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Radiological Shielding Design of a Hot Cell Facility
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Abstract

The hot cell facility, which is designed to permit safe handling of source
materials with radioactivity levels up to 1,385 TBq, is planned for research
activities related to the reduction of spent fuel in a high temperature molten
salts. To meet this goal, the facility is designed to keep gamma and neutron
radiation to the recommended dose-rate in normally occupied areas.

The calculations performed with QAD-CGGP and MCNP-4C are used to
evaluate the proposed engineering design concepts that would provide
acceptable dose-rates during a normal operation in hot cell facility. In the
present QAD-CGGP and MCNP-4C calculation, the effective dose-rates
(gamma only) on the surfaces of the facility are estimated to be 2.10x 10_3,
2.97x10° (at operation area) and 1.01x10"' mSv/h (at service area) by
QAD-CGGP and 1.60x107°, 2.99x10™° and 7.88x107> mSv/h by MCNP-4C,
respectively. And the dose-rates contributed by neutrons are one order of
magnitude less than the dose-rate by gamma sources. Therefore, it is



confirmed that the radiological design for hot cell facility satisfies the Korean
criterion of 0.01 mSv/h for a operation area and 0.15 mSv/h for a service
(maintenance) area.
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% 1. Specification of current hot cell

Hot Cell | Shielding Wall Thickness (cm) Dimension (m)

No. Material | gront | Rear | Side Top (WxDxH)
Fut H

e avy 8o 80 80 70 11 x2 x4.3
Hot Cell | Concrete

#x 2. Inventory Basis of Radioactivities in Hot Cell

T Activity (TBq)
71% A&£5d94d8 - 1 Batch(20 kg-HM) 367.4
545.2
+5%%2¥F - 4 Batches
#STeE (136.3 x 4)
20.0
ZAuk7t7] Volatile FP(H, Kr) - 4 Batches
(5.0 x 4)
452.2
¥ -&§9 - 2 Batches
(226.1 x 2)
Total 1384.8

X 3. The QAD-CGGP and MCNP-4C calculated effective dose-rate on hot cell
surface contributed by gamma sources. The first and second row indicate

to operation area and third row to service area (HC: Heavy Concrete, S:
Steel)

Dose-rate (mSv/h)

Shielding Material

and Thickness QAD-CGGP MCNP-4C
Uncollided Total Uncollided Total
HC 90 cm 6.93x107° 2.10x1073 7.04x107° 1.60x107°
HC 80 cm + S 4 cm 9.84x107° 2.97x107 9.69x107° 2.99x107°

HC 70 cm 3.84x107° 1.01x107* 3.75x107° 7.88x1072




$£ 4. The MCNP-4C calculated effective dose-rate on hot cell surface

contributed by neutron sources

Dose-rate (mSv/h)

Shielding Material

and Thickness MCNP-4C
Neutron Secondary gamma ray
HC 90 cm 4.09x10™ 5.05x107°
HC 80 cm + S 4 cm 6.50x107* 1.05x10™
HC 70 cm 3.74x107° 3.35x107*

23 1. Photograph of current "future hot cell”.



Photon Release Rates (y/s)
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% 2. Source spectra of spent fuel, reduced metal uranium,

Neutron Release Rates (n/sec)

volatile fission products and residual molten salts.
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2% 3. The neutron source spectrum of ER process.
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2% 4. Radiological design of hot cell facility.
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