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1. Introduction 
 

A radioactive waste disposal facility should be 
under a series of control activities for a specified 
period even after closure. The International Atomic 
Energy Agency (IAEA) recommends that the 
possibility of inadvertent human intrusion (IHI) into 
the repository after active institutional control period 
for a limited time (up to a few hundred years) should 
be considered in safety assessment of a near-surface 
disposal facility [1]. If an IHI into the disposal 
facility occurs after the active institutional control 
period, workers involving in activities such as 
drilling or excavation into the facility could receive 
high radiation dose and residents on the closed 
disposal site could be exposed from radiation. 

Therefore, many studies related to the safety 
assessment of IHI for the near-surface disposal 
facility has been carried out, and the result of IHI 
assessment has been used to set a national radioactive 
waste classification standard and Waste Acceptance 
Criteria (WAC) of a disposal facility. Additionally, it 
is used to criteria as making a decision the safety of 
the repository at after closure. And those studies 
considered various alpha-emitters as source term (e.g. 
isotopes of U, Pu, Am, and Cm) [2]. 

Meanwhile, in Korea, the Low-and Intermediate-
Level radioactive Waste (LILW) classification 
standards specify the limits of activity for 11 
radionuclides (i.e. 3H, 14C, 59Ni, 60Co, 63Ni, 90Sr, 94Nb, 
129I, 137Cs, and Gross alpha). Likewise, the WAC for 
Korean LILW near-surface repositories (i.e. 
Gyeongju Phase I and Phase II) are applied the same 
limits as the LILW classification standards. In the 
safety assessment of Gyeongju Phase I and Phase II 
disposal facilities, 239Pu is assumed as the 
representative radionuclide of the alpha-emitters. 
This assumption is differing from the practice of 
considering various alpha-emitters in the safety 
assessment of foreign studies. Thus, in this study, 
various alpha-emitters are set as source term 
considering domestic radioactive waste streams. And 
through the assessment of IHI scenarios for the 
Gyeongju Phase II repository, would like to verifying 
what difference is with the result of related domestic 
studies. 

For the IHI assessment, this study proposes the 
source term of alpha-emitters that can be disposed to 
the Korean planned LILW near-surface repository in 
accordance with the domestic radioactive waste 
stream. And this study assesses the radiological 

impacts of IHI scenarios using GENII Version 2 
considering design features of the Gyeongju Phase II 
repository in Korea. Through this assessment, this 
study revisits the feasibility of controlling the limits 
of activity of alpha-emitters which is disposed to 
LILW near-surface repositories. 
 

2. Materials and Methods 
 

The six human intrusion scenarios are proposed 
through re-categorization of past cases reported in 
public literature (i.e. IHI assessment studies of 
United State Nuclear Regulatory Commission, 
United State Department Of Energy, Waste Control 
Specialists LLC, Low Level Waste Repository Ltd., 
IAEA, Korea Hydro and Nuclear Power Co., Ltd, 
and Korea Radioactive Waste Agency). The total six 
scenarios such as Drilling-Worker (DW), Drilling-
Resident (DR), Excavation-Worker (EW), 
Excavation-Resident (ER), Agriculture-Gardener 
(AG), and Agriculture-Farmer (AF). Fig. 1 shows the 
assessment model for human intrusion scenarios 
proposed in this study. 
 

 
Fig. 1. Schematic diagram of the assessment model for 

human intrusion scenarios. 
 

The radioactive wastes generated from nuclear 
power plants (NPPs), Korea Atomic Energy Research 
Institute (KAERI), and Korea Electric Power 
COrporation Nuclear Fuel (KEPCO-NF) are planned 
to be disposed at the Gyeongju Phase II repository. In 
this study, the source term of alpha-emitters is 
calculated through Equation 1 which is established in 
consideration of radioactive waste streams generated 
from each organization. 
 

  (1) 
 
where,  is the activity ratio of alpha-emitter i to 
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gross alpha in total radioactive waste,  is the 
activity ratio of the alpha-emitter i to gross alpha in the 
radioactive waste generated from organization k (i.e. 
NPPs, KAERI and KEPCO-NF), and  is the 
volume ratio of radioactive waste generated from the 
organization k to the total radioactive waste. 

The radioactive wastes generated from NPPs and 
KAERI have assumed that the radionuclides included 
in radioactive wastes are generated from the fission 
reaction of nuclear fuel is dominantly. Therefore, the 
activity ratios of the alpha-emitters included in 
radioactive wastes generated from NPPs and KAERI 
are calculated through ORIGEN-ARP code (Input 
parameters are as follows, the enrichment of 235U is 
4.5wt %, burn-up is 52,500 MWD/MTU, 3 times of 
irradiate cycle, and the fuel assembly type is 
Westinghouse 17×17). And the activity ratios of alpha-
emitters included in the radioactive waste generated 
from KEPCO-NF is referred to related study. Based on 
the above assumptions, the activity ratios of the alpha-
emitters included in total radioactive waste to be 
disposed at the Gyeongju phase II disposal facility are 
calculated as shown in Table 1. 
 
Table 1. The activity ratios of alpha-emitters to gross alpha 
and the activity of alpha emitters included in total 
radioactive waste to be disposed at the Gyeongju phase II 
repository 

Alpha-emitter 
Activity ratio of 
alpha-emitter to 
gross alpha (%) 

Activity of alpha-
emitter (Bq/g) 

234U 08.79 2.44×100 
235U 00.34 9.47×10-2 
238U 01.13 3.15×10-1 
238Pu 01.99 5.52×10-1 
239Pu 00.11 3.14×10-2 
240Pu 00.20 5.53×10-2 
241Pu 56.75 1.58×101 

241Am 00.06 1.80×10-2 
243Am 00.02 4.75×10-3 
242Cm 27.52 7.65×100 
243Cm 00.02 4.37×10-3 
244Cm 03.06 8.52×10-1 
Total 99.99 2.78×101 

* Alpha-emitters with an activity ratio of less than 0.01% are cut-off. 
** The total activity of the alpha-emitters is referred to the activity of 
gross alpha assumed in the IHI assessment study for the Gyeongju 
phase II disposal facility [3]. 

 
3. Results and Discussions 

 
As a result of IHI scenario assessment for unit 

concentration (1 Bq/g), the radiation dose of 243Am in 
alpha-emitters was calculated to be the highest as 
shown in Fig. 2. In addition, the highest radiation 
dose of 235U was calculated for the results of IHI 
scenario assessment for considering activity ratio of 
each alpha-emitter as shown in Fig. 3. The couple of 
results indicate that 239Pu, which is assumed to be a 
representative radionuclide in the safety assessment 
of LILW disposal facilities in Korea, is not the most 
conservative assumption in terms of IHI assessment. 

 
Fig. 2. The radiation doses of IHIs for unit concentration of 

alpha-emitters. 
 

 
Fig. 3. The radiation doses of IHIs for considering the 

activity ratios of alpha-emitters. 
 

4. Conclusion 
 

This study assessed the radiological impacts of IHI 
scenarios considering twelve alpha-emitters which 
may be included in radioactive waste to be disposed 
at the Gyeongju Phase II repository. Considering the 
domestic radioactive waste stream, it is necessary 
that the revisit of the safety assessment or 
establishing WAC for the Korean LILW near-surface 
disposal facilities considering various alpha-emitters 
as source term. 
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