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Table 1. Parameters for simulation

Parameter Values

Cell dimensions, L

Bulk density, Pb

Faradays constant, F

Electroosmosis velocity, /J. dx

Potential at the anode well, Y\

Potential at the cathode well, ri

Porosity, n

Tortuosity, T

Distribution coefficient (ml/g), Kd

^ 2.8cm x20 cm

ojjg/cm3

96487 C/ mol

1.7 x 10~3 cm I min(0.3rfay),

2.7 x IO~3 an I min(0.8day)
-4

4.7 x 10 cm I min(afterO.8dqy)

0.0 V

38.2 V

0.615

1.2

0.53(Sr2+), O.l(CKNat-)

Table 2. Symbols of species and conserved total quantity

Species Cone, in Pore

Solution
H+

OH"

Sr2+

cr
Na+

Ca2+, Mg2+, Fe2+

Symbol

Ci

c2
c3
c4
c5
c6

Conserved

Total Quantity
Charge

Sr

Na

CI

Symbol

To

T i

T2

T3

Table 3. Initial concentration in pore solution used on simulation

Species

H+

OH"

Sr2+

cr
Na+

Ca2+

Conc.( mol/1)

ixlO"4

lxlO"10

6xlO"3

8.9 xlO"3

8.9 xlO"3

2.0 xlO"3
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1)

Coordinated Research Project on Decommissioning Techniques for Research Reactors,
Research Coordination Meeting, Taejon, Korea

14-18 February 2000

Sunday. 13 February 2000

Arrival in Seoul- Transfer to Taejon

Review the meeting arrangement with Mr. Laraia

Monday.14 February 2000
Morning 9:30-1230 Welcome by Mr. H.S. Park, vice president of KAERI

Opening of the RCM, Introductions, Administrative notes

IAEAs Activities in Decommissioning of Nuclear Facilities

Review of the Coordinated Research Project, Meeting

Objectives

Research Presentation (Won-Zin Oh. Korea)

Afternoon ( Chair: Mr. L. Boing. USA)

14:00-17:00 Research Presentations ( Belarus, Denmark, UK)
18:00-20:00 Welcomine Reception hosted 6v KAERI

Tuesday. 15 February 2000 ( Chair: Mr. P. Olgaard. Denmark)

Morning 9:30-12:30 Research presentations ( Belgium , USA, Canada)

Afternoon 14:00-15:30 Research presentations (Russian Fed. (Mr. Nechaev),
Russian Fed ( Mr. Suvorov), India, Egypt)

15:30-20:00 Sight Tour to Science museum and Tonghak temple

Wednesday, 16 February 2000
Morning9:30-13:00 KAERI Facility Tour

Lunch hosted bv KAERI

Afternoon (Chair Mr. A. Nechaev. Russian F.
14:00-17:00 Research Presentation ( Pakistan, Spain Indonesia)

Thursdav.17 February 2000 ( Chair: M. Laraia)
Morning 9:30 -12:30 Review of presentations; methods to exchange

results; tentative venue, date and plans for next meeting

Afternoon 14:00-17:30 Debate on subject of common interest (record keeping in
decommissioning of research reactors); closing of the meeting
TRIGA decommissioning issues (Mr. K.J. Jung, KAERI)
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Friday 18 February 2000
Morning 8:00-10:00 Transportation to the Korean folk museum

10:30-14:00 Sight tour and lunch at the Korean folk museum
Afternoon 14:00-15:30 Transportation to TRIGA site

15:30-17:30 TRIGA decommissioning sight tour
17:30-20:00 Return to Taejon by way of Tower hotel, Seoul
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IAEA RECENT ACTVITBES ON DECONTAMINATION AND

DECOMMISSIONING OF NUCLEAR INSTALLATION

Research Co-ordination Meeting on Decommissioning Techniques
for Research Reactors, Taejon, Korea, 14-18 February 2000

1. INTRODUCTION

The International Atomic Energy Agency (IAEA) has included decommissioning in

its regulatory programmes since the early 1970's. Since 1985, decommissioning has

been considered as a separate programme within ths IAEA. Decommissioning has

become a topic of great interest to many countries because of the large number of

facilities that have reached or are nearing the end of their operating lifetime. Until

recently, attention was focused on the decommissioning of nuclear power plants,

and to a lesser extent, research reactors. Some countries, however, are now

devoting greater attention to the decommissioning of non-reactor facilities, with

implementation of these programmes being seen as a high priority. The IAEA has

also expanded its programmes to include guidance on decommissioning these

non-reactor facilities.

By the begining of the next century, a significant number of nuclear power plants,

research reactors, fuel cycle and non-reactor facilities will have exceeded their

normal design lifetimes. Many of these facilities are already shutdown and are

either awaiting decommissioning. The IAEA is well aware of the need for a good

regulatory infrastucture and technical competency in performing safe

decommissioning activities, and provides guidance and assistane to Member States

facing the difficult decisions associated with the termination of the operational

phase of a nuclear facility.

This paper provides an update on current and foreseen IAEA activities in the field

of decommissioning. It should be read in conjunction with the terms of reference of

two new tasks which will be initiated in 2000 (Annex 1 and 2)
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2. TECHNICAL CO-OPERATION PROGRAMME CONCERNING
DECOMMISSIONING

2.1 Objectives
The programme for the development of technical information in the D&D field has

been descrided in section sec.3. The other programme is the technical co-operation

(TO through which the IAEA directly assists Member States in the transfer of

knowledge in the use of nuclear techniques. Technical co-operation with Member

States is commonly provided in the form of workshops, expert missions, equipment

design and procurement, training courses, fellowships and scientific visits, etc. A

few examples are provided below to illustrate ongoing TC activites and typical

mechanisms by which such activities are implemented.

It is expected that TC projects on D&D attract Member States' attention on timely

planning for decommissioning. In some Member States, particularly those with old

reactors, this should lead to the formulation of specific decommissioning plans.

Competent authorities, in particular those involved in the decision-making process,

play the major role. The IAEA projects are expectsd to offer Member States the

opportunity of estimating financial and other impacts from the decommossioning of

their installations, so that detailed decommissioning plans may be drafted with no

undue delay. Aspects such as fuel and waste management and provision of other

technical, administrative and financial resources need timely preparation. When the

time of permanent shutdown comes for their NPPs, countries will not be caught by

surprise, and implementation of decommissioning activities will start as planned.

In more general terms, TC projects in the D&D field will contribute to enhance

Member States' organizational capabilities at large. As decommissioning is a

multi-disciplinary process, the project will stimulate Member Sates to develop an

integrated approach to decommissioning by making use of resources available both

domestically and in world market.

2.2 Specific projects
Within the framework of the IAEA's TC Programmes, the Regional Projects on

"Planning and Management of Decommissioning WWER-Type Nuclear Power

Plants" is worth mentioning. The project's emphasis is on WWER-40 reactors for

which little consideration has been devoted to decommisssiong at the plant design

and construction stage, and little emphasis has been placed on planning for
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decommissioning. An additional complication is that information on design,

construction and operational aspects that will inevitably affect decommissioning is

scarce and not readily available. Also, decommissioning-oriented studies are rarely

found, which shows a lake of specific expertise in the operating countries. The

project is thus directly related to a major need in the region. Representatives from

Armenia, Bulgaria, Czech Republic, Hungary, Russian Federation, Slovak Republic

and Ukraine attended the project workshops. Invited experts from Belgium, France,

Germany and USA also contributed their experience. Established mechanisms for

project workshops (two per year) included (1) peer review of selected

decommissioning projects (2) progress reports of decommissioning studies (3) site

visits and (4) in-depth discussions on selectsd topics of general interest. In 1997, a

decision was made within the committee of experts to perpare a TECDOC on

WWER decommissioning as the main goal of the project. To this purpose, working

groups were created and responsibilities assigned to each group. The first draft of

this document was reviewed by the whole committee at a workshop in Mol,

Belgium, in December 1997. Eventually a small group of consultants finalized the

TECDOC for publication in Junel999. This document is being published.

Several on-going national Technical Co-operation Project are also of interest. One

concerns the decommissioning of the EWA reactor in Poland. EWA is a water

cooled and moderated WWR-S type. It commenced operation in 1957 with a

nominal power of 2 MW, gradually upgrated up to 10 MW in 1973. The reactor

was permanently shut down in February 1995.

As the reactor was shut down over four years ago, the operator has had the

opportunity to work on the definition of a decommissioning strategy and a detailed

decommissioning plan. In addition, extensive work has been performed on

establishing a detailed radioactive inventory for the facility. The basic features of

the decommissioning strategy developed by the operator are as follows:

# Dismantling most of the systems and components external to the reactor

block.

# Dismantling most of the reactor internals, including the thermal column, the

beryllium reflectors, the core structure, the separator tank and the inner and outer

tanks. It is not proposed to remove the cast iron shielding rings.

# Retaining the reactor biological shield and the remaining systems in a safe

storage condition appropriate to possible future modification and reuse as a dry
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store for EWA and perhaps MARIA reactor spent fuel.

The key factor influencing the choice of the EWA decommissioning strategy is

associated with spent fuel management. Concerns exist in Poland regarding

long-term storage of this spent fuel, some of which has been stored under water

at least 20 years. According to the operator, reprocessing and other spent fuel

management options proved either impractical or too expensive. A further

consideration for the operator in selecting a strategy involving removal of most of

the reactor internals is that the necessary skilled staff will only be available for a

relatively short time. Therefore, the operator wishes to complete as much

decommissioning work as possible before commencing a period of safe storage. It

should be noted that Poland has no nuclear power. Consequently, appropriate

nuclear skills would be hard to find to replace any staff that retire or leave the

EWA reactor.

Another factor allowing immediate dismantling of the EWA reactor is the reported

capability of the Rozan waste repository to accept decommissioning waste.

Another TC project on decommissioning of a research reactor is underway in

Latvia and addresses the IRT-type (also of Soviet design) reactor located at

Salaspils near Riga. One basic problem with this project is that spent fuel is stored

adjacent to the reactor. Until a removal route is identified for the spent fuel, no

significant progress in decommissioning implementation will be possible. The reator

was shut down in June 1998. Regardless of the above-described constrains, the

operator is developing preliminary decommissioning plans, including training of local

experts. This TC project was initiated in 1997 and is expected to last until the end

of year 2000.

A new TC project, also dealing with the decommissioning of a research reactor

was initiated in 1999 in Georgia. In this case, the strategy preferred by the

operator is entombment of the lower part of the reactor well to create the

structural foundation for a new low-power, neutron-activation reactor to be

installed within the biological shield. Reasons for this strategy includes costs, lack

of a national disposal site, and the desire to maintain some nuclear expertise in the

country.

Another TC project is underway with Argentina and is of a more conceptual

nature. It includes providing guidance and expertise for planning of and creating

infrastructures for decommissioning of the large number of nuclear installations
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existing in that country. Like for other TC projects, this one also includes expert

missions, provision of fellowships and scientific visits. It basically addresses the

needs of the country on a national, rather than plant-specific, scale.

3. THE CLEARANCE PROCESS
The IAEA is assessing the need for consistent regulatory control of radiation and

radioactive material. They are in the process of developing a Safety Guide

concerning the application of basic principles related to this issue. The purpose of

the Guide is to establish common terms used in describing the control of

radioactive material and to clarify basic definitions. It will also elaborate on the

concepts of this control.

There are eight basic categories in which all material can be grouped. Based on

the placement of material into one of these categories, regulatory controls can be

established and safety of the worker, general public and environment can be

assured. These categories are:

# exclusion,

# exempt,

# clearance,

# regulated,

# authorized discharge/disposal

# authorized use,

# regulated disposal, and

# regulated transfer

There are two basic definitions that must be understood before discussing these

categories. These ara a "practics" and "intervention" A practice is defined as

any human activity that introduces additional sources of exposure or exposure

pathways, extends exposure to additional people, or modifies the network of

exposure pathways from existing sources, so as to increase the exposure or the

likelihood of exposure of people or the number of people exposed. An intervention

is any action that is intended to reduce or avert exposure or the likelihood of

exposure to sources which are not part of an authorized or exempt practice, or

which are out of control as a consequence of an accident.

3.1 Exclusion
The concept of exclusion applies to exposures and not to sources or practices
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giving rise to the exposures. An excluded exposure is ane that is essentially

uncontrollable or unamenable to control. This means that the exposure cannot be

significantly reduced by reasonable means and may be common place in the human

enviroment. These type of exposures would entail an unjustifiable expense if

control were applied. Examples of excluded exposure are cosmic rays or natural

occuring radioactive material C40!*) in the body. It would be very difficult to reduce

the amount of exposure recevied from these sources.

3.2 Exemption
The purpose of exemption is to avoid expending resources on radiation protection

in areas where little or no benefit would be achieved, i.e., where the radiological

impact is sufficiently low as not to warrant regulatory control. Practices or Safety

Standard issused by the IAEA (Safety Series Number 115).

The general principles for exemption are that'

# the radiation risks to individuals caused by the exempted practice or source

be sufficiently low as to be of no regulatory concern;

# the collective radiological impact of the exempted practice or source be

sufficiently low as not to warrant regulatory control under prevailing circumstances;

and

# the exempted practices or sources be inherently safe,with no appreciable

likelihood of scenarios that could lead to a failure to meet the above two criteria.

Most Member States have established a quantitative criterion for exemption based

on trivial risk. An exemple of these values os porvioded on the Basic Safety

Standard. This criterion allows the Regulatory Authority to reach a decision with a

minimum of necessary deliberation. A practice or a source whthin a practice may

be exempted without further consideration provided that the following criteria are

met in all feasible situationa-

# the effective dose expected to be incurred by any member of the public due

to the exempted practice or source os of the order of 10 microSieverts or less in a

year, and

# either the collective effective dose committed by one year of performance of

the practice is no more than about 1 man-Sv or an assessment for the optimization

of protection shows that exemption is the optimum option.

3.3 Clearance
Clearance is the removal of material from a system of regulatory control provided
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that the radiological impact of these sources after removal from the system is

sufficiently low as not to clearance are under regulatory control until a Regulatory

Authority clears them. The Regulatory Authority is responsible for establishing the

requirements for clearance and verify compliance with the requirements.

The basic criteria for determining whether materials regulatory control meet the

clearance levels are identical to the exemption criteria. If the clearance criteria is

higher than exemption levels, a dangerous loop may be encountered and material

may never be released from regulatory control.

Clearance should not be expressed in terms of individual or collective does, since it

is not practical to measure theseparameters at the operational level. Rather, they

should be expressed in terms of derived quantities that are directly measurable so

that compliance with the requirements can be verified. The clearance requirements

may relate to the total amount of material, to the total activity, to the radionuclide

specific total activity and concentrations, or to the physical and chemical from of

the material subject to clearance.

There are two approaches that can be used in developing the clearance criteria,

generic levels or a case by case approach. The derivation of generic clearance

levels requires consideration of a wide range of situations, including hypothetical

situations, and may lead to very low clearance levels. When establishing these

derived clearance levels, their practicability should be kept in mind. The ability to

measure the corresponding parameters in the amount of material must be

considered. The case by case approach would provide a more realistic approach, but

would require that the licensee provide the justification for the developed clearance

criteria, which will in most cases be greater than the generic levels. This approach

would involve a pathway analysis taking into account possible pathways by which

humans may be exposed to radiation.

In all cases, no matter which appproach is used to establish the clearance criteria,

a method must be established by the Regulatory Authority to verify that the

clearance levels have been met and no further control is warranted.

3.4 Regulated
Regulated material is that material that must be controlled in order to meet the

regulatory requirements of the Member States. This is material that requires

licensing or some other control.

3.5 Authorized Discharge/Disposal and Authorized Use
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Regulatory control of radioactive materials that do not meet the criteria for

clearance may be released under certain conditions specified by the Regulatory

Authority. This release from control is called either Authorized Discharge/Disposal

or Authorized Use.

Authorized Discharge is applicable for liquid and gaseous wastes that can be

discharged to enviroment. While control of the material is lost once released, the

process of releasing the material to the environment is controlled. Control is carried

out at the point of discharge and surveillance is performed in the enviroment.

Conditions may be imposed concerning the from of the material, the rate at which

it may be discharged, and the meteorological and environmental conditions required

for discharge.

Authorized Disposal may be performed for radioactive material in low

concentrations or in special from that can be disposed at a non-regulated landfill.

Again, control is performed at the point where ths material leaves ths facility. This

may include commercial items that contain radioactive material such as smoke

detectors or lantern mantels. The overall impact on the environment must be

evaluated and considered acceptably small.

Regulatory control of materials intended for re-use or recycling, but do not meet

the criteria for clearance may be relinquished under conditions specified by the

Regulatory Authority and when the Authorized Use has been verified. The control

of the material is retained by a regulated practice until it has been established that

it has been used for the purpose for which the authorization was given. For

example, activated metal from a facility being decommissioned may be sent to

aamelter for recycling into spent fuel casks. The practice of transporting the

material to the smelter and the smelting facility will fall under regulatory control.

Once the radioactive material is combined with non-radioactive metal and the cask

is produced, the material is released from regulatory control. It is implicit in this

concept of authorized use that the Regulatory Authority will take into account the

likelihood and implications of other uses being made of the material in the future.

3.6 Regulated Disposal or Transfer

When it is unacceptable to release material from regulatory control, the material

must be retained within the regulatory system through either Regulated Disposal or

Regulated Transfer. Regulated Disposal refers to sending the material to a

regulated waste management facility where there is no intention of retrieval,. For
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materials or equipment that may have a reuse, the Regulatory Authority may

approve the transfer of the responsibility for the material to another regulated

practice. This might be the case wherea facility shuts down and transfers its

sealed sources to another regulated facility. This is considered Regulated Transfer.
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INTERNATIONAL ATOMIC ENERGY AGENCY

Regional Training Course on Decontamination and Decommissioning of Research
Reactors

and Other Small Nuclear Facilities, Taejon, Korea, 22 October - 2 November 2001

Monday. 22 October

09:00 - 09:30 Registration

09:30 - 10:15 Opening of the Meeting ( Korea's Host Organization ) Administrative /
Logistic Information

10:30 - 10:45 Outline of the course (Mr D. Reisenweaver, IAEA)

11:00 - 12:00 Brief introduction of the participants. Presentation of their countries
activities
related to decommissioning of nuclear facilities

13:30 - 15:00 IAEA safety guidance on decommissioning of research reactors and small
nuclear facilities ( Mr D. Reisenweaver, IAEA)

15:30 - 17'-00 Decommissioning of Nuclear Labs and Other Small Facilities (Mr K.
Langley.UK )

Tuesday. 23 October

09:00 - 10:30 The decommissioning of a research reactor in the USA: a case
study (Mr L. Boing, USA)

11:00 - 12-"30 IAEA safety guidance on waste management, clearance criteria, health and
safety aspects of decommissioning (Mr D. Reisenweaver, IAEA)

14:00 - 15-"30 Pre-decommissioning radiological characterization of shutdown research
reactors (Mr L. Boing, USA)

16:00 - 17:00 Regulatory Issues and Licensing of the Korean TRIGA Decommissioning
(Mr Kun-Jai Lee, Professor, KAIST, Korea)
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Wednesday. 24October

09̂ 00 - 10:30 Planning, regulation and practical experience for research reactor
decommissioning in the UK(Mr K. Langley, UK)

11:00 - 12:30 Costs and funding of decommissioning of US research reactorsCMr L. Boing,
USA)

14:00 - 15:30 Selection of a decommissioning strategy for research reactors (Mr K. Langl

16:00 - 17:00 Regulatory Process for Decommissioning of Research Reactors and Other
Small reactors

Thursday. 25 October

09:00 - 10:30 Planning Process for Decommissioning (Mr D. Reisenweaver, IAEA)

ll-'OO - 12-'30 Preparation of Decommissioning Plan and other Documentation

14"-00 - 15:30 Pre-decommissioning Activities (Mr L. Boing, USA)

16:00 - 17:00 The Transition from Operation to Decommissioning (Mr K. Langley,UK )

17:00 - 17:30 Technical videos e.g. (i) Decommissioning of the R-l reactor in Stockolm
(ii) JANUS reactor D&D Project, USA (iii) BR-3 Dismantling Project, Belgium (iv)

Decommissioning of the University Researcg reactor, UK

Friday. 26 October

09:00 - 12:30 Departure from Taejon. Visit to Koreas research reactors under
decommissioning and ancillary facilities

Monday. 29 October

day will be given to national presentations regarding operating experience in and prospects
for decommissioning research reactors and other nuclear facilities in each country.
Trainees are expected to report on the national situation and needs in this field . Each
national presentation should last for 10 - 15 minutes and will be followed by a short
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discussion. Coffee breaks and lunches will take place as normally scheduled.

14:00 - 15:30 Defuelling and Associated Issues (Mr S. Thierfeldt, Germany)

16:00 - 17:00 Organization and Management of Decommissioning Projects , incl. QA,
Training, ect

Tuesday. 30 October

09-'00 - 10:30 The decommissioning of a research reactor in Germany: a case study

11:00 - 12:30 IAEA Technical Co-operation Projects in Decommissioning: Examples and

14:00 - 15:30 Decontamination Technologies as part of Decommissioning ( Mr S. Thierfe

16:00 - 17:00 Italian D&D Experience (Mr M. Laraia, IAEA)

Wednesday. 31October

09:00 - 10:30 Dismantling incl. Remote Technologies ( Mr S. Thierfeldt, Germany)

ll'-OO - 12:30 Planning for Decommissioning: Technology Development by Using of
TRIGA Decommissioning in Korea (Mr Won-Zin Oh, KAERI, Korea)

14-'00 - 15:30 Current and Anticipated Problems in Decommissioning of Research reactors
in Korea : Waste Management Provisions, Funding, Radiological Characterization and
Detailed Planning for Decommissioning (Mr Ki-Jung Jung, KAERI, Korea)

16:00 - 17:00 Safe Storage During the Decommissioning Process (M. Laraia, IAEA)

Thursday. 1 November

09'-00 - 10:30 Final Status Surveys , Project Final Report, Licence Termination

11:00 - 12:30 Pending Issues in Decommissioning: a Summary Presentation
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14:00 - 17:30 Panel discussion. Lessons learned , operating experience

Friday. 2 November

09:00 - 10:00 Evaluation of the course and discussions (M. Laraia, IAEA)

10:30 - 12:00 Continued Concluding remarks (M. Laraia, IAEA)
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