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Pu-239 2. 41E+04 5.161(73.3), 5.149(15.1) 1o — 2. 26E-02 3. 97E+01
Pu-240 6563 6. 159(75.5), 5.115(24. 4) no - 1. 03E+03 1. 46E+02
Am-241 432.7 5.486(86 ), 5.443(12.7) - TQ 80(35.7) 1. 67E+00 2. T5E+03
Cm-244 18. 1 5. 806(76. 7, 5.764(23.3) no - 1. 10E+07 7. 93E+04
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#* 4.2-17 BEAEO—# (ORI GEN - 23H&4#H)

FooOR BWR

U BHENS. 5 %

iR 25 MW/T
s e llso cwp/1

AN 0.0 0.5 L0 2.0 30 6.0 10.0 20.0 30. 0 50. 0
SRS RE[Cs- 13T~ DHELH]

C 14 2.04E-09; 2.06E-09| 2.09E-09{ 2.14E-09| 2.19E-09f 2.24E-09| 2.2887E-09| 2.34E-09| 2.57E-09| 3.23E-09| 4.07E-09| 6. 44E-09
CL 36 0. 00E+00| 0. 00E+00| 0. 00E+00{ 0. 00Et00|{ 0.00E+00| 0.00E+00{ 0. 00E+0G| 0.00E+00| 0.00E+00| 0. 00E+00| 0. 00E+00| 0. 00E+00
NI 59 5. 62E-07{ 5.69E-07{ 5.75E-07( 5.89E-07| 6.02E-07| 4.17E-07| 6.31E-07| 6.46E-07| 7.08E-07| 8.92E-07| 1.12E-06| 1.78E-06
NI 63 B.56E-05 8.63E-05] 8.69E-05( 8.83E-05| 8.97E-05| 9.11E-05| 9.25E-05| 9.40E-05| 1.00E-04| 1.17E-04] 1.37E-04| L. 86E-04
NB 94 1.22E-09| 1.24E-09| 1.25E-09| 1.28E-09| L. 31E-09| 1.34E-09| 1.37E-09| 1.40E-09| 1.54E-09| 1.94E-09! 2 44E-09! 8. 88E-09| -
TC 99 1. 30E-04] 1.32E-04] 1.33E-04| 1.36E-04 1.39E-04| 1.43E-04| 1.46E-04| 1.49E-04| 1.64E-04] 2. 07E-04| 2.60E-04| 4. 13E-04
1129 2.92E-07) 2.97TE-07| 3.01E-07| 8.08E-07 3.I5E-07| 3.22E-07| 3.30E-07| 3.38E-07| 3.70E-07| 4.66E-07| 65.88E-07| 9.33E-07
(8135 4. 7TIE-06f 4.77B-06| 4.82E-06f 4.93E-06| 5.05E-06| 5.17E-06) 5.29E-06| 5.41E-06{ 5.94E-06| 7.48E-06| O.42E-06| 1.50E-05
C8137 1. 00E+00} L. 00E+00{ 1.00E+00| 1. COE+00{ 1.00E+00| 1.00E+00[ 1.00E+00| 1.00E+00| 1.00E+00| 1.00E+00| 1.00E+00| 1. 0OE+00
RA226 2.55E-13| 3.33E-13| 4.24E-13| 6.47E-13| 9.27E-13| 1.27E-12| L.67E-12| 2.15E-12| 4.84E-12| 1.90E-11! 4.96E-11| 2. 07E-10
TH230 3. 18E-10| 3.73E-10( 4.29E-10] 5.45E-10| 6.67E-10( 7.94E-10| 9.28E-10| 1. O7E-09| 1.70E-09| 3.85E-09| 7.09E-09| 1.87E-08
PA231 1. 58E-10| 1.63E-10f L.67E-10| 1.76E-10| 1.86E-10{ 1.96E-10| 2.06E-10] 2.17E-10| 2.64E-10| 4.13E-10| 6.22E-10| L. 31E-0%
U233 9.67E-11| 1.04E-i0; 1.12E-10| 1.29B-10{ 1.48E-10| 1.67E-10] 1.86E-10{ 2.07E-10] 2.92E-10| 5.75E-10| 9.91E-10| 2. 46E-09
0234 1.12E-05| 1. 13E-05} L1.15E-05| I.18E-05| 1.21E-05| 1.25E-05| 1.28E-05| 1.32E-05] 1.48E-05] 1.94E-05| 2.53E-05| 4.28E-05
U235 2.40B-07| 2.43E-07/ 2.46E-07| 2.51E-07| 2.57E-07| 2.63E-07| 2.70E-07{ 2.76E-07| 8.03E-07{ &.81E-07| 4.80E-07! 7.63E-07
U236 2.84E-06| 2.87E-06f 2.91E-06 2.97E-06| 3.04E-06( 3.11E-06| 3.19E-06! 3.26E-06| 3.58E-06| 4.51E-06] 5.69E-06| 9.04E-08
NP237 2.87E-06| 2.96E-06] 2.99E-06| 3.06E-06| 3.13E-06| 3.21E-06] 3.29E-06| 3.37E-06} 3.72E-06] 4.T9E-06| 6.20E-06| 1.05E-05
PU239 3.13E-03| 3.21E-03) 3.24E-03| 3.32B-03| 3.40E-03| 3.48E-03| 3.56E-03| 3.64E-03} 3.99E-03] 5.03E-03] 6.34E-03| 1.01E-02
PU240 4.93E-03| 4.99E-03] 5.04E-03| 5.16E-03| ©5.28E-03| 5.41E-03| 5.53E-03! ©5.67E-03| 6.21E-03| 7.83E-03| 9.86E-03| 1.56E-02
AN241 1. 27E8-03| 2.18E-03| 3.09E-03| 4.91E-03| 6.73E-03| 8.54E-03| 1.04E-02] 1.22E-02| 1.94E-02| 3.80E-02] 5.79E-02! 1.0BE-01
1CH244 9.77E-03| 9.69E-03| 0.62E-03| 9.47E-03| 9.33E-03| 9.19E-03| 9.05E-03| 8.92E-03| 8.39E-03| 7.21E-03| 6.20E-03| 4.57E-03
U 1. 43E+02| 4.52E-05| 4.51E-05| 4.49E-05| 4.48E-05| 4.47E-05| 4.46E-05| 4.45E-05| 4.46E-05| 4.66E-05| 5.16E-05| 7.17E-05
NP 1. 39E+02| 1. 10E-04] 1.12E-04| 1.14E-04| 1.17E-04| 1.20E-04| 1.22E-04| 1.25E-04| 1.37E-04| 1.73E-04| 2. 18E-04| 3.46E-04
PU 2. 75E4+00| 1. 14E+00} 1. 12E+00| 1.10E+00| 1.07E+00| 1.05E+00| 1.02E+00| 9.97E-01| 9.07E-01| 7.20E-01| 5.77E-01| 3. 89E-01
AN 9.98E-01| 2.43E-03[ 3.35E-03| 5.17E-03| 6.99E-03| 8. 81E-03 1.06E-02| 1.24E-02| 1.97E-02| 3.83E-02| 5.83E-02| 1.07E-01
lcu 3.36E-01] 1.63E-01; 8 09E-02| 2.51E-02| 1.29E-02( 1.01E-02| 9.40BE-03| 9.14E-03| 8.59E-03f 7.42E-03| 6.42E-03| 4. 85E-03
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L¥TFREAR DIAE B HAT HEIR BEHE B (—5)

B F [ ] I ] } K L ] [N
R Ed 13 ACO) By aBTER [ -] by mzE (-]
B ail a i2 aid a i4 aib miineCFD) [ mi(CFICF2) | mi(CF2oz) Si
C-14 . 81E-D3 . 81E-03 . 81E-(3 . B1E-03 1. §1E-03 . 00E+Q0 . 00E+00 . QOE+(0 . 00E-03
C1-36 . Q0E+00 . Q0E$00 . QOELQ0 . 0QE+ 0. 00E+00 . GOE+D0 . QDE+Q0 Q0EH) . ODE-03
Ni-59 . 90E- 4, 99E- 4. 99E- 4, 99E- . 90E-01 , 39E- . 00E-08 . (0E-03 . 0DE-03
4 Ni-63 7. 31E¢ SIEt 7. 31E+ . S1E4 L JIEH01 , 35E- . 00B-03 . I0E-03 . O0E-
Hb-94 . 08B- 08E-03 . (8- . (8E-03 . 0BE-3 , S4B~ . D0B- . 00E-03 . Q0E-
Te-9 . 158t . 158402 . 158t . 10E02 . 15B% . 35E- . D{B- . 00E-03 . QE-
1-129 2. §1B- , 51E-01 , G1E- 2. B1E-( , G1E- . Q0B+ . GOE+00 . ODE4+00 . Q0E-03
8 Cs-135 4, 18E400 4. 18E400 4, 18EH 4. 18EH) 4. 18EH) , J4B- . BB . D0E-03 . 00E-03
g Ce-137 . BORE05 7. 90B105 . 80EH05 7. 90E+05 . 80E+05 , J4E- « (HJE- | . J6E-03 . 00E-03
112 0 Ra-226 . 32B-0 . 32B-0 . 32E- . J2E- . 32B-06 , 34E- . (10E- . 00E-03 . (B~
13 Th-230 . 34E-(4 7. 34E-04 , J4E-(4 7. 34B-04 . 34B-(4 . J4E- . 00E-03 . Q0E-03 . DJE-
Pa-231 . G3E- 04 . B3E- 4 , 63E-{4 . 83E-04 . B3E-04 . 34E- E-0 . J0E-03 . (E-
15 U-233 . 47E- 04 . ATE-04 . 478~ . 47B- . 478~ . 33E- 00E-03 . (0B-03 . (QE-
4 - 234 . 01E¢ 1B+ . 01Et . Q1E+ . D1E+ . 33E- 00B-( . 00B-03 . (-
5 U-235 2, 13E- , 13E- , 13B- , 13- 2. 13B-1 . 33E- E-03 . 00B-03 . Q0E-
U-238 2, 52B400 . H2EH00 2. 52E+) , 52810 . 652E+ () , 33B- . DB~ . BOB- . (0B-
1 Np-287 2, GOE+Q0 , GOEL(0 2, G0EH0( , B0} . BOE{(( . 4B~ . 00E-03 . G{E- . Q0B-
Pu-239 2, B1E+ , B1E+0, 2, §1E+ , BIB4 . B1E+03 , J4B- . 0E-03 . 00B-03 . (0E-
Pu-240 4. 3TEH0) . 37403 4. 3B+ 4. 3TEH 4. 37E+03 . 34B- . (0E- , DB~ . ONB-
20 An-24] 8. 18E403 , 18B403 8. 18E4D . 18E4 8. 188403 , 348~ » (1GE- , DOE- . 00E-03
21 Ca-244 7. 15E4+03 . 158403 7. 16E+03 7. 15E¢ 7. 15E403 . 34E- . (0E- . (0E- . 00E-03
MI Cs-137 7. 90E+05 1. B0E+05 1. 90EH05 7. 808405 7. 90B+05
| 2L ICOPESE R [ke] wl w2 wi wd wh [€))] 3 EA r
| 1. 26E401 1. 2BE+01 1. 28401 1. 28E+01 L. 28E401 -] ! 4. 608-02
| 30 |(ymBBTR (-] w (incCF1} (DERBITR w(CFICF2) (8) i} w{CF2o0g)
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1 ———
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(444 Ni- 7. S1EF . 56E+03 - 54E-04
Nb- . (8B~ . 31E-02 , 4289
Te- . 15E4+02 , 46E+03 . 58E-04
47 1-1 1E-01 , 00E+00 4EH0
48 | Cs-135 4. 186400 L 91E+01 4E-
Cs-137 . 90EH05 . B3E+07 E+)
Ra-236 . 92E- . 82E-05 96E-1
Th-230 . 34E-04 S6E-02 . B4E-0
Pa-231 . B3E-04 48E-03 . B5E-
U-233 . 47E-{)4 . 14E-03 . 288~
4 U-234 . D1E+ . 16E402 , 26B-05
5 U-235 , 13E- . §4E400 , THE-G7
| 56 U-236 , 52E100 . 3TBY . GLE-06
¥ bip-237 BOEL0 , 54E} , 81E-06
| 58 ] Pu-239 1E403 . (0E+()/ , 28E-
50 ] Pu-24() 4, 37EH03 , 36404 N
| 60 | i An-24 . 1GEH03 . TAB10Q5 . 838~
[3] 1 C-244 1. 15E+(2 . 3EH0G . 60E-02
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4. 2-21 LWTFED — OB REREHEE (—f)

TLEV -

A | B C ] D E F G H I J K L '] N
(DU DR S E N5 B B REgaE [ Ba/kg ] (DG HHEBITE [-]
i ai bi mi(t) ini(ab) mi(evog) i X®@i
1 C-14 . 20E-01 . 20E-01 . D0E-03 9. 99E-01 . DOE+DD C-14 1. 14E-01 0. DOE+D0D 5. 34E-02
2 C1-36 . BOE+D0 . J0E+D0 . D0E-03 9. 99E- . DOE+QD y C1-36 0. 00E+0D 0. DOE+0D 0. DOE+00|
3 Ni-58 . 31E+01 . J1E+)1 . DDE-03 9, 89E- . DOE-1 < Ni-hg J. 15E+ . 05E+(3 . 4TE401 |
4 Ni-63 0. 25E403 9, 2bE+03 . DOE-03 9, 00E- . 0DE-03 4 Ni-6é 4. BRE+ . H4EH)5 . 16E103 |
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0 Ra-22 4. 05E- . 0E-{4 0 Ra-226 4, 05E- 1. 13E-04 4, 08E-05
1 Th-23 2. 258407 . 00E-04 (B F L > K iR ke ] wid) Th-230 2. 25E 407 6. 28E-02 2. 268-02
: Pa-231 4. D9E+0] . DOE-b4 1. 00E+03 Pa-231 4. 80E+ 1. 40E-0¢ 5. 03E-03
3 -233 4. 518401 . J0E-04 3 (-233 4, 51E+01 1. 26E- 07 4. b4E-{
4 U-234 3. 11E+06 . D0E-(4 : 4 [-234 3. 11E+06 8. B9EH)] 3. 13EH):
5 [-235 6. 52E+{4 . 00E-B4 (T3 hihisEhEa (ke ] £ 5 1-235 6. 52E+04 1. B2E+D 8. 56E+10
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# 4.2-28 WRTFERUROREK (1/3)
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2 - BEEDER SRR . D
L2 BukgnE Tl N RIS [B5 v WFL Fhn] A b ARESALY
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; acs-137j 1.5ﬁ]g+1u 1. 12E409 2. 98E+07 1, 28407
9 (OR8] IKEOhABEYOER— wi
1 AR
1 2 HeRETEey By o) s (T MMES  [SSADESY N )T
12 EEwj wl w2 w3 wi w5
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105 fltAct 3. 14E+D4 J. T4E+04 3. TAE+04 0. 001
¥21E2 30 GHEN- O RSHEE EE - TLEY, 21 £330 IE > THET 3.
110} (18) 3% K FH— wserub
111 - BB EOHENERLY
112 Eigza 32 36 7 a8 16
113 Mt BiEK WETEK| - Thigak ik 2% 0]
114 Ethlkg/h] — — — 18 wscrub= 9. 5TE+03 | * sum{d115:£1153%1000
115 4% [md/h] 0. 0716 1.5 4.0 40 - [kg/10kgmERith | l
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2 Zrilb 1. 76E+08 1. T6E+03 Zrikb 1. DOE-D3
21 RutBh 1. B4E+D8 1. 94E106 RuiRh 1. 00E-03
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6| Te-99 O |HSHECAR) |88\ Jhai-d 3.008-02  [Bal 2. 46E+03| 1. 22E-01

7| 1-129 O |HSEE(7H) |GeilS 1.508-02  [Ba] 0.00E+00| -
8§|Cs-185| O |HESW BRI 2.00E-03 [Ba/x1]| 8.91E+01| 2. 24E-01
g | Cs-137 HAHEC 78D |G e s 3.70E-01  [Bq] 1.69E+07| 2. 20E-04
10| Ra-226 | O |[HcfieE(afR) (Sipsmfmiiss 2.00E-03  [Bq) 2.82E-05{ 7.09E+05
1| Th-230 | O [HchtE(ef) [|SidkStkigHiss 2.00E-03  [Bql 1.56E-02]  1.28E+03]
12 | Pa-231 O it a ) (Sidedpkpihge 2. 00E-03  [Ba] 3. 48E-03{ 5. T5E+03
13| U-233 O [HESH HESHE 3.006-02 [Ba/x1]| 8. 14E-03{ 9. 55E+04
14| U-234 O |EERMF HESHE 2.00E-02 {Bq/z11| 2.16E+02| 9.24E-01
15| U-235 C |EESW R4S 6.00E-06 {Ba/p1] | 4.54E+00| 1.32E-02
16| U-236 G HEsw HESRE 2. 00E-04 {Bq/nu1] 5.37E+01| 3. T2E-02
17| %2371 | O |EESW HESWE 2.00E-03 [Ba/z11{ 5.54E+01| &.61E-01
18| Pu-238| O (HESW HRAHE 2.00E-01 [Bq/x1]| 6. 00E+04| 3. 34E-02
19| Pu-240 | O |EESHF HESHE 7.00E-01 [Ba/m1]| 9.33E+04| 7.50B-02
20 | An-241 | O  |HubHEE(af) (SiaEtkiiiss 2.008-03  [Bq) 1.74E405| 1.15E-04
21| Co-244 { O [HiSTEECa$) |SideSfbREmEE 2.00E-03  [Bq] 1.53E+05 1. 31E-04

% ARSI  SYTRREEXHEE L O HUHEERE
¥ HESN  SFRBREX 10 x1)/ HeERE
¥ [—] RBERBECBHWTAREL LI EETRT,
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#4.2-36 SMBELMTEEONSREOHE (LWTFEo—NX)
X®®i J X®i
=i 2o | BIEFE HIESS SHTRREE B SRR (AR B HATERE | TS ERY
DTS (Bo/ke] | (o) | (Bafig] | [g] |
1| ¢ O |HitE(sE) {®> 2.60E-01  [Ba] 0.00E+00] - 1. 145-01| 2. 28E+0d
2| Cl-86 | O |HsttE(8E) | soi~ | 300E-02  (Bql 0.00E+00| - 0.00E+00| -
3| Ni-59 | O |HEE(xi) [SiLd#ME | 3.70E-01 (B 1.05E+03| .53E+00| 3. I5E+01] 1. 18E+02
4| N-63 | O [HEECAE) [HEYY 3.308-01  [Ba] 1.54E+05| 2.14E-02| 4.62B+03| 7. 15E-01
5 | Nb-94 HeaHEEC 7 8D |G e BME 3.70E-01  [Bq] 2.28E+00| 1.62E+03| 6.85E-02| 5. 40B+04
6] Tc-99 | O |HfECEED [BEawsiui-d | 300802 [Bql 2. 43E+05| 1.24B-03| 7.29E+03| 4. 12B-02
7| 1-128 | O [HAEECr &) |Gems 1.508-02  [Bal 0.00E+00| — 1.658-02| 9. 11E+03
8| Cs-135| O |HESH HRAHTE 2.005-03 [Ba/x1]| 8.81B+00| 2.27E+00 2.64E-D1| T.57E+01
9 | Cs-187 HAHEECr 8D |G etz 3.70E-01  [Bq] 1. 67E+06| 2.22E-03| 5.00E+04| 7. 41E-02
10 Ra-226 | © |mateECem) |Siemgomise | 200E-03 (B 9.79E-06| 7.17E+06| 8.36E-08| 2. 30E:08
11| 230 | O |HcbtteCa®) |SipBhmmiss | 200E-03  [Ba) 1.55E-03| 1.29E+D4| 4.64E-05| 4. 31E+05
12| Pa-281 | O |BchfECai) [Siltkiings | 200E-03  [Bql 3.44E-04| 5.828+04| 1.03E-05 1 94E:06
13 238 | O |EmESH HRAHE 3.00E-02 [Ba/p1]| 9.10B-04| O.B7E+05| 9.31E-08| 3.22E:07
14| v-28¢ | O |HESH HEAFTS 2.00E-02 [Ba/x11| 2.14E+01| O.35E+00| 6.41E-01| 3.12B302
5] 1235 | O |HEESH BRATE 6.00E-06 [Bq/x11| 4.49E-01) 1.34B-01| 1.356-02| 4.46E+00
16| 1-23 | O I|mESHw HRAHTS 9.00E-04 [Ba/u1]| 531E+00| 8.77E-01| 1.58E-01| 1.26E+01
17| w237 | O |HESH HEAFE 2.00E-03 [Ba/p1]| 5.47E+00| 8.65E+00| 1.64B-01| 1.22B+02
18| Pu-239 | O |HESHF BEAFE 9.00E-01 [Bo/u11| 5.92E+03| 8.38E-01| 1.78E+02( 1. 13B+01
19| Pu-240 | O |HESH BEAHE T.00E-01 (Ba/p13| §.21E+03| 7.60E-01| 2 76E+02] 2 53E+01
90| An-241 | O |BiEHECe#) [SidEtimmss | 2.008-03  [(Bql 1.728+04| 1.16E-08| 5.17E+02| 3 B7E-02
21| Co-244 | O |fStEECaf) |SiEMmms | 2.008-03  (Ba) 1.51E+04| 1.33E-03| 4.52E+02| 4. 42E-02

%

HesEAHR « AFTREDGEE 1 0 /HeEiasE
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#F4.2-37 SWERELMTRASORSEOHE (LWTFEo—~)
X®®i1 @i J
B [P UEFR BEs AHTRREE BAHERE MTLERN HHERE SRLER
DHEH [Bo/kg] | [g] [Ba/kg] [g]
1| C-l4 O |BHEE(AR) (K 2.60E-01  [Baj 0. DOE+00 - 5. 84E-02| 4.8TE+04
2 | C1-36 O  |HAEE(BER) | BN Jini-d 3. 00E-02  [Bal 0. 00E+00 - 0. ODE+00 -~
13| Ni-59 O |EARE(x&) |SILDBRME 3. 70E-01  [Bal 4.91E+02] 7.54E+00| 1.47E¢01| 2.51E+02
4 | Ni-63 O |HAE(SE) |[H¥v 3.30E-01  [Ba3l T.20E+(04; 4,59E-02| 2. 16E+03| 1. 53E+00
5 | Nb-94 HAEE(r &) |Gediilizs 3. T0E-01  [Bal L OTE+00| 3.47E+03] 3.20E-02| 1. 1BE+05
6 | Tc-99 O |[HsE(BR) | BRUN Jhoi-F 3.00E-02  [Bq3 1.14E+05| 2. B64E-03| 3.41E+03] 8.81E-02
7| 1-129 O |[BeE(r#) |GelisE 1.50E-02  [Bq) 0. 00E+00 - 3.30E+01] 4. 55E+00
8 | Cs-135 O |BEERAF HRSVE 2.00E-03 [Bq/wm11| 4 11E+03| 4.86E-03| 1.28E+02| 1.62E-01
9 | Cs-187 BatE(r 8) |Getilis 3.70E-01  {Bq] 7.78E+08| 4.76E-06| 2. 33E+07| 1.50E-04
10 | Ra-226 O |HsEE(a®) |SiEMRNEE{ 2.00E-03  ([Bql 5.58E-03| 3.50E+03| 1. 67E-04| 1.20E+05
11| Th-230 O  |BuiE(af) |SiEEMAEKRHEE | 2 00E-03  [Bql 3.09E+00| 6. 47E:00| 9.28E-02| 2. 16E+02
12 | Fa-231 O |HAHE(e#) [SiMeEfEHSE ] 2.00E-03  {Bql 6.87E-01| 2.91E:01| 2. 06E-02| 9. 70E+02
13| U-233 O |HESH HBEAWE 3.00E-02 [Bq/u13| 6.21E-01| 4.83E+02| 1.86E-02| 1.61BE+04
14| U-234 O |HEM HELWE 2.00E-02 [Ba/z13| 4.28E+04| 4.B8E-03| 1.28E+03| 1.56E-01
15| U-235 O |HEESH HEshE 6. 00E-06 (Ba/p1] 8.98E+02| 6.68E-05] 2 69E+01| 2. 23E-03
16| U-236 O |EESF BEAWH 2.00E-04 [Bq/wx13| 1.06E+04| 1.88E-04| 3.18E+02| 6. 28E-03
17 | Np-237 O |HESW HEAWE 2. 00E-03 [Bq/p1] 1.10E+04| 1.83E-03| 3.29E+02| 6. 09E-02
18 | Pu-239 O |EESH BERa¥E 2.00E-01 [Bg/w13| 1.19B+07| 1.69E-04| 3.56E+05| 5. 63E-03
19 | Pu-240 O |HES® HESWE 7.00E-01 (Ba/ux13| 1.84E+07| 8.80E-04| 5.53E+05{ 1.27E-02
20 | Am-241 O, |HssE(af) [SiyEHHNE 1 2.00E-03 [Bql 3.45E407| ©5.80E-07| 1. 03E+06 1.93E-05
2] | Cn-244 O  |HsitE(ei®) ([Si¥EMmME ] 2.00E-03  [Bgl 3. 02E+07| 6.63E-07| 9. 0bE+05| 2 2IE-05

% EEESHT : ATBEXHEE L 0 /HHERE
¥ BESW: AWBEX 1 0{ul]l/HSTsEREE
¥ [—] RBESELBOTREEL LI EETFRT
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#4.2-38 SIRBEEISRANOREEONE  (HWT FEHEE)

_ X®i *] X6i

AL {ba8 | AEFE flEs SHHTRREE BAEERE | TRy HATEERE | 2T AR
| | osE#] _ [Ba/kgl | [g] [Bo/kg] (gl

C-14 O |Hstse(sB) |[Hy 2.60E-01  [Bq) T.58E+02] 3.43E+00| 3.828+01| 7. 82E+01
2| €1-36 O  |HsiE(sE) |gExa shor-y | 3.00E-02  (Ba) 0.00E+00] — 0.00E+00| -
3| Ni-59 O |HottE(xB) [SiLidkHise 3.70E-01  [Bq] 2.09E+05| 1.77E-02| 9. 16E+03| 4. 04E-01
4| Ni-63 O |Hstee(sB) |[H¥ > 3.30E-61  [Bq) 3.06E+07| 1.08E-04| 1.34E+06| 2 468-03f
5| Nb-94 Htte(r 8 |G e taihss 3.70-01  (Ba] 4.54E+02] 8. 14E:00| 1.99E+01| 1. 86E+02
6| Tc-99 O  |BoHiE(sE) |8#xa stes-s | 2.00E-02 [(Bal | 4.83E+07| 6.21E-08| 2 12B+06| 1.41E-04
7| 1-129 O |HstsE(y &) |Gegibias 1.50E-02  [Bal 1.09E+05| 1.37E-03| 4.79E+03| 3. 13E-02
8 | Cs-135 O |HESH BEAHE 2.00E-08 [Ba/x11| 1.75E+06| 1.14E-05| 7.68E+04| 2. 60E-04
9 | Cs-137 HAHEC7 ) |G e 3. 70E-01  (Bq] 3.81B+11| 1.12E-08| 1.45E+10 2. 55E-07
10| Ra-226 O |mustse(ei®) |SidSeiemiss | 2.00E-03  [Bal 5.54B-01| 3.B1E+01| 2.43E-02| 8.29B:02
11| Th-230 O  |HStHE(ai) (SidSpkitsz | 2.00E-03  [Bqgl 3.07E+02| 6.51E-02| 1.35E+01| 1.48Et00|
12 | Pa-231 O |HstE(ei) |SidSgkigiise] 2 00E-03 [Bal 6.83E+01| 2.93E-01| 3.008:00 6. 67E¢00|
13| U-233 O |EESH HEAE 3.008-02 [Ba/u1]| 6.17E+01| 4.86E:00| 2.71E+00| 1.11E+02
4| U-234 O |EES HEAHR 2.00E-02 [Ba/g1]| 4.25B+08| 4.70E-05| 1.86E+05| 1.07E-03
15| U-235 O |HEMF BRAHS 6.00E-06 [Ba/s1]| 8 92E+04| 6.728-07| 3.91E+03| 1.53E-05f
16| U-236 O |HEEAHN HESTES 2.00E-04 [Ba/z11| 1.0SE+0B| 1.90E-0B| 4.63E+04] 4. 32E-05
17| Np-237 C |HEHH HEAFE 2,00E-03 [Ba/x1]| 1.09E+06| 1.84E-05| 4.77E+04] 4.19E-04
18 | Pu-239 O |HESH BRSNS 2.00E-01 [Ba/g1]| 1. 18E+08| 1.70E-06| 5.17E+07| 3.87E-03
19 | Pu-240 O |HEESHW BREAWH 7.00E-01 [Ba/x1]| 1.83E+08| 9.82E-06| 8.04E+07| 8.7IE-05
20 | Am-241 O |tuttE(ef#) |SigEfirmisE | 2.00E-03 (Bql 3. 43E+09| 5 84E-09| 1.50E+08| 1.33E-07
21| Cm-244 O |HhttE(e®) |Sidfpigiiss | 2 00E-03  [Ba) 3. 00E+09| 6.67E-09| 1.31E+08| 1.52E-07

%
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£4.2-39  ANBEEHMTREORMEOLE  (HWT P
X®i J
el | (bEom| AEFE AES SHTRE BB E | SRR
DE Bo/kg) | [g) |
1| C-14 C |Ese(s®) HY v 2,80E-01  [Ba] 5. 54E+02| 4.69E+00
2| C1-36 O |HSEE(BE) | BEUN Jhui-F 3.00E-02  [Bq] 0. 00E+00 -
3| Ni-59 O  |BE(x &) [Si(Li)aiss 3.70E-01  [Bq] 1.53E+05| 2. 42E-02
4| Ni-63 O |Hatte(8E) (W 3.30E-01  [Bq] 2. 24E+07) 1. 47E-04
5| Nb-94 BBy 8D |G efalis: 3. T0E-01  [Bq] 8.32E402| 1. 11E+01
6| Tc-99 C  |HHEE(BE) | BRI Jhox-) 3.00E-02  [Bq] 3.53E+07|  8.49E-06
7| 1-129 O |HsHE(7 &) |G efiiis 1.50E-02  [Bal 7.98E+04| 1.88E-03
8 | Cs-135 O |HEEMNF BESME 2.00E-03 [Bg/u1]} 1.28F308| 1.56E-03
9 | Cs-137 HEHE(r ) |G eI 3.70E-01  [Bq] 2.42E+11|  1.53E-08
10 | Ra-226 O |HstE(es) [SieBEfmls 2.00E-03  [Bq] 4.05E-01| 4.94E+01
11| Th-230 O (HotiE(e®) [SipMpoimies 2.00E-03  [Bq] 2. 25E+02] 8. 90E-02
12 | Pa-231 O |HshiE(e®) [SipHEERNE 2.00E-03  [Bq] 4.99E+01| 4. 00E-01
13| U-233 O [|EESH HEAWE 3.00E-02 [Bg/u1]| 4.5IE+01| 6. 65E+00
14| U-234 O [HESH BESTE 2.00E-02 [Bg/u11| 3.11E+06] 6.44E-05
15| U-235 O |EESW HESITEH 6.00E-D6 [Bo/m1]| 6.52E+04; 0. 20E-07
16| U-236 O [HESW BEINE 2.00E-04 [Ba/ux1]1| 7 TIE+05] 2 59E-0B
17| Np-237 O |HESH HESHTES 2.00E-03 [Bg/u11| T.96E+05] 2 51E-05
18| Pu-239 O |HEsw BESTE 2.00E-01 [Bq/x1]1| 8.61E+08| 2. 32E-06
19 | Pu-240 O |HESH HESHTE T.00E-01 [Bg/u11| 1.34E+09| 5.23E-06
20 | An-241 O |HEE(ai) (Siuimiig 2.00E-03  [Bq] 2. 50E+09{ 7. 98E-09
21 | Cu-244 O  |BudtE(a®) |SipEkmmss 2.00E-03  [Bq] 2. 19E+09] 9. 13E-09

% BAEEST  SBEXBEL 0 /HAERE
x BELN  AWREX 1 0(pl] Bt
¥ [-) BREAREKIOTAGEL LI EERT,
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£4.2-40 SWRELSHRABORSEOKE (HWTFEMR)
X@01

mEL | eaE| WESH lszss AIHBRE BHEREE | A ER

DI L | [Bofkg) | [g]
1| c-14 O |BubitE(A®) |# 9.60E-01 (Bal | O0.00E:00| ~
2| C1-36 | O |BAEE(SE) | 8% hni-g 3.00E-02 [Bal | O0.008:00| -—
3| N-59 | O |meE(x®) [SIQOBES 3. T0E-01 [Bal | 65.67E:04| 6.53E-02
4] N-63 | O |mareecem) [BPY 3.30E-01 [Bg) | 8.31E:06| 3.97E-04
5| Nb-94 HEHEECT ) |G e s 3.708-01  [Ba} 1.23E+02] 3. 018401
6| Tc-99 | O |BeatbECSE) |B@A Sbui-g 3.008-02  [Ba3 1.31E+07| 2. 29E-05
7] 1-120 | O |BatE(r8) |Gekiis 1508-02 [Ba} | 0.00E+00| -
8|Cs-135| O |HEAH @ |HESFES 2.008-03 [Ba/w1l| 4.86E+05| 4.12E-05
9 | cs-137 HAHECr88) |G e 3. T0E-01  [Bq] 0. 18E+10|  4.03E-08
10| 2a-226 | O |fchfeeCais) (Sipdipkigiss 2.00-03  [Bq) 1.50E-01] 1.34E+02
1] 230 [ O |Behite(es) |[SiyStmms 2.00E-03  [Ba] 8 30E+01) 2 41E-01
12| Pa-231 | O |EchitECe®) [SidSpgins 2.00E-03  [Ba] 1.85E+01]  1.08E+00
3] 233 | o |ERAw  |HEAES 3.00E-02 (Ba/x13| I1.G7E+01| 1.80E+D1
U v | o |uEaw | |ERAES 2.00E-02 (Ba/w1l| 1 15B+06] 1.74E-04
15| v-235 | © |EBAN @ |HERAHS 6.00E-06 [Ba/p1]| 2.41E+04] 2. 49E-06
6| 023 | O |HERAH | |HESHS 2.00E-04 [Bg/w1]| 2858405 7.01E-06
17| %237 | O |HEAH  |HEAWES 2.00E-03 [Ba/u11| 2 04E+05{ 6.80E-05
18| Pu-239 | O |HESH  |HESWE 2.00E-01 [Bq/x13| 8 20B+08] 6.25E-06
19| Po-240 | O |HEAW  |HEAWES 7.00E-01 (Ba/w13| 4.98E+08| 1. 41E-05
20| Am-241 | O |HtiECef) |SidEpkigns 2.00E-03 [Ba) | 9.266+08| 2. 16E-08
21| Co-2dd | O |HATSECe) [SidkStbipiiss 9.00E-03  [Bal 8. 108+08| 2.47E-08

¥ HETRESE  ATREXBEL 0/ HERRE
x BRSO SREX 1 0[ul)/ HetiEmeE
¥ [—] BRERECBOTARASEL LI &ETRT,
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#F4.2-41  HHTRESSFEBORSEONE (HWTFE&E

. . e
El | eRo| ESRE HiEs SHTRREE HAHERE | LB

DLEH [Ba/kg] (2]

11 c-14 O |Hute(sE) (W 2.60E-01  [Bq] 0.00E+00] -

2| C1-36 O  |HcsHE(B&E) | BB Jbui-S 3.00E-02  [Bq) 0.00E:00}  —
3| Ni-59 O |HafE(x&) [Si(LidkiE 3. 70E-01  [Bq) 2.488-01] 1. 49E+4
4| Ni-63 O |HdeE(s®) (M v 3.30E-01  [Bq] 3. 64E+01} 9. 0BE+01
5| No-94 HURHEECr ) |G eiiiliss 3. 70E-01  [Ba] 5.36E-04| 6. 90E+06
6| Tc-99 O |HsHECSE) | B8N Jhui-) 3, 00E-02  [Bq] 5. 74E+01|  5.23E+00

7| 1-129 O |HsHEE(7 &) |Geihse 1.50E-02  [Bal 0.00E+00| -
8 | Cs-135 O |HEAH HEAHE 2. 00E-03 [Ba/x1] | 2 12E+00| 9.43E+00
9 | Cs-187 BAHECr ) (G eiis 3.70E-01  [Bq] 4. 01B+05| 9. 22B-03
10| Ra-226 O  |HaftE(af) [Siy-Ekighs 2. 00E-03  [Bq] 6.55E-07| 3. 05E+07
11 | Th-230 O  [HAE(e i) [SidSEARls 2.00E-03  [(Bq) 8.63E-04| 5.51E+04
12| Pa-231 | O |HgECa#) |SidSfkgimss 9. 00E-03 [Bal | 8.07TE-05| . 48K+05
13| U-233 O |HEMT HRSWE 3.00E-02 [Ba/u11| T7.26E-05| 4.13E+08
14| v-234 O |HEESF HESFR 2.00B-02 [Ba/x1]| 5. 00E+00| 4.00E:01
15| U-235 O |HEMT BROFR 6. 00E-06 [Bq/x11| 1.05E-01| 5.71E-01
16| U-236 O |HESW HEAFR 2.00E-04 ([Ba/w1]| 1 24E+00| 1. BIE:00
17| ¥p-237 | O |HESH HRAHR 2.00E-03 [Ba/w11| 1.29E400| 1.56E:01
18| Pu239 | O |HESH BRAHS 2.00E-01 [Bq/z11| 1.40E+03| 1. 43E:00]
19 | Pu-240 C |HESH BRI 7.00B-01 [Ba/w1]| 2. 17E+03| 3. 22E:+00
20 | Am-241 O |HuifE(ai) |SiEBERIR 2.00E-03  [Bq] 4.05E+03| 4. 94E-03
21| Co-244 | O  |HifeE(o®) |Si¥Stkils 2.00E-03  [Bq] 3.54E+03|  5.65E-03

X BUNGESHT  SRRREXEEL 0 HAtseiREE
¥ HESW : SHBREX 1 0[ull /SRR
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#F4.2-42 SHRECISFERHSORSREORE (TR 7 7L MEILE)
X®i
L7 k) LZESEE | AEFE e SHTRREE BEHERE HmbERY
DUEH| [Ba/kg] [g]

1| ¢4 O |HotE(EED |Mrv 2.60E-01  [Bq] 1. 14E-04| 2. 27E+07
2 | C1-36 O  |HEE(SE) | fEANIbet-f 3.00E-02 - [Bq] 0. 00E+09 -
3| Ni-59 O  |[HatE(x &) (SilidieHiss 8. 70E-01  [Bq] 3.15E-02| 1. 17E+05]
4| Ni-63 O |HatsE( sy | v 3.30E-01  [Bal 4.63E+00! T7.13E+02
5| Nb-94 HAECy 8D |G et 8.70E-01  [Ba] 6.86E-05| 5. 39E+07
B Tc-99 O |BAEE(BED | B8N Jhoi-) 3.00E-02  [Bql 7.30E+00| 4. 11E:01
71 1-129 C  |EHE(r &) |Getkilsn 1.50E-02  [Bq] 1.65E-02| 9. 10E+D3
8 | Cs-135 O |HESF HESHS 2.00E-03 [Ba/n1]{ 2. 64E-01| 7.56E+01
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Plutonium Solubilities in Leachates of Organic Materials degraded

anaerobically
10% Loading in OPC/BFS Ca. 500 Days at 80°C (Ar, Hy)
Pu solubility/M

Cellulose (Tissue) 10-3
Cotton Wool 10-5*
Wood 10-3#
Bakelite 6x 10-6
Nylon 10-10
Polythene 10-10

‘| PVC 10-%
Polystyrene 5 x 10-10*
Cement Leachate 10-10

*  Degradation Time 240 days
# Degradation Time 120 days

N0 — 23 BEHOEEEDBRENDHE

Solubilities of Radioelements at pH12 in Leachates of Chemically

Degraded Cellulose at a 10% Loading in OPC/BFS

Radicelement Solubility/M
Cellulose | Control

Plutonium(IV)** | 10~ 10-10
Plutonium(@V) | 104 10-10
Americium(IIT) 10-6 10-10
Thorium(IV) 105 <8x10-10
Uranizm(IV) 10-3 10-7
Uranium(VT) 5x104 }5x106
Neptuniom@V) | 10-6 10-8
Technetiom(IV) | 10-6 10-7
Tin(IV)** 10-3 10-7

These values were obtained from leachates of the organic materials following
degradation under ANAEROBIC conditions; the other results all refer to degradation

under aerobic conditions.
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(a)
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(2)
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{b)
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_£H8% : UKAEAREPORT AERER 12086 (1987) _
BEAOEESBIIETICRI B A Y Mok 5 Py OB

Organic MateriaiP [Pu] after sorption® Ry
/ mol 1-3 [/emd g-1
Bakelite 1.25x 10-* 250
Cellulose 9.0 x 10-10 1.3 x 109
Major mix 2.3 x 10-10 5.6 x 104
Minor mix 7.3 x 10-10 1.7 x 10%
Neoprene 7.4 x 10-1¢ 1.7 x 105
Latex - 5.0 x 10-130 2.5 x 10°
Polymethylmethacrylate 2.6 x 10-190 4,8 x 103
Polyv1ny1chlor1de 1.0 x 10-10 1.3 x 10+
Nene ca 10-13 >102

A solution of cement leachate was spiked with 238Pu(NO,), solution,
stabilised and filtered through a Whatman 541 paper to glve a [Pu] = 1,7
x 10°% mol 1-1!, This solution was used 3:1 with the organic leachate so
that the initial (Pu} = 1.28 x 10-% mol 1-3*, PFA/OPC with a ratio of
3:1 was used. '

Leachates were used from organic materials that had been chemically
degraded in cement blocks at 80°C for 230 days,

A solution:cement ratio of 100:1 znd a total contact time of 61 days was
used,

RGOS ABYEETICET3EX Y Mo k3 An OB

. c_aC P s R d

Organic Material [Am] after sorption d
/pmol 1-1 /cm? g=1
Bakelite 6.0 8.1 x 103
Cellulose 3.0 1.6 x 104
Major mix 1.0 4.4 x 104
Minor mix 3.9 1.8 x 104
Neoprene 4.0 1.2 x 104
Latex 0.5 9.5 x 10+
polymethylmethacrylate 2.0 2.0 x 104
Polyvinylchloride 1.0 7.0 x 10%
None 0.5 26 x 10+

A solution of cemeni leachate was spiked with Americium(III) in nitric
acid solution. The stabilised and centrifuged solution was assayed to
give [Am] = 6.3 x 10-1° mol 1-3. This was used 3:1 with the organic
leachate so that the initial [Am] = 4.7 x 10-1° mol 1-1,

PFA/OPC with 2 ratio of 3:1 was used,

Leachates were used from organic materials that had been chemically
degraded in cement blocks at 80°C for 170 days (see Table 7).

A solution:cement ratio of 100:1 and a total contact time of 20 days was

usec. TRAF-9
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(a)

(b}

(e}

(d)

[Pu] after spiking/mol 1-14

Organic |% Organic®| _ 50°%C 80°C
Haterial |Haterial

45 day {110 day |45 day 110 day

Paintb 2 7,0x10°39|1.1x10- |9,7x10-:0|1,3x10~"
(11.9) (11.9) (11.8) (i1.8) -
EPDEC 2 3,1x10-20 15 4x10-1016,2x10-1¢]{8,0x10-1¢

(11.,8) (11.9} (11.8) (11.9)

Bakelite 2 3.1x10-* |3,6x1077 [6,6x10-* [1.8x10-7
(11.4) (11.4) (11,6) {11.5}
VT 2 3.8x10°% 8.8x10-1°|4,3x10-4°]1,0x10"%
(11.4) (11.4) (11.6) (11.3)

Cellulose 0.1 B, 4x10°20 12, 3%10-9 11,4%10-0 [2,5x10-+
(paper) (11, 4) (11,4) (11,5} (11.5)

Woog 2 $.6x10-¢ |[1.8x10-? |2.4x10-7 {5.4x10-?
{11.3) (11.3) {11,4) (11.5)

The % organic materizl is based on the dry weight of OPC/PFA standard
experiments are a 10% loading.

Paint Harwell stores code (31/31690), paint used for glove boxes and
fume cupboards.

Ethylenepropylenecyclopentadiene (EPDM). A peroxide cured terpolymer
vwhich is a potential drum seal material, .

Figures in brackets refer to the pH; all solutions adjusted to pH12
before spiking.

{a)

(b)
(e)

- BREMOTNEICLS A Y FREBRO Pu SREA DR

; —
fAdditive) /mol 1-1 [Pu)/n mol 1

10-¢# |10-¢ |10-*|10-2

Glyceric acidb CH,OH.CHOH.C&OH 40 180 63011040
Ethylene glycol CH,OH,CH,0H 0.1 3.6] 4 30
D-gluconic acid® Hooc, (CHOH) ,CH,0H| 70 | 560 [5800|6500
Glycolic acidP CH,(BH).CODH 6,47 46 150] 540
Glyoxylic acid® CO(H).COOH 3.3 41 | 120] 260
Glyceraldehyde CH,OH.CHOH.CHO 0.2 2 9] 33
Glutaric acid HOOC.({CH,),COOH 53 | 240 | 600}2600
Adipic acid® HO,C(OH,) CO,H 1.0] 13| 14

D-saccharic acid HOOC{CHOH) ,COOH® |7200 {7300 |8200|9200

A block of OPC/PFA (1:3)} was leached with water to give a leachate of pH
12.4. The appropriate organic additive was added to the cement leachate

solution (25 ml) and the plutonium solubility measured in the usual
way.

The sodium salts of these acids were used.
The calcium salt of D-saccharic acid was used, This salt was digssolved

in dilute hydrechloric acid and then neutralised by the addition of
dilute sodium hydroxide.



