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Development of Spent Nuclear Fuel Transportation Worker Exposure Scenario by
Dry Storage Methods
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ABSTRACT Currently, there are no interim storage facilities and permanent disposal facilities in Korea, so all spent
nuclear fuels are temporarily stored. However, the temporary storage facility is approaching saturation, and as a mea-
sure to this, the 2nd Basic Plan for the Management of High-Level Radioactive Waste presented an operation plan for
dry interim storage facilities and dry temporary storage facilities on the NPP on-site. The dry storage can be operated
in various ways, and to select the optimal dry storage method, the reduction of exposure for workers must be con-
sidered. Accordingly, it is necessary to develop a worker exposure scenario according to the dry storage method and
evaluate and compare the radiological impact for each method. The purpose of this study is to develop an exposure
scenario for workers transporting spent nuclear fuel by dry storage method. To this end, first, the operation procedure
of the foreign commercial spent nuclear fuel dry storage system was analyzed based on the Final Safety Analysis Re-
port (FSAR). 1) the concrete overpack-based system, 2) the metal overpack-based system, and 3) the vertical storage
module-based system were selected for analysis. Factors were assumed that could affect the type of work (working
distance, working hours, number of workers, etc.) during transportation work. Finally, the work type of the processes
involved in transporting spent nuclear fuel by dry storage method was set, and an exposure scenario was developed
accordingly. The concrete overpack method, the metal overpack method, and the vertical storage module method
were classified into a total of 31, 9, and 23 processes, respectively. The work distance, work time, and number of
workers for each process were set. The product of working hours and number of workers (Man-hour) was set high in
the order of concrete overpack method, vertical storage module method, and metal overpack method, and short-range
work (10 cm) was most often applied to the concrete overpack method. The results of this study are expected to be
used as basic data for performing radiological comparisons of transport workers by dry storage method of spent nu-
clear fuel.
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Table 1. Summary of foreign commercial dry storage systems

Management Method Management System Manufacturer
Metal Overpack HI-STAR 100 Holtec
HI-STORM 100 Holtec
NAC-UMS NAC
Concrete Overpack )
VSC-24 EnergySolutions

FuelSolutions EnergySolutions

HI-STORM UMAX  Holtec

Vertical Module
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Table 2. Assumed auxiliary equipment by spent nuclear fuel
management methods

Management Method Auxiliary Equipment

Air inlet vent screen
Air outlet vent screen
Temperature element

Concrete Overpack Gamma shield cross plate

Vent duct shield

Shield ring

Alignment device

Shield ring

Alignment device

Metal Overpack -

Vertical Module
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Table 3. Concrete overpack-based system transportation worker exposure scenario

No. Process Work time (min)  Distance (cm) No. of Workers (man)

Retrieval Process’

1  Remove inlet vent screen and cross plate 12 10 2
2 Connect concrete overpack to VCT* 10 10 1
3 Transport concrete overpack to CTB® 40 200 1
4 Disconnect concrete overpack to VCT* 10 10 1
Preparation Process for Facility Off-site Transportation®

1 Connect sling to concrete overpack lid and remove bolts 12 10 1
2 Remove outlet vent screen, cross plate, temperature element 22 10 2
3 Remove concrete overpack top lid 2 100 1
4 Insert vent duct shield and alignment device 25 10 2
5 Attach lifting adapter to DPC 10 10 2
6  Align concrete overpack and transfer cask 10 100 2
7  Remove transfer cask bottom lid 4 100 2
8  Connect lifting bar to DPC lifting adapter -

9  Transfer DPC to transfer cask from concrete overpack 5 100 2
10  Close transfer cask bottom lid 4 100

11  Disconnect lifting bar to DPC lifting adapter -

12 Transport transfer cask to CTB® 5 200

13 Align transfer cask and transportation cask 10 100 2
14 Connect lifting bar to DPC lifting adapter -

15 Remove transfer cask bottom lid 4 100

16  Transfer DPC to transportation cask from transfer cask 5 100 2
17  Disconnect lifting bar to DPC lifting adapter -

18 Remove lifting adapter from DPC 10 10 2
19 Remove alignment device 25 10 2
20 Install shield ring 2 10 1
21 Close transportation cask top lid 40 10 2
22 Move transportation cask to vehicle tie-down 40 200 2
23 Cask dose rate and contamination survey 16 10 2
24 Attach impact limiter 16 10 2
25 Install personnel barrier 10 10 2
26 Vehicle surface dose rate and contamination survey 8 10 2
27  Vehicle dose rate and contamination survey 8 200 2

“Vertical Cask Transporter
°Canister Transfer Building
‘Remote Control

‘Working Area: Storage Area
‘Working Area: CTB

A% AAE et 2k A A BE P oW A A A BE PAIAE 2719 Felo] UH 0 SHH 3
F 8% AN F 1482 YAto] 20E, AH g% F A B9 MRl A o] AN ot YT
2ul Z0] YL 3 194%0] 205 A0R AASAL & o AAolA WASA)
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Table 4. Metal overpack-based system transportation worker exposure scenario

No. Process

Work time (min)  Distance (cm) No. of Workers (man)

Retrieval Process®

1 Connect metal overpack to VCT*
2 Transport metal overpack to CTB®
3 Disconnect metal overpack to VCT*

Preparation Process for Facility Off-site Transportation®

Move transportation cask to vehicle tie-down

Cask dose rate and contamination survey

1

2

3 Attach impact limiter

4 Install personnel barrier
5

Vehicle surface dose rate and contamination survey

6  Vehicle dose rate and contamination survey

30 200 2
40 200
30 200 2
40 200 2
16 10 2
16 10 2
10 10 2
8 10 2
8 200 2

“Vertical Cask Transporter
*Canister Transfer Building
‘Working Area: Storage Area
*Working Area: CTB
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Table 5. Vertical module-based system transportation worker exposure scenario

No. Process Work time (min)  Distance (cm) No. of Workers (man)

Retrieval Process’

1 Remove CEC"lid 60 100 2
2 Attach lifting adapter to DPC 10 10 2
3 Align transfer cask to CEC* 10 100 2
4 Remove transfer cask bottom lid 4 100 2
5 Connect lifting bar to DPC lifting adapter 15 100 1
6  Transfer DPC to transfer cask from CEC* 5 100 2
7  Close transfer cask bottom lid 4 100 2
8  Transport transfer cask to CTB" 40 200 1
Preparation Process for Facility Off-site Transportation®

1 Align transfer cask and transportation cask 10 100 2
2 Connect lifting bar to DPC lifting adapter -

3 Remove transfer cask bottom lid 4 100 2
4 Transfer DPC to transportation cask from transfer cask 5 100 2
5 Disconnect lifting bar to DPC lifting adapter -

6  Remove lifting adapter from DPC 10 10 2
7  Remove alignment device 25 10 2
8  Install shield ring 2 10 1
9  Close transportation top lid 40 10 2
10 Move transportation cask to vehicle tie-down 40 200 2
11 Cask dose rate and contamination survey 16 10 2
12 Attach impact limiter 16 10 2
13 Install personnel barrier 10 10 2
14 Vehicle surface dose rate and contamination survey 8 10 2
15  Vehicle dose rate and contamination survey 8 200 2

‘Cavity Enclosure Container
*Canister Transfer Building
‘Remote Control

‘Working Area: Storage Area
‘Working Area: CTB

Table 6. Analysis of worker exposure scenarios in spent nuclear fuel retrieval process

Number of process by distance (cm)®

Management Method Process Man-hour" (hr)
10 100 200
Concrete Overpack 4 1.40 3 - 1
Metal Overpack 3 2.67 - - 3
Vertical Module 8 4.02 1 6 1

*Number of worker x work time
*No remote process
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Table 7. Analysis of worker exposure scenarios in preparation process for facility off-site transportation

Number of process by distance (cm)

Management Method Process Man-hour (hr)
10 100 200 Remote
Concrete Overpack 27 9.42 12 8 3 4
Metal Overpack 6 3.27 4 - 2 -
Vertical Module 15 6.43 8 3 2 2
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