


















SUMMARY

I. Project Title

Development of CANDU High-Burnup Fuel Fabrication Technology

II. Objectives and Importance

The first pressurized heavy water reactor(PHWR) type nuclear power plant

(NPP) in Korea, Wolsung Unit #1, has been being in operation for 15 years

since 1982 and now expected to come up with anticipated technical issues that

would be caused by the aging of reactor component materials. Especially, the

occurrence of creep in the pressure tube and the accumulation of crud in steam

generator tubes would result in the reduction of an operational margin and

cause an adverse effect in the operation and safety of the reactor. In order to

resolve these issues, reactor-base countermeasure should be considered first. But

also, the development of an advanced nuclear fuel is required, which can

improve the reactor operational margin in an economic and efficient way and

thereby can compensate the reduction of operational margin.

By the year of 1999 when Wolsung NPP Unit #4 starts its commercial

operation, about 400 tons of spent fuels will be produced from 4 CANDU

reactors each year. Considering difficulty in the storage of spent fuel,

development of advanced fuel which could drastically reduce the massive

discharge of spent fuel is again considered most important.

Even though an advanced nuclear fuel having above mentioned

characteristics be developed, it should not only accompany any radiological

problems in its handling, but also be able to utilize existing natural uranium
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fuel fabrication facility without any major changes.

Therefore, the industrialization support should be executed through the

process improvement of CANFLEX-NU fuel fabrication which is now under

development, and the feasibility of handling techniques on the CANFLEX-RU

which will be developed for the future should be evaluated with priority.

III. Scope and Contents of Project

This study is focused on the achievement of the fabrication process

improvement of CANFEX-NU in its final stage of development and thereby

leading production of high quality fuel in case of technical transfer to the

industry. For this purpose, following two areas of basic research were executed

this year.

o Development of amorphous alloy for use in brazing of nuclear materials

o Development of eddy current examination techniques for the end-cap weld

inspection

The CANFLEX-RU fuel to be developed for the future should be verified

if it has any major problems in handling techniques, and also the feasibility of

related technology development should be evaluated. For this purpose,

following areas of research and development activities were executed this year.

o Preliminary feasibility analyses on the characteristics and handling

techniques of CANFLEX-RU fuel

- Selection of optimum conversion process of RU powder
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- Characterization of the composition of RU powder

- Radiological characterization of RU powder and sintered pellets

- Compaction and sintering characteristics of RU powder

- Required special process for the production of CANFLEX-RU fuel

- Development of technical specification for RU powder and pellets.

In addition to the above research and development activities, technical

support activities were performed for in-pile and out-pile fuel performance tests

such as precision measurement of out-pile test fuel dimensions, establishment of

quality control technique on fuel bundle by providing bundle kits to AECL for

use in-pile irradiation tests in the NRU research reactor.

IV. Research Results

1. Preliminary feasibility analyses on the characteristics and handling

techniques of CANFLEX-RU fuel

o RU is influenced by conversion process in radiological characteristics,

economic and in-pile performance aspects. Currently, three candidate

conversion processes, IDR, ADU and MDR, are planned subject to various

in-pile and out-pile tests for the merit and shortcoming evaluation by

comparison. The final result of this evaluation will be derived within 3

years.

o Radioisotope fractions of 235U and 236U in RU were revealed as 0.9 ±0.05

wt.% and <0.4 wt.%, respectively. Considering these isotopic fractions, it is

quite confident that desired target burnup could be sufficiently achievable.
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The fraction of 232U, which was known to be greatly influenced by

discharged burnup of a spent fuel and irradiated reactor characteristics,

was extremely low below 2 ppb.

RU contained only negligibly low concentrations of fission product

elements and actinides.

Radioactivity of RU powder is supposed to reach its maximum value when

it is stored more than 10 years. But, radioactivity measurement data being

provided by different manufacturers were not coincided each other and,

therefore, a database establishment through the performance of additional

test and information gathering would be required.

With reference to AGR fuel data, radioactivity of RU pellets was evaluated.

As a result, radioactivity of UO2 pellets during fuel fabrication were

found to be much lower than legal regulatory criteria, and this value

would be much more lower in case of CANDU fuels.

A preliminary analysis on the test results of fabricability and sinterability

of ADU and MDR RU was performed. As a result, it was turned out that

both kinds of RU would satisfy technical specification criteria of CANDU

fuels.

Diffusion and release of fission product gases during sintering of RU was

suspected due to very high sintering temperature, and related tests were

performed to confirm the fission product release during sintering. Results

of the test showed no detectable amount of a fission product release

during sintering operations.

Specific descriptions and requirements applicable to the RU powder and

pellet were discussed, reviewed and determined for the development of

specifications.
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2. Development of an amorphous filler metal alloy for brazing of Zircaloy-4

o Selecting Zro.70Beo.30 as a Zr-Be dual-phase amorphous filler metal, brazed

areas of bearing pads brazed by use of Be metals and amorphous alloys as

a filler metal were compared, and it was confirmed that, when amorphous

alloys were used, excessive erosion of base metals was prevented and the

resistance to corrosion was improved.

o For the development of a multi-phase amorphous alloy, influence of

additive substances to the Zro.7oBeo.3o dual-phase alloy was evaluated. As a

result, it was found out that the addition of 1—10 at.% of Nb or Ti in

place of Zr resulted in the formation of an amorphous alloy which had

a composition of Zro.7-yMyBeo.3 (M = Nb or Ti).

3. Study on the nondestructive examination technique for the end<ap welds

by eddy current testing

o Eddy current probes were designed and fabricated. Test interpretations

were performed on the artificially damaged fuel using the probes. Though

interpretation rates were not so good, it showed the possibility of technical

development and it is expected higher interpretation rate could be

achieved with an improved design for the future.

4. The QC Technology for the Fabrication of Fuel Bundle for In-Pile Tests

in Research Reactors

o As a quality control technology for the fabrication of fuel bundle for

in-pile tests in research reactors, various inspection techniques for fuel
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pellets such as density, chemical compositions, were established and

executed.

o CANFLEX bundle kits for irradiation tests in the NRU reactor were

fabricated in accordance with the requirements of KAERI Quality

Assurance program documents. Documentations generated in the fabri-

cation of CANFLEX bundle kits such as all inspection reports, material

certificates, are included in the separate Fabrication Report package.

V. Applications of Research Results

The preliminary analysis result on the characteristics and handling

techniques of RU would be used as a part of the feasibility assessment report

on the development of CANFLEX-RU. Results of basic research works on the

improvement of CANFLEX-NU fuel fabrication processes could be utilized for

the achievement of high quality technology by transferring these results to the

industry for the future.
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