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1. Introduction

After the Chernobyl and Fukushima Accident, there
has been desired for research on the medium-to long-
term response and recovery from a nuclear accident,
domestically and internationally. Put in place as it was
for the technical base with respect to the initial accident
response in Korea, quite shallow is the technical base for
medium-to long-term accident response. In parallel, an
efficient and economic environmental impact assessment
technology has been deemed one of the core tools
required to make any decisions for a nuclear accident
response and recovery reasonable and commensurate
with the legal stances and the lesson learned from the
Fukushima, Japan.

Firstly, in Korea, we’d like to reveal the domestic
model of ours and a program, NACC (Nuclear Power
Plant Accident Cost Calculator) to calculate economic
costs to be incurred during the activities relevant with
response and recovery from nuclear accident. NACC
implements the legal and environmental conditions in
Korea and took the calculation result using L3 PSA for
the accidental together with statistics for the nuclear
power plant sites, which is provided by National
Statistical Office. We divide the area around the nuclear
power plant site into several sectors for the sake of
analysis, and NACC uses sector-specific statistics and
contamination  information to  calculate  the
decontamination cost of the entire site and the accident
response economic cost factor for WIinMACCS to
calculate the accident response economic cost.

2. Methods and Results
2.1 accident response cost calculation model

In Fig.1, Task 1(T1) calculates the contamination
concentration of radioactive material released into the
environment according to the accident scenario for each
unit at the nuclear power plant site using
WInMACCS[1]. Task 2(T2) using the contamination
information  calculated for each unit using
MURCCI2],[3],[4], the annual exposure dose for each
sector for multiple nuclear power plant accidents is
calculated. Task 3(T3) investigates the administrative
district map of the nuclear power plant site and statistical
information for each administrative district of the
National Statistical Office. Task 4(T4) calculates the area
fraction of administrative districts for each sector from
the administrative district map and converts statistical
information for each administrative district into

statistical information for each sector. Task 5(T5) uses
NACC to set decontamination work for each sector based
on sector-specific contamination information and
statistical information. Task 6(T6) calculates the
WinMACCS input variable (economic cost factor) based
on the decontamination work set for each sector in
NACC. Task 7(T7) calculates the decontamination cost
by sector using NACC and calculates the economic cost
of simple accident response.
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Fig. 1. Nuclear accident response cost calculation model.

2.2 Annual exposure dose calculation for Multi-unit
nuclear power plant

Table I: annual exposure dose (Sv/yr) calculation results by

sector

13W) [ 1a0wnw) T aspow) Ta6nw) [ 19 [ 2NNE) [ 3NE) [ 4(ENE) [ 56)
RL | 370503 | 1.66E:04 [ 2.56E¢00 | 4.13E+02 | 1.92E+03 | 4.13E+02 | 2.56E+00 | 1.66E-04 | 3.70E-03
R2 0.99E-13 | 956E-02 | 1.26E+02 | 7.02E+02 | L26E+02 | 956E-02 | 999E-13
R3 257E-14 | 2.36E:02 | 5.126+01 | 3.18E+02 | 5.126+01 | 2.36E-02 | 257E-14
RY 8.18E-03 | 284E+01 | LOPEH02 | 284E+01 | 818E-03
RS 363E-03 | 178E+0L | L30E+02 | LT8E+0L | 363E-03
R6 7.18E-04 | 7.19E+00 | 6.00E40L | 719E00 | 7.18E-04
R7 486E-05 | 153E+00 | 150E+01 | 153E+00 | 486E-05
R8 331E-06 | 253E-01 | 279E+00 | 253501 | 331E-06
RY 661E:07 | 497E-02 | 50E-01 [ 497E:02 | 661E:07
R10 6.36E:07 | 120502 | 1.44E:01 [ 1.20E:02 | 6.36E:07

2.3 Allocation of statistical data by sector

Statistical data from the National Statistical Office,
such as population distribution and land use information
are sorted by administrative district. However, since the
administrative district is unstructured, it could be
difficult to apply the radioactive material contamination
information calculated in the previous section for each
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administrative  district. In  this study statistical
information by administrative district was converted into
statistical information by sector. To show how this
conversion can be carried out, in Figure 2, the
administrative district map file and Python program were
used to calculate the fraction of administrative districts
in each sector, and NACC calculates the administrative
district fraction and administrative district statistics and
converts them into sector-specific statistical information.

Fig. 2. Python and NACC to convert the administrative district-
wise statistical information into one allocated for each Sectors
for the accident analysis.

2.4 Configuring sector-specific decontamination
operations

The contamination area is divided into three separate
sub-areas as shown in Table 11 according to the degree of
surface contamination[5].

Table 1l: site-contaminated sub-areas classification

. decontamina
Description .
tion
Residents are Decontamin
hard-to- | restricted over along | ation work is
return period of time in carried out
zone areas with more than | after natural
50 mSv/iyr. reduction.
20-50mSv/yr area, if It should be
. 20mSv/yr or less is
restricted - less than 20
.~ —_ | certain, change to the .
residenti - mSv/yr in
evacuation order
al area . the short
release preparation
term.
area.
Evacuati Reduce to
area below 20
on order A less than 1
mSv/yr, the aim is to -
release . . mSv/yr in
. lift evacuation and
preparati the long
return.
on area term.

In Fig. 3, the decontamination work by sector was
divided into four zones according to land use, and each

zone was subdivided again according to characteristics.
Accordingly, decontamination work is set for each part,
and decontamination work is set in the same way for all
sectors requiring decontamination work.

Fig. 3. Configuration of decontamination work by sector.

2.5 Calculation of economic cost to respond to and
recover from of nuclear accidents

WInMACCS calculates the economic cost of
responding to nuclear accidents in the CHRONC
module[1]. In order to calculate economic costs, the
economic cost factor value must be set as an input. The
site-specific economic cost factor can be calculated by
processing statistical information, but  the
decontamination cost factor for the period of mid- to
long-term  after accidents, depends on how
decontamination work proceeds. Therefore, factors must
be calculated after decontamination work is established.
The formula for calculating the site decontamination
efficiency factor is as follows.

S {Sector Area; x (2}:12:21 PartAreaRatio, ;, X Contaimil, ;;)}

> {Sector Area; x (Z;?:lzkm:’l PartAreaRatio, j; X Contaimi2, ;))}
DSRECT : average decontamination ef ficiency of sites (unitless)
at each decontamination stage
: sector number
n : number of sectors on the site
j ¢ sector area number
(1: Residence, 2: Farmland, 3: Road, 4: Forest)
k : type of number that subdivides each area of a sector
m : the number of types that subdivide each area of a sector
SectorArea : sector area (ha)
Part Area Ratio : percentage of subdivision type area to sector (unitless)
Contamil : contamination concentration before decontamination(Sv/hr)
Contami2 : contamination concentration after decontamination(Sv/hr)

DSREFC =

The results of calculating the decontamination cost
factor in NACC and applying it to the WinMACCS input
are as follows.

LNt

E=En]
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Fig. 4. Calculating the economic cost of a nuclear accident.
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2.6 Simple accident response economic cost calculation

After setting up decontamination work for each sector,
NACC is used to calculate decontamination costs and
simple accident response economic costs. The formula
for economic cost for simple accident response is as
follows.

n 4 ™
COST yecon = Z {SectorAreal X (Z Z Part Area Ratio; j X Decon Costi,j,k>]
=

j=1k=1

each decontamination stage (KRW)
: sector number
n : number of sector on the site
J ¢ sector area number
(1: Residence, 2: Farmland, 3: Road, 4: Forest)
k : type of number that subdivides each area of a sector
m : the number of types that subdivide each area of a sector
Sector Area : sector area (ha)
Part Area Ratio : percentage of subdivision type area to sector (unitless)
Decon cost : Sector subdivison type decontamination cost (KRW)

1
COST : total cost of decontamination at
i

The results of calculating the decontamination cost for
each sector are shown in Figure 5.
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Fig. 5. Calculation of decontamination costs and simple
economic costs by sector.

3. Conclusions

We developed an economic cost calculation model
reflecting the domestic environment for nuclear accident
response and NACC, a calculation tool that calculates
economic cost factors for WinMACCS and calculates
economic cost for simple accident response.
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