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Abstract. The paper contains the results of research activity performed by CITON specialists regarding the
assessment methodology intended to be applied to safe decommissioning of the research reactors, developed
taking into account specific conditions of the Romanian WR-S Research Reactor. The Romanian VVR-S
Research Reactor is an old reactor (1957) and its Decommissioning Plan is under study. The main topics of
paper are as follows:

Safety approach of nuclear facilities decommissioning. Applicable safety principles.

Main steps of the proposed assessment methodology.

Generic content of Decommissioning Plan. Main decommissioning activities. Discussion about the proposed
Decommissioning Plan for Romanian Research Reactor

Safety risks which may occur during decommissioning activities. Normal decommissioning operations.
Fault conditions. Internal and external hazards.

Typical development of a scenario. Features, Events and Processes List. Exposure pathways. Calculation
methodology.

SAFETY APPROACH OF NUCLEAR FACILITIES DECOMMISSIONING

Applicable Safety Principles

The decommissioning of nuclear facilities is a topic of great interest in the world, because of the large
number of facilities, which have been built and eventually have to be retired from service. This
problem is of a great interest in our country also because some existing nuclear facilities (research
reactor, waste treatment facility) are at the end of their normal operational life. For currently operating
nuclear facilities, we must make adequate provisions to facilitate their future decommissioning.

Decommissioning is defined to be the activity required to plan the termination of activities at nuclear
facilities. The main objectives of decommissioning are the protection of workers, people and
environment against the radiological and non-radiological hazards resulting from the shut down a
nuclear facility, and, at the same time, to limit the effect that there might be on future generations.
Those objectives mean that, during all decommissioning activities, the workers, the public and the
environment must be protected against the radiological hazards resulted from decommissioning
process.

The safe approach to VVR-S research reactor decommissioning involves both the establishment of
nuclear safety principles and requirements to be taken into account and of a series of analyses, which
ensure that the whole decommissioning process is conducted in a safe and orderly manner.
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For the specific situation of Romanian WR-S Research Reactor, the following requirements and
actions must be stated, during decommissioning process:

(a) radiation protection requirements;
radiation monitoring using activity monitoring systems located in the access control points,
inside the working areas and inside temporary radwaste handling and storage areas.
control the personnel exposure through nuclear zoning of the facility, designating access
routes, controlling access, shielding measures, using protective clothing, planning each
activity to reduce exposure time, useing adequate dismantling tools and decontamination
techniques, etc. For all of the protective measures, the ALARA principle must be applied.
radiological alarm systems must also be used to annunciate any radioactivity increase.
effluent control by providing both the adequate limiting measures and by monitoring
thereleased effluents (special working tents, ventilation and filtering systems, control and
collection systems).

(b) administrative requirements to include surveillance and control of all decommissioning
activities;

(c) physical protection requirements including the control of personnel access, control of
radioactive materials, measures to prevent and detect any intrusion, abnormal conditions or
accidents;

(d) inspection requirements especially if the safe enclosure option is chosen. This includes the
establishment of an inspection programme, inspection methods and remediation actions,
together with inspection reports and registration procedures.

(e) quality assurance requirements. The whole decommissioning process must be conducted/
performed taking into account of a Quality Assurance Programme.

(f) personnel training requirements taking into account the proposed decommissioning
techniques and radioprotection policy. As a practice, the facility operating personnel is
necessary to be used during decommissioning activities (because their adequate knowledge
about facility).

MAIN STEPS OF THE ASSESSMENT METHODOLOGY PROPOSED FOR
RESEARCH REACTOR DECOMMISSIONING

Besides the safety principles and requirements to be taken into account during decommissioning
process (see section 1), the paper proposes an assessment methodology of nuclear safety for the whole
process. This methodology is to be applied to Romanian VVR-S Research Reactor decommissioning.

The decommissioning process assessment must be evaluated both for normal and abnormal situations.
The abnormal conditions are generated both by on-site and off-site events.

The proposed assessment methodology will include the following steps (Fig. 1):

(a) set-up of all operations included in a decommissioning option;

The decommissioning option will be established following some specific feasibility studies, which
contain all the operations regarding dismantling, cutting of components, decontamination, waste
management, radiation protection measures, providing the adequate tools and supplies, and so on.
For Romanian WR-S Research Reactor, the proposed decommissioning options and safety
related requirements are included in [1].

(b) set-up of safety problems which could appear during normal decommissioning process;

For each proposed normal decommissioning activity, the radiological and non-radiological risk
must be evaluated, both for workers and population. For that purpose, exposure pathways must be
identified for all situations and the doses that might be received must be evaluated. Also,
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maximum admissible concentrations (discharge limits) for released substances (radioactive and
toxic substances) must be established.

(c) set-up of accident scenarios related to decommissioning process;

To establish a list of accident scenarios related to the decommissioning process. It was found that
such events could appear both due to some abnormal working conditions and to some on-site and
off-site events (fires, explosions, flooding, etc.). The method used to develop the accident list has
the following steps: maximal FEP List (Features, Events and Processes List) development,
screening of FEP List according to specific situation, comparison with international experience,
and final description of events.

(d) development of the scenarios for each accident;

(e) scenarios evaluation, using the specific calculation methodologies for each scenario type;

(f) choice and evaluation of safety indicators.

Safety indicators are parameters, which define the impact of a scenario on working personnel,
population and the environment. They are obtained as result of the scenario calculation. These
parameters can be compared with the established safety criteria. Function of comparison results,
decisions related to scenario impact and protective measures will be taken to minimize the
scenario impact. The most used safety indicators are radiological safety indicators: dose, risk,
radionuclide concentration into environment, radionuclide flux, radiotoxicity indexes.

Facility
description

Decommissioning activities

Safety problems
during normal
decommissioning
process

On-site
events
description

Safety problems
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(accident list)

Off-site events
description

Scenario
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assessment

Safety indicators
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FIGURE 1 THE MAIN STEPS OF THE ASSESSMENT METHODOLOGY
PROPOSED FOR DECOMMISSIONING OF RESEARCH REACTORS



GENERIC CONTENT OF DECOMMISSIONING PLAN.

Main decommissioning activities. Discussion about the proposed decommissioning plan
for Romanian Research Reactor

The generic content of a Decommissioning Plan is established in some IAEA documents, for example
[2] and agreed upon by the Romanian Regulatory Body. The Decommissioning Plan for the Romanian
WR-S Research Reactor has the following generic contents: facility description, legal framework,
project management, decommissioning strategy (option), decommissioning activities, safety
assessment, environmental impact assessment, quality assurance program, radiation protection and
safety program, health physics, waste management, final radiation survey, and environmental
restoration.

As a basis to develop the Romanian WR-S Research Reactor decommissioning Plan, a large number
of studies and analyses have been made relating to the following topics: physical and radiological
status of the facility, available dismantling and decontamination techniques, radioactive waste
management, available funds, available personnel, radiological protection of personnel, environmental
impact, etc.

Document [1] describes and assesses both the proposed decommissioning options for the WR-S
research reactor and the decommissioning activities for each option. Three decommissioning options
have been proposed, as follows:

Option A: Surveillance of facility in its actual shutdown state for a period of 50 years (after
removing experimental installations and historical waste and building remediation). After this
period, the reactor will be dismantled as an uncoltrolled building because of the decrease
inradioactivity levels. The final result is the unrestricted use of site and environmental restoration.
Option B: This option has three stages. In the first stage, the facility will be partially dismantled
(external structures) and also decontaminated, and a safe enclosure will be prepared. The safe
enclosure will be maintained and monitored for a period of 30-40 years. After this period, the
whole facility will be dismantled. The final result will be the unrestricted use of the site.
Option C: This option purposes the complete dismantling of the facility, in a single stage, to the
unrestricted site use level.

Short description of the facility:

The WR-S research reactor was commissioned in 1957. It is a reactor with thermal neutrons using
distillated light water as its moderator, reflector and coolant. The enriched uranium dioxide has been
used as fuel. The maximum reactor power has been about 2000kW.

The whole facility is located in three buildings: main building (reactor hall), experimental building and
laboratory building. The passage between the main building and the experimental building is by an
access gallery. The main building and experimental building are a single level. The laboratory building
has a basement, ground floor and two additional levels.

The facility consists of the reactor itself (reactor vessel, core components and biological shielding) and
the following circuits and systems: primary and secondary cooling circuits, their auxiliaries, distilled
water circuit (used also as emergency cooling system), ventilation systems, water supply systems, gas
and compressed air supply systems, power supply systems, drains, effluent collection systems, etc.
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Based on [1], which presents the equipment in each room of the above mentioned buildings, the paper
assesses the main type of decommissioning activities. The proposed decommissioning activities are of
the following types:

decontamination of walls, floors, and equipment to be included in the safe enclosure;
collection of liquid radioactive waste;
disassembly/dismantling/removing of electrical cables;
sealing of reactor channels, by welding (to build-up the safe enclosure); in the future stage, the
shielding (heavy concrete) will be removed and reactor vessel will be dismantled and removed;
draining of circuits, dismantling/cutting of piping, sealing of the remained piping with a welded
cap;
repair actions for ventilation systems (replacement of filters, ductwork and dampers, etc.);
cutting of radioactive waste, to facilitate waste packaging;
removal of contaminated linoleum and scarification of floor and wall concrete;
segregation and handling of solid waste (collection from facility, transport between different areas,
packaging in the appropriate containers, on-site temporary storage (in the adequate storage areas),
filling-up of the waste containers in the transport truck and transport of waste to the Waste
Treatment Plant (WTP));
removal of old furniture and contaminated experimental facilities and devices;
blocking of wall penetration (by masonry work);
upgrading of lighting system;
remediation of building airlocks and building finishes;
after final demolition of reactor main building, the area will be restored. The laboratory building
will be remedied for future unrestricted use.

SAFETY RISKS WHICH MAY OCCUR DURING DECOMMISSIONING
ACTIVITIES.

Normal decommissioning operations. Fault conditions. Internal and external hazards.

In support of the above statements (section 1), it is necessary to prepare an assessment on accident and
fault conditions and the effects of various postulated hazards. It is convenient to consider safety
assessments under the following headings: Normal decommissioning operations, fault conditions,
internal and external hazards.

a. Normal decommissioning operations

Safety during normal decommissioning operation is achieved by identifying the risks and
exposure to the workers and the public and providing the necessary protective measures such as
shielding, containment and rigorous management procedures). According to the above (section 3),
the normal decommissioning activities envolve radiological or toxicity risk.

The main types of risk and the proposed protective measures ( see also synthetic description in
Table 1) are:

Direct gamma exposure (during cutting, welding, disassembly, dismantling, waste handling).
In these situations it is necessary, as a first step, to identify radiation sources. Also, it is
necessary to select automatic cutting/welding/handling techniques (remote controlled), use the
shielding, use individual protective clothing for workers and adequate planning and
scheduling of activities to reduce exposure time.

Inhalation of contaminated dust during cutting operations, radioactive concrete demolition
and waste handling. In these situation it is recommended to use ventilated cutting tents (with
negative pressure). Also, protective clothing and adequate respiratory protection must be used.
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Possible skin contact with radioactive liquids during circuit draining or during the
decontamination process. Protective clothing must be used.

Inhalation of toxic substances the during decontamination process. It is recommended to
choose adequate decontamination techniques to avoid the use of toxic substances, as far as
possible. Protective clothing and adequate respiratory protection must be used.

Possible skin contact with toxic liquids during decontamination activities. Recommended
protective measures as above.

Electrical shock hazard during disassembly/removal of old electrical circuits. It is necessary
to use protective clothing and adequate tools.

Possible exposure to high temperatures, during cutting activities, if some special cutting
techniques will be used. It is recommended to use local ventilation systems, remote handling
tools, and protective clothing.

Table 1: Synthetic description of risk types and protective measures

Protective
measures

Exposure
pathways

Direct gamma
radiation

inhalation of
contaminated
dust

Dermal
contact with
radioactive
liquids

inhalation of
toxic
substances

dermal
contact with
toxic liquids

electrical
shock hazard

exposure to
high
temperatures

Radiation
(toxic)
sources
identificat
ion

X

X

X

X

X

Adequate
planning
of
activities

X

X

X

X

X

X

Remotely
controlled
techniques

X

X

X

X

X

X

Adequate
tools

X

X

X

X

X

X

Shielding

X

Protective
clothing

X

X

X

X

X

X

X

Special
cutting
tents

X

X

X

X

Ventilatio
n system

X

X

b. Fault conditions or accident conditions

Fault or accident conditions are defined as events, which are caused by failure of work equipment,
failure in administrative control or violation of instructions. Typical fault or accident conditions
are: unexpected high radiation field; malfunctioning of protective equipment or monitoring
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instruments; malfunctioning of cutting/welding/handling tools; fire due to flammable
contaminated fluid or electric systems; malfunction of ventilation systems; loss of services
(compressed air, gases, water, power supply); accidental cutting of contaminated material; drop of
handled loads, etc.

Because the waste must be transferred to Waste Treatment Plant, inside the courtyard of buildings,
it is necessary to assess the possible fault conditions in that area ( i.e. drop of waste containers
from transport truck with the spread of some liquid or solid contaminants on the soil or in the air).
For all the situations it is necessary to develop a scenario and to calculate its effects on the
working personnel and the public (case by case). Also, protective measures and procedures must
be developed.

Because the WR-S research reactor is located on a site where there are other nuclear installations,
and an exclusion zone around of this site (without public access), it is noted that a scenario will
have an impact on public only if very significant radioactive material quantity is involved.

Regarding scenarios, which might have an impact externally to the site, it is necessary to choose
and evaluate the most significant scenarios. It is necessary to make some evaluation about the
credibility and coincidence of these scenarios.

c. Internal hazards and external hazards.

A hazard is defined as an event which is not directly related to the decommissioning task, but
important for safety consequences. It is convenient to divide them into internal and external types.

Internal hazards are those events occurring within the facility or on the site, e.g. fires; local flooding
within the facility; explosions on site; and unexpected radiation from unrelated areas.

After the shutdown of the research reactor, the following types of events may occur:

local flooding due to the water supply, fire water or domestic water system failures;

fires due to the old electrical installation;

unexpected high radioactive field in some areas (laboratory rooms) due to old experimental
equipment which could have activated or contaminated parts;

explosions and fires due to on-site gas supply piping failure.

Some on-site external events could also occur due to the other nuclear installations on the same site,
which include the Waste Treatment Plant, Multiple Purpose Irradiator Installation, and other Research
Institutes. The possible events could be a fire, explosion, high radiation fields, release of radioactive
substances, or local flooding. For all these situations it is necessary to evaluate the coincidence
between the abnormal events during the reactor decommissioning process and the on-site external
events. But the decommissioning process may be stopped whenever a fault or accident condition
occurs, and protective measures may be taken into account.

External hazards are events that usually occur off-site or are generated or initiated off site but have
serious impact on site safety. Examples: earthquakes; site flooding; lightening strike; aircraft crash;
security risks; severe weather conditions, like extremely low or high temperature, abnormally heavy
snow, extremely high winds.

Usually one or two hazards will dominate and other events can be assumed to lie within a range of
worst conditions. To establish the off-site external hazard list and to evaluate them, the following
topics, presented in [3] and [4] must be considered:
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geographic location of research reactor and site geology, hydrology, seismology, ecology, and
climate;

agricultural off-site activities including gardening, cereal crops, and raising animals;

other off-site activities such as the production of nuclear equipment, research and production
of special materials, lasers, design activities, education activities, small industry, trading
services, terrestrial and aerial transport;

population distribution around of site exclusion zone since there are some permanent
residences in the neighborhood of site exclusion zone.

Based on [3] and [4], the following conclusions can be made:

Site flooding is not likely; however, it is necessary to evaluate the effects of ground water
infiltration on the foundation of the future safe enclosure when ground water level could have
significant variations.

When an earthquake occurs, it is necessary to evaluate the consequences related to all
decommissioning activities to include the dropping of loads from cranes and transport
vehicles, loss of auxiliary services; cracking of wall, failure of working equipment, releases of
radioactive or toxic liquid, and the rupture of piping and possible release of gases or water.

Especially for the proposed safe enclosure, the design must consider the following loads:
earthquake, extreme wind, snow, and extreme temperatures.

Usually there are no external activities with significant radiological consequences which could
affect decommissioning activities.

Aircraft crash risk on-site is insignificant.

The hazard due to the other transport activities in the site area is insignificant.

Usually there are fire protection measures for all industrial objectives located nearby reactor
site; however, the occurrence of a external fire must be taking into account.

According to available information, there are no oil, combustible gas or flammable fluid
transport piping near the reactor site.

Regarding intrusion risk, the entire reactor site is provided with a physical protection system.
The reactors physical protection system will be upgraded as a defence in depth barrier during
whole decommissioning period. For the proposed safe enclosure, a special physical protection
system will be provided, as well.

TYPICAL DEVELOPMENT OF A SCENARIO.

Features, events and processes list. Exposure pathways. Calculation methodology

To develop and assess a scenario it is necessary to follow some steps, also presented in Fig.2,
according to [ 5], [6], and [7]:
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(a) establish a conceptual model,

Establish and screen a Features, Events and Processes List (FEP List). The general FEP
List identifies all facility features, internal and external processes and events which could
occur during the decommissioning process. This list will be developed for both
decommissioning activities and for the safe enclosure (if the safe enclosure option will be
used). Then the FEP List will be screened to eject the elements with low significance.
Also, credibility, consistence and effects of all FEP element must be evaluated. The
resulting FEP List will be the basis for all possible scenarios during the decommissioning
process.
Choose the adequate hypotheses. For each scenario, on a case-by-case basis, only credible
hypotheses will be taken into account as initiating events. A small credible scenario can be
assessed, only if it has very significant consequences from a radiological point of view.
Describe the event. For each scenario a qualitative scenario will be done, to follow its
duration and location.
Describe the consequences of the event, physical and chemical processes; For each
scenario, possible radiological and non-radiological consequences and exposure pathways
for working personnel and the local population will be identified.
Establish the relationship between facility characteristics, the event and the consequences.
It is necessary to identify weak points of the facility, which could favor the occurrence or
the proceeding of a scenario. These points will be identified to propose protective
measures (both technical and administrative), to mitigate scenario consequences, if
possible.
Establish the required input data to describe the event. For scenario calculations, it is
necessary to identify all involved parameters and their values. The following data must be
available: identification of radiation sources, quantities of radioactive substances released
into environment, concentration and activity of radioisotopes, physical and chemical form
of radionuclide substances, duration of scenario, time of scenario occurrence, time of
scenario impact, duration of exposure, identification of involved people, the
meteorological parameters, characteristics of the surroundings area, public behavior, local
diet data, etc.

(b) establish the mathematic model,

To establish the mathematic model it is necessary to identify, as the first step, the area of
scenario impact. If the scenario impact will be only for workers, it is necessary to establish the
workers exposure pathways. The exposure will be an acute one, supplementing the occupational
exposure of workers. Exposure pathways for workers may be external exposure and internal
exposure (via ingestion and inhalation).

If there is a scenario with environmental impact or public impact, it is necessary to perform the
following steps:

Identify the exposure pathways, preferably from site specific surveys;
Develop appropriate expressions relating the release rates to the dose rates to an
individual;
Select appropriate values for the transfer parameters that are relevant to the exposed
individual under consideration; and
Calculate the doses received by the public.

Exposure pathways for public may be:

external exposure from the plume;
external exposure from the deposition on the ground; and
internal exposure by inhalation and ingestion of foodstuff and water.
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c) evaluation of the scenario with calculation methods or adequate computer codes,

d) interpretation of results and comparison with norms and regulations.
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FIGURE 2 TYPICAL DEVELOPMENT OF A SCENARIO
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