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#£2.8.2 HHTOHHI=—Y—%

e Y e S &tﬂ#l_ l} ——ﬁ
S  TAVEMT S (B) T=xXGOK 5 — X 649C 77— 650A

1 H 3 G4 8E+04 0. 0. 0.

2 R4 22 L950E+03 .15E-03 .20E-05 .17E-03

3 7 24 .625E+00 J11E+01 .14E-01 L12E+01

4 AR 41 .763E-01 0. 0. 0.

5 M 54 . 280E+03 0. c. 0.

6 co 58 L 713E+02 0. 0. 0.

7 co 60 .192F+04 0. 0. 0.

8 KR B3 .775E-01 .32E+03 L 2BE+03 .21E+04

g KR g5 .187E+00 . 52E+05 JGGEFO5 +22E+06
10 KR 85 . 3BOE+04 L11E+06 .BSEHD5 .1BE+06
11 KR 87 »528E~01 . 43E+03 L3TE+03 «5DE+03
12 KR 88 .117E+00 LT7E+C4 .61E+04 .64F+05
13 5R 89 . 506E+02 .13E+03 . 24E4+00 15FE+03
14 SR 90 . 102E+05 .52E+01 L69E-02 <57TE+01
15 Y 30 . 2705401 .533E+01 .70E~02 .5BE+01
16 Y 91 . 590E+02 . 26E+03 .35E+00 L29E403
17 ZR 95 .655E+D2 . I4E+03 L45EH00 .3BE+03
18 NB 95 « 350E+02 .33F+03 J43E+00 <36F+03
19 RU 103 . 4D0E+02 4DE+03 .53E+00 CGLEH03
20 RU 106 . 368E+03 .178+03 < 22E+00 <19%+03
21 SB 125 L997E+03 .26E+01 .34E-D2 L28E+0L
22 TE 129% . 341E+02 L18E+01 .24E-C2 .20E+01
23 TE 129 .48B0DE-01 LGBE+02 .54E-01 JLEEHDZ
24 TE 132 .325E+01 . 28E+03 .37E+00 - 30E+03
25 1 130 . 513E+00 0. 0. 0.
26 1 131 «80SE+0L . T4E+06 .64E+D6 +29E+06
27 1 132 . 100E+00 .35E+03 LS4E+H02 56E+03
28 I 133 .B71E+00 JLLE+06 . 37E+06 16E+06
29 1 135 .279E+00 .LBEHOS J41E+05 .28E+05
30 XE 131% .11BE+02 0. 0. 0.
31 XE 133% .226E+01 0. g. 0.
32 XE 133 .527E+01 o 45E+08 L 34E408 .72E+08B
33 XE 135 < 383E+00 - 65E+D7 . 50E+07 .14F+08
34 cs 134 - .752E403 .10E+05 .8BE+04 A2EH04
35 cs 136 <129E+02 .27E+05 < 23E+05 J11E+0S
36 cs 137 .110E+05 . S4E+DS L46EHO5 «22E+05
37 BA 140 .12BE+02 . 35E+03 L4BE+00 .38F+03
38 LA 140 .166E+01 . 358+03 LBE+00 <38E+03
39 CE 141 .32BE+02 36403 JATEHFO0 J39E403
40 CE 143 L137E+01 +3LE+03 .40E+00 .33E+03
41 CE 144 . 285E+03 _18E+03 . 24E400 <20E+03
42 PR 143 <136E+02 L3324+03 43E+00 «36E403
43 PR 164 .120E-01 .18E+03 L24E+00 19E+03
44 ND 147 110E+02 .16E+03 .20E+00 .17E403
45 PM 147 .94L9E+03 JL2E+02 .55E-01 JLBEH02
46 PU 238 . 314EH05 . 24E+01 .32E-02 L27E+01
47 PU 239 .BB7E+07 . 81E+00 .11E-02 .8BE+00
48 PU 240 < 2L1E+07 .B5E+00 L11E-02 .93E+00
49 PU 241 LLBIE+04 .16E+03 . 20E+00 .17E+03
50 Py 242 +139E+09 .18E-02 .24E-05 L20E~02
51 AM 241 .15BF+06 . 32E+00 LA2E-03 .35E+00
52 AM 243 . 269E+07 0. 0. 0.
53 o 242 L163E+03 L91E+0L L12E-0L .10E+02
54 cM 244 L 653E+04 L13E+00 L17E-03 L15E+00
55 Mo 99 . 275F+01 » JBE+03 .S0E+00 JALE+03



#2.8.2 EETOHHEIF=—V—#% )

. . B 1 — ) —#
&5 T7A4Vr—T ¥BM (B) m—agrop F—R 6500 Z—Ab5IA
1 H 3 LGLBE+O4L 0. 0. 0.
2 NA 22 .950E+03 27504 L2TE-05 . S0E+00
3 NA 24 L625E+00 L17E+00 L17F-01 LGOE+D4
4 AR 41 .763E=01 0. n. 0.
5 M S . 280F+03 0. 0. 0.
6 co 58 L713E+02 a. n. n.
7 co 1) .192F+04 n, 0. 0.
8 KR 834 .775F=01 J20E+04.. . 19E+04 LT3F+06
9 KR 85% J187E+00 J22F+H06 . 22F+06 L 20F+07
10 KR. 85 .ISOE+04 .1RF+06 L18F+06 . 89F+05
11 KR 87 .528E-01 JLGEHN3 LALFH0D L20F+07
12 KR 88 L117E+00 LBLEHNS LBLT+0S L F4NT
13 SR ]Y L50RE+02 24402 LA2EH00 L44F+DA
14 SR a0 L102F+05 L91F+0N L9LF=N2 L17EH05
15 Y 50 S270E+01 LQ4F+0N L92E-N2 L17F+05
16 Y 91 .590E+02 ALBE+N2 JLEEHN0 . B6F-+0A
17 7R g5 .635F+02 L6OF+02 .59F+00 L11E+07
18 NB a5 .350E+02 L5TE+02 LS6FHN0 L11F+07
19 RU 103 A40DE+D2 LTIEHN2 L 70E+N0 L 13F+07
20 RU 106 .368E+03 . 30E+02 . 29F+00 .55E+06
21 SB 125 .- 997E+03 LLBEHON JA5E-02 LBSPH04
22 TE 129% J3L1EHD2 L32E+00 L32E-02 . S9E-+D4
23 TE 129 L4BOE-01 .58F+01 L55E~01 . 20TA4N6
24 TE 132 .325F+01 J4BEHD2 ATERO0 . 93F+06
25 1 130 .513E+00 0. 0. 0.
26 1 131 LROSE+0L - J32E+D6 L 32E+06 - 94F+06
27 1 132 . 100E+0N .32E+03 L27E403 . 9BF+N6
28 1 133 LB71E+00 .17E+06 L17E+06 L13F+07
29 I 135 J279E+00. - .30F+05 .31F+05 L12E+07
30 XE 131% J11RE+02 0. n. 0.
31 XE 133% .226E+01 0. 0. 0.
32 XE 133 L527E+01 J72E+08 .72T+0R .38F+08
33 XE 135 .3B3E+00 J14F+08 147408 . 23F+DR
34 cs 134 752E+03 LEEH04 LLTEHOG L12F405
3s cs 136 .129E+02 L12F405 L12E405 L33FH05
36 cs 137 L110E+05 L24E405 .25F+05 L63F+05
37 BA 140 L12BE+02 LBLE+N2 L63F+00 L11F+07
38 LA 140 J166F+01 L61F+02 L6LE+00 L11F+07
39 CE 141 L32BEH02 LRIEN2 LGR2E+N0 L12F+07
40 CE 143 L137F4+01 LS1E+02 .50F+00 J11R+07
41 CE 144 .285E+03 J32E4N2 L3LE+00 . 59F+06
42 PR 143 L136E+02 .58F+02 57E+00 L11E+07
43 PR 144 .120E-01 .31E+02 .3LF+00 LS9F+N6
44 MD 147 .110E+02 L27EHO2 L27E+00 .51F+06
45 PN 147 +949E+03 .T4E+01 LT3E-01 L1LE+H06
46 PU 238 .3L4F+05 JAIEHO0 J42E-02 JTOE+N4
47 PU 239 L887E+07 L14E+00 LI4E-02 L26F+04
48 PU 240 L241E+07 L15E+00 .15E-02 L2BE+04
49 PU 241 .4B2E+04 L27E+02 L27E+00 .S51F+06
50 PU 242 L139E+09 L32E-01 .32E-05 L60F+01
51 AM 161 .158E+06 LSTE-01 .565~01 L11E+04
52 AM 243 L269E+07 0. 0. 0.
53 cM 242 L163F+03 L 16E+01 L16E-01 . ADE+05
54 cM 244 . 653E+04 .238-01 L23F-07 LAIE+H0)
55 MO 99 L275F+01 L65E+02 LBLE+D0 L13E+07



£2.8.2 FHCTOMEHFa—U—# (F)

o= N g s BEXa—1)—5
#S  TAVR—T HBM (B) ZoxErp Ay R6hi0 A 1R

1 H 3 LLLBEANG 0. 0. 0.

2 XA 22 L950E+N3 .36E=01 L34F-02 n.

3 NA 24 LB25F+00 L27E+03 L258+02 .

4 AR 41 L 7R3E-0L 0. 0. 0,

5 MN 54 L2RNF+NT n. n. n,

6 co 58 LTLAF02 0. n. n.

7 co 60 L192F+04 0. 0. n,

8 YR B3% LT73E-01 LYFADR L3LF+NA L2TEHGT

9 ¥R 85% L1R7FE+0N L13F+07 L12E+07 L5IF+07
10 ¥R 85 . JROE+04 LRAF+NS LRGE+NS LASE+D5
11 KR 87 L32RE-NL ANF+0A L71F+NA L90F+07
12 KR AR L117E+00 L19F+07 L1RFE+N7 L11P+08
13 SR 29 . 30AE+02 L31E+05 LLIE4NT L14F407
14 SR g0 LIN2E405 J12F+04 ,12F+02 LLBF4NS
15 Y 9n L27NE+N01 LI2E+04 LL2F+N2 .55F+N5
16 Y 91 LS90E+N2 LALE+0S L3BF+NT L19r+07
17 ZR 95 LAS5FE+N2 LBOE+0S LTREANT .33E+07
18 NB 95 .330F+02 L7RE+05 LT2E+H0R LILEH0T
19 RU 103 LGDOE+02 LGLE+NS LBYE+DD LL2FEH07
2 RU 106 J36RE+D3 JAOEANS 378407 J1BFHOT
21 SB 123 .997E+03 LBDE+0T L57F+01 L27F+N5
22 TE 129% J3ALEHO2 L2E403 LANE+NL _1RF+05
23 TE 129 LL80E-01 L11E+05 L10E+HN] . 76E+06
24 T 132 J325E+01 HREHNS LA2E+NT <30F+07
25 1 130 .513E+00 n. 0. , . 19F+06
26 1 131 .805F+0L .29E+06 L 2LE+DR .16F+NR
27 1 132 L100E+0N L7DE+0S5 L2TE+ND4G .22F+DR
28 1 113 RTIE+DD .18F+06 L11E+D6 L27F+0R
29 1 1358 L279E4+00 .9BE+NS . 25F+05 . I0F+08
3 XE 131% J118F+02 0. : n, JILF+H06
31 XE 133* L226E+0L n, n, L12F+07
32 XE 113 5275401 L37FA0R L 37F+N8 . 39F+08
33 XE 135 L 3B3F+00 L1REHNR LJ17E+H0R LL3F+08
34 cs 134 L7 52F40% A=) TA LITEHOL L14F+0A
35 cs 116 L1298+02 L11F+05 LG3E4+N4 . 39E+06
36 cs 137 J110F+05 L23E+05 L 2NF+N5 LTLF+NA
37 BA 146 L128F+02 JRLF+N5 LALF4N3 . 36F+N7
38 1A 140 L16RE+NT LR1F+N5 LT7FHM . 3GE+NT
39 CE 141 JI28E+07 JALTHNS L 797+ LATE+NT
40 CE 143 L137F+01 L73F+NS5 LAAF+N1 . 3LE+NT
41 CE 144 .2RSFE+07 LL2F4N05 LANFHETD .19F+07
L2 PR 143 LIAE+D2 . T6E+NS L72F8403 TN oY)
43 PR 144 L120F-01 LL2EHDS LAOF40T . 19F+n7
44 ND 147 L110E+02 JIREHNS LT+ . 1AE+N7
45 P 147 L949E+0 L9RE+04 L§3r+N2 LA IEH06
L6 PU 238 LVLLE+GS L37E4ND LS4T+01 . 258405
47 PU 239 JHATE+OT L19E407 JIRF4OL LRIF4N4
48 Py 240 L2L1E+07 L20E+03 L19F+01 LBTF+04
49 PU 241 ALRIEO4 L J6F+05 L EHD] L LGE+DT
50 PU 242 L139E+09 L&IEHO0 LA1E-D2 . 19E+02
51 AM 241 . 158F+NA L75F+02 LTLE+OD LI3E+H0L
52 AM 243 L2480+17 0. 0. L S4F+02
53 CM 247 L1ARTEHND LILE+N4 LA0E+02 L Q4T+NS
S4 CM 244 LASTE+NYL JILE+02 L 29F4+00 CIAFHOL
55 0 29 L275E+0] L GhE+05 LBSENT AR L

2 87



#£2.8.2 FHTOKEF=—U—% Fx)

= o s s BEEX LU =8
#S  TFAVEP—T P () p—aenr s — 2 §508F 7 —R 650CF

1 H 3 JALBERDS L . 0. 0.

2 RA 22 +950E+03 . 15E-03 . 23E-04 .22E-05

3 NA 24 .625E+00 L11E+01 J16E+00 .15E-01

4 AR 41 .763E-01 U o. .

5 M 54 .2BOE+03 0. 0. 0.

6 co 58 .713E+02 o, 0. o.

7 co 60 L192E+04 n. . 0. 0.

g KR 83* «775E~01 L21EH04 + 20E+04 L19E+04

9 KR 85% .187E+00 . J2E+06 J22E+06 . 22E+06
10 KR 85’ . 380E+04 . I18E+06 .18E+06 .18E+06
11 KR 87 .528E-01 . 30E+03 LL4E+D3 L41E+03
12 KR 8s -117E+00 . 64E+DS « 64E+D5 . B4E+05
13 SR 89 .S06E+02 . 13E+03 . 20E+02 . 27E+00
14 SR 90 +102E+05 .51E+01 . 7BE+00 .76E-02
15 Y 50 .270E+01 . 52E+01 . 79E+00 JT7E=02
16 Y g1 .590E+02 . 26E+03 .39E+02 . 38E+00
7 ZR 95 .655E+02 . 34E+03 .51E+02 . 30E+00
18 NB .95 «350E+02 .32E+03 .49E+02 4TE+00
i9 RU 103 J4DDE+02 . 39E+03 . 60E+02 .59E+00
20 LU 106 .368E+03 - (17E+03 . 25E4+02 . 258+00
21 sB 125 -« 997E+03 . 25E4+01 .39E+00 .3BE-02
22 TE 129+ L341E+02 .18E+01 < 27E+00 L27E-02
23 TE 129 .4B0E-01 LGEHDZ LS7E401 .54E~-01
24 TE 132 <325E+01 L 7E+03 LA2E+D2 . 4OE+00
25 I 130 _ J513E+DD o, 0. 0. ,
26 I 131 .BDSE+OL . S1E+04 < S4E+04 .S4E+04
27 I 132 .100E+00 . 30E+03 . S4E+02 .11E+02
28 I 133 .871E+00 L37E+04 .38E+04 37E+D4
29 I 135 .279E+00 L11E+D4 B7E+D3 .84E+03
30 XE 131* .118E+02 0. 0. 0.
31 XE 133%* L226E+01 0. 0. 0.
32 XE 133 .527E+01 . 72E+08 .72E+08" .72E+08
33 XE 135 <383E+00 . 14E+08 .14E+08 .14E+08
36 " CcS 134 752E+03 .70E+02 CTLEF02 .75E+02
35 cs 136 .129E+02 .18E+03 . 20E+03 . 20E+03
36 cs 137 .110E+05 .37E+03 .38E+03 .39E+03
37 BA 140 .128E+02 34EHD3 528402 .53E+00
38 1A 140 J166E+01 . 34E+03 J52E+02 .51E+00
39 CE 141 .328F+02 .35E+03 . S4E+02 . 52E+00
40 CE 143 L137E401 . 30E+403 L45E+02 GLE+O0
41 CE 144 .2855+03 L18E+03 . 27E+02 . 26E+00
42 PR 143 .136E+02 .32E403 L4OE+02 J48E+00
43 PR 144 120E-01 . 18E+03 27E+02 . 26E+00
44 MD 147 .110E402 .15E+03 .23E+02 . 23E+00
45 M 147 .S49E+03 LG1E+02 .63E4+01 .61E-01
46 PU 238 .3L4E+DS . 24E+01 L36E+00 .35E-02
47 PU 239 .BB7E+07 . 79E+00 .12E+00 L12E~02
48 PU 240 L241E4+07 .83E+00 .13E+00 L12E-02
49 PY 241 JAB2E+04 . 15E+03 L23E+02 .23E+00
50 PU 242 .139E+09 .15E~02 .28E-03 .27E-05
51 AY 241 .158E+06 .31E+00 L4BE=-01 L47E-03
52 AM 243 «269E+07 0. 0. 0.
53 M 242 .163F+03 .R9E+01 L 14E+01 J13E-01
54 cH 244 65IE+04 . 13E+00 <20E-01 .19E~03
53 MO 99 <275F+01 L45E+03 . 56E+02 .55E+00




*2.8.3 &K&84%#%t

B2 5 58 % E B & (m/sec)
1 A 5.20E~04% 3.60E-01
2 A 1.10E-02 1.10E+00
3 A 2.62E-02 2.00E+00
4 A 2.45E-02 2.90E+00
5 A 3.96E-02 4 . 30E+00
6 A 2.11E-02 6.70E+00
7 A 3.14E-03 9.50E+00
8 B 5.20E~04 3.60E-01.
9 B 7 .34E-03 1.10E+00
10 B 1.47E-02 2.00E+00
11 R 1.18E-02 2.90E+00
12 B 1.59E-02 4 .30E+00
13 B 1.18E-02 6.70E+00
14 B 1.05E-03 9.50E+00
15 c 1.83E-03 3.60E-01
16 C 6.81E-03 1.10E+00
17 c 9.30E-03 2.00E+00
18 C 7.21E-03 2.90E+00
19 c 1.04E~0D3 4 .30E+00
20 (o 7.47E-03 6 .70E+00
21 c 9. 20E-04 9, 50E+00
22 D 1.85E-02 3.60E-01
23 D 5.54E-02 1.10E+00
- 24 D 5.67E~02 2.00E+00
25 D 4 .52E-02 2.90F+00
26 D 7.31E~-02 4 .30E+00
27 D 3.43E-02 6 .70E+00
28 D 5.11E-03 9.50E+00
29 E 4.67E-02 3.60E~0L
30 E 6.93E-02 1.10E+00
31 E 3.71E-02 2 .00E+00
32 E 2.88E-02 2.90E+00
33 E 3.67E-02 4 .30E+00
34 E 9.56E~03 6 .70E+00
35 E 1.05E-03 9.50E+00
36 F 4.23E-01 3.60E-01
37 F 6 .01E-02 1.10E+00
38 F 2.14E-02 2 .00E+00
39 F 9.17E-03 2.90E+00
40 F 4.15E-03 4 .30E+00
41 F 1.05E-03 . 6.70E+00
42 F 0.0 9.50E+00
43 D 1.02E-01 2 .00E+00

* 5 20x107%, etc &3Fd;
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#2.86 HBRERESR
g 22 (rem/mCi
R _ RmASRE (rem/mCi)
= LHERE RIRER i
[y - P e

TS T b G (remohr-hcitry 30 H 50 & (50 £8) (14F)
H 3 0. 0. 9.24E~-02 1.05E-01 1.05E~01 1.05E~-01
NA& 2 1.50E+01 5.00E-01 1.11E4+01 1.30E+01 1.30E+01 1.30E+01
NA 24 5.60E+01 0.97E+00 1.28E+00 1.28E+00 1.28E+00 1.2BE+00
AR 41 2.00E+01 3.20E-01 o. O. 0. 8.06E-03
MN 54 1.40E+01 2.10E~01 7.58E-02 7.86E-~D1 0. 1.65E+02
co 58 1.40E+01 2.10E-01 6.37E~02 < S9E-D1 0. 1.16E+02
co 60 3.00E+01 5.60E~-01 1.89E~01 1.838+00 0. 6.68E+02
KR 83* 7.00E-01 0. a. 0. 0. 5.19E-04
KR 85* 3.00E+00 3.60E-02 0. G. 0. 2.91E-03
KR 85 0. 0. 0. O. 0. Z.41E-03
KR 87 1.00E+01 3.60E-01 0. 0. 0. 1.53E-02
KR 88 3.00E+01 4.20E-01 0. 0. 0. 3.13E~02
SR 89 0. 0. 9.52E-02 1.09E+00 o. 1.75E+02
SR 90 0. g. 2.55E~-01 7.64E+02 O. 1.06E+03
Y 90 1.00E-02 1.69E-03 6.98E-03 7.01E-03 0. 2.12E4+01
Y 91 1.00E-D2 8.61E-04 1.09E-01 1.55E+00 0. 2.13E+02
ZR g5 1.00E+01 1.90E-01 1.96E-01 2.91E+00 0. 2.21E+02
NB 95 1.02E+01 1.80E~01 7.97E~02 5.26E~-01 c. 6.32E+01
RU 103 7.20E+00 1.10e-01 3.14E~02 8.23E~02 0. 6.32E+01
RU 106 3.00E+00 5.00E~02 1.55E~01 1.09E+00 0. 1.108+03
SB 125 1.10E4+01 1.10E-01 6.81E~-02 1.66E+00 7.34E-03 2.49E+02
TE 129*% 1.50E+00 2.50E~02 6.73E~02 1.98E-01 4.30E-01 1.45E4+02
TE 129 1.50E+00 2.40E-02 1.55E~06 1.55E~06 4,87E-06 2.42E-01
E 132 3.40E+00 5.00E~-02 2.00E-06 2.01E~02 2.37E-02 3.60E+01
I 130 2.90E+01 5.30E-01 6.61E-01 - 6.61E-01 2.18E402 0.

1 131 5.60E+00 9.00E-02 2. 40400 2.56E4+00 1.49E403 0.

1 132 3.40E+01 5.50E~01 1.45E~D1 1.45E-01 5,48E+01 0.

I 133 7.40E+00 1.20E-01 5.65E~01 5.67E~01 3. 66E+02 0.
I 135 2.40E+01  4.20E-01 3.22E-01  3.22E-01 1.17E+02 0.
XE 131 0. 7.78E-04 0. 0. 0. 1.56E~03
XE 133 3.96E+00 7.50E~03 0. 0. 0. 2.04E-03
XE 133 1.00E+00 7.00E~-03 - 0. . Q. 1.537E~03
XE 135 3.00E+00  6.00E-02 0. 0. 0. §.05E-03
€S 134 2408401 3.60E-01 1.71E+01 9.11E+01 0. 1.07+01
Cs 136 3.00E401 5.30E-01 1.15E+01 1.39g+01 0. 1.50E+00
cs 137 8.40E+0O 1.30E-01 8.95E+00 5.36E+01 0. 7.30E+00
BA 140 4, 208400 6.00E~02 1.798~-01 3.21E-01 o. 1.59E+02
LA 140 3.00E+01 5.20E-01 5.73E~03 5.73E-03 0. 1.70E+01
CE 141 1.10E+00 1.60E-02 3.23E~D2 1.91E~01 0. 4, 52E+01
CE 143 4 40E+00 7.20E-02 1.91E~03 1.81E-03 0. 9.98E+Q0
CE 144 6.00E~-01 1.10E-02 2.77E~-D1 2.30E+01 0. 9. 24E+02
PR 143 G. 2.10E-0% 2.81E~02 5.79E+02 - 0. 3.51E4+01
PR 144 7.00E~02 7.80E-03 1.91E~07 1.91E~07 0. 1.27E-01
ND 147 2.00E4+00 3.60E-02 2.70E~02 4.56E-02 0. 2.76E+01
PM 147 0. C. 1.53E~02 31.1BE-00 0. 5.99E+01
PU 238 2.00E-03 O. 4,37E+00 6.95E+04 0. g.21E+04
PU 238 2.00E-03 0. 4. 06E+00 7.B82E4+04 0. 8.59E+04
PU 240 o, Q. 4. 06E+0C 7.80E+04 D. B.59E+04
PU 241 0. 0. 1.73E-01 1.29E+03 0. 7.94E+01
PU 242 0. Q. 3.91E+00 7.53E+04 Q. 8.27E+04
AM 241 3.60E-01 5.00E-03 1.28E+401 6.75E+04 0. 5.33E+04
AM 243 2.560E+00 3.90E-D2 1.21E+01 6.62E+04 0. 5.06F+04
cM 242 1.10E-02 0. 1.65E+01 9. B4E+D2 a. 3.83E+04
M 244 5:80E~03 C. 1.30E+01L 3. 52E+04 0. 5. 36F+04
MO 99 3.80E+Q0 6.10E-02 2.86E-03 2.87E~-03 0. 1.14E401
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2.9

2.9.1
2.9.2

1

2
2.9.1 CRBRP

SSE EVST
SSE 1.5x1074/
2 1.0x10°2/ (30 ) 0.5
(MSB)
2.9.1 7.5x10°7/

2.9-1

(LCCV)

2.9.1

EVST

2.9.1

DG



(RAPS) 10CFR100

10
10CFR100 1%
2.9.3
1
2
20¢/sec
SSE 25 85¢/sec 1
1.0x107%/ 2
7.5x10°7/ CDA 2.9.2
¢/sec
10¢/sec
(40% ) 1 40%
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2.10

2.10.1

CRBRP

CRBRP RSS

CRBRP CDA

CRBRP

CRBRP CDA 1/45,000

CDA

1 RCB

CDA 1/200,000,000

CRBRP

CRBRP

2.10.2 CRBRP

Pc = Pyg X Psg X Pe X Pepy X Pye X Py,

Pc =

Pse = Pye CDA

2.10-1



CDA

Peew = 2 x10

5 x10

CDA

10 10

2.10.1 CRBRP

2.10.1

50

CRBRP

4 x10

10

CDA

13

4 x10

2.10-2

50

CRBRP

95

2 x10

50

13

CDA

95

2.10.1

10



2.10.2

CDA
2.10.1
2.10.9
2.10.2
CDA CDA CDA
1 RCB
RCB
CDA
CDA
CDA 10
2.10.3  CRBRP
1 30
2.10.3
CDA

2.10.4 2.10.5

2.10-3



RCB

2.10.6 CDA

2.10.7 2.10.8

2.10.3
CRBRP 23

2.10.2 12

90

a AC

y LOF

o AC

1 CDA

CRBRP CDA

5 x 10 2 x 10
CDA 5 x10

2.10-4

2.10.9

2 x10

2.10.2

LOF



2.10.2

4 LOF

PPS

SHRS

OBE

CDA

AC

RCB

SHRS

SSE SSE

LOF

PPS

2.10-5

SHRS
SHRS AC
2
CDA
Y
SHRS
CDA



2.10.2 CRBRP

2.10.3

CRBRP

CRBRP

CRBRP

2.10.4 CRBRP

2.10.4

CRBRP

CRBRP

2.10.10 2.10.11

2.10.4 2.10.10

2.10.11

AC
CRBRP
2.10.10
CRBRP
CRBRP

2.10-6

2.10.11

CDA



1.7 x 10

CRBRP

2.10.5 CRBRP

2.10.12  CRBRP

CRBRP CDA

10

delayed overpressure failure

CRBRP

2.10.5 2.10.6

2.10.5 CRBRP

2.10.5 2.10.6

CDA

CRBRP

PWR

CRBRP

4.5 x 10

CRBRP

CRBRP

2.10.13

2 x 10

CRBRP

10

PWR

PWR

CDA

2.10-7

5 x10 /
CRBRP
RCB
2.10.6  PWR
RSS PWR
CRBRP

PWR



CRBRP  PWR
CRBRP
PWR
CRBRP
CRBRP
2.10.6
1
CRBRP
RSS

PWR

CDA

PWR
PWR
CRBRP
PWR
RSS
10

CRBRP

CRBRP

10

2.10-8

PWR

RSS



CRBRP

LMEC
1 2
2
3
SSE
SSE
CRBRP
SSE
SSE SSE
4
CRBRP
5

10

CRBRP 1
RSS

=1

1.0

2.10-9



7

6 -

1
7
CDA TOP-
8
HAA 3A
RCB
puff release

2.10.7

1

2.10-10



12

CDA

CDA

20

12

2.10.7

cloud shine

2.10.14

2.10.1

2.10.15

2.10.3

ground shine

2.10-11

10

20

12



2.3

CRBRP
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3.6
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2.11 CRBRP PSA
19(1985 ) CRBRP  PSA 1977 (2 3 ) CRBRP

PSA DOE Technology for Energy Corporation

Unprotected loss of flow

Unprotected loss of heat sink

Unprotected transient over power

Unprotected loss of sodium

Loss of heat sink -early ( protected) LHSE
Loss of heat sink — late ( protected ) (LHSL)

Loss of sodium ( protected ) LOS

2.11.1 3.6 x 10°°

3.7 x 10 © 3.2 x 10 °°

10%
LOS LHSE

3.3 x 107 95%

2
?
?
2.11.1
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PERMANENT DAMAGING
NON SODIIM

SODILM IN

HCDA - ENERGETICS | MO DAMAGE [FUEL DEBRIS| cAvITY BE- | SEQ END CONDITION
ENERGETIC | JRESENT porential | aEvown Ry [VEAT REWOVA rore ruer | 4
TERMINATION NOT_REACHED POSSIBLE | pemmis

1 D, IN VESSEL
N VESSEL BOTTOM W/Na EARLY
3 VESSEL BOTTOM W/Na LATE
e & VESSEL BOTTOM W/Na EARLY
— s VESSEL BOTTOM W/Na LATE

3 €0, IN VESSEL

7 VESSEL BOTTOM W/Na EARLY
- 3§ VESSEL BOTTOM W/Na LATE

9 0, IN VESSEL W/HEAD LEAKAGE

10 VESSEL BOTTOM W/Ma EARLY

& W/HEAD LEAKAGE
S T VESSEL BOTTOM W/Na LATE
& W/HEAD LEAKAGE
12 VESSEL FAILIRE FROM
MISSILE GENERATION

e 13 VESSEL BOTION W/Na EARLY
b 18 VESSEL BOTTOM W/Na LATE

X 2.11.1  ELEREEFEAC X MY 1) —(CRBRP)
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3 PSA

3.1
PSA
1985
3.2
CRBRP
CRBRP
(IRACS)
1977
3.3
( LOHS
LMFBR

1982 19992

1994

PSA

280MWe 714MWt

2

(SGAHRS)

( CDA
PSA

FBR

) 1

10
2 3
PSA
2
CRBRP
PSA
CRBRP  PSA
(CDA)
ATWS )
LOPI )

PSA



3.4

1975

NUREG 2000

3.2

3.5

MLD

80

3.1

(MLD)

NUREG

PSA



18

OR

MODESTY

ULOF

(

ULOPI

(

UTOP

) UTOP/ULOF ULOF

LORL )

(
UTOP

3.3

ATWS

ULOHS

AND

3.2

ATWS

PLOHS

( LOCC )



BFR  ( Binomial Failure Rate )

SETS

THERP( Technique for Human Error Rate Prediction )

CREDO

3-4



8
50
(ATWS)
3.6
PSA
(FCD)
(

INSAG

25

Basic Safety Principles

PLOHS 25

PLOHS

PSA

PSA

10-

95

RORL

50



1 ATWS

ATWS UTOP, ULOF, ULOPI, ULOHS

PSA 3.3
ATWS ULOF

ULOF 3.4

SUS3D SIMMER-

CABRI TREAT FD/STAR

FP

SAS-3D

SIMMER-

IKE

PICES PLUG

ULOF



ATWS UToP ULOF

ULOHS
ULOF
2 PLOHS
PLOHS SSC
APPLOHS
SIMMER-
PLOHS LORL
3.7

3.5



3.6 CONTAIN

CONTAIN-LMR

3.8

3.8

3.9

3.10

ULOF

3-2 3-3

3.11

ULOF

3-3

ULOF

LMFBR CONTAIN-LMR

CONTAIN-LMR
3.7
ULOF
FP

1/3

1
3-1 3-2

1 2
3.9

FP

1/5

3-1



(CCDF

3.9
CRBRP
CRBRP
3.10 PSA
PSA
1996 PSA
1
CREDO
2.8 10°
2
PSA
SAS3D

FAST 3 RAFT

1995

24,000

FBR

3-2 3-3

(EVST)

PSA

2,200

CORDS; Component Reliability Database)

CABRI

CABRI

1

TREAT



SAS

SAS4A-CITATION

SCARABEE
CAMEL
FCI SIMMER-3
SIMMER-4
3 13
PSA SAS3D SIMMER-2
SAS4A  SIMMER-3
1/3

3-10
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- Asrosol concentration (gr-Na202/m3)
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Time (hour)
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<

B Noble Gas [Z] Volatle FP i} Non-volatile FP and Fuel

? o 2
o o b
- "

107

© v o 9 ¥ 9 @
o o 0 o o o o
- Y rr ™ ™ r

{-) uonoerid 3sea|ay aplonuojpey

O, Ry eee-sseo
IR HTHTRHTN iRy oeze-sseo -

TITRITTTHTHTHTRTREREReE eze-sseio

OEORORORhR eze-eseo -

oLg-sselD -
Jare-sseo
eLg-sse(D
NN oz-sse10

qZ-sse|]

Large-scale
C/V Fallure

Isolation Failure Small-scale C/V Failure

intact C/V

Ny sz 1-ss 8|0

NOTE Classification = 1; In-vessel termination, 2: intact C/V, 31; Isolation failure, 32: Smali-scale C/V failure,

33: Large-scale C/V failure

= a: Sodium spray, b: Early meltthrough, ¢: Late meltthrough
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PSA

SNR-300 CDFR ,

PFR PSA
4.1 SNR-300  PSA
14( 1984 )

SNR 300

RSS

PSA

SNR

4.1.2.

EBR-

SNR-

PSA

300 PSA

1980 1984

LMFBR CRBRP

(LOHS)

4.1.1

(ULOF)

(ULOHS)

(UTOP)

4.1-1

Phenix Super Phenix

(FMTR)

LMFBR

SNR 300

GRS



4.1.1 1 2

6 10°¢/

107/
/
4.1.1
SNR
4.1.
50MJ
4.1.3
0.7 0.1
4.1.4

4.1-2

CDA

LOHS

0.2

1076/

2 x10

2 x10°°®

102

370MJ

400MJ

50

10



SNR-300

115
30 000 (=7x115x36)
ICRP

4.1.4

PWR

4.1-3

SNR-300

4.1.

1/6

36 10°

4.1.3

SNR-300  PWR-1300

4.1.4
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' Frequency
Accident i Failed system per yesr
- of core
Frequency Conditionai destruction
Initiator _per year Function probability initistor
Group 1
Transient 12 Reactor scram 1077 1.2 X 107¢
(mechanical)
Group 2
Transient 12 Manual shutdown 107! 1.2 X 1077
Reactor shutdown 107 '
signal
Group §
Loss of power 0.07  ~Active decay 10~ 7 X 1078
heat removal
Passive decay 1072
) heat removal
Steam generator 1 Active decay’ (1.5 X 1073 X 8 X 1078
~ failure heat removal (5 X 1079
Passive decay 1072
heat removal
‘General decay 1 Active decay (1.7 X 107 X 1077
heat removal heat removal (5 X 1079
Passive decay 1072
heat removal
Subtotal 12 3 X 1077




%412 BRI TRV OSE EREE

Mechanical Probability per LOF
energy release (Released mechanical
x, MJ energy > x), %

50 5.2
150 1.2
400 0.3

£4.13 RSB OSMEATEHER

Core Plug : Thermal
destruction system Mechanical failure
initiator failure failure (melt-through)
Loss of flow 3 X 1073 3 X 107 7 X 1072
with failure
to scram
Loss of heat sink 5% 1073 1 X 1072 0.99
with failure ’ v
to scram
Failure of decay 0.5 0.5
*heat removal .
Weighted total 26X 1077 95X 107% 22X 107
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Group

Uncontrelled

- loss of flow \
Sodium boiling
insufficient / ' \ "
Sodium
2 h‘eat removal displacement
without scram from core
Gas bubbles
3 Deformation of
core gaometry \
Unprotected
reactivity Power L
/ addition excursion

£ Mation of absorber
g relative to core
;
2
=
w Degraded local Fuel pin failure Core
* 4 cooling condltion propagation destruction
* Failure of

5 decay heat - -
g removal system
5 Insufficient Slow core
i heat removal > meltdown
2 /
g 6 Loss of coolant
g .
@

Bj4.1.1

ORI SERESR



Reactor Reactor Decay Core

Accident shutdown  scram heat destruction’
initiator signal . removal initiator
Success

state
Transient +

i

Failure
Loss of state 2
power ?
1
Leak in a
primary
system ?
2
» - a
Reactivity )
addition ?
3
Degraded PRE——
local cooling
conditions e ?
4
a No core destruction 4 Degraded local cooling
1 Uncontrolled loss of conditions
flow - 5 Failure of heat removal "
2 Insufficient heat system
removal 6 Coolant below emergency
3 Uncontrolled reactivity level, failure of emergency
- addition cooling system

4.12 ERBRIZETHIX MV —



EXPECTED FREQUENCY OF EVENTWITH LATE
FATALITIES 2 LF (number/yr)

-4
10 T T I

&
&

105 |—

1076 }—

,@

1077 —
Initial plutonium fuel
\ 1 [ from Magnox reactors
- a‘ ‘-\\. {nitial piutonium
8 )
10°m B " fuel from light- —
' \ water and Magnox
‘- g reactors
$
10~° |— \ =
%
!
]
i
v
10‘1 1 L [ l_ | l

] | i

Release categories

B FK1
® FK2
A FK3 _—
O FK4
¢ FKA

10° 101 102 103

104 105 108

LF, LATE FATALITIES PER EVENT

4.1.3 SNR - 300 DT I —BIBSEHRGE D BISHER A



EXPECTED FREQUENCY OF EVENT WITH LATE

.10°3
" 1074
1075
10°6
1077

1078

FATALITIESZLF (number/yr)

10°°
10*1‘0

10-11

| l |

PWR-1300

SNR-300

Initial plutenium fuel
— from light-water and
Magnox reactors

E l |

initial plutonium fuel f \
from Magnox reactors

i

I

l

109 10! 102 108

104
LF, LATE FATALITIES PER EVENT

108

X414 SHREBGEDZFEERDMIO SNR - 300 & PWR - 1300 D HER

4.1—-10



4.2 CDFR PSA

16 17 1986 CDFR  PSA CDFR  PFR

1077 10°®

FBR

CDFR

*slow transient overpower (TOP)

*fast transient overpower without scram (UTOP)
*slow TOP from shutdown

*slow loss of flow (LOF)

*fast loss of flow without scram (ULOF)

*loss of heat transport system (LOHTS)

*loss of decay heat removal system(PLOHS)

4.2.1 UTOP ULOF PLOHS 1077

1077

MULT IPLEX
CRAFT
(FCI) FRAX
1

*0.5GJ
*0.5 16J

4.2-1



*1GJ

35
(PLOHS)
21
4.2.1
Kr, Xe )
Cs
CRACUK
1

41
3

100

50
2
THERMICS
17
15
CRACUK CRAC2
4.2.1

4.2-2

ICRP

1 2
4.2.2
4

FBR

15



EVST

4.2-3
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-

- Frequency with which the number exceeds N/year~1 |

-
ol
o)}

>

OAl
-
O

[
O

{
[
N

it o T wm w— - —
—
—

~—- current limiting
values

with improvements.
forseen in plant
- analysis

I (2 1 ,
10° 10 104
Number of Fatalities, N

X421 CDFR OEHRURFEEBIED RIEHERS



4.3 EBR- PSA

18 ( 1993 ) EBR-
1969
1
4.3.1
EBR-
4.3.3
4.3.4.
1.6X10°
1
10 / 95
1.6x10°° 37
33
4.3.4
3
PSA

PSA

4.3-1

4.3.2

30

60MWe

1 PSA

3.6x10°°

3.1

EBR



EBR

2 10°

10°®

11

2 107

10”7

45

4.3-2

5 10°

ATWS

10”7

Na  NaK

2 10°®



#4311 @BEBSHTI)—-CEBEHTIY—-DTEE

S

DAMAGE CATEGORIES

CD

CORE DAMAGE - Average driver subassembly reaches sodium
boiling, fuel melting, or pin failure

MCD

MINOR CORE DAMAGE - Sodium boiling, fuel melting or pin failure
occurs in the hottest driver subassembly, but no damage occurs
in average driver assemblies

PED

POTENTIAL EXPERIMENT DAMAGE - Clad temperature in hottest
driver pin exceeds 816 °C (1500 °F) or lies between the
eutectic temperature and 816 °C for over 60 s

CSD

CORE/STRUCTURAL DAMAGE - Primary sodium bulk temperature in the
primary tank exceeds 538 °C (1000 °F) and some core and
structural damage is assumed to take place

ND

NO DAMAGE - Clad temperature either never exceeds the eutéctic
temperature or lies between the eutectic temperature and 816 °C
for less than 60 s

TRANSIENT CATEGORIES

Pl

Direct damage events, resulting from primary piping or tank
leaks or rupture, structural failures

P2

Protected loss of heat sink events, with neutronic shutdown, .
leading to uniform overheating of the system and a long term
core vulnerability

P3

ATWS events, leading to a short term core vulnerability

P4

Protected events that lead to minor core damage or potential
experiment damage

PS5

Faults leading to degraded containment function and where core
damage can not be ruled out, e.g., steam generator tube

ruptures.

P6

Local faults, i.e. events occurring within one subassembly that
lead to damage to that subassembly and_possibly its neighbors
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#4344 STERVEN S —T L AFEREERDER

FREQUENCY

SEQUENCE NAME AND DESCRIPTION yr4 CLASS

INTERNAL EVENTS

LONP~-4 Unprotected loss of normal power with 4.6 1077 P3 PED
successful LOF scram signal i )}

OCSL~10 Unprotected overcooling with failure of scram 3.3 1077 P3 - MCD
gsignal '

TSDC-2 Long term failure of decay heat removal after 1.3 1077 P2 csD
losing a shutdown cooler

LF2A-6 Unprotected double pump LOF with successful 9.6 1078 P3 PED

- scram signal

SPTR-3 Small superheater leak escalates; secondary ‘ 8.4 10°8 PS5 csp
not dumped and no shutdown )

SPTR~13 Small superheater leak escalates; no pressure 8.0 1078 P5 csD

. relief and no shutdown i
RISB-6 Unprotected TOP with successful scram signal 3.5 1078 P3 MCD
SﬁDL~3__ Failure of short term decay heat removal at -8
‘ start of long shutdown 3.3 10 P2 - ©sb

SPTR-23 Large superheater leak; failure to release 3.2 10°8 PS5 csD

o pressure; assembly propagation T

RIFL-1 Argon pressurization ruptures primary tank 2.9 1078 Pl ~ CD

EXTERNAL EVENTS

ﬁDFﬁle'w.NaK fire in a shutdown cooler degrades -6

i ~.7- remaining shutdown cooler 2.1 10 P2 - CSD

SSFR-6 . Sécondary sodium fire disables one shutdown 1.5 1076 P2 - CSD

cooler and degrades the other




5.1

LMFBR

PSA

PSA

FCI

LMFBR

5-1

LMFBR



LMFBR
FCI
5.2
5.1 BWR PSA
5.3  LMFBR
5.2
(LORL) 50%
PLOHS 50
(LOCC) 20%,
LMFBR PLOHS
LMFBR
LMFBR
CREDO

CORDS ( Component Reliability

FP

5.2

PWR PSA

PSA

ATWS 25 PLOHS 25

LORL

LMFBR

CDA

20 ATWS 10

LMFBR  PSA

PSA

Database )

5.3

5.1

LMFBR

5.4



CRBRP

MELCOR, MARP PSA

LMFBR FCI FBR

LMFBR

LMFBR



LMFBR

LMFBR

5.3

LMFBR

1PSA

FP

10

4.4.2

PSA

LMFBR

1/3

CDA

CRBRP



PSA

LMFBR PSA

1AEA

SNR

5-5
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(a) v=al b v~n2

51 fREBRDOL~UL] & 1L~YL2 PSA DFER

AEnER
HEERORPAIR HUTHOIIEEN  RSTHSETIEm
FLMIOTE— R \ PRSI IRESE TN ROERTTOMSR
2ARMS ORI -\\‘ / AEER \\
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{8} v=nil b} v=n2
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PSA

2 CRBRP

PSA

@

€)

€)

CRBRP

(C))
() CDA
(6) CDA

™

®

€)
(10)

PSA

PSA

CDA

PSA

PSA

PSA

PSA

SNR-300,

PSA, 4 SNR-300, CDFR EBR-

WASH-1400

LMFBR

CDA

10°%/ 107/

10

CDA

CDA

FP FP

6-1

PSA

CDFR,

1AEA

LWR

CRBRP

EBR-

PSA



5 PSA

(LLMFBR

(2)LMFBR PSA

(3)LMFBR

©)

®
() FP

(7)LNFBR

(8)LMFBR

PSA

6-2

PSA

6.1



6.1

PSA

NUPRA
NALAP-3 14
FRAX LOF TOP 14
AUTODYNE 16
FINAS
Na 14
15
SIMMER 15
FP 15
15
CONTAIN-LMR 15
14
15
ECHOES
CRAC2 16

6-3




10

11

12

13

CRBRP Safety Study: An Assessment of Accident Risks in the CRBRP
CRBRP-1 (March 1977)
USNRC  Reactor Safety Study, Main Report

WASH-1400 (NUREG-75/014) (1975)

1960
(PSA)
- 1 PSA 1992,
(PSA)
- 2 PSA 1993,
(PSA ) No.74 1990

R. Nakai  Utilization of Insights Gained form the Level 1 PSA for an LMFBR Plant ,
Proceeding of International Topical Meeting on Advanced Reactor Safety (1994)
0. Miyake Development of CONTAIN Code for FBR Severe Accident Analysis:
ANP-92 (1992)
N. Nonaka et al Characterization of LMFBR Severe Accident Progression:
ANP-92(1992)
K. Kurisaka Analysis of operating experience of LMFBR components

using the CREDO database: Sodium Cooled Fast Reactor Safety (1994)

. PSA
9 1999
CABRI CDA
12 2000
9 1999



14 A, Bayer et al. Risk Oriented Analysis on the German Prototype
Fast Breeder Reactor SNR-300 Nuclear Safety ,Vol.25 No0.1(1984)
15 E. Hofer et al. A Survey of Expert Opinion and its Probabilistic
Evaluation for Specific Aspect of the SNR-300 Risk Study:
Nuclear Technology , Vol. 68 (1985)
16 F. Abbey et al  CDFR Risk Assessment
Science and technology of fast reactor safety BNES (1986)
17 D. Bradley et al. An over view of the use of probabilistic risk assessment
of the LMFBR: Science and Technology of Fast Reactor Safety, BNES (1986
18 D, J. Hill, et al. The EBR-2 Probabilistic Risk Assessment:
Result and Insight: PSA-93 (1993)
19 H. B. Piper et al. Clinch River Breeder Reactor Plant Safety Study:
Nuclear Safety. Vol.19 No. 3 (1978)
20 J. G. Glitter et al. An Assessment of the Clinch River Breeder Reactor:
Core and containment response to core disruptive accident, Knoxville (1985)
21 D. J. Hill et al. The EBR-2 Probabilistic Risk Assessment;
lessons learned regarding passive safety
Reliability Engineering and System Safety Vol. 63 (1998)
22

Vol.37 No.5 1995
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