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712 | 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

(%)



€8

#5—

3 HEE 28.5m OFEAIRE R (EHESAN)

BUAGET © 8% (B 28. 5m, Hit 115 20m)
BEFHEE FHIFE T
2008 | 2010 | 2011 | 2012 | 2013 | 2014 | 201b | 2016 | 2017 | 2018 ST 1 E T Cﬁ;:?;ﬂ
i F | F | F | £ | F | F F | F £ | F 2009 4F| LR R -
PR
(m/s)
0.0~0.4 | 3.92 | 5.63 | 7.16 | 6.09 | 3.b2 | 4.37 | 5.40 | b.83 | 3.72 | 3.77 | 4.94 | b. 10 7.89 1. 98 O
0.b~1.4 [25.b0|26.78|27.29|23.47|26.26|28.99 30.71|30.19|26. 30 |2b.68|27. 12 | 26.56 | 32.4b 21.79 O
1.5~2.4 |27.32|24.62|24.06 (21.03 |25.88|2b. 91 |23.93 123.99|23. 11 |24. 74| 24. 46 | 26. 18 | 28. b4 20. 38 O
2.5~3.4 [18.01|16.86(14.90|1b. 77 |18.32|16.7h 1b. 77 |16.bb|17.46 |18.71]16.91 |17.90 | 19.82 14. 00 O
3.0~4.4 | 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 | 519 6,03 | 6.21 |7.63]6.21 | 597 6.04 6.31 | 588|596 |6.14 | 4.87 7.b8 4. 70 @
b.bh~6.4 | 3.30|3.65 | 4.79 | b.6b | 3.16 | 3.02 | 3.26 | 3.16 | 4.33 | 3.87 | 3.82 | 3.26 b. 86 1.79 O
6.o~7.4 | 2.31 | 2.80 | 2.90 | 406 | 2.43 | 2.02 | 1.92 | 1.87 | 3.39 | 3. 12 | 2. 69 | 2. 61 4. 37 1. 00 O
7.0~8.4 | 1.64 | 1.45 | 1.92 | 2.04 | 1.bb | 1.06 | 1.12 | 0.97 | 2.23 | .79 | 1.b8 | 1.86 2. 60 0. b6 O
8§.56~9.4 | 1.08 1 0.98 | 1.30 | 1.23 1 0.92 | 0.74 | 0.76 | 0.44 | 1.30 | 0.97 | 0.97 | 1.08 1.63 0.32 O
9.5~ [.§7 | 0.80 | 1.07 | 1.12 | 0.83 | 0.95 | 0.89 | 0.72 | 1.50 | 0.75 | L.Ob | L. 15 1.92 0.18 O

(%)
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F5—4 FEm 130m OFEHRER (JAA)

BUNSPT - EHFES IR L (B& 130m, #1 L& 115m)

GEEF THIRR
W tE HE
2008 £E[2010 £E[2011 422012 422013 £E[2014 £2(2015 442016 £E[2017 422018 4| LA 2009 4 iR TR Oﬁé}ﬂ
X BEH]]
b
N 3.71 3.67 | 4.24 | 4.31 4,23 3.81 3. 88 3.69 | 2.556 | 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 | 6.30 3.87 | 3.84 | 5.16 4. 43 7.36 2.95 @)
NE 8.33 7.79 | 6.55 | 7.39 | 6.30 | 9.66 7.73 | 9.56 7.61 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 | 7.25 5,95 | 5.85 | 6.13 7.58 8. 18 4. 08 O
E 3.70 | 2.90 | 4.22 | 4.21 3.39 3. 69 5.61 4.69 | 4.98 | 4.64 | 4.20 3.86 6.13 2.28 ®)
ESE 3. 66 3.56 | 3.53 | 4.00 3.49 | 4.97 5,39 | 4.21 4.54 | 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 | 6.95 | 6.28 | 8.27 7.05 6. 06 8.74 5. 36 O
SSE 594 [ 6.16 | 6.22 | 6.46 | 6.16 | 6.38 5.79 7.07 5.75 | 6.59 | 6.25 5. 42 7.20 5.31 O
S 7.70 | 8.58 | 7.56 | 7.18 7.29 | 6.45 | 6.15 7.29 7.03 | 7.32 7.26 7.84 8. 84 5. 67 O
SSW 8.80 | 8.14 | 895 | 7.86 | 9.18 7.35 1 6.74 | 7.82 | 6.98 | 7.08 7.89 8.79 9. 95 5.83 O
SW 8.52 | 8.40 | 820 | 7.55 | 9.71 7.31 6.95 | 6.64 | 8.72 | 7.67 7.97 8.21 10. 16 5.78 O
WSW 5.16 5,87 | 5.86 | 4.58 | 6.71 4. 99 5,19 | 4.84 | 5.43 | 4.96 5.36 5.95 6. 86 3. 86 O
W 5.67 | 6.59 | 6.68 | 6.17 7.58 | 6.85 | 6.38 | 6.26 7.22 | 7.14 | 6.65 6. 27 8. 00 5.31 O
WNW 7.42 |1 8.39 | 7.06 | 7.95 7.69 5,60 | 6.46 | 6.17 | 9.38 | 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 | 4.36 | 6.39 | 6.20 5.73 5.61 7.63 3.83 O
NNW 4. 40 3.51 4.72 | 4.51 4.89 | 4.71 6. 02 3.94 | 5.42 | 4.65 | 4.68 4.45 6. 34 3.02 O
e fg 2.29 | 2.42 | 2.84 | 2.81 2.24 1.85 3.256 | 2.94 1.91 2.51 2.b61 1.98 3.59 1.43 O

(%)



a8

T 130m DOFEHRER  (JREHE A1)

BUNSPT - EHFES IR L (B& 130m, #1 L& 115m)

e T4 TR
\ 2008 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 S i AR gji,ziﬂ
JEUE F F F F F & & & F ¥ 2009 4 | EFR | TR o K]
Ptk
(m/s)
0.0~0. 4 2.29 12,42 1 2.84 | 2.81 | 2.24 | 1.85 | 3.26 | 2.94 | 1.91 | 2.51 | 2.51 1. 98 3. 59 1.43 O
0.5~1.4 |[10.14|10.2512.21|11.14| 8.71 | 9.51 |12.61 |11.83| 8.51 |10.88|10.58 | 11.05 | 13.93 | 7.23 O
1.5~2.4 |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
92 5~3. 4 |[18.98]16.78|17.20|18.15|17.48|17.13|18.01|17.00|15.83|15.84|17.24| 17.85 | 19.58 | 14.90 O
3 G5~4 4 |[17.35]16.72|15.81|16.83 |18.09|16.26|15.79|16.54|17.38|16.26| 16.70| 17.08 | 18.45 | 14.96 O
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 9.22 1 9.44 | 8.46 | 8.71 | 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 O
7.5~8. 4 3.253 | 4.21 | 3.6b | 3.22 | 3.97 | 3.62 | 2.94 | 3.19 | 4.12 | 3.77 | 3.59 3. 03 4. 62 2. b6 O
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 |1 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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# 6—2 ZERIMARRERABRIC I T 28—y (GEE) (1/2)

BIGE=a—%Y7 - T+ —#/ M B 317 5V ARG ey

B—E®EEZEE
201748A18  |mmmwesm| 1340 |
p— ﬁsf(@ha?ﬁﬂ ?-[Jm%mi? ;EEF (&4 T A]
BRI REFY | BETH ERARAE
13:40 0.0 0.952 -0.05 (h) (ppm) Loge ([Bl/h)
13:40 00 0.942 -0.06 STEP1 0.0 0.932 -0.071
13:40 00 0.936 -0.07 STEP2 1.0 0.849 -0.163
13:40 00 0.939 -0.06 STEP3 20 0.763 -0.271 0.100
13:40 00 0974 -003 STEP4 —
13:40 00 0.882 -0.13 STEPS | — ]
13:40 0.0 0.929 -0.07 TRAAEBNOBEE (¢=0.05) 0.005
13:40 0.0 0914 -0.09 HHBEM R —0.9570
13:40 0.0 0.907 -0.10 Eﬂﬁl$~+ﬁ§ﬁ 0.100 + 0.005
13:40 00 0913 -0.09
13:40 00 0.974 -0.03
13:40 00 0.903 -0.10 00 ‘ \ L ‘ — 5 10'01 0‘0685
== X = U
13:40 00 0.907 -0.10 02 = y Rt = 09159
13:40 00 0.940 -0.06 [
13:40 00 0.960 -0.04 804
13:40 00 0.934 -0.07 ffg_ 06
13:40 00 0.906 -0.10 ©
13:40 00 0.907 -0.10 2 os
13:40 00 0922 -0.08 E“
13:40 00 0.926 -0.08 -1.0
13:40 00 0.949 005 0.0 0.5 1.0 15 20 25 3.0 35 4.0
13:40 00 0.947 -0.05 BB (h)
_ 13:40 00 0.954 -0.05
o 13:40 00 0.931 -0.07
E 13:40 0.0 0.960 -0.04 [HF*H:3]
13:40 00 0.960 -0.04 B BE RE ERRAE
13:40 00 0.938 -0.06 (h) (ppm) Loge (El/h)
13:40 00 0.949 -0.05 STEP1 0.0 0.936 -0.07
13:40 00 0.925 -0.08 STEP2 1.0 0.852 -0.16
13:40 00 0.939 -0.06 STEP3 20 0.774 -0.26 0.085
13:40 00 0.945 -0.06 STEP4
13:40 00 0.926 -0.08 STEPS | — |
13:40 00 0939 -0.06 THRFAENDEEIE (0=0.05) 0.007
13:40 00 0.872 -0.14 R R —1.000
13:40 0.0 0.883 -0.12 Eﬁﬁl$~+ﬁ§ﬁ 0.095 + 0.007
13:40 00 0910 -0.09
13:40 00 0.900 -0.11 00
13:40 0.0 0.890 -0.12 T g \ L ‘ \ \ \
13:40 00 0.937 -0.07 —02 . . y = -0.0950 x - 0.0658| |
13:40 00 0.931 -0.07 2 o R* = 1.0000
13:40 00 0916 -0.09 804
13:40 00 0.966 -0.03 *}‘
13:40 00 0.953 -0.05 ﬂLéLE!lo‘a
13:40 00 0.952 -0.05 e
13:40 00 0.953 -0.05 0.8
13:40 00 0.937 -0.07 -
13:40 00 0.949 -0.05 -1.0
1340 ) o9t 006 00 05 10 15 20 25 30 35 40

#EiBEEE (h)

87



# 6—2 ZERIMARRERBRIC I T 28—y (GEE) (2/2)

BIGEZ1—YF- 1+ —#/ M B 317 bV AbS Yy

B—tEEER
20178818 |mEmasmem| 1340 |
1 14:40 10 0.866 ~0.14 1 15:40 20 0.781 025
2 14:40 10 0.867 ~0.14 2 15:40 20 0775 025
3 14:40 10 0.852 016 3 15:40 20 0774 0.6
4 14:40 10 0.853 016 4 15:40 20 0.780 025
5 14:40 10 0.855 016 5 15:40 20 0785 024
6 14:40 10 0844 017 6 15:40 20 0771 026
7 14:40 10 0.866 ~0.14 7 15:40 20 0.786 024
8 14:40 10 0.853 ~0.16 8 15:40 20 0.796 023
8 14:40 10 0.865 015 9 15:40 20 0.780 025
10 14:40 10 0.858 015 10 15:40 20 0787 -0.24
1 14:40 10 0.847 0.7 11 15:40 20 0.786 0.4
12 14:40 10 0.859 015 12 15:40 20 0771 -0.26
13 14:40 10 0.835 ~0.18 13 15:40 20 0.760 027
14 14:40 10 0.858 015 14 15:40 20 0.768 -0.26
15 14:40 10 0.649 016 15 15:40 20 0770 0.6
16 14:40 10 0.840 017 16 15:40 20 0.765 027
17 14:40 10 0.864 015 17 15:40 20 0786 024
18 14:40 10 0848 016 18 15:40 20 0.785 024
19 14:40 10 0842 0.7 19 15:40 20 0770 0.6
20 14:40 10 0.823 ~0.19 20 15:40 20 0.763 027
21 14:40 10 0833 -0.18 21 15:40 20 0.759 028
2 14:40 10 0822 020 2 15:40 20 0773 -0.26
o2 14:40 10 0.848 ~0.16 o2 15:40 20 0.780 025
o |24 14:40 10 0.843 017 ol 24 15:40 20 0773 ~0.26
El 25 14:40 1.0 0867 -0.14 H S 15:40 20 0775 025
26 14:40 10 0.865 015 26 15:40 20 0763 027
27 14:40 10 0.847 0.7 27 15:40 20 0.758 028
28 14:40 10 0842 017 28 15:40 20 0771 026
29 14:40 10 0.854 016 20 15:40 20 0770 0.6
30 14:40 10 0.858 015 30 15:40 20 0.752 029
a1 14:40 10 0.858 015 ar 15:40 20 0755 -0.28
3 14:40 10 0.865 015 3 15:40 20 0.756 028
3 14:40 10 0.859 015 3 15:40 20 0.781 025
34 14:40 10 0.797 023 a4 15:40 20 0.714 034
35 14:40 10 0.801 022 3 15:40 20 0714 034
36 14:40 10 0.829 ~0.19 3 15:40 20 0742 030
a7 14:40 10 0.840 0.7 a7 15:40 20 0737 031
38 14:40 10 0818 020 38 15:40 20 0718 033
39 14:40 10 0.850 016 39 15:40 20 0747 029
40 14:40 10 0.851 016 40 15:40 20 0730 031
a1 14:40 10 0.824 019 a1 15:40 20 0721 032
2 14:40 10 0879 0.3 2 15:40 20 0743 030
4 14:40 10 0.867 ~0.14 43 15:40 20 0746 029
4 14:40 10 0.868 ~0.14 a4 15:40 20 0729 032
45 14:40 10 0.853 ~0.16 a5 15:40 20 0.765 027
46 14:40 10 0.868 ~0.14 46 15:40 20 0.763 027
47 14:40 10 0.859 015 ) 15:40 20 0767 027
48 14:40 10 0.861 015 48 15:40 20 0762 027
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X10'pg/m* &7 %, L LT, RRZI R ONREZ EXUTRAT 2 2 & THEEE L S FEoBAIL
A9 OXI0[1/s]2HH L TWD, ZHUIFEM O L 5 FORERENL <, WA
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CSE A6 FEERFE/ND, IR R S0 L T2 B E 7Y, i S 7 ik
WEEOH 100 70 1 BEIE T T 2R EE TIIERLERENZFE—ETHY, FFHE
FeANZS 25N D BERE & 5 R 1TZ DO KEB/ B FHIW O BRI AERHE IS U TlRESND Z
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FIGURE 9. Concentration of Elemental lTodine in the Main Room,
Run A6
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Sprays—Containment Systems Experiment Interim Report”
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ik 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
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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
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T —=IVTDAY FZ BT L DREN R (X 5 ) 12> T

BTy a =NV TORI T I KDL O FOREDR (LLFIDE] &) ,)
L LT, Standard Review Plan 6.5.5 233X DF5 T L T\ 5, Z L Standard Review

Plan 6.5.5 IZBWT, ML IFEDOR7 T TIZLDBEMDEL LT, Mark— I KW
Mark—TIIIZxF LC DF10 LAF, Mark— T(Zx%f L C DF5 BA N & EiET 2561%, FHIGHREZME
EETABLTHRV] Loi#l S R) ITES<bDTH D,

AR A SIS 2 58I Mark— T ARBEAFRMAB SR EZERA L T 52, 71y
Tar =V TORY Z L TICHIFR R KRS, Mark— [ & RERERITRNT &0,
Standard Review Plan 6. 5.5 DE#ICE DX, 7L v a7 —AKOBEEICED &3 DF5
FHEATLZEELTNAD,
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a—R) IZTRHMIL TV 5,

[Standard Review Plan 6.5.5] (3#Y)

1. Pool Decontamination Factor. The decontamination factor (DF) of the pool is defined as
the ratio of the amount of a contaminant entering the pool to the amount leaving.
Decontamination factors for each fission product form as functions of time can be
calculated by the SPARC code. An applicant may use the SPARC code or other

.methods are described in the SAR adequately to permit review. If the time-integrated
: DF values claimed by the applicant for removal of particulates and elemental iodine are :
1 10 or less for a Mark Il or a Mark Ill containment, or are 5 or less for a Mark |

organic iodides. The applicant should provide justification for any DF values greater
than those given above.
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¥ ¢ %k : P.C.Owczarski and W.K.Winegarder, “Capture of Iodine in Suppression

Pools” , 19th DOE/NRC Nuclear Air Cleaning Conference.
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“Here the Iy flow rate is fairly high until 148.5min, then the rate (and incoming
I, concentration) decreases. These decreases cause the pool scrubbing to become

less effective at the iodine concentrations of the pool.”
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MR L S RICHTHAT T TIC K DBREZFEIZHOUVT, UKAEA™! & TN POSEIDON*? (235
WTERMTON TS, EREAZREZK 2 HOK 3, EBREEROEREREEZE 1 KLOEK 21
N

Ko2nLEY, WKL OEDDIF TRV T4 THD,

Bkl A XV RDOT 47U A (BEAKBOEBEEKGHE (SGHWR)) DZKHNHIS 2T L
(2T DR RA I DIRF 22 T2 D D FEER
%21 AA ADR—=)V » ¥ = T =W TATONT KT A~DITARE S FDOR T T &7
(P9 5 R
%3 : “State—of-the—art review on fission products aerosol pool scrubbing under

severe accident conditions” , 1995
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= SAMPLING POINY COMPRESS OR

OR WAIN

STEAM FLOW
CoNTROL VAWE | surren
= votuue oRFFCE
PLATE
X
eEO / '
~ QUT TERFLY VALVES‘ I
N 0 I
STEAM THROTTLE (inTeRconNEqTED)
VAWE w MIXTHG SIGHT
I CHAMDER GLASS
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STEAM DUMP - S
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P L N
I. Pool
:: 2. Mixing Chamber
). lodine Feeding
L. Gas Caoallector
1 S. Sampler
6. Sampter
— 7 Orilice Assembly
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3 POSEIDON FEBR{AR
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# 1 EREt
Program Aerosol Aerosol Carrier Stcam mass | Water Poal Injector
size, pm fhaid fraction temp., "C | pressune
Csl 1L7-27 | N+ 0.008 - 25
ACE CsOH 1.6 - 2.8 shealn 0.31 | 83 ambient sparger
MnO 1.7 -2.3
Cal 0.2 -3.0 | air, N, or = amybient simple
EPRI Ted, 04-27 He + 0 -0.95 - OCAr 58- ambient orifice
En 2.7 Slgan nuraed
Csl ~4.5 273 1.1 MPa | single
EPSI (radius) | steam 1 (imitially) | 3.1 MPa | orifice
CsOH 6.1 MPa
GE En,(, 0.1 - 40.0 air 0 ambient ambient sing b
Cal = 0.3 orifice
JAERI DoOP 0.3 - 10.0 air 0 ambiemt ambient single
arifice
LﬁCE - 'C‘Sl I.I:r - 7.2 NT + D_m - Ila 3 blr _EingE
Espata shedin 0.85 (abs.) | orifice
“mtltior.
H SPARTA Csl 0.7 air + M, 0 chose w ambient 2 orfices
safuration
UTKAEA Cr/Ni 0.06 air + 0.25 - ambijent ambieni 4 prifices
steam (.94 {downco-
A [ N A [N Ny SR
I, vapour - air andfor -1 ambbizng ambiemt 4 orifices
Steam {downco-
mers)
I, vapour - N, 0 ambicnt ambient -single
onfice
Y o S i S . 1110
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"_- Experiments Species tested DF range
Cs 145 - 3000
ACE Mn 11 - 260
I 47 - 1500
DOP 6-12
EPRI Csl, TeO, 1.4 - 1600
So 110 - 6800
EPSI Csl 2100 - 3300
GE Eu,0, 68 - 2900
Csl 7-10
JAERI DOP 10 - 150
LACE-Espaiia Csl 16 - 3000
SPARTA Csl 7*
UKAEA Ni/Cr _ _ _ 1 _ _15-1680 _ _ _ _

14 - 240

“ POSEIDON

* Qunly one test performed.
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BHHERERROY 7Y  TRERTH LD, KbZ < BMHINTWD DITEFHIEMEERE (T
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A EIRIZTRER O DIZIEEER SN S,
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Sb, Te : FHRIZTHREID DT R SN D, EIEE &G LT, HEEOR
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Y
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KAEIKT LOCA FREIZIE S FIF oy B 5 OFERE e VA BN IR A TEL T 5 27 U AlcB Wy
TIE, MA A PAEFTAH - RO HEIS 2 W RE SFHHL T 5720 TH
HEBEZOLND,
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FMA A PR L—T7 OIEHEIES O BARNLFHl AL TIORT LB,

(1)

FH AT N—T", Csl 7' —=F, CsOH 7 v—7

T 7T A e & O T BRI OBEHRE 7 L — T IO W T, BRI DR R T A ~D
HHHEIE, BN A R DR TR E~OIRZ OEIE & HICMA A PREHTOFERS b7
BHEIE 283 2,

2B, Cs OFHEIAIL, CsI Zv—7L CsOH 7 —TF O fiEIE*1*2, KO, 156
FL Cs mHEDOEILRHFANEE L Y, LLTFORE AW CHHMEIT 5,

_ Iv[I WCS
Fcs(T) = Fesou(T) + X —= X (Fest(T) — Feson(T))
MCS WI

Fes(T) BRI TIZRI 28> v A 0BG
Feoon(T) : B4 T (281 % CsOH 27 v —F D i HiEI &
Fet(T) @ BEZI TR D Csl 7 — 7 DlgE G
Mp  cEIREHO [ OE IERHA N N &

Mgs : FEIREZ D Cs o O IEIRpE N N &

W 1 DA

Wes @ Cs DJF 1 &

HEFL*1: MAAP 22— RCIHbsEn - MEOMEELZZE LEMEZ 7 Vv—7/31F LTkh, &

© O 6

TN—TDOHHEIEX, Y%7 N —T OE LR FNNEE S P EEDOLE &5 2
ETEMBEL CTWD,

%2 1 KAEFE T NV — T DEIERFFNNEEIZLL T O FIEIC L 0 EFEHEL T\ 5,
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Ay 7 A Xe, Kr
Csl I
TeO,, Teo Te
Sr0 Sr
MoO, Mo, Ru, Tc
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BaO Ba
Las05 La, Pr, Nd, Sm, Y, Zr, Nb
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Sb Sh
U0, U0,
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FIET 256 OEICHYS T 5,
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i ARAR IS DR 7 L — 12OV T, MA A P #T OfE A5 & L7 i B A i i &
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Fi(T) : B2 T IR 1T % i HFHDOMA A PR L — Tt EIE

Froblegas(T) 1 RfZI T IZ381T 45 4 A 7 L—7 DIl
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FEANEZR~D B A
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F17—3 MA A P AT X 2 i EIE O Rk 5
JFLOFELWEENEAE LIZGEICBIT D
o A =R o0 JE AR R LA T L 722 0)

15 I REE NN 65
s L —7 Ny R T A ~DHNEE
(BN S 168 FEIL IS
T HT A #19.0x107!
CsI #14.4Xx107°
Te0, #12.5X10°®
Sr0 #2.4x10"
MoO, F17.1x10°
CsOH #17.0x10°
Ba0 #1.7x10"
Las0; #13.3x10°
Ce0, #13.3x10°
Sb #73.8%10°
Tes 0
U0, 0
Cs* #16.8x10°

RSk @ CsI ZL—7"& CsOH 7 N —T7 O HEIE 1 Lkl GHEXIZSE 1 22 1)
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F17—4 M SRS S N2 MR FRE D A & & OfFfE &

(Bif

%)

RS

RS

A

BR

Wre MR, 1BEy s0gp weRy  1gh wicg  15f Ry

RETFRE
BETFREE 105.4  122.7 109.5 89.7 93.2 117.2 40.1 42 30
EFFAHER — - — 1 - 0.2 3 1 -
HWEEA, REx 7 8 0.01 — — 21 0.5 0.7 47 “nt 54
HEEER — — — 0.1 - 0.7 5 7 -
& & 105 122 110 93 94 119 95 97 85

t LR I AENER: S0 77 (6 b bk BY) 0=,

e

CORBRBFOA s P =FKEL

EERAZDFRBEL-TLE . LEN-T, CZERHEIRLIDL V2V ) —~RCEASTHILEELD,

H - TMI-2 S0

Vol. 32, No. 4(1990) )

ARAFTERCR (E{Edh, JEERE, PSS AART7

AN
F = B

K 17—5 &S FEEITFHARITHR I S vz R ORI LA

(47 Ba/ke-8E1)

s [550k faoa i S SR (QewE ommm G
(B E#I500m) *2 (E#I500m)*2 (M H§TE#I500m) %2 (AL#21,000m) =2 | (3L #9500m)+2
HEERE /21 3/25) 3/28] 3/25 3/28] 3/25] 3/28) 3/25 3/22 3722 /22 3/22]
ST JAEA JAEA oy JAEA s JAEA o JAEA JAEA JAEA JAEA JAEA
REB 3/24| 3/28 3/30] 3/28 3/30) 3/28| 3/30) 3/28 3/25 3/25 3/24 3/25]
% [I-131(#88) 5.BE+06| 5.7E#06| 3.BE+06| 3.0E+06| J9E#04] 1.2E+07| 2.6E+06| 4.6E+05 3.1E+06| 7.9E+05) 2.2E+06 5.4E+06)
 |I-1320#285) 4 P 23E405 4 136402 -4 156405 4 w4 -+ - -
Cs-134(¥324F) 3 4E+05| 4 9E+05| 5.3E+05| TTE+04| 32E+02| 3.5E+06)| 9.7E+05| 6.8E+04 9 5E+05| BTE+03| 1.7E+04 1.6E+05|
Cs-136(9138) 1.2E404| B.1E#04] 33E+04| T.OE+04| 28E+01 4.6E+05| 6.9E+04| 8.6E403 1.1E+05| 1.9E+03 2.2E+03 2.5E+04]
Cs-137(#3304F) 3 4E+05| 4 8E+05| 5.1E+05| THE+04| 32E+02| 3.5E+06)| 9.3E+05| 6.IE+04 1.0E+06| 20E+04] 1.6E+04 1.6E+05|
Te-129m{$3348) 2.5E+05| 29E+05| B.5E+05| S.3E+04 MD 2.7E+06| 6.0E+05| 2.BE+04 B.9E+D3| 9.5E+03] 1.9E+04 1.7E+05)
Te-132(#330) B.1E+05| 3 4E+05| 3.0E+05| B.5E+04] 14E+02| 3.1E+08| 2.0E+05| 3.2E+04 1.9E+06| 21E+04] 3.9E+04 3.8E+05|
Ba-140(§1136) 1.3E+04 1.5E+04) ND 2.5E+03] MD ND ND) ND B.0E+D4| ND ND ND|
Nb-95(#135 1) 17E403 24E+03 D ND ND 536403 ND ND BIE] ND| ND 796402
Ru-106{#3708) 5.3E+04 ND ND B4E+03] ND 2.7E+05| D) ND 6.8E+04| 1.9E+03 ND 3.2E+04]
Mo-99(#]6685 ) 2.1E+04] HD ND ND| MD B.6E+D4) ND) ND ND)| ND| ND ND|
Te—-99mi 655 2.3E+04] 20E+04] ND HD| ND 45E+04) D) 1.8E+03 2 3E+04| NO ND 8.3E+03]
La-140(#928) J.3E+04] A.TE#04] ND 23403 HD) 9.7E+04) MD) 2.5E403 2.1E+05) 4.2E402] 6.2E+02 1.8E+03)
Be-T(#3536) D) ND| HD ND| ND ND ND ND 326404 ND| ND ND
Ag-110m(§92508) 1.1E+03] 26E+03] ND ND| MD ND ND) 1.7E402 1.8E+04| ND ND ND|

FERC * MR B3 — R IR BT NI 1T 2 TR P OSSP E OBFE AT OFERIZHOWT

(feik) BIAK 2 CRRLE ) HP)
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# 17—6 NUREG-1465 O %0 L% V=4 £ O &l &
(P DE LWRIEN 4 LI2E1 BT 2 thJe il = oo JEE M EEAm I 4 )

15 I REE NN 65
s L —7 Ny R T A ~DHNEE
(BN S 168 FEIL IS
T HT A #19.0x107!
CsI #14.4Xx107°
Te0, #11.4Xx10°
Sr0 #15.4%x107
MoO, #16.8x10°®
CsOH #17.0x10°
Ba0 #15.4x107
Las0; #5.4x107
Ce0, #11.4x10°®
Sb #71.4%10°
Tes 0*2
U0, 0*2
Cs*! #76.8%10°

HERL* 1 : CsIZ—7 L CsOHZ —T DR HEIGE R GHEIZZ B 125 0)
%2 RFEHIZIBNT [Tex Z—7 | KX U0, 7 v—7 | ORtHEIESDOMA A P ENT#E
BixP e Thizd, NUREG-14650H B2 AW - MiiEDOxf&st & L=,
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3% 17—7 NUREG-1465 TR FIF KA 2N~ D g B &

AR N—"T JE A HF R AN fw~ DB 5
Cs 0.25
TeOz, Sb, Te, 0.05
Sr0, Ba0 0.02
Mo 0. 0025
CeOz, U0, 0. 0005
Lay0s 0. 0002

FEFE * : NUREG-14650Table 3.12 [Gap Release| DfE & [Early In-Vessel] OfEDFI% SR
(NUREG-1465 CiX, [lGapReleasel|, [Early In-Vessel], [Ex-
In-Vessel | OFFGHERT = —X|Txk L TR FHFEHEGRN~OBHEIA % 5 2 T
W5, JFLDFE LWRENFEA L7256 123610 2 kil i = o B AMERHn I 10 548
EFH YT U AT, PP RGP EEIRE TR 5720, JRFFES

e

R ERTE TOF LD O 24 7E T 5 [Gap Release] &N [Early In-Vessel |

DEDOFZE NS, )

#*17—38

NUREG-1465 ($k#")

Table 3.8 Revised Radionuclide Groups

Group Title Elemeonts in Group

1 Noble gases Xe, Kr

2 Halogens I, Br

3 Aliali Mezals Cs, Rb

4 Tellurium group Te, Sb, Se

S - Barium, strontium Ba, Sc¢

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

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

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

Duration (Hours) 05 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 03s 0.01
Tellucrium group 0 0.05 025 0.005
Barium, Strontium 0 0.02 0.1 0
Ncble 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 group
*** Gap release is 3 percent if long-term fuel cooling is maintained.
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1. B ADOKHEIE
(DCsT DIFRETIHEL TV DT T A
X IFEN CsT OFETHEET IO L LTEHET S, CsT OFETHEEL TN DY
VADEREIFLLTOEIBY LD,

CsI O#MIEE kgl = My + My/Wp X Wes
Csl I EEF DT> 7 AEE kgl = M/Wi X Wes

& 5 ﬁgjnﬂ%%UﬁﬂEiga[kg]
) #IRAE-]
ﬁv?bﬁ%gH:ms
(2)CsOH DFERETHFEL TV DHET T A
BT AN CsI & CsOH DIERETHAET Db D & L CEH4 5, CsOH DIEHE TIEE L

TWL BV LADOEBRITUTOLEY &2 5,

CsOH WIHE & D 7 A kgl = M — CsI ¥IHEEFT O 7 A k]
= Mes — Mp/Wp X We,

U LnE O ER [ke] ¢ M

@) tv U LD E
MA A PFEATIZ LV CsT & CsOH DJFF- AR AN ga ok~ D i A % FEAm

U LD EREke] = M/WiXWes X X+ (Mes — Mi/WiXWes) XY

X : Csl i EIS (MAAPRITICE DV ESLD)
Y : CsOH i EIS (MA A PFEFTIZCE VA SHD)

@)U LOKbEE
B) THLNIZE Y Y LOBHEDND, YU LAOKHEIG 27l

YU LAOREIS = vV AOHE / v AR EE

= Mi/WiXWee/Mes X X + (1 — My/WiXWeo/Mes) XY
=Y + M/MesXWes/Wr (X — V)
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K 18—1 HERFHHFO pH . L2560 £ 0 ek

Z
(NUREG/CR-5732, Table3. 6)
Table 3.6 Distribution of iodine species for pH controlled above 7

Fraction of total iodine in containment (%)

Plant Accident L (g) L, () I () CHJI (g)
| Grand Gulf TC v 0.05 0.03 99.92 0.00I-I
TQUV y 0.01 0.03 99.96 0.0003 I
Peach Bottom AE y 0.002 0.03 99.97 0.0001 I
| TC2 v 0.02 0.03 99.95 0.0004
M BN EEEE N EEEN  BEEE BEEE  BEEE  BEEE BEEE BN BEEE  BEEN BN BEEN  BEEE BN BN B B B e e e e e e el
Sequoyah TBA 021 0.03 99.76 0.004
Surry TMLB’ y 1.9 0.03 98.0 0.03
AB Yy 24 0.03 97.5 0.03

F18—2 HEKRFMHFO pH 2 ZE L2WEA D L > RILFERE
(NUREG/CR-5732, Table3.7)

Table 3.7 Distribution of iodine species for uncontrolled pH

Fraction of total iodine in containment (%)

Plant Accident L (g L () I () CH,I (g)
| Grand Gulf TC y 26,6 153 58.0 0.2
TQUV y 66 183 75.1 0.06 I
|
Peach Bottom AEy 16 216 76.8 001 |
| TC2 y 109 18.0 71.0 0.07
_— -— — -— —_— — _— — — — —-— _— —-— — _— — _— — -— _— — — — —-— — — _— —
Sequoyah TBA 69.2 9.9 20.5 04
Surry TMLB' y 97.1 15 07 07
ABy 976 12 06 06

# 18—3 NUREG-1465 & R.G. 1. 195 ICBiT 5 & 5 ZD(LFIERH DO IFA(EEIE D Ehig

NUREG-1465 R.G.1.195
L o F 4. 85% 91%
X o F# 0. 15% 4%

AR S /NSO 95% 5%
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Fig. 4 Dey deposition veloeity s a fanction of pmkh size. Data were obtained from & number of
publications.'* =*# The ! curve jate for & th surfzce is shown for comparison.

Note that the theoretical curye is ly d dent on the vilve for ue and that Eq. 22 does rot
contuin a parameterization for surface ron;hnm. Fot a preliminacy study of the effect of surface

roughness and othes factors, see Ref. 5.

24—1 KR & IR DR E 3 (Nuclear Safety Vol. 19%2)

J.L. Sprung % : Evaluation of severe accident risks:

input parameters, NUREG/CR-4551 Vol.2 Rev.1 Part 7,

quantification of major

1990

: W.G.N. Slinn: 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
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so-called "quench” temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,;, and H;O 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. 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 Si0, (p=22 glem?®) from the concrete and

U0y(p = 10 glem®) or ZrO, (p =59 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 UQ, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

{9) Surface Tension of Water. The surface tension of the water can be increased or decreased
by dissolved materials. The magnitude of the change is taken here to be So(w) where 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) fore <05 }
a(w) (1+8) fore = 05

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

(10) Mean Aerosol Particle Size. The mass mean particle size for aerosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is

reason to believe smaller particles will be produced if a water pool is present. Examination of
aerosols produced during melt/concrete interactions shows that the primary particles are about
0.1 pm in diameter. Even with a water pool present, smaller particles would not be expected.
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Consequently, the natural logarithm of the mean particle size is taken here to be uniformly|
distributed over the range from In (0.25 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 R URBOEE

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| Dk

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 range 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
recommended that v; 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 sodine. it is clearly safest to assume that it 1s all in elemental form from
the viewpomt of making a consarvative 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 which specific data are required. No recommendations are given in this case. For vegetation
within the wban area (lawns and parks etc). it 15 recommenxied that the values for extended grass
surfaces be used.
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0.01 6.9X10°6 4.4%10°
0. 025 5.8X10° 2.4%10°
0. 0375 4.6X10 7 5.1x10*
0. 0575 7.0X10° 1.2X10°2
0. 085 3.9%107 4.6x10*
0. 125 5.7X10° 4.9%10!
0. 225 5.1x107 8.7x10°
0. 375 1.7X107 3.7x10°
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2.75 2.0X10° 5.6x10°
3.5 6.2X10° 1.1x10 !
5.0 9.7X10 7.0%x10
7.0 1.1x10°° 8.0Xx10 2
9.5 1.3x10°7 9.2Xx10 1
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