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Burnup Measurement of Irradiated SMART Nuclear Fuel
by Chemical Method
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Abstract
Destructive methods were used for the burnup determination of SMART nuclear fuel



irradiated at High-flux Advanced Neutron Application Reactor(HANARO) in KAERI Irradiated
SMART fuel specimen was found to be well dissolved in a mixed acid condition of 3 M
HNO; and 1 M HF at 90°C for 8 hours under reflux. The contents of uranium, plutonium and
neodymium isotopes in the irradiated fuel, after their separation from the fuel sample were
determined by isotope dilution mass spectrometric method using 233U, “2py and "Nd as
spikes. Total burnup was calculated from measurement of neodymium isotope burnup
monitors, that are 148Nd, and the sum of '™Nd and 146Nd, and compared each other. The
fractional(*°U) burnup was also determined by mass spectrometric method. The effective

fission yield was calculated from the weighted fission yields averaged over the irradiation

235 235

period. The depletion of ““U, the Pu/U ratio, the capture-to—fission ratio for “*U, and the ratio
of fission contributions for “*U, *Pu and *""Pu were determined. The total burnup value
determined by other method using “'Cs monitor was in a good agreement with those

determined by neodymium isotope monitors.
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Fig. 1. Basic Processes in PIE Analytical Laboratory.
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Fig. 2. Analytical Scheme for U, Pu and Nd Separation.



Table 1. Composition of Residue Remained after Dissolution of Non-irradiated Fuel
Sample in HINO; / HF Mixtures

Medium Residue Fraction(wt. %)% Residue Composition
15 M HNO3-1 M HF 33.4 Si
8 M HNOs-1 M HF 18.8 Si
3 M HNOs-1 M HF 155 Si

* (g residue / g sample) x 100



Table 2. Isotopic Composition of Uranium and Plutonium Separated from a Irradiated

Fuel Sample

Weight %
Element Isotope
Pre—irradiation Post-irradiation
U-234 - 0.5251
U-235 8.1 5.7756
U U-236 - 0.4861
U-238 91.9 93.2132
Total 100.0 100.0000
Pu-238 - 0.6579
Pu-239 - 89.0831
Pu Pu-240 - 9.2435
Pu-241 - 0.9541
Pu-242 - 0.0614

Total 100.0000




Table 3. Determination of Burnup Parameters for a Irradiated Fuel Sample

Fo D Pu/U N2/ Neasg/N
5 5 235 230 241% %
(Atom % Fission) ‘ B PR
1.9513 3.5911 0.2024 4.90x10 98.12/1.86/0.01

« F5 = N°8[RY5/8-R5/8)-(R6/8-R°6/8)] [7,9].
+* neglected the fast fissions originating in By

Table 4. Estimated Effective Fission Yield for a Irradiated Fuel Sample

Fission Product Nd-145 Nd-146 Nd-148

Effective Fission Yield 3.8925 2.9770 1.6758

Table 5. Total Burnup in Atom % Fission Determined by Chemical Methods for a
Irradiated Fuel Sample

Isotope Atom % Fission Difference
Nd-148 2.3597 1.000
Nd-(145+146) 2.2389 0.9488

Cs-137 24375 1.0330
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