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Background: Kori unit #1 is permanently shut down after a 40-year lifetime. The Nuclear Safe-
ty and Security Commission recommends establishing initial decommissioning plans for all nu-
clear and radwaste treatment facilities. Therefore, the Korea Atomic Energy Research Institute 
(KAERI) must establish an initial and final decommissioning plan for radwaste-treatment facili-
ties. Radiation safety assessment, which constitutes one chapter of the decommissioning plan, 
is important for establishing a decommissioning schedule, a strategy, and cost. It is also a criti-
cal issue for the government and public to understand. 

Materials and Methods: This study provides a method for assessing external radiation dose to 
workers during decommissioning. An external dose is calculated following each exposure sce-
nario, decommissioning strategy, and working schedule. In this study, exposure dose is evalu-
ated using the deterministic method. Physical characterization of the facility is obtained by both 
direct measurement and analysis of the drawings, and radiological characterization is analyzed 
using the annual report of KAERI, which measures the ambient dose every month. 

Results and Discussion: External doses are calculated at each stage of a decommissioning 
strategy and found to increase with each successive stage. The maximum external dose was 
evaluated to be 397.06 man-mSv when working in liquid-waste storage. To satisfy the regula-
tions, working period and manpower must be managed. In this study, average and cumulative 
exposure doses were calculated for three cases, and the average exposure dose was found to be 
about 17 mSv/yr in all the cases.

Conclusion: For the three cases presented, the average exposure dose is well below the annual 
maximum effective dose restriction imposed by the international and domestic regulations. 
Working period and manpower greatly affect the cost and entire decommissioning plan; hence, 
the chosen option must take account of these factors with due consideration of worker safety.

Keywords: Decommissioning Plan, Exposure Dose, Physical and Radiological Characteriza-
tion, Radiation Safety
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Introduction

In June 2017, Kori unit #1 was permanently shut down after 40 years of successful 

operation. According to the Nuclear Safety and Security Commission (NSSC) Notifica-

tion 2015-8, a utility should establish a decommissioning plan, and Kori unit #1 had 

adopted decommissioning after approval by the NSSC. The nuclear industry of Korea 

begins the decommissioning stage. Not only nuclear power plant (NPP) but also an in-

stitution that has a nuclear fuel cycle facility prepare the initial and final decommis-

sioning plan [1–5].
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In the initial decommissioning plan, institutions should 

provide radiological characterization, exposure scenarios, 

and paths. The decommissioning plan consists of 11 chap-

ters, and safety assessment provides in Chapter 6 [6]. Chap-

ter 6 is organized by 6 subsections: (1) principles and stan-

dards, (2) scenario, (3) assessment of exposure, (4) residual 

radioactivity, (5) abnormal events, and (6) risk assessment, 

which provide radiation effect to the worker, resident, and 

environment. Especially, there would be a concern about the 

radiation impact on workers, because decommissioning 

spent more than 10 years before it was remedial or re-used 

in contaminated sites. Therefore, it is required to evaluate 

the risk for radiation workers due to an appropriate decom-

missioning plan should be established. 

The external exposure dose was considered by exposure 

scenario, decommissioning strategy, and working schedule. 

In this study, the exposure dose includes only external ex-

posure except for internal exposure. Because this paper 

considers only normal situation which is that worker pre-

pares radiation protection equipment by the regulation. The 

respiratory prevention ability of radiation protection equip-

ment is shown in Table 1 [7]. We define parameters for evalu-

ation of the physical and radiological characterization to set 

up the decommissioning strategy, and external exposure 

dose was calculated following the decommissioning strate-

gy. The optimal working schedule that will prevent the over-

exposure of decommissioning workers, can be derived from 

safety assessment. Therefore, we suggest a working schedule 

for the radiation worker to satisfy the limitation of regula-

tion.

Materials and Methods

1. �Analysis of the Elements for Assessment of Exposure  
 Dose during the Decommissioning

1) �Define the exposure dose and annual dose limit regulation  

 during the decommissioning 

In the International Atomic Energy Agency (IAEA) Safety 

Guide (No. RS-G-1.8; Standard Environmental and Source 

Monitoring for Purposes of Radiation Protection), the main 

pathways of radiation exposure are defined for external and 

internal exposure. For the external exposure, four of path-

ways are presented; direct exposure from a source of ionizing 

radiation, exposure due to plume of radionuclides in the at-

mosphere and the water, contact exposure from radionu-

clides on the skin, and exposure from radionuclides deposit-

ed on the ground, on sediments, building surface and vege-

tation. Also, there are four pathways for internal exposure; 

inhalation of radionuclides in a plume, ingestion of radionu-

clide in food or beverages, absorption through the skin for 

tritium oxide in the plum and inhalation of re-suspended ra-

dionuclides from contaminated soil or sediment. In the de-

commissioning of the nuclear facility, exposure pathways are 

restricted to three pathways in the dose evaluation. Also, 

these pathways are divided into external and internal expo-

sure. The external exposure is contact exposure from radio-

nuclides on the skin and deposited on the building surface 

contamination. The internal exposure is the pathway which 

is intake by the respiration during the decommissioning 

works. However, in this research, total exposure dose only 

considers external exposure, because internal exposure can 

rarely occur in normal events due to disuse alpha isotopes in 

RadWaste Treatment Facility (RWTF) and an introduction of 

the enhanced personal radiation protection system. Internal 

exposure occurs when worker intake by respiration of air-

borne radioactive material. In a normal situation, airborne 

release fraction for decommissioning or decontamination is 

very low, and radiation protection equipment is an effective 

defense from airborne particles [8]. 

To establish the decommissioning plan and assess the ex-

posure dose, the annual permissible dose limits of various 

institutions including Korea were analyzed proactively. Most 

annual permissible dose limits are based on the International 

Commission on Radiological Protection (ICRP) Publication 

60 recommendation, but in some countries, there are some 

differences. The European Union (EU) stipulated the dose 

limit according to the recommendation of the basic safety 

Table 1. Respirator APF’s with Radiation Protection Equipment

Atmosphere supplying Mode APF

Air-line respirator
   Facepiece, half-mask CF 50
   Facepiece, half-mask D 10
   Facepiece, full CF 1,000
   Facepiece, full D 100
   Facepiece, full PD 1,000
SCBA
   Facepiece, full D 100
   Facepiece, full PD 10,000
   Facepiece, full RD 100
   Facepiece, full RP 10,000

APF, assigned protection factor; SCBA, self-contained breathing appara-
tus; CF, continuous flow; D, demand; PD, pressure demand; NP, negative 
pressure; RD, recirculating demand (closed-circuit SCBA); RP, recirculating 
positive pressure (closed-circuit SCBA).
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standard guide following the ICRP Publication 60, also, Korea 

explicitly stipulates the “standard for radiation protection” 

based on the ICRP Publication 60 [9]. However, the Korea 

Atomic Energy Research Institute (KAERI) stipulates a 15 

mSv/yr lower than “standard for radiation protection” in the 

Korean government due to secure safety by a margin of 20%. 

The United States stipulates the dose limit for radiation work-

ers as a maximum of 50 mSv/yr based on the Code of Federal 

Regulations (10 CFR Part 20) but does not apply the 5 years 

effective dose limit [2]. To establish the decommissioning 

plan, this study stipulates the dose limit for workers as aver-

age 20 mSv/yr, a maximum of 50 mSv/yr and a 5-year effec-

tive dose limit as 100 mSv. Table 2 shows the dose limit for 

radiation workers in different countries and institutions. 

2) Decommissioning strategy of RWTF 

For assessment of the exposure dose to workers, the antici-

pated decommissioning activities at each stage are defined 

according to the decommissioning strategy derived from the 

decommissioning strategy and method, and the exposure 

dose to each decommissioning activity is evaluated.

A decommissioning strategy is made by two rules: “out to 

in” and “cold to hot”, which means that decommissioning 

progress from low activity to high activity [10]. The decom-

missioning strategy has a working plan which is a combina-

tion of decontamination and dismantling strategy of several 

rooms. The decommissioning procedures of RWTF consist 

of 7 stages, which are shown in Fig. 1: (1) clean laboratory 

sector, (2) equipment carry-in sector, (3) solid radioactive 

waste treatment sector I, (4) solid radioactive waste treat-

ment sector II, (5) liquid radioactive waste treatment sector I, 

(6) liquid radioactive waste treatment sector II, (7) liquid ra-

dioactive waste storage sector. Fig. 1 shows that the green-

house and specific cutting booth should be installed for se-

curing radiological safety before the radioactive waste treat-

ment sector is decontaminated. Therefore, it is established to 

make uninfluenced by radiation emitted from other equip-

ment or sectors. In this paper, in consideration of these con-

ditions, the exposure dose of the worker was evaluated at 

each stage.

3) Physical and radiological characterization

To evaluate the exposure dose of workers, the physical and 

radiological characterization should be analyzed. In this sec-

tion, the physical and radiological characterizations were 

shown for dose assessment. The evaluation methods of 

Table 2. Effective Dose Limit by Various Countries and Institutions

EU ICRP IAEA USA KOREA KAERI

Five-year effective dose limit 
(mSv)

100 100 100 - 100 -

Annual maximum effective 
dose limit (mSv)

  50 50 50 50   50 15

(20) (20) (20) - (20) -

ICRP, International Commission on Radiological Protection; IAEA, Interna-
tional Atomic Energy Agency; KAERI, Korea Atomic Energy Research Insti-
tute.

Fig. 1. The decommissioning strategy of RadWaste Treatment Facility.
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physical characterization of RWTF are as follows [1].

First, the name, capacity, quantity, size, specific gravity, 

volume, weight, and material of the object for the building 

structure and equipment were collected. Second, the 3D 

modeling of the RWTF is composed through the facility 

drawings in MCNP code which is widely used in particle en-

ergy transfer simulation, and which shows the total volume 

and mass by including material from each compartment us-

ing material input data [11]. The volume and mass of each 

room were measured, and the amount of concrete in each 

layer was calculated by multiplying the specific volume of 

normal concrete and heavy concrete by volume. The 2D 

modeling by each floor is simulated, and the 2nd floor is 

shown in Fig. 2. And 3D modeling of RWTF is shown in Fig. 3. 

In the case of physical inventory of equipment, the weight 

and size of equipment were obtained from standard docu-

ments. The parameters for physical characterization evalua-

tion are shown in Table 3. 

Radiological characterization used Radiological Safety 

Control Report (KAERI/MR-584-2015) [12] which is mea-

surement reports of ambient doses and dose rates and radio-

activity concentrations monthly at each facility of KAERI. 

This report shows the safety of the nuclear facility operation-

al manual of KAERI and it secures nuclear facility and re-

searcher to achieve the ALARA (as low as reasonably achiev-

able). In the reports, ambient doses and dose rates were 

measured maximum and the average value in 6 groups 

which integrate several sectors, which can be represented 

the contamination value of each sector. In this research, the 

maximum value of measurement results is used to evaluate 

conservatively. 

Results and Discussion

1. �Exposure Dose Assessment of Worker during the  
 Decommissioning

1) �Exposure dose assessment during the decommissioning  

 works

The decommissioning activity consists of building decon-

Fig. 2. The 2D modeling of 2nd floor of RadWaste Treatment Facility.

Fig. 3. MCNP (Monte Carlo N-Particle Transport) 3D modeling of 
RadWaste Treatment Facility.

Table 3. Parameters of Physical Inventory Evaluation

Building structure Equipment

Room dimensions (m) Weight (m)
Length, width, height (m) Size (length, width, height) (m)
Wall thickness (m) Volume (m3)
Door size, weight (kg) Material inform
Materials Shape
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tamination and dismantling of equipment, and building de-

contamination includes wall decontamination and monitor-

ing of each room.

The direct external exposure is caused by gamma rays 

emitted from the dust generated from the surface of the wall 

and equipment during decontamination and decommis-

sioning (D&D) activity. The direct exposure dose which is 

causing by other steps was neglected because of the shield-

ing effect by the installation of the greenhouse. The calcula-

tion model for exposure dose evaluation was developed and 

the formulas of effective dose evaluation are presented ac-

cording to the main exposure sources. The external dose of 

workers by contaminated air and surface is evaluated by the 

following equation (1). 

(1)

where  is total external exposure dose for the worker 

(collective dose, man-mSv); , quantities of the D&D work 

item (m2, m3, kg); , productivity factor of the item (man-

hr/unit [m2, m3, kg]) as shown in Table 4; , ambient dose 

rate (mSv/hr). 

 is a productivity factor that includes work difficulty 

factor (WDF) depending on each activity, which derived 

from experiences of decommissioning of the Korea Research 

Reactor 1 (KRR-1), KRR-2 and the Uranium Conversion 

Plant (UCP) in the KAERI.  is a maximum data of a 

monthly measurement ambient dose. 

The detail external exposure dose according to decommis-

sioning stages was shown in Table 5. In Table 4, the external 

exposure dose of the worker during the decommissioning 

activity is a total of 1,245.24 man-mSv with maximum ambi-

ent dose at each room. Although the decommissioning ac-

Table 4. Productivity for Decommissioning Activities

Activity Class 2 Productivity

Decommissioning (man-h/ton) Structural equipment 18.6
System 250.0
General equipment 19.0
Heavy & thick wall 20.0
Steel lining 70.4
Thin wall 15.0
Heavy concrete 5.1
Normal concrete 1.6

Shielding (man-h/ton) Mechanical 1.4
Decontamination (man-h/m2) Mechanical 1.4

Laboratory D&D 0.2
Monitoring (man-h/m2) Surface monitoring 0.5

D&D, decontamination and decommissioning.

Table 5. Results of External Exposure Dose according to Decom-
missioning Stage

Stage System
Exposure dose (man-mSv)

Building Equipment Total

Stage 1 Clean room 34.83 152.72 187.55
Stage 2 Solid waste treatment I 31.32 10.55 41.87
Stage 3 Underground 48.37 43.11 91.48
Stage 4 Solid waste treatment II 38.35 82.64 120.99
Stage 5 Liquid waste treatment I 124.46 76.79 201.25
Stage 6 Liquid waste treatment II 110.86 94.19 205.05
Stage 7 Liquid waste storage 231.76 165.30 397.06
Total 1,245.24

tivity of stage 1 was performed in the clean laboratory, the 

exposure dose of stage 1 shows the 187.55 man-mSv. The to-

tal external dose influenced by the quantity of D&D work 

item shows the very high exposure level, because step 1 in-

cludes massive equipment such as tong box in the “storage 

before decontamination α, β, γ treatment room”. In this case, 

for the control the exposure of a worker, working schedule 

and manpower has to be managed. Excepting stage 1, Table 

5 shows that the external dose increases with the stage, which 

means that the decommissioning strategy was designed well 

by the rules. According to dose assessment, systematic man-

agement of external exposure dose by control the working 

schedule and manpower of the worker is necessary. 

2) �Optimization of working schedule by exposure dose  

 assessment

Following the exposure dose assessment, the working 

schedule can be managed flexibility. The working schedule 

is affected by working period and manpower, and exposure 

dose by control the working schedule should be under the 

total exposure dose for 5 years and annual maximum dose 

limit. To satisfy the limitation of regulation, Table 5 shows the 

average exposure dose and accumulative exposure dose by 

variation of the working period and manpower; (1) 5 work-

ers a year for 10 years, (2) 10 workers a year for 7 years, and 

(3) 20 workers a year for 5 years. The results of exposure dose 

Table 6. Average Exposure Dose according to the Working Period 
and Manpower

Manpower
Working 

period (yr)

Exposure dose (mSv/yr)

Cumulative Average

Case 1   5 10 170.084 17.01
Case 2 10   7 124.53 17.79
Case 3 20   5 86.61 17.32
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assessment are shown in Table 6 and Fig. 4. Table 5 and Fig. 4 

show the tendency of the exposure dose with the decommis-

sioning strategy by the working period and manpower. In Ta-

ble 5, all case 1, 2, and 3 show what achieve about 17 mSv/yr 

under the regulation limit. However, Fig. 4A and 4B show 

overexposure of workers with an average annual dose limit 

at stage 5, 6, and 7. In this case, the worker engaged on-site 

during stages 5, 6, and 7 should be managed strictly to keep a 

maximum annual dose limit. Therefore, restructuring of ad-

ditional workers is needed, which can affect the decommis-

sioning plan including the cost. Therefore, utility or institu-

tions which have a nuclear facility should consider the opti-

mization of the decommissioning plan following exposure 

dose assessment and legal requirements.

Conclusion

In this study, the external exposure dose is evaluated as a 

part of the safety assessment. To assess the safety of decom-

missioning workers during the decommissioning process, it 

requires analyzing the decommissioning strategy and infor-

mation of the decommissioning facility. The decommission-

ing strategy is set up based on the ambient dose at each sec-

tor, and physical and radiological characterization is ana-

lyzed using construction drawings and official documents 

from KAERI. Using this information, the exposure dose of 

workers is calculated at each stage, if 10 workers on two-shift 

a day take 5 years to decommission the RWTF, and it has a 

17.32 mSv/yr under the limitation of regulation for an effec-

tive dose of the radiation worker. Also, 5 workers on two-shift 

a day for 7 years can achieve a 17.78 mSv/yr under the limit 

of regulation. Therefore, according to the external exposure 

assessment, we can manage the working period and man-

power more flexibility, which can influence the cost.

As a result, the evaluation results show that the calculation 

method of this research is expected to be utilized in the de-

commissioning planning. Although, it is valuable work to es-

tablish the decommissioning plan and protect the decom-

missioning worker, the assessment of the exposure that may 

occur as a result of actual during the decommissioning pro-

cess should be implemented and added. 
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Fig. 4. Exposure dose assessment according to the working period 
and manpower: (A) case 1, (B) case 2, and (C) case 3.
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