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Development of Multi-Purpose Containers for Managing
LLW/VLLW from D&D
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Radioactive waste container designs should comply with the requirements for safety (i.e., transportation, storage, disposal)
and other criteria such as economics and technology. These criteria are also applicable to the future management of the large
amount of LLW and VLLW to arise from decontamination and decommissioning (D&D) of nuclear power plants, which
have different features compared to that of wastes from operation and maintenance (O&M).

This paper proposes to develop a set of standard containers of multi-purpose usage for transportation, storage and disposal.
The concepts of the containers were optimized for management of D&D wastes in consideration of national system for ra-
dioactive waste management, in particular the Gyeongju Repository and associated infrastructures. A set of prototype con-
tainers were designed and built : a soft bag for VLLW, two metallic containers for VLLW/LLW (a standard IP2 container for
sea transport and ISO container for road transport). Safety analyses by simulation and tests of these designs show they are
in compliance with the regulatory requirements. A further development of a container with concrete is foreseen for 2016.
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1. Introduction

One of the key issues associated D&D of nuclear fa-
cilities is rational management of resulting wastes which
consist mostly of LLW and VLLW _ As the infrastructure and
regulatory systems for radioactive waste management had
initially been established for O&M wastes, a compatible
system optimized for D&D wastes would be needed. A
method to optimize the system is to use multi-functional
container for packaging, transport and disposal with a
view to maximize economics and efficiency and also mini-
mize dose risks. The bulk amount of VLLW from D&D can
be packaged in large capacity multi-purpose containers
for direct disposal, instead of using the traditional drum-
based system for O&M wastes, based on the additional
classification of VLLW by IAEA, announced in 2009, appli-
cable to the large amount of wastes arising from D&D [1].

A review of some global trend in packaging D&D

wastes are as following:

- Soft bag containers

For practical and economic reasons, soft bags that had
been previously used for garbage packaging has been ad-
opted for VLLW management in the US, followed by Eu-
rope. The VLLW packaged in large size multi-functional
soft bags are transported for landfill disposal. More re-

cently, soft bags are introduced in Asia, in particular for
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packaging the soil wastes for temporary storage at such

site around Fukushima [2].

- ISO containers

A pioneering example of transition from traditional
drums to ISO containers had been the initiative taken by
Croft Associate in the nineties in UK [3]. The large capac-
ity ISO standard containers, transportable and disposable,
have efficiently been used for managing the large amount
of LLW, as highlighted by the Drigg repository. The UK
example stimulated wider use of ISO containers for man-

aging LLW and VLLW on global basis.

- Concrete container

Concrete containers have been used for strengthening
structure, resistance to radiation and corrosion, compared
to the steel container. A technical issue of the concrete
containers for multi-purpose usage is transportability, due
to the fragile property of concrete materials. This techni-
cal problem was alleviated by reinforcement with amor-
phous steel fibre in such transportable container as Sogefi-
bre which was adopted by ANDRA in France and VUJE in
Slovakia [4]. More recently, the Dounreay Site Restoration
Ltd (DSRL) in Scotland has also launched a test use of a
large concrete container of HHISO standard (14,7 m?) for
on-site transport and disposal of LLW, alongside with the

standard ISO containers in carbon steel [5]. This implies

JINFCWT Vol.14 No.2 pp.157-168, June 2016



Jaesol Lee et al. : Development of Multi-Purpose Containers for Managing LLW/VLLW from D&D

the possible direction of future development in concrete
container with larger capacity for enhancement of not only
of efficiency but also of safety.

Multi-purpose concrete container might emerge from
ultra-high performance concrete (UHPC) technology. Al-
beit not yet been applied to radioactive waste packaging,
the UHPC concrete bears potential to be competitive with
the existing options [6],

Adopting of large capacity containers will also result
in significant saving of disposal space, by dint of more
compact packing of the containers in the repository than

cylindrical drums in disposal containers,
1.1 Need for D&D Waste Management in Korea

Due to the impacts from Fukushima Accident, public
debate on nuclear power has been mounting in Korea
and the utility has recently decided no further extension
of operational life of Kori #1 which is by consequence to
be decommissioned in a decade. On the other hand, the
Government has already launched, national plans for R&D,
since several years, in technological preparation for the
future D&D of NPPs and subsequent waste management,
Korean nuclear industry has to prepare for the advent D&D
of NPPs in the coming decades, together with suitable sys-

tems for management of radioactive wastes arising thereof.

1.1.1 Radioactive Wastes arising from D&D

The amount of radioactive wastes arising from D&D of
nuclear power plants is not easy to estimate because of the
assumptions made on various factors associated with plant
operations, An estimate by KORAD on the cumulative
amount of radioactive waste arising from nuclear power
plants, both by O&M and D&D, projected to the year 2090
is given as Table 1 [7) :

This amount is based on an assumption for LLW/VLLW
arising from D&D for a PWR unit of 900~1,300 MWe,
which could be converted to a volume of 13,000 drums

of 200 liters, with assumptions on packing densities for
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Table 1. Projected amount of radioactive wastes arising from O&M and
D&D of NPPs in Korea (Unit : 200 liter drum)

YEAR O&M D&D TOTAL
2020 112,882 - 112,882
2030 148,872 5,800 202,717
2040 198,602 174,000 433,417
2050 238,562 243,600 557,847
2060 250,122 307,400 640,677
2070 260,452 348,000 699,077
2090 268,952 348,000 715,047

metal 2.3 ton/m?, for concrete 2.3 ton/m?, and for others
0.8 ton/m? and packing rate 85% in drums,

Availability of waste repository is a prerequisite not
only for disposal of radioactive wastes from O&M but also
from D&D as well, In this context, the recently inaugu-
rated Gyeongju repository is a critical national asset being
operated by KORAD. At this initial phase of the repository
operation, however, the system design is optimized for
managing O&M wastes for LLW, With the advent need for
managing D&D wastes in the longer term, appropriate op-
timization will be required for overall system design at the

repository with special considerations for managing VLLW.,

1.1.2 Needs for Optimization

The radioactive wastes arising from D&D of nuclear
power plants have different features from those arising
from O&M, in terms of form and content, The D&D wastes
consist of predominant volume of VLLW, in contrast to
O&M wastes which are predominant with LLW ., Such dif-
ference should be considered in the future development
of waste management system which had initially been
built for managing O&M wastes,

Now that the national infrastructure for managing ra-
dioactive wastes having been built in Gyeongju, a careful
consideration is to be given to the optimal plan for the
future operation of the existing infrastructure. Considering

the large amount of VLLW to arise from D&D, develop-
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ment of disposal facility for landfill burial of VLLW will be
desirable, in addition to the vault type being planned for
LLW disposal, For some D&D waste with shorter half-lives,
temporary storage in the existing facility for adequate pe-

riod of decay time, could be considered for later clearance,

1.2 Review of National Systems for Radioactive
Waste Management

As the Gyeongju repository has just been built, as the
core facility of national radioactive waste management
system, the development of future waste management
system will have to address the D&D waste management,
as well as the current system which has focused thus far

on O&M wastes,

1.2.1 Waste Packages

While there are a variety of waste packaging methods
introduced in Korea, the basic method is to use the stan-
dard steel drum of 200 or 320 liter capacity which have
been commonly used for packaging LLW arising from O&M
of NPPs, Considering the difference of D&D wastes from
O&M wastes, optimization of waste packages in consider-

ation of both types of wastes will be desired at longer term,

1.2.2 Logistics for Managing D&D Wastes

In consideration of the nuclear power stations located
at coastal shores, the infrastructure for O&M waste trans-
portation system was built for sea transport from nucle-
ar power plants to Gyeongju repository. The transport
ship (Hanjin Cheonjeongnuri, see Fig. 1) has handling
system of waste packages with the capacity limited to a
weight of 7.5 MT and with transport container dimensions
3,400 (L) X 1,600 (W) X 1,200 (H) in mm unit, The transport
container is made of steel and is loadable with 8 drums of
the 200 liter capacity.

The transport container is dedicated only to transpor-
tation of the waste packages in drum to the repository,

where it is unloaded for reuse (see Fig. 1).
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Fig. 1. Radioactive waste transport ship - Hanjin Cheonjeongnuri [7].

Given such infrastructure, the dimension of the new
multi-purpose container design for D&D wastes is to fit to
the same dimensions and rigging as the existing transport
container, in order to be able to use the existing handling
systems at the harbor, the ship and the repository. Other-
wise, a new design of the infrastructure would be required
to be built in order to handle waste package of different

designs (i.e. ISO container).,

1.2.3 Disposal in the Repository

The design of radioactive waste repository at the
Gyeongju site was initiated a decade ago when the cur-
rent repository site was decided by local referendum. The
first phase construction of the Gyeongju repository built
is of silo type in tunnel, reflecting the primary concern for
safe management of O&M wastes of LLW class. The waste
drums transported to the repository is unloaded from the
transportation container at the reception facility and upon
inspection transferred into a disposal container, made of
concrete, which can be loaded with 16 drums,

The possibility of disposal of D&D wastes at the
Gyeongju repository can be reviewed for each of the fol-

lowing classes of new classification system:
- ILW

The disposal of ILW wastes, arising both from O&M

and D&D of nuclear facilities, is still controversial about
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the optimal disposal measures in Korea and abroad. In
view of the relatively small amount of ILW, but higher haz-
ard requiring deeper isolation, most of the ILW wastes are

in general stored at the source site for future solutions.

-LLW

The LLW packages from O&M are the main stream
of radioactive wastes to be disposed of in the Gyeongju
repository of silo type. The suitability of disposing D&D
wastes of LLW class in this silo is an issue to study, how-
ever, due to the high cost of disposal being charged to the
O&M wastes, It will also depend on the optimal design of
the disposal packages of D&D wastes for which large ca-
pacity multi-purpose packages are considered to be more
economical, If it proves to be better to dispose of the D&D
wastes in larger containers of ISO standard, the current
infrastructure of the repository and transport may better
be designed for such new system than retrofitting to the

existing system,

- VLLW

With the emerging need for managing D&D wastes,
a strategy for harmonizing the infrastructure for wastes from
different sources is thus called for, One of the key strategy
would be the consideration for the large amount of VLLW aris-
ing from D&D, with little hazard, compared to O&M wastes.

Having recognized the need for D&D waste manage-
ment in the future, KORAD has been elaborating a plan for
land use at the Gyeongju repository site (Fig. 2). Currently,
a plan for developing shallow land disposal in engineered
barrier is being implemented for LLW [8].

KORAD has a rough plan for further stages of land-
fill disposal for the large amount of VLLW to arise from
D&D. In view of the cost optimization, a suitable place ad-
jacent to the existing facilities would need to be secured in
the future (In reference to other countries having already
disposed of large amount of VLLW, waste packaging in
soft bag container disposal in surface burial would be ad-

equate at such site),
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Fig. 2. Site plan for Gyeongju repository.

1.3 New Systems for D&D Waste Management

There are two options that can be considered for future
transportation of D&D wastes : use the existing infrastruc-
ture, or develop a new system additionally to the existing
system. In addition to the established infrastructure for ra-
dioactive waste transportation, some new system concept
for managing D&D waste packages can be developed, if

justifiable by consideration of relevant criteria, such as :

- A possibility to come up with a container which is
compatible with the existing infrastructure for O&M
waste management, This container can be optimized,
for future management of D&D wastes.

- An alternative to the existing system by adopting of
ISO freight containers which has been widely used in

the US and in Europe,

In this study, a steel container design for the former
and another for the latter have been proposed, as to be

described later part.
1.4 Container Development

Initially developed by the reactor vendors for manag-
ing radioactive wastes, steel drums of 200 or 320 liters are
widely used around the world as the basic unit for O&M
wastes arising from nuclear facilities. Korea was no excep-

tion in the global trend adopting the drum as a basis for
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Soft-Bag
Fixture Belt

1,000mm

Fig. 3. Soft bag design.

packaging LLW from PWRs, However, the small drums are
not efficient for packaging D&D wastes of which radioac-
tivity levels are in general lower while quantities are large.

An important consideration on the concept of contain-
er, especially for D&D waste package, is multiple func-
tions of the container, As reviewed previously, the current
system is designed for single purpose: dedicated container
for transportation and disposal, respectively. If the con-
tainer is designed to be multi-purpose, the waste package
can be directly transported and disposed of in the reposi-
tory, on the condition of compliance with all the safety
requirements, with consequent benefits in economics, ef-

ficiency, and dose reduction,

2. Development of Standard Containers

Containers are the basic unit to make waste package
and therefore play a critical role as a barrier against release
of radioactive substances from the package during storage,
transport, and disposal. The waste package should com-
ply with relevant requirements for safety and efficiency
set forth for each of the required operations, It' s up to
the waste operator to come up with the most optimal con-
tainer in compliance with the relevant requirements of the
regulatory authority.

In the context of D&D waste management, the follow-
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ing types of multi-purpose containers have been proposed

by KONES for the container development project:

- Soft bag
- Carbon steel containers

- Concrete containers

Among the three types of containers, the soft bag and
steel containers have been developed during 2014-2015.
Based on optimized concepts a set of containers for proto-

typical demonstration were designed [9].

2.1 Soft bag

Soft bag as a container for VLLW has recently become
popular in the global market for D&D waste management,
mainly for efficient and cost-effective packaging. Given
the large amount of concrete rubbles, and possibly con-
taminated soils, of VLLW class arising from D&D, soft bags
can be widely used for multi-purpose packaging for trans-
port and disposal. While experience with soft bag disposal
is limited, recent developments expect its usage for IP2, to
be competitive with ISO containers, with the added ben-
efit of not needing grouting [10].

Having noticed such trends, KONES has developed the
soft bag for domestic production, The dimensions of the
soft bag developed are 1,000 X1,000x1,000 in mm and the
weight is 1,200 kg (with content). The container is made of
synthetic fiber with triple barriers and fixed with belts around

the 4 faces and a cover with a couple of zippers (Fig. 3).

- The outer wrap is made of woven fabric of polypro-
pylene outside of which is coated with liquid propyl-
ene for anti-moisture,

- The inner barrier is non-woven fabric of PET (poly-
ethylene terephthalate) for dampening of internal
impacts inside of which is coated with polyurethane.
Upper cover is also fitted with a couple of zippers.

- The inner envelope consists of HDPE vinyl sheets in
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double layer, with the inner side reinforced for resis-
tance with contact for wastes, It can completely wrap

around the opening of the soft bag (Fig. 4).

2.2 Steel Containers

As previously reviewed, a couple of options can be
foreseen for development of logistics for D&D waste man-
agement : either use of existing infrastructure built initially
for O&M wastes, or develop a new system optimized for
D&D wastes, In consideration of these cases, a set of two

containers were developed as following:

- An IP2 type steel container which is compatible with
the existing transport container for sea transport

- Another ISO type steel container of half-height stan-
dard (HHISO) for truck transport on road,

While the former is compatible with the established logis-
tical system, the concept behind the container design is dif-
ferent from the current transport container. The IP2 container
is for multi-purpose, and thus is directly disposable in the
repository, It is based on the scenario that this kind of D&D
waste package would be disposed of in the LLW vault being
planned, or in a new VLLW repository to be developed,

The ISO container of the latter case is a new design
dedicated for D&D waste management, either for truck

transport on road (or sea transport with a new infrastruc-

Forklifter Pocket

‘ b,
Stillage Twist lock

ture if developed) although there have been some limited
usages of I1SO container for radioactive waste in Korea.,
Just as the IP2 container, the proposed ISO container is
multi-purpose that is directly disposable in the repository.

Both of the steel containers make use of stillage for
handling and fixing wastes in the container, The use of
stillage is a technical feature of the container to deal with a
variety of different waste forms to be packaged in the con-
tainer. A variety of stillage designs could be used for han-
dling different kind of waste forms and contents (Fig. 5).

The body and cover of the IP2 and ISO containers
are made of carbon steel (SS 400). The container body is
structurally reinforced by supportive frame (SPSR 400) and
the cover to be bolted on the body is lined on the corners
with bumper material of rubber (EPPM),

The specifications of the ISO containers are summa-
rized in Table 2.

The containers have two pockets in the floor of the

container frame for handling of the containers by fork lift.

_Carrier strap

Inner vinyl
bag

Fig. 4. Soft bag (prototype).

pper corner
fitting hole

Lower corner
fitting hole

Forklifter pocket

Fig. 5. Designs of IP2 and ISO containers.
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Table 2. Specifications of the IP2 and ISO containers

Specification

Container Remark
Dimension (Outside, in mm) Weight (t)
P2 3,400 (L)x 1,600 (W) x 1,200 (H) 7.5 (Empty : 2.28 t) Same dimension as the current transport container
HHISO 6,000 (L) x2,400 (W) x 1,200 (H) 20 (Empty : 6.8 t) Standard ISO container specification

Fig. 6. Soft bag tests.

For fixing the stillage on the floor or the containers on the
truck twist locks are used.

An important issue in the consideration of D&D waste
container is adherence to the industrial standards, espe-
cially to the ISO standards for freight containers. This is es-
pecially the case for Korea considering the need for trans-
portation of the waste packages by ship due to the siting of
NPPs at coastal locations. The implications of such interna-
tional standards to handle and transport D&D waste pack-
ages are well known, Aside from the economic advantage
of using competitively available commodity at large quan-
tities, the international safety standard on shipping (CSC)
can be beneficial feature for system compatibility in marine
transportation. It is also quite common to see abroad used

ISO containers reused for direct disposal of waste packages.

2.3 Concrete containers

For some D&D waste of higher level radioactivity,
shielding of waste packages by the steel containers may
not be adequate. In such case, additional shielding with
concrete materials may have to be required,

As indicated above, the interesting technology of

UHPC could lead to development of multi-purpose con-
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crete containers, which will require substantial efforts for

engineering and tests.

3. Results of Container Developments

In the second year of project implementation, KONES
has focused on the development of two types of contain-

ers for the D&D waste management:

- Soft bag

- Metal containers
3.1 Soft Bag

In reference to the UK development in soft bag, the
prototype product developed was tested under the appli-
cable safety requirements [11],

A summary of the tests is given below,

- Stacking: Applying 5 times of the loaded weight (i.e.,
1.2 t) which is 6 t, the test demonstrates the soft bag
resisted up to 7.1 t.

- Drop: The applicable drop height of 1.2 m with load-
ed (sand) weight of 1.2 t was tested at various angles
as required.

- Lifting: A lifting test with 3 time the loaded weight

(1.2 t) was conducted successfully for 3.6 t.
In addition to these basic tests, operational tests with

various conditions were successfully conducted in compli-

ance with the safety requirements (Fig. 6).
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Table 3. Drop test conditions

Package Weight (kg) Drop (m)
Weight <5,000 1.2
5,000 < Weight < 10,000 0.9
10,000 < Weight < 15,000 0.6
15,000 < Weight 0.3

Fig. 7. Identification of impact positions.

3.2 Steel Containers

For the steel containers, the IP2 model was analyzed by
simulations to check compliances with safety requirements.
The key requirements applicable to the safety of the
container (NSSC Decree No, 2014-50, article 24-2) can be

summarized as following:

- Containment of radioactivity (lid opening below 100 %
is regarded as no loss of content)

- Shielding of radiation (loss of shielding should not
cause more than 20% of dose rate to external surface)

- Structural integrity (drop, stacking, lifting, locking)

should be maintained at conditions of test requirements

The analyses were conducted by finite element method
(FEM) by use of ABAQUS 6.10. A friction coefficient of 0.2
was assumed for contacts between steel parts, with contact
conditions (General Contact) provided by ABAQUS. The

dynamic analysis was based on initial velocity and drop

JINFCWT Vol.14 No.2 pp.157-168, June 2016

impacts for the IP2 container design (Fig. 7).

Based on the FEM analysis modeling of each part and
center of gravity, the results of the analysis by simulations
of the TIP2 containers can be summarized as the Table 4.

The duration of the stacking test is 24 hours, As to
the drop analysis, stress limits were calculated to be the
ultimate (or true) stress of physical break point, based on
the NSSC Notice No. 2014-50 which requires no loss of
content from the container due to the drop (without any
numerical specification for IP2 container). As each of the
local maximum stress in the Table 4 is not critical to the
overall structural safety of the container, respective values
in the table have adequate safety margin with respect to

the Stress Limits (full report on the analysis in Reference 9).

4. Future Plans

This paper gave the results of the second year of R&D
project, as conducted by KONES Corporation, for devel-
opment of containers for D&D waste management. Future

plans for the project are as following.

4.1 Steel Containers

A prototype of IP2 steel container was fabricated for
later tests to check compliance with safety requirements,
In reference to the simulation results, physical tests are to
be conducted for the prototype container.

Simulation of HHISO container is to be conducted in
2016, to be followed by safety tests with prototype fabrication,

Appropriate preparations are undergoing for later tests

of these steel containers,
4.2 Concrete Containers
Concrete containers have been in development for op-

timal design and tests. A review of the past development

of concrete containers was conducted, with special focus
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Table 4. Results of the stress analysis by simulations for design of the [P2 container

Maximum Stress [MPa]
(see ﬁ;ﬁﬁﬁlﬁg‘ 7 Bady  Cover Fggiy < sig;gft Fork Lift | 900" T 1 Cover | RESU
ate Plate Support  Frame Pocket Fitting Fitting Bolt LTS
Stacking Analysis 8.2 0.1 84.7 0.1 1.1 50.9 259 0.1 OK
Bottom Side (3) 2454 230.9 294.2 259.0 296.0 219.3 304.2 549.9 OK
Top Side (1) 237.2 237.4 300.9 2973 213.1 322.0 286.0 640.7 OK
Larger Sidewall (4) 403.1 239.7 417.7 273.1 163.7 397.3 411.3 7244 OK
Smaller Sidewall (5) 297.9 238.0 435.8 2554 159.4 311.6 402.5 510.1 OK
Top Longer Edge (1-5) 391.5 2349 460.9 289.3 290.0 5242 463.8 580.1 OK
brop Top Shorter Edge (1-4) 297.6 230.4 405.6 297.9 261.9 483.8 410.8 561.6 OK
Top Corner Fitting (1-4-5) 467.1 413.1 485.9 406.9 304.1 574.1 544.1 630.3 OK
Bottom Side Shorter Edge (3-5) 387.6 192.9 417.7 198.1 216.1 3182 500.6 365.5 OK
Bottom Side Longer Edge (3-4) 4432 280.1 478.2 2312 233.1 431.9 5742 3543 OK
Bottom Corner Fitting* (3-4-5) 477.6 201.3 490.2 2415 2885 4823 575.1 552.7 OK
Requirements/ Criteria (Stress Limits) 484.0 492.0 576.0 914.2 -

* Some other sources use such terminology as “casting”, instead of Fitting (ex. www.containerhandbuch,de)

on multi-functional applications, such as the use of Soge-
fibre product and possible development of Ductal type
UHPC container in France [12], It was revealed from the
review that the recent development of UHPC also in Korea
might provide a new way to develop multi-purpose con-
crete containers that could be competitive to other type of
materials such as steel [13].

A prototype of UHPC container is in plan for develop-
ment in 2010, in a step behind to the developmental activi-
ties of steel containers. The result of this development is

due to the 2015-2016 time frame.

5. Conclusion
The study revealed that radioactive wastes arising from

D&D of nuclear facilities bear very different features from

those arising from O&M, Tt is therefore desirable to de-
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velop containers that are optimized for rational manage-
ment of D&D wastes, for which KONES conducted a R&D
project for container development,

The category of radioactive wastes arising from D&D
of nuclear facilities could be packaged in containers of the

following type:

- Majority of VLLW and some lower level of LLW of
D&D wastes can be packaged in soft bags for transport
and disposal (ample examples in the US and Europe).

- In pursuit of compatibility with the existing system for ra-
dioactive waste management, however, a multi-purpose
steel IP2 container which is compatible with the current
system for radioactive waste management of Gyeongju
repository is developed, and an alternative design with
ISO standards for road transport was developed

- Multi-purpose containers with concrete materials

can be developed based on the recent development
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of ultra-high performance concrete which could be

competitive to steel containers

The use of large capacity containers, in lieu of small
capacity drums, can maximize system O&M efficiency and
consequently reduce dose to workers, as well as the sig-
nificant savings in the repository volume by reduction of
idle space between drums in the disposal container.

Regarding the need for standardization, adoption of
ISO standard is the recommended option for the following

rationales:

- The advantages of ISO containers in compliance with
the industrial standards can be adopted for the multi-
purpose packaging for transport, storage and disposal.
On the other hand, ISO container of reusable type has
the versatility to load with untreated and treated wastes

- Strategy for future market in compliance with nation-
al and international industrial requirements for freight

transactions

Several container models for D&D waste management is
being conceived for development, based on these rationales

in the framework of this development by KONES Corporation.
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