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Improvement of Fuel Fabrication Process for High Temperature Engineering Test Reactor

(Countermeasures to Criticality Accident)

Masashi TAKAHASHI, Shouhei UETA, Atsushi YASUDA*,
Shigeharu YOSHIMUTA*, Shigeru KATO* and Kazuhiro SAWA

Department of HTTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken
(Received November 29, 2001)

The High Temperature Engineering Test Reactor (HTTR) adopts coated fuel particles as fuel.
The coated fuel particles are fabricated through fuel kernel process and coating process. The
kernels are fabricated by so-called external gelation process with uranyl nitrate solution
(wet-process). A batch size of the kernel process is 4.3kg-U. The HTTR used 12 kinds of
By enrichments, from 3.4 to 9.9 wt%, to flatten the power distribution and reduce the
maximum fuel temperature during reactor operation. The fabrication of the HTTR fuel is
carried out in the HTR fuel plant at Tokai works of Nuclear Fuel Industries, Ltd. (NFI).
Considering the serious impact made by the criticality accident, which occurred at JCO Co.
Ltd. on September 30, 1999, the Japan Atomic Energy Research Institute and NFI reviewed the
safety of the HTTR fuel fabrication process. The countermeasures were discussed to prevent
criticality accidents in the wet process of the HTR fuel plant where handling of less than 10
wt% enriched *°U are permitted. As the results of the review, the HTR fuel plant will be
modified to incorporate a strict mass-control system together with some interlock systems.

After the modification, fabrication of the 2nd-loading fuel of the HTTR will be safely started.

Keyword s: HTTR, Fuel Fabrication, Wet-process, Criticality Accident,

Mass-control, Interiock Systems, Safety

*  Nuclear Fuel Industries, Ltd.
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Fig. 1-1 Fuel assembly of the HTTR.
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|| U303 powder u

Solution in nitric acid

Il Uranyl nitrate "'_—— Mixing ; H Additive "

|| Metal solution "

Dropping

|

Aging

Washing

Calcinating

" UQ; particle ||

Reduction/Sintering
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Fig.2-1 Flow diagram of UQO; fuel kernel process.
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Region 23U enrichment (wt%) Burnable poison
(* 1 ) Natural
| C ond 3rd 4t Diameter Boron .
Step from (~mm) | concentration
the top (~wt%)
1 6.7 | 79 | 94 | 99 14 2.0
2 52 | 63 | 72 | 79 14 2.5
3 43 | 52 | 59 | 63 14 2.5
4 34 | 39 | 43 | 48 14 2.0
5) 34 | 39 | 43 | 48 14 2.0

(% 1) Region number is as follows.

270°

Fig.2-2 Fuel arrangement in the HT'TR core.

go0°

1. The 1* fuel region
2. The 2™ fuel region
3. The 3" fuel region
4. The 4™ fuel region
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U304 powder " H U;0g powder
23U enrichment A U enrichment B
Weigh measurement Weigh measurement
Solution in nitric acid Solution in nitric acid
Uranyl nitrate Uranyl nitrate

Homogeneous mixing

Measurement of 2°U enrichment

< NH,OH

ADU deposit

Separation between solid and liquid

ADU powder

Calcination

" U303 powder prepared 25U enrichment C

Fig.2-3 25U enrichment preparation process.
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Fig.2-4 Vibrating nozzles and droplets.
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Table 4-1 Countermeasures for criticality accident.
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Table 4-2 Countermeasures to exclude criticality accident.
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Small-scattering data

1 sample / inspection lot

Medium-scattering data

3 samples / inspection lot

Large-scattering data

statistically required samples
/ inspection lot !
\\
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Fig.4-3 Basic concept of sampling rate in quality control of HTTR fuel.
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