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Occupational Dose Analysis of Spent Resin Handling Accident During NPP
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According to NSSC Notice No. 2021-10, safety analysis needs to be introduced in the decommissioning plan. Public and
occupational dose analyses should be conducted, specifically for unexpected radiological accidents. Herein, based on the
risk matrix and analytic hierarchy process, the method of selecting accident scenarios during the decommissioning of
nuclear power plants has been proposed. During decommissioning, the generated spent resin exhibits relatively higher ac-
tivity than other generated wastes. When accidents occur, the release fraction varies depending on the conditioning method
of radioactive waste and type of radioactive nuclides or accidents. Occupational dose analyses for 2 (fire and drop) among
11 accident scenarios have been performed. The radiation doses of the additional exposures caused by the fire and drop ac-

cidents are 1.67 and 4.77 mSv, respectively.
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1. Introduction

Many nuclear power plants (NPP) around the world
face decommissioning. More than 200 commercial, ex-
perimental, or prototype NPP and approximately 500 re-
search reactors reached their operation license period and
decommission phase is imminent [1]. Before commencing
decommissioning, the owner of the plant must scrutinize
these Structures, Systems, and Components (SSCs) and the
site as each plant has its own unique physical and radiologi-
cal characteristics. Workers will continue to be exposed to
the decay of radioactive materials in the decommissioning
stage and minimizing the personal dose as low as reason-
ably achievable will be an ongoing goal. In the phase of
decommissioning, safety analysis is necessary. Safety anal-
ysis is one of the most crucial steps in decommissioning not
only it is related to the safety of workers but also that of the
public. This affects public acceptance. Thus, most research
is focused on dose analysis for the public. However, in case
of an accident during NPP decommissioning, radiological
impacts on workers are far more severe than public. There-
fore, in this paper, occupational dose analyses for a worker

in decommissioning activity are conducted.

2. Safety Analysis

Safety analysis for decommissioning of a nuclear power
plant is required to assess whether the radiological risk that
occurred during decommissioning works meets the regu-
lation for both workers and the public. The main purpose
of the analysis is to guarantee the safety of workers and
the public during the planned decommissioning activities
and to grant legitimacy to a selection of decommissioning
strategies. The period the analysis is carried out is from the
defueling phase to the final site restoration phase. It is con-
sidered that the analysis should be done regularly because
source terms are changed due to various dismantling activi-

ties. The radiological safety standard for workers suggested
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Table 1. The scale of probability [3]

Scale of probability Probability Probability score
Very low 0-20% 1
Low 21-40% 2
Medium 41-60% 3
High 61-80% 4
Very high 81-100% 5

Table 2. The scale of radiological impact [3]

Radiological impact Level of exposure Impact score

Insignificant <0.1 mSv-y ' Onsite 1
<0.01 mSv Offsite
Minor exposure 0.1-1 mSv-y™' Onsite 2
0.01-0.1 mSv Offsite
Moderate exposure 1-20 mSv-y™" Onsite 3
(Under dose limit) 0.1-1 mSv Offsite
Major exposure 20-50 mSv-y ! Onsite 4
(Above dose limit) 1-5 mSyv Offsite
Critical exposure >50 mSv-y ™! Onsite 5
>5 mSv Offsite

by the nuclear safety act is 20 mSv-year'.

2.1 Safety Analysis Procedure

To conduct a safety analysis, quantifying risk is neces-
sary. According to JAEA SRS No.77, a risk matrix is rec-
ommended [2]. The concept of risk matrix is evaluating the
risk by product of the probability and radiological impact
and they are scored in integers and described in Table 1 and

Table 2, respectively [3].

2.2 Scenario Selection

Among the long procedure of decommissioning com-
mercial NPP in Korea, the defueling operation is con-
ducted in an earlier step. Thus accidents related to spent
nuclear fuel are excluded. Since the purpose of this study
is to find out the radiological impact of accidents during

decommissioning NPP, non-radiological accidents are not
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[ Selection of scenario ]

Fig. 1. Hierarchy for scenario selection [6].

Table 3. Final priority for accident scenarios [6]

Ranking Scenario description
Sl Damage to the seal of waste resin drums due to a fire in the storage area of the radioactive waste drum, and leakage of some
mventory

S2 Explosion accident during RV cutting

S3 Due to high temperature molten material leakage, worker burns, exposure, and workplace contamination

S4 Rupture of the vacuum filter bag during removal of activated concrete

S5 Contamination release during dismantlement of RCS

S6 The radioactive material in the drum diffuses into the air by dropping to the floor during transportation of the spent resin drum
S7 The decontamination waste liquid is dispersed into the air due to the damage to the decontamination waste liquid collection tank
S8 Concentrated contamination during decontamination of large component

S9 Accidental spraying of concentrated contamination with high-pressure spray during decontamination of large component
S10 Spread of contamination and exposure to workers during spent resin treatment

S11

Exposure of workers and spread of contamination due to leakage of concentrated waste fluid in the radioactive waste facility

in consideration. As a result, from 80 accident situations
introduced in IAEA SRS 97 [4], 28 radiological accidents
are chosen and four accident scenarios are presented in
NUREG 0586 Appendix I [5]. As a result of the risk matrix,

11 scenarios are evaluated highest score of 12 [6].
2.3 Ranking of Scenarios

With risk matrix analysis, risk has been evaluated in
only two criteria (radiological impact and probability) and
it can be interpreted that 11 scenarios have the same amount
of risk. To determine target scenarios to be analyzed, prior-

ity among the scenarios should be determined. Moreover,
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influences due to each accident scenario during decommis-
sioning projects differ. In reality, accidents cause schedule
delays of the work and additional costs. Thus, by taking
into consideration of two additional criteria, a hierarchi-
cal structure for AHP (Analytic Hierarchy Process) can be
built. AHP developed by Thomas Saaty in the 1970s is a
method for experts in each hierarchy to determine the rela-
tive importance of complex problems through a pairwise
comparison method and to derive the optimal situation.
Criteria used in AHP are severity (radiological impact), fre-
quency (probability), additional cost, and schedule delay.
In order to determine the relative importance of the evalu-

ation items, the evaluators composed of experts selected
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two evaluation items and performed a pairwise comparison.
Experts who participated in the evaluation by the risk ma-
trix method also participated in the evaluation by the AHP
method. Each criterion has different importance and it is
described in relative weighted value and they are shown
in Fig. 1. And we can notice that this evaluation is valid by
calculating the number of CR, a parameter that determines
the validity of the analysis is below 0.1. The structure is
described in Fig. 1.

As a result of the AHP method, the priority of each
scenario can be found and Table 3 shows the result of the

analysis.

3. Occupational Dose Analysis Method
for Workers

It is remarkable that various accidents can occur during
NPP decommissioning. And by conducting a risk matrix
and AHP, we could find out the 11 most important accidents.
Among them, 3 accidents were related to spent resin, and
2 of them are accidents during handling spent resin drums
(S1, S6). One is a fire accident, and the other is a drop ac-
cident. It is worthwhile to choose two accident scenarios
as a start of occupational dose analysis because they share
similarities, for example, the source term of the scenarios

and the size of the compartment.

3.1 General Analysis Approach&Calculation
Process

The first thing to do in order to evaluate the dose for
the worker is to find the concentration of the radioactivity
leaked into the compartment (C,). To perform the proce-
dure, the necessary information is the working space (R),
the amount of waste involved in the accident (V), the spe-
cific activity of each radionuclide (C,), and the fraction of
release of the radionuclide (f,). The fraction of release is

determined by accident conditions and the type of waste
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Table 4. Value of the factors for activity concentration of compartment [7]

Factor Value
Cn 3.612x10" [Bq-m™]
\% Fire accident: 1.2 [m’] (6 drums)
Drop accident: 0.4 [m*] (2 drums)
R 100 [m’]
f, Drop accident: 1.00x10™*

Fire accident: 9.50x107*

form. The equation to acquire the concentration is written

below:

o G VXL,

= P [Bam ) (1)

Second, the effective external exposure dose (Dy) by
immersion should be calculated. The effective dose conver-
sion factor (DCFy;) is multiplied by the concentration of ra-
dioactivity of the compartment (C,) and the exposure time
(7). The equation to acquire the effective external exposure

dose is written below:
DE =% ,DCFy;x C.x T'[Sv] 2)

Finally, effective internal exposure (D,) by inhalation
dose should be obtained. The calculation method is similar
to the effective external exposure dose, but the breathing
rate (BR) must be additionally multiplied. For the conser-
vative analysis, it is assumed that it is heavy load work, and
the value of BR for such case is 1.2 m*-h™! [8]. The equa-
tion to acquire the effective internal exposure dose is writ-

ten below:
D,=BR x ¥, DCF,; x C, x T[mSV] 3)
3.2 Fraction of Release

A general analysis method of radionuclide transport
cases is introduced in NUREG/CR-4370 [10]. According
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Table 5. DCF value for internal and external exposure [9]

Table 7. Radionuclide-specific release fraction [10]

DCF Value No £

Internal 1.70x1078 [Sv'Bq '] ‘H 0.9
External 1.18x107" [Sv's™! per Bq'm™] C 0.75
PTe 0.038

106
Table 6. Assumptions for the scenarios Ru 0.038
- 12 0.038
No Assumption

Particulates 0.019

1 Only “Co exist in the waste

Temporary storage before transport to HIC (High Integrity
Container)

3 Constant inventory of the radionuclide

to NUREG/CR-4370, the interaction factor (7,;) is related

to the radionuclide release factor as follows:

Iair :fu de X. w Xfa (4)

The interaction factor accounts for the transport of ra-
dionuclides to waste form to the environment. f,, f,, and f,
are the time delay factor, site design factor, and site selec-
tion factor respectively. £, is the waste form and package
factor. This factor describes a physical and chemical char-
acteristics of the waste when the release of radionuclides
is initiated. This factor varies depending on the type of ac-

cident scenario.
3.3 Assumption

In the analyses, spent resin that decontaminated the re-
actor coolant systems is chosen. In Table 6, assumptions
are described.
4. Fire Accident Analysis

The fire scenario is modeled as 6 spent resin drums

that are stored in decommissioning waste storage facility

incinerated for 2 hours and after a worker discovered the
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accident, he puts on a protection mask whose protection
factor is 10, and effective internal exposure dose become
1/10. And he tries to extinguish the fire for 10 minutes and

evacuates (exposure duration: 10 minutes).

4.1 Flammability Multiplier

The flammability multiplier is the number that varies
depending on forms of waste and sorts of nuclides. Accord-
ing to NUREG/CR-4370 [10], waste form and package fac-

tor f, in the case of fire accident is expressed as follows:

Sw=Jfr =% 207" %)

f. is a radionuclide-specific release fraction and ac-
counts for nuclides release fraction when contaminated
material is incinerated [10]. In this analysis “°Co is selected
as a nuclide, and 0.019 is chosen. Table 7 shows values of
different f, depending on nuclides.

IFL is the flammability index which is decided in the
range of 0—3 according to its waste form and it is ex-
plained in Table 8. Since the source term of the accident
is dewatered resin, the value of IFL is 1. As a result, f; is
9.5x107*.

4.2 Calculation Result

The expected effective dose for a worker while a fire

accident is written in Table 9.
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Table 8. Flammability index [10]

Table 10. Operational dispersibility factor [10]

IFL Flammability Waste form ISC Multiplier Waste form
tendency Je
3 Non-flamma-  Activated metal; Waste solidified in cement, 3 0.001 Waste solidified using vinyl ester styrene,
ble etc sealed sources
2 Low-flamma- Dewatered sludge; Calcined material solidi- 2 0.01 Waste solidified in cement
bility fied in synthetic polymer, etc 1 0.1 Trash, dewatered resins
1 Burnsifheat  Dewatered ion exchange resin; Unsolidified 0 1 Dewatered sludge, ash, dirt, miscellaneous

supplied filter cartridges, etc

0  flammable Combustible trash; Liquid scintillation media,

etc

Table 9. Calculation result of fire accident

Exposure type Dose [mSv]
Internal 1.40x10°
External 2.92x107!
Total 1.69x10°

5. Drop Accident Analysis

The drop scenario is modeled as a spent resin drum
which is stored in decommissioning waste storage facil-
ity is dropped upon another drum. Eventually, two drums
have damage, which leads to radioactivity leakage. A work-
er finds out the incident and evacuates. Since the worker
evacuate immediately without a protection mask after the

accident, exposure time is assumed 10 minutes.

5.1 Release Fraction&Operational Dispers-
ibility Factor

Waste form and package factor in the case of drop ac-
cident is defined as a product of release fraction (f,) and
operational dispersibility factor (f). According to NUREG/
CR-4370 [10], waste form and package factor f,, in the case

of drop accident is expressed as follows:

Jw=fox fe =1 1075¢ (6)
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Table 11. Calculation result of drop accident

Exposure type Dose [mSv]
Internal 4.76x10°
External 1.02x1072
Total 4.77x10°

The factor f; is estimated based on work performed by
the Department of Transportation (DOT) to determine re-
quirements for the transport of radioactive assumed in which
0.1% of the contents of a waste package is released into the
air [11]. And ISC is a measure of the potential for the con-
tents of a waste container to be dispersed into the air due
to an operational accident in which the waste container is
severely damaged. ISC values according to waste form are
written in Table 10. In this case, ISC is 1 and f; is 1.0x10™.

5.2 Calculation Result

Expected effective dose for a worker while drop acci-
dent written in Table 11.
6. Conclusion

11 accident scenarios are evaluated as the most important
among 32 scenarios by risk matrix considering radiological
severity and probability. By introducing the AHP method

with two additional criteria of cost and schedule delay, the

priority of 11 accident scenarios is determined. Based on the
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priority, target scenarios to analyze are determined.

The fire accident and the drop accident are selected as
target scenarios for occupational dose analysis. Additional
exposures due to the fire accident and the drop accident are
1.67 mSv and 4.77 mSy, respectively. Referring to the con-
sequence of calculation, the drop accident can be considered
more severe than the fire accident. However, a lower effec-
tive dose of the fire accident is due to wearing a protection
mask. If it were not for a mask, the exposure dose would be
increased to 14.2 mSv. Moreover, if the form of the waste or
nuclide is more dispersible, or the activity of waste is higher,
additional exposure is expected to be increased. For safety
reason, wearing a mask at any operation should be recom-
mended. By conducting the study, it is found that the radio-
logical impact to workers in case of accident during decom-
missioning phase. In further study, the strategy to reduce the
dose as low as reasonably achievable can be handled.

As a systematic approach, instead of temporary storage
of spent resin in the 200 L drums, placing it directly in HIC
is preferred. Thus, if waste is expected to be transported
frequently, directly storing it in HIC can be an effective

method for risk reduction.
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