MR
FrEfrEk - 1000

AN
(=]

A

4

A

J

-

B BIR O I HER R A b
HANERR b &2 EHT D5E
FEM - 0~168h
HeHE 59 3.4X1012[Bq]
BHEBRERER LAV TESLNFTHEBE
FERE . 0~168h
HHE 59 2.7x1012[Bq]

Z=2 a0

B 7 A VA R
E RNy s

%m*mayb%imﬁé%é
FFR : 59 32h~168h

HHE 5 5.5X10%Bql
HEARBRERZANTE
BEPRT 556
BRI FEER L

Lizaia]

MIEE R AR RO EREE 4400mih |2 L AR R 1[EL B

X 4—3 HKEFH

59-11-71
294

XY BN

EERED T 7 AD KRB



RIEFHENEE L2 HED
T OO AR ILFFIF PN E R

}

RIS RN ~ O B &
: MAAP fE#TIZHED <

!

BT IR A SN TOREZ R

: MAAP fEHFIC S (BB A~

LA BTy a S —

TDORI ST

.

.

( BFFR~ORAEIR
: MAAP f##7 ¥ (Y NUREG-1465
DFI RN HES X 5

e N
FETFIFRMERRZOILICEBIT 5
HEAE GREFRED @10

~

/

o | J

l FEE AN AR ZAND
B S RER~FL R~
s mR AL | ] RS 0%

'

BREDE 1 0%

'

B b iR 20 AT HERE D> b A

Ry T A DA EE
:MAAP ###7 % O NUREG-1465
DFEN RN HE-S X 50

v
VSRS T 4 L E R T
FRFEFREL : 1000

|

B[S © 0~168h

s : 0~168h

AR N EFERT D5 E

FRBIREBRERELZAVTER LR T 5546

BRI T 4 VB2 b
RPERE b F
R R S NEEET HHE
BFR K9 32h~168h
BEBREBREREHNTES
KT 256
AR N EFER LR

IR T AR O EREE 4400m¥h 12 X AR ERLEL Bic Lk BAMCHEE

X 4—4  FEREFERE O T OMAZHE O R H R

59-11-72
295



1E+19

1E+18

15+17
@ 1E+16
X
n
N 1EH5
o
I=]
3? 1E+14 P
% lps e
3 Csif
E; iz | Tef
Z —Balf
2t | RufA
A —Ce¥i
;i 1E+10 F -LafHl
= i
 1E+09

1E+08

1E+07

11406 : | ; i . .

0 24 48 7 096 120 144 168
FEE OIERT (h)

]

4—5 IR GN L P RO T A SRR ORI F L2 R

1E117

LE+16 7
@
£ 1B+ r
B (/,z”
‘\"\
o
2 1E+14 o
ﬂlﬁ — A H A
= — B
S CsH
7 IE+L3 G
H TedH
¥ Batg
¥ = i
D e B RufE
g e Cold
i = ——Lakti
= IR+

1F+10

[T — PP FEA FEA - AP T

0 24 48 72 98 120 144 168

FL I OMERE (h)

X 4—6 FEANA AR b SR QIR SRR Ot b L B

59-11-73
296



1E+18

IE+17

/—
@ 1E+16 ? /
X [ — |
o |
o 1E+15 =
)
i / — o A 2R
g 1E+14 . ! | —kHFEH
%\ Cs¥d
B TelH
§1E+13 3 Ba¥H
&0 Ru¥H
2 ~ ok
£ g2 CelR
Eﬁ; [ La¥
ﬂ" /—-—-——7
& 1R+11 i ‘

1E+10 |

1H+09 llllllllll T T T T . | B L3 s
0 24 48 72 96 120 144 168

Pl ORFE (h)

X 4—7 FREAREBBREZRZHOVTERIRICKSD LZGED
R IERE O L R

59-11-74
297



\

5 HEMIAGRESDOIEE L 5 BOLAEMRIZONT

FANRARNICRB T DI L 5 RO BRLERICONWTIE, MEIEN 1% E
Hiifiggts LLFTNUPEC ) EW)H,) I K25 NEK9FEE NURE G-1465
DY — AL — L% AW TS E I & OFMICEET 28 EE) I8V, C
SE A6FERIZESIEDRINTWVD,

BRI A RORIZET 2L LN ITRT,

AN SR BT D HERR 1 O FEORE DORFRIZ I, X 5 FE o BARILER
ZHND ELTOXTERESND,

d
-Jgglzz—ad-p(w

p(t)  BEA £ IZH50F 5 5 TAP S AR SR NI 351 2 M6 1 5 S0 FE [ug/m?]
A EURIERS(1/5]

INEMLS ZET, HARILAERIL, B4 t,, t, TORFIFENEZNICET
AL DO FEOBEEEZHWNTUTO LI ICREINS,

_ 1 (pt)
A= ty —to tn <P(t0)>

NUPEC #EFETIX, Nuclear Technology “Removal of Iodine and Particles
by Spraysin the Containment Systems Experiment” Ditid (C SE A 6 5ER)
£V, TCSE A6 EROMEKEST VRORELE(TIL, KL 04 THRE 10°u g/m’
ThHoTzb DA, KAl 30 43T 1.995X 10 ug/m* L7225, ] & LT, BRAI R OEE
ZERICRATHZ ECHEEX S FEORRIEER 9. 0X10'[1/s]ZHH L TW5D,
ZAUTERAIMI O X O RORIEREDN L, BRI AT LA Z LTWRUVIRET
TOHEEZEERT LD LDOTHDLEEZZLND, 72k, KESRP6. 5.
2 TR TN AN O IR 15 A 1/200 (12725 F TIHEM X 5 FOFREN
RiAENLHELTWD,

CSE A6ZEREND, RAFRMAERICEE L TWDHBIREME D, it s
N E E O 100 450 1 FEITIK T 585 £ TR EARILE EENITIE
—ETHY, FRTFEMNAZNOER X 5 R13E ORI N FHI o B3 IR E
HEILS L THREINDZEDBS N, TWDE, Z 2T, JFAIFRNE RS~
X O FORBEDROBREICUT->TiL, BRIULERE L LRI vEon:
HH O BIRILAESR (9.0X10'[1/s]) ZREFEL L TEHL, 72, BARILEIZ
&5 ERDF (BREDER) #2200 & L7,

CSE A 6 ZEBROFEMILATED Nuclear Technology D sCIZIB W TBNWL
1244 REIHENTWD, 25 L LT, BNWL-1244 {t#iOBMBZENICEBIT 5
IR 3 O RORFRIZEZ K 5—1 12T,

59-11-75
298



BNWL-1244

/ B4 0 45 0 39 1.0 105 ;¢ g/m?

10° A
E§ .—}-1/2 = 12 min
_ ELEMENTAL TODINE - RUN A6
DROP SIZE: 1210 u MMD
N FLOW RATE: 49 gpm
TEMPERATURE : 255 °F
B PRESSURE: 44 psia
SPRAY ADDITIVE: 3000 ppm BORON
NaQH - pH 9.5
L .
. ; F
S F' B5%0 90 43: 49 2.0X10*  pg/m?
: 0
=
= ~ 1
x
= 3
E 0% =
= - 32
E r / t1/2 = 540 min
x
o p—
w %—L’
=
w f—
L}” THIRD SPRAY
102 — {RECIRC.)
— SECOND .
— SPRAY L
10! I R N RN |
0 50 100 150 200" 1550 1600 1650
TIME, min

FIGURE 9. Concentration of Elemental lTodine in the Main Room,
Run A6

5—1 JETFFMAZSRNIZI T 2 EE I 5 FiRE DRFH 21l

Hi L : BNWL-1244, “Removal of Todine and Particles from Containment Atmospheres
by Sprays—Containment Systems Experiment Interim Report”

59-11-76
299



C S E EZBR otz >

CSEEER & AW T < FMi CHE L CW D il — 7 > A NIREIM g Rl L
OCA) +ECC SyE/KaEER+ 222 Eh /1 ERELR ] 1217 5MA A P
FERIC L DA BRN OS2 F 1 THIT 5,

728, NUPECHEEIIBWTIX, A7 VLAMEHENSHIOHMO X 53
BEICHESTHARIEERELZRTELTEY, EREMIIER 2 5FOFEK L —7
VAZKIT HAMA A PRENTRERIZ L 0 15 DAL AR SN O &M L RFRZ%ETH
o

#1 CS EFEBRSEM L IR 2 BSAF Oz

C S EZ%EB® Run No. R ;
e . ARSI S
TS A 22 Gk Gk T
(+7Kk35)
I RUE Y Y Y Y
ﬁm:gﬁ %10.20 %10, 22 %5 0. 24 % 0. 2312
/ﬁé#/:\‘El iie
ﬁ%%fg %1120 %1120 %1120 #7200 LT
(e} % D
A7 LA D o - .
o e L L (194 5 5 F K LTI
. HSRIE A& DI EE)

1 : R K Hilliard et.al “Removal of iodine and particles by sprays in the
containment systems experiment” ,Nucl. Technol. Vol 10 p449-519, 1971

%2 :R. K. Hilliard et.al “Removal of iodine and particles from containment
atmospheres by sprays’ , BNWL-1244

%3 :R.K.Hilliard and L.F.Coleman “Natural transport effects on fission

product
behavior in the containment systems experiment” , BNWL-1457
[T BRI FEE DR BIZIZ 1B E DR T LA DMERH S35 Bl O g N DR
FEEHNTW5D,

[2 A&7 PRt RIS I %R DG MRl O Fil > — 4 o A [REIRF s (Al L
OCA) +ECC STH/KBERETL + 23BN EIRIELR ] I2BWT, Fonb
KO FNKERE SN=% (FHEROH) off

CSEERTARATLAZMHHLTWARNVA-5 KTA-11ICEBIT 2 E# L 5 Fokk
AN SRR E ORI AL 2 X 1 1R T, #IHDRE (A7 LA Kl HOH
M) 122V TIE, A-6 DA ERERZEIBO LT, FIHIRE X v 51004501
DLERT L2, ILEDRSHIRDZE (WY A7) BB LD,

59-11-77
300




100 4
1 RUN A~5 A RUN A-11
ELEMENTAL ELEMENTAL
k I0DINE 1ODINE
| t,.. =135+ 0.5 min 4
lf:_rfflm 10 Yty 716 05 min
MAIN ROOM

[ (12 LOCATIONS}
3 MAIN RODM

S PHASE CONCENTRATION, pg/m’

C_. GAS PHASE CONCENTRATION, pg/im’

9
C,GA

9

S
f
7

10

N e

i A BOTIOM ROOM  _
10° L e dlercahuth SR
4 8

I—

12

1, hr i, hr

FIGURE B-6,
Concentration of Elemental
Iodine in Gas Space, Run A-1l

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

CSE A-5KONA-11 FBRIC K 5 IR K 5 RO N KR E O

e b

X 1

155871

H AR SRITAHI ™ 2 AR DR L NI O T o 5 IR mE R DO
HEmBEAREWEEARLERIRES S RO LEEZLLND,

CSERBRICKIT HHFR & BR 2 SR OlERBEHMICOWVWTE2ITRT, CSE
FBR & BAR 2 SR OREMIIFRE L > TEBY, CSEERTHOLNATLAR
MEREZMNDLZENTELEERADLND,

%%a\j_’

;

#2 CSEZEBREBSR2 ZFOLFEHEED S

C S EZEBRIKR AR 2 50
A (m%) #9600 %713, 000
NififE (n?) #1570 #7312, 000
teFmifd (1/m) 0.9 0.9

59-11-78
301



6 YRR O AR FEIC DWW T

Hh A 2 D o PRI AR 2 B0 < RIS AR L T 2 7R @ 1R R o0 A
JERERRIFI] 70 20 (=FFH U ZALBR PR 7 7 8 60 o+~ 7 EEiN 6
JRF S R BRI H] 10 43) 13, R 6— 1IN T BV REL T D,
mE, K7 7 RIS AEERE TORMICOWTIE, HBHAELR DRI
VIR~ O VR, PRI N0 ) =7 BE2BE L

THEHLTWD (BIHEHR),

K 6—1 JEFIEYEF I RAEERRFRIIC OV T

o B
SR A HF B I - P AR FE [’ ]
FEH T AR BER 7 7 it [m/h] 4400
FHFEAE~SCTS P 7 7 =
AR T b | D) o
FE SRR ﬁﬁgﬁfkﬂ 77 CRB~E 10
<K 70 5y
S 3Tl 3 5 R4 B I - P A £ 22 K 70 43
IR ]

PEIHA DN IIEE FHICR LETO TR TE A,

59-11-79
302



Gl
JE P P I - P AR SRR ] O BRI D T

2 BRI R F R A FE T T AR RHER 7 7 v THER L T2 BRICAE
BERR E TICE T DI 2 3l 2,

1. #HmE 7 v

JR A ) R PO E N RHMEE T V2K 1 1TRT,

R YRR RE 1L, FEH T A RYER 7 7 IS X DHER E, R
A > U — 7 ROREINRLR DO DIWANDNRT VALV REEND H O
LT 5,

RFIFRE KEE:P,om
) —oFkE Q) KIEE:p
[RFFHE

FHEBALEH:A

=3

e E::>| el 7
g 1 L

FFIFm .

EA:P(t) i

v

BET i EHAH
SkEY HRER
‘R

X1 R IR RO R TRl E 7 v

2 . &=
JRF IR F AR D IE DRI, KU DR R RUTEWVRIR D E/VEZE
fERTEIND,
dp RTdn

&~ va W

LIERo T, JFRFFEMEFIFEROET (b (1) FRAUSHE D,

p(t+ At = p(t) + At
& p(t+ A0 = p(9) + A {ED (—Qque + Q) + Qoey (V)]
& pt+ A0 = p(t) + AEZ (—Qoye + Qin(®) + Qecy(®) = ()

Qout : HHE A AR PER 7 7 i [m3/s]
Qin(®) : I TFEWIETFRA U — 7 it & [m3/s]
Qpcy () : BEANAZRED B DR 2\ & [m3 /5]

59-11-80
303



R PEME A ) — 7 & Qin(0) 1T REE & R Em IR o
EIDOEIZLVFRENZILL, TOREIT-NVX—A N THEESND Z B
AXDoEBY L5,

2(Patom - P(t)) .

Qin(t) = Aj ' (3)
A SRR RSP BRAEAE 2.\ AR ]

i

JEL 4P B ST P AR SR 2 O TR AL, R AR R R O R R R E I
Hox, K@) EFELLL~ANX—/Rck kDN,

JRAIF AN R B DOIF VMR E Qe (1) 1, BB LEN D H AN R AR ) 5
TFIFHICIRZ WL, BREEETAILDOLE LTERD D, 2 TORZ VT AN EHEE
T, HESAKE L THFEET D EIRETDH E, ZOMEIIRADELY L s,

Ypcv Ppcv ., T
t) = Vpey X X e PO
Qpcv (D PCV ™ 100-24-3600 Tpev PO

Yy : AR ERRR R 2 VK [%/ A |

(4)

LizinoT, X@)~@) LV, FEFFEmEFRoENZ(bEz2 KD 5
A AUILL T D LB LD,

p(t + At) = p(t)

P(t) 2(Patom - P(t))
+At7 _Qout+A\/ )

+ Vpbey

Ypcv % Ppcy % T
100-24-3600 Ty P(t)

3. RS
JR IR ) R T PR A AR R ORI W D b2 3R 1 12T, BEER
CCHIWrd A FHEIE /7136, dmmAq & T D,

59-11-81
304



K 1A IR R R ] O R SR

T o i i i
a7’

- Pa (abs) 101325 e
KL Paton (kPa (abs)) (101. 325) FRHERSUE
KA JE o kg/m’ 1. 127 SUR 40°C D E % 5% &

FORER, RIPEY
BT RR |, Pa (abe) ) TR R EE £ TR
TIPS HEMEL, FIHEIIC
I RKEZ R E

JR o & R 3
AR v m e
JE 47 B W . -
R T K 313. 15 40°C & E
JR 1P & R SR AP ) R - IP RGN &
THRMEMR | A m’ RPN IS E, ~LX
Z VO AR — L0 B
JFEHH T A /s | 999
AR 7 7| Q. (n’ ) REHE (TR E)

e m’/h) (4400)
V=

e Pa (gage) 384 X 10° R N2 2o e v ik E 77 D
R AL ) Proy (kPa (gage) ) (384) 0.9 {2
FEANE AR AR Viey m’ 12600 BN

G 7 BELE ST IR 2 L [
FEAN A AT L Tocy K 313.15 Emf%ﬁﬁ
ﬂdﬁizun@ Y bov %/ H 0.5 %ﬁ{iiTﬂDﬂnWﬁzb\

X1 RO BRI 1T
«\@%ﬁwv%ﬁlEigo%WHBfﬂa%anm%uTﬂ
SR 2 WO AR 2 L,

SFHIZ

100[%/ B 2B %

[6. dmmAq D& JFIRAEIC

2D LE, NS
Thd, ZI TR

PRe[H 22 D PN I 3R S THIC

BLETOTREATE £ A,

59-11-82
305




4. FEAm RS

JR AR SR AP BRI ) DRI L 2 X 2 (2T,

T T ANERYER 7 7 kE g, R R XTI T L,
#) 250 FO1L I AEEERR &I 2 BEYEME (6. 4mmAq) % F[EID,

b LA 2R 0D SRR LT AR DRI < B B W\ TR AT R & LT, 9 250
Fb 2 AL TIRSFIOIC 10 S AT 5,

6 \ B EEREZE{E (—6.4mmAQ)

[FFIFEYEFIFRE S (mmAQ)

0 200 400 600 800 1000
REREI(s)
X 2 JERF-IF W R A U ) O RERET 22 b

59-11-83
306



T BT <FHIIC AW RSB E R OREEIC SN T

SRR J1 R BT NI Z BV CBLEI L 72 2009 4 1 A 725 2009 412 A £TO
1VEBORRT — 2 2 AW TEHMli 24T 9124720, Y% 1 FBORRT — 4 NE
HHOKGURBE IR L TWD 0 E 5 ) OfFTZ F ol & 0 FEhi L7z,

VLR ICHE T M OS] & R,

1. BEITIE

() BB AW =BT — 4

KBERORFME R T DY T2 TS, @EIIE < 5l b EE R PER
BT IO TRET 2 b 00, #1F < 3 CTIRESTFRIC L R a2 32 2 &
b D T Lnh, B S HEERERT 28 130m OB — 2 oz, 5%
CLUTHEE 28. 5smOBIHIT — 2 AW TRHREZIT> T,

(2) 7 — Z T
EEE © 2008 421 H~2008 4F 12 A, 201041 H~20184F 12 A
MEAE £ 2009 4F 1 A ~2009 4F 12 A

(3) BRAE 7 1%
REIEARDOIERBIEZBET 5 F 0 AmE O FINEICHE > TRIEZ1T > 72,

2. FRIEREF

BE DR, PERfE m ST A2 RET D85 130m X OEE S 28. 5m OBLHIT — #
IZOWT, HEAKMES % TEASNZHBIE) -7 (0HEE) Z &5, M
IZFEH LTV RET — ik, EHHOREREZREZL WD L0 LB LT,
BREMBERT—1INDORT—4ITRT,

59-11-84
307



71 FAWELR (FBmA)
B PT - BB (B 28.5m, Hi B 20m) (%)
Lt FERNRSR
HEs HiE
2008 4F(2010 4 [2011 4F{2012 ££(2013 4£(2014 4£(2015 4F |2016 ££(2017 4£| 2018 4F | 244 2009 & LI | TR OF-IR
X ZEH
JE\ 7]
N 0.59 | 0.64 | 0.85 | 3.05 | 0.66 | 1.23 | 0.86 | 0.70 | 0.93 | 2.06 | 1.16 | 0.53 | 3.04 |-0.73| O
NNE | 0.20 | 0.19 | 0.24 | 0.92 | 0.23 | 0.28 | 0.30 | 0.23 | 0.31 | 0.33 | 0.32 | 0.15 | 0.83 |-0.19| O
NE 0.12 | 0.28 | 0.16 | 0.32 | 0.22 | 0.29 | 0.39 | 0.31 | 0.36 | 0.49 | 0.29 | 0.26 | 0.56 | 0.03 | O
ENE | 0.32 | 0.26 | 0.33 | 0.25 | 0.32 | 0.42 | 0.59 | 0.47 | 0.55 | 0.47 | 0.40 | 0.30 | 0.68 | 0.12 | O
E 0.55 | 0.39 | 0.55 | 0.40 | 0.67 | 0.72 | 0.92 | 0.87 | 1.54 | 1.22 | 0.78 | 0.51 | 1.66 |-0.09 | O
ESE 1.78 | 1.34 | 1.39 | 1.14 | 2.71 | 3.31 | 2.77 | 3.17 | 4.00 | 2.95 | 2.46 | 1.71 | 4.78 | 0.14 | O
SE 8.75 | 7.34 | 5.67 | 5.56 | 12.61 | 13.94 | 13.57 | 13.87 | 13.43 | 9.42 |10.42| 7.84 |18.62 | 2.22 | O
SSE | 24.91 |22.10|22.03 | 18.59 | 24.24 | 22.31 | 22.85 | 23.57 | 19.19 | 22.04 | 22.18 | 22.90 | 26.93 | 17.44 | O
S 10.98 | 10.94 [ 11.09 | 156.61 | 7.75 | 6.74 | 6.18 | 5.69 | 6.00 | 10.37 | 9.14 | 11.28 | 16.72 | 1.55 | O
SSW | 3.33 | 4.61 | 4.05 | 3.68 | 3.93 | 3.05 | 3.15 | 3.14 | 3.57 | 3.23 | 3.58 | 4.21 | 4.76 | 2.39 | O
SW 1.90 | 2.43 | 2.31 | 1.81 | 1.45 | 1.42 | 1.18 | 1.55 | 1.65 | 1.97 | 1.77 | 1.91 | 2.71 | 0.82 | O
WSW | 1.18 | 1.67 | 1.60 | 1.22 | 1.45 | 1.19 | 1.35 | 1.47 | 1.60 | 1.46 | 1.42 | 1.19 | 1.85 | 0.99 | O
W 3.99 | 3.98 | 3.53 | 2.81 | 4.72 | 3.29 | 3.79 | 3.69 | 3.85 | 2.55 | 3.62 | 3.65 | 5.09 | 2.15 | O
WNW | 10.85 | 14.17 [ 13.11| 10.55 | 13.77 | 12.01 | 12.04 | 11.77 | 15.33 | 13.70 | 12.73 | 12.20 | 16.37 | 9.09 | O
NW 14.87 [ 12.10 | 13.53 | 12.10 | 9.72 | 10.65 | 11.74 | 10.43 | 11.54 | 9.42 |11.61|14.86 | 15.61 | 7.61 | O
NNW | 11.77 | 11.93 | 12.38 | 15.91 | 12.02 | 14.78 | 12.92 | 13.25 | 12.43 | 14.55 [ 13.19 | 11.41 | 16.56 | 9.83 | O
¥f2 | 3.92 | 5.63 | 7.16 | 6.09 | 3.52 | 4.37 | 5.40 | 5.83 | 3.72 | 3.77 | 4.94 | 5.10 | 7.89 | 1.98 O
72 FHARELR (FuH)
BIRNGHT - 825 (BEw 28. 5m, Hi E& 20m) (%)
oA HE FERIBR S
2008 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 %@ﬁ@ﬁi ggf;\l
e L I O I I S O S S S -2 2009 4 ER TR X FEH]
Wtk
(m/s)
0.0~0.4 |3.92|5.63|7.16 | 6.09 | 3.52 | 4.37 | 5.40 | 5.83 | 3.72 [ 3.77 | 4.94 | 5.10 | 7.89 1.98 O
0.5~1.4 |25.50(26.78|27.29(23.47|26.26|28.99|30.71|30.19|26.30|25.68(27.12|26.56 | 32.45 | 21.79 O
1.5~2.4 |27.32|24.62|24.06|21.03|25.88|25.91(23.93(23.99(23. 11 |24.74|24.46|26.18 | 28.54 | 20.38 O
2.5~3.4 [18.01|16.86|14.90|15.77|18.32|16.75|15.77|16.55[17.46|18.71[16.91|17.90 | 19.82 | 14.00 O
3.5~4.4 | 9.83[10.35| 8.41 |11.92[10.92{10.23[10.21{ 9.97 [10.79|10.64[10.33| 9.45 | 12.46 | 8.19 O
4.5~5.4 [ 5.19 [6.03 |6.21 | 7.63 |6.21 | 5.97 | 6.04 | 6.31 | 5.88|5.96 | 6.14 | 4.87 | 7.58 4.70 O
5.5~6.4 |3.35|3.65|4.79 | 5.65 | 3.16 | 3.02 | 3.26 | 3.16 | 4.33 | 3.87 [ 3.82 | 3.26 | 5.86 1.79 O
6.5~7.4 |2.312.852.90 | 4.06 | 2.43 | 2.02|1.92 | 1.87 | 3.39 [ 3.12 | 2.69 | 2.61 | 4.37 1.00 O
7.5~8.4 | 1.64 | 1.45 | 1.92 | 2.04 | 1.55 | 1.06 | 1.12 | 0.97 | 2.23 | 1.79 | 1.58 | 1.86 | 2.60 0.56 O
8.5~9.4 [1.08]0.98 | 1.30 | 1.23]0.92|0.74|0.76 | 0.44 | 1.30 | 0.97 | 0.97 | 1.08 | 1.63 0.32 O
9.5~ [1.87]0.80|1.07 [ 1.12]0.83]0.95|0.89|0.72|1.50 | 0.75|1.05| 1.15 | 1.92 0.18 O
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* 713 FEARBER (EIA)
BLAGPT  BHEGETE E (s 130m, # b& 115m) (%)

PRE FEHIRR
| HE
2008 £E|2010 A52011 42012 £E[2013 452014 A52015 4E[2016 4E[2017 £E|2018 4| 4 1E 2009 4 IR TR Si}gz\;
D
N 3.71 3.67 | 4.24 | 4.31 | 4.23 | 3.81 3.88 .69 b5 [ 2.79 | 3.69 3. 06 5.09 2.29 O
NNE 5.23 | 5.26 | 4.33 | 5.93 | 5.56 | 6.40 | 4.85 .30 .87 | 3.84 | 5.16 4.43 7.36 2.95 O
NE 8.33 | 7.79 | 6.55 | 7.39 | 6.30 | 9.66 | 7.73 . 56 .61 | 7.07 | 7.80 10. 14 10. 47 5.13 O
ENE 7.06 | 5.85 | 6.15 | 5.63 | 4.31 | 7.02 | 6.24 .25 .95 | 5.85 | 6.13 7.58 8.18 4.08 @)
E 3.70 | 2.90 | 4.22 | 4.21 3.39 | 3.69 | 5.61 .69 .98 | 4.64 | 4.20 3. 86 6.13 2.28 O
ESE 3.66 | 3.56 | 3.53 | 4.00 | 3.49 | 4.97 | 5.39 .21 .54 | 4.90 | 4.23 3.68 5.86 2.59 O
SE 6.79 | 7.68 | 6.00 | 6.90 | 6.48 | 7.47 | 7.66 .95 .28 | 8.27 | 7.05 6. 06 8. 74 5. 36 @)
SSE 5.94 | 6.16 | 6.22 | 6.46 | 6.16 | 6.38 | 5.79 .07 .75 | 6.59 | 6.25 5.42 7.20 5.31 @)
S 7.70 | 8.58 | 7.56 | 7.18 | 7.29 | 6.45 | 6.15 .29 03 | 7.32 | 7.26 7.84 8. 84 5.67 O
SSW 8.80 | 814 | 8.95 | 7.86 | 9.18 | 7.35 | 6.74 .82 .98 | 7.08 | 7.89 8.79 9.95 5.83 O
SW 8.52 | 8.40 | 8.20 | 7.55 | 9.71 | 7.31 | 6.95 .64 72 | 7.67 | 7.97 8.21 10. 16 5.78 @)
WSW 5.16 | 5.87 | 5.86 | 4.58 | 6.71 | 4.99 | 5.19 .84 .43 | 4.96 | 5.36 5.95 6. 86 3. 86 @)
W 5.67 | 6.59 | 6.68 | 6.17 | 7.58 | 6.85 | 6.38 .26 .22 | 7.14 | 6.65 6. 27 8. 00 5.31 O
WNW 7.42 | 8.39 | 7.06 | 7.95 | 7.69 | 5.60 | 6.46 17 .38 | 8.56 | 7.47 6. 67 10. 24 4.69 O
NW 5.64 | 5.25 | 6.91 | 6.57 | 4.80 | 5.50 | 5.70 .36 .39 1 6.20 | 5.73 5.61 7.63 3.83 @)
NNW 4.40 | 3.51 | 4.72 | 4.51 | 4.89 | 4.71 | 6.02 .94 .42 | 4.65 | 4.68 4. 45 6. 34 3.02 @)
= 2.29 | 2.42 | 2.84 | 2.81 | 2.24 1.85 | 3.25 .94 .91 | 2.51 2.51 1.98 3.59 1.43 O
Fz71—4 FHRER (EH)
i - WHEEEE L (S 130m, Hi & 115m) (%)
GatiE TR
2008 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 i WEE g;%\]
i e O I T I U O S S = 2000 4% | R | FER |
Pk
(m/s)
0.0~0. 4 2.29 1 2.42 |1 2.8412.812.24 1.8 [3.25]2.941.91|2.51 ] 2.51 1.98 3.59 1.43 @)
0.5~1.4 [10.14(10.25|12.21 |11.14| 8.71 | 9.51 |12.61|11.83| 8.51 [10.88|10.58 | 11.05 | 13.93 | 7.23 @)
1.5~92.4 |[15.09]|15.55[16.29|15.56|14.07|15.83|17.98|16.05|13.25|14.77|15.44| 15.38 | 18.50 | 12.38 O
9.5~3.4 18.98(16.7817.20(18.15|17.48|17.13[18.01|17.00(15.83|15.84|17.24| 17.85 | 19.58 | 14.90 @)
3. 5~4.4 17.35[16.7215.81(16.83|18.09(16.26[15.79|16.54(17.38(16.26|16.70| 17.08 | 18.45 | 14.96 @)
4.5~5.4 |13.28]12.72]12.33|12.94[13.58[13.06|11.16|13.37|14.51|14.68|13.16| 13.62 | 15.58 | 10.75 O
5. 5~6. 4 9.2219.44 | 8.46 | 8.71 |1 9.18 [ 9.14 | 7.67 | 8.48 | 9.17 | 9. 16 | 8.86 9.01 10.13 | 7.60 O
6.5~7.4 5.51 | 5.74 | 5.44 | 5.40 | 5.74 | 6.25 | 5.00 | 5.37 | 6.35 | 5.38 | 5.62 5.24 6. 60 4.63 @)
7.5~8.4 3.23 1 4.21 | 3.65 |3.22]3.97 3.62]12.94|3.19|4.12 | 3.77 | 3.59 3.03 4.62 2.56 @)
8.5~0.4 1.49 | 2.95 | 2.06 | 2.17 | 2.49 | 2.52 | 2.27 | 2.25 | 2.94 | 2.72 | 2.39 2.18 3.43 1.34 O
9.5~ 3.41 [ 3.21 [ 3.71 | 3.07 | 4.45 | 4.83 [ 3.30 | 2.97 [ 6.04 | 4.04 | 3.90 3.59 6. 20 1. 60 O
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2% 1-1 NUREG/CR-5901 Dk #:

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 1o maintain chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot pases 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, Conseguently, 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 expected to make up the
suspended solids are Ca(OH), (p = 2.2 glem?) or §i0, (p=22 g/em?) from the concrete and
U0,(p = 10 glem®) or ZrO, (p =39 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/cm®. The upper limit is chosen based on the
assumption that suspended U0, 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 S 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, =

o(w) (1-5) for e <05 }
o(w) (1+8) fore =035

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.

20
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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 pm) = -1.39to In (2.5 pgm) = 0,92,

(11) Geometric Standard Deviation of the Particle Size Distribution. 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
waler 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 to 3.2. Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Aerosol Material Density. Early in thé course of core debris interactions with concrete,
U0, with a solid density of around 10 g/cm® is the predominant aerosol 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, Al,O, Si0,,
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.
Coagglomeration of aerosolized materials also complicates the prediction of the densities of
materials that make up the aerosol. 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 g/em®.

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 densily 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 caiculawd from the Davidson-Schular
equation:

TE
Db = E[E] u cm
x) g2

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, .rg(p,-p‘u‘f‘

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:

30
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#% 1-2 STATE-OF-THE-ART REPORT ON NUCLEAR AEROSOLS,
NEA/CSNI/R(2009)5 DR URBOBE

9.2.1  Acrosols in the RCS

o201

The experimenters conclude that sphenical particles of around 0.1 10 03 pm formed (though their
composition was not_established) then these agglomerated giving rise to a mixture of compact particles

0.1 and 3.0 umin size at the point of measurement. 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
in 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 % Sa, 33 % Cs). Neither break down of compasition by particle size noc
statistical size information was measured.

9212

Further interesting measurements for purposes here were six isokinetic, sequential, filtered samples located
about lJmfmmlhehnndleoukt.Th:wwm-cdwfonowlhcc\olmmofd\emlcomouuonmd
10 examine partick size (SEM analyses the authocs state that particlke goometrical-mean
diameter varied over the range 0 climination of the first filter due to it being carly with respect
to the main transient gives the range 0.3240.56 pm) 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 is climinated 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  Acrosols in the containment

9.22.1 | PHEBUS FP

The acrosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 um at
(heemloflheShonrbundlc-«kgadalmplmg'wmloSSum before stabilizing at 3.35 pm; aerosol
size in FPT1 was slightly hrga at between 3.5 and 4.0 um. Geometre-mean diameter (dsy) of particles in
FPT1 was seen 1o be be X J a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometnic standard dcvumou al dastribution was fairly constant at a value of around
2.0 Mwuc&unm-w&uwwdwuuouvm very little a5 a function of particle size
except for the late settling phase of the FPTI test: during this penod, the smallest particles were found to
be cestumerich. In terms of chemical speciation, X-ray technigues were used on some deposits and there
also exist many data on the solubilitics of the different clements in numerous deposits giving a clue as to
the potential forms of some of the elements. However, post-test oxidation of samples cannot be excluded
sinee storage times were long (months) and the value of spoculating on potential speciation on the basis of
the available informstion is debatable. Nevertheless, there is clear evidence that some elemwnts reached
higher states of oxidation in the containment when compared 1o their chernical foem in the circust.
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NRPB-322 ANNEX-A 2.2 Todine] D#¥:

2.2.2 | Meadow grass and crops
Methyl iodide
There are fewer data for methyl iodide than for elemental iodine. but all the data indicate that
it is poorly absorbed by vegetation. such that surface resistance is by far the dominant resistance
component. The early data have been reviewed elsewhere (Underwood. 1988; Harper ef al. 1994) and
10 substantial body of new data is available. The measured values raage between 10 and 10 m s
approximately. Again, there are no strong reasons for taking 7; to be a function of windspeed. so it is
recotnmendied that vy is taken to be a constant. Based on the limited data available, the ‘best judgement”
value of vy is taken as the ‘conservative’ value as 10 ms™. Where there is nacertainty
as to the chemical species of the sodne. it is clearly safest to assume that it 15 all in elemental form from
the viewpomt of making a conservative estimate of deposition flux.

223  Urban

Methyl iodide

There appear to be no data for the deposition of methyl iodide to building surfaces: the
deposition velocity will be limited by adsorption processes and chemical reactions (if any) at the
surface. for whach specific data are required. No recommendations are given in this case. For vegetation
within the wban area (lawns and parks etc). it 1s recommenced that the values for extended grass
surfaces be used.
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