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Abstract : To characterize chemically a spent pressurized water reactor (PWR) fuel, an analytical
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method for trace amounts of tritium (SH) in it has been established. Considering the effective
management of radioactive wastes generated through the whole experimental process and the
radiological safety for analysts, a separation condition under which “C and *H can be sequentially
recovered from a single fuel sample was optimized using simulated spent PWR fuel dissolved
solutions. '*CO; evolved during dissolution of the spent PWR fuels with nitric acid was trapped in an
aliquot of 1.5 M NaOH. "I, which was volatilized along with '“CO, was removed using a silver
nitrate-impregnated silica gel absorbent. H remaining in the fuel dissolved solution as *H,0 was
selectively recovered by distillation. Its recovery yield was 97.9% with a relative standard deviation of
09% (m=3). 3H in a spent PWR fuel with burnup value of 37,000 MWd/MtU was analyzed,
reliability of this analytical method being evaluated by standard addition method.
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Table 1. Chemical composition of a simulated spent
PWR fuel dissolved solution

Element Spent fuel, pg/g SIM soln., ©g/100 mL
*HT 1,242.8 kBq 665.6 Bq
Ba 1,835 3,670
Cd 119.8 240
Ce 2,505 5,000
Cs 2,511 5,000
Eu 141.6 300
Gd 136.9 300
La 1,284 2,700
Mo 3,528 7,200
Nd 4,257 8,500
Pd 1,505 3,000
Pr 1,177 2,400
Rb 368.8 800
Rh 486.0 1,000
Ru 2,330 4,500
Sb 100 100
Sn 200 200
Se 59.3 120
Sm 906.9 1,810
Sr 806.6 1,610
*Te 809.2 63 Bq
Te 515.5 1,030
Y 476.7 1,000
Zr 3,805 7,610
18] 0.9539 ¢ 2.002 g
*Ag 82.4 0.824
*1 249.3 2.5

CaCO; 25 ¢ 50¢g

* Element added to a round bottom flask containing 0.5
mL of the simulated spent fuel dissolved solution prior

to trltlum recovery experiment _
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Table 2. Analytical result of the recovered distillate by
ICP-MS

Metal element Blank, ng/mL Test, ng/mL
Ba 12.2 37
Cd - -
Ce 0.1 -
Cs 0.3 0.1
Eu 4.1 -
Gd - -
La 13 -
Mo 09 -
Nd 0.1 -
Pd - -
Pr - -
Rb 12.9 0.1
Rh R -
Ru - -
Se - -
Sm - -
Sr 0.4 -
Te 1.1 -
Y 0.8 -
Zr 0.5 -
Sb 0.1 -
Sn 0.1 -
U 0.1 2.3
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Fig. 1. Recovery behaviour of *H from a simulated spent
PWR fuel dissolved solution 3H20:665 Bq.
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Table 3. Recovery of *H from simulated spent PWR
fuel dissolved solutions by distillation
Recovery, Average, RSD,

Test No. Added, Bq Found, Bq

% % %
H-1 665 650.5 97.8
H-2 665 657.6 98.8 979 09
H-3 665 643.0 97.1
3.3. AB®3oIZ = °H & ¥ BMME|E B}
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Fig. 2. Standard addition curve of trittum (Standard
addition before distillation). R=0.9952, Standard
deviation=0.9002, Y=58.6496+0.9715X.
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Fig. 3. Standard addition curve of tritium (Standard
addition after distillation). R=0.9999, Standard
deviation=0.4179, Y=59.2400+0.9595X.
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Table 4. Analytical results standard

addition method

obtained by

Result, kBq/g Deviation,
Spent Fuel %
| No addition 12,738 33
Before distillation 13,242

) No addition 12,892 47

Experiment Standard addition

After distillation 13,527
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