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K 1—1 REAP~O SRS (4.5)
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5 IE R AN RIS R LT, MA A P bt R Ot
A AHH L £99.0X107! NURE G-1465 D40
N FOFHEH K 3.3X107 3 FRICHKSEFE (IRA | 4.3@a. BEERE O KR
| Cs H:#96.8X10°° & 3 2H) s~ f B AR K OVt
iz:i;% Te i 401 4X10°° EOFEC VT, | AL, 4.1 () o TR
N Ba JH : 9 5.4X10°7 KO BRI | E LTS~ AD Y —
Ru ¥ : #76.8X1078 U7- MBI TORR | A% — DENTHE R TR E
La %8 : #95.4X10 ° EOINDT=DOENE
Ce $H: /M 1.4x10°® R
IR a_ s b OEE &2 BET S
%ih

{5 L IRpR N R R L) L C
A AR #4.2X1073
L HFEH 49 2.8x10
Cs JH:f4.2x10°°

Te $8: §98.5X10° 7

Ba ¥ : £93.4%x10°7

Ru ¥ : K9 4.2x10° 8

. La 38 : #93.4X10°
# »;;»m:v )

oY S o B -
W~ oA

#E

Ce 8 : §98.5x10°°
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F1—2 RRP~OBmHBEER (7 B FERE
REBRERERICEIVFERZIORT 5 2 LEMET 2 5E)

O RE & [Bq] (gross fE)

) 15 L IRF IR PN PN i — - .
RS Ba] (gross fif) JE AR EE > & DU 2\ B Y
FEH T A BRI K 5
T 77 A¥E 9 1.6X10" #78.8x10'
IES #92.1x10" %9 4.5X10"
Cs # %7 8.3x10" 7 2.7X10"
Te #4 9 5.9Xx10" #72.8X%10"
Ba JH 9 1.8%x10" #92.7x10"
Ru JH #91.8x10" %7 4.8x 10"
Ce #95.5%x10" #73.0x10"
La JH 9 4.1x10" #7.7X10"
# 13 RRF~Oft R (7 B HERE)
(AN Eam~ NOFEMEEET H5E)
R RT—. e B RE & [Bq] (gross fE)
BAE | NIEBG | BEERT s g | e Ol
(gross fH) ZReH L7 i USRI A MBS &5
B
i A KA #91.6x10" #95.1x10" #92.3%x10'
I E #2.1x10" #14.2x10" #11.9x10"
Cs JA #98.3x10" #95.5X10° #73.4x10"
Te %A #95.9x10" 9 4. 4% 10° #73.2x10"
Ba ¥H #91.8x10" #9 3. 8% 10° #73.1x10"
Ru #H %9 1.8x10" 7 8.4x10° 9 5.5x10"
Ce JH #95.5%10" #95.3X10° #93.4x 10"
La JH 9 4.1x10" 9 1.2X10° #79.1x10"
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F1—4 REJEEGHISRT (3.74)
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TA1—T HEET o ~RBEOADA ¥ A 2T < ROFHI O D AN
St N S S,
OREEBIFRE (1,/2) GREERBREREZ AW TEREZIUET 2
e
TR RS ARIE TR (photons)
(leV) 24 WEREIT% 48 WEfE] 1% 72 R[4 96 WFfH 1% 120 HFREI T4 144 WFfE T4 168 FFREI 1%
S R A AR A AR A AR A B A5 RS

0.01 5.6X 10 2.1X10Y9 4.2X10% 6.2X10% 8.0X10% 9.5X10% 1.1X10%
0. 02 6.2X 10 2.4X 109 4.7X10%9 6.9X10% 8.9X 101 1.1Xx10% 1.2X10%
0. 03 7.2%108 2.7X10"9 5.2X10" 7.5X10" 9.4X10" 1.1x10% 1.2X10%
0. 045 1.0X10% 4.8X 102 1.0X10% 1.5X10% 2. 0X 102 2. 4% 102 2. 7X 10
0. 06 3. 5X 10V 1.0Xx10% 1.7X10% 2.92X108 2.7X108 3.1X108 3.4%10
0.07 2.3%10" 6.8 10" 1.1x10% 1.5X10% 1.8X10% 2.1X10" 2.3X10"
0. 075 1.5X10% 7.0% 10" 1.5X10% 2.3X10% 3. 0X 10% 3.6X10% 4.1X 100
0.1 7.3X10Y 3.5X10% 7.4X10% 1. 1X 102 1.5X 102 1.8 X 102 2.0 10
0.15 2.7X 10" 6.8 10" 1.0X10% 1.3X10% 1.6X10% 1.8%10% 2.0X 10
0.2 3.7X 10" 9.0X 10" 1.1X10% 1.2X10% 1.2X10% 1.2X10% 1.2X10%
0.3 7.4%X10" 1.8X10% 2.2%X10% 2.3%X10% 2. 4% 10% 2. 4% 10% 2.4X10%
0.4 5.8X10' 1.9X 10" 3.5X10% 5.2X10% 6.8X 10" 8.1X 10" 9.4x 109
0.45 2.9%108 9.4X10 1.8X10"° 2.6X10" 3.4%X10 4.1X10% 4.7X109
0.51 9.0X10 2.5X 109 4.0X10% 5.3%10 6.3X 10" 7.1X109 7.7X10Y
0.512 3. 0% 10" 8.2X 10" 1.3X10% 1.8X10% 2.1X10' 2.4%10' 2.6X10
0.6 1.3X10% 3.6X10Y 5.9X10% 7.8X10% 9.3X10" 1.0X 102 1. 1X10%
0.7 1.5%10" 4.1X10"9 6.7X10" 8.8X 10" 1.1X10% 1.2X10% 1.3X10%
0.8 4.8X 10 1.5X 10" 2.6X101 3.7X10 4.5X10% 5.2% 101 5.7X10Y
1.0 9.5X10' 3.0X 10" 5.3X10% 7.3%10% 9.0X 10" 1.0X 102 1.1X10%
1.33 4.3%10' 9.3X10 1.4X10"° 1.9%10"° 2.2%109 2.5%10Y 2.7X109
1.34 1.3X10"7 2.8X 10" 4. 4X10"7 5.7X 10" 6.8X 10" 7.6X 10" 8.3X 10"
1.5 2.1X10' 4.5%10' 7.0X10' 9.2X10' 1.1X 10" 1.2X 10" 1.3X10"
1.66 6. 2% 10" 8.9% 10" 1.1X10" 1.3X 10" 1.5X 10" 1.6X 10" 1.7X10"
2.0 1.3%10® 1.9%x108 2.4%10'8 2.8%10'8 3.1X108 3.4%X10'8 3.6X10'8
2.5 3.4X108 4.0X10 4.5X10'8 5.0X10' 5.4%X10'8 5.7X10'8 6.0X10'8
3.0 1.3X 10" 1. 4% 10" 1.5X 10" 1.6X 107 1. 7X 107 1.8X 10" 1.9X10"7
3.5 1.7X10° 1.7X10° 1.7X10% 1.7X10% 1.7X10% 1.7X10% 1.7X10%
4.0 1.7X10° 1.7X10° 1.7X10% 1.7X10% 1.7X10% 1.7X10% 1.7X10%
4.5 5. 4% 10* 7.9%10* 8.8x 10" 9.1x10* 9.3x10* 9.3x 10" 9.3%10*
5.0 5. 4% 10* 7.9%10* 8.8 10* 9.1x10* 9.3x10" 9.3x 10" 9.3x10*
5.5 5.4%10* 7.9%10* 8.8X10* 9.1X10* 9.3X10* 9.3X10" 9.3%10*
6.0 5.4%10* 7.9%10* 8.8X10* 9.1X10* 9.3X 10" 9.3X10" 9.3%10*
6.5 6.3%10° 9.1x10° 1.0Xx10* 1.1x10* 1.1x10* 1.1x10* 1.1x10*
7.0 6.3X10° 9.1X10° 1.0x10* 1.1x10* 1.1x10* 1.1x10* 1.1x10*
7.5 6.3X10° 9.1X10° 1.0X10* 1.1x10* 1.1x10* 1.1x10* 1.1x10*
8.0 6.3X10° 9.1x10° 1.0X10* 1.1x10* 1.1x10* 1.1x10* 1.1x10*
10.0 1.9%x10° 2.8%X10° 3.1X10° 3.2X10° 3.3X10° 3. 3% 10° 3.3X10°
12.0 9.6X10? 1.4X10° 1.6X10° 1.6X10° 1.6X10° 1.6X10° 1.6X10°
14.0 0.0X10° 0.0X10° 0.0X10° 0.0X10° 0.0X10° 0.0X10° 0.0X10°
20.0 0.0Xx10° 0.0X10° 0.0X10° 0.0Xx10° 0.0Xx10° 0.0Xx10° 0.0X10°
30.0 0.0X10° 0.0X10° 0.0X10° 0.0X10° 0.0X10° 0.0X10° 0.0X10°
50. 0 0.0X10° 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 IRpRFE | 144 Weffit: | 168 Rtk
PR A I o I o R A PR A [EFY IEFY
0.01 5.5% 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 1.4X10Y 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 3.6Xx10" 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 6.4X 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 3.2X10"7 8.9X 10" 1.1X10% 1.1X10' 1.1X10' 1.1X10% 1.1X10
0.6 1.4X10Y 3.9%X10% 4.7X 10" 4.9%10" 4.9%10" 5.0% 10" 5.0% 10"
0.7 1.6X10Y 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 1.1X10Y 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"° 1.2X10" 1.3%10" 1.3X 10" 1.3X10"
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"7 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. 3% 10* 1. 3% 10* 1. 4% 10* 1. 5% 10*
7.0 6. 4% 10° 9.8%10° 1. 1x10* 1.3%10* 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 0.0%10° 0.0X10° 0.0X10° 0.0%10° 0.0%10° 0.0X10° 0.0X10°
20.0 0.0%x10° 0.0%10° 0.0%10° 0.0%10° 0.0%10° 0.0%10° 0.0%10°
30.0 0.0%x10° 0.0%10° 0.0%10° 0.0%10° 0.0%10° 0.0%10° 0.0%10°
50. 0 0.0%10° 0.0X10° 0.0X10° 0.0%10° 0.0%10° 0.0X10° 0.0X10°
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TeO,, Sb, Te, 0. 05
Sr0, BaO 0. 02
Mo0, 0. 0025
Ce0,, U0, 0. 0005
La,0, 0. 0002

%1 NUREG-14650DTable 3.12 [Gap Release] OfEi & TEarly In—Vessel |
DEOFZ 2 (NUR E G-1465 TIZ, [Gap Release], [Early In-Vessel |,
[Ex-Vessel] KX [Late In-Vessel| OFKHFHRER T = — X 2% L CTRAIF
AN N ~O B EI S 2 5 2 TV 5, JFLOFE LWRENREAE LIHAIC
BT 5 R RAIEE O B EMEFHMEIC B 2 BEFL STV A TIE, HEAFEED
RN REE7RE CHEMIURT 5720, R FENDEFBRERTE TOFLH
SO EHET S [Gap Release] KX [Early In-Vessel] OfEOFn% 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.
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FIGURE 9. Concentration of Elemental lTodine in the Main Room,
Run A6
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FIGURE B-6,
Concentration of Elemental
Iodine in Gas Space, Run A-1l
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Concentration of Elemental
Iodine in Gas Space, Run A-5
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71 FAWELR (FBmA)
B PT - 3B (B 28.5m, Hi B 20m) (%)
Lt FERNRSR
W HiE
2008 4F(2010 4 [2011 42012 ££(2013 4£(2014 4£(2015 4F |2016 ££[2017 4£| 2018 4F | -1 2009 & LR | 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)
BIRSGET - 825 (BEw 28. 5m, Hi & 20m) (%)
oA HE FERIBR S
2008 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 m@@*ﬁﬁE ggf;\l
e L I O I O I I S O - S = = 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 |2.312.85|2.90 | 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 - B EGETE 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 - WHEEEIE L (S 130m, Hi & 115m) (%)
GatiE TR
2008 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 i WEE g;%\]
i R O I T 0 = IO B S O = 2000 4% | R | FER |
Pk
(m/s)
0.0~0. 4 2.29 [ 2.42 |1 2.84 ] 2.812.24 1.8 [3.25]2.94|1.91|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 O
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]3.973.62]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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%# 1-1 NUREG/CR-5901 D #x

so-called "quench” temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,;, and H,O are too slow to 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, 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 expected to make up the
suspended solids are Ca(OH), (p = 2.2 glem®) or Si0, (p=22 glcm?) from the concrete and

U0y(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(w) (1-5) for e <05
o(w) (1+8) fore = 0.5}

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 o 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.

29
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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:
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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.

HBRETISERLS HRoms
CANDU ¥ A Do BERRSLEBALE, 1 XRTORS
H
WABRELERR | gramosmiconconre
XEOT A ¥ AETIYMAFEHR CER ENAFLAER
PBF-SFD BTOBBRRUFLOLIEFVTTICRSBVERDRUAK
ROMBIZO>VWTORE

P ADANT v 2 BiRFO PHEBUS BIRIFTRMEn
E FLOFLCRESRELARESD, FORE1L 1R
FEFETRFFEMATS T L2ETORGEERDOET L
M2 FREH AV ERERE

PHEBUS FP
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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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