Determination of Fission Products in DUPIC Sintered Pellets
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Abstract

An analytical technique for trace amounts of fission products in spent PWR (Pressurized Water
Reactor) fuels and DUPIC (Direct Use of Spent PWR Fuel in CANDU reactor) fuels has been
established. Fission products(Sr, Ba, Cd, La, Ce, Pr, Nd, Sm, Eu, Gd and Y) were quantitatively
recovered by anion exchange, tri n-butylphosphate (TBP) and di(2-ethylhexyl)phosporic acid (HDEHP)
extraction chromatography. In practice, spent PWR fuels whose burnup were between 15,000~35,000
MWdA/MtU  were analyzed with the relative standard deviation of less thane 5% using
ICP-AES/shielding system. In addition, spent PWR fuel with burnup of 35,139+ 1098 MWd/MtU and
DUPIC sintered pellet(35,502 MWd/MtU) were analyzed and then the determination reliability of the

established analytical technique was evaluated by standard addition method.
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SpexAte] ICP-AES A& HEFEEU(1000 m NS AAES =2 s/AM6t0], 10 U WA
35,000 MWD/MTU 49| 42 AlZSFddds Sol88 1 ststr 40|l FAIS HgAIY 2918
o2 A =5ttt UUsOs, NBL Certified Reference Material 129)2} “*Pul(PutNOs)s, North American
Scientific, INC, 40.94 kBq) 2211 *"Am(AmCls, North American Scientific, INC, 37.22kBq)2 AF 5t
20 Tol EItotdct Ado MEE 2= ANU2 2AAMNAdgG=M HHGHA %30 AE5HU ST,

S 22 Milli-Q plus Ultra Pure Water System (Millipore)oll S 2fAI2H A Z= ot 94 CF.

Pu, U ¥ Am= &2lotJ| #lot0] Bio-RadAtel AG MP-1(200~400 mesh) S0|& wetsAl et
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(9f 500 mg) #Ioto] Extdl sbd ool X =0 A= SalIAo 22 75~8 M Ertes oF 5
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eand

Pets0l dREH0 UAs SdEXE FAZ Foto| =S 75~8 M2 ZHEGHACE 10 mgel ¢
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; La, Ce, Pr, Sm, EFu, Gd, Nd & Y) F&Y (two point calibration)2 2 ICP-AESE H&S = 2
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Table 1. Operation conditions of ICP-AES/shielding system.

Item Condition
Radio frequency power, w 1150
Reflected power, w <5
Argon gas flow rates

- Coolant, L/min 14

- Auxiliary, L/min 1.0

- Nebulizer, L/min 0.81
Solution uptake rate, mL/min 1.85
Sample flush time, sec 10
Wavelength range, nm 175~800

Table 2. Chemical composition of mixed standard addition solutions.

Concentration, mg/L

Element . 3 . B
Standard addition mixture—1 Standard addition mixture-2

Sr 4 —

Ba

Cd

La

Ce

Pr

I [ |wW |~
|

Nd

Sm -

Gd -

3
4
Eu - 2
2
3

Y —

Table 3. Amount of stabdards added in sample solutions.

o Added metal element, we
ement Sample—0 Sample-1 Sample-2 Sample-3
Sr 0 4 8 12
Ba 0 4 8 12
Cd 0 3 6 9
La 0 3 6 9
Ce 0 3 6 9
Pr 0 3 6 9
Nd 0 9 6 3
Sm 0 12 8 4
Fu 0 6 4 2
Gd 0 6 4 2
Y 0 9 6 3




Table 4. Quantitative ratios of fission products to uranium in spent PWR fuels of different burnups.

15,604 =488 MWd/MtU 26,880+ 840 MWd/MtU 35,165£1099 MWd/MtU

=5} FP/U, we/mg ICP/ | RSD FP/U, wg/mg ICP/ | RSD FP/U, wg/mg ICP/ | RSD
Origen2 | ICP-AES |Origen2| (%) |Origen2|ICP-AES |Origen2| (%) |Origen2|ICP-AES |Origen2| (%)

La | 0.605 | 0.658 | 1.088 | 2.2 | 1.037 | 1117 | 1.077 | 0.8 | 1.352 | 1.488 | 1.101 | 0.3
Ce | 1.166 | 1141 10979 | 0.2 | 2012 ] 1929 | 0959 | 1.0 | 2631 | 2575 | 0979 | 1.2
Pr 1 0560 | 0270 | 0.482 | 0.4 | 0.955 | 0.429 | 0.449 | 0.8 | 1.237 | 0.546 | 0.441 | 0.3
Nd | 2004 | 1.848 | 0.922 | 1.5 | 3434 | 3137 | 0914 | 1.2 | 4486 | 4127 | 0.920 | 0.2
Sm | 0471 | 0342 | 0.726 | 0.7 | 0.848 | 0567 | 0.669 | 1.4 | 1.143 | 0.747 | 0.654 | 0.1

Fu | 0.046 | 0.047 | 1.021 0 10098 | 0104 | 1.061 | 1.2 | 0.146 | 0.155 | 1.062 | 0
Gd | 0024 | 0.021 | 0875 | 6.7 10.082 | 0.090 | 1.098 | 1.8 | 0.148 | 0.163 | 1.101 | 1.4
Y 10251 | 0.247 | 0984 | 0.4 | 0405 | 0.385 | 0.951 | 1.1 | 0502 | 0.488 | 0.972 | 0.3
Sr 10416 | 0432 | 1.038 | 3.3 | 0.672 | 0.667 | 0993 | 0.8 | 0.838 | 0.849 | 1.013 | 0.9
Ba | 0.822 | 0965 | 1174 | 40 | 1463 | 1.703 | 1.164 | 1.8 | 1.960 | 2.004 | 1.022 | 0.5
Cd 0032 0019 | 0594 | 0 ]10.079 | 0.0563 | 0.671 | 55 | 0.126 | 0.093 | 0.738 | 1.3

Table 5. Ratios of fission products in two spent PWR fuels of different burnups.

FP/U, wg/mg
FP Origen? 35139£1098 MWd/MtU | 351651099 MWd/MtU 35139/35165 MWd/MtU
ICP-AES |ICP/Origen| ICP-AES |ICP/Origen

La 1.352 1.578 1.167 1.488 1.101 1.060
Ce 2.631 2.785 1.059 2.575 0.979 1.082

Pr 1,237 "1.654 1.337 0.546 0.441 * Wavelength change
Nd 4.486 4.633 1.033 4127 0.920 1.123
Sm 1.143 “1.089 0.953 0.747 0.654 * Background compensation
Eu 0.146 0.169 1.158 0.155 1.0622 1.090
Gd 0.148 0.186 1.257 0.163 1.101 1.141

Y 0.502 0.523 1.042 0.488 0.972 1.071

Sr 0.838 0.928 1.107 0.849 1.013 1.093

Ba 1.960 2.565 1.309 2.004 1.022 1.280

Cd 0.126 0.101 0.802 0.093 0.738 1.086

Table 6. Quantitative ratios of fission products to uranium in DUPIC sintered pellet.

FP/DUPIC sintered pellet, ug/mg
FP Origen? Test=1 (2000. 3. 20) Test-2 (2000. 8.17) Test=1/Test-2
ICP-AES ICP/Origen? ICP-AES ICP/Origen?

La 1.130 1.212 1.073 1.202 1.064 1.008
Ce 2.200 2.178 0.990 2.126 0.966 1.024
Pr 1.040 1.266 1.217 1.250 1.202 1.013
Nd 3.730 3.575 0.958 3.575 0.958 1.000
Sm | 0.757 0.825 1.090 '0.826 1.091 0.999
Eu 0.129 0.131 1.016 0.128 0.992 1.023
Gd 0.114 0.139 1.219 0.136 1.193 1.022

Y 0.424 0.424 0.000 0.417 0.983 1.016
Sr 0.685 0.664 0.969 0.665 0.971 0.998
Ba 1.690 1.622 0.960 1.683 0.996 0.964
Cd 0.0312 <0.0002 - <0.0002 - -




Table 7. Evaluation of determination reliability of fission products in spent PWR fuel (35139=+1098
MWd/MTU).

FP FP./.U’ us/mg — No addition/addition | Correlation coefficient
Standard addition No addition
La 1.625 1.578 0.975 0.99842
Ce 2.765 2.785 1.004 0.99977
Pr 1.701 1.654 0.971 0.99884
Nd "3.863 4.633 1.199 0.99235
Sm 1.019 1.089 1.068 0.99702
Eu 0.162 0.168 1.037 0.99982
Gd 0.189 0.186 0.984 0.99980
Y 0.487 0.523 1.074 0.99941
Sr 0.971 0.928 0.959 0.99991
Ba "2.902 2.565 0.883 0.99990
Cd 0.107 0.101 0.944 0.99998

Table 8. Determination reliability of fission products in DUPIC sintered pellet.

FP/DUPIC sintered pellet, we/mg Correlation
Element No addition/addition o

Standard addition No addition coefficient
La 1.240 1.202 0.998 0.99903
Ce 2116 2.124 1.004 0.99853
Pr 1.230 1.250 1.016 0.99971
Nd 3.342 3.575 1.069 0.99921
Sm 0.830 0.826 0.995 1.00000
Eu 0.124 0.128 1.032 0.99995
Gd 0.142 0.136 0.958 0.99994
Y 0.416 0.417 1.002 0.99878
Sr 0.674 0.665 0.987 0.99951
Ba 1.632 1.683 1.031 0.99611
Cd 0.0012 < 0.002 - 0.99992

Table 9. Recovery yield of internal standard added in dissolver solutions of spent PWR fuels

and DUPIC sintered pellet.

Sample Addition number | Added, ug Found wg | Found/Added RSD, %

Sample-0 10.06 9.52 0.95 0.86

Spent PWR fuel Sample-1 9.96 9.86 0.99 0.39
Sample-2 9.78 9.62 0.98 0.18

Sample-3 10.02 9.64 0.96 0.15

Sample-0 7.3 7.2 0.99 0.63

DUPIC sintered pellet Sample-1 7.3 7.6 1.04 0.54
Sample-2 7.3 75 1.03 0.51

Sample-3 7.3 7.4 1.01 0.50




T T 14,254

Fig. 1. Spectral Interference on Determination of Pr. Left side; spectrum of Pr
(417.939 nm), right side; spectrum of Pr (414.311 nm). Blank; 3 M HNO, standard;
0.5 mgl/L, test; fraction of lanthanide separated from DUPIC sintered pellet
dissolver solution.
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