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DECOMMISSIONING AND DECONTAMINATION

Background

As part of the clean up and restoration of previously
contaminated sites and premises, Decommissioning
and Decontamination (D&D) aims at declassifying
installations formerly devoted to nuclear industrial or
scientific activities.

Nowadays, about 400 nuclear power plants exist
throughout the world and about the same number or
even more of research or pilot reactors, as well as a
great number of nuclear industries and laboratories.
A lot of them are already shut down or will be closed
within a few years. Therefore, technologies and pro-
cedures for decommissioning have now to be devel-
oped. Moreover, regarding this large number of
installations, optimisation of techniques and process-
es can lead to a minimisation of the generated
radioactive waste, to the reduction of the dose uptake
and to the reduction of the overall cost of these oper-
ations.

Objectives
H To develop, test and optimise the technologies

and procedures for decommissioning & deconta-
mination of nuclear installations, in order to min-
imise the waste arising and the distributed doses.

To optimise the environmental impact.

' ' To reduce the cost of the end-of-life of the instal-
lation. The ability of estimating precisely the
actual cost of D&D is an important factor for the
acceptability of nuclear energy and for insuring
that enough money is available for the required
clean up.

-- To make these new techniques available to the
industry.

::' To share the skills and competencies accumulated
on a real project with countries and operators,
which will need them.

Summarising, one can say that the main objective of
this programme is to participate in delivering a clean
and safe world to the next generations, in the most
economical way.

Programme

Through the decommissioning of the BR3 pres-
surised water reactor, selected by the European
Commission as a pilot project in its Research and
Technological Development programme on decom-

missioning of nuclear installations, the SCK'CEN
developed the necessary tools, techniques and meth-
ods of D&D and built important know-how in this
domain. These developments and know-how are
available for industry to perform the actual large
projects using the best up-to-date methods and
knowing their cost. This collaboration with the
industry is mainly carried out through partnership or
collaboration within actual industrial projects.

Moreover, the accumulated experience and skills are
also useful for regulatory bodies and international or
national institutions in charge of defining the limits
and constraints for future activities in this field.

The programme comprises the following main activ-
ities:

the full system decontamination of the primary
loop (carried out in 1991);

m the remote dismantling of the two sets of highly
active reactor internals (carried out from 1993 till
1995);

3 the remote dismantling of the reactor pressure
vessel (now in progress - under EC collaboration
contract);

S3 the remote or semi-remote dismantling of all
remaining activated metallic structures surround-
ing the reactor pressure vessel;

the dismantling of loops and components (started
in 1995);

r the set up of a complete material flow manage-
ment system, under Quality Assurance (started in
1997);

88 the testing of different techniques and processes
for the dismantling of contaminated and activated
concrete, and the dismantling of some activat-
ed/contaminated large concrete blocks and walls
(started in 1994);

•- the thorough decontamination of metallic parts
and equipment's in order to reach the free-release
level, to minimise the amount of waste generated
(started in 1995).

The main goals for 1999 were to start the actual dis-
mantling of the reactor pressure vessel and to install
and start the industrial operation of the hard chemi-
cal decontamination for metallic pieces called
MEDOC.

Achievements

The reactor pressure vessel (RPV) was completely
unfastened from its primary loop and fixtures, and
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the vessel was removed from its original position for

further dismantling.

A second important achievement was the industrial

start up of the MEDOC chemical decontamination

installation, allowing to reduce generated radwaste

by releasing the materials coming from the disman-

tling of loops and components.

Reactor Pressure Vessel Dismantling

To separate the RPV (reactor pressure vessel) from

its environment different challenging actions had to

be carried out as they implied remote operation in

very tight and narrow environment:

to cut the primary pipe under the operating deck

•- to cut the primary nozzles close to the RPV wall,

by internal access;

•-• to install a sealing device on the NST (neutron

shield tank) in order to reinstall the leak tightness

of the refuelling pool;

i"- to install a secondary sealing device for the pipe
penetration under the operating deck (double

safety);

'-• to complete the additional cold test for cutting the

RPV (cut of the hemispherical bottom);

-"- to unbolt the reactor vessel;

to lift the RPV from its original position in

August. This led to a public presentation of the

project, including press release.

Cutting of the primary pipes under the operating
deck using an automatic external pipe cutter

The primary pipes (12" and 16" sch. 160 piping i.e.

324 mm / 257 mm and 406 mm / 325 mm

external/internal diameter) under the operating deck

were cut with a quite common automatic pipe cutter,

using two lathe tools diametrically opposed. This

operation was requested for two reasons: first to

allow umbilicals of the internal nozzle cutting

machine to be routed through these penetration, and

secondly to allow the placement of the secondary

sealing system at the outside of the biological shield.

The internal cutting of the primary pipe nozzles was

really challenging as this operation had to be done in

a very confined space (the internal diameter of the

cold leg nozzles was 257 mm while the thickness to

cut was about 110 mm) and in an irradiating envi-

ronment, thus implying remote controlled operation.

A specific mechanical cutting tool, based on a radial

milling cutter, was developed for this operation and

was used successfully.

As the RPV and its primary pipes were part of the

pool leak-tightness system, we had to seal the open-

ings made by the primary pipe cutting. An industrial

partner developed a system based on an epoxy-based

polymer and form-shaped sealing system.

Unfortunately, some discrepancies between the "as

built" drawings and the reality, made the positioning

of these sealing pieces impossible. Therefore, the

sealing devices had to be adapted. The positioning of

these devices was carried out in June 1999.

To avoid a pool water leakage under the operating

deck in case of failure of the first pool sealing system

fitted to the NST, all instrumentation and pipes pen-

etrations through the pool wall were equipped with a

mechanical dam directly bolted into the concrete

wall of the bioshield.

Inspections (for possible leaks) behind this dam are

possible through a penetration into the primary pipe.

Finally the RPV was ready to be lifted. A guiding

system was also installed, as the mechanical clear-

ance between the RPV and the sealing devices was

less than 10 mm.

This operation was successfully carried out with the

linear gantry crane at the expected load of 36 tons

which is the weight of the core vessel in air. This del-

icate operation was also an important milestone of

the project, and was made available on-line through

the Internet via a webcam.

The televisual inspection done after the lift-up of the

vessel showed discrepancies between the design doc-

uments and the actual situation. Moreover, it was
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nearly impossible to localise the screw heads due to

a high level of corrosion on the shroud surface. It was

then decided to cut the entire circumference of the

core shroud using the hole cutter machine (clock

saw). Finally, it was needed to drill remotely 10

times more holes than foreseen (i.e. about 700 holes).

An additional problem occurred: turbidity of the

water appeared. This was due to rust and the thermal

insulation, which became brittle under irradiation

and produced fine powder. This problem was solved

by putting into service additional filtration and

purification facilities.

The insulation shell was bolted on the RPV by T-

shaped fastening profiles and connection pieces on

two levels. Between and on top of these fastening

profiles there is a thermal glass fibre insulation, fas-

tened with a metal mesh.

As the mesh was totally rusty, the removal of the

insulation was done using a simple long handling

tool. The so liberated insulation fell into a fishing net

previously installed on the pool floor. By remotely

closing of the fishing net, the insulation was taken

out of the water and evacuated as standard low level

waste.

Dismantling of active complex pieces

The Neutron Shield Tank presents a quite complex

geometry, as well as a still high dose rate (about 100

mSv/h at the mid-plane). Therefore, a light tool was

searched to be deployed easily. Thermal cutting

methods (e.g. plasma arc torch) were compared with

the emerging technique of high-pressure water jet

cutting (HPWJC) with abrasives.

The lightweight of the tools allows to deploy it easi-

ly and to be able to access in difficult areas. One of

the parameters which was analysed was the produc-

tion of secondary waste, the HPWJC implying the

injection of abrasives, which increases the generated

waste.

Nevertheless, regarding the very thin kerf produced,

and the fact that the injected sand can be easily

removed and can be used afterwards to fill up the

waste drums, the cost of the additional secondary

waste can be minimised.

The technique being quite flexible, a remote cutting

and deployment system was selected and ordered. A

first cutting strategy for the main components (i.e.

steam generator, pressuriser, primary pump and neu-

tron shield tank) will be issued early in 2000.

Decontamination of metals for free
release

The fabrication and installation of the MEDOC

(MEtal Decontamination by Oxidation using

Cerium) hard chemical workshop has been achieved.

Removal of the Reactor Pressure Vessel from its origi-
nal position for further dismantling

View of a decontaminated batch unloaded from the MEDOC installation; one can
remark the bright metallic texture and colour of the pieces as the process removed
material up to the base metal.

Decommissioning and Decontamination 127



MEDOC is based on the Ce-4+ process in sulphuric
acid. It allows to remove up to 10-20 urn of the cor-
rosion layer and of the base metal and so to remove
completely the remaining contamination up to a level
allowing the free release of the components.

Within three months about 6 Tons of contaminated
stainless steel material were decontaminated using
MEDOC.

Recycling of concrete

In the framework of a contract with the Belgian
Government a R&D programme was performed on
the possibility to reuse slightly radioactive concrete
as aggregates for the preparation of new mortar or
new concrete for the conditioning of radioactive
waste. A pilot demonstration of the crushing and
sieving of activated concrete was performed with a
Dutch industry partner. The Belgian Research Centre
for the Building Industry (CSTC/WTCB) is current-
ly performing qualification tests on different mortar
and concrete formulas.

External works and communications

The expertise that we have gained allowed us to pro-
pose our services to international institutions, regula-
tory bodies and companies busy in the field of
Decommissioning and Decontamination (D&D).

Moreover, the international reputation of the BR3
project led to get the Belgian industry involved in
D&D contracts.

We participated, as expert nominated by the IAEA,
in several missions to Latvia in preparation for
decommissioning of a Research Reactor in
Salaspills, Riga, and to a Co-ordinated Research
Programme on Decontamination Techniques for
maintenance and for dismantling.

We were also involved in contracts with the
European Commission. Different Research and
Technical Development contracts with the European
Commission are in progress, from which it has to be
mentioned that an EC internet site on
Decommissioning has been set up and is hosted by
SCK'CEN under support of the EC. The D&D group
participates also in a group of experts from the
European Commission for the analysis of
Decommissioning and Waste Management of the
nuclear liabilities within the EC Joint Research
Center.

Different quotations and industrial applications were
carried out with industries and institutions from the
European Union and from Central and Eastern
European countries. Collaboration agreements and
contracts performance were signed with an Italian
operator, with a Swedish servicing company and
with different Japanese organisations. Training ses-
sion was also organised for a Chinese delegation
from the Nuclear Power Institute of China.

Experts from the D&D team are involved actively in
the Co-operative Agreement on Decommissioning
and Decontamination of nuclear facilities from the
OECD/NEA, and participates in different specialised
working groups of this institution.

Behind the participation to numerous conferences,
workshop and symposiums, the D&D group organ-
ised, in collaboration with the European
Commission, two workshops on decommissioning
techniques and strategies in Mol. A press conference
was also organised in August, at the occasion of the
reactor pressure vessel lift up.

Study and development of ALARA sup-
port tools and techniques

The optimisation of radiological protection of the
workers in nuclear industry is an important part of
the safety culture. However the application of the
ALARA concept (As low as reasonably Achievable)
is not always straightforward. The first part of
ALARA, the "As Low As" part, concerns the reduc-
tion of the dose. In order to investigate this part the
ALARA-analyst must be able to predict dose in the
work area and must also be able to investigate the
effects of geometry, material or source changes.
Another important part in the dose assessment is also
the work organisation i.e. the distribution of the work
force over the different tasks.

In order to be able to handle this information the
SCK'CEN developed the VISIPLAN 3D ALARA
planning tool. This PC-based tool makes it possible
to create and edit work scenario's taking into account
worker positions and subsequent geometry and
source distribution changes in a 3D environment.
The dose calculation within the tool are base on the
point-kernel technique with build-up correction. This
method has proven to be fast and sufficient for most
application in the field of dose assessment.

The VISIPLAN 3D-ALARA planning tool was,
besides being used in ALARA assessments at the
SCK'CEN, further developed. The further develop-
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ment of the tool consisted of the creation of a VISI-
PLAN-VRML converter. The conversion of the
results to the "Virtual Reality Modelling Language"
enables the user to examine the calculated results
with a standard VRML-browser as a plug-in of the an
internet browser. The standard VRML language
allows an easy distribution of the information on the
intranet of the site. An example of the VRML output
under development is given in the figure below. The
intensity of the dummy is a measure for the dose rate
and allows the user to immediately detect the impor-
tant dose positions. The user can then further exam-
ine the results by clicking on the dummy in the
VRML representation. This action creates a popup
window with information on the task, task duration,
dose rate and dose uptake. A further HTML-link in
the window allows examining the contribution of
different sources to the dose rate at this position.

The choice to use VRML-HTML technology is obvi-
ous. This technology allows an easy 3D representa-
tion of an environment and an easy link to text infor-
mation on dose rates and task descriptions.
Furthermore the information can be explored with
the standard internet browsers.

VRML-HTML output from VISIPLAN.

Further tests were performed on the combination of
gamma-scanning equipment like the RadScan 700
from BNFL instruments and VISIPLAN. These tests
resulted in a representation of the scanning results on
a VISIPLAN model of the environment. This repre-
sentation as can be seen in the following figure,
allows a faster and clearer interpretation of the meas-
ured results. This coupling between the 3D model of
the environment and the gamma-scanning results
will be further examined in the next year.

Projection of the RadScan 700 scanning results on the VISIPLAN model of the
heat exchangers enabling to pinpoint the hotspots in the 3D environment.

The VISIPLAN tool is operational and allows a fast
optimisation of the dose uptake for a planned work in
a complex environment The further developments
are aimed to improve the communication of the
results to the planners and the workers. The VRML
tools will be included in the next version of the VISI-
PLAN software making the results more accessible
to the different stakeholders in the ALARA planning
process.

Partners

Belgatom: Belgian Engineering Office (Brussels,

Belgium)

- Framatome: French Nuclear Power Plant supplier and

nuclear industry (Paris, France)

- ABB-ATOM (Vasteras, Sweden)

- ENEL (now SOGIN, Italy)

- Belgoprocess: (Dessel, Belgium)

- EWN EnergieWerke Nord (Greifswald, Germany)

- KRB-Gundremmingen (Gundremmingen, Germany)

- University of Hannover (Hannover, Germany)

-CSTCAVTCB: Building Research Institute (Limelette,

Belgium)

- KEMA (Harnem, the Netherlands)

- IAEA: International Atomic Energy Agency (Vienna,

Austria).

Sponsor

- EU: European Union, (Brussels, Belgium), DGXII and

DGXI.

- NIRAS/ONDRAF: Radwaste Management Agency

(Brussels, Belgium) acting as management agency for the

nuclear liabilities funding set up by the Belgian

Government.
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Customers

- ABB-ATOM (Vasteras, Sweden)

- ENEL (now SOGIN, Italy)

- CRIEPI (Tokyo, Japan)

- NPIC (Chengdu, China)

- NUPEC/SAC (Tokyo, Japan)
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Contracts
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Participation to Expert groups
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Training course

NPIC (Nuclear Power Institute of China), 3 weeks training

course on Decommissioning Techniques, November 29-

December 17 1999 in collaboration with Belgoprocess
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