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£1-9 HEITVHBERAIAL A T~ BOFEMIZH WS
FERE AR (30 HFEH)
RFEZRLF = L I~ AR R R . (Photons)
(MeV/dis) (MeV/dis) 7 FR e J 2K KB Tk e
0.01 0.0 < E = 0.01 #79.67x10'° 5 1.50%X 10"
0. 02 0.01 < E = 0.02 #1.72X10' %7 1.33%x10"
0.03 0.02 < E = 0.03 #5.72X10'7 %7 5.99x 10
0. 045 0.03 < E = 0.045 #7.78X10M 9 1.42X10'°
0. 06 0.045 < E = 0.06 0.0 0.0
0.07 0.06 < E = 0.07 0.0 0.0
0.075 0.07 < E = 0.075 0.0 0.0
0.10 0.075 < E = 0.10 #8.21x10% #79.27x10"7
0.15 0.10 < E = 0.15 #1.48%x10'® %7 2.36%x 10"
0. 20 0.15 < E = 0.20 7 4.92x10" #2.46X10'7
0. 30 0.20 < E = 0.30 #15.02%x10% #11.94%x10'7
0. 40 0.30 < E = 0.40 #17.93%X10% #3.76X10'7
0. 45 0.40 < E = 0.45 5 1.50%X 10" %7 8.34%x 10"
0.51 0.45 < E = 0.51 #73.54%X10" 5 2.40% 10
0.512 0.51 < E = 0.512 #52.03x10'® ¥ 1.15%x 10
0. 60 0.512 < E = 0.60 #2.05%X10% %) 6. 65X 106
0.70 0.60 < E = 0.70 #7.86%X10% %9 4.70X 101
0. 80 0.70 < E = 0.80 7 4.91%x10% ) 4.73%X10'6
1.0 0.80 < E = 1.0 1.74%X10% % 2.08%x10'0
1.33 1.0 < E = 1.33 7.22X10" 1 2.11X10'
1.34 1.33 < E = 1.34 #4.02x10'° %) 8.54x10"
1.5 1.34 < E = 1.5 ) 6.43x10" #3.99x 10"
1.66 1.5 < E = 1.66 #4.60x10'® %7 5.20X 10
2.0 1.66 < E = 2.0 #1.25%x10" #6.33Xx10"
2.5 2.0 < E = 2.5 ) 2.77x10" 5 2.10x10'°
3.0 2.5 < E = 3.0 #78.24X10'7 1 1.49X 10"
3.5 3.0 < E = 3.5 #72.23%x10'° 5 7.08%X10"
4.0 3.5 < E = 4.0 0.0 5 2.31%x10%
4.5 4.0 < E = 4.5 0.0 %7 8.63X 10"
5.0 4.5 < E £ 5.0 0.0 0.0
5.5 5.0 < E = 5.5 0.0 0.0
6.0 5.5 < E = 6.0 0.0 0.0
6.5 6.0 < E = 6.5 0.0 0.0
7.0 6.5 < E = 17.0 0.0 0.0
7.5 7.0 < E = 7.5 0.0 0.0
8.0 7.5 < E = 8.0 0.0 0.0
10. 0 8.0 < E = 10.0 0.0 0.0
12.0 10.0 < E = 12.0 0.0 0.0
14.0 12.0 < E = 14.0 0.0 0.0
20. 0 14.0 < E = 20.0 0.0 0.0
30.0 20,0 < E = 30.0 0.0 0.0
50. 0 30,0 < E = 50.0 0.0 0.0
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(1) Yk

A AR P aF B, ROBFRPEERTHD,

figan 6.2.1 EHERER

= AEnE | Ao~ RERIw
o R ' vy
8m o 1.83 h 0.53 0.0025
85m g 4.48 h .31 0.159
8 10.73 v .29 0.0022
L 76.3 min 2.54 0.793
8 ro 2.80h 3.58 1.950
el TL.8d 0.040 0.020
i Yo 225d 0.19 0.042
3 ye 5.29d 6.77 0.045
i 15,65 min 1.06 0.0432
2 9083 h 6.63 0.250
W 14.17 min 6.285 1.183
M.y 806 d 2.84 0.381
132 2.28 h 4.21 2253
By 20.8 h 6.77 0.608
1My 52.6 min 7.6l 2.750
B 6.61 h 6.41 1.645

(2) ZoOfhokzfE

REAERAINTEITBEETL, HIR0 10 28 L, BRHA S~ IR F ¢
0.05MeV Ll LaHRF I35,
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AL

Al H

i s EE A (B

BIHE 2

Ba1—7R HEE v T oS ORFAFGE PR R OREHED OB Sh BN RAERH O 2BV

AR R | A oD | R AR | AR | SR &
0 8| BHEER v Rk B R A R (1 —131 Cy BRO.5MeV |{ @ B0.5MeV | IBANFHE| (1 131 (v #0.5MeV | ( 3 #0.5MeV
L =@m|  mEw|  RRW sEm)|  REW| B
(%) {a" (MeV) (MeV) (Bg/g) {Bg/g) (Bg/g) (Bq/g) (Bg) (Bq) (Bq) (Bq)
=131 2.84 860%107% 0.381 0.195 1.8x10° 1L8x10° | #13x10° | Mesx 0 740x 10" | 740 10" | #9564 x 10" | #3289 10"
1—132 421 7.30 2253 0.498 #1.72100 | #91.0%10° | B7.8%10° | #MLTXI10° | 491.10% 10" | 643 10" | #4.94> 10" | #9100 10"
1—133 6.77 8.00X%107"| 0.608 0.416 #1.2x10° | #2.1x10° | #91.5%10' | BLoX10" | #9176 10" | #9208 10" | #92.15% 10" | #91.47x 10"
1—134 761 1.90x10' | 2.750 0.599 F3.5%10" | #35x100 | B919X10° | #4.2X10° | B91.98x 10" | #1.98 10" | #11.09x 10" | #42.38x 10"
—135 6.41 252 1.645 0.382 #91.9x10" | #56x10° | M62X%10" | BILS%I0* | #167x10" | #4.89x 10" | #9549 10" | #9128 101
Br—83 0.53 6.96 0.0075 0.331 #2210 #3.2x10' | BWL4x10° | M138x 1M #2.07%10" | #9.14x 10"
Br— 34 097 3.14x 10" 1.742 1.208 a3 10 #1sx0' | #@10x10* | #253x10" #1881 10™ | #96.11x10"
Mo—99 613 |249x107' 0.6 0.42 w2 Brix10? | #19xi10® | #951.60x 10" #5012 10" | #9134 10"
Tc—99m 540 276 0.13 0.011 o3 10° 2.4 10° | #20x10° | #1141 x 10" #73.66 10" | #13.10% 10"
e A = = — — = H45X10° | #3107 | #99x10" | $91.06x10" | #9110 10" | #92.58 x 10" | #aR.S8 > 10"
Kr—83m 0.53 2.0% 0.0025 0.037 #3276 10" #1.38x 10" | #2.04x 10"
Kr—85m 1.31 7 0.159 0.253 #96,83 % 10" #2.17%10" | #3.45%10"
Kr—85 029 |L77x107Y 00022 0.251 #4.51 10" #1.98% 10" | #2.26% 10"
Kr—87 2.54 131%10' | 0.793 1,323 132 10" #9210% 10" | #3.50% 10"
Kr—88 3.58 5.94 1.950 0.377 #1187 10 #7.28 10" | #91.41 x 10"
Xe—13Im 0.040 |582%10°4 0.020 0.143 ¥2.08x 10" #8.34x 10" | #9596 < 10"
Xe—133m 0.19 3.08%107" 0.042 0.190 #19.90x 10" #8.32x 10" | #3.76 10"
Xe—133 6.77 L31x107"  0.045 0.135 #3.53x 10" #9318 % 10" | #19.53x 10"
Xe—135m 1.06 638%10' | 0432 0.095 #95.52x 10" #94.77x10"% | #1.05x 10"
Xe—135 6.63 1.83 0.250 0.316 #1346 10" #91.7310" | #5218 10"
Xe—138 628 | 704x10' | 1183 0.611 #3.27% 10" £7.74 10" | #4.00% 10"
o 2 aEt - - - - - - - - #1510 % 10" = #91.99% 10" | #91.26 10"
e S - - = B #4510 | #37%10° | #9.9%10° | #9258 10" | #5110% 10% | #a57x 10| 212 10"
b e i
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BIHE 3
WX FHEICH W D = 2L ¥ —Z 250 T (3R

WLk M AR (y)

% X s ¥ s (X+v) @
4
L f ;2 AR R A 2 A S B B
" b £ TRAK | mRAX Fy TAAK | ¥ gL+e aA¥ | xxa ¥
‘1 Exn Even Eta EYen ExtE)w | ExHE) e
L] L]
i (photous | (MeV' (MeV (photons | (MeV (MeV) N, + | (photons | (MeV: (MeV.
! S T plioiony TS - Q] T pliSion TS dis)] y i
: “Kr 1. 83h 0.53 1] 0,176 0.012 0. 0020 21 0.049 0. 0096 0. 00047 6]0.224 0.011 0. 00256 1
1
H i
: “Kr 1. 48h 131 710,064 0.013 0. 00081 651 0.895 0. 176 0. 158 12 | 0.959 0. 165 0. 159 1
1
1
: “Kr 10, T3y 0.29 0 1] 0,0043 0.514 0. 0022 1] 0.0043 0.514 0. 022 :
1
1
1| “Kr | 76. 3min 2.54 1] 0.0012 0.013 0. 000016 19| 0. 822 0. 964 0. 793 20| 0.824 0. 962 0,793 i
! 1
: “Kr 2. 80h 3,53 1] 0,080 0,013 0, 0011 1434 1.949 64 1.439 1. 355 1. 950 :
“Kr 4. 18min 1. 63 0 1. 123 2. 067 299 | 1. 840 1.123 2. 067
"Kr 32, 32s 1. 69 0 103 ] 1. 689 0. 784 1. 325 103 | 1, 689 (. 784 1. 325
' L e - .
1] Xe | 11,94 0,010 1] o.621 0.027 0,017 1]0.020 0. 164 0, 0033 5]0.641 0,031 0, 020 !
H 1
: Hexe 2.256d 0.19 1]0.647 0,027 0.018 1]0.103 0.233 0.021 510,750 0. 065 0, 042 1
1
1
: Xe 5.29d 6. 77 1]0.528 0.029 0.015 3]0.3714 0. 081 0. 030 7] 0.902 0. 050 0. 045 :
1
1
1| "*Xe | 15.65min 1. 06 1]0.151 0.027 0. 0041 1]o.812 0. 527 0.428 5 0. M8 0. 432 :
H 1
1] #xe | 9.08n 6.63 1]0.040 0,032 0. 0016 13| 0. 946 0. 262 0. 248 1 0. 250 :
o | 3.83min 6.13 1] 0.0024 0. 032 0, 000076 191 0,334 0, 543 0. 181 50 | 0,336 0, 540 0, 181
R PR P e ——— g L (Ll S I
: “Xe | 1. 17min 6.28 1]0.093 0,014 0, 0013 0,978 1. 182 7|1 0, 909 1. 183 :
“Xe | 39.5s 5. 16 0 0, 553 0. 850 22211 1.538 0, 563 0. 850
e o R y)
1% X i L (X +y) i
e ! :’;5 8| KRG | P | E o | ARk | MG | v DN S N RS T Lol e
- b £ npAK | wpay F, CHRAK | R L+ rRAK | TRAX
p Exa Exen Eoa Eoen EHE) o | B E )
i L]
(%) (photons | (MeV (MeV (photons | (MeV (MeV (photons | (MeV (MeV
. o N dis) photon) dis N, ] -
: B 2. 39h 0. 53 0 610001 0.0075 610,014 0. 0075 :
- 6, Omin 0,019 ] 6] 3010 764 613010 0, 920 2,769
R PR JE S ———}y
: "By | 31 Smin 0.97 0 50 1,099 1§ 1.742 50 | 1,099 1, 585 1742 :
) 2. 87min 1. 50 0 a3 0.077 0, 840 0, 065 310,097 0. 810 0, 065
Ll 595 1. 66 0 191 1, 802 1. 875 3. 379 19 | 1. 802 1. 875 3.379
B 56,7 2.20 0 71 1.001 1. 526 1. 528 71 1001 1. 526 1. 528
™ LAT>x 10y | 0. 66 1|0 702 0. 030 0,021 1] 0075 0, 040 0. 0030 210,777 0. 041 0, 024
" 8. 06d .81 210,058 0. 026 0, 0051 15 ] 1. 005 0, 381
b/ 2, 28h 0 57| 2.952 2.253
W] 20080 6,77 0 28] 1039 0. 608
1) 0,13 210114 0, 0032 10911 0, 228
b 52, bmin 7.61 0 89| 3. 187 0. 863 2.750 89 0, B63 2. 760
i 6. 61h 6.11 0 90 L2 1. 645 90 1121 1. 645
b 83 2.93 0 16 2. 168 16 2. 168
e 1 A6 2. 11 2o 13 0, 027 0, 0036 1] 2.880 0, 659 1. 897 6 1. 901
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B & A BOMN A
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2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 | “F¥)fE 1991 O#AR

[ ER TR | x A
N 6.78 6.42 4.08 4.87 6.19 7.63 7.40 7.86 6.30 6.35 6.39 3.32 9.19 3.58 X
NNE 372 3.90 2.58 4.16 2.76 2.82 2.98 221 2.09 2.52 2.97 3.97 4.67 1271 O
NE 3.58 3.15 2.49 322 4.67 4.19 4.66 3.60 3.09 3.05 3.56 7.22 5.29 1.84 X
ENE 6.15 5.46 5.00 5.69 7.48 5.44 6.40 5.78 5.53 4.50 5.74 3.61 7.67 3.81 X
E 4.48 5.99 523 6.04 6.99 545 6.57 6.57 5.96 5.06 5.83 2.94 7.67 3.98 X
ESE 2.67 2.81 2.30 321 2.83 2.33 2.46 2.68 2.72 1.66 2.57 4.02 3.56 1.59 X
SE 4.61 5.99 5.17 5.05 6.44 5.02 592 6.12 543 4.80 545 5.76 6.93 3971 O
SSE 1.67 1.97 2.19 1.91 2.13 1.86 1.97 2.18 1.58 1.90 1.93 3.34 241 1.46 X
S 291 247 3.16 2.68 3.01 3.34 3.36 391 3.48 3.80 321 4.62 431 2.12 X
SSW 7.84 6.91 7.98 6.65 527 6.86 5.62 731 731 7.15 6.91 6.55 8.97 4841 O
SW 12.07 11.53 16.25 13.46 11.77 13.45 11.53 12.58 15.60 1527 13.37 7.61 17.60 9.14 X
WSW 3.88 3.41 4.86 442 3.14 4.73 421 4.08 4.66 4.98 424 423 5.71 2781 O
W 12.01 10.50 11.59 12.47 11.03 11.71 12.16 11.99 11.77 12.45 11.77 12.67 13.23 10.31 O
WNW 14.06 15.20 15.26 13.55 11.14 10.93 9.78 9.64 9.95 10.12 11.98 18.84 17.44 6.52 X
NW 5.19 6.01 5.09 5.40 6.27 7.41 6.59 6.55 7.30 8.19 6.38 4.11 8.81 395 O
NNW 2.99 2.89 2.09 2.04 2.28 3.09 2.34 2.09 2.55 224 2.46 3.20 3.40 152 O
CALM 5.40 5.37 4.69 5.17 6.60 3.76 6.04 4.87 4.66 5.96 523 3.98 7.17 328 O
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#6—3 FHREXR (BH) (BEm 70m)

& A BOMN A A

1 (S 70m, M5 10m)
SREHEAR - N A SS
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2002 4= 1 A ~20114 12 H

(%)
pr=s [
wr 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 | FHAME ® ’Eifg AR 5 ;J%E’E#R

JEGE (m/'s) LR TR | <FEA
0.0~0.4 5.40 5.37 4.69 5.17 6.60 3.76 6.04 4.87 4.66 5.96 523 3.98 7.17 328 O
0.5~14 34.04 34.09 31.73 33.29 38.00 3573 40.82 38.53 37.30 39.08 36.20 25.93 43.16 29.25 X
1.5~24 29.75 28.20 28.64 30.49 28.23 31.70 29.52 28.47 30.39 28.80 29.44 29.84 3221 2668 O
2.5~34 16.45 16.81 17.14 16.74 14.32 16.95 13.26 15.18 15.24 15.79 15.81 16.85 18.85 1276 O
3.5~44 8.41 8.58 9.44 8.46 7.54 7.88 6.84 7.66 747 6.76 7.92 9.94 9.89 5.95 X
4.5~54 3.59 4.06 4.72 3.68 3.46 2.55 2.14 3.42 3.35 2.35 3.35 5.79 523 1.47 X
55~64 1.28 1.81 2.25 1.42 1.34 0.97 1.02 126 1.17 0.99 1.36 3.58 231 0.41 X
6.5~7.4 0.65 0.66 0.86 0.56 0.35 0.30 0.27 0.41 0.33 0.18 0.46 2.35 0.97 -0.05 X
7.5~84 0.25 0.36 0.32 0.15 0.11 0.09 0.04 0.15 0.08 0.05 0.16 1.03 0.43 0.11 X
8.5~94 0.11 0.05 0.16 0.02 0.03 0.03 0.04 0.03 0.00 0.01 0.05 0.48 0.17 -0.07 X
9.5LL 0.06 0.01 0.06 0.00 0.01 0.02 0.01 0.01 0.00 0.00 0.02 0.23 0.07 -0.03 X
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2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 | EHME 1991 OHAR

A R | OFBR | x3s
N 2.61 2.85 2.05 233 2.73 3.15 2.89 3.12 3.15 2.57 2.75 241 3.61 188 O

NNE 3.27 3.43 2.11 3.16 3.70 3.64 3.77 3.84 2.82 2.66 3.24 3.45 4.58 1.91

NE 7.31 7.60 4.20 6.63 7.85 8.08 9.13 7.12 5.48 6.41 6.98 6.98 10.29 3671 O
ENE 6.50 7.58 573 6.35 7.88 6.27 6.40 6.37 6.55 5.90 6.56 428 8.16 4.95 X
E 525 5.99 5.47 5.56 7.59 5.32 6.49 6.23 5.29 4.69 5.79 4.90 7.5 38| O
ESE 2.70 3.53 2.97 3.35 3.43 2.63 3.06 3.55 3.25 2.67 3.12 2.33 3.97 2261 O
SE 2.69 2.78 2.07 2.30 3.13 2.64 2.84 3.04 3.60 2.07 2.72 427 3.87 1.57 X
SSE 3.55 3.53 2.84 3.40 4.26 345 3.77 3.81 3.17 2.85 3.47 3.90 4.50 2.43 O
S 3.12 3.49 2.81 3.05 3.60 2.77 3.84 3.92 3.00 3.29 3.29 426 4.26 231 O
SSW 4.52 4.85 6.46 4.87 4.49 531 513 521 5.37 4.43 5.07 8.97 6.49 3.64 X
SW 7.77 8.00 11.13 8.4 6.85 8.42 7.01 8.03 10.79 9.54 8.59 6.67 12.06 513 O
WSW 6.31 4.59 6.04 521 4.99 5.07 4.58 4.74 5.96 6.00 5.35 7.01 6.92 3.77 X
W 8.24 6.35 9.38 7.96 6.86 8.03 7.68 8.11 9.40 9.59 8.15 7.83 10.70 5.61 O
WNW 15.11 14.49 17.51 18.32 13.32 14.88 12.86 14.19 13.60 15.58 14.98 18.58 19.16 108| O
NW 15.64 15.19 14.56 14.34 14.93 15.76 15.83 14.00 13.57 17.17 15.08 9.44 17.59 12.58 X
NNW 3.95 4.02 3.30 2.70 2.95 3.62 3.29 3.35 3.51 3.24 3.39 2.89 4.36 243 O
CALM 1.48 1.73 1.37 2.03 1.44 0.98 1.44 1.39 1.48 1.35 1.47 1.83 2.11 0.83 O




#6—5 FEHRER (HE) (B 175m)

9-9

B OE A BN B S (B 175m, M1 B 71m) 1991 4E 11 A ~1992 4E 10 H
FERTHAR - BN B s (B 175m, MBS 71m) 2002 4F 1 H~2011 4 12 A
(%)
e a4 W A 2R R *leui“
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 NASEEN 1991 OFHR
JELH (ny/s) BB TR | XIEH
0.0~0.4 1.48 1.73 1.37 2.03 1.44 0.98 1.44 1.39 1.48 1.35 147 1.83 211 083 O
0.5~14 9.43 8.36 7.98 8.18 10.11 8.36 10.99 8.87 9.64 9.20 9.1 7.71 11.38 684 O
1.5~24 12.93 13.70 12.09 12.06 15.86 12.66 15.36 14.10 14.75 13.93 13.74 12.48 16.87 10.61 O
25~34 14.26 14.48 1332 12.39 14.62 15.09 1491 15.12 14.79 14.98 1439 13.76 16.49 1230 O
3.5~44 12.70 13.10 12.70 12.33 11.94 14.10 12.74 13.00 12.16 12.46 12.73 13.48 14.15 1130 O
45~54 10.22 10.40 10.27 10.16 933 10.24 8.91 9.83 10.28 10.89 10.05 10.97 11.39 871 O
5.5~64 8.46 7.95 8.74 9.00 7.87 8.79 7.94 7.75 7.62 8.29 8.24 9.28 9.39 7.09 O
6.5~74 733 6.79 745 743 6.09 727 6.67 6.47 630 6.58 6.84 6.77 8.03 566 O
7.5~84 5.89 532 5.89 6.18 532 6.08 5.8 5.18 5.58 5.60 5.63 535 6.49 478 O
8.5~9.4 462 456 449 5.68 4.04 473 4.19 474 459 457 4.62 451 5.65 359 O
950k 12.69 13.60 15.69 14.56 13.38 11.71 11.55 13.55 12.81 12.15 13.18 13.87 16.22 10.13 O




L-9

& 6—-6 FEARER (EA) (FFER 70m)

B E AR BN A S (B 70m, MRS 10m) 2012 45 1 H ~2012 45 12 A
FEEHIIR ¢ BN A SR (B T0m, M B 10m) 2002 45 1 ~2011 4 12 A
(%)

pr 2002 2003 2004 2005 2006 2007 2008 2009 2010 011 | g | BEF SRR %E

SE(EN 2012 O

[ RR TR | xR
N 6.78 6.42 4.08 487 6.19 7.63 7.40 7.86 630 6.35 639 6.73 9.19 358 O
NNE 372 3.90 2.58 416 2.76 2.82 2.98 221 2.09 2.52 2.97 2.50 467 127] O
NE 3.58 3.15 2.49 322 4.67 4.19 4.66 3.60 3.09 3.05 3.56 3.24 5.29 184 O
ENE 6.15 5.46 5.00 5.69 7.48 5.44 6.40 5.78 553 450 5.74 6.13 7.67 381 O
E 448 5.99 523 6.04 6.99 5.45 6.57 6.57 5.96 5.06 5.83 6.23 7.67 398 O
ESE 2.67 2.81 230 321 2.83 2.33 2.46 2.68 2.72 1.66 2.57 2.41 3.56 159 O
SE 4.61 5.99 5.17 5.05 6.44 5.02 592 6.12 543 4.80 5.45 6.49 6.93 3971 O
SSE 1.67 1.97 2.19 1.91 2.13 1.86 1.97 2.18 1.58 1.90 1.93 2.19 241 146 O
S 291 2.47 3.16 2.68 3.01 334 3.36 391 3.48 3.80 321 5.18 431 212 X
SSW 7.84 691 7.98 6.65 527 6.86 5.62 731 731 7.15 6.91 745 8.97 484 O
SW 12.07 11.53 1625 13.46 11.77 1345 11.53 12.58 15.60 1527 13.37 10.95 17.60 90.14| O
WSW 3.88 341 4.86 442 3.14 473 421 4.08 4.66 498 424 4.00 571 278 O
W 12.01 10.50 11.59 12.47 11.03 11.71 12.16 11.99 11.77 12.45 11.77 11.42 13.23 1031 O
WNW 14.06 15.20 15.26 13.55 11.14 10.93 9.78 9.64 9.95 10.12 11.98 9.27 17.44 652 O
NW 5.19 6.01 5.09 5.40 6.27 741 6.59 6.55 7.30 8.19 6.38 752 8.81 395 O
NNW 2.9 2.89 2.09 2.04 2.28 3.09 234 2.09 2.55 2.24 246 2.43 3.40 152 O
CALM 5.40 537 4.69 5.17 6.60 3.76 6.04 487 4.66 5.96 523 5.86 7.17 328 O




8-9

#6—7 FHRELR (H0H) (BEm 70m)

BOE AR OB A S (B 70m, MR 10m) 2012 4E 1 A ~2012 4E 12 A
FEEHIIR ¢ BN A SR (B T0m, M B 10m) 2002 45 1 ~2011 4 12 A
(%)
s . \ 5
e 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 | ¥ *ﬁzﬁ fﬁ el C;F TJ%/'E?R
JE G (m/s) BR TR | x3EH
0.0~04 5.40 5.37 4.69 5.17 6.60 3.76 6.04 4.87 4.66 5.96 523 5.86 7.17 328 O
0.5~1.4 34.04 34.09 31.73 33.29 38.00 35.73 40.82 38.53 37.30 39.08 36.20 38.52 43.16 29251 O
1.5~2.4 29.75 28.20 28.64 30.49 28.23 31.70 29.52 28.47 30.39 28.80 29.44 30.05 3221 2668 O
2.5~34 16.45 16.81 17.14 16.74 14.32 16.95 13.26 15.18 15.24 15.79 15.81 15.76 18.85 1276| O
3.5~44 8.41 8.58 9.44 8.46 7.54 7.88 6.84 7.66 7.47 6.76 7.92 6.46 9.89 595 O
45~54 3.59 4.06 4.72 3.68 3.46 2.55 2.14 342 3.35 2.35 3.35 2.30 523 1471 O
5.5~6.4 1.28 1.81 2.25 1.42 1.34 0.97 1.02 1.26 1.17 0.99 1.36 0.71 231 0.41 O
6.5~74 0.65 0.66 0.86 0.56 0.35 0.30 0.27 0.41 0.33 0.18 0.46 0.21 0.97 -0.05 O
7.5~8.4 0.25 0.36 0.32 0.15 0.11 0.09 0.04 0.15 0.08 0.05 0.16 0.10 0.43 -0.11 O
8.5~9.4 0.11 0.05 0.16 0.02 0.03 0.03 0.04 0.03 0.00 0.01 0.05 0.03 0.17 007 O
9.50L | 0.06 0.01 0.06 0.00 0.01 0.02 0.01 0.01 0.00 0.00 0.02 0.00 0.07 -0.03 O




*6-—8 FEAREXR (EH) (FEH 175m)

6-9

R OE A PN B S (B 1756m, M1 B 71m) 2012 4 1 H ~2012 4 12 A
FCRTHHART ¢ BN B S (B 176m, 1B 71m) 2002 4 1 H ~2011 4F 12 A
(%)

pr 2002 2003 2004 2005 2006 2007 2008 2009 2010 011 | g | BEF SRR %E

SE(EN 2012 O

[ R TR | xR
N 2.61 2.85 2.05 233 2.73 3.15 2.89 3.12 3.15 2.57 2.75 2.68 3.61 188 O
NNE 327 343 2.11 3.16 3.70 3.64 3.77 3.84 2.82 2.66 3.4 3.03 458 191 O
NE 731 7.60 420 6.63 7.85 8.08 9.13 7.12 5.48 6.41 6.98 741 10.29 367 O
ENE 6.50 7.58 573 635 7.88 6.27 6.40 6.37 6.55 5.90 6.56 6.66 8.16 495 O
E 525 5.99 5.47 5.56 7.59 532 6.49 6.23 5.29 4.69 5.79 5.99 7.75 384 O
ESE 2.70 3.53 2.97 335 343 2.63 3.06 3.55 325 2.67 3.12 332 3.97 226 O
SE 2.69 2.78 2.07 230 3.13 2.64 2.84 3.04 3.60 2.07 272 2.9 3.87 1571 O
SSE 3.55 3.53 2.84 3.40 426 345 3.77 3.81 3.17 2.85 347 428 4.50 243 O
S 3.12 3.49 2.81 3.05 3.60 2.77 3.84 3.92 3.00 3.29 3.29 3.83 426 231 O
SSW 4.52 485 6.46 487 449 531 5.13 521 537 443 5.07 5.65 6.49 364 O
SW 7.77 8.00 11.13 8.44 6.85 8.42 7.01 8.03 10.79 9.54 8.59 7.46 12.06 513 O
WSW 631 459 6.04 521 4.9 5.07 458 474 5.96 6.00 535 434 6.92 3771 O
w 8.24 635 9.38 7.96 6.86 8.03 7.68 8.11 9.40 9.59 8.15 721 10.70 561 O
WNW 15.11 14.49 17.51 18.32 13.32 14.88 12.86 14.19 13.60 15.58 14.98 14.76 19.16 1080 O
NW 15.64 15.19 14.56 14.34 14.93 15.76 15.83 14.00 13.57 17.17 15.08 15.14 17.59 1258 O
NNW 3.95 4.02 330 2.70 2.95 3.62 3.29 335 351 3.24 339 3.66 436 243 O
CALM 1.48 1.73 1.37 2.03 1.44 0.98 1.44 1.39 1.48 135 147 1.60 2.11 083 O




#6—9 FEHRER (HE) (B 175m)

o E A BN B s (BEE 175m, H#t BE 7im) 2012 4F 1 ~2012 4F 12 H
FEEFHIRT - BN B A5 (B 176m, HU BE 71m) 2002 45 1 H ~2011 4 12 H

01-9

(%)
R s 2 HI PR R HIE

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 | M 2012 O

JELEE (m/'s ) R TR | XFEH
0.0~0.4 1.48 1.73 1.37 2.03 1.44 0.98 1.44 1.39 1.48 1.35 1.47 1.60 2.11 0.83 O
0.5~14 9.43 8.36 7.98 8.18 10.11 8.36 10.99 8.87 9.64 9.20 9.11 9.22 11.38 684 O
1.5~2.4 12.93 13.70 12.09 12.06 15.86 12.66 15.36 14.10 14.75 13.93 13.74 13.84 16.87 10.61 O
2.5~34 14.26 14.48 13.32 12.39 14.62 15.09 14.91 15.12 14.79 14.98 14.39 13.48 16.49 1230 O
3.5~44 12.70 13.10 12.70 12.33 11.94 14.10 12.74 13.00 12.16 12.46 12.73 12.56 14.15 1130 O
45~54 10.22 10.40 10.27 10.16 9.33 10.24 8.91 9.83 10.28 10.89 10.05 10.28 11.39 8.71 O
55~6.4 8.46 7.95 8.74 9.00 7.87 8.79 7.94 7.75 7.62 8.29 8.24 8.39 9.39 709 O
6.5~7.4 7.33 6.79 7.45 7.43 6.09 7.27 6.67 6.47 6.30 6.58 6.84 7.07 8.03 566 O
7.5~84 5.89 5.32 5.89 6.18 5.32 6.08 5.28 5.18 5.58 5.60 5.63 5.89 6.49 4.78 @)
8.5~9.4 4.62 4.56 4.49 5.68 4.04 4.73 4.19 4.74 4.59 4.57 4.62 423 5.65 3591 O
9.5L |k 12.69 13.60 15.69 14.56 13.38 11.71 11.55 13.55 12.81 12.15 13.18 13.43 16.22 10.13 O




*6—-10 FHHWER (EFA) (RS 70m)

i A N A S (BEE T0m, BB 10m) 2012 4E 1 H ~2012 4 12 H
FEEHHIE - EHhN A G5 (B 70m, HEEE) 10m) 2008 4F 1 H ~2018 4F 12 H

I1-9

(%)
E x|

WE 2008 2009 2010 2011 2013 2014 2015 2016 2017 2018 | Fi9E ﬁjﬁ? oo S&%ﬁ

B [a M LBR TRR | <
N pio 5. 736 6.31 §.34 3.99 627 716 9.08 713 147 7.06 §.73 9.2% aga| O
NNE 251 221 210 152 187 194 293 3.80 375 304 269 230 442 pes| O
NE 446 360 310 304 313 313 116 312 32 260 336 34 160 | O
ENE 6.10 5.78 5.53 449 527 181 542 7.19 7.02 761 3.92 6.13 8.40 345| ©
E §.33 657 5.06 5.05 §.49 567 563 3.86 418 171 537 623 831 | O
ESE 237 268 172 166 161 193 155 214 214 1.77 227 24 318 135] O
SE 5.74 6.12 5.2 480 540 6.17 564 440 3.06 137 5.12 §.40 7.35 2881 O
SSE 2.0 218 1.58 189 174 188 139 40 353 394 255 219 487 024 O
8 3.43 391 347 381 390 433 5.40 5.8 384 376 4 5.18 576 | ©
SSW 367 731 7.30 715 182 5.06 6.16 748 1.4 6.3 6.89 745 839 5181 O
SW 1188 12.58 15.58 15.20 1335 15.46 15.41 14.38 1720 1490 1458 10.95 18.36 1080 O
WSW an 108 4.66 497 437 6.68 8.0t 6.34 115 7.16 5.78 3.99 9.26 28| O
w 12,67 1199 11.75 12.46 1267 12.80 9.68 020 10.69 8.1 1132 11.42 14.84 80| O
WNW 10.04 962 902 10.11 9.61 859 6.23 §.42 147 10.98 8.90 928 12.83 8| O
NW 6.84 6.33 720 823 736 5.66 368 i3l 3.06 3.36 5.57 132 10.18 086| O
NNW 132 2.09 256 224 141 236 271 313 149 346 257 243 338 155] ©
CAIM 3.79 487 472 3.3 6.11 6.43 6.60 §.23 6.90 6.79 6.04 343 7.80 271 O




F6—11 FAWER (BEH) (e 70m)

i A N A S (BEE T0m, BB 10m) 2012 4E 1 H ~2012 4 12 H
FEEHHIE - EHhN A G5 (B 70m, HEEE) 10m) 2008 4F 1 H ~2018 4F 12 H

¢1-9

= 7

oo 2008 2009 2010 2011 2013 014 2015 2016 2017 2018 iE ﬁﬁ? R HRT S&Iﬂgﬁ

BLiE (m's) = LRR | FER | <&
0O0~04 im 487 472 595 611 6.43 6.60 6.23 690 6.79 6.04 583 7.80 427 O
B3~14 3084 3833 3731 38:13 4087 3837 40.79 374 710 377 3881 38.51 42 15 3547 O
15~24 20.60 ¥ ¥ 3033 288 2815 2973 5007 5n 2973 3007 2956 3002 31.72 2740 O
2534 1384 15.18 F5.23 153.70 14.06 1521 1484 1497 1568 1857 14902 13.76 1642 1542 O
3344 723 1.66 146 6.74 6.97 622 g0 6.19 6.87 6.7 6.81 6.47 8.17 343 Q
435~34 2235 342 3.35 2135 230 1212 1.49 253 240 241 230 230 382 L1% O
55~64 1.03 I26 117 0.99 093 063 027 107 1.01 099 004 D71 162 026 O
ay—74 031 E ) 0.33 0.18 028 021 0.03 049 D40 S 031 e | 0.63 -0.02 &
T5~84 0.03 013 0.08 0.03 0.09 0.03 0.01 0.17 0.09 019 009 0.10 023 003 A,
25~04 0.03 0.03 0.00 0.0l 0.02 001 000 Dol 004 D035 002 D03 0.06 -002 &
9511 £ 0.0 0.0 0.00 0.00 0.00 000 0.00 em 0.0 o0 0 000 0.02 -0.01 F,




K612 FHRUER (BA) (RS 175m)

W o A PN B S (BEE 176m, #RE 7im) 2012 4E 1 H ~2012 4E 12 H
RN - BN B A (B 175m, HO B 71lm) 2008 4F 1 H ~20174F 1 HE T
HeHhPy A 5 (BEE) 175m, Hb b 115m) 2017 4F 1 H ~2018 4F 12 HE T

c1-9

. (%)
= 5

i 2008 2000 2010 2011 2013 2014 2015 2016 017 0is | FHE ﬁjﬁ? ol Cﬂgﬁ

B e LR TR | oz
N 289 312 313 257 231 201 138 25 2.16 314 268 268 3.68 167 ©
NNE 3T 384 282 266 176 215 313 281 6.40 6.55 367 3.03 735 002 O
NE 9.13 712 5.48 §.41 463 452 713 7.60 742 882 684 741 10.48 m O
ENE 6.40 6.37 6.53 590 6.28 5.79 6.33 6.69 4.08 351 381 6.66 35 07| ©
E 6.49 623 5.20 169 £.90 5.54 5.58 451 280 232 5.07 5.99 8.64 148| O
ESE 3.06 153 323 167 3.74 3.54 3.58 176 1.80 234 3.0 332 451 1571 O
SE 284 3.04 360 207 334 278 2.70 195 196 293 282 290 402 162 O
SSE 7 381 317 285 3.30 436 331 3.43 162 3.44 3.42 418 454 2 O
s 384 392 300 320 307 289 3.06 363 337 3.70 337 383 417 248| O
SSW 513 521 537 443 393 357 450 521 8.18 742 527 5.65 873 12| O
SW 701 803 10.79 9.54 2.36 8.40 847 2.03 g.13 8.16 830 746 11.00 619| O
WEW 458 474 5.96 6.00 466 5.86 538 544 726 784 5.75 434 232 gl O
w 7.68 811 9.40 9.50 240 834 £.06 720 11.65 10.03 g2.02 | 12.06 57| O
WNW 1236 1419 13.60 15.58 13.31 15.18 1333 13.17 1851 16.66 14.60 1476 1295 10235 O
NW 15.83 14.00 13.37 717 19.01 1830 16.79 1780 833 8.49 14.98 15.14 2412 584| O
NNW 320 333 331 3N 433 386 374 5.26 170 378 371 366 537 5| ©
CALM 144 138 1.48 133 1.53 1.74 182 101 1.53 113 1.45 1.60 2.02 087| ©O




#6—13 FAWER (REH) (s 175m)

W o A PN B S (BEE 176m, #RE 7im) 2012 4E 1 H ~2012 4E 12 H
WEEHUIRT - BN B AL (B 175m, HEEE 71m) 2008 4F 1 H ~20174F 1 HE T
HeHhPy A 5 (BEE) 175m, Hb b 115m) 2017 4F 1 H ~2018 4F 12 HE T

1-9

(%)
E )

. 2008 2009 2010 2011 2013 014 2015 2016 2017 2018 FHE ﬁjﬁ? ik S&EE?E

L7 (ms) S LR TER | x4
00~04 144 i3 1.4 133 .55 1.74 182 im 1.53 15 1.43 1.60 202 0.87 2
B3~14 10,99 887 064 920 036 087 016 T.18 g.43 016 220 232 11:52 6.87 2
15~24 13.36 1210 1473 1393 1381 1277 1339 1150 10.39 1109 1514 1384 17.03 913 O
2534 1491 1512 1479 1458 1363 13.10 1396 14.16 11.72 13.36 120 13.48 1631 1150 O
3344 12.74 13.00 12.16 12.46 12.68 1192 11.4% 12.30 1217 13.01 1239 12.56 15.35 11.24 Q
435~34 89 023 1028 10.89 082 BIT 9.69 1035 1064 10.76 10.10 1028 11.56 264 #
55~64 04 1.5 162 829 1.80 843 2.03 g03 1055 033 248 830 10.59 632 O
ay—74 667 647 6.30 6.38 6.70 T8 6.39 .53 830 8.83 717 707 2.0 465 &
T3~84 328 518 3358 5.60 3.73 6.03 inl 682 P b 6.67 308 380 7.58 437 O
25~04 419 474 459 437 476 im i 307 5480 374 502 473 6.40 363 O
1 7 o8 1155 1355 1281 12135 14.06 1428 1325 12.1% 1224 10.68 1310 1343 16.48 271 O
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el DN IEBG i E OB AL DR TE T A,




=L

7 —3 i BB R R O FF A % G 05 L O & E
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el DN IEBG i E OB AL DR TE T A,
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=T EZREE W O R 6 5 057 L 0 & E

(B sl PR 7 e —7 o hoix L,
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(B sl PR 7 e —7 o hoix b,

AP A R H)

el DN IEBG i E OB AL DR TE T A,




01-L

T—9 R I BT RS OO BEA R 5 L D R E
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[Standard Review Plan 6.5.5) (#k#Y)

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 _Ih_e:'sle

' DF values claimed by the applicant for removal of particulates and elemental iodine are!

; |
110 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.

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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- BAPLWHAY AT LIS T L, FRFPFEHAOv @3y a =0
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HEd k1 : 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 Ts flow rate is fairly high until 148. 5min, then the rate(and incoming T»
concentration) decreases. These decreases cause the pool scrubbing to become less

effective at the iodine concentrations of pool.

15—1 SPARC 35 H (B#EF{E DF)

UKAEA K% T POSETDON (2 TAT 7=
HWELORBIZHT LA T TIZXDBRERRITONWT, UKAEA*? K O POSEIDON*?
ICBWTERM TN TS, ERERZREZK 156—2 ROK 156—3, FEBRFEM K OERE
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IR 5 3R
%4 : “State-of-the—art review on fission products aerosol pool scrubbing

under severe accident conditions” , 1995
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#15—1 EBEKM
Program Aerosol Aerosol Carrier Stcam mass | Water Pool Injector
size, pm fluid fraction temp., °C | pressure
Csl L7237 N, + 0.008 - 25
ACE CsOH 1.6-28 steam 031 | 83 ambient sparger
MnO 1.7-2.3
Csl 0.2-3.0 | air, Nyor - ambient single
EPRI TeO, 04-27 | 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
Espaiia steam 0.85 (abs.) orifice
-multior.
SPARTA Csl 0.7 air 4+ N, 0 close to ambient 2 orifices
saturation
UKAEA Cr/Ni 0.06 air + 0.25 - ambient ambient 4 orifices
steam 0.96 (downco-
mers)
R e = = e - TR
UKAEA 1, vapour - airand/or | 0-1 ambient ambient 4 orifices
steam {(downco-
mers)
POSEl- | I, vapour - N, 0 ambient | ambient | -single
DON orifice |
T (epepegey epepage prpepegey Spnpegegy Qepepepe Fpeege 5 a .
# 156—2 FEHBRHER
Experiments Species tested DF range
Cs 145 - 3000
ACE Mn 11 - 260
1 47 - 1500
DOP 6-12
EPRI Csl, TeQ, 1.4 - 1600
Sn 110 - 6800
EPSI Csl 2100 - 3300
GE Eu,0, 68 - 2900
Csl T7-10
JAERI DOP 10 - 150
LACE-Espafla Csl 16 - 3000
SPARTA Csl r b
UKAEA R 1 P e gt e g e o ol 5a 1680 9
.k 14 - 240 .
POSEIDON R 20 -300 000 |
—_—

* Only one test performed.
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Sr0 ¥4 #1.8X10°° ) 4.7x10°°
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M; x WCIS X Fegi(T) + (MCS — M X WCIS) X Feson(T)

MCS

B M;  Wes
= Feson(T) + —— X —— X (F¢gi1(T) — Fesou(T))
Mes W
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%% 3 MAAP ENTFE R L UINUR E G-1465 O HEI A& 12> W T

WXL T ~DFGE N K EWERICKTT D MAAP NS R O'N U R G-1465 @ fig &
BEFI6—8 IR T, X16—8 D LBV, Cs KT IZTHOWTIE MAAP T RS D A K
T, £, HHAWCHOWTIE, NUREG-1465 OBHEIED TR RKE VWD, Zhidk
WA D REBEH2 OB ERER STV AT, RAFEAKCIVFELAEEARTD L
THELWNICREERIREDBREIN M GFET 0B XD,

F 16—8 MAAP fEMT#E SR L OXNUR E G-1465 O g EIS

MAAP NURE G-1465%%
i A %7 0.98 1

I #10.76 0. 30

C s #10.38 0.25
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EO)FOIFHRREICH T HHFEEEEGE LT, R.G 1.195 “Methods and Assumptions
for Evaluating Radiological Consequences of Design Basis Accidents at Light
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DIZXt L, A E O FRIXFEROIRB R Z FIAD N &b, Ji 7 JF A7 a5~
DHHEOBEN I AL OFZORENEETH D,
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DRRETL, BE LT,

NUREG-1465 Tix, X9 FOLFEEEFEOHFEFAICE LT pH 2 7 RO %A
TOEENREORLIE TIERVWDE, KOROMFIEELEOFKEICE L T, NUREG/CR-
5732 “Iodine Chemical Forms in LWR Severe Accidents” Z g L T\ 2%, NUREG/CR-
5732 TIE, pH & L9 FOFEFGITHR DI MA & LT, pH DK FITfE > THEE X 5 FE~
DERHEI S NS M A 2R+ & b2, pH HERREINIZBEAERD R IRV
BENENIZONT, ERFHEFKFEO LI FFRECEHL TEHEEDO T T MIXT 5
FEAf 24T TV D,

pH AN IN TV IHAEOREREEZE 171, pH HERNREINWHEOER %
F17T—212779, BUR 7T > hT&H 5D Grand Gulf KN Peach Bottom @AM 3 Tld,
pH ZFHEIN TV DLEAIL, FEE2EN 1 Lo TR FREIHI>FBICRDIOIZH LT,
pH VI N TV WIEEITIE, BEEX O FE (T RREHREKIR) &2 HE A HM
T5, o, AL O FIZTHONTH, pHEINLTWA2HEEEV L, pH#EILTW
BRWGEEDHNR, TVEZIRIERPRINTND,

IOEHIE, BEBREMBEORREELEFEZEEL LS B OFMO AL,
NUREG/CR-5732 T/rR &35 pH f{HE & T 72\ Grand Gulf & OY Peach Bottom O At
FERICEDFOFHEBEN TN &, X< M EORTFHESE S EE L oY) 72 5E
FMEEHZRETHLE, EVIHIBANLELL, £17T-3 12T R.G6.1.195 DX 5 FEof
FIEEOGFERGEZHWNDS Z & & LT,
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F17T—1 BERFHEEFO pHFAELZHADO L 5> BLFERE
(NUREG/CR-5732, Table3.6)

Table 3.6 Distribution of jodine species for pH controlled above 7

Fraction of total jodine in containment (%)

Plant Accident L (g) L (0) I (9 CH,I (g)
| Grand Gulf TC ¥ 0.05 0.03 99.92 0.001
TQUV y 0.01 0.03 99.96 0.0003 I
Pcach Bottom AE y 0.002 0.03 99.97 00001 I
| TC2 y 0.02 0.03 99.95
—— — — s — Pri— — — — — — — — — — — — — — — — — - — — P— — -
Sequoyah TBA 0.21 0.03 99.76 0.004
Surry TMLB' ¥ 1.9 0.03 98.0 0.03
AB y 2.4 0.03 975 0.03

=}
=%

F17T—2 BEREKHEO pHFABEZZELZ2WEAED X > RILFEE

(NUREG/CR-5732, Table3.7)

S

Table 3.7 Distribution of jodine species for uncontrolled pH

Fraction of total iodine in containment (%)

Plant Accident L (g L (9 I CH,I (g)
l Grand Gulf TC v 26,6 153 58.0 02
TQUV y 66 18.3 75.1 0.06 |
|
Peach Bottom AE y 1.6 21.6 76.8 0.01 I
| TC2 y 109 18.0 710 0.07
—-— — — — — — — — —-— - —_— — — — — — —-— — — — — — — — c— — — H
Scquoyah TBA 69.2 29 20.5 04
Surry TMLB' v 971 15 0.7 0.7
AB vy 976 12 0.6 0.6

#17—3 NUREG-1465 & R.G. 1. 195 I BT 5 X 9 FO(LFEEE D FIEE S O g

NURE G-1465 R.G.1.195
MR X 5 SR 4. 85% 91%
EER; PN 0. 15% 4%

AR SN /NI 95% 5%
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(Il A =S A S ZE R SR R )
FE I FH S R
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?f‘/iﬁ 97. 00 % 5.8%10 ° 97. 00 W 4.6x10 1
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Ta—7 Y 97. 00 #1.5x10°° 97. 00 % 6.0X10 18
a2 96. 99 1 1.5X1073 96. 99 $16.0Xx107 18
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ENVIRONMENTAL EFFECTS

1
vesssherses 0.47-1.6 cm Gravel, u, = 22 cm sec™', Sehmel et al. (1974)

'@!5 T lllll, 7 LRI Tt T
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[ +e=s=ew@-= Filter paper, u, & 24 cm sec™!, Clough (1973) | ot
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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 surface is shown for comparison,
Note that the theoretical curve is strongly dependent on the value for 4« and that Eq. 22 does not
contain a parameterization for surface roughness. For a preliminary study of the effect of surface
roughness and other factors, see Ref. 5.

26— 1 fRARRIRICRBIT 2 EILEEE (Nuclear Safety Vol. 19%2)

*%1:J.L. Sprung % : Evaluation of severe accident risk : quantification of major
input parameters, NUREG/CR-4451 Vol.2 Rev.1 Part 7, 1990

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

Calculations, Nuclear Safety Vol.19 No. 2, 1978
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%#1-1 NUREG/CR-5901 Dy

so-called "quench” temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,0 are too slow to maintain chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively "frozen" at the equilibrium composition for the "quench” temperature.
Experimental evidence suggest that the "quench” temperature is 1300 to 1000 K. The value of
the quench temperature was assumed to be uniformly distributed over this temperature range for
the calculations done here.

(6) Solute Mass. The mass of solutes in water pools overlying core debris attacking concrete
has not been examined carefully in the experiments done to date. It is assumed here that the
logarithm of the solute mass is uniformly distributed over the range of In(0.05 g/kilogram
H,0) = -3.00 to In(100 g/kilogram H,0) = 4.61.

(7) NVolume 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 g/em?) or Si0, (p =2.2 g/em?) from the concrete and
U0, (p = 10 g/em®) or ZrO, (p =359 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/cm°. The upper limit is chosen based on the
assumption that suspended UO, will hydrate, thus reducing its effective density. Otherwise, gas

sparging will not kecp 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:

g

o(w) (1-5) fore <05 }
" low) (149 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 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 particle size is taken here to be uniformly
distributed over the range from In (0.25 um) = -1.39 to In (2.5 um) = 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
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,

U0, with a solid density of around 10 g/cm® is the predominant aerosol material. As the
mleracnon progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/cm® and condensed products of concrete decomposition such as Na;0, X,0, Al,O; 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 1s 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) Initial Bubble Size. The initial bubble size is catcutated from the Davidson-Schular
equation:
n yo4
Db = [E) —— cm
- PLE)

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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%% 1-2  STATE-OF-THE-ART REPORT ON NUCLEAR AEROSOLS,
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9.2.1 Aerosols in the RCS

QNJIEHI

The experimenters conclude that spherical particles of around 0.1 to 0.3 pum formed (though their
composition was not established) then these agglomerated giving rise to a mixture of compact particles
betwec in 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.

nglﬁaﬂl

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 um) 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.

9.2.2 Aerosols in the containment

9.2.2.1 | PHEBUS FP

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 um at
the end of the 5-hour bundle-degradation phase growing to 3.5 um before stabilizing at 3.35 pum; acrosol
size in FPT1 was slightly larger at between 3.5 and 4.0 pm. Geometric-mean diameter (dso) of particles in
FPT1 was seen to be bctwccn| 0.5 and 0.65 pmi 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 acrosol composition varied very little as a function of particle size
except for the late settling phase of the FPT]1 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 elements. 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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NRPB-R322 ANNEX-A [2.2 Todine] D¥if

2:2.2 | Meadow grass and crops ‘

Meithvl iodide

There are fewsr data for methyl iodide than for elemental iodinz, but all the data indicate that
it 15 poorly absorbad by vegetation. such that surface resistance is by far the donunant resistance
component. The early data have been reviewad elsewhere (Underwood. 1988; Harper er @l 1994) and
no substantial body of new data is available. The measured values range betwesn 10% and 107 m ¢
approximately. Again. there are no strong reasons for taking 7, to be a function of windspeed. so if is
recommended that v, 13 taken 1o be a constant. Based on the limited data available. the “best jndgement’
value of v41s taken as ﬂmi the *conservative’ value as 107 m s~ Where there is ung ertainty
as 10 the chemical species of the iodme. il is clearly safest 1o assuane that it is all in elanental fonn fom
the viewpom of making a conservative estimate of deposition flux.

2.2.3 Urban
Methyl odide
There appear to be no data for the deposition of methvl 1odide to bwilding 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 reconmendations are given in s case. For vegetaiion
within the wban area (lawns and parks etc). it is recommended that the values for extended grass
surtaces be used.
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