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Determination of Carbon-14 and Tritium in Spent Nuclear

Fuel
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Abstract

The methods for determining the C-14 and tritium contents in the spent PWR fuel sample
were developed. The carbon-14(**CQ,) released during the dissolution of the spent fuel sample
and CaCOs(CO; carrier) with 8 M HNOs; at 90°C was collected in trap containing 1.5 M
NaOH. The volatile radioactive iodine evolved when the spent fuel was dissolved, was trapped

on Ag-Silicagel(Ag-impregnated silicagel) adsorbent in column which is connected to two



NaOH traps. The solution which contain tritium as HTO after fuel dissolution is
decontaminated by deionization with a mixture of cation and anion exchange resins and
inorganic ionexchangers. The amount of C-14 in the trap solutions and the HTO concentration
in the resulting deionization water were then determined by liquid scintillation counting. The

C-14 and tritium recovery from the simulated dissolver solution were 91.3% and 99.7%

respectively.
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Fig. 13 #2 AMEF/AEA R T C-145 3387 A FAE hot cell el HAst3th =
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Table 1. Determination of C-14 in a PWR Spent Fuel Sample

Activity/Sample Mean RSD 1st+2nd
Trap-Sample
(Ba) (Ba) (%) (Ba)
1st-1 2155
1st-2 2146 2148 0.27
1st-3 2144
2nd-1 265
2nd-2 266 265 0.38
2nd-3 264
Table 2. Recovery of C-14 from a Simulated Fuel Solution
Sample C-14 in Sample | CaCO3; Added Trap Sol'n | Recovery | Mean RSD
No. (Ba) (g) (mL) (%) (%) (%)
1 238 2.5 25 92.3
2 238 25 25 94.3 91.9 2.8
3 238 2.5 25 89.2




Table 3. Recovery of Tritium from Simulated Fuel Solutions by Deionization

Sample
No. Added, Bq Found, Bq Recovery, % Average, % RSD, %
1 665 671.7 101.0
2 665 659.0 99.1 99.7 1.2
3 665 657.7 98.9
Table 4. Purification of Tritium Recovered from a Spent Fuel Dissolver Solution
Concentration, Bg/Sample
Nuclide Before After Purification
Purification | \nro100 | MP-50 MP MP-T | MP-A | MP-S
Cs-134 |<1.04 x 10*| <7.92 <752 <6.90 <2.49 <651 <3.46
Cs-137 |<1.48 x 10*| <239 <1.99 <253 <2.19 <1.92 <2.74
Ce-144 |<264 x 10'[<1.78 x 10'|<2.67 x 10'|<154 x 10'| <766 |<1.16 x 10'| <6.83
Ru-106 | 2.39 x 10° | 1.12 x 10° | 1.34 x 10 | 8.25 x 10” [8.32 x 10° | 7.31 x 10° [8.02 x 10°
Sb-125 | 595 x 10° | 532 x 10° | 532 x 10°| 370 x 10* | <675 | 3.16 x 10 [4.20 x 10°




1) Cooling water - In

2) Cooling water - Out

3) Reflux condenser

4) Tube for introduction of
8 M HNO;

2-neck dissolution flask
Heating mantle

Trap with Ag-Silicagel
Trap with 1.5 M NaOH
and capillary tube

9) Voltage controller

5)
6)
7)
8)

Fig. 1. Gaseous '“C Collection System Installed in the Hot Cell.



(a) (b)

Fig. 2. Comparison of Ag-Silica gel Adsorbents Before and After
Trapping of Volatile lodine.
- After trapping : upper in (a), right in (b)
- Before trapping : lower in (a), left in (b)



(b)

Fig. 3. Scan of X-ray Spectra Emitted by Middle (a), and Front (b)
Regions of Ag-Silica gel Adsorbents after Dissolution of
SIMFUEL Sample.
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