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Conceptual Design for Repackaging of PWR Spent Nuclear Fuel

Sang-Hwan Lee’, Chang-Min Shin'*, HyunGoo Kang', Chun-Hyung Cho' and HaeRyong Jung’

"HLW Technology Development Institue, Korean Radioactive Waste Agency, 174, Gajeong-ro, Yuseong, Daejeon 34129,
Republic of Korea

Spent nuclear fuel (SNF) is stored in nuclear power plants for a certain period of time and then
transported to an interim storage facility. After that, SNF is finally repackaged in a disposal canister at an
encapsulation plant for final disposal. Finland and Sweden, leading countries in SNF disposal technology,
have already completed designing of spent fuel encapsulation plant. In particular, the encapsulation
plant construction in Finland is near completion. When it comes to South Korea, as the amount of SNF
production and disposal plan is different from those in Finland and Sweden, it is difficult to apply the
concepts of these contries as is. Therefore, it is necessary to establish the spent fuel repackaging concept
and to derive each operating and repackaging procedures by considering annual disposal plan of South
Korea. The results of this study is expected to be used to establish the concept of optimized encapsulation
plant through further research.
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Table 1. Current status of spent nuclear fuel management in foreign countries [3-8]

=
J_HLE

Intermediate . . Final management method of SNF
Countr storaze method Possibility of repackaging spent
Y & lear fuel . .
(Location) fue Disposal method Disposal system
* SNF needs to be repackaged from
USA Dry on-site storage to disposal canister Deep geological
(On-site) - Storage cask owned by private disposal
companies require repackaging.
* Reprocessed SNF needs to be :
Dry repackaged into disposal canister e 53
Japan (On-site, off-site), - SNF is stored for a long period of Deep geological — 1@%
Wet time in a dry intermediate storage disposal 4B =
(Offsite) facility and then transported to e iy
a reprocessing facility rionievel & TRD waste
* SNF needs to be repackaged from
on-site storage to disposal canister
- (Plan 1) SNF stored on site is
Canada Dry repackaged in a module-type Deep geological
(On-site) disposal canister disposal
- (Plan 2) The basket currently
loaded with SNF is repackaged in
a module-type disposal canister
* SNF needs to be repackaged from
storage cask to disposal canister
- It has been confirmed that dry .
German Dry storage facilities will be managed Deep geological
Y (Offsite) 8 8 disposal
by the government, and research on
repackaging technology is
in progress
Sweden ( O\f/f\{:te) * SNF needs to be repackaged from
storage cask to disposal canister Deep geological
Wet - The research on the repackaging of disposal
Finland (On-site) SNF has been completed
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Table 2. Characteristics of dry and wet repackagaing methods
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Method of wet repackaging

Method of dry repackaging

+ Construction and operating cost are more expensive than
dry reapackaging.

« Additional treatment of waste material (contaminated water)
is required.

» Shielding and cooling functions are provided, and maintenance
is easy.

* The dry system is required to remove residual moisture.

* Itis necessary to create an inert environment to prevent oxidation
of SNF.

* Radiation shielding system should be additionally considered.

* The system for removing material separated or released from SNF
is needed.

* Detailed remote control is required inside the SNF handling cell.
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o . 3. Area for preparing to 4. Area for 5. Fuel
1. Receiving and preparation area for remove the lid of the cutting the lid handling cell
transportation cask transportation cask of the canister area

6. Receiving and preparation area for 8. Disposal 9. Welding 10. Transfer area of
disposal canister i proc ing and disposal canister
welding area inspection area
within the
disposal canister
(a) Top view
5. Fuel 4. Area for 3. Area for preparini . .
10. Transfer area of handling cell pispe g 1. Receiving and preparation area for

cutting the lid tore H

transportation cask

25 sfer a of stion -

(b) Side view (Transportation cask transfer line)

9.Welding
8. Welding processing and
area of inspection area 5. Fuel

6. Receiving and preparation area for
disposal canister

disposal within the handling cell 10. Tmnsferagea of

disposal caniste area

7. Transfer area of disposal canister

(c) Side view (Disposal canister transfer line)

Fig. 1. Layout concept of repackaging area.
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Table 3. Operation process of spent nuclear fuel repackaging

Main process
Shift
Week Day wolrk
1st transfer line 2nd transfer line
* Preparing the transporation cask and docking the canister
Day cutting station
* Cutting the canister lid
1 . . . .
* Preparation of disposal canister and transfer to copper lid
Nicht welding station
& * Docking the transprtation cask into the fuel handling cell
* Docking the disposal canister into the fuel handling cell
+ Loading SNF from transportation cask into disposal
Da canister * Preparation of disposal canister and transfer to
7 * Injecting argon gas into the disposal canister copper lid welding station
» Transfer the disposal canister to the welding station
2 + Welding disposal canister * Docking the disposal canister into the fuel handling
* Processing of welded zone on disposal canister cell
. 8 L. . P . * Loading SNF from transportation cask into disposal
Night * Non-destructive inspection of welded zone on disposal .
. canister
canister — : : .
. . » Injecting argon gas into the disposal canister
* Transfer the disposal canister to temporary storage area . ) ) )
* Transfer the disposal canister to the welding station
* Welding disposal canister
. . L . * Processing of welded zone on disposal canister
* Equipment change/inspection in welding area o . .
. . . . * Non-destructive inspection of welded zone on disposal
Day * Preparation of disposal canister and transfer to copper lid canister
welding station ) )
* Transfer the disposal canister to temporary storage
area
3
* Docking the disposal canister into the fuel handling cell
1 + Loading SNF from transportation cask into disposal + Equipment change/inspection in welding area
Night canister * Preparation of disposal canister and transfer to copper
+ Injecting argon gas into the disposal canister lid welding station
» Transfer the disposal canister to the welding station
+ Welding disposal canister * Docking the disposal canister into the fuel handling
* Processing of welded zone on disposal canister cell
§ 0f wel ) 3 . * Loading SNF from transportation cask into disposal
Day * Non-destructive inspection of welded zone on disposal .
. canister
canister A : : :
. . * Injecting argon gas into the disposal canister
* Transfer the disposal canister to temporary storage area . . . .
* Transfer the disposal canister to the welding station
4
* Welding disposal canister
. . Lo . * Processing of welded zone on disposal canister
* Equipment change/inspection in welding area Lo .
) . . . . * Non-destructive inspection of welded zone on
Night * Preparation of disposal canister and transfer to copper lid . j
. ) disposal canister
welding station . .
« Transfer the disposal canister to temporary storage
area
* Docking the disposal canister into the fuel handling cell
* Loading SNF from transportation cask into disposal * Equipment change/inspection in welding area
Day canister * Preparation of disposal canister and transfer to
+ Injecting argon gas into the disposal canister copper lid welding station
» Transfer the disposal canister to the welding station
5 * Docking the disposal canister into the fuel handlin,
* Welding disposal canister cell J P J
- P ing of welded di I canist
) rocessing ot weided zone on disposal canister. * Loading SNF from transportation cask into disposal
Night * Non-destructive inspection of welded zone on disposal

canister
* Transfer the disposal canister to temporary storage area

canister
» Injecting argon gas into the disposal canister
* Transfer the disposal canister to the welding station
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Table 3. Continued
Shife Main process
Week Day work
1st transfer line 2nd transfer line
* Welding disposal canister
*» Equipment change/inspection in welding area * Processing of welded zone on disposal canister
Day * Preparation of disposal canister and transfer to copper lid * Non-destructive inspection of welded zone on disposal
welding station canister
* Transfer the disposal canister to temporary storage area
1
* Docking the disposal canister into the fuel handling cell
* Loading SNF from transportation cask into disposal * Equipment change/inspection in welding area
Night canister * Preparation of disposal canister and transfer to copper
* Injecting argon gas into the disposal canister lid welding station
Transfer the disposal canister to the welding station
*» Welding disposal canister » Docking the disposal canister into the fuel handling cell
* Processing of welded zone on disposal canister * Loading SNF from transportation cask into disposal
Day * Non-destructive inspection of welded zone on disposal canister
canister * Injecting argon gas into the disposal canister
* Transfer the disposal canister to temporary storage area * Transfer the disposal canister to the welding station
2 * Equipment change/inspection in welding area
* Preparation of disposal canister and transfer to copper lid * Welding disposal canister
welding station * Processing of welded zone on disposal canister
Night * Loading the cut canister and lid into the transportation * Non-destructive inspection of welded zone on disposal
cask canister
* After attching the lid to the transportation cask, tranfer it * Transfer the disposal canister to temporary storage area

to the preparation area

* Maintenance of work areas at repackaging area
Day * Maintenance of fuel handling cell area
* Manintenance of area for cutting the lid of the canister

2 * Preparing the transporation cask and docking the canister
cutting station

» Cutting the canister lid

* Docking the transprtation cask into the fuel handling cell

* Preparation of disposal canister and transfer to copper lid
welding station

Night *» Equipment change/inspection in welding area

* Docking the disposal canister into the fuel handling cell

* Loading SNF from transportation cask into disposal
Day canister

» Injecting argon gas into the disposal canister

* Transfer the disposal canister to the welding station

* Preparation of disposal canister and transfer to
copper lid welding station

+ + Welding disposal canister . i)eclylcking the disposal canister into the fuel handling
* Processing of welded zone on disposal canister . . . .
] . . . * Loading SNF from transportation cask into disposal
Night * Non-destructive inspection of welded zone on disposal canister
canister * Injecting argon gas into the disposal canister
* Transfer the disposal canister to temporary storage area ) 8 18 . § . P . .
» Transfer the disposal canister to the welding station
* Welding disposal canister
* Equipment change/inspection in welding area * Processing of welded zone on disposal canister
Day * Preparation of disposal canister and transfer to copper lid * Non-destructive inspection of welded zone on disposal
welding station canister
» Transfer the disposal canister to temporary storage area
N
* Docking the disposal canister into the fuel handling cell
* Loading SNF from transportation cask into disposal * Equipment change/inspection in welding area
Night canister * Preparation of disposal canister and transfer to copper
* Injecting argon gas into the disposal canister lid welding station

» Transfer the disposal canister to the welding station

529



RADIATION INDUSTRY olarst, Mg, ZE T, ZHY, HAHE
JOURNAL OF

Table 3. Continued
Main process
Shift P
Week Day work
1st transfer line 2nd transfer line
+ Docking the disposal canister into the fuel handlin,
* Welding disposal canister cell & P 8
* Processing of welded zone on disposal canister
1ng of weided zor 'SP ! . * Loading SNF from transportation cask into disposal
Day * Non-destructive inspection of welded zone on disposal )
. canister
canister R . . :
. . * Injecting argon gas into the disposal canister
* Transfer the disposal canister to temporary storage area . . . .
1 * Transfer the disposal canister to the welding station
* Welding disposal canister
+ Equipment change/inspection in welding area * Processing of welded zone on disposal canister
Night * Preparation of disposal canister and transfer to copper lid * Non-destructive inspection of welded zone on disposal
welding station canister
* Transfer the disposal canister to temporary storage area
* Docking the disposal canister into the fuel handling cell
* Loading SNF from transportation cask into disposal + Equipment change/inspection in welding area
Day canister * Preparation of disposal canister and transfer to copper
+ Injecting argon gas into the disposal canister lid welding station
» Transfer the disposal canister to the welding station
> Docking the di | canister into the fuel handli
. 1 1 N1 T 1N naln
* Welding disposal canister ocking the disposal canister into the fuetha &
* Processing of welded zone on disposal canister cell
) § 0t wel ) 3 . * Loading SNF from transportation cask into disposal
Night * Non-destructive inspection of welded zone on disposal .
. canister
canister — . : .
. . » Injecting argon gas into the disposal canister
* Transfer the disposal canister to temporary storage area . . . .
+ Transfer the disposal canister to the welding station
* Welding disposal canister
* Equipment change/inspection in welding area * Processing of welded zone on disposal canister
Day * Preparation of disposal canister and transfer to copper lid * Non-destructive inspection of welded zone on disposal
welding station canister
3 « Transfer the disposal canister to temporary storage area
3
* Docking the disposal canister into the fuel handling cell
* Loading SNF from transportation cask into disposal + Equipment change/inspection in welding area
Night canister * Preparation of disposal canister and transfer to copper
* Injecting argon gas into the disposal canister lid welding station
* Transfer the disposal canister to the welding station
* Docking the disposal canister into the fuel handlin;
* Welding disposal canister 8 P 8
* Processing of welded zone on disposal canister cell
8 L. . P . * Loading SNF from transportation cask into disposal
Day * Non-destructive inspection of welded zone on disposal )
i canister
canister — . . .
. . » Injecting argon gas into the disposal canister
» Transfer the disposal canister to temporary storage area . ) ) )
4 * Transfer the disposal canister to the welding station
* Welding disposal canister
* Equipment change/inspection in welding area * Processing of welded zone on disposal canister
Night * Preparation of disposal canister and transfer to copper lid * Non-destructive inspection of welded zone on disposal
welding station canister
* Transfer the disposal canister to temporary storage area
* Equipment change/inspection in welding area
* Preparation of disposal canister and transfer to copper lid
b . P PP + Equipment change/inspection in welding area
welding station . . .
Day . . . . * Preparation of disposal canister and transfer to copper
» Loading the cut canister and lid into the transportation cask . . .
. . . . lid welding station
s * After attching the lid to the transportation cask, tranfer it

to the preparation area

* Maintenance of work areas at repackaging area
Night * Maintenance of fuel handling cell area
* Manintenance of area for cutting the lid of the canister
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