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13.1 Evaluation of Radioactive Corrosion Products in Submersible Compact Marine

Reactor without Purification System

N. Odano and T. Ishida

(E-mail: odano@koala.tokai.jaeri.go.jp)

A quantitative evaluation of buildup of activated corrosion products in a submersible

compact marine reactor to be used for a scientific research vessel has been conducted. This

evaluation is especially important from the viewpoint of radiation safety since the compact

reactor plant being designed has no purification system to accomplish simplification of the

plant. A computer program CTAM-II to estimate the accumulation of the activated corrosion

products in the primary system has been developed on the base of CTAM, which was

originally developed for the Oconee radiochemistry survey 1)>2) and modified for the shield

modification project of the Japanese

nuclear ship Mutsu3). In the present

study, validity and prediction accuracy

of the CTAM-II code have been

investigated by comparison with the

experimental ones obtained from the

radiochemistry tests of the Mutsu done

during the start-up test and the

experimental voyage 4).

In the CTAM-II code, transport

of corrosion products and buildup of

the activities are mathematically

modeled by the simultaneous ordinary

differential equations as a model shown

in Fig.13.1.1. It is assumed that the

primary system consists of the five

node: the fuel cladding, the steam

generator, the decay heat removal

Fig.13.1.1 Mathematical model of CTAM-II
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Fig.13.1.2 Comparison of activities in primary coolant of Mutsu with calculated results by
CTAM-II

system, the stainless steel surface of the primary system and the primary coolant. The model

includes empirical parameters such as the corrosion rate, emission rate and deposition rate. In

the original CTAM code, these parameters were determined to represent the experimental

data of the Oconne radiochemistry survey. To verify the parameters used in the CTAM code

and investigate a prediction accuracy of the code for small reactor plants, the calculations of

the activated corrosion products in the primary coolant water in the Mutsu were carried out.

In Fig.13.1.2, a comparison of the calculated total activity, which is summation of activities

of 58Co, '"Co, D4Mn, 36Mn and 187W, with the experimental one is shown. Overall agreement

between the calculated total activity and the experimental data is fairly good except a large

discrepancy observed in early stage of the experiment mainly attributed to the short-lived

nuclide ^Mn. The comparison for the total activity indicates that calculated result is

representing the experimental data within factor five and parameters used in CTAM-II is

valid. Though the specific comparison for each nuclide are not shown, the calculated

activities for the nuclei with relatively long half-life represent the qualitative tendency of the

experimental data.

The CTAM-II code was applied to the submersible compact reactors DRX i) and

SCR250 6) by modifying the mathematical model to take into account the effect of removal of

the purification system. The calculated results assuming a certain operation model are shown
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Fig.13.1.3 Calculated results of activated corrosion products in primary coolant of DRX

and SCFR250

in Fig.13.1.3. For reference, the buildup of the corrosion products in their reactors was also

calculated assuming the same performance of the purification system of the Mutsu plant is

effective. It is found that the purification system has no significant influence on the buildup

of the activated corrosion products for the DRX and the SCR250.

For assessment of radiation safety due to radiations from the activated corrosion

products, shielding calculations by the point-kernel code QAD-CGGP2 7) were carried out

using source terms calculated from the CTAM-II code. The calculated results indicate that

appropriate access control and additional shields are required for the maintenance operation

since the dose rate equivalent near the steam generator is rather high immediately after the

core life, 4 years. These results should be reflected on the detailed design of the reactors.
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