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1. Introduction

Tritium (referred to as H-3) is a radionuclide that
is mainly handled in terms of radiation safety
management of nuclear power plants (referred to as
NPPs) for its high activity. This paper summarizes
data of gaseous H-3 from Wolsong NPPs in
commercial operation between 2007 and 2016.

KHNP (Korea Hydraulic & Nuclear Power Co.)
has operated 6 nuclear power plants in Wolsong site.
The type of reactor of Wolsong Unit 1 to 4 is PHWR
(Pressurized  Heavy  Water  Reactor), and
Shinwolsong Unit 1 and 2 is PWR (Pressurized
Water Reactor). The gaseous H-3 that has been
discharged from Wolsong NPPs occupied a large
portion of the radiation exposure dose to the public.
Therefore, it is one of the important concerns for
nuclear safety regulation to analyze the radiological
hazard of H-3 by evaluating the emission and the
dose contribution to the public radiation exposure
accordingly.

2. Analysis on discharged H-3 and its dose
calculation

2.1 Technical standards and regulatory requirements
for radioactive effluents from NPPs

NPPs in commercial operation must be ensured to
be operated in compliance with standards and
regulatory requirements. It includes environmental
protection standards in accordance with relevant law,
and technical standards to maintain radiation doses
from as low as reasonably achievable (ALARA).
Discharge control standard of ventilation on Gaseous
H-3 should be under 3.0E+03 Bg/m’ at the Exclusion
Area Boundary (EAB), and annual dose should be
lower than 0.25 mSv/year at EAB in the operation of
multi-nuclear reactor facilities at one site [1].

2.2 Generation and properties of H-3

H-3 diffuses into the coolant from the damaged
fuel cladding after ternary fission of U-235, and is
generated by neutron capture of deuterium or (n, o)
reaction of Li-6 (°Li (n, o)) *H). H-3 has a half-life of
12.3 years and is converted to a stable nuclide of He-
3 by beta decay. The maximum energy of the emitted
beta particles is 18.6 keV and the average energy is
about 5.7 keV. Since H-3 is a beta-emitting
radionuclide with a weak permeation energy, the
radiation hazard due to external exposure is
negligible, but it is easily absorbed into the human
body through oral and skin, which is a major cause of
internal exposure.

2.3 Analysis on the emission of gaseous H-3

PHWR generates much more H-3 than PWR
because it uses heavy water as a coolant which has
high probability of H-3 generation due to neutron
reaction. Fig. 1 shows the discharged gaseous H-3
from Wolsong NPPs during the last 10 years (2007 to
2016)[2],[3]. Sinwolsong Unit 1 and 2 which are
PWRs started operation in 2012, and it is confirmed
that the amount of discharged H-3 is much less than
in Wolsong Unit 1 to 4, which are PHWRs.
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Fig. 1. Amount of discharged gaseous H-3 at Wolsong
NPPs per unit.
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As part of efforts to reduce the discharge of H-3,
KHNP has been operating TRF (Tritium Removal
Facility) in Wolsong NPPs since July 2007. As a
result, as shown in Fig. 2, the total amount of
discharged gaseous H-3 decreased gradually from
3.35E+02 TBq in 2007 to 1.20E+02 TBq in 2016.
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Fig. 2. Total amount of gaseous H-3 discharged from
Wolsong NPPs.

2.4 Offsite dose contribution of H-3 to the public

Radioactive gaseous effluents are diffused into the
atmosphere first and then they form radioactive
clouds and they are deposited on the surface. Thus,
the body is exposed externally by the radioactive
sources, and internally by respiring the air and
digesting intakes of plants and animals contaminated
by radioactive materials. The environmental behavior
and exposure pathways of gaseous effluents follow
the US NRC’s Regulatory Guidelines [4], and the
concept and system for evaluating the offsite dose
conform to the ICRP-60 Recommendation and the
TAEA BSS-115. Estimated offsite dose from gaseous
H-3 from Wolsong NPPs for the last 10 years (2007
to 2016) is shown in Fig. 3,[5],[6].
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Fig. 3. Estimated offsite dose from gaseous H-3 at
Wolsong NPPs.
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Although the total gaseous effluents decreased,
the offsite dose increased in 2012 more than before.
There are a few dominant factors for offsite dose
calculation. In this study, change of atmospheric
dispersion factor value is one of the major causes of
dose increase.

3. Conclusion

In this paper, analysis on discharged gaseous H-3
which is the main radionuclide from the Wolsong site
and dose contribution accordingly was conducted
during the recent 10 years. Total amount of
discharged gaseous H-3 decreased gradually from
3.35E+02 TBq in 2007 to 1.20E+02 TBq in 2016.
Although the total gaseous effluents decreased, the
offsite dose increased in 2012 more than before. The
change of atmospheric dispersion factor value is one
of the major causes of dose increase.
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