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Abstract

JAERI has been developing environmental sample analysis techniques for safeguards and preparing

a clean chemistry laboratory with clean rooms. Methods to be developed are a bulk analysis and a particle

analysis. In the bulk analysis, Inductively-Coupled Plasma Mass Spectrometer or Thermal Ionization Mass

Spectrometer are used to measure nuclear materials after chemical treatment of sample. In the particle

analysis, Electron Probe Micro Analyzer and Secondary Ion Mass Spectrometer are used for elemental

analysis and isotopic analysis, respectively. The design of the clean chemistry laboratory has been carried

out and construction will be completed by the end of March, 2001.

Introduction
An environmental sample analysis method is one of the important measures for strengthening

safeguards system introduced on the based of the 93+2 Program of the IAEA. Its aim is to find undeclared

nuclear facilities and to detect undeclared activities by analyzing isotopic fingerprints of nuclear materials

in environmental samples taken from the inside and/or outside of the facility. The IAEA has already

introduced the environmental sample analysis method and has taken samples from the inside of nuclear

facilities in the world including Japan. The samples are sent to the IAEA's network of analytical

laboratories (NWAL) and are analyzed. In order to join the IAEA's NWAL and to maintain the independent

verification scheme of the safeguards system of Japan, it is necessary to develop analytical techniques for

ultra trace amounts of nuclear materials and to prepare a clean chemistry laboratory with clean rooms for

the environmental sample analysis [1].

In this paper, development plan of the analytical techniques is introduced and analytical methods are

discussed. Functions and plan of clean chemistry laboratory are also introduced. Because the laboratory and

the analytical techniques are useful, we will use them for safeguards, CTBT (comprehensive nuclear test

ban treaty) and environmental science.

Fingerprint

Natural uranium has three isotopes: uranium-234, uranium-235 and uranium-238. Low enriched

uranium ( 3 - 5 % 235jj) j s u ^ a s nuclear fuels in the commercial nuclear power plants. To make nuclear

weapon, it is necessary to enrich uranium-235 more than 90%. The presence of high-enriched uranium in

the uranium enrichment facility suggests undeclared activities. During the enrichment of uranium-235 in an

enrichment plant, uranium-234 is also enriched as shown in Fig. l(a). Finding of enriched uranium-234 is

indicative of presence of the enrichment plant. On the other hand, uranium-236 is produced in a nuclear

reactor by 235y (Qj y) 236TJ r e a c t j o n and is n ot in natural uranium. The presence of uranium-236 shows the

existence of a reprocessing plant.

* A portion of this work is being performed by JAERI under the auspices of the Science and Technology Agency of Japan
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produced from uranium-238 as

shown in fig l(b). In low burnup

fuel, the content of plutonium-239

is high, which is useful for nuclear

weapon. In commercial reactor,

the burnup of fuel is high (20000 -

30000MWd/t) for economic

reason. Therefore, plutonium

recovered from commercial

reactor fuel contains a lot of

heavier plutonium isotopes like

plutonium-240, plutonium-241

and plutonium-242.
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Figure 1 : Fingerprint of nuclear materials

Analytical method

Analytical methods for the environmental samples can be classified into a bulk analysis and a

particle analysis. Figure 2 shows a proposed flow diagram for environmental sample analysis. The bulk

analysis is the method for soil, vegetation, tissue or water which is taken from inside or outside of the

nuclear facilities. After chemical treatment of sample, isotopic composition and quantity of nuclear

materials in the samples are measured by Thermal Ionization Mass Spectrometer (TIMS) or Inductively-

Coupled Plasma Mass Spectrometer (ICP- , f (

jr^A I OtherMS). The target values of detection limit are

1015 g for TIMS and 1012 g/ml for ICP-MS.

The bulk analysis is useful in finding the

undeclared facility.

On the other hand, the particle

analysis is selected for a swipe sample,

which is considered to be useful in detecting

the undeclared activities. In the particle

analysis, (1) particles are recovered from the

swipe sample, for example, by using a

supersonic wave and then mounted on a

silicone wafer. (2) Surface on the sample

holder is measured by Total Reflection X-

Ray Fluorescence Spectrometer (TXRF). (3)

If specific nuclear material is found on the

surface, elemental analysis of the individual

particles is carried out by Electron Probe

Micro Analyzer (EPMA). (4) The isotopic

composition of the individual particles
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Figure 2 : Flow diagram for sample analysis
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Figure 3 : Layout of clean chemistry laboratory

consisting of specific nuclear materials is measured by Secondary Ion Mass Spectromrter (SIMS).

Clean chemistry laboratory
The clean chemistry

laboratory was designed for the

environmental sample analysis. Its

construction will be completed by

the end of March, 2001. The

laboratory has an analytical

building with about 700 m2 of clean

rooms and a research building.

Figure 3 shows a layout of the

analytical building. There is a

chemistry area and an instrument

area in the clean rooms. Cleanness

of the chemistry area is class 100,

less than 100 particles in 1 ft̂  of air,

and that of instrument area is class

1000. The laboratory has three pre-

treatment rooms, four chemical

treatment rooms, a balance room and a reagent preparation room in the chemistry area, and instrument

rooms and support rooms such as an equipment cleaning room, storage and changing rooms in the

instrument area. The analytical instruments such as TIMS, ICP-MS, TXRF, EPMA, SIMS, cc-ray detectors,

Ge detectors and a liquid scintillation counter will be installed in the instrumental rooms. Building

materials to be used for the clean rooms will be metal free materials except aluminum to keep cleanness in

the rooms. The clean rooms are surrounded by a service area which is used as installation space of

transformer, chiller, storage etc. There are windows to observe the inside of the clean rooms, and visitors

can look at the clean room through the window. Because nuclear materials are used in the clean rooms as

spike and standard, the clean rooms and the service area are radiation-controlled area. The Pressure of the

clean rooms is kept positive in order to maintain cleanness. The pressure of the service area is kept negative

to prevent release of nuclear material.

The laboratory has general laboratories besides clean rooms, which consist of a SIMS room, a

radiometric measurement room, ICP-MS room and two of chemical treatment rooms. The general

laboratories will be used for screening and the treatments of samples that can not be treated in the clean

room due to a lot of nuclear materials contained in the sample.

A contamination checking room and a waste storage room are located at the entrance to the radiation

controlled area. When we enter the clean room, we should change into a clean suit and then have air shower

at the entrance to the clean area. We further have air shower before going to the chemistry area (class 100)

from the instrument area (class 1000).

Conclusion

The construction of the clean chemistry laboratory will be completed by the end of March 2001 and

the analytical techniques for ultra trace amounts of nuclear materials will have been developed until end of
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March 2003. The clean chemistry laboratory will be used not only for safeguard purpose but also for

environmental science and other purposes, for example CTBT verification.
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