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Background: Reactor pressure vessel (RV) with internals (RVI) are activated structures by neu-
tron irradiation and volume contaminated wastes. Thus, to develop safe and optimized disposal 
plan for them at a disposal site, it is important to perform exact activation calculation and evalu-
ate the dose rate on the surface of casks which contain cut-off pieces.  

Materials and Methods: RV and RVI are subjected to neutron activation calculation via Monte 
Carlo methodology with MCNP6 and ORIGEN-S program—neutron flux, isotopic specific ac-
tivity, and gamma spectrum calculation on each component of RV and RVI, and dose rate 
evaluation with MCNP6. 

Results and Discussion: Through neutron activation analysis, dose rate is evaluated for the 
casks containing cut-off pieces produced from decommissioned RV and RVI. For RV cut-off 
ones, the highest value of dose rate on the surface of cask is 6.97 × 10-1 mSv/hr and 2 m from it 
is 3.03 × 10-2 mSv/hr. For RVI cut-off ones, on the surface of it is 0.166 × 10-1 mSv/hr and 2 m 
from it is 1.04 × 10-1 mSv/hr. Dose rates for various RV and RVI cut-off pieces distributed lower 
than the limit except the one of 2 m from the cask surface of RVI. It needs to adjust contents in 
cask which carries highly radioactive components in order to decrease thickness of cask.

Conclusion: Two types of casks are considered in this paper: box type for very-low-level waste 
(VLLW) as well as low-level waste (LLW) and cylinder type for intermediate-level waste (ILW). 
The results will contribute to the development of optimal loading plans for RV and RVI cut-off 
pieces during the decommissioning of nuclear power plant that can be used to prepare radioac-
tive waste disposal plans for the different types of wastes—ILW, LLW, and VLLW.
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Introduction 

When decommissioning a nuclear power plant, lots of metal wastes are produced 

and various studies have been carried out to characterize and to recycle them [1–3]. In 

South Korea, Kori Unit 1 is expected to be decommissioned and activation analysis for 

reactor pressure vessel (RV), reactor pressure vessel internal (RVI), and bio-shield has 

been carried out [4]. RV is composed of carbon steel and most RVI’s are composed of 

stainless steel type 304. The specific activities of RVI lie between 3.0× 103 Bq/g and 
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6.0 × 109 Bq/g [4] depending on installation position in the 

core. In order to classify radioactive waste level and to make 

a plan for transportation and storage, the specific activity 

data is very important for RV and RVI components. Most ir-

radiated RV and RVI are classified into very-low-level waste 

(VLLW), low-level waste (LLW), and intermediate-level 

waste (ILW) depending on the specific activity. After several 

years cooling period, the irradiated metal components shall 

be transported to the waste deposition site. 

In order to transport RV and RVI components’ cut-off 

pieces safely, it is necessary to be cut into proper sized piec-

es. The cutting pieces are designed based on the load weight, 

radioactive waste level, and cask size. Thus, the cut-off pieces 

become smaller in order to load more possible and to de-

crease number of casks. The cask shape is also important pa-

rameter. In this study, two kinds of casks are considered such 

as the box type and the cylinder type. An optimization analy-

sis for loading radioactive wastes is carried out to decrease 

number of casks and to minimize load burden. 

In this paper, an optimal loading is suggested for RV and 

RVI components based on the load balanced and shielding 

analysis. The radiation shielding is one of the important pa-

rameters to transport radioactive wastes. Therefore, the 

Monte Carlo simulation is carried out to estimate the surface 

dose rate of various cases of cut-off pieces loaded in two 

kinds of casks. 

In Section 2, a brief description is provided on the cutting 

procedure and loading strategy. Section 3 provides activa-

tion analysis simulation results and loading conditions. In 

Section 4, shielding analyses are carried out for various casks 

for RV and RVI components. 

Materials and Methods

1. Cutting Procedure and Loading Strategy 
Main materials of RV and RVI are stainless steel type 304, 

carbon steel (SA508 Grade 2 forged material) and Inconel as 

shown in Table 1. For the transportation of VLLW and LLW 

based on the activation calculation and cutting plan, box-

type cask will be used as depicted in Fig. 1. The specification 

of box-type cask is described in Table 2. The allowed maxi-

mum content weight is about 10 ton and it is specially de-

signed to load in under water condition. Therefore, stillage is 

equipped for the safe loading in the water, too. The stillage 

material is carbon steel and other body components are 

composed of stainless steel type 304. The main reason of us-

ing box-type casks for VLLW and LLW is to optimize the 

packing condition in the cask, so it is possible to reduce the 

number of casks. The most important things for decommis-

sioning nuclear power plant are not only safety but also 

economy, even though safety is much more important. After 

RV and RVI are dismantled safely and cut-off pieces are pro-

Table 1. RV and RVI Component and Material

System Component Material

Reactor press 
vessel (RV)

Reactor vessel Carbon steel
Reactor vessel head Carbon steel
Inlet/Outlet nozzle Carbon steel
ICI nozzle Inconel

Reactor vessel 
internal (RVI)

Former Stainless steel type 304
Baffle Stainless steel type 304
Core barrel Stainless steel type 304
Thermal shield Stainless steel type 304
Upper core plate Stainless steel type 304
Upper internal Stainless steel type 304
Lower core plate Stainless steel type 304
Lower internal Stainless steel type 304

ICI, in-core instrumentation. 

Table 2. Specification of Box-Type Cask

Item Parameter

Size (m) 1.46×1.46×0.95 (height)
Empty weight (ton) 0.84
Content weight (ton) ~5.5
Total weight including grouting (ton) 9.4
Thickness (cm) 2.0 for RV

20.0 for RVI
Material Stillage: carbon steel

Body: stainless steel (stainless steel 
type 304)

Grouting After water drain
Stillage For underwater loading
Salvage Specified shielding bell salvage

RVI, reactor vessel internal.

Fig. 1. Box-type cask for radioactive waste package.
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duced, it is necessary to consider economy as achievable as 

possible in the second place. It means that radioactive waste 

disposal expense should be reduced with optimized cask 

packing design through dose rate evaluation on the surface 

of it. If the certified 200 L drum is used for VLLW and LLW, 

the estimated number of drum is about 484. However, only 

48 box-type casks are required in order to store and pack the 

same contents. It is achieved both reduction of transporta-

tion burden and economic benefit considering movement 

from decommissioning site to disposal place. Fig. 2 shows 

loading examples when using the typical 200 L drum. It is 

found that lots of vacant area and inefficient regions exist in 

each drum. However, there is little vacant area in box-type 

cask and it is more efficient to store wastes. 

For the purpose of ILW storage, cylinder-type cask is taken 

into consideration as depicted in Fig. 3. The specification of 

the cylinder-type cask is described in Table 3. Allowed maxi-

mum content weight is about 25 ton. Cask material is stain-

less steel type 304 which is good for both shielding capability 

and structural maintenance. Outer body of cask material is 

made of concrete whose thickness is about 41 cm. 

Two main strategies for packing plan are developed as fol-

lows. The first consideration item is to store as many cut-off 

pieces as possible in the cask. Thus maximum volume and 

weight become the main dependent parameters to be con-

sidered. The second one is to meet the radiation shielding 

requirement on the surface of it for safety. So, in order to store 

maximum loading contents, the size of each cut-off piece 

should be produced as much smaller, otherwise, it requires 

more number of casks and it becomes uneconomical. Thus, 

optimized cutting plan applying activation evaluation result 

and cask size should be prepared, and loading contents should 

meet satisfaction of dose rate on the surface of casks. 

When RV is planned to be dismantled, several small cut-

off pieces are produced due to complex and curved shape 

Fig. 2. Loading example in 200 L drum for reactor pressure vessel.
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Fig. 3. Cylinder-type cask for radioactive waste storage.
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2,440 m
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Φ1,686 mm

Internal support

Table 3. Specification of Cylinder-Type Cask

Item Parameter

Outer size (m) 1.686×2.44 (diameter×height)
Inner size (m) 1.636×2.14 (diameter×height)
Empty weight (ton) 10.3
Content weight (ton) ~15.0
Total weight including grouting (ton) 25.3
Thickness of outer concrete (cm) 41.0
Material Stainless steel (stainless steel type 

304)
Equipment Head drain/Dry facility
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considering loading capacity in cask. As many small cut-off 

pieces as produced, cutting procedure also requires more 

time and man-power, so, cutting strategy should be prepared 

for all aspects. Fig. 4 shows an example of loading configura-

tions for RV cut-off pieces in the box-type cask. As expected, 

various shapes of RV curvature play main role of planning 

cutting procedure. The thicknesses of box-type cask are de-

signed as 2 cm for both RV and 20 cm for RVI components 

caused by the difference of radioactive waste level.

Results and Discussion

1.  Dose Rate Evaluation of Cask for RV and RVI Cut-off  
 Pieces 

MCNP6 [5] code is used to calculate the neutron flux dis-

tribution during irradiation period and ORIGEN-S [6] code is 

also used to evaluate isotopic inventories. From the analysis 

of 40 years irradiation, the total decay gamma intensity and 

spectrum are obtained by including various impurities for 

stainless steel type 304 and carbon steel [7]. In case of carbon 

steel in RV central region, the specific activities of various 

isotopes are tabulated in Table 4. Fig. 5 depicts the gamma 

spectrum after 10 year cooling for 1 g of carbon steel. Table 5 

provides activation analysis results for stainless steel type 304 

in RVI component. Fig. 6 also shows the gamma spectrum 

after 10-year cooling for 1 g of stainless steel type 304 . 

The contents of RV and RVI components are classified 

based on the total activity for satisfaction of limit surface 

dose rate. Table 6 summarizes RV components. Lots of com-

ponents are included such as RV main body, RV bottom 

head, a bottom-mounted instrumentation (BMI) nozzle, in-

let and outlet nozzle, and insulation. Table 7 provides RVI 

Table 4. Isotopic Specific Activities for RV for Various Cooling Time

Isotope

Specific activity (Bq/g)

Discharge
30-day 
cooling

2-year 
cooling

5-year 
cooling

10-year 
cooling

3H 1.05×103 1.05×103 9.41×102 7.95×102 6.00×102

14C 2.28×101 2.28×101 2.28×101 2.28×101 2.28×101

60Co 7.10×104 7.01×104 5.46×104 3.68×104 1.91×104

59Ni 4.77×103 4.77×103 4.77×103 4.77×103 4.77×103

63Ni 5.01×105 5.01×105 4.95×105 4.84×105 4.68×105

90Sr 6.91×10-10 6.89×10-10 6.58×10-10 6.11×10-10 5.40×10-10

94Nb 6.01×10-1 6.01×10-1 6.01×10-1 6.01×10-1 6.01×10-1

99Tc 2.48×10-4 2.48×10-4 2.48×10-4 2.48×10-4 2.48×10-4

129I 2.64×10-17 2.64×10-17 2.64×10-17 2.64×10-17 2.64×10-17

137Cs 3.78×10-11 3.77×10-11 3.61×10-11 3.37×10-11 3.00×10-11

Total 9.42×107 9.09×107 5.24×107 2.41×107 7.07×106

RV, reactor pressure vessel.

Outlet
(4 box)

Inlet
(3 box)

Fig. 4. An example of optimal loading for the box-type cask for reactor pressure vessel components.
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Fig. 5. Gamma spectrum for reactor pressure vessel for 10-year 
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Table 5. Isotopic Specific Activities for RVI for Various Cooling Time

Isotope

Specific activity (Bq/g)

Discharge
30-day 
cooling

2-year 
cooling

5-year 
cooling

10-year 
cooling

63Ni 5.29×107 5.29×107 5.22×107 5.11×107 4.94×107

60Co 1.00×107 9.91×106 7.72×106 5.20×106 2.69×106

59Ni 4.86×105 4.86×105 4.86×105 4.86×105 4.86×105

3H 4.40×103 4.38×103 3.94×103 3.32×103 2.51×103

14C 8.59×102 8.59×102 8.59×102 8.59×102 8.58×102

94Nb 1.96×101 1.96×101 1.96×101 1.96×101 1.96×101

99Tc 7.65 7.65 7.65 7.65 7.65
137Cs 1.56×10-4 1.56×10-4 1.49×10-4 1.39×10-4 1.24×10-4

90Sr 2.69×10-6 2.69×10-6 2.57×10-6 2.38×10-6 2.11×10-6

129I 2.46×10-13 2.46×10-13 2.46×10-13 2.46×10-13 2.46×10-13

Total 1.41×109 6.89×108 3.85×108 2.03×108 9.32×107

RVI, reactor pressure vessel internal.
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Fig. 6. Gamma spectrum for reactor pressure vessel internal for 10-
year cooling.

Table 6. Cask Information for RV Components

Contents
Cask 

ID
Cask 
type

Fixed 
weight 
(ton)

Total 
activity 
(MBq)

Photon 
intensity 

(photons/s)

RV main body RV-01 Box 6.89 4.97×104 2.88×109

RV-02 Box 5.83 5.28×104 3.06×109

RV-03 Box 4.94 5.08×104 2.94×109

RV-04 Box 5.87 3.54×104 2.05×109

RV-05 Box 6.01 3.73×104 2.16×109

RV-06 Box 6.05 3.79×104 2.19×109

RV-07 Box 5.33 2.78×104 1.61×109

RV-08 Box 7.15 5.33×104 3.09×109

RV-09 Box 6.84 4.91×104 2.84×109

RV-10 Box 5.95 3.66×104 2.12×109

RV-11 Box 5.73 3.34×104 1.93×109

RV-12 Box 5.73 3.34×104 1.93×109

RV-13 Box 7.15 5.33×104 3.09×109

RV-14 Box 7.14 5.33×104 3.09×109

RV-15 Box 7.05 1.68×106 9.73×1010

RV-16 Box 7.05 1.68×106 9.73×1010

RV-17 Box 5.88 1.15×106 6.66×1010

RV main body/ 
RV bottom head

RV-18 Box 5.84 6.81×105 3.94×1010

RV-19 Box 6.94 1.25×106 7.24×1010

RV bottom head RV-20 Box 5.72 3.19×102 1.85×107

RV main body/ 
RV bottom head

RV-21 Box 5.78 6.75×105 3.91×1010

RV-22 Box 5.78 6.75×105 3.91×1010

RV-23 Box 5.44 7.19×105 4.16×1010

RV bottom head/ 
BMI Nozzle

RV-24 Box 4.93 3.64×104 2.11×109

RV bottom head RV-25 Box 4.90 2.07×102 1.20×107

Inlet RV-26 Box 4.98 7.70×103 4.46×108

RV-27 Box 4.90 7.28×103 4.22×108

Outlet RV-28 Box 4.82 6.93×103 4.01×108

RV-29 Box 4.64 6.07×103 3.51×108

Insulation (bottom head) RV-30 Box 5.14 2.03×103 1.18×108

Insulation (active fuel) RV-31 Box 4.12 1.442×104 8.35×108

RV, reactor pressure vessel; BMI, bottom-mounted instrumentation.

Table 7. Cask Information for RVI Components

Contents Cask ID Cask type Fixed weight (ton) Total activity (MBq) Photon intensity (photons/s)

Thermal shield RVI-01 Cylinder 13.2 7.64×108 4.61×1013

Thermal shield RVI-02 Cylinder 9.9 5.96×108 4.15×1014

Baffle RVI-02 Cylinder 1.2 3.13×109 4.15×1014

Former RVI-02 Cylinder 1.4 3.15×109 4.15×1014

Thermal shield RVI-03 Cylinder 14.1 7.95×108 4.80×1013

Baffle RVI-04 Cylinder 3.8 1.00×1010 7.94×1014

Former RVI-04 Cylinder 1.4 3.15×109 7.94×1014

Core barrel RVI-05 Cylinder 3.5 8.28×108 5.00×1013

Core barrel RVI-06 Cylinder 5.9 1.40×109 8.45×1013

Upper core plate RVI-07 Box 1.5 2.74×108 5.38×1014

Baffle RVI-07 Box 3.0 7.94×109 5.38×1014

Guide tube RVI-07 Box 1.9 3.45×108 5.38×1014

Support column (L) RVI-07 Box 0.9 1.56×108 5.38×1014

Support column (S) RVI-07 Box 0.6 1.00×108 5.38×1014

(Continued to the next page)
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Contents Cask ID Cask type Fixed weight (ton) Total activity (MBq) Photon intensity (photons/s)

Mixing device stop RVI-07 Box 0.5 9.74×107 5.38×1014

Orifice plate (UCP) RVI-07 Box 0.05 8.74×106 5.38×1014

Core barrel RVI-08 Box 3.5 8.22×108 2.30×1014

Baffle RVI-08 Box 1.5 2.99×109 2.30×1014

Lower core plate RVI-09 Box 0.3 3.28×106 2.03×1011

Core support column RVI-09 Box 1.1 2.99×104 2.03×1011

Core support forging RVI-09 Box 2.1 5.71×104 2.03×1011

Core flange RVI-10 Box 2.5 3.17×106 1.91×1011

Core flange RVI-11 Box 2.9 3.56×106 2.18×1011

Mixing device stop RVI-11 Box 0.5 4.06×104 2.18×1011

Orifice plate RVI-11 Box 0.05 6.05×103 2.18×1011

Core flange RVI-12 Box 2.9 8.64×103 1.89×1011

Support column (L) RVI-12 Box 0.9 3.12×106 1.89×1011

Support column (S) RVI-12 Box 0.2 6.80×101 1.89×1011

Core supporting forging RVI-13 Box 2.1 5.61×104 6.65×109

Butt instrument column RVI-13 Box 0.8 2.05×104 6.65×109

Cruciform column RVI-13 Box 0.2 4.46×103 6.65×109

Lowe core plate RVI-13 Box 0.3 2.91×104 6.65×109

Core supporting forging RVI-14 Box 1.5 4.06×104 5.76×109

Butt instrument column RVI-14 Box 0.8 2.05×104 5.76×109

Lower core plate RVI-14 Box 0.3 3.43×104 5.76×109

Core supporting forging RVI-15 Box 1.5 4.06×104 3.77×1011

Cruciform column RVI-15 Box 0.2 6.05×103 3.77×1011

Tie plate RVI-15 Box 0.3 8.64×103 3.77×1011

Lower core plate RVI-15 Box 0.3 3.10×106 3.77×1011

Guide tube RVI-15 Box 0.3 3.10×106 3.77×1011

Tie plate RVI-16 Box 0.7 1.95×104 4.27×1012

Cruciform column RVI-16 Box 0.3 7.70×103 4.27×1012

Lower core plate RVI-16 Box 0.3 2.79×106 4.27×1012

Guide tube RVI-16 Box 0.7 6.80×107 4.27×1012

Core supporting forging RVI-17 Box 2.2 5.90×104 2.01×1011

Cruciform column RVI-17 Box 0.3 8.91×103 2.01×1011

Energy absorber RVI-17 Box 0.4 1.12×104 2.01×1011

Lower core plate RVI-17 Box 0.3 3.25×106 2.01×1011

Guide tube RVI-17 Box 0.5 5.10×101 2.01×1011

Extension nozzle RVI-18 Box 0.1 3.24×103 4.50×1011

Butt instrument column RVI-18 Box 0.2 5.67×103 4.50×1011

Offset column instrument RVI-18 Box 0.01 5.67×103 4.50×1011

Core flange RVI-18 Box 3.1 4.02×106 4.50×1011

Support column RVI-18 Box 0.2 1.81×101 4.50×1011

Core flange RVI-19 Box 3.4 4.41×106 2.66×1011

Support column (S) RVI-19 Box 1.8 1.81×101 2.66×1011

Deep beam RVI-19 Box 0.08 8.22 2.66×1011

RVI, reactor pressure vessel internal.

Table 7. Continued

components. One cask may contain several components 

based on the weight and total activity. Fig. 7 shows some typ-

ical casks which contain various RV and RVI components. 

In order to transport safely RV and RVI cut-off pieces by 

using box and cylinder-type casks, the limit of surface dose 

rates are specified based on the Korean Nuclear Safety Law 

as follows:

- Surface of cask: 10 mSv/hr

- 2 m from surface: 0.1 mSv/hr

The box-type cask for RV components is modeled by 

MCNP6 in order to estimate dose rate. The model is shown 

in Fig. 8. Total particle simulation number is 1.0 × 107 in order 

to have sufficiently high reliability and the International Com-

mission on Radiological Protection Publication 21 (ICRP-21) 
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Table 8. ICRP-21 Dose Conversion Factor

Lower energy 
(MeV)

Upper energy 
(MeV)

Conversion factor 
(mSv/hr)/(photon/cm2/s)

1.00×10-2 5.00×10-2 2.37×10-2

5.00×10-2 1.00×10-1 2.76×10-3

1.00×10-1 2.00×10-1 7.20×10-4

2.00×10-1 3.00×10-1 7.40×10-5

3.00×10-1 4.00×10-1 1.74×10-4

4.00×10-1 6.00×10-1 4.07×10-5

6.00×10-1 8.00×10-1 4.74×10-5

8.00×10-1 1.00 3.78×10-3

1.00 1.33 7.55×10-1

1.33 1.66 2.13×10-1

1.66 2.00 1.02×10-9

2.00 2.50 5.10×10-6

2.50 3.00 4.36×10-9

ICRP-21, International Commission on Radiological Protection Publication 
21.

Fig. 8. Box-type cask model for shielding simulation: (A) horizontal 
view and (B) vertical view.

A B

Fig. 9. Cylinder-type cask model for shielding calculation: (A) hori-
zontal view and (B) vertical view.

A B

dose conversion factor is used as given in Table 8. When pho-

ton intensity of 2.8× 109 photons/s/MeV is assumed for RV 

component, the surface dose rates are obtained from MCNP 

calculation using surface tally (F2) as given in Table 9. At the 

surface and 2 m from the box-type cask, 2.0× 10-2 mSv/hr and 

8.7 × 10-4 mSv/hr are obtained, respectively, which satisfy 

dose rate limit sufficiently. 

For RVI components, two types of casks are considered 

such as the cylinder type for from RVI-01 to RVI-08 and the 

Table 9. Dose Rate at Various Positions for Box-Type Cask for RV 
Components

Dose rate (mSv/hr) Relative errora)

Surface 2.00×10-2 0.0042
10 cm 1.37×10-2 0.0041
1 m 2.33×10-3 0.0038
2 m 8.70×10-4 0.0037

RV, reactor pressure vessel.
a)Relative error=   .Standard deviation

Mean

Table 10. Dose Rate at Various Positions for the Cylinder-Type Cask 
for RVI Components

Dose rate (mSv/hr) Relative errora)

Surface 1.42×10-3 0.1105
10 cm 1.15×10-3 0.1097
1 m 3.92×10-4 0.1111
2 m 1.82×10-4 0.1123

RVI, reactor pressure vessel internal.
a)Relative error=   .Standard deviation

Mean

Fig. 7. Several examples of cask loading configurations: (A) reactor pressure vessel (upper shell), (B) reactor pressure vessel internal (lower 
core plate), and (C) reactor pressure vessel internal (core barrel).

CBA
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Table 12. Surface Dose Rates for RV Casks

Cask ID
Dose rate (mSv/hr)

Surface 10 cm 1 m 2 m

RV-01 2.06×10-2 1.41×10-2 2.40×10-3 8.97×10-4

RV-02 2.19×10-2 1.50×10-2 2.55×10-3 9.53×10-4

RV-03 2.11×10-2 1.44×10-2 2.46×10-3 9.17×10-4

RV-04 1.47×10-2 1.01×10-2 1.71×10-3 6.39×10-4

RV-05 1.55×10-2 1.06×10-2 1.80×10-3 6.73×10-4

RV-06 1.57×10-2 1.08×10-2 1.83×10-3 6.84×10-4

RV-07 1.15×10-2 7.90×10-3 1.34×10-3 5.02×10-4

RV-08 2.21×10-2 1.52×10-2 2.58×10-3 9.62×10-4

RV-09 2.04×10-2 1.40×10-2 2.37×10-3 8.87×10-4

RV-10 1.52×10-2 1.04×10-2 1.77×10-3 6.61×10-4

RV-11 1.39×10-2 9.50×10-3 1.62×10-3 6.03×10-4

RV-12 1.39×10-2 9.50×10-3 1.62×10-3 6.03×10-4

RV-13 2.21×10-2 1.52×10-2 2.58×10-3 9.62×10-4

RV-14 2.21×10-2 1.52×10-2 2.58×10-3 9.62×10-4

RV-15 6.97×10-1 4.78×10-1 8.12×10-2 3.03×10-2

RV-16 6.97×10-1 4.78×10-1 8.12×10-2 3.03×10-2

RV-17 4.77×10-1 3.27×10-1 5.56×10-2 2.08×10-2

RV-18 2.83×10-1 1.94×10-1 3.29×10-2 1.23×10-2

RV-19 5.19×10-1 3.55×10-1 6.04×10-2 2.26×10-2

RV-20 1.32×10-4 9.07×10-5 1.54×10-5 5.76×10-6

RV-21 2.80×10-1 1.92×10-1 3.26×10-2 1.22×10-2

RV-22 2.80×10-1 1.92×10-1 3.26×10-2 1.22×10-2

RV-23 2.98×10-1 2.04×10-1 3.48×10-2 1.30×10-2

RV-24 1.51×10-2 1.03×10-2 1.76×10-3 6.57×10-4

RV-25 8.59×10-5 5.89×10-5 1.00×10-5 3.74×10-6

RV-26 3.20×10-3 2.19×10-3 3.72×10-4 1.39×10-4

RV-27 3.02×10-3 2.07×10-3 3.52×10-4 1.31×10-4

RV-28 2.88×10-3 1.97×10-3 3.35×10-4 1.25×10-4

RV-29 2.52×10-3 1.73×10-3 2.94×10-4 1.10×10-4

RV-30 8.43×10-4 5.77×10-4 9.82×10-5 3.67×10-5

RV-31 5.99×10-3 4.10×10-3 6.97×10-4 2.60×10-4

RV, reactor pressure vessel.

Table 13. Surface Dose Rates for RVI Casks

Cask ID
Dose rate (mSv/hr)

Surface 10 cm 1 m 2 m

RVI-01 9.11×10-4 7.38×10-4 2.51×10-4 1.17×10-4

RVI-02 8.10×10-3 6.56×10-3 2.24×10-3 1.04×10-3

RVI-03 9.48×10-4 7.68×10-4 2.62×10-4 1.21×10-4

RVI-04 1.55×10-2 1.26×10-2 4.29×10-3 1.99×10-3

RVI-05 9.61×10-4 7.78×10-4 2.65×10-4 1.23×10-4

RVI-06 1.62×10-3 1.32×10-3 4.48×10-4 1.23×10-4

RVI-07 1.66 1.58 2.62×10-1 1.04×10-1

RVI-08 7.09×10-1 6.73×10-1 1.12×10-1 4.44×10-2

RVI-09 6.27×10-4 5.94×10-4 9.90×10-5 3.93×10-5

RVI-10 5.90×10-4 5.60×10-4 9.32×10-5 3.70×10-5

RVI-11 6.63×10-4 6.29×10-4 1.05×10-4 4.15×10-5

RVI-12 5.81×10-4 5.51×10-4 9.17×10-5 3.64×10-5

RVI-13 2.05×10-5 1.94×10-5 3.24×10-6 1.28×10-6

RVI-14 1.78×10-5 1.68×10-5 2.80×10-6 1.11×10-6

RVI-15 1.16×10-3 1.10×10-3 1.84×10-4 7.28×10-5

RVI-16 1.32×10-2 1.25×10-2 2.08×10-3 8.26×10-4

RVI-17 6.17×10-4 5.86×10-4 9.75×10-5 3.87×10-5

RVI-18 7.51×10-4 7.12×10-4 1.19×10-4 4.70×10-5

RVI-19 8.21×10-4 7.79×10-4 1.30×10-4 5.14×10-5

RVI, reactor pressure vessel internal.

box type for from RVI-09 to RVI-19. Fig. 9 shows the cylinder-

type cask modeling and Table 10 provides surface dose rates 

for the cylinder-type cask when the photon intensity of 7.4×  

1013 photons/s/MeV is assumed for RVI components. And 

Table 11 provides surface dose rates for the box-type cask 

when the photon intensity of 3.0× 1011 photons/s/MeV is as-

sumed for RVI components.

Tables 12 and 13 provide the surface dose rate of various 

casks containing RV and RVI components, respectively. 

From Table 12, the dose rates of various casks for RV com-

ponents distributed much lower than the limit. Especially, 

RV-15 and RV-16 provide the highest surface dose rates due 

to their highest source intensities. From Table 13, the dose 

rates of various casks for RVI components are also satisfacto-

ry. The highest dose rate happens in the RVI-07 cask due to 

its much higher source intensity. It needs to be adjusted con-

tents of such a cask which carries highly radioactive compo-

nents in order to decrease thickness of the box-type cask and 

to reduce transport burden in the future. 

Conclusion

In this paper, various cut-off pieces from RV and RVI com-

ponents are characterized to transport safely by using box- 

and cylinder-type specialized casks. The radiation source in-

tensities are obtained from activation analysis using ORI-

GEN-S calculation and surface dose rates for various casks 

are also calculated from MCNP simulations. Optimized cask 

loading strategies should be prepared using activation calcu-

lation for activated components, cutting plan on each posi-

tion separated by radioactive waste level, radiation intensity 

Table 11. Dose Rate at Various Positions for the Box-Type Cask for 
RVI Components

Dose rate (mSv/hr) Relative errora)

Surface 9.56×10-4 0.1179
10 cm 9.07×10-4 0.1179
1 m 1.51×10-4 0.0858
2 m 5.99×10-5 0.0857

RVI, reactor pressure vessel internal.
a)Relative error=   .Standard deviation

Mean
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and weight on each cut-off piece and cask size. From the cal-

culation results for total 50 casks, it is found that the strategy 

is proposed adequately by satisfying both load weight and 

radiation dose rate requirement on the surface of cask. How-

ever, it might be better for economical transportation by 

loading higher radioactive contents and the heavier compo-

nents. As a conclusion, this works shall contribute to esti-

mate optimal loading plan of RV and RVI components for 

the decommissioning nuclear power plants, and the results 

can be used to prepare radioactive wastes—ILW, LLW, 

VLLW—disposal plan.
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