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Calculation of Radionuclide Decay Heat Power for Melt Glass

BAO Min, WANG Qun-shu, SHI Quan-lin, XIE Feng, WANG Wu-shang
(Northwest Institute of Nuclear Technology . Xi’an 710024, China)

Abstract: As the temperature is a key factor affecting melt glass dissolution rate, the
decay heat power generated by radionuclides within melt glass from 10 d to 300 000 d
after an underground nuclear test was calculated to assess its influence on temperature
and dissolution rate. Radioactive inventories with half-life longer than 1 a, produced by
100 kt TNT nuclear explosion published by TAEA report were used. The inventories of
short-lived fission products with half-life of 1 d-1 a and accumulate yield greater than
0.1% were estimated from the inventory of '*"Cs. The decay characteristics of each
nuclide were analyzed. The decay energy deposited in melt glass was calculated by the
mean alpha, beta and gamma energy released by radioactive decay from ENDF/B V[
database. From the calculation, it can be concluded that the decay heat power decays by
power function, short-lived fission products, long-lived fission products and actinides
are the main contributions to the power at 10-2 000 d, 2 000-60 000 d and after
60 000 d, respectively. The influence on melt glass temperature and dissolution rate is

indistinctive, especially after 1 000 d.

W is B H#:2013-03-24 ;& B H #:2013-04-27
EER N 973, 2, WA BB 01 B R A R R T Rl



578

BT RERIEHAR 48k

Key words: melt glass; radionuclide; decay heat power; temperature

Mo T A% i R I R R e 28 B 1k O A
AE . 2 m O IR B . R R AL TR
B Loy B A A B AR W 1 S KR 7k
YR 28 i AR 23 W A A b YR AL R R R )
JotH S e A A T R A A IR TR U A B
TR A A8 ™ A 1 X A A A R R R
RIS AR . ES AT MR R
TEOLT 8 5 B A2 3 T AR K = i A R
PR SO T R O PR R TR R
SR O VR VA R R I R R
VU e BB R A A 3R T A B Rl 114
W R A R R R TE R
JU/IN 2 LR B B (0] P [l 3 25 JE ) AR S0 5
Bk 10 d Ja e BER R i R R R i

1 FEISH

— U R g A A R T
it KR 3% 2R 10 R AR PR A O o 5
BRI TSRS R . BRI E
UM A A RO 10 A S R
TRV R W AR 0. 126 AT 220w FC A 2 AR
B TR AR 10 d 5 M A% 3R e 4,
NRGH B EMRT L AR,

Nl FANGATAUFA #3053 1 1% 36
BEARDL 1998 4F TAEA fK5 T 100 kt TNT 24
T BRI A R R T 1 a i
BRI R BEE L 45 1 T K B R A I e B
A IR A B AR B T 2 AR AT IO AR
PR N R MW CGR D,

®1 IAEA BEHB TZRRBSHBEZREEY

Table 1 Estimated underground radioactive inventory from nuclear explosion by IAEA™

EEES MR EREW/a RE BE/Bq W Ll % Y65 WU T BE /Bg
W RAEE 256U 2.342X 106 2.50X10° 90 2.25X10°
27 Np 2. 144 X108 4. 20X 107 95 3.99X 107
8Py 87.7 1. 60X 10" 98 1.57X 10"
239 Py 2.411X10* 7.50X 10" 98 7.35X10"
20py 6.561x10° 2.00X 10" 98 1. 96 X102
21 py 14. 29 6. 401013 98 6.27X10"
22py 3.735X10° 8. 40X 107 98 8.23X107
241 Am 432. 6 2.90X 10" 98 2. 8410
W E 36C1 3.01X10° 4. 80X 10" 50 2.40X 10"
41 Ca 1.02X10° 4.20X 10" 70 2.94X10%
% Fe 2.744 1.50X 10" 95 1. 43X 10"
50 Co 5.2711 2.50X 10 90 2.25X10M
%9 Ni 7.6X10* 1. 20X 10" 95 1. 14X 10"
63 Ni 101. 2 1.50X 10" 95 1.43X10"
12 Ey 13.537 1. 70X 10" 95 1.62X10"
BiEy 8. 601 3.30X 10" 95 3.14X10"
KHF s r=ye & 9 Se 2.95X10° 4.00X108 70 2. 80X 108
90 Sr 28.79 5.20X 10" 40 2.08X 10"
BZr 1.53X10° 1. 10X 10" 95 1. 05X 10
9 Te 2.111X10" 8. 30X 10" 80 6. 64 X101
106 Ru 1.017 9 2.70X10% 70 1. 89X 10"
107pd 6.5X 106 3.50X10° 70 2. 45X10°
13 Cdm 14.1 9. 90X 10" 70 6. 9310
121Gpm 43.9 3. 80X 10° 60 2.28X10°
125G} 2.758 56 1. 20X 10" 70 8. 40X 101
126 Sp 2.3X10° 4.40X10? 70 3.08X10°
1297 1.57 X107 1. 70X 108 50 8. 50X 107
131Cs 2.065 2 1. 00X 10" 20 2.00X 101
135 Cs 2.3X 106 8.50X10° 20 1. 70X 109
137Cs 30. 08 6. 00X 10" 40 2.40X 10"
147Pm 2.623 4 2.40X10% 95 2.28X10%
151Sm 90 1.50X 10" 95 1.43X10"
15 Eu 4.753 3.60X101" 95 3.42X101
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Table 2 Inventory of short-lived fission products in melt glass

S il /d ABUE SE /B a5 el o JE 5 % /B
89Sr 50. 53 0.043 7 9.17 X101 40 3.67 X101
oy 58. 51 0.057 3 1. 04 X10%7 40 4.15X1010
BSZr 64.032 0.064 3 1. 06X 107 95 1. 01X 10"
% Mo 2.749 0. 059 4 2.29X10'8 80 1.83X10'®
13 Ru 39. 247 0.032 4 8.75X101 70 6.12X10'°
195Rh 1.473 3 0.012 0 8.63X10'7 70 6. 04 X107
127Sh 3.85 0.003 06 8.42X101° 70 5.90 X106
192 Te 3.204 0.046 6 1.54X10!® 50 7.71 X107
110 Bg 12.752 7 0. 059 8 4. 97X 107 95 4.72X10'7
HICe 32.508 0. 059 5 1. 94X 1017 95 1. 84107
113 Ce 1. 377 0.057 3 4.41X10'8 95 4.19X10'8
HiCe 284. 893 0.052 7 1. 96X 101¢ 95 1. 86X 101!°
MTNd 11. 04 0.021 4 2.05X10" 95 1.95X10'7
149Pm 2.21 0.010 4 4.99 X107 95 4. 74 X107
11 Pm 1.18 0.004 12 3. 70X 1017 95 3.52X10%
153 Sm 1. 94 0. 001 67 9.12X10'® 95 8.67X101'6
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Table 3 Decay heat information of radionuclide

with single disintegration"*!

(3 E;/keV |75 E:/keV (5 E:/keV
3 Cl 297.55 P4Eu 1 515.49 1291 74.33

“Ca 3.11 Se 55. 80 134 Cs 1 718.50
*Fe 5. 84 89Sr 585. 30 135 Cs 75.70

0Co  2600.77 || 'Y 606. 14 11 Ce 246. 80
% Ni 6.92 15Rh  231.50 | "“Pm 375.93
53 Ni 17. 42 107Pd 9. 87 153Sm 328.93
52Eu 1298.18 ||M3Cd™  185.72 1% Eu 124. 04
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Table 4 Decay heat information of fission products with cascade disintegration
B A TH B
s C 7 )y A
& E;:/keV %E 2 E:/keV
90 Sr 195.8 0y 64 h 933.0 0Zr A-B:100% ;B-C:100%
BZr 19.1 98 Nbm 16.13 a 29.3 3 Nb A-B:95%;A-C:5%;B-C:100%
SZr 850. 4 95 Nb™(B;) 3.61d 249. 33 % Mo A-B;:1.2%;A-B,:98.8%
P Nb(By) 34.991 d 809. 0 B;-B;:100% ;B,-C:100%
% Mo 540. 9 Y9 Tem(By) 6.01 h 142. 22 P Ru A-B,:87.5%;A-By:12.5%;
99 Te(By) 2.111X10°a  55.30 B1-B;:100% ; B,-C:100 %
103 Ry 562. 2 103 Rh™ 56. 114 min 38.9 13 Rh A-B:99.75%;A-C:0.25%;:B-C:100%
106 Ry 10. 03 106 Rh 30.07 s 1620.0 106 Pd A-B:100% ;B-C:100%
121 Spm 40. 63 121Sn 27.03 h 115. 80 121Sh A-B:97.76% ; A-C:2. 24 % ;B-C:100%
125Sh 533.6 125 Tem 57.4 d 145. 42 125 Te A-B:23%;B-C:100%
126 Sn 165. 8 126 Shm (By) 11.0 s 22.7 126 Te A-B;:66.5% ; A-By:33. 5% ;B;-B, :100% 5
126Shm (B, ) 19. 15 min 2164.7 By-B; :14 % ;B,-C:86 % ; B3-C: 100 %
126 Sh( By ) 12.35d 3027.4
127 Sh 972.5 127 Te™ (By) 109 d 93.7 1277 A-B:17.4% ; A-B,:82. 6% ;
127 Te(By) 9.35h 229.4 Bi-B2:97. 6% ;B:1-C:2. 4% ; B,-C:100%
2Te 344.9 1521 2.295 h 2 744.5 132 Xe A-B:100% ;B-C:100%
137 Cs 179. 4 137 Bam™ 2.55 min 661.7 137 Ba A-B:94. 6% ;A-C:5.4%;B-C:100%
10Ba 500. 7 MO a 1.68 d 2 852.7 140 Ce A-B:100% ; B-C:100%
15 Ce 724 13 pr 13.57 d 315.10 S Nd A-B:100% ;B-C:100%
MiCe 110. 6 144 prm (By) 7.2 min 58.5 H4Nd A-Bi:1.5%3A-B,:98.5% 5
1Pr(B,) 17. 28 min 1237 B;-B.:99. 96 % ;B1-C:0. 04 % ;B,-C:100%
HINd 412. 25 MW Pm 2.62 a 61.79 17 Sm A-B:100% ;B-C:100%
1 Pm 626.5 151Sm 90 a 19. 82 BTEu A-B:100% ;B-C:100%
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Table 5 Decay heat information of actinides

B TH1 T2

xR E:/keV & 2 7E 1) E:/keV 1% iy E:/keV
2y 4 562 - - - - - -
%7 Np 4 958 255 Py 26. 975 d 414. 6 235 1.592X10° a 4 895
8Py 5589.9 iy 2.455X10° a 4 855 230Th 7.538X 10" a 4 760
9Py 5 243.23 — — — — — —
opy 5 252.2
Hipy 5. 36 2 Am 432.6 a 5628
21 Am 5628
2Py 4 982. 34

3 HEER 2 000~60 000 d BBt . K 73 iy 72 7= P A% R 1

KA EJ5 it A f§ 10~300 000 d
R[] B PN 98 8 B B AR A 3 O A 7 AR I AT R
ZEROR T 1. BT AL, 4% R AR T R
4% 3 BB . 10~2 000 d.2 000~ 60 000 d
60 000 d ZJ5. 3 ANIFa] B Py g8 A8 )y R 4y
S Bl B AR U A 1y 2R I e ) St R R A R
YAk 5 45 B R] BE P L 8 A 23R 118 446 (AR VR D/ DN 5 T
BT ST B B B AR 12 . 7E 10~2 000 d
W B 4 A7 i A8 R A% R AT R g2
O3 J5 FF 1 AR PR % R 2 R W O TR
JEE 3 v P DR Ot AR ) R U R R . 7E

10'-
'I:\ 100_
g
2 10 KA ~
1 A R
21072t ‘
£ G- HAIThER
b
® 107 AR

]0—4 L L \| \ \ 1

1t 102 100 10* 10°
ft i) /d
B 1 BREARIDRITELR

Fig. 1 Decay heat power calculation results
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Fig. 2 Temperature increase per day in melt glass
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Table 6 Influence of decay heat power

for radionuclides on melt glass dissolution rate

o 9 R 1

‘ weasms
MR/ RERMKR, (Le—Lo/Ly

WL /C

CedbH
10! 236 3.76X10°! 1.5X10 2
102 161 2.54X10°2 1.4X10 3
10° 84 3.71 X101 2.9X10°
10! 41 8.19X10°° 8.4X10°6
10° 38 1.70X10° 1.8X10°6

Ay
4 Hig

L BT E B IR N R A R R
8 T PR RO D, L el T A M . 10 ~
2 000 d. 5 A7 i 2L M R AR I RO
BRIy 32 000~60 000 d. K AF Ay HAL W% &
TR G FEHS 60 000 d Z 5 1 R JC K A
Dy EEE Iy . B F AR AR AR o B
AR i JBE R 8 A 3 2 ) 52 MR AN K L BRI (1] 3% i
W5 -1 000 d g AR R /.

S %30k
[1] PAWLOSKIG A, TOMPSON A F B, CARLE S
F, et al. Evaluation of the hydrologic source

[2]

[3]

[4]

[6]

[7]

[8]

[9]

term from underground nuclear tests on Pahute
Mesa at the Nevada Test Site: The CHESHIRE
test[ R7.
tional Laboratory, 2001.

TOMPSON A F B, BRUTON C J, PAWLOSKI

Livermore: Lawrence Livermore Na-

G A. On the evaluation of groundwater contami-
nation from underground nuclear tests[J]. Envi-
ronmental Geology, 2002, 42, 235-247.

PR RE S TL AR 26, I AR R PR EIM].
AT AR L AL . 2000 23-25.

IAEA. The radiological situation at the atolls of
mururoa and fangataufa technical report, volume
3. Inventory of radionuclides underground at the
atolls[ R]. Vienna: IAEA, 1998.

HERMAN M, PRITYCHENKO B, SONZOGNI
A A. Evaluated nuclear data file (ENDF) re-
trieval & plotting ENDF/B-V[. 1 library [ DB/
OL]. 2011[2012-09-01]. http: / www. nndc.
bnl. gov/sigma.

NICHOLS A L.
decay heat calculations[ R/OL]. Vienna: IAEA,
2002[2012-03-11]. http:// www. ictp. it/~pub_
off/lectures/Ins020/Nichols/Nichols. pdf.

e B TR X0 L AR RS R A R AR AT
FEEITR S I]. BT ReRE R A, 2010,
44(2) :240-242.

GAO Zhengming, HE Bin, ZHAO Juan, et al.

Nuclear data requirements for

Numeric calculation and analysis of decay heating
power of WgPu[J]. Atomic Energy Science and
Technology, 2010, 44(2): 240-242(in Chinese).
L EREAS. MO0 B R R Pu F1° Sr B
W] WEPIP.2013,33(3) :151-157.
BAO Min, WANG Qunshu. Calculation of radio-
nuclides "’Sr and *’Pu releasing amount from
melt glass[J]. Radiation Protection, 2013, 33
(3): 151-157(in Chinese).

AL ERE. AR IR K- s B B E AR
WLT] JEF RERE 2 $0 AR, 2018, 47 (8) : 1 445-
1 449.

BAO Min, WANG Qunshu. Water and heat flow
simulation after underground nuclear test[]J].
Atomic Energy Science and Technology, 2013,
47(8) :1 445-1 449(in Chinese).





