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JR TR RN OREEARIFIRE (30 HEH)
RFETRILFX T %)L B B~ RFEERRIRFRE  (Photons)
(MeV,“dis) (MeV,/dis) JE I 4 R E 2 FARKE T

0.01 0.0 < E = 0.01 1.2X10'7 9.0x10'4
0. 02 0.01 < E = 0.02 2.3X10%° 8.0X10'3
0. 03 0.02 < E = 0.03 7.2X107 3.6X10!°
0. 045 0.03 < E = 0.045 1.0Xx10'° 7.7X10'6
0. 06 0.045 < E = 0.06 0 0

0.07 0.06 < E = 0.07 0 0

0.075 0.07 < E = 0.075 0 0

0.10 0.075 < E = 0.10 6.2X1021! 5.6X10'8
0. 15 0.10 < E = 0.15 4.6X1017 6.3%X10'°6
0. 20 0.15 < E = 0.20 4.8%X10'°9 1.3X10'8
0. 30 0.20 < E = 0.30 4.9X%X10290 1.1X10'8
0.40 0.30 < E = 0.40 1.5X102° 2.0xX10'8
0. 45 0.40 < E = 0.45 7.7X10%8 4.6X10'°6
0.51 0.45 < E = 0.51 7.8%X10'8 1.2X10'6
0.512 0.51 < E = 0.512 7.0X107 5.4X10'°
0. 60 0.512 < E = 0.60 6.2X10%° 3.1x10'7
0.70 0.60 < E = 0.70 1.8X102° 2.4X107
0. 80 0.70 < E = 0.80 1.1X102° 2.5X10'7
1.0 0.8 < E =10 4.5X10'° 9.5%X10'°6
1. 33 1.0 < E = 1.33 2.2X10%° 9.3X10'°6
1.34 1.33 < E = 1.34 4.8X10'6 4.8X1014
1.5 1.3 < E = 1.5 1.5X10'°? 1.8X10'6
1. 66 1.5 < E = 1.66 5.5X10!8 3.0x10'6
2.0 1.66 < E = 2.0 4.5X10'8 2.8%X10'6
2.5 2.0 < E = 2.5 2.6X10%° 1.2%X10'7
3.0 2.5 < E = 3.0 1.1Xx10'8 8.9xX10'°
3.5 3.0 < E = 3.5 2.9%X10%° 3.7X10t4
4.0 3.5 < E = 4.0 0 8.2X10'3
4.5 4.0 < E = 4.5 0 3.1x10'72
5.0 4.5 < E = 5.0 0 0

5.5 50 < E = 5.5 0 0

6.0 55 < E = 6.0 0 0

6.5 6.0 < E = 6.5 0 0

7.0 6.5 < E=170 0 0

7.5 7.0 < E =175 0 0

8.0 7.5 < E = 8.0 0 0

10.0 8.0 < E = 10.0 0 0

12.0 10,0 < E = 12.0 0 0

14.0 120 < E = 14.0 0 0

20.0 14.0 < E = 20.0 0 0

30.0 20.0 < E = 30.0 0 0

50.0 30.0 < E = 50.0 0 0
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20056 |- 6R R
0.82 1.03 | 1.29 | 1.86 | 1.11 182 | 1.35 | L.BO | 1.90 | 2.00 | 1.48 | 1.69 | 2.46 | 0.49
0.5~1.4 (12,24 |12.79 |13.24 |14. 96 | 14.40 |15.93 |13. 88 [15.83 |15.92 |16.70 |14.59 |15.14 |18.20 |10.98 @]
1.5~2.4 20,43 [30.39 |28.56 |31.22 |32.03 |33.39 |32.69 |32.91 [33.156 |31.40 |31.62 |32.77 |3b.24 |28.00 @]
2.5~3.4 (22,23 |21. 48 |21.80 |22.97 |21.70 |21.95 |23.48 [23.08 |23.60 |21.90 |22.42 |20.88 |24.29 |20.55 &
3.5~4.4110.85 | 10,91 [11.31 | 9.77 [10.95 [10.88 |10.69 |11.19 |10.19 [10.70 [10.74 [10.16 |11.83 | 9.66 @
4.5~5.4 | T.69 | 816 | 9.27 | 6.25 | 6.89 | 6.66 | 7.22 | 6.75 | 6,01 | T.10 | 7.20 | 7.09 [ 9.49 | 491 O
hB~6.4( 5.21 6,40 | 6.23 | 4.34 | 4.69 | 4. 15 | 3.91 L8 | 41T | 480 | T2 | 479 | 6.97 | 2.46 ]
6.o~7.4| 420 [ 407 | 3.92 | 3.30 | 3.31 225 | 260 | 202 | 244 | Z.60 | 3.07 | 3 01 4. 96 118 o
T.6~B.4| 2.8 | 2.5l 2018 | 2.8 224 1. 20 L70 | 1.39 I. 25 1. 6O 193 | 2,29 | 3.28 | L&6T ©]
B.6~80.4 | L77 1, 2 .07 I, 33 1.24 | 0.86 L2000 0,72 | 0,60 | 0.70 1. 06 I, 09 .90 | 0,22 Q
g.50L 1 1.70 1.13 1,13 L. &7 1. 15 1.30 | 0.94 | 0.75 | 0.80 1.18 1. 10 .59 | 0.36 &)

1) 200647 B3R & 148mi 7 -

6-8
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T EHMER (AmR)  (EE148m)
TR A - BN A s (R 1 48m, B ER140m) (%

grocs 2004 | 2007 | zoos | 2000 | 2010 | 2000 | 2002 | 2003 | 2014 | 2005 QWﬁ{%$T ”mﬂﬁ\_m

FLm s LFR FER

N 340 | moo1 | 427 | 4 | 462 | 443 | 450 | 448 | 438 | 520 | 444 | 552 | 660 | w28
NNE 6.22 [11.41 |13.51 |18.30 |14.74 [15.31 |14.10 [11.42 |14.59 |20.56 [14.02 | 6.67 |23.32 | 4.72 | ©
NE 18.45 [18. 08 [20.80 [16.75 |14.99 |14.71 [12.66 [15.88 [13.11 [12.60 |15.98 | 1841 [21.91 [10.05 | O
ENE go7 | 700 | 697 | 551 | 52| 540 | 416 | 574 | 559 | 495 596 | 980 | o.z21 | 22| x
E 4.42 | 459 | 414 | 3.49 | 317 | 2,13 | 165 | 3.02 | 206 | 3.04 | 3.37 | 5.55 | 5.40 | 1.34 | x
FSE o200 | 282 | 285 | 2ooe | 2ooe | o2 217 | 2.00 | 2.6 | 2220 2.36 | 3.66 | 3.10 | .62 |
SE 2.66 | 2,15 | 2.85 | 2.59 | 2.74 | 2.82 | 298| 2,09 | 2.79 | 2.26 | 269 [ 300 | 3.36 | 201 | O
SSE 3.6 | 369 | 273 18| 489 | 168 | 62| 476 | 529 | 12| 464 | 332 | 623 ] 28| O
5 6.63 | 6.33 | 5.38 | 5.19 | 6.03 | 5.83 | 6.96 | 6.48 | 587 | 5.76 | 6.04 [ 499 | 7.36 | 4.73 | O
S5 5.02 | 454 | 455 [ 4.43 | 5.35 | 4.76 | 568 | 6.07 | 480 | 545 | Boog | mas | At | AT %
SW 5.16 | 3.92 | 3,40 | 4.53 | 5. 16 | 5.76 | 5.38 | 4.94 | 4.64 | 5.06 | 4.79 | 3.67 | 6.46 | 3.13 | O
WSW 4.31 | 466 3.29 | 411 | 467 | 407 | 463 | 481 | 5.16 | 410 | 4.38 | 425 | 5.62 | 3.14| O
W 1,66 | 3.89 | 3.81 | .47 | 5.55 | .26 | 4.40 | 4.64 | 5,07 | .24 | .50 [ 5.13 | 5.74 | 3.26 | O
W 6.71 | 5.87 | 6.13 | 6.26 | 65.05 | 6.37 | 6.29 | 6.75 | 7.56 | 562 | 6.38 | 7.65 | 7.65 | 507 | O
Ny 9.12 | 9.02 | 806 | 7.05 | 7.99 | 8.91 |10.11 | 8.95 | 9.69 | 6.99 | 8.68 [ 9.54 [10.90 | 6.47 | ©
NNW 6.97 | 7.03 | a.86 | 490 | 5.27 | 5.98 | 6.57 | 6.52 | 508 | 481 | 5.90 | 6.53 | .92 | a8 | O
CALM 0.76 | 0.42 | 0.39 Laz |2 | ors | o8 | Loaoao [ o] Les | o2 O

1) 20064 EE]

FE S A8 T D S

SRR iats] 34

SO04EHE A B N

6-9

® FEHARRER (BUE) (HEH148m)

ST S A RS (E148m, H11H140m) (%)

2007 | 2008 | 2000 | 2010 | 2011 | 2012 | 2043 | 2014 | 2015 | EL&fE tiégji ﬁgjﬂ i ?ﬁ 8 ﬂ;

pte I ol 12 I R 155
0.42 | 0039 | 0.88 | 1.26 | 1.32 1.21 | 0.75 | 0.88 1.04 | 0.90 | 110 | 1.68 | 0.12 @]
.00 | 491 | .14 .91 | 6,97 | 7.32 [ 5.92 | 6,20 | 6.78 | 6.26 | 6.99 | 818 | 433 O
863 | 9044 [10.82 [ 1116 [ 10,43 10,94 | 10,68 | 9.76 [ 10,98 | 10,42 [ 11,28 |12.50 | 8 33 O
2.6~3.4 13,72 |11.36 |12.24 |11.61 |12.66 |12.49 |12.38 |12.89 |12.13 |13.45 |12.49 [14.10 [14.24 |10.75 O
3.6~4.4 [ 13,58 | 12.63 | 13,41 [13.26 |12.52 |12.24 [12.12 [14.22 [13,05 |13.51 |13.05 |13.85 |14.64 [11.47 C
1.5~5.4 | 12.07 |13.08 |12.08 |12.67 | 13.40 |12.60 |11.01 |12.52 |12.25 |11.78 |12.35 |12.03 |13.95 |10.75 o
B.6~6.4 9.68 [11.98 |10.33 |10.78 |10.64 | 10.24 |10.01 |10.35 |11.29 | 9.51 |10.48 | 9.92 [12.23 | 8. 73 O
B.b~T. 4| 7.90 | B.71 | B.28 | B.19 | B.89 | B.0B | B. 62 | B.b07 | 9.22 | 7.47 | 8. 40 | 7.40 | 9.61 7.19
T.5~8.4| 5. 34 8.97 | .05 | 5.3l B30 | 628 | T.32 | .01 B.BYI | 5. 89| 6.48 | 5 51 T.08 | 4.98 @)
B.56~9.4| 503 | 560 | 4.77 5,03 | 4.82 | 5.52 | 6.08 | 5.01 .14 | 4.97 | 5.20 | 482 | 6.17 {. 22 O
9658l E [ 14,02 1661 [17.08 | 14,61 [11.35 | 13.84 | 12,98 [ 12,18 | 13.45 | 14,63 | 13.97 |13.00 [17.90 [ 10,05 O

LY 2006 IR L48nD 7 — #12 / of ADpEEH b f BB L, 004FEE AL



@

EARRER (EmH)

(25 89m)

ELMEET - BN A (5272 89m, LT Sim) (%)
a1 . ‘ , : s [ : T I B (50 |
2004 [ 2007 | 2008 | 2009 | 2010 | 2000 [ 2012 | 2003 | 2004 | 2015 | EEqE| "5 AR
B 2005 | 1mR | FRR | xR
N 3.25 | 4.84 | 4.64 | 484 | 5.83 | 568 | 5.0 | 504 | 5.05 | 6.22 | 509 | 2T | V.06 | 3.14 o
KNE 6.03 |10.15 |12.15 |17.45 |14.51 [16.54 |14 50 |11.56 |14. 10 |19.46 (13.64 | 6. 60 |22.84 | 4.45 5
KE 17.51 [16.08 |19.04 |16.64 [13. 25 |12.20 [11.40 |14.95 [13.31 |12.28 |14.67 |[17.88 |20.77 | B.56 15
ENE T.84 | 678 | T.22 | B33 | 472 | 374 | 3.30 | 573 | 4.21 4,52 | 5.34 | B.95 | B.497 .71 6]
E 4,02 | 435 | 418 | 3,00 | 2.48 | 2,26 | 1.80 | 2.89 | 2.33 | 2.47 | 2.98 | 4.32 | 5.11 | 0.85 O
ESE 275 | 229 219 | 230 | 205 | L3 | LFo| 217 207 | Lot | 219 | 277 | 3.04 | 1.33 ©
SE 280 [ 2210 | 2,96 | 289 | 2,53 | 2,09 [ 3.20 | 2.56 | 3.40 | 2.60 | 2,81 | 2.7 | 3.64 | 1.98 O
851 3.77 | 3.71 | 5.90 | 4.83 | .80 | 488 | A0 | A.79 | 578 | 558 | 4.92 | 4.16 | 7.03 | 2.81 )]
3 6.8 | 5.76 | .74 | 4.64 | 5.94 | 5.42 | 5. 70 | 5.01 | 4.67 | 4.87 | 5.36 | 4.88 | 7.03 | 3.68 &
35W 3.86 | 3.40 | 3.068 | 3.389 1, 48 116 | 4.30 | 4.07 | 3.53 1,25 | 3.87 | 2.43 | 4,95 | 2.79 *
W 3.683 | 307 230 | 2.96 | 3.33 | 404 | 410 | 3.45 | 3.38 | 3.56 | 3.38 | 2.64 | 4.683 | 2.13 o
Waw 3.00 | 328 | 295 | .08 | 3.37 | 310 | 3.80 | 3.50 | 4.06 | 3.23 | 3.33 | 3.08 | 4.23 | 2.42 &
W 417 | 404 | 3050 ] 413 | 5.19 | 420 | 440 | 466 | 476 | 4.26 | 4.35 | 458 | 5.39 | 3.31 @]
W 9.03 | 7.66 | 7.81 | 817 | 8.29 | 8.59 [ 8.70 | 9.54 |10.05 | 7.43 | 8.53 | 9.14 [10.51 | 6.54 o
W 15,17 [15.83 [12.82 | 10,66 [11.34 [ 13,08 |14 10 | 13,88 | 12.90 [10.98 |12.97 [15.31 |16.82 | 4. LI C
NW BT | 6,82 | 542 | 460 | BG3 | .05 | 6.30 | 5.80 | 564 | 508 | BG4 | 603 | 6.90 | 438 @]
CAIM 0,60 [ 0.68 | o.65 | oo | 20| Lia | oo | ool | 0.8 | 129 | 0,95 | 0,69 | 1.53 | 0.37 @
FE1) 20064 E LS B 1ABmen -~ & S of AW R ol TR L, 2000 AR L,
W FEHmER (BE) (E89m)
BLABET S AR (R 89m, ML 8in) (%)
e 2004 | 2007 | 2008 | 2009 | 2010 | 2011 [ 2012 | 2013 | 2014 | 2015 | [-E9{if *’?Fh HaMTIHw £ .
Bt () 2005 | b | TR | x;
0.0~0.4| 0.61 | 0.68 [ 0.65 | 0.90 | L2t | 1.4 ] 10 ] L.op | 0.8 | .20 | 0.95 | 0.69 | 1.53 | 0.37 O
0.5~1.4| 5.62 | .89 | 5.08 | 6,94 | 7.56 | 7.82 | 7.80 | 7.41 | G.AT | 7.60 | 6.72 | 5.79 [ 9.42 | 1.01 )]
lLa~2.4 11,31 938 [ 10,83 | 12,09 [ 12,36 | 12.35 | 12.90 | 12,40 [ 11,84 | 13.06 (1185 | 10.B8 | 14.46 [ 9.24 ©
2,5~ | 14,32 [ 13,35 |14 00 [ 14,46 [ 16,20 [ 14,86 | 1410 | 1547 [15.34 | 15,31 [ 14,77 [ 15,24 | 16,74 [ 12,80 O
3.5~4 4| 16,31 [ 14,98 |15.93 [15.47 |15.05 [15.26 | 14.60 |15.94 [15.26 | 11.65 |15.35 |16, 18 | 16,71 [13.98 @)
1.5~b.4|13.85 |14.76 |13.52 |13.42 |13.75 |12.61 |12.80 |12.85 |13.64 |12.56 [13.38 |13.66 |15.00 |[11.75 5]
5.8~6.4[10.73 |11. 54 | 10,67 | 10,40 |10.51 | .62 |10.40 [10.594 |10.49 | 9.78 |10.50 |11.14 [11.84 | 9.16 O
6.5~7.4 7.90 | 8.66 | 7.72 | T.14 | 7.22 | 7.49 | 810 | 7.38 | B8.49 | 7.34 | 7.74 | 8.04 | 9.01 | 6.48 O
T.5~8.4] 644 | B.25 | 5,74 | 5.23 | 540 | 617 | 610 | 4.894 | 5.67 | 5.51 | 5.64 | 5.64 | 6.66 | 4.63 O
RBE~0. 4| 4.10 | 4.8 | .30 | 4.12 | 3.20 | 4.43 | 4.40 | 4.20 | 3.89 | .42 | 4,19 [ 4.02 | 5.22 | 3. 16
9. 5LL F | 9.58 |10.65 |11.45 | 9.84 | 7.54 | 837 | 7.80 | 7.44 | B.O5 | 8.47 | 8.92 | 8.74 |12.21 5.63 O

1) 2006 IER 4O T —H D /o DN E

- Sk L, 2004 E A AL,




@ EAwREER (BFE)  (E&18m)

BT P AT (B 18m, HU LG 10m) (95)

| _lzp 2004 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | =9 ﬁ‘jé‘a;‘; aﬁ“ il ) DHRIR

Il &) S B [OTER [ <3|
N 2,50 | 2.57 | 2.17 | 2.62 | 2.81 | 2.62 | 2.39 | 2.26 | 2.16 | 2.70 | 247 [ 2.15 | 2.99 | L95 | ©
NNE  [10.30 | 7.29 | 9.57 |11.21 | 9.18 [11.62 | 8.49 | 8.24 | 8.84 [11.06 | 9.58 | 9.93 [12.98 | 6.18 [ O
NE 13.28 |16 17 [17.60 | 16,15 [ 12,25 (12,18 |11, B8 | 12.60 | 12,33 | 13,45 [ 13,60 |16 IB | 18. 32 8. 98 )
ENE 3.74 | 5.42 | 6.41 | 5.52 | 5.07 | 414 | 6.39 | 7.34 | 6.61 | 7.12 | 578 | 4.49 | 865 | 2200 | O
E 2.62 | 3.05 | 2.44 | 2,85 | 2,19 | 1.78 | L.78 | 2.84 | 214 | 3.40 | 251 | 260 | 3.79 | L23 | ©
S 3.81 3. 14 3.4 3. 98 3,36 3.25 2. 38 3,01 347 2. 82 3,30 3.419 1. 10 2.19 &
SE 563 | 4.29 | 4.37 | 4.59 | 5.21 | 4.53 | 4.58 | 4.04 | 4.56 | 4.03 | 458 [ 5.73 | 5.76 | 3.40 | O
55K a. B2 503 4. 47 4. 63 6. 32 LT 6, 01 4. 96 1,74 b, B3 5.3l 4, 5% .81 3. 82 O
5 3.85 | 3.68 | 3.79 | 3.25 | 4.55 | 3.54 | 4.20 | 3.69 | 3.42 | 3.50 | .75 | 2.31 | 4.66 | 2.84 | x
S5 3.20 | 3.19 | 2.35 | 3.28 | 3.64 | 3.38 | 3.39 | 3.47 | 3.14 | 3.32 | 3.23 | 236 | 4.05 | 2.42 | x
SW .08 k53 1.09 I, 06 1. 00 Lal2 .27 LoA7 I, 34 1. 78 |2 k22 . B8 0. 67 @)
waw 2,15 1.44 | 1.25 | 2,47 | 2.66 | 2.34 | 1.91 | 1.97 | 2.52 | .97 | 2.07 | 2.40 | 3.16 [ 0.97 | ©
W 11. 71 4. 73 4. 55 6§, 91 6. 99 7. 88 £ 34 5. 87 6. 41 5. 74 .71 | 10,13 |11.52 184, O
WNW | 19,53 [24.90 [22.81 [21.72 |22.62 |22.60 [22.88 |22.63 |24. 11 | 20,77 |22.46 |21.68 |26.00 |18.83 | O
N 6.52 | 9.65 | 8.87 | 6,09 | 7.67 | 8.35 |10.93 | 9.78 | 9.37 | 7.93 | 851 | 7.42 [12.10 [ 493 | ©
N 2,61 3. 0Bl 3,10 2,43 2.87 3,04 3,49 1. 17 3,20 3.09 3,16 2. 65 4,32 I, 98 ®)
CALM L8 | 111 | 182 | 1.35 | 1.60 | 1.0 | 2.00 | 1.68 | 1.64 | 1.70 | 1.66 | 1.69 | 2.30 | .03 | O

1) 2000FEIEE 148D T — H {0/ o AOREENRDH B L, 2004FEEE L,

@ zEAwREER (B&E) (E&18m)

BN S AN (180, #1E 10m) (%

2001 2007 2008 2004 2010 20101 2012 2013 2001 2015 | EHEHE 9005 " =
BB | TR | s
1. 85 1.11 1. 82 |, 35 |, 60 |, 90 2, 00 .68 L. 641 .70 |, 66 l. 69 2,30 1. 03 @]
14.96 |14. 40 |15.93 |13.88 |15.83 [15.92 |16.73 |15.60 |[15.63 [16.08 |15.50 |15 14 [17.51 |13.48 9]
31.22 |32.03 [33.39 |32.69 |32.91 [33.15 |31.38 |32.64 |33.04 |31.24 [32.37 |32.7 34,35 [30.39 O
22,97 |21, 70 21,95 | 23,48 |23, 08 | 23,60 21,940 | 22,79 | 24,25 | 23,94 | 22,97 20,88 |2k 0k |20, 88 b

9.77 |10.95 [10.88 |10.69 |11.19 (10,19 |10.67 |11.34 |11.65 |11.54 [10.89 |10.16 |12.28 | 9.49

I

6.25 | B.89 | 6.66 L22 L B.TR | 601 | TL06 | T.04 | B89 | T.48 | B.83 | TL09 | T.8T

5
e
(@)

7
4, 34 4.69 | 1.16 | 3.8l 3.68 | A IT ] A48 | TR 3,36 | 41T | 406 | 479 | 504 | 3.09 &3
5 -

6.5~7.4| 3.30 | 3.31 | 2.25 LGB0 | 2,02 ) 2044 | 2,63 | 2019 | 1.59 | 1.93 | 2.43 | 3.01 | 3.75 | 1.10 D
T.5~B.4( 2.34 | 2. 24 L. 20 1, 70 1, 39 1.25 1. 55 137 | 0.94 1. 05 1La0 | 2.29 | 2,62 | 0.39 @
B.h~8.4| 133 .24 | 0.86 1,200 0.72 | 0.60 | .72 | .71 0,47 | 0,49 | 0.83 1.09 l.68 | 0.089 O

9.5k | 1.67 | 1.45 | 0.90 | 1.30 | 0.94 | 0.75 | 0.84 | 0.86 | 0.56 [ 0.37 | 0.96 | 1.10 | 1.91 | 0.01 ]

1) 2000 EIHEM 4B T — #12 / f ROEERhobEA L, 2004FEAEIN Lz,




@ =EARHRER (AFM)

(KA HFRES)

EETT . KRR S (%)
P = TR
jluajL=|£F 2004 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | T-#990 ﬁE;%iF - E;%é%}
N 1531 [ 1700 18,48 | 14,84 | 16,36 | 17.58 | 1482 | 13,530 [ 1255 1176 15.21 | 13.38 [ 20,47 | 9.95 ®]
NNE B.78 | 6.87 | 8.19 | 7.5V | T.63 | T.hE | V.06 | V.07 | .68 | V.83 | 7.32 | 6.68 | B.B1 | B.13 (]
NE 6.22 | 6.14 | 8.14 | 9.37T | 651 6,82 | B.01 B.65 | 8.23 | 7.13 | T.36 | 9.76 51 )]
FNE 870 | .79 9094 1020 | TA0 | T.33 | T.TL| S.20 | 8.31 | B8l | 61| 9.50 [10.97 | 630 0]
E 9.92 | 9.28 |10.94 | 9.26 | 8.55 | 7.28 | 6.49 | 9.98 | B.Ob | B.BY | 8.96 |10.92 [12.05 | 587 @]
ESE 437 | .22 | 508 | 3.38 | 4.19 ] 3.72 | 4.02 | 3.43 | 379 | 381 3.90 | 4.41 | 5.21 | 2.60 @]
SE UL | 502 588 ) 5,05 [ 2,09 ) 3.05 | 374 | 2.8 | 295 3.07 | .12 | 2910 | 3.74 | 2.50 @]
Sal 1. 30 L. a0 1. 12 1. 15 1.29 | 1.47 1. 36 1. 10 1. 28 Lol 1. 27 1. 43 L. 6l 0.94 @]
5 2.99 | 2.43 | Lh6 | 2.49 | 2,82 | 2.74 | 298 | 2.96 | 2,17 | 2.47 | 2.56 1.96 | 3.62 1. 50 ()]
S5 5.482 | 83| 464 | 528 | BTR | B.B2 | G622 | 5LTE | 5T | 6,40 | B84 | 424 | T.84 | 433 b
S 5,47 | 484 | 3,40 | 3.77 | 4.8 | 5.08 | 400 | .01 | 3.02 | 3.97 | .33 ] .20 | 5.03 | 2.73 0]
WS 2,97 | 3.28 | Z.61 | 2.74 | 362 | 2.91 | 3.41 | 3.21 | 3.66 | 356 | 3.20 ] 3.26 | 4.09 | 2.31 ]
W 318 | 2,86 | 2.83 | 2.84 | 3.49 | 3.07 | 3.70 | 3.27 | 4.34 | 2.82 | 5.24 | 3.81 | 4.40 | 2.08 ]
WA .76 | 267 | 217 | L2 | LB | 224 | 2.8 | 2.56 | 2.64 | 1,59 | 2.29 | 307 | 5.35 | 1.22 9]
NW .63 | 5.89 | 3.15 | 4.59 1.86 | 4.11 | B6.10 | 6.47 | 7.06 | 5. 48 | 5. 41 T.67 | 8.34 | 2.49 9]
YW 13.20 |14 77 |12.63 |16.29 |15. 44 |16.86 |17.84 |17.99 |18.01 |19.29 |16.23 |13. 36 |21.45 [11.01 ]
CALM L7 73| Laa | LA | 36| LAT | 0.83 | 0.8 | 138 | 08T | Lad | LL74 | 2,22 | 0.46 3]
TE1) 20084EHEE T 1ABMOD T -~ 2 oA AR S T SRS L, 200497
B #EEAHER (AH) OKFHHFKESR)
i
2007 | 2008 | 2000 | 2010 | 2001 | 2012 | 2013 | 2004 | 2016 |*EEMAE ﬁ)ﬂ;;": e
73| L4 1.A5 | 136 | 147 | 0.83 | 0.85 | 138 | 0.87 | 1.34 IL74] 2.22 | 0.46 0]
35,08 |36.96 |37.22 |32.05 |33.83 [31.50 |32.61 [32.82 |26.35 |33.18 | 35.02(40.51 |25.85 )]
29088 | 30,31 |28.20 |30.41 |29.79 [31.92 [31.80 |30.66 |35.10 |30.77 29. 14| 35. 18 | 26. 36 @)
17.72 16,28 | 15.96 |17.80 |16.66 |16.03 [16.83 |16. 86 |17.36 |16.83 16. 52| 18. 36 | 15. 29 ]
.42 | 8,08 | B85 | 943 [ 9.50 | 9.63 | 9.80 [10.24 [11.26 | 9.60 | 10,011,567 | 7.63 @]
373 3.76 1. 08 1. 11 1. 18 | 5.29 | 4.44 1,23 1.93 | 4.37 4,93 5.61 | 3.13 )]
1.30 | 1.53 2,14 | 2.59 | 2,17 | 2.47 | 1.BO | .97 | 2.78 | 2.08 1.84) 3.18 | 0.98 ®]
B.E~T. 4| 096 | 0.63 | 0.50 | L1 | o] 3| L2a | o8 | L4 | 0,98 | 0,98 0.46| 1.57 | 0.38 O
T.h~B. 4| .41 | 026 | 0.31 | 0.46 | 0.53 | 0.66 | .67 | .39 | 0.43 | 0.20 | 0.42 0.19] 0.76 | 0.08 o
B.5~9.4] .18 | 0.15 | 0.18 | 0.21 ) 0.29 | 0.37 | 0.24 | 0. 21 0.18 | 0,08 | 0.21 0.09) 0.40 | 0.02 O
O.5BE | 011 | o1 | 0osd ] 030 ] 025 [ 0.84 | 0016 | 0.43 | 0,08 [ 0,09 | 022 0.06| 0.32 | 0.00 O
T 200677 HE VAR S 148mi0 57 - - F 1 o Ko Edl L, Z00MPEEE IR f,




& EABRER (BM)

(iR SEIET)

AT

PrET ;
Ej?_.-rl-rl- 2004 | 2007 | 2008 | 2008 | 2010 | 2011 | 2012 | 2013 | 20014 | 2015 | EEgqd %gg —
N 15,61 | 18,08 | 19,49 | 16.90 | 17.05 | 16.58 | 16. 86 | 16.92 | 16. 52 | 18. 76 | 17. 28 | 14. 97
SNE 9.51 | 0.46 [11.094 |13.36 | 9.44 [11.36 | 970 |10.37 | 9.91 |12.46 |10.75 | O.71
KE 5.07 | 5.21 | 5.40 | 6.15 | 5.19 | 4.83 | 5.89 | 5. 79 | 5.13 | 5.70 | 5.44 | 4.45 | £.44 | 4.43 P,
ENE L70 | 219 | 2.22 | 2,20 | 2.22 | 1.88 | 2,00 | 2.43 | 2.69 | 2279 | 2.23 | 1.89 | 3.03 | 1.43 ]
E 2005 | 2,92 | 2.36 | 248 | 2,38 | 2.37 | L90 | 2,42 | 2.68 [ 2,62 | 242 | 21T | 3.07 | 1.76 0]
1S 1.32 | 195 | 2.02 | 176 | L.78 | L.6D | L.68 | 2.16 | 2.14 | L& | L.83 | L77 | 2.44 | 1.22
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(MeV) (Photons) (MeV) (Photons)
1 0.01 7.8X10'8 22 1.5 2.4X10"8
2 0.02 8.7X10"8 23 1. 66 7.5%X1017
3 0.03 1.0X10"%° 24 2.0 1.6X10t8
4 0. 045 1.4%102%° 25 2.5 4.6X10t8
5 0. 06 5.3x10'7 26 3.0 1.3X10t7
6 0. 07 3.6X10'7 27 3.5 1.5X10t3
7 0.075 2.0X10'° 28 4.0 1.5X10t3
8 0.1 9.9X10'° 29 4.5 5.0X10°
9 0.15 4.6X10'7 30 5.0 5.0X10°
10 0.2 5.6X10'° 31 5.5 5.0X10°
11 0.3 1.1X102° 32 6.0 5.0X10°
12 0.4 6.6X10'8 33 6.5 5.7X10%
13 0.45 3.3x10'8 34 7.0 5.7X10%
14 0.51 1.1X10"° 35 7.5 5.7X10%
15 0.512 3.7X10t7 36 8.0 5.7X10%
16 0.6 1.6X10"° 37 10.0 1.8X10%
17 0.7 1.8X10"° 38 12.0 8.8X103
18 0.8 5.4%10"'8 39 14.0 0.0
19 1.0 1.1X10"%° 40 20.0 0.0
20 1. 33 5.0X10'8 41 30.0 0.0
21 1.34 1.5X10'7 42 50.0 0.0
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(MeV) (Photons) (MeV) (Photons)
1 0.01 1.3X10'° 22 1.5 2.2X10'8
2 0.02 1.5X10"° 23 1. 66 3.7X10L7
3 0.03 1.7X10%° 24 2.0 8.0X10L7
4 0. 045 2.9%102° 25 2.5 1.1Xx10t8
5 0. 06 7.4%10%7 26 3.0 1.7X10L6
6 0. 07 4.9%X10'7 27 3.5 4.8X10t2
7 0.075 4.2X10"° 28 4.0 4.8X10t2
8 0.1 2.1%X102° 29 4.5 2.2X10°
9 0.15 4.7X107 30 5.0 2.2X10°
10 0.2 8.0X10'° 31 5.5 2.2X10°
11 0.3 1.6X102° 32 6.0 2.2X10°
12 0.4 9.3X10'8 33 6.5 2.6X10%
13 0.45 4.6X10'8 34 7.0 2.6X10%
14 0.51 1.4%X10"° 35 7.5 2.6X10%
15 0.512 4.7%X107 36 8.0 2.6X10%
16 0.6 2.1x10'° 37 10.0 7.9%X103
17 0.7 2.3%X10'° 38 12.0 4.0X103
18 0.8 7.2%X10"8 39 14.0 0.0
19 1.0 1.4%X10"%° 40 20.0 0.0
20 1. 33 4.6X10'8 41 30.0 0.0
21 1.34 1.4X10'7 42 50.0 0.0
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(MeV) (Photons) (MeV) (Photons)
1 0.01 1.6X10%L° 22 1.5 1.9X10t8
2 0.02 1.8X101!° 23 1. 66 1.9X10L7
3 0.03 2.0X101° 24 2.0 4.1X1017
4 0. 045 4.0X1029 25 2.5 4.1X1017
5 0. 06 6.1X1017 26 3.0 9.4X10'°
6 0.07 4.1X107 27 3.5 3.5x10!1!
7 0.075 5.9%X101° 28 4.0 3.5x10!!
8 0.1 2.9X1020 29 4.5 3.6X10°
9 0.15 3.8X10L7 30 5.0 3.6X10°
10 0.2 3.5X101t° 31 5.5 3.6X10°
11 0.3 7.1X10%L° 32 6.0 3.6X10°
12 0.4 1.1X10'° 33 6.5 4.1x10%
13 0. 45 5.7X10t8 34 7.0 4.1X10%
14 0.51 1.2X101t° 35 7.5 4.1x10%
15 0.512 4.1X107 36 8.0 4.1x10%
16 0.6 1.8X101'° 37 10.0 1.3%X10%
17 0.7 2.1X101t° 38 12.0 6.3X10°
18 0.8 8.3X10'8 39 14.0 0.0
19 1.0 1.7X101t° 40 20.0 0.0
20 1. 33 3.9X10'8 41 30.0 0.0
21 1. 34 1.2X10L7 42 50.0 0.0
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e

. TRX | T~ R R AR R . TRILX | T~ R AE AR R

(MeV) (Photons) (MeV) (Photons)
1 0.01 3.7X10'° 22 1.5 6.5X 108
2 0. 02 4.1X10'° 23 1. 66 1.3x10'8
3 0.03 4.8X101° 24 2.0 2.8X1018
4 0. 045 8.3X102° 25 2.5 6.2X1018
5 0. 06 1.9x10'8 26 3.0 1.6x1017
6 0. 07 1.3X10'8 27 3.5 1.5X101°
7 0.075 1.2X102° 28 4.0 1.5X101°
8 0.1 6.0X1020 29 4.5 1.1X 106
9 0.15 1.3X10'8 30 5.0 1.1X 108
10 0.2 1.7X102° 31 5.5 1.1X 106
11 0.3 3.4X1020 32 6.0 1.1Xx10°
12 0.4 2.7X101° 33 6.5 1.2X10°
13 0. 45 1.4X10'° 34 7.0 1.2X10°
14 0.51 3.7X101° 35 7.5 1.2X10°
15 0.512 1.2x10'8 36 8.0 1.2X10°
16 0.6 5.5X101° 37 10.0 3.8X 104
17 0.7 6.2X10"° 38 12.0 1.9X 104
18 0.8 2.1X10'° 39 14.0 0.0
19 1.0 4.2X101° 40 20. 0 0.0
20 1.33 1.3X10'° 41 30. 0 0.0
21 1. 34 4.1X1017 42 50. 0 0.0
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L=L (Pe — Py) X Ry X Ty

-0 (Pg—P)) XRyg X Ty
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property scrubbing depth meters) 2.7 D~3.8
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Hydroulic | carrier gos temperature (C) 160 20~300
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property material LATEX LATEX,Csl
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12 ° 12 min

ELEMENTAL IODINE - RUN A6

r’1‘1{5¥ T

DROP SIZE: 1210 u MMD
FLOW RATE: 49 gpm
TEMPERATURE : 255 °F

T
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NaOH - pH 9.5
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FIGURE 9. Concentration of Elemental lodine in the Main Room,
Run A6
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C S E EBRGAF & AU BT Ol SO it 255 16-1 KITRT,
%1513  C S E EBRSEM: & A BT ORI S F O g
C S EZEBO Run No. R
A6><1><2 A5>I<3 Al 1>:<3 ﬁ{ $Fﬁ
R AR+ ZER [FIAE [F A2 [l /e
TR .
FERE ] #70. 20 %0, 22 %10, 24 90,47 DUFH4
(MPa[gage])
;E? /=8 [F .
”\f(‘:“;mg{ #9120 9120 #1120 #9200 DL FH
AN o %5 .
P f f X6
2F LA Eile 2L 2L fiI R
%1 R.K.Hilliard et.al, “Removal of iodine and particles by sprays in the containment
systems experiment” , Nucl. Technol. Vol 10 pp499-519, 1971
%2 R.K. Hilliard et.al, “Removal of iodine and particles from containment atmospheries by
sprays’ , BNWL-1244
%3 R.K.Hilliard and L.F.Coleman, “Natural transport effects on fission product behavior
in the containment systems experiment” , BNWL-1457
¥4 Pl S — 7 v AR T DS RRIE ) R OV lmﬂ“@MAA P fEATRE F & 0 Fodk
M5 A6 EBRIIAT LA ZfF D ERED, HARLERORHITIZ 1 BHDORAT LA FEATNZIIT 5
JRF RN RN OREZ{L L VR EL TS
6 KRR A T LA BT 50, TN TR X O BEOBREDIITK L TITBRILE DA EE
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WARUHERIREE DRFHIZ L 2 56 16-2 U3 7, A DB IOV TITA 6 & [AEROEM &2 R~3 & &
HI, UIHRELVEESO 1 BREE TR T LERIIBESHERIBERNNALND, -, KE
SRP6. 5.2 TIX, IR OHERE X 5 FRIREED 17200 12725 F TITERE X 5 FOBREN
HiAENSHELTWVD,
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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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SR - JP RS AN 2 PN SH R I B D R R 21
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DRz 55 15-2 RITRT, £ H C S EFBR & AR “FEBEATOLRERIZFRRE L L->TVD
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C S E FBiA% FOEES e AT
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16.  HRAHEHE O REEVERHE (F.L0%E LWERE) ICRIBIESFHIICRET 2T T vy vay 7
—NVTORZ T ZTIZEDBREDR EEKEL HFR) 1250 T

BTy var s S VTORI T TICL DL SFORESDRE (BT IDF] &v),)
L L, Standard ReviewPlan 6. 5.5 IZf-3&FDF 10 #3%E L T\ 5, Z U Standard Review Plan
6.5.512HBWNWT, MBI SIFRORI I I DBREDRE LT, Mar k— T &kUMa r k —
M LTCDFI0LLT, Mar k— LI LTDFS U TF2ERTIHAIE, FHICHEEZLELE
THERBLTHRW Loft# EBESR) IS b0 THY, HMEH RBEFIMa r k — T4
PR MARARA L TS Z s, YLy iay « F—ILOWMKOAEICEDL LS, DF
10 Z#HTHZ L& LTND,

7B, AL RIONVTIETAROEETHDHZ L2 D, KD F OZFITITHIFEL Ty,
K IREDFEDODFIZOWTUEL,MAAPRNT ORI JE 0 7HE T 77 A(SUPRAZ—R)
IZCRMi LTV 5,

[Standard Review Plan 6.5.5] (¥#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 to calculate the retention of fission products within the pool, provided that these
—————————— 1

1 DF values claimed by the applicant for removal of particulates and elemental iodine are:
110 or less for a Mark Il or a Mark Il 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.

The reviewer has an option to perform an independent confirmatory calculation of the
DF. If the SPARC code is used for a confirmatory calculation of fission product
decontamination, the review should take care in proper establishment of the input
parameters for the calculations.
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YTy vary s SV TORY TSI DL D BOREDNRIZEET 2o Iz o\

YTy ra SV TORI T T LD S FBOREDRICET Ao mE & LT,
SPARCa— RIZL2FHEMENNIUKAEAKDPPOSE I DONIZTiTONIZFEBRNRH 5,

1. SPARC=— FIZX2EHHERMER

Standard Review Plan 6.5.5 5| HACER* ' i\ T, SPARCa—FRKEZHW-kH2FE DAY
TEUTIZEDREDNRAFRL T D, YZUIRTIE, Ma r k — 1 BURFIFRIA 2 & k5
ELTEMELYFE (1), AREOI2FE (Cs 1) ROAHKEHIFE (CH3 1) IZHTHAT T
BT R DBREDREZFHFE L TS, FHERFBRITE 16-1 K0 LB TH Y, L 5 RT3
LZDFIdHR/NCI0RRETH D,

2k, BELLEK—T A, JRFEILERERTHY, LTFTOoFESGERZHEEL T
Do

« PRI THIEEE O AR R 23584

s AR DB EIY AT MIEET A0, RAEHAI LV Ly v a v s S L OBEIE

71 %
< JRFIFE R A OB R O AT L0 AR S U728, P ORISR A

%1 P.C.Owczarski and W.K.Winegarder, “Capture of lodine in Suppression Pools” , 19th
DOE/NRC Nuclear Air Cleaning Conference.
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“Here the I, 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 pool.

H16-1 X SPARCHEME (BHEDF)

UKAEAKOPOSE IDONIZ T ER

ML O RITKT R 7 F 8 TR DBREDRIZONT, UKAEA¥ KT POSEIDO

NHZBWTERBMTHON TN D, ERIEREF 16-2 KO 16-3 X, FBRGM K ORISR

B 16-1 XLV 162 BIRTHIE162FDOLEEY, MEL>FEODFIIR/INTI4 THD,

2 AKXV RADY 47V A (EABEEPBHEEK DA (SGHWR) ) D&KL 27 LITHBIT 5
KLy SRS DIRFF 2 R~ 2 T2 8D D FE

¥3 AL ADR—)V v = T —EFTTITONTKFA~D T ZRE DI FDORA T T 7T 5
EX 7

%4  “State-of-the—art review on fission products aerosol pool scrubbing under severe

accident conditions”, 1995
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H16-1 F  FEERSfE

Program Aerosol Aerosol Carrier Steam mass | Water Fool Injector
size, pm fluid fraction temp., °C | pressure
Csl 1.7-2.7 N, + 0.008 - 25
ACE CsOH 1.6-28 steam 0.31 | 83 ambient sparger
MnO 1.7-23
Csl 0.2-3.0 | air, N;or - ambient single
EPRI TeO, 0.4-27 | He+ 0-0.95 - near sa- ambient orifice
Sn 2.7 steam turated
Csl ~4.5 273 1.1 MPa | single
EPSI (radius) StEAm 1 (initially) 3.1 MPa | orifice
CsOH 6.1 MPa
GE Eu,0, 0.1-40.0 air 0 ambient ambient single
Csl < 0.3 orifice
JAERI DOP 0.3 - 10.0 air 0 ambient ambient single
orifice
LACE - Csl 1.7-7.2 N, + 0.07 - 110 3 bar -single
Espafia steam 0.85 {abs.) orifice
-multior.
SPARTA Csl 0.7 air + N, 0 close to ambient 2 orifices
satration
UKAEA Cr/Ni 0.06 air + 0.25 - ambient ambient 4 orifices
steam 0.96 {downco-
mers)
| UKAEA | Lvapour | -  [airandlor | 0-1 | ambient | ambiemt | 4 orifices
I steam {downco-)
MErs) I
POSEI- I, vapour - N, 0 ambient ambient | -single |
DON orifice |
—em e e e e b e e e e ol o - L -multior ]
%162 & FEEAER
Experiments Species testad DF range
Cs 145 - 3000
ACE Mn 11 - 260
I 47 - 1500
DOP 6-12
EPRI Csl, TeQ, 1.4 - 1600
Sn 110 - 6800
EPSI Csl 2100 - 3300
GE Eu, 0, 68 - 2900
Csl 7-10
JAERI DOP 10 - 150
LACE-Espaila Csl 16 - 3000
SPARTA Csl T
UKAEA =SNG - - — — 5= 1880 7
[ 14 - 240 !
POSEIDON :_ L 20 - 300 000 ;
e

* QOnly one test performed.
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17, HREIEE O JEEVERHE (F00%F LOEE) (TR 2903 < FHlIZ 1T 2 A i asoh~
DGR D HEIE OBEITONT

RESOHU L, FRNEEEICR FIFSMAISRI~OBLEIG 2R 52 & TRIET S, (B35
1 /)

R AP AR~ D BN A ORI S 72 > Tix, FEHMS TV 4 TR L OC A+EE
SO ENJIHREF DA EIRI (AR TE) /1 EIRE RO BHEE A & JE) [ZB W CTRTIFE AN
IR CHEHINORT 5720, 2077 o MREZFEETREZ2MAAPa— R2fns 2 & &7
DN, LFOBLEND, 10 FEREICH LR IR A R~ D A O H B & 2% E T
% 7=, NUREG-1465 OHIRZ FWWTH - KIERMEFEO MBS 2 MIET 5, 723, #E< G
Bz p88 L LIRS OFENT E AL & 725, NUREG-1465 O %1 R % W THIE
T HH - ARIERMEREE D O BEREEIIEREIC OV T O FHME~DHFENE Z D, FOBLED
56 K0 FERICA U3l & 9% 72, NUREG-1465 DA 2 W= EI S ORIEX1T 5, MAA
P fENTRE R 255 17-1 12, NUR E G-1465 O 1R Z AW T E L7 R 258 172 RITRT,

B1T-1 % i EIS OFMEAE SR (MA A PFENT)

e L — JR TIPS AN 2 D R 1P = RN 2 T 1383 U A &

- DY ZNEEH ~OfHE A
Fii T AFA #4.3x10°° $79.5X107 !
Cs1 %A $16.2X1075 #1.0X10°°
CsOH ¥ #13.1X10°° $4.0x10°7
Sh #8 F17.6X10°° ¥ 2.7X1076
TeOo %8 F14.4%x10°° #13.8X10°7
Sr0 %8 #18.6X1075 $12.6X107°
BaO % #19.1X10°° $11.5X10°°
MoO » 38 #19.1Xx107° #3.5X10°
Ce02%H F1.6X10°° ¥11.1X1075°
La03%8 $1.6X10°° $11.1X1075°

M1 RS 2 A DUFEILA
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5 1T-2 3% RIS ORIl R
(- AR MEOREFE 7 Vv — 7123 D HfIER)

e /L — ﬁ%ﬁ%%g%w%ﬁ%ﬁ@% %%ﬁ%&ﬁ%ﬁp%ﬁ
~OYF 2 \NEEHL ~O g EIGH!
77 A HA $4.3x10°° #9.5x10 !
CsI ¥8 $16.2X10°° #1.0x10°°
CsOH 3# $13.1x10°° #14.0x10°7
Cs JH*?2 #13.4X10°° #14.5X10° 7
Sb ¥4 $16.7x10°° #18.9x10"8
Te0 230 #6.7x10° #18.9x10 8
Sr0 $8 $12.7x10°° #13.6x10°8
Ba0 %8 F12.7x10°° #13.6x10°8
MoO 2 35 #53.4x1077 #54.5X107°
Ce02%H $6.7x10°8 #8.9x10°1°
La,03%H Kj2.7X10°8 #13.6X10710

1 NBUSES 2 A U T
%2 CsT $A M N CsOH FHDOME D B GEm == 1)

OTM I X0of@ 55— BT T OB RIZONT

W1 RICK D&, EHEEMEERE (Cs 1, CsOH) OV I onboHES (106
~107 T A= =) L, e R O HEI AN R E W (107 °F—F—) LS FERIC
o TW5b,

—7J, TMIREEH R IR EFEL COBMEENS, HUARELZEAICKBEL
U SN ORFIREE, KO RRLE LU AEOEHBEEOMETHY, | - (KFEEFEEOWE D
HEIXEEREOWE L LTV ETHDLZ ERNbros TN D,

B 17-3 RIL, TM I FHAZ ICFHM S - U PR OGO IFE R TH 20, fi W ARm#E
MR (B AR K9 HR) PIRFIFENEGSINFANSEREOERERN SN S — 5T,
o R ZE R ENR FFENRBIRF SN TN D LW O FHii & 2> TV 5,
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F17T-3F%  TM I TR S 72 B R O Y ig O A E 578
(BT : %)

s BIEF hiER M EERME
1440e ‘|54Eu 155Eu QOSr ‘IOGRU 125Sb 137CS ‘129I 85Kr
bl ek
|
RFIRR AR - - - 1 - 0.2 3 1 -
HREIK, [AB2L U 0.01 - - 2.1 0.5 0.7 47 @nt 54
HWHMERE - - - 0.1 - 0.7 5 7 -
&t 105 122 110 93 94 119 95 97 85

t LEEOLEENTELZENT I (BHITHTIGEEY) O, CCTCORBEITFLAUAUN —FXREE
B0 HrfEREAOTLES, lff:fﬁot, CIITREINEIDAUARUN)—IECsERETHHEEZ D,
X3 FEEIG=V T NEBIOSHHER ORI GEN 2 22— REHT#E R
HE: TTM I — 2 5RO EMIERR (G, H ERE, PR AARRTHFEFE Vol. 32,
No. 4 (1990)) |

o, W14 RIL, REE T IS EPT SR SN S L7 SR AT O L3 U PR
MOV 7TV o IHERTHLN, kbBEZ<MHSNL TV L OTEEBEMEE (E 2T 408 9 FHK)
THY, 2O AGEEMEMEI AR (ND) LW ofERL LT D,

BAT-4 KRB RFREF RIS S
A O R A

(Hifs:Ba/kg- 92 E)

[ERDI [ER@T [EREIx @56 Y -L'A (OEEREMIT | ; ®
HHEIET  [F5UF SR EEhera] Eu wmomss (CREE|JEERDEEE
(78 L E#9500m) »2 (FE#9500m )2 (FFTE¥3500m) 2 (GR1.000m) #2 |Gt #500m) s2 [ FI500m L
AEERA /21 3/25 a2 3/25 3728 2/25 3/28 325 3/22 /22 22 322
s JAEA JAEA s JAEA ent JAEA Bl JAEA JAEA JAEA JAEA JAEA
AR 3/24 3/28 /3 3/28 3/30) 328 /3 3/28 3/25 3725 3/24 325
1% [1-131088 ) 5.4E+05 5.7E405 386404 30E408 39E+04 126407 26E408 465405 IE+06 7.9E405 226408 54E406
| -132089285 () *4 4| 2.36+05| *4 1.3E402 #4) 1.5E+05) *4 #4 *4] *4) *4
Cs-134(#924F) 3AE+05] 4.9E+05 5.3E+05 T.IE+04 3.2E402| 3.5E+06] 8.7E+05 6.8E+04| 9.5E+05] B.JE+03! 1.7E+04 1.6E+05)
Cs-136(#0138) 7.26+04 G1E04 33E+04 10E+04 28401 46E405 6.9E404 8.6E+03 11E+05 1.9E403 226403 25404
Co-137(#530%) 34E+05 48E+05 5.1E+05 T6E404 326402 356406 9.3E405 67E+04 1.0+06 208404 1.6E+04 1.6E+05
Te-120m(%934E) 256405 29E405 B.5E+05 53E04 ND| 27E406 6.0E105 288004 BIE+05 956103 1.9E+04 176405,
Te-132(493H) B.1E+05 34E+05 3.0E+05 6.5E+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(#913H) 1.3E+04| 1.5E +04 ND| 2.5E+03 ND)| ND ND ND 8.0E+04] ND ND! ND
Nb-95(#335 H) 1.7E+03 2.4E+03] ND) ND| ND| 5.3E+03 ND ND| 8.1E+03 ND! ND 1.8E+02
Ru-108(#93708) 595404 ND ND) 64E403 ND| 276405 no) ND| B8EH04 1.9E403 ND 226404
Mo-98(416655R1) 21E404 ND ND ND| ND| B.6E+04 D) ND| ND| ND) ND ND
Te-09m(#6BFRE) 236404 2.0E+04] ND| ND ND 45E+04] ND| 1.8E+03 23E+04] ND! ND 8.3E+03
La-140(k928) 3.3E+04] 3.7E+04] ND| 2.3E+03 ND)| 8.7E+04] ND| 2.5E+03] 2.1E+05| 4.2E402 8.2E+02! 1.8E+03|
Be-T(#538) ND| ND ND ND| ND| ND) ND ND 326404 ND) ND ND
Ag-110m(¥92508) 1.1E+03 26E+03 ND) ND ND) ND ND 176402 1.8E+04 ND ND) ND

Hil - EE ST (BR) HP (http://www. tepco. co. jp/cc/press/11040609-j. html)

Q% JLE DFHZEEENIZ DWW T

BRI & DRSS ZLE R O i B OBAT RN BT 22865 R L 0, KB ORI T
DEIICEHIN TR, BEREEENGE CIRIERERHE S0l L, o - (KERE
ERIIFEASSHICRELLELASNDZ DO TH Y, EERMEREITT « RER R RRIZ e~
FHEDREL RDHFEE B,

TN A SRS TUREERRH SN 5,
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[, Cs : mRECTIREREREIND, BUHEEIZA T A &R,

Sb, Te : #EELNELIEE, HEE ORIV SN D,

Sr, Mo, Ru, Rh, Ba : FHKEME (BILEME or EILSRM) ICREREELZT D,

Ce, Np, Pu, Y, Zr, Nb : @ERETHEHEEIZEN,

¥4 MEFRICHE B UIZBHABIRE D b OB HA W R O 7 F = RO KB ZEEEHE O 72 D
WF%2 (JAEA-Review 2013-034, 2013 4F 12 H) |

@R EIZDWNT

ORV@LY, 5 17-1 FoOh - [KHEERMEEEO KBS N SHEEMEE LD b REWVEN)
FERIIERBICAIL T HT, 24, MAAPMITIZIBNT, o - (RO g I A 238
FloRE<FHMli SN LBz b, BERE LTE, HEVRE SRR LR O S48 A
B L7=%TH, BET 7 U Kl H D OBEHEYE O JHEFHmZ 33 W TR B O SR E 2 5
L CTHHEZTEL TWD Z &0, BRREL EOKIZE D A7 Z 8 VR EEBE L T\
W2 ERFETFOND, 8B, MAAPa— RO ILTHLIEPRINDY, LTOREN RS
nNTNn5,

HFDAEEAK L2 E ORISR (R u kUM o) ORI OWT, (KIR ORISR
FHETIEZR L, ERRE O S EIREE 2 R E 2 H I LT D 72, MA A PRI 3 RST
7k RE 5258085 5,

* M o DR EFHHIZOWT, NUREG-1465 £ 0 5 MAA PO N EAE2 % < T 5,
L72id> T, TM I FHOEES R /IR EITFROFERERIC LY RE o7, REF~OHH
BETMT 2720, - RERMEEEOMEEIGEMET 52 L & Lic, MiET 2124720, T
MIEFSZEEL L TITON-V ET T 7T v MRS V) —AZ— LW E 2, WEEH
ThoDYNaA=y LAOBLEDEWFIZ L VS RERY OB ECRI 2 A X o ZITHEN A
CL5ZE%2ZEL, BWREWPWRZNZNIIK L THRIEIAZRET 5%, KVBHENLRY
—AZ—LDREX AW E LTHIEENTZNURE G-1465 O R EZFIMT 5, FHLREA%, I
DREBRLE L, R TFENREBPHET 2 E TOMAAPHITENURE G-1465 OEEDLL
WAE 1T-5RDOLBY THY, MEEW S —& o A TIXEKRESES LRI & 2R FFEKic
X0 FAFENFRRIZIZE S 22028, NURE G-1465 OFE & MA A P gt ORI
K& 7271372, KFMHIZHB W TNUR E G-1465 O &1 7 I3AH AT HE & Il LT 5,

F1T-56FR MAAPESLERE L NURE G —1465 OEED LLER

IREHCBEAREDERIA L, X v | IFOIERABILE L, TERRE R
T O BHEE D R S D | IR RASAR T D £ TOMH
il i
MAAP K 4 53 ~#9 27 5375 99 07 Sy~ 3. 3 B e
NURE G-1465 ~30 43 30 43 ~2 ]

¥5  JFORERME (BREMEFBE 1, 000K) ~RBHRREIBRLE (BRBHEEE 2, 500K)
X6 JRTIFEKE LR WG AT D IR FE S A e iR R CREHIIZ W) TR R K
WZ X0 R ENREEBIZITE S 720
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LIF, BEHE 7 v —71281T 5 BUHEIE O BARR 225 i F ik 2 7R 7,
() wHAITN—T, Cs 1 7NV—7, CsOHINL—
FiH A% B T= G RN O 7 L — 71O TIE, MA A PRFTHRE Bs 515 & L7 ]
BEBEHT 5,
2B, CsOHEAIZONWTIE, Cs I Z7A—7KOC s OHZ NV—7DOlHEE, 11
F L Cs BEORTEILEZOFNERERLY, X1 ZHVTEHET 5, 1 OB R
Bix, 2% 223H0)

M Wes
Feo(T) = Fesou(T) + M_I -

X (Fesi (T) —Fcson(T)) =D

Fes(T) BEZI T IR 5 C s OHEIE

Feson(T) : RE T IBITAHC s OHI NV—7 Ol EIE
Fesi(T) CRFEZ TIWZEBTHC s 1 7 A—7olES
My AFILEZO 1 OFNSEER

Mcs : 1HJJ:£?7§%0)C s DIFNZEFEE &

1% : i

Wes : C s @ﬁj\%%

(2) - AEfEREOREFE S L —

AR S DORAE 7 L — 7120 T, MAA PR b - ES BT, M
AAPRITOFRERN /LN C s OBHEIS, FTHATV—TOHEEGKRONUREG
~1465 OE R ZFIH L T EIA 25l %,

22T, e ARIEERMEOREREICE T D U EIS ORI IR D B, IR R D
DI OW TR T A, A FER~DRZVIZOWTIEC s LR~ bbD e LY, H
LA D 168 IRERERERICI T D C s ORUHBIGIT T 5 Y 7 Vv — 7 Ot EIE O
ERIINUREG-1465 THOLNRIZELWE LT, X2 KOKX 3 ICERSEFMT 5, £
7o, % 17-6 £I1Z, NURE G-1465 Tl & 721 PR N ~DIHEIG & -7,

Uk #7528 E ks L@ ~ o i ]
FI(T) =Fgs(168h) x - x F;;V(G—l(;)h) (2 2)
RIS a0 O IR IR R~ DR 2 )]
Fi(T) =F.4(T) X % (3)

Fi(T): WZITIZBIF 5 i &FADOMAAPERES V— T OiEE
Fyo(T) : BRI T 2T D0 A7 N—T Ol EIE

Fes(T): KA TICBIT S C s ORHEIE
v NUREGl%S BT i FHOMAAPEEINV—TIZHYT AEE I N—T
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HE
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UERRTIA TV NAT VA BIZLDRENREZ T DL EEZND, LT T,

H ARAERNE OREFE 7 L — 7 D JRFAR R~ O 2 WIS DWW T, ThAEFIC K DBRER
REeZT5C s DRDTENTITNEEZBINLD,

F70, P ARERMEOBME S V—T1E, C s IR TRAFRMASRMNICKE SN 5 &
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IZDOWTE, ARV MOEWRRUTH S 72k b, BEESIATE Lo Uy
B ORI KRGO BN AT D C s T <, RS SR EBIC 07 L,
BE 0> D OB D3 72 WA A DIEIHEIG OIR D BNTEWEEZ 2 BILd,
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RN BT DA AT N—T" XX C s OfHEIE | ICHFlIT2H0 L35,

176 % NURE G-1465 TOJR TSN 2N ~D i HHEIE

B — T AR B~ DB 5
Cs 0. 25
TeO2, Sb 0. 05
Sr0, BaO 0.02
MoO» 0. 0025
Ce0, 0. 0005
La20s 0. 0002

%8 NURE G-1465 @ Table3. 12 [Gap Release| M TN [Early In—Vessel] OfEDFN

(NUR E G-1465 T, [Gap Release], [Early In-Vessel |, [Ex—Vessel] KON lLate
In-Vessel ] OFFGHER T = — X% L TR FIFEMNE LN ~DOHEI S % 5 2 C
W5, RIS P R IR DR IR EE CHMIUR T 5720, R HIFEIR
FRERTE TOFRLM LD ZMET S IGap Release] KN [Early In—Vessel|
DfEZE W 5,)
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Ce, Pu, Np
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12 UO:
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Wes

2 X (Fea (T) —Feeon(T)) (1)

1

M
Fes(T) = Feson(T) +_MI X
Cs

Fes(T) DR T IZEB T 5 C s OfHEIE

Feson(T) LI TICBITHC s OHZ —7DlHEIE
Fesi(T) B TIZBIFAC s 1 7 —7OHEE
M; AEIEEHB O 1 OFNEREE R

Mcs AZIEEHZROC s OIFNEHER

w; 1oy E

Wes : C s DY TH
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1

Mesesp(T) : FEZI TIZBITFHC s 1 HIZEENDC s D E
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CslICs I XiIZC s OHOWTHNMNDIEETHFEL CWAH728H, Cs OHHFIZEENSC s
L, 1. THHL/ZECs IFIZEENDHC s 2755 < 2 & THIET 5,

We
Mcscsomy(T) = (Mgs — My X _WS) X Feson(T)
i

Mcsormy(T) : FEZI TIZBITHC s OHHFIZEENSC s D&

3. C s OftEIE

L. KO 2. THELNKLC s OfiiEZ C s OFNERMEE CTRT 52 LT, CsigHElA
wHEMT 5,
Mesicsn(T) + Mesccsom (T)

Fes(T) = M,
s

|14
M; x WCIS X Fesp (T) + (Mcs — Mesesn) X Feson(T)
Mcs
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M
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HEEZD,
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X ) BRI KTT HFEEIS & LT,R.G. 1. 195 “Methods and Assumptions for Evaluating
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TRENE, L5 ROFERANEAOTND,

£ 9 FHEOMERIZ OV, TEAFRERE I 4R 2 BRI EIF O il 12 & OB 2R KT O &
FEMEIAR D HIL S FHMICEAT 2 AET A N CER 2546 H 19 B JRHHEEE 13061918 5 i1
NHHIZEBRRE) 12T, MUICEEIND L) ik Eh s,

£ 9 FBORFEREIC KT D IFERIGIZOWNT, RN di~ OBy 244 i o g LA DRk
TENZ VN2 NUREG-1465 [ZFE#ilId 5 7%, R AR N OHRAED pl 25 7 BL EDS6 & ST
L (REELH>F0H b, KL ORI N B2, AKX O FITEE L > FED 3% (0.15%) %
HRZ 720 (95%HSKIFIR)) o

pH FHHEA SR W ATEEMED B DAL, T L O FA~DIRBE SN RKEL D EDOMALH D,
R L O BOFEFIEDRE L RIUTHAEE 5 ROFERG O REL 2D, L S RITRFIFK
BN TO BIRIEEIZ LV —EDRBE RN FIAD 5 DIZxt L, A1 X 5 RITFEBEOERRNE %
FRIADIRNZ &b, JRTIFRHA RSN~ O OBLE N DITEH L 5 BOFRENEE TH D,
L= o T, Kl TIE & 5 BOMFBREOFIERGOREICHONT, UTDOLBYBREL, &
E L7,

NUREG-1465 TliX, X 2 RO(LFEEEEEOFEEIAIZE LT pl 23 7 R OHA TOEBEN2ED
FLIR T2V, K9 B EEE O EIZE LT, NUREG/CR-5732 “Iodine Chemical Forms in
LWR Severe Accidents” #8|H L TV%, NUREG/CR-5732 TlZ, pH & X 9 EDOFIEEIEG IR LM A
& LT, pH DRI THEE X 5 FBAOEEIS 2N 2R 2R3 & & bIZ, pHilER RS
DA K72 SN WIGEENZNICOWT, BERESFO X 5 FBFERICE L Tk 7 7
¥ MK D RHl 21T > TV D,

pH FHEE N 72 STV DA ORERZ 5 18-1 &, pH N 2 SR WG DR R & 5 18-2 RITR
9, BWR 7 > kT D Grand Gulf KX Peach Bottom DFHM#HEHE TIL, pH AFRE SN TV HEE
X, IREREN T &R TR HIRE D RITARDDICK LT, pH B S TV WEEIZE,
BER 9 HE (FTARKONRIRIR) &2 BIEREMT 5, £z, AHL O FRIZONTH, pHillEIh
TWALHEED S, pHIEIN TWRWGEOED, KV ZROIFERPIRENTND,

ZD &I, EBREFHEFFORRESEMZZE LA RO OSE 121X, NUREG/CR-5732 T/REN
% pH % XA TU 720 Grand Gulf }2 OF Peach Bottom DFHAMfESRIC &L 9 BDOFAEEIG W2 &,
BT < T EOMRSFIEE S BB LU R ME R ARET D28, LVOBLENDLBLEL, #
18-3 KIZ/RT R.G. 1. 195 D I U R DL FIEROFERGE WD Z & & L,
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9 18-1 3%  HASHRFO pH FE L2560 &L 5 REFRE
(NUREG/CR-5732, Table3. 6)

Table 3.6 Distribution of iodine species for pH controlled above 7

Fraction of total jodine in containment (%)

Plant Accident L (g) I, () I CH,I (g)
l Grand Gulf TC v 0.05 0.03 99.92 0.001
TQUV ¥y 0.01 0.03 99.96 0.0003 I
Peach Bottom AE v 0.002 0.03 99.97 0.0001 I
| TC2 v 0.02 0.03 99.95 0.0004
— — — — — — — — — — — — — — — — — — — — — — — — — — — il
Sequoyah TBA 0.21 0.03 99.76 0.004
Surry TMLB’ y 1.9 0.03 98.0 0.03
AB vy 24 0.03 97.5 0.03

5182 &  ERIHRFO pH L2 BB L2 WEA O & O FLFPhE
(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 (0) I () CH,I (g)
| Grand Gulf TC y 26.6 153 58.0 02 |
TQUV y 6.6 183 75.1 0.06 I
|
Peach Bottom AE vy 1.6 21.6 76.8 0.01 I
| TC2 ¥ 109 18.0 710 0.07
— — — — — — — — — — — — — — — — — — — — — — — — — — — d
Sequoyah TBA 69.2 9.9 20.5 0.4
Surry TMLB' y 97.1 15 07 07
ABy 976 12 06 06

5 18-3 % NUREG-1465 & R.G. 1. 195 (2B1T % L 9 EDLFEIEREE OIFEIEEIS D Lk

NUREG-1465 R.G.1.195
R & 5 R 4. 85% 91%
Zer PE 0. 15% 4%

AR /NN 95% 5%
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F19-1F£ MAAP#HTHER KON UR E G-1465 O it El&

MAAP NUR E G-1465*
i A #30.95 1
I #10.78 0. 30
Cs #70. 37 0.25

% NURE G-1465 @ Table3. 12 [Gap Release] MK T® [Early In-Vessel] DfE®DFN
(NUR E G-1465 TlZ, [Gap Release], [Early In-Vessel |, [Ex—Vessel | KT Late In—Vessel |
DEFEGHER 7 = — X% L TR FIFREAR RN ~O I EIE 2 5 2 TV 5 ARGl S 4130
TR N RE DMERTDRBE CHBINEK T 5720, iR Ras B ERTE TOF LS O
ZHETET 5 [Gap Release] KX [Early In—Vessel] OfEZHAWS,)

05

EMAAP
08 -~

% NUREG-1465

0.7

0.6

0.5

04

0.3

0.2
01

% 19-1 JFEF SRR AN A 2R P~ DT EI G 0 i
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5 20-2 GBI BE O BEAM xF G2 5 AL (JaLTH])
(TR A SR E N LEESER O, S &R AN)
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5 20-3 Hh ok f) 4 2 A B O RE A R R G AL (AL
BCHIR - -4 e B AR, BFATG R« op SRl 48 52 o)
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5 20-4 RSy 0 REA k52 5 ar (J&LTA) )
(TR« R R aE R eE, P - B A D)
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B 20-1 £ FEEA SIS I T D A KT B K OVFE 6f R B oD B A SR
S 5 FH x5 FH of
BRI . | o A B HIL (x./Q) (D.,/Q)
it & @ B (s/n*) | (6v/Ba)
=1 SW, WSW, W,
K& AN 2 SR A e WNW, NW, NNW, 3.7X10 4 8.8X1071°
. (55m) N, NNE, NE : :
MRSy (9 /L
FE 7378 hz)
LE SSW, SW, WSW,
. . AN W, WNW, NW, - :
MR | AR (45m) NNV, N. NNE 3.7X10 4 9.4x101
(9 /L)
=1 S, SSW, SW,
BRI RORAESE L WS W, WNWL o a | g g g
i (10m) NW, NNW, N : :
(147 (9 H4L)
3 . @R AN WSW, W, WNW, - .
%2 GBI B (15m) N¥. NN N 8.2X10 4 2.9X10°18
(9 FL)
El E o o
Epy%ﬂﬁf)qj'b (1j§4j) 3.0%X10° |8.8X10°2°
2B % | TEERE
H B
. HEEHAD W . )
3 NGB (110m) (1 F ) 3.0X10°6 | 9.0x10°2°
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X3 HFEFHTAMBEZHONS OO T, #iE<

Al FE (WD I TRED

WBLZTROBAEDHARE SNTVEUTORE Y Hl Lk,

(/' = 1o, '[exp{ (5;;") ‘>+exp{%ﬂ ...... G.11)
(x/Q), WeZli DA (sim’)
z AR RS ()
H CHOHR O S SRR A E S (m)
U, ) 7 o EGE (m/s)
o, RERLC, REDAK T H IO
WA 37 A—A (m)
o, BER G, REOSE D
YA S A—H ()
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5202 FHXTEE K OFE xR E ORISR (1/3)

(K& A S o T2 7 728 U 2 & i)
T P S5 FH AR
PR B BATEES PR S BAEEES
(%) (s/m?) (%) (Gy/Bq>
i 96. 990 #93.7x10 ¢ 96. 990 #8.8x10 !9
fE 97. 001 3. 7x10 ¢ 97. 001 #)8.8X10 19
?;i 97.013 3. 7x10 ¢ 97.013 #)8.8x10 19
A 96. 990 #3.7x10 ¢ 96. 990 #19.4x10 19
JE’ 7 — 4 Y — 19
e 97. 001 £ 3.7X10 97. 001 £ 9.4X10
I 97.013 #)3.8x10 ¢ 97.013 #9.4x10 19
55 20-2 & FEORHIR BE K OVAH E R & O REARG SR (2/3)
(R i)
T P B R
SRR H BB T BATEES SRR H BB T AT Al i R
(%) (s/m3) (%) (Gy/Bq)
i 96. 990 #8.3x10* 96. 990 2. 9><10*1 8
fE 97. 001 #78.3x10 ¢ 97. 001 #2.9x10 18
ﬁ 97.013 #8.3x10 ¢ 97.013 #32.9x10 '8
ZE: 96. 990 #8.2x10 * 96. 990 #2.9x10 18
% 97. 001 #8.2x10 ¢ 97. 001 #2.9x10 18
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55 20-2 3 FHSOHIR EE M OV 6f i B O FEAIAS S (3/3)
(FEH 7 2 AL B B
FH T P B P R
SRR H BB T BAITEES SRR H BB T AT A 5 R
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A 96. 994 #3.0x10 ° 96. 994 #19.0x10 20
pLES v . 7 —20
o 97. 006 #13.0X10 97. 006 #9.0X10
B 97.018 #3.1x10 ° 97.018 #19.0x10 2°
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Fig. 4 Dry deposition velocity as a function of particle size. Data were obtained from a number of
publications.'* =*# The theoretical curve appropriate for a smooth surfzce is shown for comparison.
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[B%E1-1 NUREG/CR-5901D#F

so-called "quench" temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,0O 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 carefuily 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 = 2.2 g/em’) from the concrete and
UO,(p = 10 glem®) or Z10, (p = 5.9 g/em?) 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 § 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: :

ow) (1-8) fore <05 }
0T {o(w) (1+Sj for e > 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 um 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 particie size is taken here to be uniformly
distributed over the range from In (0.25 pm) = -1.39 to In (2.5 um) = 0.92.

(§8Y) metric 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
water present vary between 1.6 and 3,2, An argument can be made that the geometric standard
deviation is positively correlated with the mean size of the aerosol. Proof of this correlation is
difficult to marshall because of the sparse data base. It can also be argued that smaller
geometric standard deviations will be produced in situations with water present, It is unlikely
that data will ever be available to demonstrate this contention. The geometric standard deviation
of the size distribution is assumed to be uniformly distributed over the range of 1.6 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 the course of core debris interactions with concrete,
UO, 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, X,0, Al,0; Si0,,
and CaO 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 density was taken to be too weak and insufficiently supported by experimental
evidence to be considered in the uncertainty analyses done here.

(13) Initia! Bubble Size. The initial bubble size is cafculated from the Davidson-Schular
equation:

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

D, = 0.0105 ¥{o, /g(p,~p 1"

where the contact angle is assumed 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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%3£1-2 STATE-OF-THE-ART REPORT ON NUCLEAR AEROSOLS,
NEA/CSNT/R (2009) 5D ¥ K UGBk oA 25

9.2.1 Aerosols in the RCS

QMJ!E!

The experimenters conclude that spherical particles of around 0.1 to 0.3 pm formed (though their
composition was not established) then these agglomerated giving rise to a mixture of compact particles
betweenin 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 % Sn, 33 % Cs). Neither break down of composition by particle size nor
statistical size information was measured.

9.2.1.2 | PBF-SFD

Further interesting measurements for purposes here were six isokinetic, sequential, filtered samples located
about 13- m from the bundle outlet. These were used to follow the evolution of the aerosol composition and
to examine particle size (SEM). Based on these analyses the authors state that particle geometrical-mean
diameter varied over the range (elimination of the first filter due to it being early with respect
to the main transient gives the range 0.32-0.56 pm) while standard deviation fluctuated between 1.6 and
2.06. In the images of filter deposits needle-like forms are seen. Turning to composition, if the first filter
sample is eliminated and “below detection limit” is taken as zero, for the structural components and
volatile fission products we have in terms of percentages the values given in Table 9.2-1.

922 Aerosols in the containment

9.2.2.1 | PHEBUS FP

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO0 of 2.4 um at
the end of the 5-hour bundle-degradation phase growing to 3.5 pm before stabilizing at 3.35 um; aerosol
size in FPT1 was slightly larger at between 3.5 and 4.0 um. Geometric-mean diameter (dsg) of particles in
FPT1 was seen to be between a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the lognormal distribution was fairly constant at a value of around
2.0. There was clear evidence that aerosol composition varied very little as a function of particle size
except for the late settling phase of the FPT1 test: during this period, the smallest particles were found to
be cesium-rich. In terms of chemical speciation, X-ray techniques were used on some deposits and there
also exist many data on the solubilities of the different elements in numerous deposits giving a clue as to
the potential forms of some of the clements. However, post-test oxidation of samples cannot be excluded
since storage times were long (months) and the value of speculating on potential speciation on the basis of
the available information is debatable. Nevertheless, there is clear evidence that some elements reached
higher states of oxidation in the containment when compared to their chemical form in the circuit.
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2.2.2  Meadow grass and crops
Elemental iodine

Methy! iodide

There are fewer data for methyl 1odide than for elemental iodine. but all the data mdicate that
it is pootly absorbed by vegetation, such that surface resistance is by far the dominant resistance
component. The early data have been reviewed elsewhere (Underwood, 1988; Harper er al, 1994) and
no substantial body of new data is available. The measured values range between 107 and 10~ m s
approximately. Again, there are no strong reasons for taking 7, to be a function of windspeed, so 1t 15
recommended that v, 1 e a constant. Based on the linuted data available, the ‘best judgement’

as to the chemical species of the iodme, it 15 clearly safest to assume that 1t 1s all in elemental form from

. . . 4 -1 . .
value of v, 15 taken as id the ‘conservative’ value as 107 m s Where there is uncertainty

the viewpoint of making a conservative estimate of deposition flux.

223 Urban

Elemental iodine

Methv iodide

There appear to be no data for the deposition of methyl iodide to bwlding surfaces: the
deposition velocity will be limited by adsorption processes and chenucal reactions (if any) at the
surface, for which specific data are requared. No recommendations are given m this case. For vegetation
within the urban area (lawns and parks etc), it 1s recomumended that the values for extended grass
surfaces be used.
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