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1. PREFACE

In the Plutonium Fuel Center (PFC) of JNC, Isotope Dilution Mass Spectrometry (IDMS) has

been used to determine Pu and U contents of nuclear materials since 1996. In MOX fabrication

plant, many types of sample with wide variation of Pu/U ratio including aged Pu and process

scrap should be analyzed for not only quality control purpose but also material accountancy.

Because IDMS can eliminate influences of coexistence elements and has high accuracy, it is

considered to be the best analytical method for MOX fabrication plant.

This paper summarizes the experience of IDMS in the PFC laboratory including the

preparation of Large Size Dried (LSD) spike, and also describes the evaluation of analytical

error and consideration on procurement of LSD spike for IDMS.

2. SUMMARY OF THE DETERMINATION OF PU AND U CONTENT BY IDMS

2-1 Equipment

PFC introduced the equipment for IDMS to its analytical laboratory in 1996. The equipment

was designed in the corporation with IAEA-SAL. Four thermal ionization mass spectrometers

and other devices being used for MOX dissolution, spiking, ion-exchange, alpha-spectrometry,

gamma-spectrometry and spike preparation are included in the equipment.

2-2 Analytical method and quality control

A MOX fuel sample is divided to two sub-samples, which are dissolved in 7N HN03 with a

few drops of HF. After aliquoting and LSD spike addition, Pu and U are separated by anion

exchange technique and analyzed mass-spectrometrically. The isotope compositions, element

contents and repeatability of the determinations are calculated, and reported if the repeatability

is less than the control limit.

The bias on the determination is evaluated by intercomparison analysis with inspector's

laboratories, which are carried out four times a year. For the purpose to maintain the

performance of mass spectrometers, Pu and U isotope standard materials are measured prior to

each operation. The fluctuation of the data is monitored by the control chart.

2-3 Preparation of LSD spike

High reliability of LSD spike is one of the keys to acquire the precise results in IDMS
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technique. Because of wide variation of Pu/U content of samples, three types of LSD spike

with different Pu/U ratio (2/1, 1/3, 1/20) corresponding to the composition of the sample to be

measured are required. The number of LSD spike utilized in PFC so far is about 4,000 in total.

More than half of them have been prepared at PFC laboratory and the rest have been

introduced from foreign supplier.

3. EVALUATION OF ANALYTICAL ERROR

3-1 Repeatability for routine analysis

Based on the results of routine analysis, repeatability of the determination of Pu and U was

evaluated. These satisfy the random error of the International Target Value (ITV). Table 1

shows the repeatability evaluated from the analytical results of ATR " FUGEN" fuel and FBR

"JOYO" fuel (see Table 1). These results also indicate the high reliability of LSD spikes.

Table 1. Repeatability of the determination of Pu and U by IDMS

Fuel type

JOYO fuel

FUGEN fuel

Number of

samples

19

198

ITV (random error)

Repeatability

Pu cone.

0.091%

0.088%

0.15%

U cone.

0.104%

0.085%

0.15%

3-2 Effect on the introduction of total evaporation method

PFC laboratory introduced the total evaporation method for Pu and U isotope measurement in

1999, which greatly reduce the effect of isotope fractionation. The repeatability of Pu content

determination is well improved in comparison with the conventional method as well as Pu

isotope measurement, (see Table 2)

Table 2. Comparison of two isotope meas. methods on the repeatability of FUGEN fuel

Isotope meas. method

Conventional

Total evaporation

Repeatability

Pu cont.

0.148%

0.063%

240/23 9Pu ratio

0.025%

0.011%
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4. CONSIDERATION ON PROCUREMENT OF LSD SPIKE

Constraint of oversea transportation of nuclear material arise the difficulty of procurement of

LSD spike in Japan. PFC is examining the domestic preparation of LSD spike from MOX

stored in Pu fuel facility and the possibility to obtain the small size Pu metal which can be used

as starting material of spike preparation and be transported by type A container.

5. CONCLUSION

In PFC, about 1500 MOX samples have been analyzed by IDMS so far. IDMS is the best

method for the determination of Pu and U content of the samples of MOX fuel fabrication

facility. Analytical error of routine measurements by IDMS satisfies the requirement for

material accountancy.

Because consumption of a large number of LSD spikes is anticipated in Japan, to secure

enough quality and quantity of the LSD spikes continuously in Japan should be important in

future.
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