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Abstract Background: The material suffering from strong neutron irradiation in the nuclear reactor will be
activated to be radioactive nuclides. These nuclides and their decay products contribute a significant part to the
occupational radiation exposure (ORE) of personnel. Purpose: For better radiation protection of the workers in
nuclear reactor, it is supposed to calculate the inventory of radioactive nuclides accurately. Methods: Compared with
other methods for solving the equilibrium equations of nuclides, the Chebyshev rational approximation method
(CRAM) has comprehensive advantages on computational accuracy and efficiency. In this paper, the theory of
CRAM method is described firstly, and then some typical cases are tested to verify CRAM method. Results &
Conclusion: Compared with the analytical solution, CRAM method shows good effect on activation and decay
calculation of nuclides under neutron irradiation, but may cause obvious error on long-term decay calculation of
nuclides. After coupling with technique of scaling and squaring, CRAM method can derive accurate results for

long-term decay calculation of nuclides and its scope of application is extended.
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Table 1 Coefficients of CRAM corresponding to k=16.

Z B Coefficient S Real part JZ 3 Imaginary part

o0 2.124 853 710 495 22x1071¢ —

201 1.290 017 560 510 16x10? —4.491 888 152 529 92x10?
200 —2.267 955 035 697 76x102 2.038 944 340 843 36x10?
203 1.250 367 849 263 86x10? —2.238 078 218 856 09x10!
204 —-3.011 917 054 005 00x10! —1.150 281 055 528 09x10!
205 2.958 601 422 711 26x10° 3.537 317 664 757 34x10°
2a6 —-8.204 627 367 084 10x1072 -3.148 693 234 690 80x10~!
207 —4.230 348 436 493 35107 8.778 593 929 475 58x1073
203 1.018 030437 302 47x1076 4.844 003 530 570 76x1073
O —6.416 177 699 099 61x10° 1.194 122 393 370 10x10°
02 —5.948 152 268 950 84x10° 3.587 457362 018 23x10°
05 —4.993 174737 718 12x10° 5.996 881 713 604 12x10°
04 -3.509 103 608 415 01x10° 8.436 198 985 884 35x10°
Os —1.419 375 897 185 57x10° 1.092 536 348 449 67x10!
e 1.413 928 462 488 86x10° 1.349 772 569 889 28x10!
67 5.264 971 343 442 69x10° 1.622 022 147 316 80x10!
0s 1.084 391 707 869 69x10! 1.927 744 616 718 17x10!

MRH CRAM 4R e 1iF, R (3)ATL
R e
i@za@m}QRHS?MAHﬂD”Bm) (7)
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160 (stable)—(n,y: 6.601 89x1073b) —

170 (stable)—(n,y: 1.184 99x10*b) —

130 (stable)—(n,y: 5.426 13x1073b) —

90 (B, 1.577 88x107s)

Hodr: MHRH I MR A /E 5 5 T U
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10 em sy FFEEIRIE] 9 1 a.
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190 YEAE BN
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Table 2 Calculation results of 1°0 activation.

% SR HE (T JZ7H B (CRAM) X A 22
Nuclide Number of atoms (analytic) Number of atoms (CRAM) Relative deviation
150 9.999 98x10"° 9.999 96x10"° -2.000 00x107®
170 2.083 40x10'* 2.08197x10' —6.863 78x107*
130 3.89555x108 3.890 14x108 -1.388 76x1073
190 1.626 33x10? 1.622 46x10? 2379 59%x103
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Table 3 Calculation results of nature Fe activation.

%R JRTHE (T2 JE-T U (CRAM) R 22
Nuclide Number of atoms (analytic) Number of atoms (CRAM) Relative deviation
BTi 1.264 46x10"7 1.265 56x10"7 8.699 37x107*
“Ti 6.326 96x101° 6.364 76x1016 5.974 43x1073
vy 1.706 66x10'° 1.710 99x101° 2.537 12x1073
oy 3.614 83x10'8 3.61516x10'8 9.129 06x107
SV 6.705 75x10% 6.706 45x10%° 1.043 88x10~*
0Cr 5.73791x10" 5.738 01x10'8 1.742 79x1073
SICr 8.22391x10"Y 8.223 87x10Y —4.863 87x107°
32Cr 2.574 26x10%° 2.57429x10° 1.165 38x107°
3Cr 5.418 58x107! 5.418 66x10?! 1.476 401073
HCr 1.488 23x102! 1.489 33x102! 7.391 33%107
3Mn 2.246 95x102! 2.246 93x10?! —-8.900 95x107°
*Mn 2.953 06x102! 2.953 06x10?! 0.000 00x10°
3Mn 1.542 48x10?2 1.542 47x10?? —6.483 07x107°
3Mn 6.61559x10!8 6.61560x10'8 1.511 58x107¢
S"Mn 7.338 38x10 7.338 45%1014 9.538 89x10¢
34Fe 6.390 47x10% 6.390 45x10% -3.129 66x107°
35Fe 4.962 58x10?? 4.962 60x10?? 4.030 16x10°°
SFe 9.789 64x10% 9.789 62x10% -2.042 98x107°
STFe 2.356 69x10% 2.356 69x10% 0.000 00x10°
8Fe 2.892 41x10%2 2.892 41x10?? 0.000 00x10°
Fe 3.695 06x10'8 3.695 08x1018 5.412 63%10°¢
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Table 4 Calculation results of > Fe decay.
TEAR I ] SmFe JRFHE (R SimFe JF T4 (CRAM) AHXS i 22
Decay times ~ Number of ¥™Fe atoms (analytic) Number of 3*™Fe atoms (CRAM) Relative deviation
1.0x10! 9.562 11x101° 9.562 09x10" ~2.091 59x10°
1.0x102 6.390 52x101 6.390 50x10" -3.129 64x10°°
1.0x10° 1.13596x10'8 1.13573x10" —2.024 72x10*
1.0x10* 3.577 82x10° —6.357 89x10" ~1.777 03x10'3
1.0x10° 0.000 00x10° —~7.207 8510 ©
1.0x10° 0.000 00x10° —2.747 47x1010 ©
1.0x107 0.000 00x10° —2.32112x10° 0
1.0x108 0.000 00x10° —2.278 50108 ©
AR ] SFe JRTHE (TS SFe J5i 74U E(CRAM) FRR i 22
Decay times ~ Number of 3°Fe atoms (analytic) Number of 3*Fe atoms (CRAM) Relative deviation
1.0x10! 4.349 12x10'8 4.34912x10'8 0.000 00x10°
1.0x10? 3.358 19x10" 3.358 19x101° 0.000 00x10°
1.0x103 3.529 42x101 3.52943x10" 2.83333x10°6
1.0x10* 1.825 00x10™ -8.08213x10" —1.442 86x10°
1.0x10° 0.000 00x10° —8.497 58x10'2 ©
1.0x10° 0.000 00x10° —1.429 34x10" ©
1.0x107 0.000 00x10° —-8.169 92x10° ©
1.0x108 0.000 00x10° —7.567 49108 0
FEARI [A] SMn JE TR (RITED *Mn [ 7 %5 (CRAM) FERT i 22
Decay times Number of 3*Mn atoms (analytic) Number of >*Mn atoms (CRAM) Relative deviation
1.0x10! 2.980 86x1016 2.980 86x10' 0.000 00x10°
1.0x10? 2.51294x10'8 2.51294x10'8 0.000 00x10°
1.0x103 6.356 98x10"° 6.356 98x10" 0.000 00x10°
1.0x10* 9.999 98x101° 1.000 00x10°° 2.000 00x10°6
1.0x10° 1.000 00x102%° 9.999 98x10"? -2.000 00x10°°
1.0x10° 1.000 00x10%° 9.999 98x10" ~2.000 00x107°
1.0x107 1.000 00x102° 9.999 98x101? —2.000 001076
1.0x108 9.999 99x101° 9.999 98x10"? ~1.000 00x10°6
TEARIN (] SCr R THE (T 33Cr Ji 7 #UE (CRAM) AHX i 22
Decay times ~ Number of *Cr atoms (analytic) Number of 33Cr atoms (CRAM) Relative deviation
1.0x10! 5.93138x10? 5.93138x10 0.000 00x10°
1.0x10? 5.218 54x10° 5.218 54x10° 0.000 00x10°
1.0x103 1.847 09x108 1.84709x10° 0.000 00x10°
1.0x10* 5.370 31x10° 5.370 31x10° 0.000 00x10°
1.0x10? 5.883 55x10'0 5.883 56x10'° 1.699 65x10°6
1.0x10° 5.934 88x10!" 5.934 88x10'! 0.000 00x10°
1.0x107 5.940 01x10'? 5.940 01x10'? 0.000 00x10°
1.0x108 5.940 52x10"3 5.940 52x10'3 0.000 00x10°

3 UHEsk S HOARNBIE A JRIE K N A RR

TR, Q) PR Ar KR E D AER
HOP I (9 7 S B, CRAM SRR FE ¥ e 78
(o0, 01X AN B A FE I X TR R AR T,

(B (VR BB A AR K, AR A 2 25 i 128 2 4
SPHTR B S o BRI, I 1 BT CRE L SCRR(13DD,

MR At R AEAE S B AR R £ 142K, RPRFAE
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FERHE A AN 0 AR R 2 ) i K &
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R AR B S E S, 32 R BORMR MR
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Table 5 Calculation results of 3>™Fe decay after adopting technique of scaling and squaring.

AR [A] Smpe JETHRE (BT SmFe J5 T4 #(CRAM) AHX s 22
Decay times ~ Number of >*™Fe atoms (analytic) Number of 3™Fe atoms (CRAM) Relative deviation
1.0x10! 9.562 11x10" 9.562 11x10" 0.000 00x10°
1.0x102 6.390 52x101° 6.390 52x10"? 0.000 00x10°
1.0x103 1.13596x10'8 1.13592x10'8 -3.52125%10°5
1.0x10% 3.577 82x10° 3.576 74x10° —3.018 60%x10*
1.0x10? 0.000 00x10° 0.000 00x10° 0.000 00x10°
1.0x10° 0.000 00x10° 0.000 00x10° 0.000 00x10°
1.0x107 0.000 00x10° 0.000 00x10° 0.000 00x10°
1.0x108 0.000 00x10° 0.000 00x10° 0.000 00x10°
ARSI [A] SFe JE 4R (EITIE 53Fe JR 145 (CRAM) AT i 22
Decay times ~ Number of **Fe atoms (analytic) Number of 3Fe atoms (CRAM) Relative deviation
1.0x10! 4.349 12x10'8 4.349 12x10'8 0.000 00x10°
1.0x102 3.358 19x10"° 3.358 19x101° 0.000 00x10°
1.0x103 3.529 42x101° 3.52935x10" ~1.983 33x10°°
1.0x10* 1.825 00x10'* 1.824 90x10' —5.479 45%10°5
1.0x10° 0.000 00x10° 0.000 00x10° 0.000 00x10°
1.0x10°6 0.000 00x10° 0.000 00x10° 0.000 00x10°
1.0x107 0.000 00x10° 0.000 00x10° 0.000 00x10°
1.0x108 0.000 00x10° 0.000 00x10° 0.000 00x10°
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AR [A] SMn 7 HE (T2 53Mn JR F# & (CRAM) AENT w22

Decay times ~ Number of >*Mn atoms (analytic) Number of 3Mn atoms (CRAM) Relative deviation
1.0x10! 2.980 86x1016 2.980 86x10' 0.000 00x10°
1.0%10? 2.51294x10'8 2.51294x10" 0.000 00x10°
1.0x10° 6.35698x10'° 6.356 87x10" -1.730 38x1075
1.0x10% 9.999 98x10'? 9.999 90x10" —8.000 02x10°¢
1.0x10° 1.000 00x10%° 9.999 98x10'? ~2.000 00x10°6
1.0x10° 1.000 00x10%° 9.999 98x10'? ~2.000 00106
1.0x107 1.000 00x10%° 9.999 98x10'? —2.000 00x10°6
1.0x108 9.999 99x101? 9.999 98x101° —1.000 001076
AR [A] SCr THE (i) 3Cr J& T4E(CRAM) AERT s 22

Decay times ~ Number of **Cr atoms (analytic) Number of 3*Cr atoms (CRAM) Relative deviation
1.0x10! 5.931 38x10? 5.931 38x102 0.000 00x10°
1.0x10? 5.218 54x10° 5.218 54x10° 0.000 00x10°
1.0x10° 1.847 09x108 1.847 06x10° ~1.624 18x10°°
1.0x10* 5.370 31x10° 5.37028x10° ~5.58627x10°
1.0x10° 5.883 55x1010 5.883 56x1010 1.699 65x10°6
1.0x10° 5.934 88x10M! 5.934 88x10'! 0.000 00x10°
1.0x107 5.940 01x10'2 5.940 01x10'2 0.000 00x10°
1.0x108 5.940 52x10"3 5.940 52x10"3 0.000 00x10°

Y THERE A FIREYE%0|4]:=0.006 41, N T i &
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ARHE] CRAM FITHEFERT N 0.62's, P FEAAH Y.
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