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Ergonomics as Aid Tool to Identify and to Analyze Factors That Can Affect
the Operational Performance of Nuclear Power Plants
Isaac J. A. Luquetti Santos1, Paulo V. R. Carvalho1
1

Nuclear Engineering Institute,
Division of Instrumentation and Human Reliability,
Rio de Janeiro, R.J.,
Brazil

Abstract. The study of ergonomics has evolved around the world as one of the keys to understand human
behavior in interaction with complex systems as nuclear power plant and to achieve the best match between the
system and its users in the context of task to be performed. Increasing research efforts have yielded a
considerable body of knowledge concerning the design of workstations, workplace, control rooms, humansystem interfaces, user-interface interaction and organizational design to prevent worker discomfort, illness and
also to improve productivity, product quality, ease of use and safety. The work ergonomics analysis consists of
gathering a series of observation in order to better understand the work done and to propose changes and
improvements in the working conditions. The work ergonomics analysis implies both the correction of existing
situations (safety, reliability and production problems) and the development of new work system. Operator
activity analysis provides a useful tool for the ergonomics approach, based on work ergonomics analysis. The
operators will be systematically observed in their real work environment (control room) or in simulators. The
focus is on description of the distributed regulated mechanisms (in the sense that operators work in crew), both
in nominal and degraded situations, observing how operators regulate collectively their work during an increase
in workload or when confronted with situations where incidents or accidents occur. Audio, video recorders and
field notes can be used to collect empirical data, conversations and interactions that occur naturally within the
work environment. Our research develops an applied ergonomics methodology, based on field studies, that
permits to identify and analyze situations, factors that may affect the operational performance of nuclear power
plants. Our contribution is related to the following technical topic: How best to learn from and share operational
safety experience and manage changes during all life cycle phases?

Introduction
The nuclear industry has always demonstrated their concern to avoid and to mitigate the consequences
of accidents. Since the first plants became operational, the concept of depth defense, reliability
engineering and postulated accident analysis has been used in nuclear power plant projects. Human
factors and ergonomics did not receive much formal attention at this time [1]. The operational
procedures were written in such a way to avoid the risk of a human error and the main task should be
to follow the procedures to maintain the system operating according to the project technical
specifications. After the TMI accident, in 1979, ergonomics issues have been received much more
attention by the nuclear industry based on the recognition that risk management, based only on
hardware was not enough [2].
The work ergonomics analysis emphasizes the examination of the overall situation, which will
determine the work analyzed. Records concerning normal operation, incidents and accidents may be
examined and analysis of interviews with operators and supervisors will be very useful. It is not
possible to separate operational activities from their specific environments, neither separate them from
other activities performed at the plant. These requirements called for an situated approach such as
Activity Analysis, which provides the basis for our methodological framework (figure 1). The Activity
Theory assumes that human behavior is not a set of disembodied cognitive acts (e.g. decision-making,
classification, remembering) and that the conscious activity takes place in everyday practices.
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FIG 1. Basic methodological steps
The operators activity analysis can be done through field analysis and allows the observers to identify
not only actions related to prescribed work but also "side" activities which are either explicit (but not
formulated in the frame of the task description) or implicit (may be unconsciously done by operators).
It emphasizes the operators work complexity, the difficulties in monitoring, the strategic that operators
use to make monitoring more easier and the communication (direct and broadcast) between the
operators. These features allow the identification of problems that affect the operator’s performance.
The aim of this paper is to develop an applied methodology, based on field studies, that permits a more
thorough knowledge of the courses of actions of the main control room’s operators during microincidents, identifying interference situations and restrictive factors imposed by working environments
that may affect the operational performance of NPPs.
1.

Methodology

The field studies were realized in the main control room of a nuclear power plant. The basis of the
methodology is the operators activity analysis during different operational conditions: a complete
work shift, included the shift changes in the plant planned shutdown; preparatory tests for the startup
and the startup of the reactor. Paper and pencil to get field notes and electronic media, such as audio
and video recorders has been used during the research. The operators received only one instruction:
behave as normal as possible in spite of the presence of the analysts in the control room. The research
consists of the following phases: data collection; post scenario debrief interviews; verbal protocol
transcriptions and coding exercise.
2.1. Data collection
Some practical issues must be addressed to collect data during actual work activity, such as: the
physical location; number and technical background of the analysts; how to use multimedia support as
video cameras and audio recording (micro records in the pocket of the control rooms operators) to
obtain the desired data and not disturbing the work and what should the best moment (in time and
task) to collect data.
Analysts position: the main control room of a nuclear power plant is the focal point of the work
activity.
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The number of analysts, task and background: Four analysts inside of the control room, each of them responsible
to collect data from each one of the four licensed operators. Analysts with nuclear background and experience in
work ergonomics analysis.
Observation period: Moments of high workload (planned shutdown and startup), where the probability of microincidents appearance should be greater and where control rooms operators needed to engage in higher-level
cognitive activities. Micro-incidents (MI) are defined as any event that provokes a rupture with the normal
operation, something that brings the emergency of a new reality apprehension, sending the operators to work in a
new type of practical rationality [3].

2.2. Post scenario debrief interviews
During work interval periods debriefing interviews are carried out, where a number of the critical
decisions made by the operators during their actual work activity is discussed. In order to analyze
certain decisions more closely some questions are asked, such as: What are the cues used to make a
situation assessment and response planning? What are the goals the operators had at particular parts of
the micro-incident?; The courses of actions were considered when making a particular decision?; The
situation faced operators reminded them of any previous experience?; Is there any relation between the
courses of action and the constraints imposed by the working environment?
1.3. Transcription and coding exercise
The verbal protocols during and the debrief interviews are recorded on audiotape and later transcribed
for further analysis. The main purpose of the coding exercises is to identify and to analyze situations,
interference activities that may affect the operator’s cognitive activities (situation assessment, response
planning) and monitoring activities. The analysis is conducted following the principles of protocol
analysis [4] and content analysis [5]: construction, recording, observation, and verbalization data from
operations during a micro-incident
2. Micro-incident
The basic steps in the process of analysis of micro-incidents are: the analyst’s field notes are listed in
chronological order and organized during various working sessions to rank the MIs according to their
importance for the study; the recordings of the operator conversations during the selected MIs are
transcribed; a correlation between the micro-incidents and the verbal protocols are made for each
operator through systematic analysis of the study protocols and are used to identify the critical
components related to a given cognitive strategy; cognitive strategies are classified in terms of (a)
application of existing knowledge and action plans (rule-based) or (b) analytical problem solving
including inductive and deductive reasoning or according the collaboration of other operators.
3. Operator’s activities while controlling micro-incidents
When the operator becomes aware of a MI, his attention turns to information related to the MI, which
he acquires by reading signals. It is reasonable to assume that there is a strong relationship between
reading activity, reading instruments, displays, etc as well as verbal and phoned communications.
There is a temporary mind-set in which the field of attention is focused, temporarily inhibiting and
excluding everything else. It is precisely this sort of activity that dominates MI operation activity. This
search for meaning/reading activities are followed by cognitive problem solving strategies and in this
moment some interference activities can arose. The collaborative strategies emerge moving operators
to a different location in the control room, talking to each other, adjusting controls, communicating
with field operators, interpreting instructions and filling checklists (if available). Every moment, the
operator has to discern precisely what he perceives, so he restricts his field of visual perception and
attention focus. In most cases, the reading of signs leads to additional information (procedure, P&I
diagrams, logical drawings, alarm list, etc) and to another point in the control room. There is then a
new focus of attention, but the operator must maintain his awareness all the time. The interference can
then result from changes in activity (and therefore of focus), for instance: while the agent is
proceeding with an adjustment, something extrinsic to that activity requires him to suspend what he is
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doing; while the operator is reading off a series of values on a screen, the phone rings, or another
operator needs an answer to a question. This provides a clear example on how these issues can
interfere with the operator’s activity and may affect the operational performance. It should be clear
that certain activities requiring closer attention and the simple fact of being addressed (by a phone call,
for example) could seriously affect the operator’s state of concentration and commitment to the
activity in progress. These interruptions are potential source of errors when operators return to an
activity and try to pick up where they left off [6].
4. Conclusions
Our findings show that the competence required for the operators to improve their performance when
dealing with micro-incidents within interference activities are mainly concerned with developing the
possibility of constructing situation awareness during the course of actions; understanding the most
important demands set by the ongoing situation; understanding the procedures and the possible
different ways to carry out their instructions; managing attention resources; managing conflicts; time
problems during ongoing task procedures and task planning schedule; dealing with distractions;
developing skills for collaborative efforts with the other operators and plant staff by accepting,
postponing or rejecting the interruptions they bring to his own activities and conversely by discovering
the right moment to interrupt the others’ activities.
The methodology applied can have an impact upon design issues like those of preparing instructions
and support activities, developing organizational roles and designing training systems For the plant we
studied, our field work has made it possible to generate more specific design information to develop
an operator support system that provides more information about the status of the plant and
automation system; to do more extensive work on procedures; translating procedures into the
operator’s native language; to use a senior operator to help the Supervisor deal with work
authorizations during scheduled shutdowns; to propose a new work design to receive service orders
during scheduled maintenance and to study ways to improve the control room communications to the
external areas of the plant.
REFERENCES
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A Knowledge-Centered Paradigm for Operations and Design
C. Perin
Visiting Scholar, Anthropology Program
Massachusetts Institute of Technology
Cambridge, Massachusetts
Abstract. A paradigm premised on the reactor design basis and on its systems, structures, and components also
governs nuclear power plant operations. This machine-centered paradigm emphasizes a functional and
discipline-based division of responsibilities, which can create hierarchical “silos” and “stovepipes” inhibiting
the development and lateral exchange of knowledge about safety-critical system interactions. A knowledgecentered paradigm instead encourages the timely development, analysis, and exchange of information about
system conditions and their likely consequences. This new paradigm puts operational focus on the importance of
operating experience, informative root cause analyses, effective corrective actions, and cross-discipline
exchange and cooperation. Although the knowledge-centered paradigm is already central to three main
strategies of risk reduction, it is less likely to be recognized as such in terms of priorities, resources, and
training: configuration control, control room operations, and root cause analysis. To maintain the capacity for
safe shutdown and to preserve public trust, the knowledge-centered paradigm places as high a priority on
interactions of safety-critical knowledge as it does on interactions of safety-critical systems, structures, and
components.

1. Introduction
This paper is based on verbal and textual data sources: a) interviews and focus group discussions with
industry experts and executives, some at fourteen nuclear power stations in the USA and abroad; b)
internal plant documents and self-studies; c) analyses of serious events and research documents. [1]
1.1 Paradigm Rationale: Reactor Design Theory and Operational Theory
The license to operate makes it imperative to follow rules and procedures for keeping operations
within safety margins prescribed by designers’ risk estimates, accident scenarios, and reactor safety
principles. Even so, safeguards built into reactor systems cannot also reduce risks encountered in
electricity generation. Moreover, the design itself as built, modified, and maintained can also
exacerbate system uncertainties and risk and add daily challenges.
A machine-centered theory of risk reduction dominates in the absence of an independently derived
perspective on reducing operational risks. The discipline and training model of the U.S. nuclear navy
is appropriate to its encapsulated environment within a military institution but inappropriate for a
publicly regulated private industry in a complex financial and political environment. Nor do
management theories based on observations in conventional industrial enterprises apply to this layered
technology. A lingering “fossil mentality” may put low priority on the collaboration and cooperation
needed to maintain the capacity for safe shutdown. This knowledge-centered paradigm instead
supports the range of human activities required to meet operational demands.
2.0. A Knowledge Centered Paradigm for Operations
A knowledge-centered paradigm encourages resources and priorities that focus on developing data on
the status of system conditions and the uncertainties that problematic conditions introduce. The
paradigm at the same time encourages the distribution of responsibilities and accountabilities that
facilitate the exchange, development, and analysis of such knowledge. According to Arthur L.
Stinchcombe, specialist in industrial and high hazard organizations, the structures “of organizations,
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and of parts of organizations, vary according to the sorts of uncertainties they confront” because they
vary by the “sources of information they depend on” and by ways “that information is best got to the
decision-making units.” For that reason, organizations and their various parts “grow toward sources of
news, news about the uncertainties that most affect their outcomes.” [2] That is, information needs
structure organizational arrangements.
In his study of the Norwegian State Oil Company or Statoil, a high hazard industry that designs,
builds, and operates oil drilling rigs in the North Sea, Stinchcombe points out differences in
knowledge requirements for construction and for operations. In “the last stage of building, what the
construction or fabrication people need to know about a [design] change is only what activities they
need to do to change it; what the operators and especially maintenance people need to know is how it
looks at the end — the `as-built' drawings and technical data-sheets and spare parts list,” Stinchcombe
says. But while that documentation is “crucial for operations,” for construction, “it is merely one last
bit of paperwork.” No longer having “strong motives” and “a strong sense of responsibility to provide
quality information,” design managers let as-built drawings accumulate into backlogs, leaving
operations in the dark about a component’s or assembly’s configuration in place. [3] That system
vulnerability occurs in nuclear power plants when as-built backlogs of modifications occur.
With the circulation of knowledge to reduce uncertainties as a guiding principle, managers’ emphasis
on top-down “people-driving” and supervising is, Stinchcombe finds, irrelevant. “The first idea we
have to get out of our minds is the `people-driving' view of what modern management is about.” That
is because “organization theorists have very little idea of what there is [for managers] to talk about (or
write or calculate about), where such information has to flow and why.” We know “very little” about
how “the hierarchy that appears on the organization chart [relates] to the total flow of communication,
because we cannot easily imagine what the communications are other than supervision.”[4] In
encouraging “people-driving” and function-driving, the machine-centered paradigm neglects to
manage the processes that link information to relevant uncertainties
2.1. Knowledge-Centered Safety-Critical Activities in Operations
Several kinds of knowledge-centered activities that cut across the functional divisions of nuclear
power plants are unlikely to be recognized as such in terms of priorities, resources, and training.
2.1.1. Plant Programs, Uncertainties, and Configuration Control
The station programs scooping out most operational work address such activities as configuration
control, maintenance, quality assurance, radiation control, and so on. Each program is a knowledgedriven activity, producing and using knowledge of system conditions that keeps plants on the path to
safe shutdown. At the same time, the programs themselves can introduce uncertainties and
contingencies, as when equipment is out of service for testing or repair. However, the “silos” and
“stovepipes” of functions and disciplines can block knowledge exchange. That was the case in the
Davis Besse vessel head event, where its condition went largely unnoticed by those responsible for
some five programs. [5] A plant’s system of programs and their activities are as central to
configuration control and control over safe shutdown as are the banks of signals in a control room.
2.1.2. Knowledge-Centered Control Rooms
Maintaining the capacity for safe shutdown is the paramount operational goal. The machine-centered
paradigm focuses largely on assuring control room operators’ strict compliance with procedures and
rules. That neglects the knowledge-centered activities through which operators develop and evaluate
information about system conditions: feedback mechanisms built into the technology supply only
some of that knowledge.
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That is what a group of cognitive and industrial engineers specializing in human-machine interface
issues learned from observing control room operators, under the auspices of the Atomic Energy
Control Board of Canada. Their goal had been to understand “the cognitive complexities that
operators confront during normal operations and the active, problem-solving activities that play a
fundamental role in monitoring a complex dynamic system.” These experts had assumed that
operators would face the most challenges in maintaining “vigilance,” in exercising “selective
attention” among “hundreds of indicators,” and in maintaining “visual acuity and discrimination
skills” to detect changes and read indicators accurately. They found that none of those assumptions
“does justice to the richness of the phenomena we observed.”[6]
Instead, they found that operators actively seek out a wide variety of information, that the contexts of
their work can prevent their carrying out their tasks effectively, and that operators invent ad hoc
strategies to compensate for ill-fitting hardware and software to assure reliable observations and
interpretations. Nor is the control panel their main source of contextual information. At shift
turnovers, incoming operators review current records, evaluate field operators’ activities, and make
field tours of major components for a “process feel” of temperature and vibration of plant
components. [7] To develop reliable knowledge operators use “various informal strategies and
competencies,” which “are not part of the formal training programs or the official operating
procedures.” The group finds, however, that these “are extremely important because they facilitate the
complex demands of monitoring and compensate for poor interface design decisions. Thus one could
effectively argue that the [control] system works well, not despite of, but because operators deviate
from formal practices.”[8] “Good operators rely extensively on knowledge-driven monitoring instead
of rote procedural compliance [to] detect problems before they become significant, to compensate for
poor...procedures, to distinguish instrumentation failures from component failures, and to become
better aware (in a deep sense) of the unit’s current state. [9]
Control room operators “develop many strategies and acquire a great deal of knowledge on the job
that goes well beyond the formal training they receive . . .. However, current training and licensing
programs are based more on procedural compliance than on knowledge-based understanding.”[10]
Again, a large gap exists between the machine-centered paradigm and actual safety-critical activities,
which, these operators demonstrate, only a knowledge-centered paradigm can fill.
2.1.3. Risk-Significance Determination, Root Cause Analyses, and Corrective Actions
The necessity to characterize the risk levels of conditions is the ultimate knowledge-centered activity
of operations. The knowledge needed is not ready-made: it requires curiosity, reliable analyses, and
open exchanges among differing perspectives. A knowledge-centered paradigm encourages goals,
policies, and priorities that support the constant task of effectively characterizing questionable
conditions before they can escalate risk. At a time when both aging fleets and start-ups each present
their particular challenges, timely risk characterization is ever more important.
Operating experience is a major resource for meeting that challenge, yet using that resource is, as the
call to this conference emphasizes, less prevalent than warranted, as many event reviews and recurring
events show—one consequence of the dominance of the machine-centered paradigm. Almost by
definition, operating experience teaches the limitations of the reactor system design basis and its risk
estimates. The main sources of operating experience are event reviews and corrective actions for
overcoming design and process limitations. Whether event reviews probe deeply enough to discover
actual root causes and their appropriate corrective actions is continuously problematic. At Electricité
de France, between 2001 and 2004 the causes of events have remained stable as has their number: 25
percent, material failure, 40-50 percent, human error, and 35 percent, “organizational failures.”[11]
The fact that about 75 percent of causes are so consistently attributed to human activities suggests that
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a machine-centered paradigm alone does not encourage the development of corrective actions
effective in lowering those numbers.
Nor does that paradigm appear to be sufficient to guide effective event reviews, according to a 2001
NRC study of events involving “human reliability” at U.S. nuclear power plants between 1992 and
1997. Of 37 events involving safety-critical systems, not only had event reviews not identified earlier
uncorrected errors, but failures to correct already known problems came to light, gaps four times more
numerous than errors in the event itself. The longevity of faults and defects is for some experts, more
worrisome than their frequency. Further, evidence of failures “to monitor, observe, or otherwise
respond to negative trends, industry notices [of equipment defects and recommended revisions in
operating practices], or design problems...contributed to 41 percent of the events.”[12] Again,
knowledge-centered activities are not recognized in their own right as being safety-critical.
The kinds of knowledge needed for timely recognition of problematic system conditions will become
more “subtle” and “only an unusual level of cooperation among operations, maintenance and
engineering” can provide it, warn engineers Walter H. and Thomas C. Esselman. “As performance
improves, the factors that detract from performance will become much more subtle. A dramatic
improvement in the way that plant data are used should be sought. That includes data recorded by
computers, and from system engineer walkdowns, operator rounds, predictive monitoring,
surveillance tests, inspections, and many other sources of information.”[13; my italics] An “unusual
level of cooperation among operations, maintenance and engineering” is unlikely to be fostered by the
machine paradigm. Discovering “subtle” signals is one aim of the knowledge-centered paradigm.
3.0. Conclusion: Present into Future
Because a knowledge-centered paradigm brings into sharper focus the organizational arrangements
and kinds of knowledge and analysis that risk prevention and reduction demand, it also inspires
rethinking the competencies needed for today’s “old” design plants, for new-generation plants, and for
the relatively untried decommissioning process. It also suggests other kinds of efficiency and
productivity criteria, such lowering barriers to knowledge exchange among plant programs and
disciplines. But as things stand, the machine-centered paradigm translates technical specifications and
business plans into organizational arrangements not designed on the principle of circulating
knowledge to reduce uncertainties and their risks.
A knowledge-centered paradigm overtly produces data resources for designers of new-generation
reactors. Operating experience has also taught that reactor design has to be evaluated in terms of its
contribution to maintaining the capacity for safe shutdown: design-basis issues (DBI’s) are regularly
found to contribute to events. In 1997, an NRC-commissioned study of DBIs cited in licensee event
reports found that between 1985 and 1997, more than 3,100 such reports had identified them, an
average of about 240 annually. An analysis of DBI events during 1997 involving Accident Sequence
Precursors [ASP] showed that “although the percentage of DBIs that are risk significant is very small,
it may be expected that, to the extent that ASP events occur . . . DBIs may continue to be an important
contributor."[14] This is history that should not be allowed repeat itself.
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IAEA-CN-133/3

IRRADIATION SERVICES FOR NUCLEAR FUEL AND MATERIALS
TESTING
M. Preda, C. Patticu
Institute of Nuclear Research
Pitesti, Romania
Abstract: By the present paper we intend to exemplify the implementation of Quality Management System in
performing a fuel element irradiation service.
Thus it is described the processes that has implications in an irradiation service execution along with theirs
interdependencies.
Also the approach of irradiation service execution in compliance with client’s requirements is schematically
illustrated in that paper.
The irradiation service ends with an evaluation of irradiation parameters and post-irradiation results.

1. Introduction
Quality Management System has an important role in maintaining and improving the technical
structure capability and in acting in accordance with the legal frame.
Accordingly to quality policy the Quality Management System has defined the following strategic
objectives:
x Guarantee the safe operation of nuclear and non-nuclear installation that has relevance for nuclear
safety
x To assure and provide information for workers, public and environment protection against nuclear
radiation and radioactive contamination
x Perform research activities in accordance with clients needs, in order to provide and develop the
technical support for national nuclear field
x Assure a smooth functioning of products and satisfy the clients requirements
x Obtain and maintain the quality assurance licenses for Institute’s nuclear facilities
x Certify and maintain the Quality Management System license
x Establish the preventive measures to decrease the consequences of hypothetic nuclear accidents or
radiological emergencies
x Promote the Safety Culture for workers involved in nuclear installation operation.
x
2. Quality Management System description
Once ISO 9001:2000 standard was created, the “quality“ concept presents new meanings by
establishing requirements for a quality management system and offering a common language both for
the suppliers and clients.
The major changes implemented by that standard are:
x Client focusing;
x Process basis approaching by applying Plan – Do – Check – Act
x Decision making as a result of data collection and analysis;
x A continuous enhancement process that can be observed in Quality Management System
implemented in our Institute.
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Thus were identified 24 processes pending to Quality Management System for irradiation services.
Those processes are organized in 4 groups as in Figure 1 above:

Client Requirements

Management Processes:
- Quality Management System Planning;
- Management Review;
- Internal and External Communication;
- Resources Management.

Support Processes:

Main Processes:

- Documents Control;
- Records Control;
- Planning of Product/ Service realization;
- Determination and Review of requirements
related to the Product/ Service;
- Purchasing;
- Control of Monitoring and Measuring
Devices.
- Software Control
- Financial – Accounting Process

- Design;
- Research&
Development;
- Production;
- Nuclear Installation
Operation.

Measurement, analysis and development
processes:
- Customer Satisfaction Monitoring;
- Internal Audit;
- Product Monitoring and Measurement;
- Processes Monitoring and Measurement;
- Nonconformities Control;
- Corrective/ Preventive Actions;
- Data Analysis.

Client satisfaction

Figure 1 Interaction between process groups
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Main processes control the main activities performed in our Institute. An effective accomplishment of
those processes adds value to product/service and leads to performance enhancements.
Management processes provide Quality Management System planning (definition of quality
objectives and of the related processes). Also management processes provide:
-

The necessary resources,
The statements related to specific policy, requirements,
accomplishments
System analysis in order to control the process performances.

objectives

and

Support processes provide an optimal functioning of main processes adding value to product/service
and leads to performance enhancements.
Measurement, analysis and development processes provide the control/evaluation of related
processes and products, the continuous enhancement of internal efficiency and clients contentment.
The above four groups of processes are mutually dependent: those receive inputs and transmit
outcomes one to/from other and assure Deming cycle execution in entire system.
Figure 2 illustrates the interactions between Quality Management System processes for main
processes execution.
Once the service requirements are established and analyzed the Quality Management System plan
establish the objectives and necessary resources.
Subsequently the service accomplishment plan must provide the resource availability, identify and
program the necessary activities, establish the responsibilities for workers.
The document control process establishes records definition, issue and collection. These records prove
the quality of performed activities and specific demands fulfillment.
Subsequent to design, manufacture, operational tests and license granted by Regulatory Authority the
irradiation service is performed in compliance with the specific requirements for nuclear installation
operation.
The control and measurement process assure the parameters checking and data acquisition. In case of
deviations occurrence the “Nonconformity Control” and “Preventive/Corrective Actions” processes
allows the main process enhancement.
Data analysis process provides the evaluation of parameter from all the processes related to service
accomplishment.
The cycle is completed with a final report issued to client. The feedback from the client received in
“Client contentment” process is used to enhance the Quality Management System, and therefore the
Institute’s performance.
3. Quality Management System application for fuel elements irradiation service.
Figure 3 describes the sequence of processes necessary to accomplish a fuel elements irradiation
service.
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Internal
Communication

Financial –
Accounting Process

Resource
Management

Procurement

Planning of product
execution/ service
delivery

Product/Service
requirements
identification and
analysis

Nonconformities
Control

Software
Control

QMS Planning

Processes
Monitoring and
Measurement

Internal
Audit

Management
Department
Analyses

Client satisfaction

Corrective/ preventive
actions initiation

Radioactive waste
management

Recordings
Control

Data
All
Processing processes

All
processes

All
processes

Fig. 2 Interactions between Quality Management System processes for main processes execution

DMM Control

Research & Development
(main process)

Service effecting
and delivery control

Product
Monitoring
and Measurement

Nuclear installations
operation

Design

Main Processes

Document
Control

All processes

CLIENTS
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- Scope
- Objective
- Applicable specifications and
documents
- Description of nuclear fuel
- Description of testing
facilities
- Operating conditions
- Pre-irradiation tests and
examinations
- Interim testing and
examination
- Post-irradiation examination
- Acceptance criteria
- Reporting of results

Irradiation test specification:

Requirements

Documents Control

Pre-Operational
Test

Control of
Monitoring and
Measuring Devices

Nonconformities
Control

Final Report:

Services

Fulfillment

Corrective/ Preventive
Actions

- Fuel element
description
- Nondestructive
examination-activities
- Destructive
examination-activities
- Nondestructive
examination - results
- Destructive
examination – results
- Radioactive waste
management
- Conclusions

Post-irradiation Report:

- Irradiation parameters
evolution
- Process monitoring
Data Reporting - Deviations from
Analysis
irradiation
requirements
- Events occurred
during irradiation

Records Control:
- Irradiation permit
- Irradiation technical specification
- Irradiation report check list
- Check-list – Irradiation test
Startup

- Operation
- Maintenance
- Radioactive
waste

Nuclear
installations
operation:

Monitoring
and Measurement

Fig.3 Effective operation for nuclear fuel irradiation service accomplishment and related processes

Irradiation device
licensing by the
regulatory body for
irradiation service
execution

- Irradiation specification
- Design documentation
- Operating licenses for reactor
and irradiation device
- Test procedure
- Operating procedure

Irradiation device
planning and execution

Irradiation
device design

Determination and Review
of requirements related to
the irradiation service

CLIENTS

4. Conclusions
Quality Management System allows identification of processes involved in irradiation service
accomplishment.
Starting from client requirements it was submitted a design specification and a project for a new
irradiation device was established for fabrication or improvement of an existent device that must
comply the irradiation demands.
By taking into account the project for device fabrication it is created the Inspection and Test Plan to
control materials and activities performed at every step of manufacturing.
Once the irradiation device is ready it takes place the pre-operational tests that must confirm the
compliance with limits and conditions of operation and satisfy the irradiation procedure requirements.
Once these demands are fulfilled it is necessary to instruct the workers that will operate the systems
(reactor and irradiation device).
Both the irradiation device that comply with the client requirements and the reactor that comply with
the limits and conditions for operation are subject of licensing by the National Regulatory Body to
operate in that configuration.
Every step described above leads to Quality Management System that contains the procedures for all
activities related to the process.
The experiment can be started only when
9 The management processes that complies
x

System of procedures

x

Available resources

x

Client – supplier agreement

x

License

9 Basic processes that concern
x

Research & Development

x

Design

x

Reactor and irradiation devices operation

x

Radioactive waste management

are prepared.
The experiment involves parameter monitoring in regard to respect the client demands.
Irradiation service completion implies irradiation parameters evaluation, analysis of events occurred
during irradiation and irradiation consistency with client requirements.
The final report is completed with a post-irradiation analysis related to fuel element behavior during
irradiation. The achieved results and the feedback from client represent input data for irradiation
service improvement and Quality Management System upgrading.
Also these data are used to review nuclear safety analysis in order to obtain license from National
Regulatory Body to perform similar services.
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IAEA-CN-133/4

Safety Performance Indicators used by the Russian Safety Regulatory
Authority in its Practical Activities on Nuclear Power Plant Safety
Regulation
A.L.Khazanov






6FLHQWLILFDQG(QJLQHHULQJ&HQWUHIRU1XFOHDUDQG5DGLDWLRQ6DIHW\RI1XFOHDU,QGXVWULDODQG
(QYLURQPHQWDO5HJXODWRU\$XWKRULW\RI5XVVLD
0RVFRZ5XVVLD


Abstract. 7KH6L[WK'HSDUWPHQWRIWKH1XFOHDU,QGXVWULDODQG(QYLURQPHQWDO5HJXODWRU\$XWKRULW\RI5XVVLD
6FLHQWLILFDQG(QJLQHHULQJ&HQWUHIRU1XFOHDUDQG5DGLDWLRQ6DIHW\SURFHVVDQDO\VHDQGXVHWKHLQIRUPDWLRQRQ
QXFOHDU SRZHU SODQWV 133V  RSHUDWLRQDO H[SHULHQFH IRU 133V VDIHW\ LPSURYHPHQW  6DIHW\ SHUIRUPDQFH
LQGLFDWRUV 63,V GHULYHGIURPSURFHVVLQJRILQIRUPDWLRQRQRSHUDWLRQDOYLRODWLRQVDQGDQDO\VLVRIDQQXDO133
6DIHW\ 5HSRUWVDUHXVHGDVWRROVWRGHWHUPLQDWLRQRI WUHQGVWRZDUGVFKDQJLQJRIFKDUDFWHULVWLFVRIRSHUDWLRQDO
VDIHW\WRDVVHVVRIHIIHFWLYHQHVVRIFRUUHFWLYHPHDVXUHVWRPRQLWRUDQGHYDOXDWHRIWKHFXUUHQWRSHUDWLRQDOVDIHW\
OHYHORI133VWRUHJXODWH133VDIHW\7KLVUHSRUWLQFOXGHVOLVWRIWKHEDVLF63,VWKRVHXVHGE\ WKH5XVVLDQ
VDIHW\ UHJXODWRU\ DXWKRULW\ LQ UHJXODWRU\ DFWLYLW\  6RPH RI WKHP DUH DEVHQW LQ OLVW RI ,$($7(&'2&
©2SHUDWLRQDOVDIHW\SHUIRUPDQFHLQGLFDWRUVIRUQXFOHDUSRZHUSODQWª 


1. Introduction
'HWHUPLQDWLRQ DQG DQDO\VLV RI 63,V DUH RQH RI WKH PDLQ FRPSRQHQWV RI WKH RSHUDWLRQDO H[SHULHQFH
IHHGEDFN63,VLGHE\VLGHOLYLQJ36$ SUREDELOLVWLFVDIHW\DQDO\VLV KDYHEHFRPHWKHEDVLFWRROLQ
VDIHW\PDQDJHPHQWIRUFRQWUROOLQJWKHVDIHW\SHUIRUPDQFHRI133
6DIHW\SHUIRUPDQFHLQGLFDWRUVDUHLQWHQGHGWR


LGHQWLI\ HYHQWV DQG FRQGLWLRQV WKDW DUH SUHFXUVRUV WR  VLJQLILFDQW GHJUDGDWLRQ   DQG
KDYHWKHSRWHQWLDOWRFDXVHVHYHUHDFFLGHQWV



LGHQWLI\DQGIRUHFDVWWUHQGVLQWKHRSHUDWLRQDOVDIHW\VWDWXVRIWKH133



LGHQWLI\DUHDVUHTXLULQJVSHFLDODWWHQWLRQWRHQVXUHVDIHRSHUDWLRQRIWKH133



DVVHVVWKHHIIHFWLYHQHVVRIPHDVXUHVWDNHQWRUDLVHRIRSHUDWLRQDOVDIHW\RIWKH133



LVVXHRIWKHUHFRPPHQGDWLRQVWRLPSURYHRIRSHUDWLRQDOVDIHW\RIWKH133WRUHJXODWH
133VDIHW\

63,DUHXVHGE\UHJXODWRUIRUPRQLWRULQJDQGFRQWUROWKHFXUUHQWRSHUDWLRQDOVDIHW\OHYHORI133VIRU
LGHQWLILFDWLRQGHJUDGDWLRQRIWKHSRZHUXQLWVV\VWHPVDQGHOHPHQWVDQGGHILFLHQFLHVLQPDQDJHPHQWRI
1332SHUDWLRQV5HJXODWRUXVHWKLVLQIRUPDWLRQLQUHJXODWRU\DFWLYLW\LQOLFHQVLQJSURFHVV
63,V DUH GHILQHG LQ WKH FRXUVH RI LQIRUPDWLRQ FRPSLOHG LQ 133V RSHUDWLRQDO YLRODWLRQV GDWDEDVH
SURFHVVLQJ DQG VXEPLWWHG LQ DQQXDO 133 6DIHW\ 5HSRUWV WKDW DUH WR EH GUDZQ XS E\ 133V LQ
DFFRUGDQFHZLWKWKHUHTXLUHPHQWVRIUHJXODWRUV
7RHQVXUHWKHXVHRI63,VHIIHFWLYHQHVVFRPSUHKHQVLYHQHVVDQGWUXVWZRUWKLQHVV UHOLDELOLW\YDOLGLW\ 
RILQIRUPDWLRQDERXWPDOIXQFWLRQLQRSHUDWLRQRI133VPXVWE\SURYLGHG
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2. Russian safety regulatory authority use following SPI (here are listed the basic SPIs):
2.1. Power utilization indices




7KHORDGIDFWRU
7KHDYDLODELOLW\FRHIILFLHQW
7LPHXWLOL]DWLRQFRHIILFLHQW


2.2. State and reiability of the physical protective barriers




)XHOHOHPHQWUHOLDELOLW\LQGH[
5HDFWRUFRUHFRROLQJFLUFXLWOHDNWLJKWQHVVLQGH[
5HVXOWVRIQRQGHVWUXFWLYHPRQLWRULQJRIPHWDORIHTXLSPHQWDQGSLSHVRIWKHSULPDU\
FLUFXLWDQGRIVDIHW\UHODWHGV\VWHP 
&RQWDLQPHQWOHDNDJH



2.3. State of the protection systems









1XPHULFDOYDOXHVRIXQDYDLODELOLW\LQGLFHVRIVDIHW\V\VWHPV
1XPEHURIIDLOXUHVLQVDIHW\V\VWHPV DYHUDJHYDOXHSHUXQLWSHU\HDU 
3HUFHQWDJHRIIDLOXUHVLQVDIHW\V\VWHPVGLVFRYHUHGE\VXUYHLOODQFHDQGWHVWLQJ
1XPEHUVDIHW\V\VWHPVDFWXDWLRQVLQFOXGLQJ
ɚ IDOVH
E RQUHTXLUHPHQW
1XPEHU RI LQFLGHQWV ZLWK GHSHQGHQW DQG LQGHSHQGHQW IDLOXUHV LQ VDIHW\ V\VWHPV
VXSHULPSRVHGRQWKHLQLWLDOHYHQWLQHDFKHYHQW 
1XPEHURIGHSHQGHQWDQGLQGHSHQGHQWIDLOXUHVLQVDIHW\V\VWHPVVXSHULPSRVHGRQWKH
LQLWLDOHYHQWLQHDFKHYHQW 


2.4. Operating performance. )RUFHG SRZHU UHGXFWLRQV DQG RXWDJHV HYHQWV VHUYLFLQJ DQG
PDLQWHQDQFHRSHUDWLRQVRUJDQL]DWLRQFRPSOLDQFHZLWKSURFHGXUHVUXOHVDQGOLFHQVLQJUHTXLUHPHQWV
0HDVXUHVWRLPSURYHRSHUDWLRQDOVDIHW\ 

 1XPEHURILQFLGHQWVZLWKVFUDPV DYHUDJHYDOXHSHUXQLWSHU\HDU LQFOXGLQJ


D GXULQJSRZHURSHUDWLRQ


E IDOVH


F RQUHTXLUHPHQW
 3RZHUIOXFWXDWLRQLQWHQVLW\LQGH[
 1XPEHURILQFLGHQWV DYHUDJHYDOXHSHUXQLWSHU\HDU 
 1XPEHU RI LQFLGHQWV ZLWK WKH YLRODWLRQ RI WKH FRQGLWLRQV DQG OLPLWV RI WKH VDIHW\
RSHUDWLRQ
 1XPEHURIFRPPRQFDXVHIDLOXUHV
 1XPEHURIUHSHDWHGIDLOXUHV
 1XPEHURIIDLOXUHVLQQRUPDORSHUDWLRQV\VWHPV DYHUDJHYDOXHSHUXQLWSHU\HDU 
 1XPEHU RI LQFLGHQWV ZLWK  GHSHQGHQW DQG LQGHSHQGHQW IDLOXUHV LQ QRUPDO RSHUDWLRQ
V\VWHPVVXSHULPSRVHGRQWKHLQLWLDOHYHQWLQHDFKHYHQW 
 1XPEHU RI  GHSHQGHQW DQG LQGHSHQGHQW IDLOXUHV LQ QRUPDO RSHUDWLRQ V\VWHPV
VXSHULPSRVHGRQWKHLQLWLDOHYHQWLQHDFKHYHQW 
 1XPEHURIVKRUWFRPLQJVRIRUJDQL]DWLRQ133VRSHUDWLRQDYHUDJHYDOXHSHUXQLWSHU
\HDU 
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  QRQDYDLODELOLW\RISURFHGXUHVGHILFLHQFLHVLQSURFHGXUHV
  GHILFLHQFLHVLQRSHUDWLQJGRFXPHQWV GHILFLHQFLHVLQYDULRXVRSHUDWLQJUHSDLUPDQXDOV
UHJXODWLRQV 
  GRFXPHQWV UHJXODWLQJ HTXLSPHQW DFFHSWDQFH IRU RSHUDWLRQ DIWHU UHSDLU GHILFLHQFLHV
DVVRFLDWHGZLWKUHSDLUZRUNPHGLXPVSDUHSDUWVVSDUHHTXLSPHQW 
  GHILFLHQFLHVLQSHUVRQQHOWUDLQLQJ
  ORZHIILFLHQF\RIFRUUHFWLYHDFWLRQRQUHVXOWVRI133RSHUDWLRQDOHYHQWV¶DQDO\VLV
  IDLOXUHWRWDNHPHDVXUHVRQHOLPLQDWLRQRIGHILFLHQFLHVIRXQGGXULQJRSHUDWLRQ
  GHILFLHQFLHVLQSODQQLQJDUUDQJHPHQWDQGH[HFXWLRQRIDFWLYLWLHV
  GHILFLHQFLHV LQ DFFLGHQW LQYHVWLJDWLRQ IDLOXUH WR ILQG URRW FDXVHV RI LQLWLDO HYHQWV DQG
GHSHQGHQWDQGLQGHSHQGHQWIDLOXUHVVXSHULPSRVHGRQWKHLQLWLDOHYHQWLQHDFKHYHQW 
  FDVHVRIGHPRQVWUDWLRQRILQVXIILFLHQWOHYHORIVDIHW\FXOWXUH












/LVWV RI R GHYLDWLRQV IURP HVWDEOLVKHG ZDWHU FKHPLVWU\ YDOXHV LQ WKH PDLQ SURFHVV
FLUFXLWVRIWKHSRZHUXQLW
7HFKQLFDOVSHFLILFDWLRQH[HPSWLRQV
1XPEHURIYLRODWLRQVWRWHFKQLFDOVSHFLILFDWLRQV
1XPEHURIYLRODWLRQVRIWKHOLFHQVLQJUHTXLUHPHQWV
([KDXVWLRQVRIWKHPDMRUHTXLSPHQWGHVLJQHGUHVRXUFHLQGH[
6HUYLFLQJ DQG PDLQWHQDQFH TXDOLW\ LQGH[ QXPEHU RI YLRODWLRQV LQ 133 RSHUDWLRQ
FDXVHGE\IDLOLQJLQVDIHW\UHODWHGV\VWHPVWHVWVDQGPDLQWHQDQFH 
/LVWRIPHDVXUHVDGRSWHGIURPUHSRUWVRILQYHVWLJDWLRQRIYLRODWLRQLQ113RSHUDWLRQ
DQGLQIRUPDWLRQRQWKHLULPSOHPHQWDWLRQ
/LVW RI FKDQJHV WR VDIHW\ V\VWHP DQG WKHLU VHUYLFLQJ VKRZLQJ WKH UHDVRQV IRU WKH
FKDQJH
/LVW RI DOWHUDWLRQV PDGH WR HTXLSPHQW DQG VWUXFWXUHV DQG VWHSV WDNHQ WR PRGHUQL]H
V\VWHPVDQGVWDWLRQFRQWURO
/LVWVRIZRUNRQSKDVHGPRGHUQLVDWLRQRISRZHUXQLWVWRLPSURYHVDIHW\DQGUHOLDELOLW\
SODQQHGIRUWKHIXWXUH
/LVWRIDFFLGHQWWUDLQLQJVHVVLRQVDQGLQIRUPDWLRQRQWKHLUSHUIRUPDQFH



2.5. Human performance











1XPEHURIKXPDQHUURUV DYHUDJHYDOXHSHUXQLWSHU\HDU  LQFOXGLQJ
ɚ E\SHUVRQQHOFDWHJRULHV
E E\HUURUW\SHV
3HUFHQWDJHRIHYHQWVGXHWRGHILFLHQFLHVLQSURFHGXUHV
3HUFHQWDJHRIHYHQWVGXHWRKXPDQHUURUV
1XPEHURIKXPDQUHODWHGLQFLGHQWVGXULQJWHVWLQJPDLQWHQDQFHRUUHVWRUDWLRQ
1XPEHURIORZVDIHW\FXOWXUHFDVHV DYHUDJHYDOXHSHUXQLWSHU\HDU 


2.6. Effectiveness of population, environment and personnel radiation protection




(IIOXHQWDFWLYLW\YHUVXVDOORZHGOLPLW
1XPEHURIZRUNHUVUHFHLYLQJGRVHVDERYHOLPLWV
&ROOHFWLYHUDGLDWLRQH[SRVXUH


2.7. Treatment with spent nuclear fuel*
 )LOOLQJRIVSHQWIXHOSRRO





19

2.8. Storage and processing of radioactive waste*



)LOOLQJRIOLTXLGUDGLRDFWLYHVWRUDJHWDQNV
)LOOLQJRIVROLGUDGLRDFWLYHZDVWHVWRUHV


2.9. Status of firefighting protection of power units*



,QIRUPDWLRQRQILUHVDQGFRQIODJUDWLRQV
/LVWRISODQQHGPHDVXUHVWRLPSURYHILUHVDIHW\ZLWKWLPHVFDOHVDQGLPSOHPHQWDWLRQ


6\PERO GHVLJQDWHV63,VWKRVHXVHGE\WKH5XVVLDQVDIHW\UHJXODWRU\DXWKRULW\EXWDUHQRWOLVWHGLQ
,$($7(&'2& ©2SHUDWLRQDOVDIHW\SHUIRUPDQFHLQGLFDWRUVIRUQXFOHDUSRZHUSODQWª 
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IAEA-CN-133/5

Basic requirements for ensuring the safety of NPP extended operations
(How best to achieve and ensure the safety of extended operations)


03=D\WVHY




)HGHUDO(QYLURQPHQWDO,QGXVWULDODQG1XFOHDU6XSHUYLVLRQ6HUYLFHRI5XVVLD

Abstract. 7KH UHSRUW FRQWDLQV EDVLF UHTXLUHPHQWV IRU SURORQJDWLRQ 133 H[WHQGHG RSHUDWLRQV 7KH PDLQ
UHTXLUHPHQWV FRQFHUQ REOLJDWLRQ RI RSHUDWLQJ RUJDQL]DWLRQ IRU SURYLGLQJ FRPSOH[ LQVSHFWLRQ GHYHORSLQJ
SURJUDPIRUSUHSDUDWLRQ133H[WHQGHGRSHUDWLRQVDQGMXVWLILFDWLRQVDIHW\7KHUHSRUWFRQWDLQVDOVRUHTXLUHPHQWV
IRUGRFXPHQWDWLRQSDFNDJHVVXEPLWWHGIRUREWDLQLQJOLFHQVHIRU133H[WHQGHGRSHUDWLRQV

1. Introduction
*RVDWRPQDG]RU RI 5XVVLD UDWLILHG DQG HQWHUHG LQ IRUFH WKH IHGHUDO UXOHV LQ WKH ILHOG RI XVH DWRPLF
HQHUJ\ɇɉ7KHEDVLFUHTXLUHPHQWVIRUSURORQJDWLRQWKH133H[WHQGHGRSHUDWLRQV
7KHVHUXOHVHVWDEOLVKWKHEDVLFFULWHULDDQGUHTXLUHPHQWVIRUSURORQJDWLRQWKH133H[WHQGHGRSHUDWLRQ
x
x
x
x
x

5XOHVDUHGHYHORSHGLQYLHZRI
7KHIHGHUDOODZRQXVHRIDWRPLFHQHUJ\
7KHIHGHUDOODZRQUDGLDWLQJVDIHW\RIWKHSRSXODWLRQ
*HQHUDO3URYLVLRQVRI133VDIHW\ ɈɉȻ 
5XOHVIRUGHVLJQDQGVDIHRSHUDWLRQRI133HTXLSPHQWDQGSLSHOLQHV ɉɇȺɗȽ
 

ɇɉ LV GHYHORSLQJ VHSDUDWH UHTXLUHPHQWV RI DERYH GRFXPHQWV LQ D SDUW RI 133 RSHUDWLRQ
EH\RQGWKHQRPLQDWHGWHUPRIRSHUDWLRQ

*HQHUDO3URYLVLRQV
%HIRUH 133 DFKLHYH WKH QRPLQDWHG WHUP RI RSHUDWLRQ RSHUDWLQJ RUJDQL]DWLRQ VKRXOG FDUU\ RXW
HVWLPDWLRQRIVDIHW\DQGSUHSDUHGHFLVLRQRQFRQWLQXDWLRQRIRSHUDWLRQRUFRQFOXVLRQRQGHFRPPLVVLRQ
7KHGXUDWLRQRI133RSHUDWLRQEH\RQGWKHQRPLQDWHGVHUYLFHOLIHVKRXOGEHHVWDEOLVKHGLQFOXGLQJ
x DVVXUDQFHDQGPDLQWHQDQFHIRUVDIHW\RSHUDWLRQ
x SUHVHQFHRIUHVLGXDOUHVRXUFHDWWKHQRQUHFRYHUDEOHHTXLSPHQW
x SUHVHQFHRIWHPSRUDU\VWRUDJHIRUDGGLWLRQDODPRXQWRIVSHQWQXFOHDUIXHO
x RSSRUWXQLW\IRUVDIHW\UDGLRDFWLYHZDVWH IRUPHGGXULQJDGGLWLRQDOWHUPRIRSHUDWLRQ 
KDQGOLQJ
x RSSRUWXQLW\IRU133VDIHW\RSHUDWLRQGXULQJGHFRPPLVVLRQ

2. Method.
)RUSURORQJDWLRQRI133RSHUDWLRQWHUPEH\RQGWKHQRPLQDWHGVHUYLFHOLIHWKHRSHUDWLQJRUJDQL]DWLRQ
VKRXOGFDUU\RXWWKHIROORZLQJEDVLFPHDVXUHV
x H[HFXWHFRPSOH[LQVSHFWLRQ
x GHYHORS WKH SURJUDP IRU SUHSDUDWLRQ 133 RSHUDWLRQ EH\RQG WKH QRPLQDWHG VHUYLFH
OLIH
x H[HFXWHSUHSDUDWLRQ133IRURSHUDWLRQGXULQJDGGLWLRQDOWHUPRIRSHUDWLRQLQFOXGLQJ



MXVWLILFDWLRQRIVDIHW\DQGUHVLGXDOUHVRXUFHRIHOHPHQWV



UHSODFHPHQWRIHTXLSPHQWGHYHORSLQJLWVUHVRXUFH



FDUU\RXWQHFHVVDU\WHVWV LQFDVHRIQHFHVVLW\PRGHUQL]DWLRQRUUHFRQVWUXFWLRQRI
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3URJUDPIRUSUHSDUDWLRQ133RSHUDWLRQEH\RQGWKHQRPLQDWHGVHUYLFHOLIHVKRXOGSURYLGH
x SHUIRUPDQFHRIUHVHDUFKHVRQGHILQLWLRQRIUHVLGXDOUHVRXUFHRIQRQUHVWRUDEOHHOHPHQWV
RI133DQG133EXLOGLQJV GHILQLWLRQDQGUHDOLVDWLRQQHFHVVDU\PHDVXUHVRQLQFUHDVH
RIUHVLGXDOUHVRXUFHRIWKHVHHOHPHQWV 
x H[HFXWLRQ  RI DGGLWLRQDO UHVHDUFKHV RQ GHILQLWLRQ RI UHVLGXDO UHVRXUFH RI UHVWRUHG
HOHPHQWVDQGUHDOLVDWLRQPHDVXUHVRQUHVWRUDWLRQUHVLGXDOUHVRXUFH
x GHYHORSPHQW WHFKQLFDO DQG RUJDQLVDWLRQDO PHDVXUHV RQ H[FHSWLRQ DQG RU  UHVWULFWLRQ
RILQIOXHQFHRQVDIHW\RIVDIHW\GHILFLHQFLHV
x GHYHORSPHQWZRUNLQJGHVLJQGRFXPHQWDWLRQ
x GHYHORSPHQWSURJUDPVRIZRUNV
x GHYHORSPHQW SODQV  GLDJUDPV RI ZRUNV  SHUIRUPDQFH  RQ SUHSDUDWLRQ  133 WR
SURORQJDWLRQH[WHQGHGRSHUDWLRQV
x GHYHORSPHQWTXDOLW\DVVXUDQFHSURJUDP 4$3 IRUSURORQJDWLRQRSHUDWLRQWHUP
x GHYHORSPHQWUHTXLUHPHQWVIRUDFFHSWDQFHH[HFXWHGZRUNV
x UHDOLVDWLRQRIWHVWV
x XSGDWLQJ RI ZRUNLQJ GRFXPHQWV RQMXVWLILFDWLRQ RI VDIHW\ DFFRUGLQJ DFWXDO FRQGLWLRQ
RI133RUSUHSDUDWLRQQHZGRFXPHQWVRQVDIHW\MXVWLILFDWLRQ

3. Results of NPP complex inspection
3XUSRVHRIFRPSOH[LQVSHFWLRQLV
x HVWLPDWLRQDFWXDO133FRQGLWLRQ
x GHILQLWLRQUHVLGXDOUHVRXUFHRIHOHPHQWV
&ULWHULDRIRSSRUWXQLW\133RSHUDWLRQGXULQJDGGLWLRQDOWHUPRIRSHUDWLRQ
x 133V\VWHPVDQGFRPSRQHQWVVKRXOGEHVDWLVILHGFULWHULDDQGUHTXLUHPHQWVRIQRUPV
DQGUXOHVLQWKHILHOGRIXVHDWRPLFHQHUJ\
x WHFKQLFDO FRQGLWLRQ RI 133 VKRXOG EH VDWLVILHG UHTXLUHPHQWV IRU GHVLJQ
GRFXPHQWDWLRQ
x DFWLYLW\ WR LQFUHDVH RI VDIHW\ VKRXOG EH FDUULHG RXW LQ YLHZ RI QRUPDWLYH GRFXPHQWV
UHTXLUHPHQWVRQQXFOHDUUDGLDWLQJWHFKQLFDOILUHDQGHFRORJLFDOVDIHW\
x UHVLGXDOUHVRXUFHRIQRQUHVWRUDEOHHOHPHQWVLPSRUWDQWWRVDIHW\VKRXOGEHUHDVRQDEOH
DQGVXIILFLHQWGXULQJH[WHQGHGRSHUDWLRQV
x PDQDJHPHQWUHVRXUFHSURJUDPVKRXOGEHFDUULHGRXW
x HIILFLHQF\RIPHWKRGVDQGPHDQVIRUFRQWUROWHFKQLFDOFRQGLWLRQRIWKHHTXLSPHQWDQG
EXLOGLQJVLPSRUWDQWIRUVDIHW\VKRXOGEHVXIILFLHQWIRULGHQWLILFDWLRQDQGSUHYHQWLRQ
GHVLJQLQLWLDOHYHQWV
4. Conclusion.
2SHUDWLQJ RUJDQLVDWLRQ VKRXOG H[HFXWH WKH SURJUDP IRU SUHSDUDWLRQ 133 H[WHQGHG RSHUDWLRQV
LQFOXGLQJ
x UHDOL]DWLRQPHDVXUHVIRUHOLPLQDWLRQRUFRPSHQVDWLRQVDIHW\GHILFLHQFLHV
x HVWDEOLVKPHQW UHVLGXDO UHVRXUFH RI HOHPHQWV LPSRUWDQW WR VDIHW\ IRU ZKLFK VXFK
UHVRXUFHFRXOGQRWEHGHWHUPLQHGGXULQJFRPSOH[LQVSHFWLRQ
x UHDOL]DWLRQ PHDVXUHV RQ UHSODFHPHQW HTXLSPHQW DQG RWKHU HOHPHQWV GHYHORSLQJ
UHVRXUFH
x SHUIRUPDQFHDGMXVWPHQWDOLJQPHQWDQGWHVWVLIQHFHVVDU\
x XSGDWLQJRIRSHUDWLRQDOGRFXPHQWDWLRQ LIQHFHVVDU\ 
x SHUVRQQHOUHWUDLQLQJ LIQHFHVVDU\ 
7KHRSHUDWLQJRUJDQL]DWLRQDOVRVKRXOG
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x H[HFXWHMXVWLILFDWLRQ133VDIHW\DFFRUGLQJQRUPVDQGUXOHVLQ WKHILHOGRIXVHRIDQ
DWRPLFHQHUJ\
x FDUU\ RXW QHFHVVDU\ WHVWV IRU FRQILUPDWLRQ IXQFWLRQLQJ V\VWHPV HOHPHQWV  RI 133
DFFRUGLQJHVWDEOLVKHGGHVLJQFULWHULDDQGFKDUDFWHULVWLFVRI133
x LVVXHWKHFHUWLILFDWHRQUHVXOWVRIH[HFXWHGZRUNV
x H[HFXWH XSGDWLQJ GRFXPHQW ³2SHUDWLQJ UXOHV IRU 133 XQLW´ V\VWHPV PDLQWHQDQFH
LQVWUXFWLRQV LQVWUXFWLRQV IRU GHWHUPLQLQJ SHUVRQQHO DFWLRQ ZKHQ GHVLJQ DQG EH\RQG
GHVLJQDFFLGHQW
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IAEA–CN-133/6

PRACTICE OF SAFETY REGULATION OF RUSSIAN NUCLEAR
RESEARCH FACILITIES

Alexander I. Sapozhnikov






'HSXW\'HSDUWPHQW+HDG
'HSDUWPHQWIRU6DIHW\5HJXODWLRQRI1XFOHDU5HVHDUFK)DFLOLWLHV
6KLS1XFOHDU3RZHU,QVWDOODWLRQVDQG5DGLDWLRQ+D]DUGRXV2EMHFWV

Abstract 7KH UHSRUW LV GHYRWHG WR IUDPHZRUN RI WKH OHJLVODWLYH DQG UHJXODWRU\ LQIUDVWUXFWXUH IRU VDIHW\
UHJXODWLRQRIFLYLOQXFOHDUUHVHDUFKIDFLOLWLHV 15) RI5XVVLDDQGSUDFWLFHRIWKHLUVDIHW\HYDOXDWLRQDFFRUGLQJ
WRXSWRGDWHQXFOHDUDQGUDGLDWLRQUHTXLUHPHQWV


1. Introduction

$V D UHVXOW RI DGPLQLVWUDWLYH UHIRUP RI H[HFXWLYH DXWKRULWLHV RI 5XVVLD WKH )HGHUDO (QYLURQPHQWDO
,QGXVWULDODQG1XFOHDU6XSHUYLVLRQ6HUYLFHRI5XVVLD 5RVWHFKQDG]RU ZDVHVWDEOLVKHGLQ>@,W
LVGLVWLQFWIURPWKHIRUPHU5XVVLDQUHJXODWRU\ERG\)HGHUDO1XFOHDUDQG5DGLDWLRQ6DIHW\$XWKRULW\
RI5XVVLD 5)*RVDWRPQDG]RU LQWKDWLQDGGLWLRQWRIXQFWLRQVRIFRQWURODQGVXSHUYLVLRQIRUQXFOHDU
DQG UDGLDWLRQ VDIHW\ 5RVWHFKQDG]RU LV DXWKRUL]HG  WR VXSHUYLVH VDIHW\ LQ LQGXVWU\ DQG HQYLURQPHQW
'XULQJWKHUHRUJDQL]DWLRQWKHPDMRUSULQFLSDOVRIVWUXFWXUDORUJDQL]DWLRQDQGQXFOHDUVDIHW\UHJXODWLRQ
ZHUH UHWDLQHG LQ WKH QHZ 5XVVLDQ DXWKRULW\ 7KHUH KDYH EHHQ QR FKDQJHV UHJDUGLQJ WR UHJXODWLRQ RI
QXFOHDU DQG UDGLDWLRQ VDIHW\ ZKLFK ZRXOG GHFUHDVH DFKLHYHG VDIHW\ OHYHO $ WZR OHYHO PDQDJHPHQW
V\VWHP +HDGTXDUWHUV  7HUULWRULDO 2IILFHV  DOVR VWUXFWXUH RI 7HUULWRULDO 2IILFHV IRU VXSHUYLVLRQ DW
REMHFWV RI WKH XVH RI DWRPLF HQHUJ\ DQG SRVLWLYH H[SHULHQFH RI WKH UHJXODWLRQ ZKLFK KDYH EHHQ
GHYHORSHGE\5)*RVDWRPQDG]RUHDUOLHUKDYHEHHQNHSW

2. Legislative and Normative Fundamentals for Safety Regulation in Russia
7KH VHW RI GRFXPHQWV IRU VWDWH VDIHW\ UHJXODWLRQ RI WKH XVH RI DWRPLF HQHUJ\ LV JLYHQ LQ >@ 7KH
S\UDPLG RI OHJLVODWLYH DQG QRUPDWLYH GRFXPHQWV IRU VDIHW\ UHJXODWLRQ RI 15) LQFOXGHV IXOO VHW RI
UHTXLUHPHQWVZKLFKFRYHUVDOOVWDJHVRI15)OLIHLQFOXGLQJVLWWLQJFRPPLVVLRQLQJDQGRSHUDWLRQDQG
GHFRPPLVVLRQLQJ1DWLRQDOVDIHW\VWDQGDUGVZHUHKDUPRQL]HGZLWK,$($VWDQGDUGV
'HYHORSPHQWRI)HGHUDO1RUPVDQG5XOHVKDVWREHRYHULQDQGGHYHORSPHQWRIQHZGRFXPHQWV
7HFKQLFDO5HJXODWLRQV KDVWREHDUUDQJHGLQFRPSOLDQFHZLWK)HGHUDO/DZRQ7HFKQLFDO5HJXODWLRQ
DFWLQJVLQFH7KLV)HGHUDO/DZHVWDEOLVKHVWKHFRQGLWLRQVIRUXQLILHGDSSURDFKWRHQVXUHVDIHW\LQ
DOO NLQGV RI LQGXVWU\ DQG TXDOLW\ RI SURGXFWLRQ 7KH DXWKRUL]DWLRQ RI 7HFKQLFDO 5HJXODWLRQV LQ WKH
VSKHUHRIWKHXVHRIDWRPLFHQHUJ\ZLOOUHVXOWLQKDUPRQL]DWLRQRIIRUPVPHWKRGVDQGSURFHGXUHVRI
VWDWHVXSHUYLVLRQIRUHFRORJLFDOLQGXVWULDOILUHQXFOHDUDQGUDGLDWLRQVDIHW\DWREMHFWVRIWKHXVHRI
DWRPLFHQHUJ\









15)ZLOOEHLQWHUSUHWHGVWUXFWXUHVDQGFRPSOH[HVZLWKFLYLOUHVHDUFKQXFOHDUUHDFWRUV 55 FULWLFDO &$ DQG
VXEFULWLFDO 6&$ QXFOHDUDVVHPEOHVZHUHGHVLJQHGIRUXWLOL]DWLRQRIQHXWURQVDQGLRQL]LQJUDGLDWLRQIRUUHVHDUFK

SXUSRVHV
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3. Licensing of Objects, Equipment Certification, Granting Permits to Personnel

&RQIRUPDQFHHYDOXDWLRQRIWKH15)ZLWKDFWLQJQXFOHDUDQGUDGLDWLRQVDIHW\UHTXLUHPHQWVLVFDUULHG
RXWLQWKHIROORZLQJIRUPV
x /LFHQVLQJRIWKHDFWLYLW\DW15)
x 6WDWHVXSHUYLVLRQIRUVDIHW\
x &RQIRUPDQFHHYDOXDWLRQRIWKHSURGXFWVPDQXIDFWXUHGIRUREMHFWVRIDWRPLFHQHUJ\LVFDUULHG
RXWWKURXJK
x (TXLSPHQWDFFHSWDQFH
x 2EOLJDWRU\FHUWLILFDWLRQ RQO\IRUVHULDOSURGXFH 
7KHOLVWRIREOLJDWRU\GRFXPHQWVVXEPLWWHGWR5RVWHFKQDG]RUIRUFRQVLGHUDWLRQLQFOXGHVDVZHOO6DIHW\
$VVHVVPHQW 5HSRUW 4XDOLW\ $VVXUDQFH 3URJUDP (PHUJHQF\ 3ODQ DQG RWKHU GRFXPHQWV WR MXVWLI\
VDIHW\RI15)
/LFHQVHVDUHEHLQJJUDQWHGWRRSHUDWLQJRUJDQL]DWLRQVDQGDOVRWKHRUJDQL]DWLRQVZKLFKFDUU\RXWZRUN
DQG VHUYLFHV LQ WKH ILHOG RI WKH XVH RI DWRPLF HQHUJ\ 7KH LQDOLHQDEOH SDUW RI JUDQWHG OLFHQVH LV WKH
OLFHQVH FRQGLWLRQV /&  ZKLFK LQFOXGH VDIHW\ UHTXLUHPHQWV IRU DFWLYLW\ WDNLQJ LQWR DFFRXQW VSHFLILF
IHDWXUHVRIWKHQXFOHDUREMHFW
&HUWLILFDWLRQ RI WKH NLQG RI HTXLSPHQW DQG V\VWHPV UHODWHG WR VDIHW\ LV UHDOL]HG LQ VSHFLDOL]HG
HQWHUSULVHVDQGUHVHDUFKFHQWHUV
$FFRUGLQJWR)HGHUDO/DZRQWKH8VHRI$WRPLF(QHUJ\5)*RVDWRPQDG]RUKDVGHYHORSHGSURFHGXUHV
IRU JUDQWLQJ SHUPLWVWR 15) HPSOR\HHV SHUVRQQHO IRU WKHULJKWV RI DFWLYLW\ LQVSKHUH RI WKH XVH RI
DWRPLFHQHUJ\7KHVHSURFHGXUHVDUHXVHGE\5RVWHFKQDG]RUDWSUHVHQW

4. Principles of the State Supervision and Object Performance Indicators
7KH DFWLYLW\ RI )HGHUDO ([HFXWLYH %RG\ WKDW LV LQ FKDUJH WR IXOILOO IXQFWLRQV RI FKHFNLQJ XS DQG
VXSHUYLVLRQLQWKHVSKHUHRIXVHRIDWRPLFHQHUJ\LQFOXGHVDVIROORZ
x *HWWLQJDQGUHYLHZLQJRIWKHLQIRUPDWLRQDERXWQXFOHDUDQGUDGLDWLRQVDIHW\
x 3UHSDUDWLRQDQGFDUU\LQJRXWLQVSHFWLRQVDWWKHREMHFWV
x 1HFHVVDU\ GHFLVLRQVPDNLQJ UHODWH WR VDIHW\ UHJXODWLRQ UHDOL]DWLRQ RI HQIRUFHPHQW PHVXUHV
DQGVDQFWLRQVZKHQYLRODWLRQVRIVDIHW\UHTXLUHPHQWVKDYHEHHQGLVFRYHUHG

7KHEDVLVRI6WDWHVXSHUYLVLRQIRUVDIHW\RI15)FRQVLVWVRIWKHIROORZLQJSULQFLSOHV
x
x
x
x
x
x

,QGHSHQGHQFHIURPRWKHU6WDWH$XWKRULWLHV
'HOLPLWDWLRQRIWKHUHVSRQVLELOLW\RIWKHSDUWLHVLQQXFOHDUDFWLYLW\
2SHQQHVVRIWKH6WDWHVXSHUYLVLRQ
,QWHUDFWLRQZLWKRWKHU6WDWH5HJXODWRU\%RGLHVLQVSKHUHRIWKHXVHRIDWRPLFHQHUJ\
9DOLGLW\RIGHFLVLRQPDNLQJ
'LIIHUHQWLDODSSURDFKHVWRVXSHUYLVLRQGHSHQGRQSRWHQWLDOKD]DUGRIWKHREMHFWV

7KH DERYH OLVWHG SULQFLSDOV ZHUH UHDOL]HG LQ UHJXODWRU\ PDQXDOV DQG LQVSHFWLRQ SURFHGXUHV RI 5)
*RVDWRPQDG]RUDQGLVUHWDLQHGLQWKH5RVWHFKQDG]RUVXSHUYLVLRQDSSURDFKQRZ

7KHVWUXFWXUHRIQDWLRQDOLQFLGHQWUHSRUWLQJDQGSURFHVVLQJV\VWHPRIRSHUDWLRQDOLQIRUPDWLRQLQFOXGHV
WZROHYHOV

  OHYHORIRSHUDWLQJRUJDQL]DWLRQ 8WLOLW\ 
    OHYHO RI QDWLRQDO UHJXODWRU\ ERG\ WKDW LVVXHV UHSRUWV DERXW WKH PRVW VLJQLILFDQW HYHQWV WR
,$($ ,QFLGHQW 5HSRUWLQJ 6\VWHP 5HVHDUFK 5HDFWRUV ,5655  ,QIRUPDWLRQ PRGH DW HDFK
UHSRUWLQJOHYHOLVGLIIHUHQWDQGGHSHQGVRQXVHU¶VVXEMHFWVDQGIXQFWLRQV
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7KH HIIHFWLYH IHHGEDFN HOHPHQW IRU VDIHW\ UHJXODWLRQ LV WKH DQQXDO UHSRUW RI RSHUDWLQJ RUJDQL]DWLRQV
DERXWWKHFXUUHQWVWDWHRIVDIHW\DW15),QWKHUHSRUWDQRSHUDWLQJRUJDQL]DWLRQKDVWRDVVHVVIROORZLQJ
SHUIRUPDQFHLQGLFDWRUVIRUHDFKVXSHUYLVHG15)

 )XOILOOPHQWRIOLFHQVHFRQGLWLRQVUHDOL]HGGHVLJQDPHQGPHQWDQGFKDQJHV
 &XUUHQWVWDWHRIVDIHW\EDUULHUVDQGVDIHW\V\VWHPV
 'HYLDWLRQVIURPQRUPDORSHUDWLRQ
 5HOHDVHVWRHQYLURQPHQWSHUVRQQHOH[SRVXUHUDGLDWLRQFRQGLWLRQVDQGPRQLWRULQJ
 +DQGOLQJZLWKVSHQW LUUDGLDWHG IXHODQGUDGLRDFWLYHZDVWHVDFFRXQWLQJRIQXFOHDUPDWHULDOV
DQGVRXUFHVRILRQL]LQJUDGLDWLRQ
 2SHUDWLRQPDQDJHPHQWSHUVRQQHOWUDLQLQJ
 &KDUDFWHUL]DWLRQRIPDLQWHQDQFHDQGUHSDLULQJ
 &XUUHQWVWDWHRISK\VLFDOSURWHFWLRQ
 5HDOL]HGPHDVXUHVIRUVDIHW\HQKDQFHPHQW
 (PHUJHQF\SUHSDUHGQHVVDQGWUDLQLQJ
 8QVROYHGSUREOHPVRIVDIHW\

)URP WKLV RSHUDWLRQDO LQIRUPDWLRQ DQDO\VLV WKH H[LVWLQJ VDIHW\ SUREOHPV FDQ EH FODVVLILHG LQWR WKUHH
JURXSV RUJDQL]DWLRQDO WHFKQRORJLFDO DQG UHJXODWRU\ SUREOHPV 7R DVVHVV WKH OLFHQVHKROGHU DFWLYLW\
WKHLQVSHFWLRQVDUHFDUULHGRXWUHJXODUO\LQRSHUDWLQJRUJDQL]DWLRQVDQGDWREMHFWVRIWKHLUVLWH

5. Overview of Safety at Russian NRF
$WSUHVHQW5RVWHFKQDG]RUDUUDQJHVWKHVWDWHUHJXODWLRQRIQXFOHDUDQGUDGLDWLRQVDIHW\DWFLYLO15)
LQ  RSHUDWLQJ RUJDQL]DWLRQV EHORQJHG WR YDULRXV )HGHUDO 0LQLVWULHV 6WDWH 'HSDUWPHQWV DQG RWKHU
HVWDEOLVKPHQWV$FFRUGLQJWR)HGHUDO/DZRQWKHXVHRIDWRPLFHQHUJ\DOO15)RI5XVVLDDUHREMHFWV
RIVWDWHRZQHUVKLSDQGLQFDVHWKHXWLOLW\EHFDPHLQVROYHQWWKHWHUPLQDWLRQUHVSRQVLELOLW\IRUVDIHW\DW
WKH15)KDVWREHWDNHQE\WKHUHOHYDQWVWDWHQXFOHDUH[HFXWLYHDXWKRULWLHV

1RZDGD\V PRGHUQL]DWLRQRIWKHSK\VLFDOSURWHFWLRQV\VWHPVLVFDUU\LQJRXWDWDOO15)DFFRUGLQJWR
XSWRGDWHVWDQGDUGVIRUUDGLDWLRQKD]DUGRXVREMHFWV

$QDO\VLVRILQFLGHQWVDW15)VKRZVWKDWDPDMRULW\RIHYHQWVZHUHUHODWHGWRIROORZLQJFDVHV
x $JLQJRILQVWUXPHQWDWLRQDQGFRQWUROV\VWHPV
x 9LRODWLRQVLQWKHH[WHUQDOSRZHUVXSSO\V\VWHPV
x 3HUVRQQHOHUURUV
x 
7KH RWKHU SUREOHP WKDW LV VHULRXV RQH FRQFHUQV VSHQW IXHO KDQGOLQJ DQG UDGLRDFWLYH ZDVWHV VWRUDJH
ZKLFKFDQEHFKDUDFWHUL]HDVIROORZV>@

x 7KH UHSURFHVVLQJ WHFKQRORJ\ LV QRW GHYHORSHG IRU VRPH NLQG RI IXHO HOHPHQWV DQG IXHO
DVVHPEOHVRI15)DQGWKH\DUHGLVSRVHGLQWKHWHPSRUDU\VWRUDJHIRUORQJWLPH
x /DFN RI GHYHORSHG WHFKQRORJLHV IRU XWLOL]DWLRQ RI VRPH NLQGV RI XQLTXH 15) GXULQJ
GHFRQWDPLQDWLRQ RI UHVHDUFK FHQWHUV WHUULWRULHV ZKHUH DQ XQIRUWXQDWH UDGLDWLRQ VLWXDWLRQ KDG
DULVHGDWHDUO\VWDJHVRIWKHXVHRIDWRPLFHQHUJ\
x 7UHQG LV NHSW WR DFFXPXODWH VSHQW IXHO DQG UDGLRDFWLYH ZDVWHV LQ WHPSRUDU\ VWRUDJH ORFDWHG
ZLWKLQ WKH WHUULWRU\ RI VFLHQWLILF FHQWHUV EHFDXVH RI VRDULQJ FRVW RI IXHO WUDQVSRUWDWLRQ DQG
UHSURFHVVLQJDWVSHFLDOHQWHUSULVHV
x 2OGVWRUDJHIDFLOLWLHVIRUVROLGUDGZDVWHKDYHQRWEHHQPRGHUQL]HGWLOOQRZDQGDUHFRQWLQXHG
WREHXVHGDOVRQHZSURFHVVLQJLQVWDOODWLRQVIRUOLTXLGUDGZDVWHVROLGLILFDWLRQDUHQRWUHDOL]HG
LQVFLHQWLILFFHQWHUVZKLFKKDYHJRWWKHLURZQUHSURFHVVLQJDQGGLVSRVDOUDGZDVWHIDFLOLWLHV
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2QHPRUHXQGHFLGHGRUJDQL]DWLRQDOSUREOHPLVDVIROORZV

x 7KH *RYHUQPHQW RI 5XVVLD GLG QRW GHVLJQDWH IRU VRPH RSHUDWLQJ RUJDQL]DWLRQV WKH UHOHYDQW
6WDWH1XFOHDU([HFXWLYH$XWKRULWLHVWKDWVKRXOGWDNHWKHWHUPLQDWLRQUHVSRQVLELOLW\IRUVDIHW\
x 15) H[SHULPHQWDO EDVH RI VFLHQWLILF FHQWHUV SUDFWLFDOO\ KDV QRW FRQWUDFW ZRUN IRU VDIHW\
LQYHVWLJDWLRQLQWKHVSKHUHRIQXFOHDUSRZHUHQJLQHHULQJDQGLQGXVWU\
x 7KH VSHFLDOSXUSRVH HQWHUSULVHV HTXLSPHQW PDQXIDFWXUHV DQG VSHFLDOL]HG FHQWHUV RI
FHUWLILFDWLRQ ZRUN LQ WKH ILHOG RI QXFOHDU SRZHU HQJLQHHULQJ DQG DWRPLF LQGXVWU\ DUH
GLVDSSHDULQJGXHWRHFRQRPLFFKDQJHV
x 3HUVRQQHODJLQJDQGWXUQRYHURITXDOLILHGVWDIIUHGXFLQJRI\RXQJVSHFLDOLVWVDW15)GXHWR
GHFOLQHRISURIHVVLRQSUHVWLJHDQGVDODU\ORZOHYHO
x 
7KH PDUNHW LQ 5XVVLDQ )HGHUDWLRQ KDV QRW D FRPPHUFLDO LQWHUHVW WR VROYH GHILQHG SUREOHPV RI WKH
QXFOHDUDQGUDGLDWLRQVDIHW\2QWKHRWKHUKDQGVFLHQWLILFFHQWHUVDUHXQDEOHWRLQFOXGHIXOOVSHQGLQJ
IRUVXSSRUWRI15)VDIHW\LQWRFRVWRISURGXFWLRQ HOHFWULFSRZHUKHDWLVRWRSHSURGXFWLRQHWF 

6. Summary

5XVVLDQ UHJXODWRU\ LQIUDVWUXFWXUH IRU VDIHW\ UHJXODWLRQ RI 15) PD\EH LQ FRPSOLDQFH ZLWK ,$($
GRFXPHQW ³&RGH RI &RQGXFW RQ 6DIHW\ RI 5HVHDUFK 5HDFWRUV´ 3UHVHQW V\VWHP RI OHJLVODWLYH DQG
QRUPDWLYH GRFXPHQWV LQFOXGHV SUDFWLFDOO\ IXOO VFRSH RI UHTXLUHPHQWV UHODWHG WR 15) VDIHW\ ZKLFK
WDNLQJLQWRFRQVLGHUDWLRQ,$($DSSURDFKWRUHJXODWLRQLQVSKHUHRIWKHXVHRIDWRPLFHQHUJ\
)XWXUHHQKDQFHPHQWRIVDIHW\FXOWXUHLVEDVHGRQKDUPRQL]DWLRQRIQDWLRQDOOHJLVODWLRQDQGVWDQGDUGV
LQ WKH VSKHUH RI HFRORJ\ WHFKQRORJ\ DQG QXFOHDU VDIHW\ )RU HQKDQFHPHQW RI VDIHW\ DW 15) LW LV
QHFHVVDU\ WR LQFUHDVH WKH VWUHQJWK RI VWDWH UHJXODWLRQ RQ WKH EDVLF OHYHO RI LQWHUQDWLRQDO SUDFWLFH IRU
15)GHFRPPLVVLRQLQJDQGKDQGOLQJZLWKVSHQWIXHODQGUDGLRDFWLYHZDVWHV
REFERENCES

>@7KH3URYLVLRQRQ)HGHUDO(QYLURQPHQWDO,QGXVWULDODQG1XFOHDU6XSHUYLVLRQ6HUYLFHRI5XVVLD
UHVROXWLRQRIWKH*RYHUQPHQWRI5XVVLDQ)HGHUDWLRQIURP-XO\ʋ

>@7KH/LVWRI/HJLVODWLYH$FWVDQG1RUPDWLYH'RFXPHQWVUHODWHGWRVSKHUHRI5RVWHFKQDG]RU
DFWLYLW\
35RVWHFKQDG]RU

>@5)*RVDWRPQDG]RU7KH$QQXDO5HSRUWRQ)HGHUDO$XWKRULW\$FWLYLWLHVLQ1XFOHDU
DQG5DGLDWLRQ6DIHW\5'0RVFRZ
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IAEA-CN-133/7

Safety and Security Synergy Management in Supporting the Success of
Reactor Operation of Indonesia Nuclear Research Reactors
Management commitment to continous improvement
Taswanda Taryo, Aang Hanafiah
National Nuclear Energy Agency (BATAN),
Jalan Kuningan Barat, Mampang Prapatan,
Jakarta 12710, INDONESIA

Abstract. The Indonesia National Nuclear Energy Agency (BATAN) has operated three nuclear research
reactors. The first is Triga Mark 2000 kWth which has been operated since January 1965 and located in
Bandung, West Java. The second is Kartini Reactor 450 kWth which has been managed since 1979 and the
reactor is located in Yogyakarta, Centre of Java. The last is the Multipurpose Reactor G.A. Siwabessy (RSGGAS) 30 MWth, located in Serpong, Banten and it has been operated since Agugust 1987. The reactor then
achieved the power of 30 MW thermal in March 1992. The all three research reactors are mainly for isotope
production and for R&D activities in the fields of energy and non-energy. Till to date, the three reactors have
been successfully safe-operated and secured without any significant incidents due very good relationships
between top-lower managers and supervisors as well as operators. Indeed, the three reactors have occupied great
advantages not only for man power development in the centers but also for scientific cooperation with whoever
would like to utilize the three reactors for R&D with mutual benefit agreements.

1.

Introduction

The Indonesia National Nuclear Energy Agency (BATAN) has operated three research reactors. The
first reactor, called Triga Mark 2000 kWth and located in Bandung West Java, is operated by the
center for research and development of nuclear technique (P3TkN) since 1965. The second reactor,
called Kartini Reactor having the power of 450 kWth and sited in Yogyakarta, Centre of Java, is
administered by the center for research and development of advanced technology (P3TM) since 1979.
The third reactor, called Multipurpose Reactor G.A. Siwabessy (RSG-GAS) with the power of 30
MWth and placed in Serpong, Banten and is managed by the center for development of research
reactor technology (P2TRR) since 1987. The three research reactors has been successfully safeoperated and secured and the description of each reactor will be explained in detail in the following
sub-section.
1.1.

Reactor Triga 2000, Bandung

Originally, the reactor Triga 2000, firstly called reactor Triga Mark II, had a power of 250 kWth when
it was first operated in January 1965. The success of reactor operation was ranked Indonesia in the era
of nuclear for peace in 1965. The reactor was made by General Atomic from United Staes of America.
The reactor was then firstly upgraded to the power of 1000 kWth in 1971 and finally upgraded to the
power of 2000 kWth in June 2000. The reactor fuel elements consist of a mixture of homogenous U,
Zr and H in the form of alloy, with Uranium content of 8.5 % of weight and 20 % of enriched U-235.
The diameter of this active part is 35.6 cm. There are thin Samarium (Sm) which function as an
unburnable toxic and graphites and the structure is then put into a cladding of aluminium or stainless
steel of 0.7 mm thick, tightly closed and welded at both ends, forming a fuel element. The reactor
operation is controlled by 3 control rods which consist of a safety rod, shim rod, and regulating rod.
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All are neutron absorption rods put in an aluminium cladding and boron carbides (B2C) is used as
neutron absorption materials. These three control rods can be vertically moved in the guide tube
through a servo motor system controlled in a control room. By these three control rods, the number of
neutron population as fission products of a chain reaction in a reactor can be controlled, and the
reactor can be safely operated. The main function of Triga 2000 reactor is mainly for research and
development in the field of energy and non-energy, isotope production, education and training of
future personnels as well as reseacrh activities for students from certain univesities.
1.2.

Reactor Kartini, Yogyakarta

The construction of Kartini reactor operated by the end of 1974 and it was accomplished by a group of
BATAN's experts called Team Pembangunan Reaktor (Reactor Construction Team). The Kartini
reactor went first January 25, 1979 and was then inaugurated by the President of the Republic of
Indonesia on March 1,1979. Kartini reactor fuel elements are the same as those for Triga 2000 reactor
due to the same type of the reactor.
The reactor division is responsible for the effective utilization of the Kartini reactor, covering the
routine operation and the maintenance of the reactor, nuclear material accountancy, research and
development of reactor safety, improvement of research reactor utilization, as well as irradiation
services for elemental analysis using neutron activation analysis method and services for reactor
laboratory exercises and experiments. The Kartini reactor is mainly utilized for research and
development in the field of energy and non-energy, isotope production, education and training of
future personnels as well as reseacrh activities for students from certain univesities. In addition, the
reactor is also completed with a cyclotrone to produce various kinds of radioisotopes.
1.3.

Multipurpose reactor G.A. Siwabessy (RSG-GAS), Serpong

The G.A. Siwabessy multipurpose reactor, called RSG-GAS and located at the Research Center for
Science and Technology (PUSPIPTEK) in Serpong, was inaugurated on August 20, 1987. The RSGGAS is a light water, open pool reactor with a thermal power of 30 MW, and is considered to be the
first high power research reactor in the world designed and constructed for the use of low enriched
(19.75%) uranium. The core is assembled of 21 standard U3O8Alx alloy MTR type fuel plates and
Ag-In-Cd alloy fork type control elements. A typical working core configuration consists of 40 fuel
elements, 8 control elements and 24 beryllium reflector elements. The calculated thermal neutron flux
is 2.4 x 1014 n.cm-2.s-1 in the central irradiation position, 1.4 x 1014 n.cm-2.s-1 in the active core
irradiation position and 1.1 x 1014 n.cm-2.s-1 in the beryllium reflector irradiation position. The RSGGAS is operated based on a reactor operation schedule which is previously reviewed by all users. To
make the reactor operated safe and efficient, the reactor is then only able to be operated 4 cycles
annually and with the power of average 20 MW.
The RSG-GAS is mainly for irradiation services and research activities in the field of energy and nonenergy. Generally, the RSG-GAS is equipped with many facilities, such as, beam tubes, power ramp
test facility etc. The reactor is utilized to irradiate U-235 to produce Molybdenum-99. The reactor is
also used for target irradiation, such as, iridium-191, sulfur-32 etc. For the time, U-235 is irradiated
once a week for 5-day irradiation, meanwhile other target is irradiated at least once a month. Within
the power of 20 MWth, a neutron guide tube can be applied to produce cold neutron, a neutron
diffractometer to investigate types of crystals and a small angle neutron scattering facility to explore
the quality of crystals. Certain beam tubes of the reactor are applied for producing iodium-125 from
xenon-124 enriched. The separation of iodium-125 is processed in another facility called the center for
radioisotope and radiopharmacy (P2RR). In addition, there are facilities called a Power Ramp Test
Facility (PRTF) to probe the quality of PWR fuel pins while attempting a power ramp and a Neutron
Transmutation Doping Facility to produce germanium (Ge) by irradiating silicon in the core.
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1.4.

Batan safety and security in Serpong

To assure safety and security of BATAN’s facilities in Serpong, it was constructed an integrated safety
and security system called BATAN’s safety and security (BSS). The BSS is applied to manage
treatment of safety and security as a whole. The BSS is one of the implementation of NPT agreed by
the Republic of Indonesia. Generally, BSS consists of (a) data gathering system to coolect and process
data accepted, (b) telephone and alarm system, (c) access control and CCTV, (d) monitoring of
environment and (e) AC power supply to back up power supply of electric state-own company (PLN).
Other than BSS, Serpong area is also completed with medical center. All BATAN’s employees are
requested to have a free-of-charge general check-up and hence assuring every BATAN’s health
annually.
2.2.

Reactor Operation

Generally, reactor operation of the three research reactors is structurally organized by Sub Division of
Reactor Operation and the Sub Division is lead by a head sub division dealing with supervisors and
operators. Based on the regulation applied, the reactor is only able to be operated by people who bear
reactor operation licensees. In addition, there are three shifts obligated to run the reactor and each shift
on duties is about 8 hours. Shift I (normal), Shift II and Shift III respectively last from 06.00 am to
02.00 pm, from 02.00 pm to 10.00 pm and from 10.00 pm to 06.00 am. Each shift consists of at least
1 supervisor, 2 operators and 4 technicians for maintenance duties. There are always a supervisor and
2 operators in Main Control Room (MCR) keeping duties for all safety-related systems. Furthermore,
prior to arriving at the following shift, although all things relevant to reactor operation recorded in the
log book, the former supervisor must still report important things to the substituted supervisor
assuring that everything was done very well and recorded.
To solve all problems arising during reactor operation including security problems, there is a daily
meeting coordinated by a reactor operation division manager. There are some advantages gained from
this meeting, such as, all people involved in the reactor operation will immediately handle their
problems as soon as possible. All Indonesia research reactors are operated by operators and
supervisors bearing reactor operation licenses valid for two years. Furthermore, the reactors are also
maintained by qualified technicians and engineers previously taking maintenance courses. Generally, a
routine maintenance for these reactors is divided into monthly, bimonthly, three monthly, six monthly
and yearly maintenance.
3.

Collaboration with home and foreign institution

The centers dealing with research reactor operations have cooperation with many institution having
nuclear activities all over the world. Other than that, they have also cooperated with International
Atomic Energy Agency through technical assistance and research contracts. Since 1987, P2TRR have
cooperated with JAERI (Japan Atomic Energy Research Institute). The cooperation covers mainly in
the field of reactor safety, reactor operation and maintenance. At least, two engineers and four
technicians have a training in JAERI for about two to three months annually. At the same time, two to
three experts from JAERI will be transferred to the center to support in solving certain problems
occurred in the plant. In 1993, they donated a Fuel Failure Detection System (FFDS) installed in the
primary cell. BATAN also cooperates with Japan Industrial Forum (JAIF) in the field of neutron
scattering. JAIF donated designated experts from the Asia Pacific Region to participate in neutron
scattering research activities using the RSG-GAS and JAIF holds a Workshop on Utilization of
Research Reactors (WURR) annually.
BATAN has cooperated with German Ministry of Research and Technology (BMFT) in the field of
reactor safety, environment and neutron scattering. In the field of reactor safety, senior researchers
have training in Juelich Research Center (KFA Juelich). For this program, the cooperation was then
developed mainly among KFA Juelich, BATAN and Gajah Mada State University (GMU). In
addition, the IAEA has a big role to improve the quality of our engineers. They are very often to offer
opportunities to our center's engineers to have a Technical Assistance, Research Contract, Seminar and
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Training in nuclear fields. Indeed, this cooperation really helps BATAN’s staff to broaden their vision
and knowledge, hence improving the quality of the staff significantly.
4.

Housing for employees

BATAN is a government agency dealing with the tasks to assisst the Indonesia government to design
the national strategy of nuclear activities for peace. The salary of a government officer is not as high
as that of a private company officer. To keep BATAN’s officer especially supervisors and operators
keeping good work, BATAN top management have a policy to let them stay in BATAN’s housing
complex. Furthermore, the housing complex are as follows :
There are many housing complex provided by BATAN and senior BATAN's staff are able to live in
the BATAN’s complex. Generally, senior staff are able to reside in that complex and after lodging in
that complex more than ten years, they have rights to own their houses through a loan given by the
Department of Finance without paying interest.
In 1987, BATAN in cooperation with the State Bank developed houses occupied for 1000 BATAN's
employees. Location of the complex is around 5 km from the center or ten-minute drive from the
office. Fortunately, most of them had loans from the Bank and are able to finish the loan in maximum
20 years and hundreds employees dwell in that complex.
There are housing called a Batan’s Housing Complex in Serpong, Bandung and Yogyakarta containing
more than 500 houses and the complex is not far from their offices. Reactor supervisors and operators,
of course, stay in this area and hence granting advantages to continuity of reactor operation.
5.

Summary

From previous explanation, it can be concluded that Indonesia nuclear research reactors have been
successfully safe-operated and secured without any significant incidents due to very good relationships
between top-lower managers and supervisors as well as operators. Indeed, the three reactors have
occupied great advantages not only for man power development in the centers but also for scientific
cooperation with whoever would like to utilize the three reactors for R&D with mutual benefit
agreements.
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Abstract. The use of Operational Experience Feedback has been incorporated by the Mexican
regulatory body in the process to regulate nuclear facilities and it is considered one of the main tools for
decision-making. This paper describes some examples on this feedback obtained from the international
community for its application to the nuclear installations. Furthermore, a proposal is given to enhance the use of
this information for various types of regulatory work, from regulation development to inspections and evaluation
practices, in the area of nuclear safety. This cooperation is needed, especially between regulatory bodies at a
regional level. This will allow facing the challenges ahead such as regulation on new technologies, use of risk
informed decision making, improvement of operational technical specifications, adequate training of regular and
incoming staff, and keeping open communication with the public.

1.
Introduction
Currently in Mexico, there are two nuclear power reactors and one research reactor operating. The
power reactors are located in the eastern region of the country, on the coast of the Gulf of Mexico,
while the research reactor is in the suburbs of Mexico City. The first power reactor is operating since
1990, while the second started operation in 1995, both are managed by the state owned utility, and are
of the Boiling Water Reactor (BWR) type, combined, generate 1300 electrical megawatts; the research
reactor, a Triga Mark III type, began operation in 1968 and it is managed by the National Nuclear
Research Institute. The regulatory body was created in 1979; since then, by law, the regulatory body
is the main organization in charge of regulation for nuclear safety and radiological protection in
Mexico. The Mexican nuclear regulatory body is part of the Secretary of Energy of the Federal
Government. Within the regulatory body, the Nuclear Safety Division is in charge of the regulation
activities related to the nuclear safety at the facilities in the country.
2.

The regulation and the operational experience feedback

Operational Experience Feedback has always been a tool used by the regulatory body in order to
establish regulatory rules and guidance. The current legal conditions allow adopting and then adapting
the regulation and the rulemaking process of the country of origin of the technology acquired. This
means that, at least, the same standards and regulation have to be implemented in the facilities, as if
they were licensed in the country of origin. This applies to all types of nuclear reactors, whether they
are for power generation or research; and for all the licensing phases: construction, operation and
dismantling.
The regulatory body is characterized as continuous learning organization; therefore, the importance
given to the operational experience feedback is at the top level. In the past, there have been topics
where this experience was fully applied in the regulatory process for its use, and the outcome has been
successful, because it has been implanted with the highest standards, or, in the case of reactor stability,
the interim compensatory measures still hold, until the final corrective action is fully developed and
tested for application. These practices help to focus on the correct issues to maintain the safe
operation of nuclear installations; some of them are described with the following examples:
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2.1.

Example of the process for operational experience feedback

2.1.1. Reactor stability in BWRs
The issue of reactor stability is addressed as a General Design Criteria in [1] to assure the detection
and suppression of reactor power oscillations. However, some BWRs reactors have experienced
inadvertent instability events; therefore, a large amount of research has been carried out [2] for the
study of this phenomena, from the thermal hydraulic and neutronics aspects to the operational
practices and safety evaluations; as a consequence, various recommendations at the regulatory level
have been developed. The Mexican regulatory body has followed closely this process, and taken
action to implement the recommendations, such as the “interim corrective actions” related to the
definition of operating, excluded, and restricted regions, on the Power- Flow map. Currently, the
regulatory body is following the experience, at the international level, for the final corrective action1 to
be taken.
2.1.2. Strainer blockage in emergency systems
Partial clogging of pump suction strainers of emergency systems in BWRs and its impact on the
licensing basis for accident analysis was classified as an Unsolved Safety Issue (USI) by the NRC.
This became most important when events of this type occurred in BWRs in Europe and United States,
and showed the potential safety implications; therefore, this topic was studied by many laboratories,
from the experimental and theoretical framework. The NRC developed a research report [3], and
updated its regulatory guide [4] to address this issue. The Mexican regulatory body followed closely
the process and required to the utility to comply with the best standards developed specifically for the
licensed reactors. This issue was finally solved with the installation of strainer with more capacity that
complied with the updated guidelines.
2.1.3. Level instrumentation
Inaccuracies caused by rapid depressurization in the reactor water level instrumentation that could lead
to false high level indication following a depressurization event was also a topic for safety concern in
BWRs. The research done to investigate this event demonstrated that noncondensible gases
accumulated over time during operation could rapidly come out of solution during the depressurization
and displace water from the reference leg. The safety impact affected the level instrumentation for
the actuation of the emergency automatic safety system and the performance of control room
personnel. This issue was addressed in a Generic Letter issued by the NRC [5] and the Mexican
regulatory body required to the utility the corrective actions, with similar criteria set by the American
standards. The utility made modification to the tubing of the level instrumentation adapting tested
solutions from sister plants, abroad.
Other safety related issues which are being followed are: core shroud integrity, performance of digital
instrumentation, and performance based changes in technical specifications in the frequency for
testing containment integrity.

1

The utility changed for an improved neutron monitoring system, which allows data acquisition valuable to
determine any final corrective action, in regards to this issue.
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2.2

The current process

The Mexican regulatory body finds information on Operational Experience Feedback from different
sources. The Incident Reporting System (IRS) managed by the IAEA and NEA, and the NRC’s
webpage provide valuable information; other sources are the working groups and meetings carried out
under the auspices of the IAEA or NEA, where good amount of first hand experience is exchanged
among regulators. Other activities of great value, sponsored by the IAEA, were the active
participation of the staff in the Co-ordinated Research Projects, on topics such as root cause
investigation [7] the development of probabilistic models for surveillance testing2 and the technical
visits of international experts to the regulatory body headquarters office. Through the years, this
accumulated experience has allowed the implementation of internal programs to oversight nuclear
safety, for example: a robust inspection programme, evaluation procedures for safety issues, such as
changes in operational technical specifications and modifications to the design bases of nuclear
installations; currently, it is in process the development of enforcement guidelines. Therefore, now
that the regulatory body has reached a time of maturity, it is necessary to reconvene on new directions
which can make the process of Operational Experience Feedback at the regulatory level still more
efficient. This is discussed next.
2.3.

Perspectives for cooperation at the regional level

It is necessary to promote exchange of information exclusively at the regulatory body level, in regards
to practices on specific activities which, because of the detail, are not covered yet. There is more to be
done on the evaluation and inspection processes that regulatory bodies carry out. In this framework,
the acquisition and implementation of knowledge and practices, for these activities to be implemented
has to be set on a systematic way. The accomplishment of this objective will empower the regulatory
body to face decision issues in the best manner. Some of these issues3 are:
x
x
x
x
x

Reviewing plant modifications as requested by the utility.
Reviewing calculation methods that involve safety topics.
Taking enforcement actions in response to inspection findings.
Emergency planning and responding to serious operating events or accidents.
Taking action to deal with perceived adverse operating trends.

The exchange of knowledge and experiences at these specific topics, among regulatory bodies, will
improve the process of decision making for the regulation of nuclear reactors. These can be achieved
if there is cooperation between countries; in this sense, it could help, for practical reasons, the
organization of regional groups of regulatory bodies that share besides common interests, language,
cultural, and geographical affinities. Today, there is a trend for regional integration, this is the case of
Europe and Asia, the same is happening in Latin-America; therefore, this is the reason to propose the
organizations, at a regional level, of an operational experience feedback program between regulatory
bodies.

2

Development of Methodologies for the Optimization of Surveillance Testing and Maintenance of Safety
Related Equipment at NPPs, IAEA-J4-98-RC-654.2, Vienna 1999.

3

More of these issues are described in: NEA/OECD, Nuclear Regulatory Decision Making, OECD, Paris 2005,
pages 11-12.
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Mexico, Brazil, Argentina and Spain have developed each one, nuclear programs for power
generation. Among them, there is a diversity of technologies used, ranging from the American, the
German, and the Canadian types. In the area of nuclear safety, the cooperation among these countries
is scarce. There is just only one course on nuclear safety, taught in Spanish, offered to train people
from these regulatory bodies, in the contrary, there is more cooperation for other topics such as nuclear
medicine applications, and radiological protection. Most of these activities are sponsored through the
ARCAL-IAEA agreement. Therefore, there is a need for more feedback on nuclear safety, and
regulation matters.
Finally, potential topics to be addressed in the exchange of experience, at the regulatory level are:
x Training of personnel on: evaluation methodologies, for incident investigation, assessment of
safety issues, licensing reports and modifications to design bases; inspection practices for the
detection defects and unconformities.
x Development of a capability to face new alternatives in regulation models, such as the risk
informed regulation used by the NRC.
x Sharing of good practices in various themes such as: safety culture, open communication with the
public, and quality assurance in the regulatory body.
For these tasks to be accomplished, the assistance of the IAEA, through the ARCAL agreement, would
be highly beneficial, but also, the willingness of each organization, of the regulatory bodies, to
participate is a must.
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Operational Experience – Lessons learned from IRS-Reports in
Germany
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Abstract. The international Incident Reporting System (IRS), jointly operated by IAEA and OECD-NEA, is a
main source of safety significant findings and lessons learned of nuclear operating experience. GRS
(Gesellschaft für Anlagen- und Reaktorsicherheit mbH) is a scientific-technical expert and research organisation.
On Behalf of the Federal Minister of Environment, Nature Conservation and Reactor Safety (BMU), GRS
provides the IRS officer. The evaluation of IRS-Reports and the dissemination of the main findings including the
assessment of the relevance for German NPPs is task of GRS. The value of IRS is among experts undoubted. But
nevertheless, the reporting to IRS decreases since some years. This presentation is aimed to show the support of
IRS in strengthening the safety of German NPPs. The evaluation of IRS-Reports at GRS is three-fold. It
comprises initial screening, quarterly and yearly reporting and the development of specific German Information
Notices on safety significant events with direct applicability to German NPPs. Some examples of lessons learned
from recent international events are discussed below. These examples shall demonstrate that the use of the IRS
enhances significantly the knowledge on operational events.

1.

Introduction

GRS (Gesellschaft für Anlagen- und Reaktorsicherheit mbH) is a scientific-technical expert and
research organisation. It provides interdisciplinary knowledge, advanced methods and qualified data
for assessing and improving the safety of technical facilities and for further developing the protection
of man and the environment from technical hazards and risks. GRS activities are mainly focused on
the area of nuclear safety, where it is Germany’s central expert institution. On behalf of the Federal
Minister of Environment, Nature Conservation and Reactor Safety (BMU), the German IRS coordinator is a GRS expert. The evaluation of IRS-Reports and the dissemination of the main findings
including the assessment of the relevance for German NPPs is task of GRS.
The international Incident Reporting System (IRS), jointly operated by IAEA and OECD-NEA, is a
main source of safety significant findings and lessons learned of nuclear operating experience. The
value of IRS is undoubted among experts. But nevertheless, the reporting to IRS decreases since some
years. This presentation is aimed to show the support of IRS in strengthening the safety of German
NPPs.
The evaluation of IRS-Reports at GRS is three-fold. Immediately following the reception of the
reports send by IAEA, GRS experts screen and assess the events regarding their safety significance
and their relevance for German NPP. On a quarterly basis GRS issues reports with an assessment and
the applicability to German NPP of all IRS-Reports to the Federal Minister, the Licensing Authorities,
relevant expert organisations and licensees. Selected IRS reports with significant relevance for
German NPPs are described and assessed in detail within a yearly report. If an IRS event is directly
applicable to German NPPs, GRS develops on behalf of BMU a German Information Notice (GIN –
“Weiterleitungsnachricht” (WLN)). The GIN contains concrete recommendations with respect to the
German authorities and licensees.
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Some examples of lessons learned from recent international events are discussed below. These
examples shall demonstrate that the use of the IRS enhances significantly the knowledge on
operational events.

2. GRS Process of IRS-Report evaluation
The evaluation of IRS-Reports at GRS is three-fold: Screening, regular reporting and specific
Information Notices. Immediately following the reception of the reports send by IAEA, GRS experts
screen and assess the events regarding their safety significance and their relevance for German NPP.
At this stage, it can already be decided whether a GIN is meaningful or additional information is
necessary. The gathering of additional information is mainly performed informally via contacts to the
respective IRS co-ordinators.
Two different types of regular reports are disseminated by GRS with respect to IRS. The quarterly
reports contain a summary of all IRS-Reports which have been received in the respective 3-month’s
period. In addition, there is an assessment given regarding the applicability of the event to German
NPPs.
Selected events from the IRS are described in detail in a yearly report. The selection is based on the
safety significance of the respective event and its applicability to German NPPs. The yearly report
covers about 15 different IRS-Reports. Reports describing similar events may be treated together. The
respective IRS-Reports are translated into German to provide a complete picture of the events. If
necessary, additional information is implemented in this description. The safety relevance of the
selected events is analysed in detail. There are no concrete recommendations given with respect to the
German authorities and licensees.
The third stage of the GRS evaluation of IRS-Reports is the developing of a German Information
Notice (GIN). If an event that occurred at a German NPP or a NPP abroad has high safety significance
and is applicable to German NPPs, GRS works out a GIN in agreement with BMU, which is officially
issued by BMU. The GINs are sent to all German supervisory bodies, the German nuclear expert
organisations, the licensees, the NPPs, the research reactors, and relevant manufacturers. The GINs
may contain detailed information on plant operational processes or component design. Each GIN has
the same structure; it contains event description, cause analysis, assessment of the safety significance,
actions taken and recommendations. There are about 12 to 15 GINs issued each year. Among these,
one to two GINs are based on foreign events mainly based on IRS-Reports. The measures taken by the
German NPPs based on the recommendations given in the GINs are fed back to GRS. This feedback is
evaluated and described in a report which is disseminated to the same addresses as the GINs itself.
In addition to the assessment above, GRS utilises the international operating experience also for
generic analyses. In this sense the international experience may show aspects of events which have not
yet occurred in Germany or gives additional information to domestic events. For example, the wellknown “Farley-Tihange-problem” was treated in a common report of GRS and IPSN, because both
countries experienced occurrences related to this corrosion effect. Another example is the strainer
clogging issue. Without the international research and experiences the German regulators, TSOs and
licensees would have spent even much more resources to get to the current solution.
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Year

Number of IRSReports

Number of German
IRS-Reports

Total number of
GIN

2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994

72
71
63
76
75
117
132
96
143
113
87

4
4
1
1
5
2
1
4
6

12
14
8
10
17
11
15
15
12
13
14

Number of GIN
with respect to IRSReports
1
2
1
1
2
1
2

Fig. 1: Spreadsheet of disseminated IRS-Reports and German Information Notices

3. Examples of Lessons Learned from Recent IRS-Reports
3.1. Feedback of GIN from IRS-Reports:
Loss of Coolant Caused by a Leak in the Residual-Heat Removal System
Incident: The reactor was shutdown and cooled by the residual heat removal system trains after initial
start-up tests. Following a drop in pressurizer level and a fire alarm in the reactor building, a large
primary leak was diagnosed. The leak was compensated for by the chemical and volume control
system. The plant operator applied the accident operation procedures using a state-oriented approach
to lower the temperature and pressure in the reactor. A team entered into the reactor building and
confirmed that the leak was located in train A of the residual heat removal system. The train A was
then isolated. The reactor was stabilised at a pressure of 5 bars and a temperature of 40 deg C, with
residual heat being removed through the train B of the residual heat removal system. The examinations
carried out on the elbow in which the leak had occurred revealed a 633-mm long crack on the inside of
the pipe next to the longitudinal weld on the back of the elbow. A second crack was found and
numerous short cracks and micro cracks of little depth were detected. The cause of the cracks is put
down to thermal cyclical material loading which led to material fatigue and thus to the cracks.
Recommendations: GRS recommended that comparable pipe sections (where hot and cold medium is
brought together) in safety-relevant systems should be random-checked in all German nuclear power
plants during the next outage by carrying out non-destructive tests in the areas of the welds, unless
these piping sections are already subject to surveillance by fatigue monitoring systems. (In an earlier
Information Notice the GRS informed about a coolant leak in an injection line of the chemical and
volume control system of a German plant. In the case of this coolant leak there was an influence of
thermo-cycle loads as a result of a check valve that was not fully tight. In the case under review, the
leak was caused by thermo-cycle loads in a piping area where hot and cold medium was brought
together.)
Measures taken by utilities:
11 NPP followed the recommendation of the GIN and carried out special, extra non-destructive tests
of representative areas. 6 of the 11 NPPs performed special, extra temperature measuring during
shutdown at representative areas. Furthermore 2 NPP performed special, extra temperature measuring
during shutdown at representative areas with the result that no additive fatigue loads were to regard so
that non-destructive test were not necessary. No diagnostic findings were identified. One NPP had
backfitted a temperature-measuring device for the injection line of the emergency feedwater system
for future monitoring. In addition, it is planned during shutting down to perform temperature
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measuring and fatigue analysis at representative areas. The guidelines to activate the residual heat
removal system for shutdown cooling were optimized by one NPP.
12

10

8

6

4

2

0
extra temperature
backfitting of a temperature
measurings during shutdown
measuring device

non-destructive tests

optimizing of shutdown
procedure

Fig. 2: Measures in German NPP with respect to the GIN

3.2. Feedback from IRS-Reports:
Partial loss of safeguard systems as a result of external flooding
Incident: During the night of 27-28 December 1999, exceptionally bad weather in the region resulted
in the forming of waves which moved up the tidal river and flooded part of the site. It resulted in the
flooding of many rooms of the power plant nuclear islands and safety related systems.
Measures: After the incident the GRS developed on behalf of the BMU a detailed list of questions to
the flooding issue. In the frame of a country wide survey the list had to be respond by the licensees.
The GRS evaluated in behalf of the BMU the responses of the licensees and reported the results to the
BMU. The results had among other things an impact at the revised form of flooding regulation (KTAStandard), e.g. demand of periodically inspections, which had not existed before. Based on the results
and other analyses to extreme weather conditions a second country wide survey were started quite
recently about the potential impact of extreme weather conditions at the operation of NPPs. Response
and evaluation of the survey are currently under way.

4. Summary
The operating experience of German NPPs represents only about 5% of all nuclear operating
experience worldwide. One main source to participate from safety significant findings and lessons
learned from nuclear power plants worldwide is the IRS system, jointly organised by IAEA and
OECD-NEA. In Germany, GRS evaluates systematically all IRS-Reports on behalf of BMU. Main
goal of this evaluation is the assessment of the safety significance of the foreign events for German
NPPs. If a safety significant event is applicable to German plants, GRS develops in agreement with
BMU a GIN including recommendations for German NPPs. The feedback of the NPPs actions is also
evaluated by GRS and summarised in a report. The examples of recent lessons learned clearly show
the value of the IRS to enhance the safety of German NPPs. The important findings described in IRS-
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Reports and the subsequent timely reactions by GRS and the German NPPs may have prevented the
occurrence of potentially safety relevant events in Germany.
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Study on the operational safety Performance Indicator of Nuclear
Power Plants in China
Shirong Zhou1
National Nuclear Safety Administration
Of People republic of China
Abstract: The operational Safety Performance Indicator system (SPI) has been more and more regarded
recently for their clear and effective characteristic in safety assessment for Nuclear Power Plants (NPPs). A
large developing plan for NPPs construction is being discussed and considered in P.R. China. As one of
important nuclear country, China expects to ensure the normal operation of NPPs and improve the safety
level. National Nuclear Safety Administration (NNSA), National Nuclear Regulatory Agency of China, has
put high attention on safety and SPI area, and many endeavours and attempts have been done or being
carried out for an establishment of SPI system in China. NNSA intends to build an integrated SPI system to
monitor all of the NPPs operation in China, based on the SPI system currently used in the world. NNSA
believes that the SPI system will help to more effectively enforce the function of surveillance and
management. The paper will introduces the status of study on the operational safety performance indicator
of Nuclear Power Plants in China.

1.

Introduction

With the development of economy in China, the nuclear power industry developed more and
more quickly than ever before. Since the operation of the first NPP웎Qinshan NPP in 1991, there
are five NPPs have been put into business operation, the total capability has reached 6600MW up
to now. In addition, Tianwan NPP will put into operation in 2005, San Men NPP, Yang Jiang
NPP and many other NPPs are also under planning.
With the increase of NPPs in China, NNSA is facing a big problem, which is how to keep all of
the NPPs under safely, smoothly and effectively operation. The burden of inspection for NPPs
will become heavier and heavier, a modern and effective safety assessment measures must be
introduced and executed to reinforce the safety regulation to NPPs of China.
To ensure operational safely and effective quality control of NPPs in operation and under
construction is the common goal of all of the NPPs, So, owners of NPPs do their endeavor to
improve their safety level. A plant indicator system is hoped to detect and monitor all the risk in
NPPs operation. On the other hand, a clear and uniformed assessment system is beneficial to the
management of operation and maintenances. According to this consideration, many NPPs tend to
build single-used SPI system for self-assessment and management. It is indicated by practice and
experience that the SPI system has improved significantly and effectively on safely operation and
intendance. However, the SPI system for NPPs is isolated and plant-special. So a uniformed and
normative SPI system is needed in NPPs. The framework consideration about SPI system should
be considered by NNSA.
As the regulatory agency of nuclear power plant in China, NNSA has responsibility to ensure the
radiation safety of all of the NPPs in China not only to the plant staff but also to the publics. To
achieve this purpose, the comprehensive and full-scaled surveillance and management to all
operational NPPs should be considered and established. During this period the measures and
experience in safety assessment of other country are also studied, accepted and researched. SPI
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system is representative, the regulatory agency can use the SPI system as a tool for monitoring
the operation of NPPs, and on the other side NPPs also can conclude the main weakness of plant
from the analysis of performance indicators. In addition, the SPI system is a window for public to
know the nuclear power. As we know, the high level of reliability and safety performance of
NPPs can increase the public confidence to support nuclear power industry development. NNSA
will put enough endeavors on the establishment of SPI system in China.
2.

Framework considerations on establishment of SPI system

For a deeply understanding on the SPI system, NNSA has tracked the major SPI systems [1][2][3][4]
in nuclear power industry for more than one year. There are three important SPI systems in the
nuclear industry: SPI system series guided by IAEA, WANO performance indicators and ROP
process performance indicators of NRC. Each of them has their own characteristic correspond
their purpose. The indicators of IAEA is very comprehensive and detailed, this type SPI system
can be used as self-assessment for NPPs, for example, Daya Bay NPP has established a good SPI
system for operation management guide by IAEA. NRC’s ROP performance indicators system is
a very important part of the whole safety regulatory body, WANO performance indicator is very
popular in NPPs, they have been considered as the achievement criterion for NPPs. In a word, all
of them have act important roles in safety assessment of NPPs. NNSA intends to build a useful
and effective SPI system referring them.
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Fig2.1 Framework of NPP Operational Safety Performance Indicator System (1)
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After study on the SPI system, a draft framework has been established. This framework combined
many currently used indicators in NRC and WANO, NNSA intends to include all the useful and
good indicators for safety assessment of NPPs. Some modification and new indicators are
properly added into this framework according to the demand of NNSA. The draft framework is
shown in Fig2.1 to Fig2.3
Safety surveillance
Indicators

Reactor
Safety

Initiating events

General
Industry
safety

Radiation
Safety

Public
Radiation
Safety

No. of
Violations of
equipment
requirement

Occupational
Radiation
Safety

Mitigating
system

Barrier Integrity

No. of accident
causing heavy
harm

Occupational
exposure
control
effectiveness

Radiological
effluent
occurence

Safeguards

Personnel
screening
program
performance

security
equipment
performance

Fire alert
Emergency
Measures
Ageing accident

personnel
reliability
program
performance

Fig2.2 Framework of NPP Operational Safety Performance Indicator System (2)
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Fig2.3 Framework of NPP Operational Safety Performance Indicator System (3)
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This framework includes three major monitored areas: product indicators, safety surveillance
indicators and safety culture indicators. Product indicators are the economic indicators; safety
surveillance indicators are mainly referred from ROP’s performance indicators except some
modifications. The non-nuclear accident in Japan last year gave a lesson to us: general industry
accident in NPPs will also be considered as a nuclear accident in eyes of public, so the general
industry safety indicators are put into the safety surveillance indicators area in this framework.
Safety culture is becoming more and more important for NPPs, so a safety culture indicator area
is setup in this framework. While this is only a draft, it can be modified according to practice in
the future.
3. The future plan for establishment of SPI system
A draft plan for the future work is shown as follows:
a)

Review and analysis of international SPI systems currently used in nuclear industry.

b)

To complement the overall indicators framework.

c)

The determination of indicator’s definition, obtaining approach, analysis formula and
reference values.

d)

The test and analysis of performance indicators for the theoretic and practical
availability.

e)

Set the process for SPI data assessment and result response.

f)

Complete all the necessary hardware and software and form an integrated regulatory
system finally.

g)

The pilot studies of SPI regulatory system in the plant.

h)

Implement of SPI regulatory system.

4. Conclusions
It is generally agreed that performance indicators have been focused as an important tool for the
assessment of NPP operational safety. The international experience shows that the performance
indicator regulatory system is available and effective for the safety of NPPs. It is expected that
the SPI regulatory system will play an important role in the safety assessment of NPPs in China.
REFERENCES
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Abstract: Kakrapar Atomic Power Station (KAPS) is one of the Indian Standard PHWRs with two units (Unit-1
& Unit-2) each rated for 220 Mwe. These reactors have been designed for full power (FP) operation with flat
flux distribution achieved by having two burnup zones and with design discharge burnup of 6700 MWD/TeU.
As a matter of policy, it was decided to operate the Unit-1 (KAPS-1) continuously at about 75 % FP. While
operating at 73 % FP on 10.03.2004, a slow reactor power transient due to power supply failure to the reactor
regulating rods resulted the reactor power rise to 98%FP in about 11 minutes and caused reactor trip on boiler
'T (as over power trip was set at 100%FP). The transient was analysed by reactor kinetics code coupled with
thermal hydraulics. WIMS- 27 Group cross-section Library (1986)[2] as well as ENDF-BVI-69 cross-section
Library (2002)[3] were used to generate the different reactivity co-efficients for the analysis. The paper discusses
about detailed analysis of the transient and the measurement of the power co-efficient.

Introduction:
Kakrapar-1, a 220 Mwe Pressurised Heavy Water Reactor (PHWR) is a horizontal pressure tube type
reactor using natural uranium dioxide fuel and heavy water (D2O) as moderator as well as coolant. The
Reactor Regulation System (RRS) controls the reactor power by movement of adjuster rods and by
controlled addition of poison in response to the difference between the Actual Power (as measured by
the instruments) and Demand Power (set by operator). There are 16 adjuster rods at 8 locations and
they are divided in three groups depending upon their function. Regulating Rods (4 Nos.) control
power during normal operation. Shim Rods (4 Nos.) generally remains fully out and are used for
reactor setback. Absorber Rods (8 Nos.) normally remain inserted to fixed position in the core to
compensate for excess reactivity. The Controlled Addition Mode (CAM) of Automatic Liquid Poison
Addition System (ALPAS) get actuated during operation when Actual Power (AP) exceeds Demand
Power (DP) by more than 4% by injecting boron equivalent of 1 mk reactivity to moderator system
every 100 seconds. The CAM mode also actuates if shim rods after being actuated (say during reactor
setback) do not return to fully out position within 10 seconds. A hand switch provided in Control
Room permits manual injection of boron when needed, as well as blocking system by operator
command.
On March 10, 2004, Kakrapar-1, was operating at 73 % FP. At 0913 hrs, power supply to all the
adjuster rods failed when Uninterrupted Power Supply (UPS) unit-1 was being isolated for preventive
maintenance. Fault in UPS-1 caused fuse failures in Y-phase of all four AC Power Transfer Units. Due
to this, the backup supply though available, could not get connected and hence all adjuster rods
became inoperable. No direct indication was available in the control room for this failure and hence
operator did not realise that power supply to adjuster rods has failed.

Kakrapar Atomic Power Station, Kakrapar, India
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Just prior to the power supply failure, one of the regulating rods was in the slightly withdrawn position
corresponding to the signal generated by RRS. As a result, the corresponding small positive reactivity
could not be compensated by adjuster rods due to power supply failure to their derives. The reactor
power increased and at 0918 hrs, when Actual Power (AP) exceeded Demand Power (DP) by 4%FP,
an alarm annunciated in control room. On observing this, operator inhibited ALPAS to prevent
addition of boron to moderator and consequent reduction in reactor power and possible poisoning out.
Failure of all adjuster rods and inhibition of ALPAS resulted in total incapacitation of reactor
regulation and setback function. Reactor power continued to rise and at 0923 hrs Coolant Channel
Outlet Temperature (COT) very high alarm annunciated and reactor setback on COT very high was
actuated. However, the setback was not effective, as shim rods had lost power supply and could not
move in. At 0924 hrs reactor tripped on high differential temperature across primary side of steam
generator. Reactor power was 98%FP at the time of reactor trip.
During the previous few months, reactor was being operated at low power level, and accordingly in
the peaked flux configuration to improve fuel burnup. The average fuel burnup in the peaked flux
configuration is more as compared to flat flux configuration. In this configuration, the neutron flux
peaks at the center and reduces at the core boundary and hence the total output power from the reactor
core is less. Since the flux peaks at the center, some of the central coolant channels in the reactor core
generate same power that they would have produced if the reactor had been operating at 100 % FP in
flattened flux mode. Accordingly reactor over power trip settings (neutronic & steam generator
differential temperature) are required to be lowered.
The initial assessment was carried out using the feedback reactivity coefficients based on the WIMS
27 group neutron cross section library, which could not explain the power rise observed during the
incident. The various feedback reactivity coefficients were evaluated again using ENDF-BVI-69
cross-section library and taking account of the increased average fuel burnup. This detailed analysis
could explain the power rise observed during the incident, mainly due to reduction in the magnitude of
power co-efficient as well as taking into effect the Xenon burnup during the slow transient.
Subsequently, an attempt was made to measure the power coefficient while reducing the reactor power
from 75 % FP to 50 % FP. The measured value of the power coefficient is in good agreement with the
calculated value for the power range.
Analysis:
The whole transient has been simulated on thermal-hydraulics-neutronics computer code ATMIKA-T
[4]. The neutronic parameters were generated by transport theory computer code CLUB [5]. The core
channels are grouped in to six groups, three in each pass. In addition two hottest channels, one in each
pass have been modeled. Axially channels are divided in to three control volumes. The grouping is
done based on the channel power. Channel power range for the groups are fixed considering those
channels whose CTM readings have shown 299 OC (as read in the plant transient data) during the
transient. Axially the channel has been divided in to three control volumes, each spanning four fuel
bundles. Core power distribution and channel coolant flow distribution assumed in the calculations is
same as it existed in the core just before the incident.
For this assessment, the various reactivity coefficients required for reactivity feedback effects were
derived from the lattice cross-section library ENDF-BVI-69 (May, 2002), which is the latest crosssection library recommended by IAEA. Table-1 gives the reactivity coefficients used as the input in
the analysis. As mentioned above, the event was triggered by the outward movement of one adjuster
rod (over 30 sec period) adding d 0.04 mk reactivity before power failure and consequently
incapacitation of regulating system. Since exact amount of initial net positive reactivity addition is not
precisely known, different cases with varying initial reactivity insertions of 0.02, 0.03 and 0.04 mk
were analysed.
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The resulting power curves are shown in Fig.2. It is seen that the rate of the transient is sensitive to
the initial triggering reactivity addition, and gives closer agreement with observed power for initial
reactivity addition between about 0.03 and 0.04 mk. The different reactivity feedback effects
considered in the analysis are given in Fig. 3.
Measurement of Power Coefficient:
Power Coefficient measurement [6] was planned at KAPS-2 on 21.05.2004. The reactor was operating
steadily at 75 % FP with equilibrium Xenon concentration. Reactor power was reduced for about two
minutes in a controlled manner at 0.2 % /sec up to about 50 % FP. After stopping the power reduction
the adjuster rods were equalised to note their final position. The variation of Reactor power along with
adjuster rod position (average) is given in the Fig-4. During this power reduction PHT mean
temperature has reduced from 269.5 OC to 267.5 OC. The reactivity correction due to reduction in PHT
mean temperature has not been taken into account
Conclusion:
The analysis shows that the power rise was triggered by positive reactivity addition between 0.03 and
0.04 mk by outward movement of the adjuster rod prior to power supply failure to all adjuster rods.
The outward movement of the adjuster rod was the result of normal routine regulating system
functioning, which keeps correcting minor reactivity variations on a continuous basis. Following the
failure of power supplies to adjuster rods, this correcting function got disabled, and power started
rising gradually, which further evolved as a result of the reactivity feedback arising from the effects of
the power rise, viz., xenon decay (positive), fuel temperature (negative), coolant temperature rise
(positive) and coolant density reduction (positive). The net effect was a positive reactivity addition,
resulting in the power hike. Thus with the initiating positive reactivity between 0.03 mk and 0.04 mk,
the observed transient is theoretically retraceable by using ENDF-BVI-69 cross sections.
Based on the observation during the power reduction from 74.4 % FP to 51.3 % FP , it is estimated
that the power coefficient is around 0.4 mk which is observed to be closer to the estimated value of
power coefficient by ENDF-BVI-69 Nuclear Data library.
Table-1
Reactivity coefficients used in input
Co-efficient
Power Co-efficient

(100% FP to Hot S/D)

Channel Temperature Co-efficient

WIMS-27

ENDF-BVI-69

4.8 mk

3.35 mk

0.9 mk

0.17 mk

1.1 mk

1.14 mk

6.8 mk

4.89 mk

(Hot S/D to 54.4 deg-C)
Moderator Temperature Co-efficient
(54.4 deg-C to 25 deg-C)
Void Co-efficient (Full Core Voiding)
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TABLE-2
Details of measurement of Power coefficient
S. No.

Description

Reactivity(mk)

1

Gain in adjusters

0.25

2

Xe build up during this period

0.15

3

Net observed Power coefficient for power reduction from 74 % 0.40
FP to 51 % FP

4

Estimated Power coefficient using WIMS 27 library

0.9

5

Estimated Power coefficient using ENDF-BVI-69 library

0.55
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Fig:3 Different Reactivity Feed-Back Considered In KAPS-1 Analysis
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Operational Safety Aspects During Refurbishment of Research Reactor Cirus
and Subsequent Full Power Operation
R. C. Sharma, S. K. Agarwal
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Abstract: Cirus, a 40 MWt, tank type research reactor located at the Bhabha Atomic Research Centre, Mumbai,
India; has been in operation since 1960. In Cirus heavy water is used as moderator, graphite as reflector,
demineralized light water as primary coolant and natural uranium metal as fuel. The reactor had been operated and
utilized well with average availability factor of about 70% for about three decades. Since early nineties availability
factor started declining mainly due to frequent maintenance requirement of equipment / components, exhibiting
signs of ageing. Systematic ageing studies were under taken to assess the condition of structures, systems and
components to examine the technical and economical viability of extending the life of reactor by another 10 to 15
years. Based on these studies, refurbishing requirements were identified and a comprehensive refurbishment plan
was drawn up including safety upgrades to meet current safety standards.
The reactor was shut down during October 1997 for execution of the refurbishment plan. On completion of
refurbishment and re-commissioning of reactor systems, the reactor was re-started ant it achieved criticality on 30th
October 2002. Subsequently the reactor was kept in shut down state for rectification of seepage observed from
concrete pour joints of primary coolant emergency reservoir (Ball Tank). The reactor operation was resumed in
October 2003 and power was raised in steps with necessary safety review at each stage.
This paper highlights operational safety aspects associated with preservation of systems during refurbishment
outage, wetting of graphite reflector resulting in core reactivity anomaly and mismatch between neutronic and
thermal power, concerns for release of Wigner energy accumulated in graphite reflector during operation of reactor
at reduced power level and its subsequent full power operation.

INTRODUCTION
Cirus, a 40 MWt, tank type research reactor is located at the Bhabha Atomic Research Centre, Mumbai,
India. The reactor attained first criticality on July 10, 1960. The reactor vessel is vertical cylindrical
aluminum tank surrounded by two concentric rings of graphite reflector. The reactor is fuelled with
natural metallic uranium in the form of rod clad in aluminum and moderated by heavy water. The heat
produced in the fuel is removed by demineralized light water (primary coolant) circulated in a closed
loop. Sea water is used as secondary coolant and ultimate heat sink in once through mode. Shut down
cooling is provided by demineralized water from emergency reservoir (Ball Tank) under gravity flow
through the reactor core, down to the underground dump tank. The reactor had performed well for about
three decades with an overall availability factor of about 70 %. Since early nineties availability factor
started declining due to frequent outage of equipment, exhibiting signs of ageing. Therefore, systematic
detailed ageing studies were undertaken to assess the condition of systems, structures and components
and to examine the technical and economical viability of extending the life of reactor by 10 - 15 years. A
comprehensive refurbishment plan was drawn up encompassing several safety upgrades to fulfill current
safety standards. The reactor was shut down during October 1997 for execution of refurbishment plan.
Some of the significant jobs and safety upgrades carried out during refurbishment outage included:
x Rectification of seepage from central shaft of Ball Tank and strengthening the central shaft and
cupola joint to meet safe shut down earthquake qualification criteria.
x Mechanized inspections for re-qualification of the reactor vessel for extended operation.
x Replacement / re-conditioning of underground (4 meter below grade) primary coolant pipelines.
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x Rectification of helium leak from the joint between reactor vessel and cover gas system piping using
remote repair techniques.
x Rectification of leak from the joint between aluminum thermal shield and inlet pipe by installation of
hollow plug.
x Installation of new failed fuel detection system.
x Installation of more efficient iodine removal system.
x Physical separation of Ball Tank make up pumps to safeguard against common cause failure
x Assessment of the rate of release of Wigner energy and thermal safety of graphite reflector.
On completion of refurbishment activities, the reactor systems were re-commissioned and safety related
tests were conducted. The performance of systems was reviewed to ensure stipulated safety margins. The
reactor was made critical during October 2002. The observed critical moderator height was found higher
than the estimated one indicating core reactivity anomaly of the order of 12 Mk. The cause of reactivity
anomaly was identified to be the wetting of graphite reflector occurred due to spillage of primary coolant
water in upper service space during fuel loading as seat ring of isolating trunnion valve had got detached.
The reactor was kept shut down for rectification of seepage observed from concrete pour joints of
spherical surface of Ball Tank. After completion of repair work, the reactor was started again in October
2003 and power was raised in steps to 4 MW. Thermal power was estimated to be about 12 MW
indicating a mismatch by a factor of about 3. This was due to absorption of neutrons by water absorbed
in graphite thermal column where reactor-regulating system ion chambers had been housed. The ion
chambers were pushed in towards core to match neutronic power with thermal power. With enhanced
surveillance and review of relevant parameters at each stage, reactor power was raised to 40 MW during
November 2004.
SAFETY DURING REFURBISHMENT:
Unloading of the fuel assemblies and isotope production tray rods from the reactor core was the first
activity taken up after reactor shut down for refurbishment. Since removal of the fuel assemblies from the
core was done with main pumps in operation as per the requirement and progressive removal of
assemblies from core led to reduction in gross primary coolant flow; a comprehensive scheme was drawn
for reducing the number of operating primary coolant pumps to ensure adequate cooling to irradiated
assemblies at all time. All reactor systems were maintained in normal shut down state meeting the
content and intent of technical specifications. The heavy water moderator was removed from the main
system and stored in a separate tank which was kept vented with helium and the tank was kept isolated
adequately to prevent inadvertent pumping back to the system.
Execution of refurbishment jobs warranted complete shut down of the systems and in most of the cases
draining of the fluid for prolonged periods. A detailed scheme was formulated and executed for
preservation of systems. Key features of scheme were:
x
x
x
x
x
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Maintaining the system in normal state as far as possible.
Minimization of deviations from the technical specification.
Draining, drying and maintaining nitrogen cover.
Limiting the period of stagnancy to six weeks at a stretch.
Addition of hydrazine hydrate if stagnancy period exceeded six weeks and replacement
of the hold up after 10 weeks.

Work permit system was modified and strengthened to meet the requirements of refurbishment period.
Special groups of engineers and technicians were formed for preparing the work execution procedures,
surveillance during work execution and quality control with third party checks as necessary. The
operation staff in round the clock shift was re-organized to cater to the increased work load in general
shifts when the field activities were at peak. An apex committee was formed for planning, scheduling,
review and monitoring the progress.
Design manuals, operating manuals, engineering drawings, operating procedures, emergency operating
procedures, window forms (operating procedures for routine jobs), reading sheets, log books, etc; were
modified especially in view of changes incorporated during refurbishment outage e.g. integration of a
desalination unit towards demonstration of utilization of waste heat. A retraining / refresher program was
conducted with emphasis on improvement in safety performance and to familiarize the operating staff
with major changes and share experience feed back gained during refurbishment. Safety analysis report
was revised. Additional postulated initiating events were included in the revised report.
Re-commissioning plan for system / component included obtaining a ‘ system transfer document’ towards
certification of completion of all jobs and quality assurance tests, in-situ verification of status, precommissioning checks; functional checks on interlocks, alarms and trips; integrity test, flushing and
equipment qualification. Operating parameters were verified, compared with pre-refurbishment data and
thoroughly analyzed to ensure better or stipulated safety margins.
The entire refurbishment period was by and large free of any incident except spillage of heavy water on
one occasion during commissioning of the system due to inadvertent removal of a slip blank by a
contractor person who was not fully aware of the consequences. The departmental supervisor was busy in
some other activity for short duration when the incident occurred.
REACTOR START UP AND OPERATION AT HIGH POWER:
x Flushing of Primary Coolant System
The core was loaded first with dummy assemblies in order to achieve thorough flushing of primary
coolant system. Soon after operation of main coolant pumps, flow through dummy assemblies was
observed to be dropping and pressure drop across the strainer installed at suction side of pumps was found
to be increasing. It was noted that iron oxide flakes released from the internal surface of piping were
getting trapped into the strainer, inlet feeders, lantern rings at assembly inlet ports and also inside dummy
assemblies. The layer of hematite formed over the surface during three decades of operation had suffered
damage during re-conditioning work; thus leading to gradual release of flakes. A number of methods
were adopted for quick release and removal of such flakes. Choked dummy fuel assemblies were backflushed. Inlet feeders were cleaned. After about six months the rate of release of flakes subsided to
manageable level. A conical strainer was installed in core inlet line. Dummy assemblies were replaced
with normal fuel assemblies. Few fuel assemblies had to be back-flushed when pressure drop across the
assemblies was observed to be on higher side. An assessment was made regarding effect of iron oxide
deposit to small extent on clad surface and it was concluded that it might not pose any risk for clad
integrity during high power operation of the reactor.
x Wetting of Graphite Reflector
After completion of re-commissioning of all reactor systems and the fuel loading, approach to criticality
was made on October 30, 2002 with source range instrumentation installed inside instrument beam holes
(out of core). The core loading chosen was similar to the one just before refurbishment outage. The
observed critical moderator height was significantly higher than the estimated one indicating reactivity
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anomaly of about 12 mk. About 2 mk could be accounted for various changes like impurities in uranium,
estimation error, etc. The reason for reactivity anomaly was attributed to wetting of graphite reflector
with light water (primary coolant) due to heavy spillage in upper service space during fuel loading as seat
ring of isolating trunnion valve got detached and spilled water found its way to the reflector region.
Corrective measures were taken to minimize the chances of water finding its way to core region and
detachment of seat ring of trunnion valves. Various options for drying of graphite reflector were reviewed
in depth. Operation of reactor at high power was considered to be the optimum choice.
x Ball Tank Leak Repair
Meanwhile water seepage was observed from the concrete pour joints of spherical surface of Ball Tank.
The reactor was shut down and Ball Tank was isolated from primary coolant system to facilitate draining
and repairs by lining the entire internal surface with eight layers of epoxy coating impregnated with two
layers of fiberglass cloth. Since the core remained loaded with fuel, though the irradiation seen by fuel
was insignificant; adequate measures were taken to ensure uninterrupted cooling to the core and multiple
barriers provided to prevent reactivity changes e.g. Moderator kept locked up in a storage tank.
x Wigner Energy Release Considerations in Graphite Reflector and its Thermal Safety
During pre-refurbishment period the reactor was operated at 20 MW (50% of rated power) for about five
years. This led to accumulation of Wigner energy at lower temperatures. Since reactor could be operated
only for a short period at power higher than 20 MW before shut down for refurbishment; it was felt that
release of Wigner energy stored at lower temperature may lead to temperature spikes during operation of
reactor at power beyond 30 MW.
Thermal safety of analysis of graphite reflector was performed to predict temperature profile during
power rise as well as anticipated transients including station black out. The rate of release of Wigner
energy with increasing temperature was assessed by differential scanning calorimetry on samples taken
from plugs withdrawn from instrument holes in east and west thermal column of the reflector. The data
was analyzed and thoroughly reviewed in light of observed temperature behavior of graphite during
normal operation and transients. Though no major safety concern was envisaged, the reactor power was
raised in very small steps and a trip at 5 degree centigrade above the expected temperature at intended
power level was incorporated as a matter of abundant caution. From analysis of temperature data
obtained during operation of reactor at various power levels, it was concluded that the rate of release of
Wigner Energy was insignificant.
x Core Reactivity Anomaly
About 6mk of reactivity anomaly could be recovered due to evaporation of moisture from graphite during
the period of about one year of shut down with normal operation of ventilation system as cooling air
(ventilation) passes through the annular gap between graphite rings. The rate of evaporation of moisture
was higher in the beginning and it gradually reduced to almost insignificant. This was reviewed and
analyzed. It was concluded that the chances of any significant reactivity excursion due to rise in
temperature and hence evaporation of moisture during high power operation of reactor are quite remote
and no safety concern is envisaged.
In view of reactivity anomaly and mismatch between neutronic and thermal power, the reactor power was
raised in small steps after thorough safety review and necessary clearances. Enhanced surveillance and
additional administrative control were the main features of special procedure adopted. As a matter of
abundant caution and prudent approach, trip settings for relevant neutronic, radiological and thermal
parameters were kept lowered. Also no changes in core loading were resorted to. These measures
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remained in force till reactivity anomaly and mismatch between neutronic and thermal power reduced to
insignificant level.
x ISI and Surveillance
In Service Inspection program has been formulated and introduced recently. Strengthening of
surveillance, ageing management, equipment qualification, periodic review and updating of procedures
and documentation are the main features of safety management being practiced. The performance
evaluation, parameter trending and analysis of safety performance indicators for last one year indicate
consistent improvement in safety culture.
CONCLUSION
The research reactor Cirus has been refurbished in a cost effective manner at a fraction of the cost that
would be incurred for construction of a similar reactor now. The experience gained and data collected
during the refurbishment outage would be of great help in eventual decommissioning of this facility. The
reactor was back into operation with enhanced safety features. We look forward for intensive utilization
of the reactor for another ten years.
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Regulatory System for Control of Nuclear Facilities in Bangladesh
A. S. Mollah
Nuclear Safety and Radiation Control Division
Bangladesh Atomic Energy Commission
PO Box 158, Ramna, Dhaka-1000
Bangladesh
Abstract: All human activities have associated risks. Nuclear programme is no exception. The Bangladesh
Atomic Energy Commission (BAEC), constituted in February 1973 through the promulgation of the
Presidential order 15 of 1973. Functions of BAEC include research and development in peaceful
application of atomic energy, generation of electricity and promotion of international relations congenial to
implementation of its programmes and projects. In 1993 the Government of Bangladesh promulgated the
law on Nuclear Safety and Radiation Control. Considering the human resources, expertise and facilities
needed for implementation of the provisions of the NSRC law, BAEC was entrusted with the responsibility
to enforce it. The responsibilities of the BAEC cover nuclear and radiological safety within the installations
of BAEC and radiological safety in the manifold applications of radioisotopes and radiation sources within
the country. An adequate and competent infrastructure has been built to cater to the diverse nuclear and
radiation protection requirements of all nuclear facilities in Bangladesh, arising at different stages from site
selection to day-to-day operation. In addition, periodic inspections of the nuclear facilities are carried out.
The licensing and regulatory inspection systems for controlling of nuclear installations and radiation
sources are established. The paper describes the legal provisions, responsibilities and organization of
BAEC with special emphasis on nuclear safety and radiation protection of nuclear facilities in Bangladesh.

1. Introduction
Protection of the workers, the public and the environment from undue radiation hazards requires a
high level of safety in nuclear activities. Reviewing and assessing the various safety related issues
raised by the nuclear activities concerning: nuclear facilities at different stages (sitting, design,
construction, commissioning, operation and decommissioning or closure), waste treatment,
transport of radioactive materials and radioprotection, to determine whether the activities comply
with the applicable safety objectives and requirements is one of the principal ways to achieve and
maintain such a high level of safety in nuclear activities. Concerning the control of the safety of
nuclear activities, including waste management, an extensive regulatory system has been set up
consisting of laws, decrees and guidance rules. Its objective is to ensure the safety of nuclear
facilities and the protection of man and environment. The regulation concerning radioactive waste
management deals with, waste management strategies, design basis related to safety, quality,
release of effluents, impact on the environment, radiation protection, performance assessment,
licensing procedures, incidents, the organization of the control of safety, involvement of the
public, etc.
The primary objective of a regulatory organization is to protect the workers, the public and the
environment from possible adverse effects arising from nuclear facility operations. The
Bangladesh Atomic Energy Commission is presently responsible for both promotion and control
activities in the country. The legal basis of the BAEC is the Presidential order No. 15 of 1973
(notified on 27 February 1973). Section 6(1) of the order states, “the functions of the Commission
shall be to do all acts and things, including research work, necessary for the promotion of the
peaceful uses of atomic energy in the fields of agriculture, medicine, industry, development of
related technology and electronic equipment and appliances, and for the execution of
development of projects involving nuclear power plants and the generation of electric power”.
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The regulatory authority was conferred to the BAEC by an act of the parliament, which was
notified in the official gazette in 1993. The act provides enormous power to the BAEC.
The paper describes the legal provisions, responsibilities, structure and organization of BAEC.
The responsibilities of the BAEC cover nuclear and radiological safety in the manifold
applications of radiation sources within the country. An adequate and competent infrastructure
has been built to cater to the diverse radiation protection requirements of all nuclear facilities in
Bangladesh, arising at different stages from site selection to day-t-day operation.
2. Legislative Framework
2.1 Legislation
The essential legal infrastructure, which empowers Bangladesh Atomic Energy Commission
(BAEC) to control, regulate and supervise all matters related to nuclear safety and radiation
protection matters in Bangladesh is well established. The legal and administrative instruments in
force in the general area of nuclear safety and radiation control include the following:
a. The President’s Order No.15 of 1973 establishing the Bangladesh Atomic Energy
Commission (BAEC); and
b. Nuclear Safety and Radiation Control (NSRC), Act 1993 (Act No. XXI of 1993) is the
basic Nuclear Legislation, which provides for framing of rules for ensuring safety in the
use of ionizing radiation in Bangladesh.
The section 4(1) of the NSRC Act states that a license will be required to initiate or pursue a
radiation/nuclear practice in the country.
2.2 Regulations
2.2.1 Nuclear Safety and Radiation Control Rules
Pursuant to Section 16(1) of the NSRC Act-93, the Nuclear Safety & Radiation Control (NSRC)
Rules were notified in the Bangladesh Gazette on September 18, 1997 to provide for ensuring
nuclear safety and radiation control in the country. The rules essentially incorporated all the
important requirements of the IAEA Basic Safety Standards (IAEA BSS No. 115, 1996). The
NSRC rules are quite comprehensive for the control of all radiation/nuclear practices. The rules
which are of particular importance and relevance to nuclear facilities are cited below: Rule 7:
Requirement of license; Rule 10.1: General requirement (safety and protection, financial
resource, human resource, etc.); Rule 10.3: Stage of license (sitting, temporary operation or start
up and full operation); Rule 10,14: Condition of license; Rule 15: Applicable standard, code and
guides; Rule 16: Responsible party; Rule 17: Safety requirement; Rule 18: Technical
requirement; Rule 19; Management requirement (quality assurance programme, safety culture,
human factor, human resource, education and training, qualified expert, insurance etc.); Rule 20:
Occupational exposure; Rule 87: Radioactive waste management; Rule 90: Inspection; Rule 91:
Penalty; Rule 94: Emergency Rectification measure; Rule 97: Compensation, etc. Schedules for
doses to public, workers, comforters of patients, action levels for chronic exposures, various
guidance levels for patients have already been adopted and legally notified.
2.2.2 Rules on Radioactive Waste and Spent Fuel Management
The first draft of the Rules on Radioactive Waste and Spent Fuel Management has been prepared
by NSRCD using IAEA model regulations on Safe Management of Radioactive Wastes. An
IAEA expert in February 2005 reviewed it. The draft has been finalized and it is in circulation for
review and comments by the Authority prior to formal notification.
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2.2.3 Rules on Transport of Radioactive Material
The first draft of the Rules on Transport of Radioactive Material has been prepared by NSRCD
using IAEA model regulations on Regulations on Transport of Radioactive Material. An IAEA
expert in February 2005 reviewed it. The draft has been finalized and it is in circulation for
review and comments by the Authority prior to formal notification.
3. Regulatory Framework
3.1 Regulatory Authority
The Bangladesh Atomic Energy Commission (BAEC) is entrusted with the definition and
application of the regulations of the nuclear facilities such as nuclear reactors, fuel cycle plants,
shutdown nuclear facilities, radioactive waste treatment facilities, radioactive waste interim
storage facilities and final repositories. It has been also entrusted with the definition and
application of the regulation for remediation of sites and buildings stemming from shutdown
nuclear facilities, for management of contaminated sites by radioactive material and for
management of radioactive waste whatever its origin (hospitals, research and industry). The
BAEC is the competent authority for regulating, authorizing, controlling and supervising all
activities related to the peaceful uses of nuclear energy for both nuclear and radioactive facilities.
The Nuclear Safety and Radiation Control Division (NSRCD) is the regulatory arm of BAEC.
The NSRCD, headed by a Director, is charged with the responsibility of implementing the
regulatory functions in the country.
3.2 Functions of NSRCD
The basic function of NSRCD is to enforce rules and regulations issued under the NSRC Rules97 for nuclear and radiation safety in the country. It also enforces rules under the NSRC Act,
1993 for nuclear and radiation safety in the units under the control of the BAEC. Detailed
functions of NSRCD are listed below:
¾Carrying out licensing, inspection and enforcement activities for all nuclear /radiation
facilities as per NSRC Act/Rules;
¾Ensure compliance by all nuclear/radiation facilities with the safety codes, guides and
standards;
¾Review operational experience in the light of the radiological and other safety criteria;
¾Prescribe acceptable limits of (a) radiation exposure to occupational workers and
members of the public and (b) environmental release of radioactive substances;
¾Maintain liaison with other regulatory bodies in Bangladesh and other countries
regarding safety matters;
¾Review and investigate safety-related unusual occurrences in respect of radiation
generating equipment and radioactive materials in radiation and nuclear facilities;
¾Maintain inventory of all radioactive material;
¾Monitor emergency preparedness in all nuclear and radiation facilities;
¾Providing information to media and general public on nuclear safety and radiation
protection problems;
¾Radioactive effluent monitoring and environmental protection;
¾Review operational experience in the light of radiological and other safety criteria
recommended by ICRP, IAEA and such other international bodies and thereby evolve
major safety policies;
¾Develop safety codes, guides and standards for sitting, design, construction,
commissioning, operation of different types of facilities and ensure compliance of safety
codes and standards by all nuclear facilities; and
¾Review the training programme, qualifications and licensing policies for facility
personnel.
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The NSRCD has constituted expert committees on various aspects of radiation safety for
continuous monitoring of safe operation of nuclear facilities and radiation facilities. Experts from
governmental and private institutions are included in these committees.
4. Regulatory Control
4.1 Authorization of Nuclear Facilities
The three-tier review is followed for each of the major authorization stages. The authorization
document for a specific activity establishes the requirements and conditions governing the
performance of the activity and where appropriate, places a time limit on the validity of
authorization. Radiological safety is one of the key areas reviewed for authorization purposes.
The licensee has to submit information relating to the site with particular emphasis on factors
important to radiation safety and emphasizing those site characteristics, which may influence the
design and operation of the nuclear facility. Those features of the design and operation of the
facility, provided primarily for protection of operating personnel from radiation hazards should be
submitted for review along with other design basis reports. These include containment philosophy
and design, engineered safety features, protective and regulating systems, instrumentation
(nuclear, process and radioactivity), systems, layout and zoning for contamination control,
radiation shielding, ventilation system, area radiation monitoring system, health physics control
and personnel monitoring programmes, radiation survey and activity monitoring instruments,
schemes for radioactive waste management, post-accident monitoring systems, environmental
monitoring programme, emergency response plans and preparedness for on-site and off-site
actions etc. The review also covers the adequacy of trained manpower at the plant and also
training in radiation protection for plant personnel and health physics personnel.
4.2 Inspection of Nuclear Facilities
4.2.1 Legal inspections and safety assessments for Class-1 installations other than nuclear power
plant:
TRIGA Research Reactor Facility
Radioisotope Production Facility (RPF)
Central Radioactive Waste Processing and Storage Facility (CWPSF)
A brief description of different major nuclear facilities are given below:

The TRIGA Mark-II Research Reactor of Bangladesh Atomic Energy Commission is the
only nuclear reactor of the country. The reactor was tested and commissioned fully at the
end of October 1986. Reactor Operation and maintenance Unit (ROMU) of Atomic
Energy Research establishment (AERE), Savar is responsible for operation [Fig. 1] and
maintenance of the reactor.

Fig. 1. Reactor Operation.
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Fig. 2. Radioisotope Production Facility.

Fig. 3. Central Radioactive Waste Processing
and Storage Facility.

The main objective of the Radioisotope Production Facility (RPF) is to produce radioisotope for
medical applications. RPF is located at AERE and specialized in the production and conditioning
of radionuclides for medical applications.
The Central Radioactive Waste Processing and Storage Facility (CWPSF) is situated on the AERE site, the
public agency in charge of radioactive waste management in Bangladesh. BAEC gave CWPSF
the task of processing the radioactive waste produced in Bangladesh, which cannot be processed
by the producers themselves. The principal objective of CWPSF is to manage radioactive waste
in such a way that the risks of harmful effects for people and the environment are kept to a
minimum.
4.2.2 Legal inspections, for some class 2 and 3-installations:
x nuclear medicine centers (radiotherapy, diagnoses)
x medical facilities (X-rays used by physicians, dentists)
x irradiation facilities
x nuclear research laboratories
x university laboratories
x particles accelerators (neutron generators/linear accelerators)
x industrial radiation facilities
4.3 Operational Safety Surveillance
After authorization for operation is issued to a nuclear facility, safety surveillance during the
operational phase is conducted by Nuclear Safety Section of NSRCD. Apart from review of
periodic reports on plant performance and radiation safety status and reports on safety related
unusual occurrences from the various nuclear facilities, the installations are inspected at periodic
intervals by a team of experienced engineers and health physicists.
4.4 Radiation Protection Surveillance
The NSRCD receives considerable support from the Health Physics Laboratories of BAEC for
discharging its responsibility with regard to radiation protection surveillance, which are as
follows:
I. Radiation protection training of workers;
II. Enforcement of radiation protection procedures in operation and maintenance;
III. Monitoring of the work place-routine, operational and special;
IV. Radiation protection aspects of emergency response planning and preparedness; and
V. Analysis and review of the results from monitoring of work place and personnel.
The Health Physics Laboratories (HPLs) of BAEC carry out comprehensive monitoring of
radionuclide contents in different environmental matrices from aquatic, atmospheric and
terrestrial domains to obtain activity distribution pattern and estimate intake of radionuclides by
man through inhalation and ingestion routes. HPL at Dhaka is responsible for countrywide
personnel monitoring services to persons in BAEC units as well as in medical, industrial and
research institutions.
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4.5 Transport of Radioactive Materials
Transport of radioactive materials is public domain is regulated by NSRCD through surveillance.
The surveillance procedures for the transport of radioactive materials issued by the Competent
Authority under NSRC Rules, 1997 stipulate the safety requirements. The design of transport
packages is approved by NSRCD after ensuring that the packaging adequately meets the
requirements. Competent Authority’s approval is required for certain shipments such as transport
of high activity sources, irradiated fuel etc. Emergency response plans to mitigate consequences
in the event of an emergency or accident during transport is also approved by NSRCD.
4.6 Emergency Preparedness & Response Capabilities
It is stipulated in the NSRC Rules-97, clearly mention the obligation of the Licensee in case of
emergencies. One of the license requirements is the obligation of the Licensee to have Emergency
Planning Programme, which covers the worst scenario and the anticipation of dealing with such
condition, with existing expertise, and equipment as needed. It must also describe reporting
system, e.g. obligation of reporting the accident to BAEC, etc. On the other hand, NSRCD shall
provide Technical Guides and other necessary documents, which are needed by the Licensees in
the preparation in their Emergency Plan/Programme most suitable for their respective working
place. There is no Threat Category I in Bangladesh, because there is no Nuclear Reactor with
power level above 3MWth. There is only research reactor at AERE with maximum thermal power
of 3 MWth, which belongs to Threat Category II. In the National System, the government has
established National Coordinating Body for Natural and Man-made Disasters, with a
secretariat attached to the Department of Disaster Management. It consists of related Government
Institution, depending on the type of disaster encountered, e.g. BAEC for Nuclear Accident
/Emergencies.
4.7 Codes and Guides
Development of Codes, Guides and Manuals is one of the most important activities of NSRCD.
These documents lay down the regulatory requirements and give acceptable methodology and
approach for safe design, construction, quality assurance and operation of nuclear facilities. The
codes and guides are prepared with the help of specialists and are reviewed by the expert
committees, before they are published as NSRCD Codes and Guides.
5. International Cooperation
Bangladesh became a member state of the IAEA in 1972. It is also a signatory of a number of
treaties, agreements, and conventions concerning safeguards, including the Non-proliferation
Treaty (NPT), the Regional Co-operative Agreement (RCA), CTBTO, and the IAEA/NPT related
agreement INFCIRC No.236. In addition it is a signatory of a number of other relevant
conventions and agreements such as:
¾The Convention on Early Notification of a Nuclear Accident;
¾The Convention on Assistance in the case of a Nuclear Accident or Radiological Emergency;
¾The Convention on Nuclear Safety; and
¾Convention on Physical Protection of Nuclear Material..
Bangladesh is also considering signing the Joint Convention on the Safety of Spent Fuel
Management and on the Safety of Radioactive Waste Management.
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6. Conclusion
No regulatory system can be 100 per cent effective. An adequate and competent infrastructure has
been built to cater to the diverse nuclear safety and radiation protection requirements of all
nuclear facilities in Bangladesh, arising at different stages from site selection to day-to-day
operation. Bangladesh has established an operational system of notification, authorization,
inspection and enforcement for the control of radiation sources. NSRCD ensures that radiation
protection aspects are given appropriate consideration during sitting and commissioning, that the
radiation exposures of workers and radioactive releases to the environment are kept as low as
reasonably achievable and that the installations maintain at all times a capability to handle local,
site and off-site emergencies.
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The Efforts of the Beznau Nuclear Power Plant in Order to Achieve the
Safety of Extended Operation
Reinhard Müller
Nordostschweizerische Kraftwerke, Kernkraftwerk Beznau
CH-5312 Döttingen, Switzerland
Abstract. At Beznau nuclear power plant extensive back fitting and modernization measures were performed in
the past. This was done in a continuous manner regardless from the original design basis. Due to this approach,
the power plant with 35 years of successful operation practically matches the standard of a new plant in terms of
the core damage frequency. On this basis Beznau is ready to operate safely up to 50 or 60 years, provided that
specified technical and economical improvements will be performed further on and the consent of the Swiss
community to nuclear power also persists in the future.

1

Introduction

The Beznau nuclear power plant consists of two units, each of them has a rated net output of 365 MW.
The nuclear steam supply system of each unit consists of a Westinghouse pressurized water reactor
with two loops enclosed in a steel and concrete double containment. Unit one came on line in July
1969. It was one of the first generation nuclear power plants erected in continental Europe on a purely
commercial basis. Unit two was put into operation in October 1971. Despite the fact that units 1 and 2
are identical units, for political reasons only unit 1 got an unlimited licence of operation at its
beginning of operation. Unit 2 obtained an unlimited operating license in January 2005 after 34 years
of operation.
The Beznau nuclear power plant is fully owned by the company “Nordostschweizerische Kraftwerke”
(NOK). It is situated in the north of the canton Aargau on an island in the river Aare. In the past the
annual production of both units typically contributed 30 % to the NOK turnover.

2

Back fitting measures – what was done in the past?

The need for backfitting and modernization measures arises from the growing gap between the
concept and technology when the nuclear power plant was designed and built and the actual state of
science and technology. The intention of the company is to keep the plant up to the state of the art.
In the past this goal was achieved by numerous plant modifications, which were performed in a timely
continuous manner regardless of costs. Examples are given in Table I. From 1980 – 2000 the company
invested an amount of money for backfitting and modification activities which exceeds the original
construction costs of both units. The major investments were done in the beginning of the nineties
with the installation of the bunkered emergency heat removal system. With this measure, a third train
of emergency injection systems was added and the original design basis of the power plant was
changed.
SYSTEM
PROJECT
TIME
Safety systems H2-Recombiners inside containment
1985
Replacement of refuelling water storage tanks
1985
Bunkered emergency heat removal system
1986-1994
Filtered containment venting system
1994
Additional emergency feed water system
2001
Passive H2-Recombiners (severe accidents)
2003/2004
Charcoal filters in the ventilation of the spent fuel building
2007
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SYSTEM
PROJECT
Instrumentation Plant information system ANIS
and control
systems

Electric Power
supply

Reactor and
reactor cooling
system

Radiation
protection and
radioactive
waste
disposal
Secondary
systems

Fuel storage
and fuel
handling
systems
Analyses

Training and
Qualification

Man-machine
interface
Infrastructure
Fire protection
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Digital reactor protection system
Turbine monitoring and control equipment
Additional 220 kV-Switch
Replacement of the 6/0.4 kV-substation (ASKAREL)
Replacement of the emergency power supply (battery backup)
Renewal of the on-site power protection
Replacement of the vital AC power supply
New pressurizer safety valves
Replacement of the incore flux measurement system
Replacement of steam generators in both units
Replacement of the rod control / rod position system
Replacement of the nuclear instrumentation
Replacement of the pressurizer spray valves
Digital radiation monitoring system DRMS
System for treatment of radioactive waste water (AURA)
Radioactive waste intermediate storage facility
Dose measurement and monitoring system MADUK outside plant
NANO – filtration of radioactive waste water
Replacement of the main steam isolation valves
Substitution of copper alloys by stainless steel
Replacement of high pressure turbines
Partial replacement of low pressure turbines
Installation of vibration monitoring system (turbines)
Reconstruction of the fuel transfer facilities
Reconstruction of the spent fuel pool cooling system
Extension of the fuel storage capacity
Replacement of gantry cranes for fuel cask handling
Additional ultimate spent fuel pool cooling system
Probabilistic safety analyses
Seismic requalification of mechanical and electrical equipment
Revision of safety analysis reports
Analyses for pressurized thermal shock
Severe accident management guidelines
Compact simulator inclusive retrofitting in 1993 and 1997
Retrofitting of the full scope simulator in USA
Extension of the compact simulator (additional emergency control
room)
New full scope replica simulator at Beznau
Reconstruction of the main control room
Advanced computerized alarm management procedures
Extension of office building, workshop building and warehouse
New changing room (clothes for the primary system)
Fire protection measures for the outdoor electric substation
Separation of the 6 kV-station
Improvement of fire protection inside containment
Renewal of fire monitoring/protection system
Improvement of lightning protection

TIME
1993

2002
2004
1986
1986
1992
1997
2001
1987
1993
1993/1999
1994
2000
2002
1985
1986/94
1993/99
1994
2006
1987
1993/1999
1994
2000
2004
1985
1985
1988
1993
2001
Since 1983
Since 1985
Since 1992
1992
2001
1986
1994
2000
2007
1981
2001
1993
1996
1994
1997
1999/2004
2001/2003
2004

Table I. Examples of backfitting and modernization activities from 1980 until now. Only a small part
of projects with costs higher than one million Swiss Francs is listed here.
In the past, the investments into safety systems were one contribution in order to convince the Swiss
citizens that nuclear power is a clean, reliable, safe and economical source of energy. Despite of many
problems (e.g. the final storage of nuclear waste) all four votes against nuclear energy did not lead to a
withdrawal from the nuclear energy program at least in the past. Moreover, in the surrounding of the
Swiss nuclear power plants and in the canton Aargau, where four of the five Swiss nuclear units are
located, the acceptance of nuclear energy was growing from the first to the last vote for a cancellation
of the nuclear energy program in 1979 and 2003, respectively.
There are three categories of back fitting measures which may be indicated as follows:
a) Continuous plant maintenance. Every year 80 to 120 measures are taken in order to assure and
improve reliability and availability of the plant.
b) Optional plant renewal. It stands for improvements of plant safety independent on the licensing
authority requirements.
c) Compulsory plant renewal. It is based on requirements of the authority. In the past the procedure
at Beznau was the following: First priority was given to achieve compliance with the valid
protection goals instead of an exact application of revised or new regulatory rules. An example of
this philosophy is the bunkered emergency heat removal system: Originally an emergency system
with redundancy was demanded. However, an emergency system with only one train of safety
injection was implemented. It was shown (also by probabilistic investigations) that the safety
functions of a second train can also be achieved by other additional or requalified systems.
As a result of these continuous investments into plant safety the core damage frequency could be
lowered by a factor of about 100 in the period from 1980 until now. This is illustrated in figure 1.
Especially the bunkered emergency heat removal system showed a large effect in terms of the core
damage frequency since all new equipment was diverse and well separated from existing equipment.
The consequences were such that no common-mode or common-cause failure had to be assumed in
the probabilistic safety analysis. With the implementation of the additional emergency feed-water
system actually there are three independent and well separated emergency feed-water systems with
four emergency feed-water pumps in total. Thus a high degree of redundancy for the delivery of the
steam generators was reached.
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Beznau PSA History
Results of full-scope Level 1 PSA incl. External Events
1.E-02
Reduction of bunker
system design to 1 train
based on PSA results

Relaxations:

PLG
NOK/PLG

1.E-03

PLG Shutdown
Trend

1.E-04

1.E-05

Backfits:

Seismic restraints,
3rd DC feed,
EOP changes

Addition
of bunker
system

1.E-06
1984

1986

1988

1990

1992

1994

2nd Hydro
supply,
Switchgear
separation

Feed-andBoil,
Startup
Actions

Additional
emerg.
feedwater
train

1996

1998

2000

2002

Year

FIG.1. Relaxation of the core damage frequency from 1984 until now.

3

How to proceed further?

3.1

Aging management project

The aging management project was started at Beznau in 1995. Aging management shall provide
satisfactory evidence that for all safety relevant components all known aging mechanisms are taken
into account in maintenance and quality assurance. The objective of the program is to identify all
particular systems which must be changed on time in order to maintain always a sufficient safety
margin. Up to now the aging management program is implemented for all class 1 components in all
Swiss plants. Work for the class 2 and 3 components has started.

3.2

Lifetime management project

The initial phase of the lifetime extension management project was started at Beznau in 1996 in
association with the aging management program. The objectives of the program were:
x Evaluation of the feasibilities to operate the plant beyond 40 years. This includes technical,
economical and political (regulatory) aspects.
x Evaluation of the approximate costs for necessary actions and their influence on the production
costs.
With the help of the lifetime management project an investment program could be tailored in a manner
such that investments are made rather early and more or less equilibrated. Three different scenarios
with realistic, optimistic and pessimistic constraints were considered. The intention of the project is to
minimize the economic risks for the further operation of the plant. It helps to assure continuously the
safety and availability of the plant.
The experience shows that the replacement of electrical equipment is relatively easy possible. It
becomes necessary because of the growing unavailability of spare parts. On the other hand, the
replacement of mechanical equipment is more difficult. Certainly no replacement of the reactor
pressure vessel or the containment is possible. Therefore it becomes important to minimize the wear
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out of mechanical equipment. For instance the embrittlement of the reactor pressure vessel can be
minimized by low-leakage loading patterns.

4

Conclusions

In this paper the efforts of the Beznau nuclear power plant in order to operate the plant safely up t 50
or 60 years are summarized. The continuous investments in all areas and especially into safety systems
regardless from the original design basis are one of the most important conditions for further
operations. The main results of the lifetime extension management project are the following:
x With respect to technical feasibility including safety aspects: Running the plants up to 60 years
is technically feasible, even if further detailed evaluations are necessary. But definitively no "show
stopper" has been identified.
x With respect to economical feasibility: Based on present economic assumptions, running the
plants for at least 50 years is economically feasible. The plant is well prepared in order to survive
also in the challenges of the open market.

73

IAEA-CN-133/15

EVALUATION, PLANNING AND STRATEGIES ON ASSURING THE
CAPABILITIES FOR MANAGEMENT OF RADIOACTIVE WASTE
FROM RESEARCH REACTORS AND SMALL NUCLEAR FACILITIES
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F. Dragolicia, Gh. Rotarescua, C.N.Turcanua, Gh. Dogarua, I. Paunicaa
a

National Institute of Research and Development for Physics and Nuclear Engineering “Horia
Hulubei”,
Bucharest-Magurele, Romania
Abstract. Small nuclear facilities were often built for research or pilot purposes. It includes the research reactor
of various types and various aims (physics research, nuclear research, nuclear weapons development, materials
testing reactor, isotope production, etc.) as well as laboratories, hot cell and accelerators used for a broad
spectrum of research or production purposes. These installations are characterized not only by their size but also,
and even mostly, by the very diversified type of materials, products and isotopes handled within these facilities.
This large variety can sometimes enhance the difficulties encountered for the dismantling, handling and waste
management. Is a certain fact that the great challenges in a decommissioning works are represented by the
approaches on waste conditioning, storage and disposal. The paper will present an evaluation of the availability
of the waste management systems, and, as a consequence, the planning and strategy for assuring the needs for
successful D&D works. In this respect, will be briefly described the further developments by way of revamping
of existing processes equipments and systems in order to enhance the safety in operation.

1.

Radioactive Waste Treatment Plant (RWTP)

The Radioactive Waste Treatment Plant was commissioned in 1975 and it represents a fully import
from FEL – England. Except the central building which contain the incinerator, the liquid effluents
treatment installation, all the equipments for solid waste conditioning, the laboratories and the offices,
the plant has in compound five interim storage repositories and a building for two 300 m3 tanks in
which are collected the contaminated waters from the nuclear research reactor, radioisotope production
department and nuclear medicine department. RWTP basically consists of liquid and solid waste
treatment and conditioning facilities, a radioactive decontamination center, a laundry and an
intermediate storage area.
Table 1 - Treatment and conditioning capability of RWTP at
Magurele
SOLID WASTE
TREATMENT METHODS
LLW
Segregation, Incineration, Shredding, Compacting (220 Kg/cm2)
Conditioning in 100 l and 220 l drums by cementation
(final: 220 l drums)
Reconditioning of 220 l drums in 420 l drums
ILW, Spent Sources
Direct conditioning by cementation in 220 l drums
AQUEOUS WASTE
LLW

ILW, 3H, 14C

TREATMENT METHODS
Chemical treatment by precipitation (first step), using iron chloride, sodium
phosphate; DF = 30 (approx.); Evaporation (second step), DF = 1000 (approx.).
Total DF = 10000 (approx.)
Release level after dilution in the river 1850 Bq/m3 (5 x 10-8Ci/m3)
Direct conditioning by cementation

The sludge resulting from the chemical treatment of radioactive liquid wastes, the concentrates
resulting from evaporation and the ash resulting from incinerator are homogeneously mixed with
cement and then concrete into drums of 220 litters. The small amounts of liquid radioactive waste with
activity greater than 3.7 x 107 Bq/m3 (10-3Ci/m3) are directly conditioned without further processing by
cementation into 220 litter drums. The solid wastes should be introduced, if any, into drums of 100
litter, which will then be placed in drums of 220 litter or, alternatively, by direct cementation in drums
of 220 litter.
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The 220 litter drums are closed with metallic lids, marked with numbers, measured and then marked
(the dose rate of each drums should be also marked) registered, transmitted to the temporary storage
and then transported to the National Repository at Baita Bihor. At present the containers used at STDR
for packaging radioactive wastes are stainless and normal painted carbon steel drums of 100, 220 and
420-litter capacity.
The annual designed capacity of the treatment plants was 1500 m3 Low Level Aqueous Waste
(LLAW), 100 m3 Low Level Solid Waste (LLSW) and shielded drums for Intermediate Level Waste
(ILW). The normal present status of STDR concerning the buffer storage capacity radioactivity and
annual arising are presented in Table 2.
Table 2. – Present status of STDR-IFIN-HH
Type
Storage
Present
Maximum
Maximum
Of
Capacity
Storage
Activity
Annual
Waste
(total)
Status
Arising
Low Level
2 x 300 m3
~%
37 MBq/m3
(10-3 Ci/m3)
Aqueous
Low Level Solid
20 m3
3 m3
37 MBq/m3
103 m3
-3
3
(10 Ci/m )
Intermediate
200 m3
Equivalent to surface
70 shielded
20 m3
Level
dose rate of 2 mSv/h
(shielded
drums
(200 mrem/h)
drums)
Spent Sources
3,000
40
370 TBq (104 Ci)
400
5
Fire Detectors
~ 10
~ 40,000
1.85 x 107 Bq
104
(0.5 mCi)
Neutron
~ 100
18
Non established
20
Sources
Conditioned
3,000
800
Conforming with
400
Package
(corroded drums)
operation license
Radwaste type
Solid LLW
Solid ILW
Liquid LLW
Liquid ILW
Fire Detectors (241Am)
Neutron Sources (Am-Be, Ra-Be, Pu-Be)
Spent Sources

Methods Processing
Compaction, incineration, shredding, cementation
Direct cementation in shielded drums
Precipitation, evaporation, cementation
Direct cementation in shielded drums
Interim storage (until the processing)
Method will be completed and licensed
Direct cementation

At IFIN – HH Magurele there is a temporary storage area. The facility is a ground floor building with
a surface area of approximately 1000 m2, divided into 5 rooms. The storage building is not fitted with
either a ventilation system or special systems for handling the containers. The total storage capacity is
about 3000 drums. At present, there are approximately 800 drums some of which are up to 20 years
old are damaged by corrosion. These 220-l drums will require repackaging in 420-l drums before
being sent to the national repository.
2. National Repository for Radioactive Waste
The site selection was based on preliminary studies concerning the geology, hydrogeology, seismic,
meteorological and radioactivity of the area, and also on mining technical studies. The site is situated
in the Northwest Carpathian Mountains, about 8 km from the nearest community, the Baita village and
about 10 km from the small town of Nucet.
The Avram Iancu uranium deposit (which include galleries 50 and 53) was found by Russians in 1952
using gamma prospecting, being considered one of the most important uranium deposits from
Romania. In time, the activity was diminished and now the exploitation is almost shut down.
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The repository area is totally exhausted with no economic potential and is planned to start a
reecologisation and restoration project in the whole area. The repository was originally an exploration
drift with several galleries at an open pit uranium mine, which was exhausted in the early 80's. Mining
was carried out by blasting. This operation created many fractures in the rock, which now might
constitute preferential pathways for water to penetrate into the repository. The repository consists of
chambers excavated transversally to the central gallery.
Waste packages (mostly 200 litre-drums) are brought to the disposal facility by a 16-ton truck. Then,
using forklifts, drums are stacked inside the disposal chambers. Stacking is performed in alternate
rows of 6 and 5 drums up to the top of the chamber. There are usually 25-30 drums per stack.
Since 1995, over each row, bentonite powder is poured on the drums. This is to absorb possible
penetrating water and to fix caesium. In order to prevent bentonite to flow outside the drums, a wood
panel is erected progressively with the stacking. Closure of the chambers is performed by bricks.
There are in total more than 6700 drums already placed in disposal chambers. This corresponds to
approximately one third of the disposal capacity of the existing facility. Additional galleries could be
dug in the future extending thereby the disposal capacity up to 200,000 drums.
One of the main reasons for selecting the Baita Bihor site is related to the unsaturated (with water)
character of the surrounding rocks. However, due to rainfall, some water sometimes flows from the
walls of the repository notably in the access gallery. In principle, the water that could penetrate into
the disposal chambers could be collected in a drainage tube covered with rugged concrete plates. At
the exit of the facility there is a tank collecting all water. Measurement of the activity is carried out
once every six months. So far no significant activity was found in the drainage system.
3. Up-grading of Radioactive Waste Treatment Plant
Up-dating of RWTP is imposed by national regulations and technical constrains, because the facility
must remain operational for at least the next 20 years. The management of currently occurring
radioactive waste will be improved soon, and adequate management of decommissioning waste will be
achieved in 3-5 years while keeping nearly the same processing capacity.
The radioactive waste treatment plant has operated in its original configuration, without significant
modification since 1975. Because of the long period of operation some of the installed equipment at
the RWTP needs to be replaced due to the damage caused by corrosion process. Presently, this is
limiting the achievement of full plant capability.
Likewise, the overall level of safeguards and safety within the facility is poor and certainly not up to
modern standards in the west. In order to be able to treat radioactive waste arising from
decommissioning works as well as other radioactive waste come to the RWTP from other sources it
should be done:
x Updating and adapting the existing installations to bring the plant up to modern standards and
fully operational status;
x Modifications and improvements brought about to the existing installations in order to be able
to treat wastes arising from WWR-S Research Reactor decommissioning.
Liquid effluents arising to the treatment facility have to be treated to reduce their activity before
discharge. The facility has two reception tanks, which could allow the storage of radioactive liquid
coming to the RWTP according to their origin or characteristics.
In any approach, some factors must be considering. These factors include the following:
- Reception/storage tanks must be foreseen in order to enable the reception of other sources arising
during implementation works without causing interruptions to normal operations. A suitable drain
system should be provided to collect liquids in the storage area.
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Treatment system: for aqueous LILW chemical treatment, evaporator, filters, ion-exchange resin
and membrane processes are available. Such as techniques generate secondary waste that need to
be conditioned. Where possible, incineration of liquid organic wastes provides excellent volume
reduction.
The treatment lines should be provided with the [present safety technology.
Individual protection measures;
Redundancy of equipment;
A characterization laboratory to perform chemical analysis and to ensure compliance with the
process requirements;
Adequate monitoring system suitable for activity levels to ensure that conditioning requirement
are met;
Monitoring of effluents;
Liquid treatment generates wet solids that need subsequent conditioning by immobilization in a
suitable matrix.

A size reduction facility constitute an adequate route of management for materials that are not
combustible or compactable, for metallic components with dimensions not acceptable for the existing
conditioning facilities and to enable the segregation of radioactive waste. For size reduction two
options are identified: build a fix facility or utilizing additional temporary facilities.
One of the essential aims in the waste management is to reduce as much as possible the waste volumes
to be stored or disposed of, and to concentrate and immobilize as much as possible the radioactivity
contained in the waste. The incineration line at the RWTP is reasonable to be kept, taking into account
the shorter operational time.
- The evaluation of possible decontamination techniques must be done with regard to the following
issues:
- waste minimization;
- generation of secondary wastes as well as treatment and conditioning of these;
- to permit recycling materials for re-use and free release of materials and equipments.
Conditioning of waste is performed by in-drum cementation. The current capacity of the plant does not
seem adequate to treat wastes from decommissioning works. Although many matrix materials are
widely used for immobilization processes, cementation is an optimum alternative for conditioning, by
many reasons:
- the relative simplicity of handling;
- the extensive experience in civil engineering operations;
- the availability of raw material;
- the relatively low cost;
- the high density (shielding effect);
- the compatibility of the water with the matrix material.
All the treatment system implementation must be done encompassing the necessary design features to
meet the international safety standards. To achieve the overall protection goals set by the regulatory
authorities, quality assurance has to take place in every phase of waste management. Quality measures
should be concentrated on waste conditioning in order to provide assurance that a waste package
produced can comply with waste acceptance criteria developed for the national repository.
4. Up-grading of National Repository for Radioactive Waste
It must be underlined that operation of the Baita Bihor repository started despite the fact that it was not
fully equipped. Therefore, after nearly 20 years of operation, its rather weak equipments are largely
degradated and upgrading has become more and more urgent, especially in the context of the next
dismantling operations of the VVR-S research reactor at Magurele that will generate rather high
volumes of radioactive waste to be disposed off.
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The replacement of process equipment and control instrumentation is imposed by factors such as
damage during operation, up-dating of operational conditions and to meet modern standards. Shortly,
modernization of DNDR in order to improve the safety of disposal operations of institutional
radioactive waste at Baita-Bihor, foresee:
x Construction of a one way asphalt road with intersection points and drainage system;
x In present, the access road creates many problems concerning the normal operation of the
repository. Because of the meteorological conditions (large quantities of precipitation which
produce deep erosion processes) the road cannot be used from November until April, and in
every spring must be leveled and filled up with rocks.
x A technologic building sited on the entrance platform which will include rooms for ventilation
and electric equipment, laboratories, a hall for unload the drums and a space for storage until
their transfer in gallery, offices, rest room, others.
x Replacement of the existing electric and ventilation systems; from 1985 are used the same
electric and ventilation equipments, without any capital overhauling. Because of the high
humidity they are damaged and require frequent interventions for local remedies.
x Replacement of the drainage system; generally, the drainage system will be based on the same
philosophy being foresight to rebuilt the water collection channels and the flagstones.
x Waterproofing of the disposal and transport galleries; because in the area were done shootings
for uranium ore exploitation, in time appear cracks in the disposal and transport gallery.
x Realization of a modern physical protection and communication system; the system will
assure the physical protection during the whole disposal technologic process at DNDR.
x Improvement of the radioprotection system: Developed in accordance with optimization
principal and individual dose limitation principle.
In the last 2 years, were seriously improved the electric and ventilation systems, transport and
manipulation system, communication system, physical protection system and radioprotection system.
Until the end of 2005, will be totally available a modern radioprotection and monitoring system and a
suitable transport system (according to the road conditions).
From January 2004 started a very important project for Baita repository: Preliminary Safety
Assessment Report, assumed to be completed in October 2006.
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ABSTRAC: The United States Nuclear Regulatory Commission (NRC), through the combination of a rigorous
licensing and inspection program, ensures the safety and security of dry cask storage. NRC authorizes the storage of
spent fuel at an independent spent fuel storage installation (ISFSI) under two licensing options: site-specific licensing
and general licensing. In July 1986, the NRC issued the first site specific license to the Surry Nuclear Power Plant in
Virginia authorizing the interim storage of spent fuel in a dry storage cask configuration. Today, there are over 30
ISFSIs currently licensed by the NRC with over 700 loaded dry casks. Current projections identify over 50 ISFSIs by
the year 2010. No releases of spent fuel dry storage cask contents or other significant safety problems from the
storage systems in use today have been reported. This paper discusses the NRC licensing and inspection experiences.

INTRODUCTION
Background - All operating nuclear power reactors in the United States (US) are storing spent fuel in
NRC licensed on-site spent fuel pools (SFPs). Most reactors were not designed to store, in these pools, the
full amount of spent fuel generated during the life of the plant’s operation. Utilities originally planned for
spent fuel to remain in the SFPs for a few years after discharge from the reactor core and then to be sent to
a reprocessing facility. However, the US Government declared a moratorium on reprocessing in 1977.
Although the ban was later lifted, reprocessing has not been pursued as a practical or cost effective option
in the US. Consequently, utilities expanded the storage capacity of SFPs by the use of high-density storage
racks. Eventually, utilities needed additional storage capacity. In response to these needs, NRC provided a
regulatory alternative for interim spent fuel storage in dry cask storage systems. For spent fuel
management, both pool storage and dry storage are safe methods, but there are significant differences.
Pool storage requires operational vigilance on the part of the nuclear power plant to maintain the
performance of electrical and mechanical systems using pumps, piping and instrumentation. Dry storage
technology uses passive cooling systems with robust cask designs.
Site Specific License - Initially, NRC only authorized the storage of spent fuel at an independent spent
fuel storage installation ( ISFSI) under a site specific license under the authority of the Atomic Energy Act
of 1954, as amended. Under a site-specific license, an applicant submits a license application to NRC.
NRC performs a technical review of all the safety, security, and environmental aspects of the proposed
ISFSI. An opportunity for public involvement is provided through a formal hearing process administered
by the independent NRC Atomic Safety Licensing Board. If the application is approved, the NRC issues
an ISFSI license valid for 20 years. NRC regulations also include provisions for renewal for an ISFSI
license. A spent fuel storage license contains technical requirements and operating conditions for the
ISFSI, and very specific conditions on the spent fuel which the licensee is authorized to store at the site.
The Nuclear Waste Policy Act of 1982, as amended, (NWPA) acknowledged the need for sufficient
storage capacity at the site of each civilian nuclear power reactor until a disposal option is available. The
NWPA directed the NRC to take such actions considered necessary to encourage and expedite the
effective use of available storage and necessary additional interim storage. In response, the NRC amended
its regulations to provide a second licensing option (referred to as the general license) for the storage of
spent fuel.

81

General License -The NRC regulations convey a general license to nuclear power reactor licensees to
store spent fuel in dry storage systems approved by the NRC at a site that is already licensed to operate a
nuclear power reactor under 10 CFR Part 50. A wide variety of dry storage systems have already been
approved by NRC for general licensees to consider. Fifteen dry storage designs have received Certificates
of Compliance (CoC) and are listed in NRC regulations (72.214). General licensees are required to
perform evaluations of its site to demonstrate that the site is adequate for storing spent fuel in dry casks.
These evaluations must show that the CoC conditions and technical specifications can be met prior to use
of the dry storage system at the general licensee’s site.
The NRC approves spent fuel dry cask storage systems by evaluating each design for a wide range of
normal conditions of use and unanticipated conditions such as floods, earthquakes, tornado missiles, and
temperature extremes. The NRC issues a CoC for a cask design if the review of the design finds it
technically adequate. The cask certificate expires 20 years from the date of issuance with an option for
subsequent re-approval. The NRC has prepared standard review plans to guide the NRC staff review of
both site specific ISFSI license applications and dry cask storage system applications (NUREG-1567 and
NUREG-1536, respectively,) which are available on the NRC Web page.
Inspection - The NRC conducts periodic inspections of both site-specific licensees and general licensees.
Inspections occur during cask design, cask construction, site preparation and ISFSI pad construction, preoperational or trial run, cask loading, and ISFSI operations. The inspections are conducted at cask design
facilities, cask manufacturing plants, and the ISFSI site. The inspection program has the same underlying
safety and security focus for facilities licensed under either a site specific or general licensing options. The
NRC has prepared procedures to guide the NRC staff on inspection of both site specific ISFSI license
applications and dry cask storage system applications (Manual Chapter [MC] 2690, MC 2690A & MC
2690B) which are available on the NRC Web page. NRC inspections have resulted in some valuable
experience that has been and continues to be incorporated into the inspection and licensing program, as
well as lessons learned that NRC has passed along to the industry. For example, the importance of dry
runs for pre-operational trial run inspection are very useful to both the licensee and NRC to demonstrate
that the licensee is ready to load fuel into the cask and has done an adequate site evaluation and
preparation. NRC inspections have also focused licensee attention on the need to maintain a questioning
attitude, and or the importance of an active quality assurance oversight program for all processes of the
cask vendor and cask fabricator operations to ensure the quality of the final products. Another valuable
lessons learned from NRC inspections includes the need for licensees to perform early characterization of
the fuel to be moved to the cask to ensure the spent fuel meets the conditions of the dry cask storage
system Certificate of Compliance. NRC and licensees have shared operational experiences with floor
loading of very heavy dry storage casks, hydrogen generation due to material coatings, use of incorrect
back fill gas mixtures, and welding and forging problems.
DISCUSSION
NRC’s strategic plan presents its mission, vision, goals, and outcomes that will guide NRC’s strategic
direction for the next 5 years. The strategic plan is centered around five goals; safety, security, openness,
effectiveness, efficiency and realism, and management effectiveness. The first and most important goal is
safety. The strategic plan goes into detail on how NRC’s storage activities feature prominently in
strategies for accomplishing these goals. For example, the completion of technical reviews of spent fuel
dry storage systems to ensure that they will be safe and secure for use at any licensed spent fuel storage
facility is specifically tracked.
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Achieving these strategic goals requires a collective effort of the NRC and its licensees and certificate
holders. Safety and Security are the licensee’s responsibility. NRC’s regulatory role is to ensure that the
applicant focuses the right level of attention on a license program.
Currently, there are over 30 ISFSIs currently licensed by NRC with over 700 loaded dry casks. There has
been a marked increase in the rate of new licensees over the last few years. For example the number of
ISFSIs has increased from 12 in 1999 to 34 in 2005. Additional site-specific ISFSIs and generally licensed
ISFSIs are expected to be operating within the next few years with current projections of over 50 ISFSIs
by the year 2010. A significant work load for cask certifications will continue to grow as nuclear power
plants require increased spent fuel storage capacity and designs are proposed that accommodate higherburnup fuel and higher heat loads for recently discharged spent fuel.
Openness involving communication and involvement between the NRC and its stakeholders is the
cornerstone of strong, fair regulations and is key to maintaining and improving safety performance. The
NRC held a first of a kind engagement with industry stakeholders in a licensing process review conference
in February 2005 to solicit feedback on NRC performance and recommendations for improvements to its
licensing process. Over 140 representatives of the regulated industry, other Federal agencies, cask
designers, media and press, and members of the public actively participated in a full day discussion of
experiences and suggestions for process improvements. The NRC is currently evaluating the issues
identified during the conference, including establishment of an industry-NRC task force to focus on
process improvement. Two examples of initiatives being addressed are improving the process for NRC
staff requests for additional information and the interim staff guidance documents (ISG). Standard review
plans have been augmented with ISGs to support timely decisions about technical and regulatory issues.
Currently, 20 ISGs have been issued and the process is changing to include stakeholder input and review
of draft ISGs to ensure that the final ISG is reflective of stakeholder experience. To address emerging
technical needs, the NRC is considering future ISGs for issues relating to the increased storage of highburnup fuel, defining thermal analysis parameters, clarifying the definition of damaged fuel and fuel
retrievability, and allowance for additional burnup credit. Resolution of these issues is needed to ensure
that future cask designs have an adequate technical basis to support regulatory decisions and to meet
industry spent fuel storage needs.
An example of how the NRC is increasing efficiency of its regulations is its initiative to provide increased
license renewal terms for ISFSI licensees. NRC recently issued a license renewal for the Surry Nuclear
Power Plant ISFSI for a 40-year ISFSI license renewal term. The regulations permit a 20-year license
renewal term, but the licensee requested an exemption to allow a 40-year term and provided a technical
basis that staff review found acceptable. The Surry ISFSI was the first dry cask storage site licensed in the
US, in 1986, and the first license renewal granted for an ISFSI. Following the decision, the Commission
directed the NRC staff to explore a potential rulemaking to permanently change the license duration set in
10 CFR Part 72. Since then, the H.B Robinson Nuclear Power Plant ISFSI has also been granted an
exemption, and issued a 40-year renewal period for their ISFSI license.
The NRC and its licensees have many challenges to face to ensure a high level of security is maintained,
as a result of a changed terrorist environment since September 11, 2001. The agency is actively evaluating
potential security challenges to spent fuel storage facilities and operations, as well as transportation of
spent fuel, to ensure that the enhanced security programs address these new challenges. Additionally, the
NRC has issued several license orders to supplement the agency’s security requirements in 10 CFR Part
73 for spent fuel storage and transportation. As long as the threat environment continues to be dynamic,
the NRC will continue to evaluate the threat environment and licensee performance to determine if
additional security measures are needed.
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Regarding security assessments, the NRC has evaluated the response of spent fuel storage casks and
transportation packages to various hypothetical terrorist events including large plane crashes into interim
storage facilities, an attack on a spent fuel transportation package, and other acts of terrorism. These
studies are scheduled to be finalized this year and the NRC staff may recommend additional mitigative
measures, as appropriate, based on the outcome of these evaluations.
The NRC conducts approximately 20 inspections of licensees/vendors/fabricators each year. The NRC
uses a systematic approach to identify facilities and sites for inspection, considering, for example, the
organization’s inspection history, reported events, and level of design and fabrication activity. The NRC
inspects both domestic and foreign vendors and fabricators. The NRC inspection activities have increased
to reflect the growth in ISFSIs and the increased fabrication demands to supply casks for ISFSIs. The
NRC inspections have resulted in some valuable experience that has been and continues to be incorporated
into the inspection program, as well as lessons learned that the NRC has passed along to the industry. Preoperational trial run inspections are very useful to both the licensee and the NRC to demonstrate that the
licensee is ready to load fuel into the cask and has done an adequate site evaluation and preparation. The
NRC inspections have also focused licensee attention on the need to maintain a questioning attitude,
examining changes for new problems, and the importance of an active quality assurance oversight
program for all processes of the cask vendor and cask fabricator operations to ensure the quality of the
final products. Another valuable lesson learned from the NRC inspections includes the need for licensees
to perform early characterization of the fuel to be moved to the cask to ensure the spent fuel meets the
conditions of the dry cask storage system CoC.
Public interest in the safety and security of nuclear facilities and storage of nuclear waste has grown and is
expected to continue to increase as a result of the increasing demand for nuclear power plant license
renewal and the prospect for new plant construction. These activities have increased public scrutiny of the
nationBs nuclear waste policy, namely, how to safely store the nation’s growing inventory of spent nuclear
fuel and ultimately, how to dispose of it.
CONCLUSIONS
The NRC is committed to furthering its strategic goals to ensure effectiveness and efficiencies through
continuous improvement of our processes and management actions, and to actively engage and inform our
stakeholders of our activities. The NRC regulates the US’s civilian use of byproduct, source and special
nuclear materials to ensure adequate protection of public health and safety, promote the common defense
and security, and protect the environment. To support this mission the Spent Fuel Project Office of the
NRC enables the safe interim storage of spent fuel in a manner that furthers the national interests. This is
accomplished through its regulatory oversight, licensing, inspection and technical review of ISFSIs as well
as issuance of CoCs.
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Abstract. The United States Nuclear Regulatory Commission (NRC) staff recognized the need to enhance its
reactor operating experience (OpE) program. As a result, the NRC has invested significant resources to evaluate
the reactor OpE program and has made significant changes to the program. These efforts are intended to ensure
that the key objectives of an effective reactor OpE program are achieved, and that the reactor OpE program
directly contributes to the NRC strategic goals of safety, security, openness, and effectiveness. This paper
summarizes the significant changes, ongoing activities, and remaining challenges to the NRC’s reactor OpE
program associated with the use of domestic and international OpE information.

1.

Introduction

In 2003, the NRC staff formed a Reactor Operating Experience Task Force (ROETF) to evaluate the
agency’s reactor OpE program and to recommend specific program improvements. In November
2003, the ROETF completed its work and recommended several actions to improve the NRC’s reactor
OpE program. As a result of these recommendations, the staff developed an enhanced reactor OpE
program that was implemented in January 2005. The new and enhanced program is relatively young
and as the NRC staff gains experience and considers stakeholder feedback, the staff will continue to
make process and program improvements.
2.

Description

2.1

Background

NRC recognizes that the effective use of OpE plays an important role in the safety mission of the
agency. According to the current NRC Strategic Plan, one of the NRC’s key strategies to achieve the
strategic goal of safety is “Evaluate and utilize domestic and international operational experience and
events to enhance decision-making.” As a result, NRC’s emphasis on the effective use of OpE
remains strong.
The ROETF determined that the following three objectives are critical to the agency’s reactor OpE
Program:
-

OpE is collected, evaluated, communicated, and applied to support the agency goal of
ensuring safety.
OpE is used to improve the effectiveness, efficiency, and realism of NRC decisions.
The public, Congress, and other external stakeholders are provided with accurate, timely, and
balanced information regarding operational experience, including actual or potential hazards
to health and safety.

To accomplish the objectives of a reactor OpE program, the staff determined that the following
attributes were necessary for the program to be effective:
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-

Clearly defined and communicated roles and responsibilities.
Efficient collection, storage, and retrieval of OpE.
Effective screening of OpE for followup, evaluation.
Timely communication of OpE to stakeholders for information or evaluation.
Timely and thorough evaluations of OpE to identify trends, recurring events, or significant
safety issues for appropriate followup, actions.
Timely decisions on implementation and appropriate followup resulting from the review of
OpE.
Periodic assessments of the OpE program to determine its effectiveness and to identify
needed improvements.

Based on the thorough evaluation of the existing program against the above objectives and attributes,
the ROETF made a number of recommendations, including better defined roles and responsibilities, a
central Clearinghouse, and improved collection, storage and retrieval of OpE. In response to the
recommendations, NRC staff developed an enhanced OpE program in 2004. This enhanced program
was first implemented in January 2005.
2.2

Four Phases of Operating Experience Process

The implementation team used the ROETF recommendations to break down the OpE process into
four phases, which address all of the attributes of an effective OpE program. These phases are
explained in detail in Management Directive (MD) and Handbook 8.7, “Reactor Operating Experience
Program” (see references). MD 8.7 also delineates the roles and responsibilities for all of the
participants in the OpE program as well as explains the necessity of a periodic assessment of program
effectiveness. A diagram of the process has been provided in Figure 1, and the definition of each
phase and the significant OpE program activities and changes related to each phase are summarized
below.

FIG. 1. Overview of Operating Experience Review Process
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Phase 1 - The first phase of the OpE process involves collecting, storing, and making available OpE
information to the NRC staff. Through the use of information technology, the NRC has made
significant advances in this area enabling staff to locate and evaluate OpE information with ease. The
collected OpE includes those inputs considered new information that depict recent events or
conditions at a plant, as well as previously “analyzed” information. The majority of the new
information is provided to the staff by the licensees in response to reporting requirements stated in the
regulations. Other sources include the NRC inspection reports, International Nuclear Event Scale
(INES) events, Incident Reporting System (IRS) reports, and other internally generated reports on
OpE. The previously “analyzed” information contains insights and lessons-learned related to the
subject OpE topic. Sources of this type of OpE information include generic communications,
inspection findings, Institute of Nuclear Power Operations (INPO) reports, and other OpE-related
studies and reports.
Phase 2 - The second phase of the OpE process requires the Clearinghouse to screen a new piece of
OpE information to determine if it has potential significance. The NRC has formalized the screening
process through the program guidance documents to ensure a more systematic approach to reviewing
OpE. A set of screening guidelines that consider risk and qualitative factors such as potential generic
implication, adverse trend, or new phenomena (e.g., novel failure mode, material degradation) are
applied to screen-in those OpE inputs that are potentially significant and deserving of a more detailed
evaluation. If OpE information is screened-in for further evaluation, it becomes a formal assignment
for a Clearinghouse staff member, who gathers additional information in preparation for evaluation of
the issue. OpE information that does not meet any of the screening guidelines is screened out but may
be communicated to relevant technical experts or inspection staff if necessary. It is also tracked to
identify any adverse trends.
Phase 3 - After OpE information is screened-in and has been communicated to various stakeholders,
it is evaluated by Clearinghouse staff or by other technical staff to clearly determine the significance
of its impact on plant operation and safety. An evaluation is conducted to glean OpE insights and
lessons-learned that could be applied toward agency action. The evaluation determines the risk
significance and/or qualitative determination of other safety or agency concerns for the subject OpE
information. A report is generated for the assignment, and it contains insights learned from such OpE
information, or recommendations for applying lessons-learned to future regulatory activities. These
evaluations have allowed for better communication and integration between the Clearinghouse, the
technical staff, and the regional offices.
Phase 4 - Once the assigned staff member completes the evaluation of the screened-in item and
recommendation for further action, the Clearinghouse reviews the recommendations to decide
whether further action is warranted. The Clearinghouse management decides, in consultation with
other appropriate NRC managers when necessary, whether or not to adopt the recommendations for
applying the subject OpE information. The options for applying the lessons learned consist of: (1)
communicating OpE lessons learned to various internal and/or external stakeholders through reports,
briefings, e-mail listserves or generic communications, (2) taking a regulatory action through a
generic communication to require responses from the licensees or issuing orders for actions and/or (3)
influencing agency programs such as inspection, oversight, licensing, incident response, security,
rulemaking, and research. Communication with internal and external stakeholders has improved, and
more information including evaluation closeout memoranda are distributed to interested parties.
There has also been in an increase in the number of generic communications that are being developed
since the program was implemented.
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2.3

International OpE Activities

The NRC processes international OpE in the same manner as domestic OpE. The OpE received
through various channels is collected, screened, evaluated, and applied. The key OpE sources include
the events reported through the INES and IRS. Other international OpE sources include media
reports, foreign trip reports, formal international agreements, and meetings. The NRC continues to
actively share domestic OpE with the international community in a timely fashion. For example, all
reported domestic events are rated daily using the INES, and events that are rated Level 2 or above
(on a scale of 0-7 with 7 being the most severe) are reported internationally. A number of operating
experience documents, such as NRC Generic Communications, are published on the NRC Public Web
Site, which is made available to the international community as well. The NRC continues to strive for
excellence in the use and sharing of international OpE, working closely with the international
community and organizations such as the IAEA.
2.4

Current Challenges

As the new reactor OpE program is implemented, several challenges currently remain. The majority
of the challenges are associated with the increased workload and instability of the new program which
has gone through significant transition over the last several years. The procedures and guidance
documents will need to be better defined, interfaces with technical staff and the regions will need to
be enhanced, and the staff involved in the OpE processes will need additional experience and training.
Additionally, a challenge continues to exist in the area of trending and assessing seemingly minor
OpE to identify potentially safety significant issues in a timely manner. The NRC will proceed to
work on these challenges to further enhance the current reactor OpE program.
3.

Conclusion

An effective reactor OpE program is essential for the NRC’s goal of ensuring safety. The NRC’s
strategic plan specifically identifies the use of domestic and international operating experience as one
of the strategies to support that goal. NRC has employed the four phases of an effective OpE
program- collection, screening, evaluation, and application - to develop a more systematic and
effective program. In each phase, the NRC has made substantial enhancements in the reactor OpE
program and will continue to seek opportunities for improvement in the future.
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Abstract: Understanding degradation phenomena and managing the detrimental effects of aging are important aspects
of commercial nuclear power plant operations. Potential for materials degradation should be considered early in
the design and development stages; during manufacturing, construction, and installation; and during all aspects of
plant operation and maintenance. This would lead to increased reliability during plant operations, and would
reduce the need for mitigating actions and unplanned maintenance. Thus, it is necessary to instill a culture at the
technical, administrative, and management levels that continually asks, “What happens with time?” The answer to
this question is central to the continuous safe and economical operation of nuclear power plants. Based on the past 25
years of aging-related research at the U.S. Nuclear Regulatory Commission (NRC), the authors present an overview
of the key elements of understanding and managing aging, and how they should be integrated for safe and
economical power plant operation. The focus of this paper is hardware-oriented engineering and aging of
materials. The paper discusses previous and ongoing NRC research studies on non-destructive examination and
materials degradation that can be applied for proactive management of materials degradation and aging during
plant operations.

Introduction
For many years, the U.S. Nuclear Regulatory Commission (NRC) has maintained active and comprehensive
research focused on understanding age-related degradation in nuclear power plant systems, structures,
and components (SSCs). The research results are utilized in the regulatory process and in the development of
consensus codes and standards. This effort has become increasingly important for the safe operation of
nuclear plants as the units continue to age and their licenses are being renewed for 20 years beyond the
initial license period. Materials degradation in nuclear power plant SSCs has been experienced almost since
the inception of nuclear power plant operations, and history and operating experience have shown that
unanticipated forms of degradation continue to emerge as time progresses. It is anticipated that materials
degradation will continue, and may increase, as plants age.
Reacting to unexpected degradation that has progressed to the point of adversely impacting plant safety
dramatically increases the resource burden on both the nuclear industry and regulators, compromises
regulatory effectiveness and efficiency, and lessens public confidence. In addition, individual licensees,
and the nuclear industry in general, experience economic burdens associated with extended repair outages and
purchasing replacement power. These costs are ultimately borne, in some fashion by the consumers. For
these reasons, it is in the best interest of both the industry and regulators to proactively address materials
degradation.
Materials Aspects of Plant Aging
For many years, the NRC’s Office of Nuclear Regulatory Research (RES) has performed research focused
on assessing known forms of materials degradation and identifying potential future problems. A particular
challenge is the development of suitable models for aging degradation of passive components, such as
the nuclear reactor pressure vessel, piping, steam generator tubes, and electric cables.
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For example, the NRC has focused major elements of the materials research program on degradation
of the reactor pressure vessel as a result of irradiation embrittlement. Continuing degradation in fracture
toughness of the reactor pressure vessel steel was recognized early in the operation of nuclear power plants. Early
research addressed concerns over the fracture behavior of thick-section steel components. In addition, research
has characterized embrittlement attributable to neutron irradiation. These research results were used in
developing regulations, based on conservative analyses and data, to address operational and accident
conditions that could result in failure of the pressure vessel.
More recent data and analyses, including new information on vessel flaw distributions and improved
irradiation embrittlement modeling, are now being used to update the relevant regulations and remove
unnecessary conservatism. This work is also directly relevant to plant operations through the heat-up
and cool-down limits imposed to preclude pressure vessel failure, and it has a major impact on license renewal
decisions for some licensees. While the NRC continues to be a leader in this area, the agency interacts
extensively with the international community in identifying embrittlement mechanisms and characterizing the
fracture behavior of embrittled steels.
Environmentally assisted cracking (EAC) was identified as an active degradation mechanism in the mid-1970s, with
the discovery of intergranular stress corrosion cracking (SCC) in boiling-water reactor (BWR) piping.
Over time, various forms of EAC have been identified in both BWRs and pressurized-water reactors (PWRs). For
example, intergranular SCC has been observed in BWR reactor internals, primary water SCC has been
observed in a number of PWR components, primary and secondary side SCC have been experienced in steam
generator tubes, and irradiation-assisted SCC has been observed in some reactor internals in both BWRs
and PWRs. Research programs have been developed to address each of these forms of cracking as they have
been identified. Today, EAC research is a major aspect of the NRC’s materials research program, with the
intent to assess detrimental effects of aging in operating nuclear power plants.
Reliable detection and characterization of flaws are needed to assess the integrity and safety of degraded
components. This requires a strong capability in the area of nondestructive examination (NDE), and the NRC’s
research in this area is recognized in both the national and international technical communities. In fact,
the NRC’s research has resulted in several major accomplishments that have been incorporated into
the Boiler and Pressure Vessel Code promulgated by the American Society of Mechanical Engineers
(ASME). In particular, these accomplishments include requirements for in-service inspection (ISI) qualification by
performance demonstration; implementation of risk-informed ISI programs; advanced ISI methods
and techniques; and techniques for continuous monitoring of crack initiation, crack growth, and leakage. The
continuous monitoring of crack initiation and growth can be a powerful tool in improving operational
aspects of nuclear power plants, in that the early detection of cracking can result in orderly and planned repairs
before degradation can adversely affect integrity and safety.
In the current program, the two key challenges being addressed are identifying highly sensitive and reliable
techniques and procedures that can be used to monitor for coolant leakage from any source, and assessing
inspection and monitoring systems that can be used to detect ongoing degradation before it penetrates
the pressure boundary. The NRC is initiating new work to address these issues, and expects to build on
previous agency research with national and international cooperation. While research is underway
to address the key aspects of materials degradation, analytical techniques are also evolving. The NRC’s
research program includes activities to develop data, predictive models, and methodologies that (1) integrate timedependent degradation mechanisms, NDE, and failure models into probabilistic risk assessment (PRA) to yield
an overall assessment of the safety-significance of various forms of materials degradation and aging, and (2)
can be used in developing regulatory positions.
The NRC’s Nuclear Plant Aging Research (NPAR) program [Ref. 1] and materials engineering research
programs developed the engineering data for understanding and managing aging in safety-significant SSCs.
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Research conducted by RES supported agency activities for the license renewal rulemaking and guidelines,
including the Standard Review Plan (SRP) [Ref. 2] and the Generic Aging Lessons Learned (GALL) report [Ref.
3]. Research results have also been incorporated into consensus standards promulgated by ASME, the
Institute of Electrical and Electronics Engineers (IEEE), and the American Concrete Institute (ACI).
In addition, research results have been applied in reviewing the industry-developed guidelines, as well as
the licensees’ programs for aging management during the license renewal period.
A Proactive Approach to Managing Materials Degradation
The NRC’s materials research addresses both current and emerging issues relating to operating reactors,
including those dealing with license renewal, repairs, and replacements. The NRC has research efforts
planned and underway to support the evaluation of licensee programs for proactive management
of materials degradation in nuclear power plant SSCs [Ref. 4].
The NRC is addressing the management of materials degradation through a four-pronged approach. First,
RES has initiated a structured approach to identify light-water reactor (LWR) components that may be
susceptible to future degradation. This approach involves examining components of which failure would
adversely impact plant safety or lead to a release of radioactivity.
Second, RES will evaluate the expected performance of new materials, assess the capabilities of new
inspection procedures and techniques, and conduct tests and analyses to identify potential new degradation
mechanisms. It is this aspect of the NRC’s program that most directly addresses inspection and monitoring
programs that may be warranted to identify emergent degradation before it adversely affects plant safety.
Third, the NRC’s research program will closely follow industry-proposed repair and mitigation strategies and
perform confirmatory research to evaluate the effectiveness of these strategies and ensure that they do not
introduce unanticipated problems. Some of the planned research will be accomplished through international
cooperation.
Finally, through its regulatory efforts, the NRC will review licensee programs to manage identified degradation
in operating plants and, in some cases, will mandate specific actions. Thus, the research program
will support these regulatory activities by providing data and analysis tools that can be used to evaluate the
licensee programs and support other regulatory actions.
A technically challenging step in the proactive materials degradation research program is the identification of
materials and locations where degradation can reasonably be expected in the future. To address
this challenge, the NRC has assembled a panel of eight world-class materials and degradation experts
to conduct a systematic review of LWR components. This review will yield a list of LWR plant components with
varying degrees of susceptibility to future degradation mechanisms, the reasoning behind their judgments,
and an assessment of the knowledge base to develop mitigating actions for the materials and degradation
mechanisms.
The list of LWR plant components with varying degrees of susceptibility to future degradation mechanisms and
the assessment of the knowledge base will be used in developing an NRC-led integrated cooperative program
that will share research results from U.S. and international government and industry organizations. Results from
this cooperative research will provide the technical bases for effective implementation of proactive materials
degradation management programs to ensure reliable and safe operation of nuclear power plants.
Improved Collection and Integration of Operating Experience Data
An important first step in proactive materials degradation management is the identification of components that
can reasonably be expected to degrade in the future. This assessment must consider past operational
experience, any potential mitigation applied, and the evaluation of time-dependent phenomena that may
lead to later onset of degradation or development of new degradation modes.
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Licensee event reports (LERs) and other reports related to plant occurrences need to be more widely available and
must contain more detailed information on plant operating history, materials involved, and stressors (such
as temperature, water chemistry, stresses, cycles, etc.). This information could be used to develop predictive
models for understanding the implications of failures for other plants in the worldwide fleet of nuclear power plants.
However, the needed operating experience data are not being collected and integrated in a fully effective
manner. At present, regulatory bodies receive event reports and material non-conformance reports, but no
formal system is in place to collect and integrate information describing routine degradation and plant
repairs. Although it is below the threshold for event reporting, such information may identify accident
precursors or emerging degradation issues that become evident with data trending. Additional information
compiled by licensees (plant operators), including root cause analysis and corrective action reports, is usually
compiled with great attention to detail and could be another source of data for trending and developing the
predictive models discussed above. Some standards have been proposed for reporting operating experience
that is not currently captured [Ref. 5], and their continued development is encouraged.
Concluding Remarks
Degradation experienced during nuclear power plant operations has resulted in significant operational
challenges and potential safety problems. These challenges have required industry and regulators
to make substantial investments in research, mitigation, repair, replacement, and inspection,
with correspondingly intense regulatory actions.
Our expectation is that materials degradation from known and previously experienced aging mechanisms, as
well as emerging mechanisms affecting different components, could continue and would likely accelerate as
plants age, unless proactive actions are taken to manage potential degradation. Effective development and
implementation of proactive materials degradation management (PMDM) programs will require
commitment of the worldwide nuclear power plant community (including regulators and industry),
extensive international research, and exchange of results. From an operational point of view, PMDM will
involve more effective ISI and implementation of continuous online monitoring for crack initiation and
growth to enable well-planned, orderly, and timely repair and replacement activities. Ultimately, these
investments will yield dividends by maintaining the safety of operating plants, leading to more efficient and
effective use of limited resources (for both regulators and industry), and improving public confidence
regarding the safety of nuclear reactors.
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Abstract. Safety culture has been defined as “that assembly of characteristics and attitudes in organizations and
individuals which establishes that as an overriding priority, nuclear plant safety issues receive the attention warranted
by their significance”. This paper briefly highlights efforts being made at the Centre for Energy Research and
Training (CERT) towards realizing this broad objective as far as possible. To this end CERT realizes the need for
instituted safety measures to reflect significant, site-specific peculiar characteristics of any generic reactor types.
Consequently, standard procedures for pre-startup, startup and shutdown of NIRR-1 (a miniature neutron source
reactor – MNSR) have been reviewed to reflect our local conditions and peculiarities. The review has revealed the
need to incorporate important steps that impact on overall safety of the facility. For instance an interlocking system is
being considered between NIRR-1 startup on the one hand and mandatory pre-startup measures on the other. Also a
procedure has been put in place that would facilitate rapid response in the event of a rod-stuck-at-full-withdrawal
incident. Furthermore, a program of automation of important analysis and design calculations of MNSRs is going on.
Emphases are also placed, and deliberate efforts are being made, to ensure that a working atmosphere prevails that
would foster the correct attitudinal approach to matters of reactor safety. A regime of constant dialogue and
discussions amongst operating personnel has been factored into the overall operational program.

1.

Introduction

This paper highlights some of the simple but effective measures that have been implemented, are being put
in place or contemplated at the Centre for Energy Research and Training, Zaria in Nigeria with a view to
enhancing the safety features of the Nigeria Research Reactor–1 (NIRR-1). This reactor, which attained
criticality on 3rd February 2004, is a tank-in-pool miniature neutron source reactor with excellent inherent
safety features. This is due to fact that MNSRs have temperature feed-back characteristics that make them
extremely stable. However CERT believes that there is always room for improvement where safety is
concerned. In the light of this realization, standard procedures for pre-startup, startup and shutdown of
NIRR-1 have been reviewed to reflect our local or peculiar site-specific conditions. CERT has found it
necessary to incorporate important steps that impact on overall safety of the facility. For instance, an
interlocking system is being considered between NIRR-1 startup and some pre-startup activities.
Specifically we are considering interlocking the operation of the ventilation system with the reactor startup
such that the latter cannot be initiated without the former being in operation. We are also considering
interlocking the gas purge system with the ventilation system such that the former cannot be operated while
the latter is off. Also a procedure has been put in place that would facilitate rapid response in the event of a
rod-stuck-at-full-withdrawal incident. A program of automation of important analysis and design
calculations of MNSRs is also going on. Furthermore provision has been made for the installation of
additional filters in the ventilation system to minimizing as much as possible the environmental impact of
NIRR-1. Some of these added or contemplated features are such that no known MNSR possesses them.
These measures and a few theoretical works having some bearing on safety, which have been done at CERT
are discussed in the following sections.
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2.

Provision for rapid manual insertion of Cd string in an emergency

The pools of MNSRs are usually covered with Perspex bolted to the top. This is to prevent foreign objects
from falling into the pool and also minimize the deposit of airborne particulates onto the surface of the pool
water. Under this condition, if there is an urgent need in an emergency to manually insert a cadmium string
into an irradiation site, this Perspex cover would be in the way. This may come about for instance if the
control rod were to get stuck at the fully-withdrawn state; and in addition, an attempt to send in cadmium
rabbits by the pneumatic transfer system also fails. NIRR-1 operating organization has therefore decided
that one of NIRR-1 pre-startup conditions is that there should be easy access to the top of the reactor vessel
during reactor operation. This is achieved by unfastening one section of the cover but leaving it in place
with one or two loose bolts just to keep it in position. In this way time would not be lost unscrewing bolts in
an emergency. This precaution should therefore facilitate rapid access to the vessel top, disconnecting a
rabbit tube from an inner irradiation channel, and inserting a cadmium string into the irradiation site as
quickly as possible.
3.

Providing interlock between critical pre-startup events and NIRR-1 startup

Another crucial event that must precede startup of NIRR-1 is that the ventilation system, which should
provide negative pressure in the reactor hall as well as filter the air from the reactor hall before discharge to
the atmosphere, must be turned on. Although this is one of the pre-startup checks that needs to be carried
out, if it is inadvertently omitted, the reactor would be operated with neither negative pressure nor
ventilation in the reactor hall. The NIRR-1 operating organization has therefore decided that it is desirable
to provide an interlock between the ventilation system and reactor startup that would prevent the latter
(startup) from taking place if the former (ventilation system) has not been turned on. The Centre is looking
into how best to implement this as cost-effectively as possible with the minimum delay.
It is also desirable to provide an interlock between the commencement of the weekly gas purge and
ventilation system such that the gas purge system cannot be turned on unless the ventilation system is
already in operation. This is because with the ventilation system off, gas purging is as good as useless.
4.

Power supply

NIRR-1 is operated exclusively using on-site power source from a diesel generator. It is never operated
using power supply from the national grid. This is because in Nigeria as in many developing countries,
power supply from the national grid is inadequate and unreliable. Apart from frequent power outages, even
when power is available, it is in many instances not reliable because the supplied current/voltage may be
outside regulated limits – i.e. either too little or too much. This is capable of damaging sensitive
electrical/electronic equipment. For added reliability, two 500 KVA diesel generators have been installed
and are available at all times for operation of NIRR-1. In addition to this redundancy, the control console,
the microcomputer control system and the rabbit system type A are connected through uninterruptible
battery-backed power sources. This is to ensure that provision is made for the possibility of sending
cadmium rabbits into an inner irradiation site to shut the down as rapidly as possible, should that
contingency arise.
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5.

Provision of extra filters for effluent gases

Although the NIRR-1 Gas Purge System is equipped with both activated charcoal and iodine filters,
provision has also been made for extra filters before the gas that is being purged and the gas in the
ventilation system are discharged into the atmosphere. In spite of the fact that MNSRs do not normally
require this extra filters, the operating organization believes that to be conservative in favour of safety is
desirable and is trying to install one.
6.

Some safety related calculations at CERT

Apart from practical efforts being made at CERT to enhance safety features of NIRR-1, some theoretical
works that have a bearing on safety are also being undertaken. A brief highlight of some of these works will
now be given. The first is a program of automation of the more important neutronics analysis and design
calculations of MNSR-type reactors that is being undertaken. Preliminary two-dimensional results have
been published [1] while generalization to three dimensions is still going on. The major attraction of this
program is the ease with which many neutronics calculations may now be done with the accompanying
savings in time and improved precision. It also allows the beginner reactor physicist to use the codes WIMS
and CITATION with almost as equal ease as the expert.
In connection with this program two other works having to do with safety related investigations associated
with core conversion studies [2]; and temperature dependence of safety reactor factor and its implications
for limiting maximum NIRR-1 core temperature [3] respectively; have also been published. The major
conclusion of [2] is that in order to substantially reduce the enrichment of a typical MNSR (to say below
about 80%) while at the same time retaining the configuration, a drastic review of the material composition
of the core would have to be undertaken. On the other hand [3] seems to indicate that the limiting maximum
temperature at which a typical MNSR is operable is about 81ºC. Beyond this temperature it seems that the
negative temperature feedback would have become so much it that would shut the reactor down.
7.

Staff encouragement, sanctions and rewards

A regime of sanctions and rewards has been instituted to encourage conducts that tend to promote safety
and build confidence and promote competence at work. This is done by providing tangible benefits for
individuals who are outstanding in their punctuality, pay attention to details at work, show seriousness of
purpose and generally do not make light any matters relating to safety. In a situation where a staff member
is found to be negligent, in breach of discipline or procedure etc, sanctions are applied, but more as a
corrective measure than as punishment. This is done in such a way as not to encourage concealment of
errors or lapses. Operators are also encouraged to discuss even their private problems with their colleagues.
This is realized through a constant meeting of the operating group, where members are encouraged to
discuss not only official matters but also personal and social matters that may affect their performance at
work. Wherever possible the Centre provides necessary assistance, within limits – financial or otherwise –
to neutralize any difficulties that member of the Section may be having. The reason for this is simply to
ensure that personnel associated with the operation of the reactor can as far as possible perform reliably and
optimally in any eventuality.
8.

Conclusion

This paper summarizes some of the efforts being made at the Centre for Energy Research and Training
(CERT) towards realizing the broad objective of safety culture as far as possible bearing in mind any
significant, site-specific peculiar characteristics of the host environment. Standard procedures for prestartup, startup and shutdown of NIRR-1 have thus been reviewed to reflect local peculiarities. The review
revealed the need to incorporate important steps that impact on overall safety of the NIRR-1. Important
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interlocks that are being considered have been highlighted. A procedure that has been put in place to
facilitate rapid response in the event of a rod-stuck-at-full-withdrawal incident has also been presented. The
paper also emphasizes efforts being made to ensure that a working atmosphere prevails that would foster
the correct attitudinal approach to matters of reactor safety, pointing out that sanctions, where and when
they are applied, are done more as a corrective measure than a punitive one. Finally, a few theoretical works
having some bearing on reactor safety, which have been done at CERT, have also been highlighted.
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Preparation Status for Continuous Operation of Kori unit 1 NPP in Korea
Choi, Cheul Hee
Electrical & Instrument Control Manager
Innovation Planning Team, Kori Nuclear Power Plant 1

219, Kori, Jangan-eup, Kijang-gun, Pusan 619-711, Korea
Tel : 82-51-726-2536~7, Fax : 82-51-726-2539, Email : chechee@khnp.co.kr
Abstract: Kori unit 1 Nuclear Power Plant is the first commercial operation plant in Korea. In Korea, the life
extension of NPP beyond design lifetime reached practically application stage. Preparations status for continuous
operation of Kori unit 1, Many researches have demonstrated that life extension beyond design lifetime is possible
in terms of technology. This paper is to introduce and to share the continuous operation preparations status and
schedule for Kori unit 1 License Renewal Process an additional every 10 years beyond the design life 30 years
term.

1. Introduction
Kori unit 1, the first comes the end of design lifetime by 2008 since the commercial operation In April
1978, Korea has no prescriptive rule for continuous operation beyond the design lifetime but long term
operation beyond the design life is already proved in many countries with good life management
practice. KHNP waiting for government policy for life extension to proceed with the refurbishment
project by this year, large scale refurbishment is subject to life extension
Major History of Kori unit 1
No.

Major Item

Date

1

Construction P lan Decision

1969.10. 2

2

Construction & Operating
License Issued

1972. 5.31

3

Initial Critical

1977. 6.19

4

Commercial Operation

1978. 4.29

5

Grand O/H(10 Years)

1988. 1~7

6

Grand O/H(20 Years)

1998. 6~9

7

Electricity Generation
100 Billion kWh

2004. 7. 1

Remark

Main Condenser
Replacement
S/G Replacement

2. Activities Related for Continuous Operation
2.1 Review Plant Design Life
2.1.1 Current design life based on the reactor type/plants
PWR(Kori 1) : 30 yrs (Except Kori 2 : 40 yrs)
PHWR (Wolsung 1, 2, 3, 4): 30 yrs
PWR (The others NPP): 40 yrs
2.1.2 Operational period (term) of the NPP
No licensed term is shown on the license documents
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FSAR shows only the plant design life
The regulator interprets licensed period = deign life
2.2 Major study for Plant Safety
2.2.1 Life Time Management Study
2.2.1.1 Objective
(a) Feasibility evaluation as technical, economical view for continuous operation
(b) Detailed Lifetime Evaluation of Structures and Components
(c) Development of Aging Management Program (AMP)
2.2.1.2 Period: ’93.11 ~ ’96.11(36M)/ ’98.07 ~ ’01.06(36M)
2.2.1.3 Contents
(a) Economic Evaluation of Lifetime Management
(b) Detailed Lifetime Evaluation of Structures and Components for SSCs integrity
2.2.1.4 Study Results
Economical validity of continuous operation for additional 20 years based on the estimated C&B (cost
and benefit) analysis
2.2.2 Fire Protection
2.2.2.1 Contents
(a) FHA (Fire Hazard Analysis): ’96.12 ~ ’98.04(16M)
(b) SSA (Safety Shutdown Analysis): ’99.09 ~ ’01.08(24M)
2.2.2.2 Analysis Results
Detail design of FP Improvement (Plan): ’03.01 ~ ’03.12(12M)
(a) Fire Wrapping cable and cable tray
(b) Isolation and reinstall components of cable and control panels
(c) Installations UPS, Battery and Emergency lighting
(d) Develop of fire alternative shutdown procedures
2.2.3 PSA (Probabilistic Safety Assessment)
2.2.3.1 Basis: Severe Accident Policy’ Decision (Nuclear Safety Commission)
2.2.3.2 Period: ’99.11 ~ ’02.11(36M)
2.2.3.3 Contents
(a) Evaluation of core damage frequency due to Kori 1 unit internal events
(b) Evaluation of risk due to Kori 1 unit fire and flood events and seismic margin analysis seismic events
(c) Estimation of containment failure probability and source term analysis
2.2.3.4 Study Results: Performing Improved Items
(a) Installed AAC D/G
(b) Increase Capability of Plant Battery
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(c) Improvement of Instrument Air system reliability etc.
2.2.4 PSR (Periodic Safety Review)
2.2.4.1 Purpose: Safety Evaluation for Kori unit 1
2.2.4.2 Period: ’00.05 ~ ’02.11(28M)
2.2.4.3 Scope & Contents of Review
(a) Scope: All Facilities and operational systems related to the safety of Kori unit 1
(b) Contents: 11 safety factors suggested by IAEA in Safety Series No. 50-SG-012 (NS-G-2.10)
2.2.4.4 Conclusion & Recommendation
(a) Safety of Kori unit 1 can be maintained for next 10 years and PSR to be carried out every 10 years
after issuance of operating license (The operator of NPPs has to the responsibility of performing the
PSR)
(b) Issued 40 recommendation items including cumulative fatigue evaluation, aging management
improvement, design stress report acquisition, Man Machine Interface (MMI) application guideline
development and feasible study on application of Leak Before Break (LBB) concepts
2.2.5 EQ (Equipment Qualification)
2.2.5.1 Definition
Verify that safety related equipment can perform its safety function under design basis accident (DBA)
condition
2.2.5.2 Period: ’02.03 ~ ’03.09(18M)
2.2.5.3 Contents & Results
(a) Preparation of EQ plan, Master List & Procedures
(b) EQ accident analysis and Acquisition plan of EQ documents
2.3 Major Equipment Replacement for Refurbishment
2.3.1 Overall Analysis (1978~ 2004)
Number of improvement items: About 230 items including SG replacement
Conclusion: Most of the major equipments was replaced except Rx. Vessel Head, The plant safety and
reliability of Kori unit 1 were improved than that before
2.3.2 LP TBN Replacement
2.3.2.1 Background of Replacement: Stress Corrosion Cracking & Fatigue caused by long term
operation (19 years)
2.3.2.2 Period: ’97.03 ~ ’97.06
2.3.2.3 Manufacture & Type: ABB, Weld Type Rotor
2.3.3 SG Replacement
2.3.3.1 Background of Replacement: During 20 years operation, Tube plugging rate (11.5%)is closed to
design limit 15%
2.3.3.2 Period: ’98.06 ~ ’98.09(86D)
2.3.3.3 Specification: W51 SG (Alloy 600) Â Delta 60 SG (Alloy 690)
2.3.3.4 Effect
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Enhancement of safety and reliability through improvement of the tube integrity
2.3.4 Plant Process Control & Protective System Upgrade
2.3.4.1 Background & Objective
Maintenance cost increased, difficulty of spare part procurement & Change the Analog type to Digital
type of Plant Process Control & Protective System
2.3.4.2 Period: ’98.06 ~ ’98.09
2.3.4.3 Content: Model Change (Foxboro Company, H-line module Â SPEC-200 Micro module),
Replacement On-Site Computer and Control Cabinet (35 set)
2.3.4.4 Effect: Enhancement of instrumentation reliability & NPP safety
2.3.5 Main Transformer Replacement
Enhancement of power facility reliability (Period: ’02.09)
2.3.6 Main Generator, Exciter & IPB Replacement
2.3.6.1 Background: Bearing & Casing’s vibration, Cooling Water Leakage of IPB, etc
2.3.6.2 Period: ’05.03~ ’05.04
2.3.6.3 Remark: Generator & Exciter turnkey replacement
3. Long Term Plan
3.1 In process Projects
3.1.1 Seismic Qualification (’03.11~ ’06.11)
Seismic Qualification Review on Safety Related Equipment based on Current License
Basis (PSR Safety Implementation Item)
3.1.2 EQ (Equipment Qualification)
EQ (Phase 1) Subsequent Action (Period: ’04.02~ ’07.02)
3.1.3 Fire Wall Penetration Performance Evaluation (’04.02~ ’06.02)
Evaluation for resistance performance on firewall penetration based on Current License
Basis (PSR Safety Implementation Item), the contents are fire and pressure resistance
performance and radiation shielding performance evaluation of fire wall penetration
3.2 Further Schedule
3.2.1 Equipment Refurbishment
Installation of AAC D/G to protect Station Block Out)
Rx. Head Replacement
Main Control Board up grade (Satisfaction of MMI Criteria)
Degraded HVAC Replacement
High Voltage Switchgear Replacement
Containment Bldg. HVAC Reinforcement
3.2.2 Safety Analysis & Subsequent Action: Results of PSR, EQ & FP etc
3.2.3 Continuous Operation Project Schedule
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2005

2006

Law revision
(’05. 8)

2007

Submit LRA
(’06. 4)

2008

End of Design Life
(’08. 4)

Aging Management Review
Metal Fatigue AMP Development
RV Neutron Irradiation Embrittlement Analysis

Preparation
Prepare & Submit Report
Licensing
Review

4. Conclusion
Expected Benefits of refurbishment/Long Term Operation


Ready for continuous operation of the first unit



Upgrade Plant Safety Level



Updated PSA, FSAR, Tech Spec, License documents



Prepared the Aging Management Program and Implemented



Meet the demand of electricity power continuously growing



Increase the ROI (Return on Investment) of enterprise asset



Lessons learned from the large scale refurbishment for next project
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Operational Safety Improvement in OPR 1000
JUNG Young-Eek,
Ulchin Nuclear Power Plants, Unit 3&4, Korea Hydro & Nuclear Power Co., Ltd.
84-4, Buguri ,Uljingun, Kyoungbuk, 767-701, Korea
Tel: 82-54-785-2201, Fax: 82-54-785-2209,
Email: yejung@khnp.co.kr
Abstract. Nuclear power operating experience management might be an important factor for the operational safety
improvement. KHNP’s nuclear information management system, called KONIS receives, distributes and manages all nuclear
information from domestic and foreign, especially operating experience. Ulchin 3&4, the first units of OPR 1000 series
operates several organizations regarding management of operating experience e.g. specialist group program, various task
forces, equipment specialist system for operator, etc. Peer review is another contribution for nuclear safety.

1. Introduction
KHNP (Korea Hydro & Nuclear Power Co.) is operating twenty (20) nuclear units. Ulchin 3&4, the first units of
Korean OPR (Optimized Power Reactor) 1000 series, formerly called KSNP (Korean Standard Nuclear Power
Plant), commenced their power generation in 1998 and 1999, respectively. Besides Ulchin 3&4, four more OPR
units are under operation and another four units are planned to be connected to the grid in early 2010s. The
management of nuclear operating experiences is important to nuclear safety improvement not only for the current
operating reactors but also for the new design reactors, in addition the importance will be greater in case of same
design reactors. This paper introduces KHNP’s nuclear information system (KONIS) and some operational safety
improvement of Ulchin 3&4 and it also presents about the nuclear safety peer review systems in Korea.
2. Operating experience management in KHNP
2.1 KONIS work process
KONIS, an intranet of KHNP, was developed in 1999 to support the nuclear information system of KHNP. Its
flowchart is shown as below (Figure ).

Figure . KONIS flowchart
Information Collection
(750events/month)

Highly Usable
Information (
(70events/month)

Review of Usability
(at site)

Selection &
Classification
(A, B, C, D group)
(500events/month)

Critically Usable
Information
(12-13event/month)

Utilization
(at site)

Registration to KONIS

Issue of Technical
Review Reports

Report of Utilization
Results (at site)

2.2 Application of KONIS in 2004
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The importance of KONIS in managing nuclear operating experience is increasing over the years. The application
result of KONIS in 2004 is summarized in Table .
Table . Application of KONIS in 2004 (KHNP total/Ulchin 3&4)
Operational
Procedure
Equipment
Application
Training
Practice
Revision
Results
Improvement
Change

Incorporating to
long term plan

Total

KHNP Total

115

23

73

182

29

422

Ulchin 3&4

15

1

7

16

2

41

2.3. Significant Application for Ulchin 3&4
Among 135 cases that Ulchin 3&4 received from KONIS in 2004, 41 cases were practically applied at site as a
type of; checking the integrity, modifying related equipment, revising procedures, training people, or applying to
plant management. Some significant cases are shown in Table .
Table . Significant Application on Ulchin 3&4
Category

Equipment
check or inspection

Operating Experience

Application

Plant trip during TBN trip circuit test

Inspect hydraulic operated valves of
TBN protection system

Plant trip by activation of over current
relay of main generator due to
distraction of IPB supporting insulator Inspect internal insulator of IPB
separation

Activation of reactor trip breaker due to Perform periodic In-Circuit Test for
PPS Matrix relay card failure
related cards
Plant trip due to failure of optical
Replace optical isolation chips
isolation chip of CEDMCS card
Functional failure of sub-group relay in
Equipment replacement or
Engineered Safety Feature
Replace sub-group relays
design change
Actuation System
Circulating water pump trip due to Change design of circulating water pump
inflow of sea shrimp
traveling screen
Plant trip during changing operation of Incorporate operational steps of small
main TBN lubrication oil cooler
scale coolers to the general operation
procedure
Procedure revision
Drop of irradiated fuel assembly at spent
Change the fuel unloading and loading
fuel pool
steps in the refueling procedure
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3. Operational safety improvement in Ulchin 3&4
3.1 K-HPES and Near Miss
KHNP encourages all employees, especially operators, to issue K-HPES (Korean - Human Performance
Enhancement System) or Near Miss report when a mistake/fault occurs, even though it is trivial. K-HPES and
Near Miss reports are registered in KONIS and distributed to all nuclear power plants and headquarter. In case of
Ulchin 3&4, eight (8) K-HPES and ten (10) Near Misses were reported in 2004. KHNP’s assessment system
requires that each power station (two reactors) has to produce at least five (5) K-HPES and ten (10) Near Miss in
a year. The power station has to reflect at least ten (10) K-HPES produced by other power stations and provide at
least four (4) operating experiences to the international organizations such as INPO, WANO. In case of shortage,
a penalty is given to the responsible station.
3.2 Task Force composed by Headquarter and Site Manpower

When a plant has to perform some work or test which will probably cause plant trip or unanticipated
events, a task force is organized before carrying out the work by the well experienced people both in site
and head office. The task force reviews all previous cases and possible events. The work can only
proceed in case of definite conclusion that there will not be any problem regarding that work. For
example Ulchin 3&4 experienced a functional failure in control rod driving system in June 2005. A task
force was immediately organized to find the solution, because similar case was happened before. Finally
the failure was correctly managed under the direction of task force without causing any transient.
3.3 Specialist group at nuclear power site
Each nuclear power site in Korea operates four to six nuclear reactors; in case of Ulchin there are four OPR1000s
and two Framatome reactors. KHNP organized site specialist group taking this site advantage, which assembles
the specialists in each site in a group. The group is usually preserved as a kind of study group, however in case of
plant transient or unanticipated events, the group works as a task force to find solutions. Ulchin site began this
program in 2003. The groups at Ulchin site are shown in Table .
Table . Specialist Groups at Ulchin Site
Specialist group
Mechanical group
Electrical group
I&C group
Radiation control group
Engineering and technical affairs group

Sub-groups
Reactor, TBN and In-service inspection group
Reactor, TBN and In-service inspection group
Reactor, TBN, plant computer and plant control group
Radiation protection, waste control and heath physics group
Reactor core, technical information and PSA group

3.4 Equipment Specialist for Operator
This program requires that every operator must be a specialist to a certain equipment. The equipment includes
pumps, valves, chillers, compressors, diesel generator, switch gear, etc. Each operator has to study the mechanism
of his/her equipment, its operation manuals and procedures and all operating experience occurred ever. The result
of this program will be more significant as plants operating years increase, and it will be a great help for other
operators, especially for newly assigned operators.
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3.5 Task forces for outage
Task forces for outage are organized three months before the scheduled date and are operated until the end of
outage. They review the schedule of works, write work procedures, describe detailed responsibility, prepare
possible incidents and control interfaces. The reports published by the task force are used to improve the work
process of the next outage. Usually Ulchin 3&4 operates about 20 task forces for this purpose, which are reactor
structure assembly/disassembly, in-core instrument removal/installation, safety control, RCP repair, etc.
4. Safety review programs
4.1 WANO peer review
Ulchin 3&4 invited a WANO peer review team in November 2004. The team reviewed the operational safety of
plant operation, maintenance, operating experience, training and qualification, radioprotection, etc. After the
review the team found out thirteen (13) AFIs (Areas For Improvement) and four (4) Good Practices. The WANO
peer review was a good opportunity for plant staff to learn the best practices of foreign nuclear power plants and
to upgrade the level of plant management.
4.2 KHNP Peer Review
It is an internal peer review system in KHNP, which facilitates the exchange of operating experience between
each plant and enhances the operational safety through check and review of other plant people. In case a certain
plant has weak point in some area, the headquarter of KHNP organizes a peer review team with specialists from
other plants. The peer review team visit the plants and review the status of the utilization of operating experience
or deliver useful operating experience to the plant. Generally, a power station receives that review once every two
years.
4.3 Safety review program by retired senior engineers
The program consists of five to eight retired senior engineers who have sufficient knowledge and experience in
their fields. The team visits a power station once a year during one week. Recently, this team visited Ulchin 3&4
and reviewed the safety operation status of five fields such as plant operation, maintenance including outage,
radiation protection, QA program and engineering and technical support. Ten (10) recommendations were
suggested through the review.
5. Conclusion
Clear identification and efficient managing of operating experience might be a key element for nuclear safety
improvement. Recognizing the importance of nuclear safety through experience, KHNP will continue its efforts
to enhance nuclear safety, especially for the following fields: use of internal and external operational experience
feedback, use of good and bad practice, use of more efficient networks and information technology, widening of
international cooperation on information exchange.
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Status of Life Management for Kori unit 1 in Korea
Ahn, Dae-Geun
Plant Innovation Planning Office
Korea Hydro & Nuclear Power Co., Ltd. (KHNP)
Abstract. The design life of Kori Unit 1 will come to an end in 2007. But, it is shown that plant life extension of
additional 20 years after 2007 is technically possible and its economic benefit is expected to be high. For the
continuous operation beyond the plant design life (30yrs) of Kori Unit 1, KHNP has performed Nuclear Power
Plant Lifetime Management Study, PSR, PSA and Equipment Qualification. According to the current articles of
enforcement decree of Atomic Energy Act, a PSR should be implemented every 10 years after issuance of an
operating license. To enhance the safety and reliability of Kori unit 1, KHNP has been managing the
performance of Systems, Structures and Components. Kori unit 1 replaced the Steam Generator, Booster Feed
water Pumps, Low Pressure Turbine Rotor and Main Transformer, Main generator and RCP Rotor. Also the plant
process & control system has been upgraded. To improve the safety for the extended life terms of Kori unit 1,
KHNP will develop the plant specific Aging Management Programs.

1.

Introduction

Since the commercial operation of Kori Unit 1 in April 1978, KHNP has achieved rapid growth in
nuclear power, and now has 20 operating nuclear units by the commercial operation of Ulchin Unit 6
in April this year and 6 units under construction at 3 sites.
Although Kori Unit 1 is the oldest plant in Korea and will finish its design life (30 years) in 2007, it
has still been showing good performance. According to the analysis, it is safe and technically possible
to operate the plant in extended 20 years after 2007.
For continued operation beyond the plant design life of Kori Unit 1, KHNP has performed Nuclear
Power Plant Lifetime Management Study, Periodic Safety Review, PSA and Equipment Qualification.
1.

Description of Activities for Life Extension of Kori 1

2.1 Major Assessments & Equipment Replacement
To enhance the safety and/or performance of Kori Unit 1, KHNP has continuously managed for the
equipment and facilities. For example, KHNP replaced two SG and Booster Feed Water Pumps,
eliminated the RTD Bypass Line, and upgraded the Plant Process & Control System during the 1998
outage.
We changed SG tube material from alloy 600 (W model 51) to alloy 690 (W model Delta 60) to reduce
the PWSCC degradation of SG tube. RTD bypass lines have been eliminated to reduce the radiation
exposure and reactor trips. Also, to enhance the safety, Plant Process & Control System was upgraded
in 1998. In 1997, we replaced LP (Low Pressure) Turbine Blade & Rotor to reduce the degradation
effect due to erosion and stress corrosion cracking. To enhance the performance, MSR (Moisture
Separator and Reheater) was replaced in 1985. Also, Main Condenser, Heat Exchanger, Main and
Auxiliary Transformers, Main generator and RCP rotor were replaced.
KHNP installed the Steam Generator Blow Down System, Loose Part Monitoring System, AMSAC,
TMI Action item (Post Accident Sampling System etc.).
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x Fire Safe Shutdown Analysis (SSA)
As a result of safe shutdown analysis, a total 17 of 57 fire zones indicate that safe shutdown is
impossible in case of fire. "Alternative safe shutdown" using RSP (Remote Shutdown Panel), EDG
and CCW panel is a suitable solution to obtain safe shutdown capability in Kori unit 1. To obtain
alternative shutdown capability and to upgrade fire safety, following improvements are needed.
- Add or reinstall safe shutdown components/cables
- Protect safe shutdown components/cables from fire
- Reinforcement of fire detection or suppression facilities
- Develop alternative shutdown procedures
- Maintain spare parts for emergency repair
Probabilistic Safety Assessment (PSA)
PSA was performed from November of 1999 to November of 2002 (Total 36 months). The main
objectives of this study are to evaluate the safety level of Kori Unit 1 and propose the overall safety
improvement items against weak points which are related to prevention and mitigation of severe
accidents.
The core damage frequency (CDF) of Kori Unit 1 due to internal events is evaluated at1.19E-4/Ry. To
enhance safety against severe accidents, the short term and long term safety improvements items are
identified and their safety achievements are analyzed, that is, where these items are implemented, the
core damage frequencies will be reduced to 6.89E-5/Ry and 3.49E-5/Ry, respectively.
x Environmental Qualification (EQ)
As a result of Kori Unit 1 PSR, it was found that Kori Unit 1 is required improvements to the EQ
system to satisfy the nuclear regulation. EQ Phase I project for Kori Unit 1 was set to work as a
following action of the PSR.
Main purpose of this project was to establish the EQ system. Preparation of EQ procedures and
detailed plan to obtain the EQ documents were also included.
All the outcomes from this project satisfy the requirements of Nuclear Regulation (PSR Equipment
Qualification) and 10CFR50.49 (Environmental Qualification of Electrical Equipment). Major
activities of Phase 1 consists of 5 parts as follows; Preparation of EQ Plan, EQ accident analysis
(LOCA and HELB), Preparation of EQ master list, Acquisition plan of EQ documents, and Preparation
of EQ procedures.
EQ Phase II is now in process. Phase II activities include type test of equipment, preparation of
environmental qualification evaluation and review and development of the EQ management system.
2.2 Plant life management (PLIM)
Phase  of PLIM was performed for the total of 36 months from November of 1993 to November of
1996.
The purpose of Phase  was to evaluate the feasibility of extending the lifetime of Kori Unit 1 and to
develop the related technologies, and finally to establish a proper plant lifetime management plan
through its optimal economic lifetime. It was shown that plant life extension from 10 to 20 years after
2008 is technically possible and its economic benefit is high.
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Phase  of PLIM was performed for the total of 36 months from July of 1998 to June of 2001. During
the Phase II study, We developed the methodologies and technologies for lifetime evaluation,
diagnosis and monitoring of the aged structures and components, and finally to develop the aging
management programs for the continued operation of Kori Unit 1. The current aging management
practice in the site was examined. The effective AMPs for the continued operation were derived from
the results of lifetime evaluation and foreign and domestic experiences. It is expected that the AMPs
are effectively implemented; the intended functions and integrity of the structures and components will
be maintained for the period of the continued operation.
2.3

Periodic Safety Review(PSR)

Kori Unit 1 PSR was performed from 2000 to 2002. 11 safety factors of the review were fully
evaluated in accordance with the domestic legal system. Although it is the oldest nuclear power plant
in Korea, Kori Unit 1 has maintained good operating conditions and continuously enhanced its safety
by implementing post-TMI action plans and other safety issues. It can be therefore confirmed that safe
operation of Kori Unit 1 is guaranteed until the next periodic safety review. Nevertheless, some
corrective action items were recommended to further enhance its safety level, such as equipment
qualification, additional ageing management programs, revision of some procedures related to
administration and human factor. The results of the PSR can be utilized for the continued operation
beyond the design life as long as the plant safety is maintained and improved. Experiences from the
PSR of Kori Unit 1 can also be applied to PSRs of other plants.
According to the articles of enforcement decree of Atomic Energy Act, PSR should be implemented
every 10 years after issuance of an operating license. Review scope is based on 11 safety factors
suggested by IAEA in Safety Series No. 50-SG-O12 (NS-G-2.10), and detailed scope may vary
depending on plant age.
The conclusions of PSR on Kori Unit 1 can be summarized as follows:
- The general design criteria of US AEC (Atomic Energy Committee) were applied in design of
Kori Unit 1. Therefore, the fundamental design concept of Kori Unit 1 is similar to that of the
later NPPs, though the details of the design might differ.
- The safety of Kori Unit 1 has been continuously enhanced by implementing post-TMI action plans
and other safety issues, replacing Steam Generators and Process & Control system. The latest
codes and standards have been applied in safety analysis for major equipment replacements.
- Kori Unit 1 has maintained good operating records such that the number of transient occurrence of
reactor trips remained less than 40% of the design number of occurrence since the first criticality.
- The actual physical conditions of the SSCs including reactor pressure vessel are in good condition.
The safety function and adequate safety margins will be maintained. However, to enhance the
safety, some of the current ageing management programs should be supplemented, equipment
qualification system reflecting the revised standards should be established, and timely replacement
of some individual components would be needed.
- Accident analysis like thermal-hydraulic design, transient analysis meets the latest technical
standards. Also, the assumptions used in accident analysis and the analysis result, diversity and
independency of design meet the latest technical standards.
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- Facilities, treatment capacity, and radioactive exposure management of radioactive waste
management and monitoring system satisfy the relevant standards. Also, there is sufficient
capability of the response strategy for radioactive emergency, emergency organization and facility.
But the measures for dose assessment for internal exposure and the reduction of person-rem
exposure in response to the application of ICRP-60 should be established.
- Administrative systems of the plant such as organization structure, training, QA activity, use of
experience of other plants and research findings, are generally well managed. However, some of
the procedures should be supplemented; organizations for safety management and engineering
should be strengthened.
2.4 Refurbishment Plan for Kori 1
In addition, we are planning some upgrade and replacement of following components to enhance the
safety and performance of Kori Unit 1. By this year, the Main Generator and RCP Rotor will be
replaced, and equipment of the Fire Protection System will be supplemented. Also, the equipments of
HVAC will be replaced. And we are also considering the RPV Upper Head and MCR replacement plan.
These management activities and plans are contributed to succeed in continuous operation beyond
design lifetime.
To improve the safety of Kori Unit 1, KHNP will develop the plant specific AMPs, supplement the
repair, replacement, and additional installation of SSCs if necessary.
1

Conclusion

For continued operation of Kori unit 1, a number of evaluations and reviews have been performed
with supplements for safety related SSCs such as PLIM Phase 1 & 2, PSR, PSA, EQ, and FP Analyses,
etc. Most of the main components including SG in Kori Unit 1 have been replaced.
PLIM study has shown that plant life extension of additional 20 years after design life is technically
possible and its economic benefit is expected to be high.
According to the results of the review for Kori-1 PSR, Kori-1 can maintain the safety for 10 years
when some activities are supplemented. To improve the safety of Kori Unit 1, KHNP will develop the
plant specific AMPs, supplement the repair, replacement, and additional installation of SSCs if
necessary.
KHNP considers PSRs as the tool of continuous operation and is going to negotiate the license
renewal procedure with MOST.
We are preparing the master plan for life extension of Kori Unit 1.
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Operational safety performance characteristics of Ghana Research
Reactor-1
S. Anim-Sampong, E.H.K. Akaho, B.T. Maakuu, J.K. Gbadago, A. Ampong,
E. Amponsah-Abu, B.J.B. Nyarko, M.A. Addo, R.E. Quagraine
Ghana Research Reactor-1 Centre
Department of Nuclear Engineering and Materials Science
National Nuclear Research Institute
Ghana Atomic Energy Commission
P.O. Box LG 80, Legon, Accra, Ghana
Abstract. The operational safety performance of the Ghana Research Reactor facility is presented in this
paper. Particular emphasis has been paid to key physics and engineering safety design parameters such as
operating limits and conditions, reactor physics and neutronic design, thermal hydraulics. The operational
history as well as research and development activities carried out to ensure continuous operational safety
are also presented.

1.

Introduction

The Ghana Research Reactor-1 (GHARR-1) facility is a commercial version of the Miniature
Neutron source Reactor (MNSR) and is categorized as a tank-in-pool type, low power research
reactor with power rated at 30kW(th). The facility was installed in 1994 and commissioned in
March 1995. It has been operating since and is used mainly for neutron activation analysis of
samples of diverse origins and forms. Research and development (R&D) activities carried using
the GHARR-1 facility include nuclear and reactor physics, nuclear engineering, particle and
radiation transport, radiation protection, radiation and material damage, health physics and
environmental safety, and neutron activation analysis.
At peak power operation, the maximum thermal neutron flux measured in the core centre and in
the inner irradiation channels is 1.0E+ 12n/cm2.s. It has a critical core assembly of 344 fuel
elements consisting of highly enriched uranium (HEU) U-Al alloy enriched to 90.2%. The core is
highly under moderated (H/U atom ratio = 197) with light water. Neutron reflection in the radial
and axial directions is provided by beryllium alloy material and cooling is achieved by natural
convection. The estimated core lifetime is 10 years. This is achievable under the conditions that
GHARR-1 is operated at full power or at maximum thermal neutron flux for 2.5 hours a day and
5 days/week. With a burnup of 1%, the HEU fuel would have been fairly depleted within 10
years, resulting in a drop of core excess reactivity [1-4].
Operational safety is important for reactor design, operation and maintenance (O&M) as well as
utilization. The GHARR-1 facility is therefore designed with inherent safety properties, including
a large negative temperature coefficient of reactivity [1-5]. The safety design characteristics of
GHARR-1 to ensure adequate operational safety performance are presented in the following
sections.
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2. Operational safety performance: Physics and neutronics design characteristics
GHARR-1 is a compact, low power research reactor (LPRR) facility. Since achieving criticality
in December 1994 and commissioned in March 1995, the facility has been operating safely under
different operation regimes by a group of qualified and competent scientific and technical staff. A
summary of some important reactor physics and engineering design parameters and ranges for
specified operating conditions are as follows [1-4]:
Core power, max. neutron flux
30 kW, 1.0E+ 12n/cm2.s
Core life of fuel
3.2x1019nvt (at 1x1012n/cm2)
Cold clean core excess reactivity
3.5- 4 mk
8.08x10-3, 8.12x10-5 s
Eeff, Prompt neutron lifetime (/)
Ave. moderator temp. coefficient
- 0.13 mk/oC
o
Moderator reactivity coefficient
- 0.092 mk/ C
Integrated worth of control rod
d 7 mk
Initial shutdown margin
> 3 mk
Inlet water temperature
30oC
Flux uniformity - axial and radial
< 3%
3. Operational safety performance: Conduct of operations
The GHARR-1 facility is owned by the Ghana Atomic Energy Commission and is operated by
staff of the Nuclear Engineering and Materials Science Department of the National Nuclear
Research Institute which is the operating organization. Management of the GHARR-1 Centre
provides operational administration of the facility and is responsible for safe operations of the
reactor and the reactor facility as provided for in the facility’s Safety Analysis Report (SAR) in
accordance with national and international regulatory regimes [6].
To ensure maximum safety in the operational, maintenance and utilization of the GHARR-1
facility, a code or conduct of operations as provided in the facility’s Safety Analysis Report is
followed. This conduct of operations provides for an effective organizational structure of the
facility where key responsibilities and reporting lines are drawn. The organizational chart of the
GHARR-1 facility is shown in Fig xx below. In particular, the conduct of operations also
prescribes administrative rules, regulations for facility operations and maintenance, utilization
radiation protections, qualifications and training of staff. It also describes types of experiments
allowed in the reactor as well as those that may affect the operational safety of the reactor,
physical protection and security protocols to ensure safe facility operations.
To ensure compliance by facility management to the OLCs in order to achieving operational
safety, a number of administrative protocols have been established to provide guidance. These are
protocols are administered by two safety committees – Reactor Safety Committee (RSC) and the
Radiation Safety Committee (RadSC). In particular, the RSC regulates all safety related activities
regarding the operation, maintenance and utilization of the reactor. In particular, the RSC’s
objectives includes checking the adequacy of physical protection measures at the reactor facility;
approving or rejection of any maintenance or modification procedure necessitating entry to the
reactor core and reflector; ensuring operational safety of the reactor by inspecting the reactor
logbook and scrutinizing the experimental procedures; monitoring the effectiveness of emergency
response programme within the reactor facility; reviewing and approving the commissioning,
operation, maintenance, radiation protection, emergency and security procedures, changes in the
reactor’s OLCs and finally all abnormal occurrences, incidents or accidents [6].
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The RadSC provides administrative protocols concerning all radiological safety practices at the
facility including the control and movement of all radioisotopes. For effective implementation of
these radiological safety regulations, the distribution and use of the radioisotopes produced in the
reactor facility or obtained elsewhere are reviewed and approved by the RadSC [6]. Additionally,
the RadSC also reviews the qualification of all individuals utilizing radioactive materials at the
facility to ensure that proper radiological safety practices are followed.
4. Operational safety performance: Operational Limits and Conditions
The operational safety performance characteristics of GHARR-1 reactor are chosen in accordance
with a set of defined operating limits and conditions (OLCs) which are dictated by the physics
and engineering safety design of the reactor. In particular the OLCs set the operating limits within
which the GHARR-1 reactor could be safely operated in accordance with the facility’s SAR,
national regulatory regimes and international standards. Thus the OLCs are important to ensuring
compliance with operating regimes and also realizing the desired safety performance
characteristics inherent in the reactor design.
In particular, safety limits are levels or limits upon important physics and engineering variables
that that are found to be necessary to reasonably protect the integrity of certain physical barriers
that guard against the uncontrolled release of radioactivity and thereby assure safe operation of
the reactor. The safety limits of the GHARR-1 facility embrace temperature, neutron flux and
power, and water levels. The operating temperature of the HEU U-Al alloy fuel meat is 700C and
should not exceed 1000C under normal operating conditions. In severe accident cases, i.e. under
design basis accident (DBA) conditions, the temperature of the GHARR-1 fuel meat shall not
exceed 6000C which is lower than its melting point (6400C). In this way, no core meltdown cases
are anticipated, ensuring the achievement of the reactor’s safety operational performance
characteristics. Its fuel cladding temperature under normal operations and even under DBA
conditions is set not to exceed 1000C. The GHARR-1 reactor uses light water as both coolant and
moderator. The true value of the coolant inlet temperature at maximum power does not exceed
430C. For normal and accident conditions, the temperature of the reactor coolant shall not exceed
1000C.
The GHARR-1 reactor has a number of special safety features in its control systems. One of such
is provided via the “protection in” key which is activated before commencement of reactor
operations. This feature ensures that the safety limits set for both maximum operating reactor
power and the corresponding neutron flux are not exceeded during normal conditions. During
transients however, the maximum reactor power does not exceed 100kW (3.3E+ 12 n/cm2.s).
Safety limits set for both the fuel meat and cladding are not exceeded during transients,
demonstrating the safety performance characteristics of the GHARr-1 reactor.
For operational purposes, safety of the facility in respect of water levels is restricted only to the
reactor vessel water (coolant) and the pool water. Information on these levels or safety limits is
provided on the control systems and strictly adherence is maintained to ensure safe operation and
maintenance of the reactor. In addition to water levels, a strict water chemistry regime is applied
to the quality of the both the reactor water and pool water. In particular, scheduled purification
activities in GHARR-1’s effective O&M programme ensures that the required water quality
levels of the reactor water and pool water are maintained to prevent pitting corrosion [6]. The
safety of associated instrumentation and components is thus achieved through non compromise of
the structural integrity of the reactor components.
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Conclusion
The operational safety performance characteristics of the Ghana Research Reactor-1 have been
briefly discussed in respect of three principal areas of reactor safety: physics and neutronic
design, conduct of operations and operating limits and conditions. From the discussions, it is
evident that the GHARR-1 facility is strictly operated in accordance with international standards
and in such a manner that ensures compliance to the provisions of the facility’s Safety Analysis
Report in order to achieve operational safety.
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Development of Regulatory Guidance on Safety Reviews of Nuclear Power
Plants in Germany
A survey on accomplished and current PSA activities
Berg, H.-P., Fröhmel, T., Görtz, R. and Rehs, B.
Federal Office for Radiation Protection (BfS), Salzgitter, Germany

Abstract. The paper describes the key points of the accomplished and current regulatory activities in order to
revise PSA guide and the corresponding technical documents in Germany. The regulatory German PSA guide
covers the fundamental requirements concerning the performance of PSAs in the frame of comprehensive safety
reviews. The technical details regarding the performance of PSA are set out in two technical documents (PSA
Methods and PSA Data) that have been developed by a working group of PSA experts (FAK PSA). Based on the
experiences from the first series of PSRs, international experiences and the fact that PSR is mandatory since
April 2002 revisions of all guides are underway. The first guide to be updated is the PSA guide together with the
corresponding technical documents. The working programme and the revision process of FAK PSA was finished
at the end of 2004 and the technical documents have recently been republished.

1.

Introduction

On the regulatory level, three guides for the performance of periodic safety reviews (PSR) have been
developed and issued in 1997 in Germany. These are the guideline on the basic principles of PSR,
displaying the fundamentals and the overall evaluation of the different analyses, the guideline on the
deterministic safety status analysis and the PSA guideline [1]. The PSRs were carried out by the
licensees on a voluntary basis.
By the recent amendment of the Atomic Energy Act [2] to perform safety review (SR) at ten years
intervals is now mandatory. It was decided to develop regulatory guidance documents for SR using the
existing guides as starting point and to begin with the PSA guide. The regulatory PSA guide (German
PSA guide) covers the fundamental requirements concerning the performance of PSAs. The technical
details regarding the performance of PSA are set out in two technical documents (PSA Methods [3]
and PSA Data [4]) that have been developed and updated by a working group of PSA experts
(Facharbeitskreis Probabilistische Sicherheitsanalyse für Kernkraftwerke (FAK PSA)).

2.

Extension and Update of the Regulatory Requirements and Methodologies on PSA

The main modifications that are being implemented in the PSA guide can be summarized as follows:
x description of the new legal frame,
x formulation of tasks and goals in accordance with the current international status,
x calculation of core damage states, taking into account preventive accident management measures
(PSA Level 1 for full power operation),
x extension of Level 1 PSA to the low power and shut down state (LPSA),
x extension of the event spectrum to external hazards such as aircraft crash, explosion, flooding,
earthquake and
x performance of Level 2 PSA for full power operation.
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Moreover, the current state of the art of science and technology demands updating in the following
areas:
x common cause failures,
x uncertainty analyses,
x determination of reliability data,
x data update for generic values in the PSA data document,
x internal hazards,
x operator actions and
x requirements on computer codes for PSA, in particular for Level 2 PSA.
The following subchapters describe the key points of the current regulatory activities in order to revise
PSA requirements in Germany.
2.1

Extension of Event Analysis

According to the existing regulatory guidance it is required to determine and quantify event sequences
which can lead to hazard of core cooling. For that purpose a systematic procedure is there described to
deduce a total spectrum of plant-specific internal initiating events – primarily for power operation – as
causes of core damage. Some quantitative criteria are also given in order to exclude initiators which
have an expected contribution to the total frequency of plant hazard states below 10-7 per year and if
the entirety of contributions of all these events is below 10-6 per year. The recommended current
spectrum comprises coolant leaks, various transients and plant-interfacing impacts resulting from
flooding of safety related parts of the building due to plant-internal causes and fire.
The intended extension of the spectrum of initiating events is directed on involving further internal
events (e.g. missile effects as a consequence of component failure like turbine blade failure) and
especially site-specific, external events such as earthquake, flooding, various weather conditions,
explosion pressure wave and aircrash impact. The general approach mentioned above and methods for
event analysis shall be maintained. Selected aspects of event extension regarding low-power and
shutdown states are discussed in the following.
2.2 Involvement of Accident Management (AM) and Determination of Core Damage
Frequencies
A further step to complete the scope of Level 1 PSA for power operation and low-power and shutdown states will be done by regular required analyses on beyond design basic accidents (BDBA) and
determination of core damage frequencies.
The objectives are to determine and quantify event sequences which can lead to severe core damage or
core melt down. The designed safety systems and technical design reserves as well as preventive AM
measures and active containment functions are to be considered in the PSA. It shall to be investigated
if vulnerabilities on systems, structures and components as well as shortcomings on operating and
accident instructions are existent. Finally, the entire safety related design features and the approved
procedures of operating manual shall be evaluated in order to achieve a well balanced safety concept.
For the analyses the following aspects will be addressed:
x required information on the implemented and described protection goal oriented staff actions
(operating manual) and AM-measures (accident management manual) as well as on the status of
emergency exercises and training,
x human factor analysis based on proven methods,
x use of existing models or results of similar accident analyses and verification and validation of
their applicability on plant-specific conditions,
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x estimation of core damage frequencies and description and evaluation of results regarding the
efficiency of AM on accident progression.
2.3

PSA Level 1 for Low-Power and Shutdown States (LPSA)

Regulatory guidance documents are being extended to cover Level 1 analyses to the LPSA. The
performance of Level 2 analyses shall be limited to power operation states (see 2.4) because existing
LPSA-methods for Level 2 still need some development from the regulatory point of view. The
following points have to be addressed:

x Required information on outage planning and organization, maintenance measures and shift
prescriptions,
x Plant dynamic analyses for low power and shutdown states, success criteria,
x Identification of different operational phases with constant boundary conditions to a large extent
for the event analysis;
x Identification of initiating events for each phase;
x Estimation of initiating event frequencies;
x Reliability data for systems and components;
x Human factor analysis.
Preventive accident management (AM) and repair measures are not treated methodically in the
documents, but they can be involved voluntarily if planned and described in respective manuals.
PSA studies have shown that in many cases the development of additional written procedures can
improve the confidence that plant personnel will act as required in certain event sequences. This has
been underlined by the Reactor Safety Commission (RSK) in a recent meeting. As examples
procedures based on LPSA insights related to the containment status – open or closed – and for the
supply of media and electric power for recovery measures can be mentioned.
2.4

PSA Level 2 for Power Operation States

The extension of probabilistic analyses in the frame of PSR regarding severe accident sequences
leading to core melt is to comprise the following objectives from the regulatory point of view:
x determination of a plant-specific possible spectrum of relevant severe accident scenarios and the
impacts on the plant resulted from accident dominated phenomena,
x evaluation of efficiency AM-measures including repair in order to mitigate the consequences,
x estimation of the release of radioactive materials inside and outside the containment envelope and
determination of quantity, quality and frequency of relevant release categories,
x investigation of sensitivities and uncertainties taking into account the insights of reactor safety
research and the current state of the art.
Objectives comprise verification of the AM concept and procedures and derivation of technical
solutions in order to reduce accident consequences.
According to the procedures of the Level 2 analyses there also basic conditions required on:
x Necessary prerequisites and assumptions derived from Level 1 analyse,
x Dtermination of representative core damage states,
x Deterministic analyses of accident progression especially physical and chemical phenomena,
x Containment behaviour and failure modes of components, fission product release and transport,
x Probabilistic event tree analyses,
x Ncertainity, sensitivity – and importance-computations and
x Description and evaluation of result, quality assutance and documentation.
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It is explicitly expressed in the draft revised PSA guide, that these analyses shall be performed
including substantial contributions of the licensee in order to bring more input of plant-specific
knowledge into the analyses.
Guidance on Level 2 PSA includes a systematical approach to derive reasonable conditional
probability ranges for quantification of accident progression event trees. Focus is on those phenomena
that are of importance with respect to their consequences and to which a large uncertainty is
associated. As far as possible quantitative values for the probability ranges are introduced.
2.5

Evaluation of Safety Review Results

It is intended to cover questions related to evaluation of PSA results in the guideline on the basic
principles of the safety review; the evaluation of the quantitative results of a PSA is still seen as
difficult, in particular the role of fixed orientation values - for example for core damage frequency.
The evaluation of the safety review results have to comprise both the results of the deterministic and
the probabilistic safety analysis. To address an open key problem of methodical nature, the protection
goal oriented approach applied in PSR has been questioned, but a new approach for the safety status
analysis evaluation is not yet determined.
The decision on measures to be taken and directives to be given by the responsible supervisory
authority in the scope of the overall assessment of the results are based on some general cornerstones
which have to be taken into account:
common understanding is that engineering insight derived from PSA clearly have a higher ranking as
numerical results,
compliance with deterministic principles,
minimizing potential exposure,
sufficient safety margins should be maintained,
the higher the extent of damage the more attentive precautionary measures must be taken into
consideration that can reduce probabilities of occurrence of these states,
discretionary decision of the supervisory body (e.g. commensureability).
3.

Ongoing and Future Activities

Presently, the publication of the PSA guide is in preparation and is expected in the very near future.
The associated technical documents have recently been republished.
The future perspective is such that the regulatory guide will not be modified during a longer period of
time whereas the technical documents will need further updating as the state of the art progresses.
Typically, periods of three to four years are under discussion for the latter. A work programme for a
first term is presently being set up. Preliminary thoughts comprise areas like uncertainty analyses,
extension of HF-methodology and defining more specifically adequate operational phases and end
states for LPSA. Above all, feedback of experiences from the first SR carried out on the basis of the
new guides is of paramount importance.
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4.

Summary and Conclusions

Findings and experiences resulted from comprehensive PSA studies and plant-specific PSA as well as
regulatory investigation programme on probabilistic methods reflects the needs to make German PSA
guide and technical documents subject to extension and update. These activities have focused basically
on the areas extension of internal and external event spectrum, determination of core damage
frequencies, concideration of AM including repair, implementation of PSA Level 1 for low power and
shutdown states and PSA Level 2 at power operation.
The first guide to be updated is the PSA guide together with the corresponding technical documents.
The working programme and the revision process of FAK PSA was finished at the end of 2004 and the
technical documents have recently been republished [3, 4].
The technical documents will need updating after a couple of years as the state of the art progresses
whereas the PSA guide is expected to require renewal later.
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Abstract: This paper presents how the system of the management quality and security assurance is implemented in
the analysis isotopic laboratory in the Nuclear Research Center of Maamora (Rabat – Morocco)

Conscious of the stakes and for a better confidence in their results, based not only on the esteem of the
laboratory but also on the technical and managerial considerations rigorously standardized, the isotopic
laboratory decided to be equip itself with a quality structure in accordance with international standard
ISO/IEC 17025 " General requirements for the competence of testing and calibration laboratories”, which
will make it possible to support the regional and international recognition of the isotopic analysis
laboratory.
Indeed, in the area of isotopic analysis, the intervening party is anxious to do their work right. Today, the
complexity and the interdependance of the systems, the importance of certain actions and decisions,
particularly by the economic stakes which accompany them, or the number of people concerned, develop
the consequences of a simple disyfunction or an error. Besides, it is necessary not only to seek to avoid
producing "non quality" but also to go further to try to demonstrate to the various partners that all the
preventive provisions were taken so as to assure the best possible total quality.
The methodology adopted in the laboratory for the implementation of quality system is based on:
- identification of the risks of non quality with could affect :
* human resources (qualification, training...) and equipment (use, maintenance...) in the laboratory;
* the process of request analysis from the time the samples are received to the time the results are issued ;
- prevention of the risks by the establishment of suitable procedures. The existence, the contents and the
degree of detail of the procedures vary according to the importance of the risks of non correspondents
quality.
- the safety of operation (availability, maintainability and reliability)
the objective is to have a management operating system of total quality (quality management, security
and safety assurance).
Keywords: quality management; operation safety; process; assurance product; isotopic analysis.
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The Licensing Process of the Design Modifications of Cernavoda 2 NPP
Resulting from the Operating Experience of CANDU Plants
L. Goicea
National Commission of Nuclear Activities Control,
Bucharest, Romania
Abstract. The CANDU 6 plant now under construction in Cernavoda include over two hundred significant
improvements made in order to comply with current codes and standards and licensing requirements relative to
the operating CANDU 6 in Romania. These evolutionary improvements are incorporated in CANDU 6 design
taking advance of CANDU operating experience, of the designer company research and development and
technical advances worldwide in order to further enhance safety, reliability and economics. This paper gives a
general idea of the evaluation of the modifications of the Cernavoda 2 nuclear power plant against the design of
Cernavoda 1 and states the safety principles and requirements which are the basis for this evaluation.

1.

The Licensing Steps

The licensing process is the means by which the National Commission of Nuclear Activities Control
(CNCAN), in Romania, gains assurance that a nuclear facility will be sited, designed, constructed,
commissioned and operated in compliance with acceptable safety criteria. The features of the process
are:
-

the involvement very early in the project;
maintenance of surveillance over safety related activities in each phase of the project;
review of the product (safety analysis, constructed reactor, operating reactor);
review of the process that generates the product;
integration of many of the CNCAN resources to meet specific milestones.

In 1982 work started at Unit 2 of Cernavoda NPP on AECL project with a design from 1979. The
regulatory body, the State Committee for Nuclear Energy granted work permits for each particular
structure or system being installed. The safety analysis documentation assessing the nuclear safety of
the intended design and specific to each system / structure safety documentation was prepared prior to
the work in the field. In 1989 the work was basically stopped at the end of year with few exceptions
allowed by the budget, generally the unit being under preservation, and the processes were controlled
by applicable quality assurance program requirements. In 1991, in order to conserve available
financial resources and focus efforts, it was decided to continue works only on Unit 1, temporarily
ceasing the works on other units. Until 1998, only preservation and some remedial and progress works
were performed at Unit 2. Unit 1 has been successfully put into commercial operation in December
1999.
Work on Unit 2 resumed in 1999 and a partial license was issued by CNCAN for construction &
installation activities in nuclear field. In February 1999, a license was issued by CNCAN for the
installation of the fuel channels in the reactor. In August 2001 CNCAN issued an extension of the
partial construction license for the performance of construction and installation activities. The
activities were performed to a series of systems which were specified in the license. The Nuclear
Safety documentation based on which the license was issued consisted of: the Preliminary Safety
Analysis Report of Cernavoda 1 NPP, the Safety Analysis Report of Cernavoda NPP Unit1, Edition
2001, and the document describing the utility’s nuclear safety policy. The authorization of the Quality
Assurance Program of the Unit 2 was issued by CNCAN in 2001, as a prerequisite for performing the
construction and installation activities.
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In 2001, after the renegotiation of the commercial contract for the completion of Cernavoda 2,
between the Romanian utility SNN, and the companies AECL and ANSALDO, some of the of the
contract’s Appendixes were modified, including the Licensing Basis Document, the Licensing
Prerequisites Document and the licensing schedule. These documents were approved by CNCAN in
2001. In 2003 was issued an extended scope partial construction license granted to sustain fieldwork
for systems covered by U1 design intent. A Partial license for performance of construction and
installation activities was issued in April 2003, for an extended range of activities. The supplementary
works were performed on structures and systems with the same design as Unit 1. Accordingly, the
same nuclear safety documentation as that specified was attached to the license application.
The Preliminary Safety Report was transmitted to CNCAN at the end of 2002 until the beginning of
2003 in several steps, as condition from the previous license, as support for application for a
construction license. Also, the following documents were sent at CNCAN as support for the licensing:
the item classification list (ICL) and for the assessment of the compliance against the Canadian
Nuclear Safety regulations R-7, R-8, R-9, and R-10, issued by the Canadian Nuclear Safety Authority.
2.

The Review Process

The Licensing Basis for Cernavoda 2 is consisting of:
-

-

The Regulatory requirements implemented in the overall plant design. The mandatory design
requirements are addressed in the four Safety Design Guides and are sustained by safety reports,
assessment and analysis.
The Romanian norms and regulations. An extensive list of updated regulations on: design guides,
the content of the Safety Report, which is describing the reference design, and the safety analysis,
including the safety analysis program with dose guidelines, Quality Assurance Program for
design, commissioning and construction, staffing and training program, ALARA program, the
conceptual plan for decommissioning, the fire protection program and other applicable industry
standards.
The applicable Canadian Regulatory Documents: R7, R8, R9 and R10, and the consultative
document C6 (full compliance of which is not required);
The applicable Codes and Standards, for which the edition is specified.

The basic requirements were codified in a set of Power Reactor Safety Criteria and Objectives listed
in the Republican Norms for Nuclear Safety and these include the following safety criteria and
objectives:
-

the design and construction of systems important to safety shall follow the best applicable code,
standard or practice and be confirmed by independent audit;
the quality of process system shall be such that the frequency of serious failures shall not exceed 1
per 3 years;
safety systems shall be physically and functionally separate from the process systems and from
each other;
each safety system shall be testable and shall be tested at a frequency that will demonstrate that its
unavailability is less than 10-3;
the design shall be such that the dose limits specified in the Norms shall not exceeded.
(Application of ALARA principle may require the use of even more stringent design targets.)

The reference design of Cernavoda 2 is the design of Cernavoda Unit 1, described in the Final Safety
Report of U1, considered frozen at June 1997, including the design changes, site dispositions, station
dispositions, non-conformances reports approved from that date till 2001, minus those which have
been identified in design modification evaluation reports as non applicable for Cernavoda 2.
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Also there are included the design changes and improvements generated by CANDU operating
experience and new regulatory requirements.
CNCAN performed a thorough review of the Preliminary Safety Report of Unit 2, consisting of:
-

3.

Review the design basis for all safety related systems;
Review of the methodology of the safety analysis (chapter 15 of the PSAR - the series of
assumptions, source of the data used, analytical techniques used in calculation models). Review in
depth of the safety analysis to confirm adequate confidence in predictions upon which design
requirements are based. It was reviewed the scope of safety analysis to confirm that sufficient
analyses are performed to identify all design requirements for safety related systems arising from
consideration of internal plant events.
Review of the acceptability of design basis external events (earthquakes, floods, high winds, toxic
gases, projectiles etc.).
Review of the seismic rating (0.2g PGA – peak ground acceleration).
Review of the adequacy of the proposed code class (ASME BPVC Edition 1989).
Review of the impact of modifications on safety analysis, reliability analysis, and on the
compliance with the regulatory requirements.
Design Requirements

The safety design requirements were reviewed for consistency with the regulatory requirements from
the regulations R-7, R-8, R-9, and R-10:
The preliminary assessment of the Containment System for Compliance with the CNSC Regulatory
Document R-7 and its Appendix was submitted by the licensee. The R-7 provisions were assessed
item by item and there were explained or detailed the compliance. The assessment was based on the
design information available at the middle of the year 2002. The document identified that Cernavoda
U2 design complies with the R-7, with some exceptions on code class of equipment already procured.
For those exceptions, tangible safety concern analyses shall be performed and documented in separate
reports. The case of the Hydrogen Control System and the Local Air Cooler fan motors which have to
be environmental and seismic qualified and powered from seismically qualified source were
addressed in the design.
The preliminary assessment of the Shutdown System 1, for compliance with the CNSC
regulatory documents R-8 and R-10 showed through clause by clause evidence that compliance is
assured. Some limitation due to unavailability of Design Manuals and reliability analysis at the
moment of the analysis induced the preliminary character of the assessment document. The
assessment document identified that Cernavoda 2 design complies with R-8 and R-10, with some
possible exceptions on code class of equipment already procured. The trip coverage analysis and the
reliability analysis are under revision.
The preliminary assessment of the Emergency Core Cooling System for compliance with
CNSC Regulatory Document R-9 showed clause by clause evidence of compliance. The Cernavoda 2
complies with R-8 and R-10 with some possible exceptions on code class of equipment already
procured. It was highlighted that the previous CANDU 6 design (Unit1) the use of common water
supply for dousing and Medium Pressure Emergency Core Cooling System. The unmodified layout
for repeated units in order to maintain inspection and repair capability for interior containment
boundary was kept. Generally, the Cernavoda 2 design complies with the R-9, with possible
exceptions on code class equipment already procured.
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Approval of licensing documents
CNCAN approved: the safety analysis program, the QA program for design and construction, the
staffing and training program. CNCAN reviewed also the detailed design of the plant, which is an ongoing activity.
The analysis was based on the AECB document C-6 “Requirements for the safety analysis of
CANDU nuclear power plants”. This document attempts to overcome weaknesses in single / dual
failure approach by requiring:
-

analysis of a more extensive list of initiating events and combination of events
a systematic review to determine if additional events need to be added to the list
Classification of events and combination of events into five classes.

The modified single failure / dual failure approach based on C-6 requirements was used, supported by
probabilistic analyses and reliability analyses. The current safety issues that are still in analysis and
review are of two categories: generic safety issues and current safety issues.
The generic items are, but not limited to:
-

the hydrogen behavior in containment
pressure tube inspections
reliability of Mercury-Wetted relays
core cooling without forced flow
management of ageing
post-accident containment venting
reactor operating with a flux tilt

There are still outstanding safety issues, such as:
-

consequences of the pressure tube rupture
emergency core cooling effectiveness
molten-fuel moderator interaction
high temperature fuel and fuel channel behavior
fission product and aerosol behavior
moderator and circulation and sub cooling

5.

Issuing of Licence. License Conditions

After the review of the construction license application and confirming that all license prerequisites
have been met, the license for the overall construction & installation process was issued by CNCAN
in October 2003, licence which will be valid until 2006 or till the beginning of the commissioning
activities.
Once the safety licensing file is approved by CNCAN, the licensing conditions, related to design were
defined. The licensing conditions are including generally aspects related to the safety described in the
documents for the presentation of the concept of the plant and the modification control procedures.
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Abstract. The management of operational safety rests on a number of factors such as technical competence of
managers and operators, periodic maintenance, written procedures etc. Examination of various incidents in
nuclear installations reveals that operational procedures play an important role. Plant modifications can also be a
source of unsafe conditions, if safety issues are not properly incorporated into the operational routines. So, it is
not only important for the operators to follow operational procedures, but also to review them, from time to time,
to verify if improvements in safety can be made. The purpose of this paper is present the results of the an to
analysis of the operational procedures of the IEA-R1 research reactor to identify potencially unsafe conditions.
The HazOp methodology was chosen for this study. The application of the HazOp methodology resulted in a
comprehensive review of the reactor startup procedures, and in the identification of the potential hazards
associated to deviations in following these procedures. Up to 53 activities of the IEA-R1 reactor startup
procedures were investigated. The study produced 24 recommendations to improve the operational safety of the
reactor. Ten of these recommendations have been implemented so far.

1.

Introduction

As stated in the IAEA Safety Series publications, the safe operation of a nuclear reactor rests on a
proper design, construction, management, and supervision. The operating organization shall have a set
of general operating rules, complemented by specific operating procedures. Although, for many
operators, the importance of following operational procedures is clear, deviations from it may occur,
resulting in potencially unsafe conditions.
A number of different methods for identifying unsafe conditions in nuclear installations are available
today, but the selection of a method must be based on the process being analysed. In this study it was
decided to apply the Hazop and Operability method ( HazOp) to analyse the startup procedures of the
IEA-R1 reactor.
The HazOp methodology [1] is a simple qualitative technique conceived to identify hazards and
operational anomalies in process plants. In the conventional chemical industry, where HazOp is
widely used, it proved to be an important tool in the design stages as well as in the safe operation of a
facility. Although HazOp is widely applied to identify problems in systems and components of a plant,
this methodology can also be used to identify problems in operational procedures [2,3].
Potencial hazards and operational problems resulting from deviations in following the startup routines
of the IEA-R1 reactor were identified and analysed. This study provided recommendations to increase
the operational safety of the IEA-R1 reactor by identifying 24 items with potential problems. Ten
recommendations have been implemented so far.
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2.

A Brief description of the IEA-R1 Operation

The IEA-R1 is a 5 MWth Babcok Wilcox pool research reactor operating in IPEN/CNEN-SP, Brazil,
since 1957. The reactor is used mainly for the production of radioisotopes, as a neutron source for
experiments in physics, chemistry and biology, and for training of operators.
The CRO (Operation and Maintenance Sector), from the Research Reactor Center (CRPq), is the
group responsible for the IEA-R1 operation.The SPP (Radiological Protection Sector) is the group
responsilble for the radiological safety of the facility. The SPP is organizationally independent of the
IEA-R1 CRO group.
The operation of the IEA-R1 reactor meets the requirements of the Brazilian Regulatory Body set by
the CNEN-NE-1.04 [4] and CNEN-NE-3.01 [5] standards to protect site personnel, the general public
and the environment. Since the first criticality, the IEA-R1 reactor has been operating without any
incident.
Written operating instructions are issue by te CRPq Center, covering all the safety related to the
activities of the IEA-R1 reactor, such as startup, operation and shutdown of the reactor. These
instructions are part of a written operational program approved by, both groups, the CRO and the SPP.
A Checklist provides the necessary instructions to startup the reactor [6]. Basically, this list contains
29 initial items to be checked. For operations below 200 kW, another 8 items are required. Above 200
kW, there are 17 adittional items to be checked.
During the startup procedure, the following members of the CRO and SPP groups must be present in
the control room : one licensed Senior Operator; one or two licensed operators; one Radiological
Protection Supervisor; one Radiological Protection Techinician. All participants in the startup process
must sign the Checklist. A final verification of the list is made by the Senior Reactor Operator.
The HazOp methodology requires knowledge of the process, its instrumentation, and its operation. In
this study, the HazOp group included members of the CRO and SPP groups, as well as a safety
analyst, and members of the electronics and maintenance services.
3.

Application of HazOp method

The HazOp study consisted in a systematic review of each step of the startup procedure described in
the Checklist of the IEA-R1 reactor [4]. The analysis considered all the activities required to achieve
criticality, and for the operation of the reactor below and above 200 kW [7-8].
3.1.

Establishing main steps of study

The application of the HazOp method involved the following main activities:
Definition of objectives: Identification of deviations in the startup routine that could lead to
potencially unsafe conditions; and the evaluation of the effectiveness of the HazOp method to analyse
operational procedures.
Submission of the proposed HazOp study to the to the Safety Review Committee, for comments and
approval.
Definition of the HazOp study group.
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The HazOp study group was formed by the following members: 1 safety analyst (group leader); 1
licensed senior reactor operator; 1 specialist in electronics; 1 specialist in reactor maintenance; 1
specialist in termo-hydraulics and accident analysis; and 1 radiological protection supervisor.
Familiarization with the startup procedures.
Acquaintance with the reactor startup process involved the reading of the technical documentation
related to the reactor operation and interviews with the reactor operators. The following
documentation were used as reference:
—

Operation Manual of the Reactor IEA-R1 - General Preparation for Operation IEA-R1 [6].

Reactor Operation Procedure - above 200 kW [8].
Reactor Operation Procedure - bellow 200 kW [7].
Instrumentation System - Operation and Maintenance Manual [9].
Safety Analysis Report of the IEA-R1 ( Reactor Instrumentation and Control [10], Reactor Ventilation
and Air Conditioning System [11], Reactor Protection and Fire Protection System [12]).
Technical Specifications of the IEA-R1 reactor [13].
Definition of the nodes and the HazOp Worksheet:
At this stage, the team leader defined the nodes to be analysed and the format of the HazOp study
worksheet. The nodes were considered as the items to be checked in the startup procedure Checklist.
The worksheet consisted of five columns containing: key words, deviation observed, consequences,
existing means to minimize the consequences, and suggested actions.
3.2.

Analysis of start-up procedures

The following steps were used in the study:
Selection a node to be analyzed. In this step, the nodes of the HazOp study were selected according
with the sequence established in the Checklist. For each node, key words were defined. These words
were associated with the operator´s actions for the selected node;
Identification of a possible deviation of the operator´s action included in the selected node. Deviations
were determined by combining key words with operator´s actions. Deviations considered non credible
were discarded from the study;
Consequence analysis of the observed deviation;
Analysis of existing means available to cope with possible operational and safety problems resulting
from the observed deviation. Verification if these means were adequate for the intended purpose;
Recommendations, when necessary, of measures to eliminate or minimize the risks arising from the
deviations observed;
Repetition of steps 2 to 5, for the same node, until all possible deviations have been identified and
examined; and
Repetition of steps 1 to 6 until all nodes have been covered.
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3.3.

Assumptions made in the study

The following assumptions were made in this HAzOp study:
A deviation was defined as any operator's action that did not followed the written startup procedure;
and
It was considered undesirable, any deviation in the reactor startup process that could contribute for the
occurrence of: Damage to the reactor core; Erroneous operation of the reactor Protection and Control
Systems; Disturbances in auxiliary systems required for operation of the reactor; Undue exposure to
radiation of operators and public in general; and Environmental release of radioactivity above of the
limits prescribed by the CNEN-NE-3.01 standard [5].
4.

Results and Discussion

The HazOp study was accomplished in 13 formal meetings, resulting in a total of 172 hours of
discussions, analysis and review of the data collected. The team leader was responsible for the writing
a report describing the findings of the study [14], adding 60 more hours to complete the study.
The study consisted in the review of the 53 start-up instructions of the IEA-R1 reactor. Seventy four
procedures deviations were observed. These deviations resulted in 24 recommendations (17 to revise
the startup operational procedures, and 7 to implement modifications in a few systems of the
installation).
The HazOp report was sent to the Safety Review Committee for comments and decision. The
implementation of the 24 recommendations was dependent on technical and economical viability. The
CRPq and the Safety Review Committee, both agreed with 23 recommendations made by the HazOp
team. Ten of them were actually implemented.
The recommendations were grouped in 3 levels of priority according to their importance to the
operational safety of the reactor:
—
Priority 1: Measures related to the integrity of the reactor core and/or to the actuation of the
reactor protection system. In this category four recommendations were made. One recommendation
was implemented:
Additional interlocks in the reactor protection system. Installation of period scram interlock for power
levels in excess of 200 kW, to compensate for possible operator errors during trip channels tests and
the safety channels tests, which could result in the violation of the 110% power level limit specified.
Recommendations approved for future implementation:
Modernization or replacement of the reactor control console.
Introduction of on-line water level monitoring system in the reactor pool.
Interlocks in the protection system to assure that the reactor will not be operated at power levels in
excess of 200 kW, without forced circulation.
—
Priority 2: Measures to improve the startup and surveillance procedures, and the monitoring
systems of the reactor. In this category, 16 recommendations were made. One of these
recommendations was discarded, and five have being implemented:
Written procedures for local inspection of the two cooling towers during the startup process. Assure
proper operation of these towers (alignment, water level, cooling fans operability etc.).
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Repair and activate the monitoring system of the Reactor Building personnel access doors. Avoid
overloading of the Ventilation and Air Conditioning System.
Additional surveillance means in the Emergency Room. Assure continuous surveillance of the reactor
pool area by television cameras.
Additional interlocks in Radiation Monitoring System: Introduction of a redundant sound alarm in the
control room panel, to indicate air contamination in the Reactor Building, using the radiation detectors
installed in the ventilation system.
Return to the procedure initially used to measure the primary water conductivity. The present manual
sampling procedure is prone to errors. This was minimized by reinstalling the original on-line
condutivimeter of the Water Treatment System.
The CRPq established a schedule to implement ten remaining recommendations: eight are related to
the need of additional operational routines for reactor inspection; one to install visual and audible
alarms, linked with the radiation detectors installed in the hall leading to the nuclear physics
experimental facilities; and one involving a revision of the Emergency Plan of the reactor.
—
Priority 3: Items not directly related to the reactor operational safety. This involved the revision
of four items of the startup procedures Checklist, to include more precise instructions to the reactor
operators.
5.

Conclusions

In this paper we attempted to illustrate briefly the enhancement in the operational safety of the IEA-R1
research reactor as a result of a systematic review of the startup procedures of the reactor.
A number of deviations were identified and corrective actions were recommended, some of which
were actually implemented.
The HazOp method proved to be an excellent tool to identify potencially unsafe conditions. The
primary advantage was the interaction among the team members with diverse background. The CRPq
Center and the Safety Review Committee also played an important role, by giving the necessary
support to develop the HazOp study, and to implement some recommendations made by the team
members.
As a general remark we could say that, apart from the formal requirements of the study, the HazOp
meetings were an excellent opportunity for the team members to know each other´s experiences and
difficulties. This certainly will promote their understanding of how important is to follow operational
routines.
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Abstract. 7KH3DNV1XFOHDU3RZHU3ODQWVWUDWHJ\LVWRH[WHQGWKHRSHUDWLRQDOOLIHWLPHRIWKHSODQWDQGUHQHZWKH
RSHUDWLRQDOOLFHQFHIRU\HDUVRYHUWKHGHVLJQHGDQGOLFHQVHGOLIHWLPH,QWKHSDSHUWKHSUHFRQGLWLRQVRIORQJ
WHUP RSHUDWLRQ DUH GLVFXVVHG DQG WKH EDVLF ILQGLQJV DQG H[SHULHQFH RI WKH OLFHQFH UHQHZDO ZRUNV DUH DOVR
SUHVHQWHG7KHIXUWKHUSODQVRI1333DNVIRUHQVXULQJVDIHRSHUDWLRQLQORQJWHUPDUHGLVFXVVHG


1.
Foreword

7KH RSWLPDO GHYHORSPHQWRI HOHFWULF SRZHU JHQHUDWLRQ VHFWRU LV RQH RI WKH PRVW LPSRUWDQW WRROV IRU
PHHWLQJ WKH UHTXLUHPHQWV RI VHFXULW\ HFRORJ\ DQG HFRQRP\ LQ HQHUJ\ VXSSO\ LQ +XQJDU\ 7KH
VWUXFWXUHRIWKH+XQJDULDQHOHFWULFHQHUJ\V\VWHPLVSUHVHQWO\ZHOOEDODQFHG7KHSURGXFWLRQFDSDFLW\
PL[FRQVLVWVRIDERXW §QXFOHDU§RLODQGJDV§FRDOILUHGFDSDFLWLHV7KH+XQJDULDQ
HFRQRP\LVGHSHQGLQJWRWDOO\IURPHQHUJ\LPSRUWWKHUHIRUHWKHVHFXULW\RIHQHUJ\VXSSO\LVDFULWLFDO
UHTXLUHPHQWDJDLQVWWKHSRZHULQGXVWU\1XFOHDUSRZHUJHQHUDWLRQSURYLGHVWKHQHFHVVDU\GLYHUVLW\RI
LPSRUWVRXUFHVDQGOLPLWVWKHDGYHUVHGHSHQGHQFHRQWKHLPSRUW7KHREOLJDWRU\VWRFNSLOLQJRIQXFOHDU
IXHO IRU WZR \HDUV LV DQ HVVHQWLDO HOHPHQW LQ HQVXULQJ WKH VWDELOLW\ RI VXSSO\ 7KH H[LVWLQJ SRZHU
SURGXFWLRQ FDSDFLW\ PL[ DOORZV WKH IXOILOPHQW RI .\RWR REOLJDWLRQV (VVHQWLDO FRQWULEXWRU WR WKH
OLPLWDWLRQRIHPLVVLRQVLVWKH3DNV1XFOHDU3RZHU3ODQWZKLFKVDYHVDERXWRIWKH&2HPLVVLRQV
7KHSRZHUJHQHUDWLRQVHFWRULQ+XQJDU\SURYLGHVWKHVROLGEDVLVRIIXQFWLRQLQJRIWKHHFRQRP\7KH
DYHUDJH SRZHU SURGXFWLRQ SULFH LV HVVHQWLDOO\ LQIOXHQFHG OLPLWHG E\ WKH FKHDSHVW DQG ODUJHVW
SURGXFHUVE\WKH3DNV133ZKLFKLVWKHPDLQSURGXFHUIRUWKHSXEOLFQHHGV

7KLVFRQYHQLHQWVLWXDWLRQGHVFULEHGDERYHFRXOGFKDQJHVLJQLILFDQWO\DIWHULIXQLWVRI1333DNV
ZRXOGEHVKXWGRZQZLWKWKHH[SLU\RIWKHLURSHUDWLRQDOOLFHQVH%DVHGRQWKHSUHVHQWWHQGHQFLHVDQG
PDUNHW FRQGLWLRQV WKH LQGXVWU\ LV HLWKHU SUHGLFWHG WR FRYHU WKH ODFN RI HOHFWULFLW\ DQG WKH JURZWK RI
GHPDQGZLWKJDVILUHGSRZHUSODQWVWKDWSURGXFHHOHFWULFLW\PRUHH[SHQVLYHO\FRPSDUHGWRWKHQXFOHDU
SRZHUSODQWVRUWRLPSRUWWKHHOHFWULFLW\LWVHOILQFUHDVLQJWKHLPSRUWGHSHQGHQF\7KLVZD\EHWZHHQ
DQGWKHFDUERQGLR[LGHHPLVVLRQZRXOGJURZGUDPDWLFDOO\FRPSDUHGWRLWVSUHVHQWYDOXHV
HYHQLQFDVHRIDQLQWHQVLYHXWLOL]DWLRQRIUHQHZDEOHHQHUJ\VRXUFHV $OVRWKHHOHFWULFHQHUJ\LPSRUW
ZRXOGLQWKHORQJUXQEHDQH[SHQVLYHVROXWLRQ)RUWKHFRPSHQVDWLRQRIWKHSURGXFWLRQRI3DNV133
LW LV UDWKHU GLIILFXOW WR ILQG DQ DOWHUQDWLYH ZLWK UHQHZDEOH VRXUFHV 7KH VWUDWHJLFDOO\ XQIDYRXUDEOH
VWUXFWXUDOFKDQJHVFDQEHFRXQWHUEDODQFHGYLDXSKROGLQJWKHPDUNHWSRVLWLRQRIWKH3DNV133DVZHOO
DVWKHOLFHQFHUHQHZDORIWKH1333DNVXQLWV

7KH GHVLJQ OLIH RI WKH 133 3DNV ::(5 W\SH XQLWV LV  \HDUV 7KH RSHUDWLRQDO OLFHQFH LV
IRUPDOO\OLPLWHGWRWKHGHVLJQOLIHRIWKHSODQW7KH+XQJDULDQQXFOHDUUHJXODWLRQVDOORZWKHUHQHZDORI
WKHRSHUDWLRQOLFHQFHRIWKHQXFOHDUSRZHUSODQWV7KHSRVVLELOLW\WRH[WHQGWKHRSHUDWLRQDOOLIHWLPHRI
3DNV 133 ZDV LQGLFDWHG DOUHDG\ LQ  >@ DQG GHPRQVWUDWHG E\ DQ H[WHQVLYH IHDVLELOLW\ VWXG\ LQ
 VHHLQ>@ ,QWKHODVWILYH\HDUVLQWHQVLYHDQGV\VWHPDWLFZRUNKDVEHHQGRQHIRUSUHSDULQJRI
WKH GHFLVLRQ RQ WKH H[WHQVLRQ RI RSHUDWLRQDO OLFHQFH RI WKH 3DNV 133 7KH VWXGLHV LQFOXGH GHWDLOHG
DVVHVVPHQW RI WKH SODQW VWDWXV DJHLQJ DQG OLIHWLPH SURJQRVLV RI SODQW VWUXFWXUHV V\VWHPV DQG
FRPSRQHQWVGHILQLWLRQRIQHFHVVDU\UHFRQVWUXFWLRQV,WLVGHPRQVWUDWHGWKDWWKHFRQGLWLRQRIWKHSODQW
LVH[FHOOHQWDQGWKHFRQWLQXDWLRQRIVDIHRSHUDWLRQIRURWKHU\HDUVDIWHUH[SLU\WKHDFWXDORSHUDWLRQDO
OLFHQFHLVIHDVLEOH
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7KHPRVWLPSRUWDQWOLIHWLPHOLPLWLQJHTXLSPHQWHJUHDFWRU SUHVVXUHYHVVHOVDQGVWHDPJHQHUDWRUV
DOORZ  \HDUV VDIH RSHUDWLRQ >@ $ SUHOLPLQDU\ HQYLURQPHQWDO VWXG\ VKRZV WKH DFFHSWDELOLW\ RI
FRQWLQXDWLRQRIRSHUDWLRQDVZHOODVWKHDGYHUVHHIIHFWRQWKH H[FHVVDPRXQWRIWKHHPLVVLRQVRIWKH
SRZHULQGXVWU\LIWKHQXFOHDUSRZHUSODQWVKRXOGEHUHSODFHGE\IRVVLOFDSDFLWLHV$GHWDLOHGEXVLQHVV
DQDO\VLV VXSSRUWV WKH GHFLVLRQ RQ WKH H[WHQVLRQ RI RSHUDWLRQ OLIHWLPH 7KH H[WHQVLYH SUHSDUDWRU\
SURFHVVHQGHGXSZLWKWKHRZQHU¶VGHFLVLRQWRODXQFKDSURMHFWIRU/LFHQFH5HQHZDO /5 RI3DNV133
DVUHTXLUHGE\WKH+XQJDULDQ5HJXODWLRQV

1.
Preconditions of the decision for long-term operation of Paks NPP

7KH ORQJWHUP RSHUDWLRQ RI 3DNV 133 LV D VWUDWHJLF GHFLVLRQ ZKLFK ZDV LQIOXHQFHG E\ H[WHUQDO
FLUFXPVWDQFHVHJLQWHUQDWLRQDOWHQGHQFLHVDVZHOODVE\WKHNH\WHFKQLFDOIHDWXUHVRIWKH3DNV133
OHJDODQGHFRQRPLFDOIDFWRUVDOVRWKHSUDFWLFHRIWKHRSHUDWLQJ&RPSDQ\6RPHRIWKHDVSHFWVRIWKH
GHFLVLRQ DUH FRQVLGHUHG DV REOLJDWRU\ SUHFRQGLWLRQ RI WKH ORQJWHUP RSHUDWLRQ VHH DOVR >@  0RVW
LPSRUWDQWSUHFRQGLWLRQVRIORQJWHUPRSHUDWLRQRI3DNV133DUHDVIROORZV

1.1 Safety and safety assessments

7KHVDIHW\KDVEHHQFRQVLGHUHGDVWKHKLJKHVWSULRULW\RIWKHRSHUDWLRQRIWKH3DNV1337KHILUVWVWDWH
RI WKH DUW VDIHW\ UHYLHZ KDG EHHQ PDGH LQ HDUO\ QLQHWLHV %HWZHHQ  DQG  WKH ILUVW 3HULRGLF
6DIHW\ 5HYLHZ 365  RI 3DNV 133 ZDV SHUIRUPHG 7KH )LQDO 6DIHW\ $QDO\VLV 5HSRUW )6$5  ZDV
FRPSOLHGLQ%HWZHHQDQGWKH)6$5ZDVFRPSOHWHO\UHQHZHGWDNLQJLQWRDFFRXQWWKH
PRGLILFDWLRQVLPSOHPHQWHGGXULQJVDIHW\XSJUDGLQJSURJUDPPH

)URPWKHSRLQWRIYLHZRIORQJWHUPRSHUDWLRQWKHPRVWLPSRUWDQWRXWFRPHRIWKHVHDQDO\VHVZHUHWKH
GHILQLWLRQRIDFRPSUHKHQVLYHVDIHW\XSJUDGLQJSURJUDPPHWKHLGHQWLILFDWLRQRIDJHLQJPDQDJHPHQW
LVVXHVDQGWKHUHFRQVWLWXWLRQRIWKHGHVLJQEDVH

7KHVDIHW\XSJUDGLQJSURJUDPPHKDGEHHQLPSOHPHQWHGLQWKHSHULRGRIWLPH7KHVDIHW\
OHYHO RIWKH 3DNV 133WRGD\ LVDERXWWKHVDPH RU HYHQ KLJKHU DVWKH VDPH YLQWDJH XQLWVLQ :HVWHUQ
FRXQWULHV6HYHUDOUHYLHZPLVVLRQVRIFRPSHWHQWLQWHUQDWLRQDORUJDQLVDWLRQVDFNQRZOHGJHGWKHHIIRUW
RI3DNV133LQLPSURYLQJRIVDIHW\)XUWKHULPSURYHPHQWVDUHWREHH[SHFWHGRQWKHEDVLVRIWKHOHYHO
WZRSUREDELOLVWLFVDIHW\DVVHVVPHQWDQGIURPWKHXSFRPLQJSHULRGLFVDIHW\UHYLHZ

7KHVDIHW\XSJUDGLQJSURJUDPPHKDGDJUHDWLPSDFWRQWKHVWDWXVRIWKHSODQWVLQFHHVVHQWLDOSDUWRI
VDIHW\ UHODWHG VWUXFWXUHV V\VWHPV DQG FRPSRQHQWV 66&  KDG EHHQ PRGLILHG DQG UHSODFHG WKHUHIRUH
WKHVH66&VDUHSUDFWLFDOO\QRWDJHG

1.2 Plant-life management and ageing management

7KHSUDFWLFHRIPDLQWHQDQFHLQVHUYLFHLQVSHFWLRQVDQGWHVWVDVZHOODVWKHJRRGFRQGLWLRQRIWKHSODQW
PDLQWDLQHGYLDDSSURSULDWHDJHLQJPDQDJHPHQWUHFRQVWUXFWLRQDQGUHIXUELVKPHQWDUHGHFLVLYHIRUWKH
ORQJWHUPRSHUDWLRQ

7KHILUVWDVVHVVPHQWRIWKHDJHGVWDWXVRIWKHSODQWDQGWKHUHYLHZRISODQWDJHLQJPDQDJHPHQW $0 
DFWLYLWLHV ZHUH SHUIRUPHG ZLWKLQ WKH IUDPH RI WKH 3HULRGLF 6DIHW\ 5HYLHZV LQ  DQG
VXEVHTXHQWO\LQWKHIHDVLELOLW\VWXG\RIOLFHQFHUHQHZDOLQ%DVLFILQGLQJRIWKHVHUHYLHZVZHUH
WKDWWKHSODQWDJHGVWDWXVDQGWKH$0SUDFWLFHHQVXUHWKHSODQWVDIHW\IRUH[WHQGHGRSHUDWLRQDOOLIHWLPH
7KHDJHLQJIRUHFDVWVPDGHIRUPRVWFULWLFDOQRQUHSODFHDEOHVWUXFWXUHVDQGFRPSRQHQWVGHPRQVWUDWHG
WKDWWKHVDIHRSHUDWLRQIRUDQH[WUD\HDUVLVSRVVLEOH
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7KH PRVW LPSRUWDQW $0 DFWLYLWLHV DUH SHUIRUPHG DW WKH SODQW IURP WKH YHU\ EHJLQQLQJV VXFK DV
VXUYHLOODQFH RI WKH HPEULWWOHPHQW SURFHVV RI UHDFWRU YHVVHO PDWHULDO PRQLWRULQJ HURVLRQFRUURVLRQ
HYHQWVDQGWKHSUDFWLFHRIWHFKQLFDOLQVSHFWLRQV7KHVHZHUHWKHVWDUWLQJEDVLVWREXLOGXSDFRQVFLRXV
DJHLQJPDQDJHPHQWSURJUDPPH7KHDJHLQJSURFHVVHVRIWKHFULWLFDOHTXLSPHQWDQGWKHLUPRQLWRULQJ
DQGWUHQGLQJZHUHGHILQHGDQGWKHSRVVLEOHFRUUHFWLRQPHDVXUHVZHUHGHWHUPLQHG0RQLWRULQJDJHLQJ
SURFHVVHVRIWKHFULWLFDOFRPSRQHQWVDQGGDWDFROOHFWLRQLVPDLQWDLQHGZLWKDGYDQFHGFRPSXWHUDLGLQ
FDVHRIV\VWHPVDQGFRPSRQHQWVZLWKHQKDQFHGVDIHW\VLJQLILFDQFH7KH$0DVSHFWVZHUHWDNHQLQWR
DFFRXQWLQWKHUHFRQVWUXFWLRQSURMHFWVSHUIRUPHGVRIDU5HSODFHPHQWRIWXUELQHFRQGHQVHUVLVDJRRG
H[DPSOHIRUWKLVZKLFKVLQFHWKHQHZFRQGHQVHUVKDYHVWDLQOHVVVWHHOWXELQJDOORZVLQWURGXFWLRQRI
KLJKS+VHFRQGDU\FLUFXLWZDWHUFKHPLVWU\SURYLGLQJEHWWHUFRQGLWLRQVIRUVWHDPJHQHUDWRUVRSHUDWLRQ
$QRYHUYLHZRIWKHUHFHQW$0SUDFWLFHRIWKH3DNV133LVJLYHQLQ>@

)XUWKHULPSURYHPHQWDQGH[WHQVLRQRIDJHLQJPDQDJHPHQWSURJUDPPHLVDFHQWUDOWDVNRI3DNV133
7KH DJHLQJ PDQDJHPHQW SURJUDPPH WRJHWKHU ZLWK WKH PDLQWHQDQFH LQVHUYLFH LQVSHFWLRQ
VXUYHLOODQFH WHVWLQJ SURJUDPPH DOVR WKH FRQGLWLRQ GHSHQGHQW UHFRQVWUXFWLRQ DQG UHSODFHPHQWV DUH
HOHPHQWV RI WKH SODQW OLIHWLPH PDQDJHPHQW SURJUDPPH ZKLFK HQVXUHV WKH SODQW VDIHW\ ZKLOH WKH
DVSHFWVRIFRPSHWLWLYHQHVVDQGHFRQRP\DUHDOVRFRQVLGHUHG

1.3 Reconstitution of design base

7KH 'HVLJQ %DVH '%  LV DEVROXWHO\ XQDYRLGDEOH LQIRUPDWLRQ IRU WKH SUHSDUDWLRQ RI ORQJWHUP
RSHUDWLRQDQG/5HVSHFLDOO\IRUWKHUHYLHZRI7LPH/LPLWHG$JHLQJ$QDO\VHVDQGIRUWKHUHYLHZRI
WKH HQYLURQPHQW TXDOLILFDWLRQ (4  OLPLWHG LQ WLPH 7KH '% UHFRQVWLWXWLRQ KDV EHHQ SHUIRUPHG
VXFFHVVIXOO\6RPHLVVXHVKDYHEHHQLGHQWLILHGZKLFKUHTXLUHGIXUWKHUZRUN,QVRPHFDVHVSDUWRIWKH
VXSSRUWLQJGHVLJQGRFXPHQWVLVPLVVLQJRQO\WKHILQDOUHVXOWVDUHJLYHQLQWKHDYDLODEOHGRFXPHQWVRU
WKHDQDO\VLVLVREYLRXVO\REVROHWH)RUWKHVROXWLRQRIWKHLVVXHWKHGHVLJQLQSXWORDGVDQGFRQGLWLRQV
ZLOO EH QHZO\ GHILQHG IRU WKH PRVW LPSRUWDQW 66& RQ WKH EDVLV RI WKH H[LVWLQJ GHVLJQ LQIRUPDWLRQ
UHVXOWVRIWKHUHYLHZDQG&XUUHQW/LFHQVLQJ%DVLV &/% FRPSOLDQFHFKHFNDQDO\VHVSHUIRUPHGIRUWKH
)6$5DQGRSHUDWLRQDOKLVWRU\7KHQHFHVVDU\DQDO\VHV VWUHVVFDOFXODWLRQVSUHVVXUL]HGWKHUPDOVKRFN
IDWLJXHHWF ZLOOEHSHUIRUPHGE\VWDWHRIWKHDUWPHWKRGVIRUWKHVFRSHRI/5

1.4 Economic considerations

([WHQVLYHVWXGLHVGHPRQVWUDWHGWKDWWKHORQJWHUPRSHUDWLRQRI3DNV133LVHFRQRPLFDOO\UHDVRQDEOH
DQGWKHFRPSHWLWLYHQHVVRIWKHSODQWFRXOGEHHQVXUHGIRUWKHH[WHQGHGSHULRGRIRSHUDWLRQ$OOFRVWV
DQGLQYHVWPHQWVRIWKHORQJWHUPRSHUDWLRQFDQEHILQDQFHGE\ORDQVDQGWKHDFFXPXODWLQJRSHUDWLQJ
FDVKIORZUHGXFHGE\WKHGLYLGHQG,QWHUQDWLRQDOH[SHULHQFHVKRZVWKDWQXFOHDUSRZHUSODQWVSHUIRUP
ZHOOLQWKHOLEHUDOL]HGPDUNHW

1.5 Legal system

7KH GHVLJQ OLIH RI WKH 133 3$.6 ::(5 8QLWV LV  \HDUV 7KH RSHUDWLRQDO OLFHQFH LV
OLPLWHG WR WKH GHVLJQ OLIH RI WKH SODQW )RU WKH /5 WKH /LFHQVHH KDV WR SUHSDUH DQG VXEPLW WR WKH
5HJXODWRU D 3URJUDPPH RI /RQJWHUP 2SHUDWLRQ QRW ODWHU WKDQ  \HDUV SULRU WR H[SLUDWLRQ RI WKH
RSHUDWLRQDO OLFHQFH 7KHVH  \HDUV WLPH LV DYDLODEOH WR GHPRQVWUDWH WKDW WKH /LFHQVHH SURJUDPPH LV
HIIHFWLYHLWHQVXUHVWKHORQJWHUPVDIHRSHUDWLRQDQGWKH/LFHQVHHDVVHVVPHQWVRQWKHVDIHOLIHWLPHDUH
UHOHYDQW ,Q WKH /5 $SSOLFDWLRQ WKH /LFHQVHH KDV WR GHPRQVWUDWH DQG SURYH WKH DFFHSWDELOLW\ RI
FRQWLQXDWLRQRIRSHUDWLRQ7KHEDVLFUHTXLUHPHQWVIRU/5DQGDOVRWKHFRQWHQWRIWKH$SSOLFDWLRQDUH
VLPLODU WR WKRVH LQ WKH 86 15& UHJXODWLRQ LH WKH /5 LV IRFXVLQJ RQ WKH DJHLQJ RI WKH ORQJOLYHG
SDVVLYH66&ZKLOHWKHSHUIRUPDQFHRIDFWLYHV\VWHPVDQGFRPSRQHQWVLVFRQWUROOHGYLDPDLQWHQDQFH
UXOHDQGUHJXODWRU\UHTXLUHPHQWVIRUPDLQWDLQLQJWKH(4
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7KH FRPSOLDQFH ZLWK FRQGLWLRQV RI &/% LV FRQWUROOHG YLD DQQXDO XSGDWLQJ RI )6$5 DQG UHJXODWRU\
LQVSHFWLRQV DQG DSSURYDO URXWLQH 7KH DQQXDOO\ XSGDWHG )6$5 KDV WR EH LQ DFFRUGDQFH ZLWK DFWXDO
SODQWFRQILJXUDWLRQ7KH+XQJDULDQUHJXODWLRQUHODWHGWR)6$5ZDVGHYHORSHGE\DGDSWDWLRQRIWKH86
15&5HJ*XLGH

7KH365LVDQLPSRUWDQWHOHPHQWRIWKH+XQJDULDQUHJXODWLRQ7KHVFRSHRIWKHUHYLHZDQGFRQWHQWRI
WKHUHSRUWLVVLPLODUWRWKRVHGHVFULEHGLQWKHUHOHYDQW,$($JXLGHOLQH+RZHYHUWKHPDLQIRFXVRIWKH
365LVWKHDJHLQJDQGDVVHVVPHQWRIORQJWHUPFKDQJHVDQGWHQGHQFLHVQHZWHFKQLFDODQGVFLHQWLILF
DFKLHYHPHQWV7KH365LVWKHPDLQVRXUFHIRUWKHLGHQWLILFDWLRQRIWKHVDIHW\XSJUDGLQJPHDVXUHV

7KHUHQHZDORIRSHUDWLRQDOOLFHQFHUHTXLUHVDOVRHQYLURQPHQWDOOLFHQVLQJRIH[WHQGHGRSHUDWLRQ

1.6 Research and development

,QRUGHUWRFODULI\WHFKQLFDOTXHVWLRQVRIWKHOLIHWLPHPDQDJHPHQWDVLJQLILFDQWUHVHDUFKZRUNKDVEHHQ
GRQHIRU\HDUVLQVHYHUDOLQVWLWXWLRQV0DLQIRFXVRIWKHUHVHDUFKDQGGHYHORSPHQWZDVLGHQWLILFDWLRQ
DQG PRQLWRULQJ RI DJHLQJ SKHQRPHQD HJ UHDFWRU SUHVVXUH YHVVHO HPEULWWOHPHQW DQG DOVR WKH
PLWLJDWLRQ RI DJHLQJ HIIHFWV 7KH QDWLRQDO UHVHDUFK DFWLYLWLHV DUH JRLQJ RQ LQ FRRSHUDWLRQ ZLWK
LQWHUQDWLRQDOSURJUDPPHVPDQDJHGE\WKH,$($2(&'1($DQG(XURSHDQ&RPPLVVLRQ

7KH+XQJDULDQUHVHDUFKDQGGHYHORSPHQWLQVWLWXWHVDUHZLGHO\LQYROYHGLQWRWKHSUHSDUDWRU\ZRUNVRI
/57KHOHDGLQJ+XQJDULDQH[SHUWVLQDJHLQJPDWHULDOVFLHQFHVHWFDUHLQYROYHGLQWRWKHSUHSDUDWRU\
ZRUNVDVPHPEHUVRIFRQVXOWDQWDGYLVRU\ERGLHVRUJDQLVHGE\WKH3DNV133

1.7 Human aspects, knowledge management

+XPDQ UHVRXUFHV VKRXOG EH SODQQHG DQG SURYLGHG DQG HIIHFWLYH NQRZOHGJHPDQDJHPHQW VKRXOG EH
SHUIRUPHGDFFRUGLQJWRWKDW,WUHIHUVQRWRQO\WRWKHDYDLODELOLW\RIKXPDQUHVRXUFHVDQGSURILFLHQF\
IRU3DNV133DQGWKHFRPSDQLHVSURYLGLQJWHFKQLFDOVXSSRUWEXWLWPHDQVWKDWWHFKQLFDOVFLHQWLILFDQG
HGXFDWLRQDOSRWHQWLDORIWKHFRXQWU\VKRXOGEHDFWLYDWHGDQGUHYLYHG

1.8 Public acceptance

2EYLRXVO\WKHUHQHZDORIWKHRSHUDWLRQDOOLFHQFHRIWKH3DNV133LVDVWUDWHJLFGHFLVLRQZKLFKWDNHV
LQWRDFFRXQWDOVRWKHVRFLDODVSHFWVDQGSXEOLFDFFHSWDQFH7KHSXEOLFDFFHSWDQFHRIWKHQXFOHDUSRZHU
SODQWLQ+XQJDU\LVPDQ\\HDUVFRQWLQXRXVO\RYHU$3XEOLF5HODWLRQ3URJUDPPHLVWKHLQWHJUDO
SDUWRIWKHSURMHFWIRUSUHSDUDWLRQRIOLFHQFHUHQHZDO

1.9 International environment

7KHIXWXUHRIWKH3DNV133GHSHQGVJUHDWO\RQWKHLQWHUQDWLRQDOWHQGHQFLHV /5LQ86)LQQLVKQHZ
SURMHFWHWF 7KHVHFUHDWHVSRVLWLYHDWPRVSKHUHIRUSUHSDUDWLRQRI/5RI3DNV133WRR

+HUH KDV WR PHQWLRQHG WKDW WKH SRVLWLYH UROH RI WKH ,QWHUQDWLRQDO $WRPLF (QHUJ\ $JHQF\ DQG RWKHU
LQWHUQDWLRQDORUJDQLVDWLRQVOLNH2(&'1($(XURSHDQ&RPPLVVLRQ-RLQW5HVHDUFK&HQWUH

7KH LQWHUQDWLRQDO RUJDQLVDWLRQV HIIRUW LV XQDYRLGDEOH LQ GLVVHPLQDWLRQ WKH NQRZOHGJH DQG EHVW
SUDFWLFHV IHHGEDFN RI H[SHULHQFHV SURPRWLQJ DQG FRRUGLQDWLQJ WKH UHVHDUFK DFWLYLWLHV GHYHORSLQJ
FRQVHQVXVEDVHGUHTXLUHPHQWV

1333DNVEHQHILWVYHU\PXFKIURPWKH,$($7&3URMHFWVXSSRUWLQJWKHQDWLRQDOSURJUDPPHIRUORQJ
WHUPRSHUDWLRQRI3DNV1337KH,$($GRFXPHQWVUHODWHGWRPRVWLPSRUWDQWWHFKQLFDOWDVNVLQDJHLQJ
PDQDJHPHQW HJ $0 RI UHDFWRU SUHVVXUH YHVVHO DUH ZLGHO\ XVHG E\ +XQJDULDQ H[SHUWV +LJK OHYHO
JXLGDQFHVHHPVWREHQHHGHGIRUDJHLQJPDQDJHPHQWIRFXVLQJRQVDIHW\DQGDOVRRQWKHRYHUDOOSODQW
OLIH PDQDJHPHQW ZKLFK FRQVLGHUV VDIHW\ DQG EXVLQHVV FRQVLGHUDWLRQV LQ UHODWLRQ RI ORQJWHUP
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RSHUDWLRQ 7KH RQJRLQJ ZRUN LQ WKH IUDPH RI ³([WUDEXGJHWDU\ 3URJUDPPH IRU 6DIHW\ $VSHFWV RI
/RQJWHUP2SHUDWLRQRI3UHVVXUL]HG:DWHU5HDFWRUV´ZKLFKLVQRZWKHPRVWH[WHQVLYHFRRUGLQDWHG
LQWHUQDWLRQDODFWLYLW\LQWKLVDUHDKDVWREHDSSUHFLDWHG

&RXQWULHVRSHUDWLQJ::(5UHDFWRUVEHQHILWIRUPWKH9(5/,)(SURMHFWDQGRWKHURQJRLQJDFWLYLWLHV
IRXQGHGDQGFRRUGLQDWHGE\(XURSHDQ&RPPLVVLRQ

2. Tasks for the future

7KHEDVLFWDVNIRUHQVXULQJWKHVDIHW\RIH[WHQGHGRSHUDWLRQDUHUDWKHUREYLRXV1333DNVPXVWKDYH
IRUNHHSLQJWKHJRRGDQGVDIHSODQWVWDWXVDOLIHWLPHPDQDJHPHQWSURJUDPPHFRQVLVWLQJRIDSURSHULQ
VHUYLFHLQVSHFWLRQVXUYHLOODQFHWHVWLQJDQGFRQGLWLRQPRQLWRULQJSUDFWLFHDGHTXDWHPDLQWHQDQFHDQG
UHFRQVWUXFWLRQSURJUDPPHZLWKPDLQIRFXVRQWKHDJHLQJPDQDJHPHQWRI66&VDVZHOODVDSURJUDP
IRUSUHVHUYDWLRQRITXDOLILHGVWDWXVRIHTXLSPHQW7KHFRPSOLDQFHZLWK&/%KDVWREHGHPRQVWUDWHG
YLDDQQXDOXSGDWLQJRI)6$5WKHORQJWHUPHIIHFWVDQGWHQGHQFLHVKDYHWREHDVVHVVHGLQ365)RUWKH
IRUPDO/51333DNVKDVWRPHHWWKHUHOHYDQWUHJXODWRU\UHTXLUHPHQWV)LUVWVWHSRIODWWHULVWRGHYHORS
D3URJUDPPHRI/RQJWHUP2SHUDWLRQ,QIUDPHRIWKLVWKHVFRSHRI66&VHVVHQWLDOIRUVDIHRSHUDWLRQ
VKRXOG EH GHWHUPLQHG DJHG VWDWXV RI WKHVH 66&V VKRXOG EH DVVHVVHG WKH HIILFLHQF\ RI DJHLQJ
PDQDJHPHQW SURJUDPV VKRXOG EH HYDOXDWHG DQG LI QHFHVVDU\ PRGLILHG RU QHZ SURJUDPV VKRXOG EH
GHYHORSHG DQG LPSOHPHQWHG 7KH 7LPH /LPLWHG $JHLQJ $QDO\VHV WKHLU YDOLGLW\ DQG H[SDQGDELOLW\
VKRXOGEHHYDOXDWHGZLWKFRQVLGHUDWLRQRIWKHSHULRGRIWKHRSHUDWLRQRYHUWKHGHVLJQOLIHWLPHRIWKH
XQLW7KHSURFHVVVKRXOGUHVXOWLQSURSHUYHULILFDWLRQWKDWWKH66&VZLOOSHUIRUPWKHLULQWHQGHGVDIHW\
IXQFWLRQVGXULQJWKHH[WHQGHGRSHUDWLRQWRR

(QYLURQPHQWDO ,PSDFW 6WXG\ DQG HQYLURQPHQWDO OLFHQFH RI WKH SURORQJHG RSHUDWLRQ DUH LPSRUWDQW
SUHFRQGLWLRQV IRU WKH /5 7KHVH DVSHFWV RI WKH OLFHQFH UHQHZDO DUH RI KLJK LPSRUWDQFH GXH WKH
FRPSOH[LW\ DQG GLIILFXOWLHV DQG DOVR SROLWLFDO ULVNV RI HQYLURQPHQWDO LPSDFW VWXGLHV DQG OLFHQVLQJ
SURFHVVHV7KHSUHOLPLQDU\HQYLURQPHQWDOLPSDFWVVWXG\LVDOUHDG\DFFHSWHGE\UHVSRQVLEOHDXWKRULW\
WKHGHYHORSPHQWRIWKHGHWDLOHGHQYLURQPHQWDOLPSDFWVWXG\LVXQGHUZD\
3. Conclusion
3HUIRUPLQJ SHULRGLF VDIHW\ UHYLHZ LPSOHPHQWLQJ WKH VDIHW\ XSJUDGLQJ SURJUDPPH UHQHZDO RI ILQDO
VDIHW\DQDO\VLVUHSRUWDQGUHFRQVWLWXWLRQRIGHVLJQEDVLVGHOLYHUHGVROLGEDVLVDQGHVVHQWLDONQRZOHGJH
IRUWKHSUHSDUDWLRQRIOLFHQFHUHQHZDORI3DNV1337KH/5ZLOOEHEDVHGRQWKHIRUHFDVWRIDJHLQJIRU
WKHH[WHQGHGRSHUDWLRQDOOLIHWLPHDQGRQWKHUHYLHZRIWKHDJHLQJPDQDJHPHQWDQGRWKHUSURJUDPPHV
RIWKH3DNV133IRUHQVXULQJWKHUHTXLUHGVWDWXVRIWKHSODQW7KHILUVWVWHSRIWKHOLFHQFHUHQHZDOLV
WKHGHYHORSPHQWRIWKHSODQWSURJUDPPHIRUORQJWHUPRSHUDWLRQZKLFKLQWHQGHGWRHQVXUHWKHVDIHW\
RI ORQJWHUP RSHUDWLRQ 7KH IRUPDO OLFHQFH UHQHZDO ZLOO SURFHHG RQ WKH EDVLV RI IRXU \HDUV RI
H[SHULHQFH GHPRQVWUDWLQJ WKH HIILFLHQF\ RI WKH SURJUDPPH /DWHU WKH 3HULRGLF 6DIHW\ 5HYLHZ ZLOO
YDOLGDWH WKH IRUHFDVW PDGH IRU /5 DQG WKH HIILFLHQF\ RI DJHLQJ PDQDJHPHQW 7KLV V\VWHP LV ZHOO
VWUXFWXUHG DQG WUDQVSDUHQW ,W HQVXUHV WKH VDIHW\ DQG IHDVLELOLW\ RI ORQJWHUP RSHUDWLRQ RI 3DNV 133
+RZHYHUWKHSUHSDUDWLRQRIH[WHQGHGRSHUDWLRQLVDYHU\FRPSOH[LVVXH,WLQFOXGHVEHVLGHVRIH[SOLFLW
VDIHW\DQGWHFKQLFDODVSHFWVDOVRKXPDQVLGHNQRZOHGJHPDQDJHPHQWSXEOLFDFFHSWDQFHSROLWLFDODQG
VRFLDODVSHFWVDQGHFRQRPLFDOFRQVLGHUDWLRQVWRR7KHLQWHUQDWLRQDOFRRSHUDWLRQPD\FUHDWHDSRVLWLYH
DWPRVSKHUH IRU WKH QDWLRQDO SURMHFWV DQG HQVXUH WKH WUDQVIHU RI LQIRUPDWLRQ IRU WKH EHQHILW RI VDIH
RSHUDWLRQRIH[LVWLQJQXFOHDUFDSDFLWLHVLQFOXGLQJ3DNV133
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.DWRQD 7 %DMV] - 3/(; DW 3DNV PDNLQJ YLUWXH RXW RI QHFHVVLW\ 1XFOHDU (QJLQHHULQJ
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0DQDJHPHQW%XGDSHVW
7 .DWRQD $ -iQRVLQp %tUy 6 5iWNDL $ 7yWK /LIHWLPH0DQDJHPHQW DQG 2SHUDWLRQDO
/LIHWLPH ([WHQVLRQ DW 3DNV 1XFOHDU 3RZHU 3ODQW WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 6WUXFWXUDO
0HFKDQLFVLQUHDFWRU7HFKQRORJ\3UDJXH$XJXVW
7.DWRQD$-iQRVLQp%tUy65iWNDL73iOIL$7yWK(TXLSPHQW$JHLQJ0DQDJHPHQWDQG
2SHUDWLRQDO/LIHWLPH([WHQVLRQDWWKH3DNV1XFOHDU3RZHU3ODQW$60(&RQIHUHQFH6DQ'LHJR
-XO\
7.DWRQD$-iQRVLQp%tUy65iWNDL=)HUHQF]L.H\(OHPHQWVRIWKH$JHLQJ0DQDJHPHQW
RI WKH ::(5 W\SH 1XFOHDU 3RZHU 3ODQWV WR EH SXEOLVKHG DW WK ,QWHUQDWLRQDO
&RQIHUHQFHRQ6WUXFWXUDO0HFKDQLFVLQUHDFWRU7HFKQRORJ\3HNLQJ$XJXVW
3 &RQWUL 7 .DWRQD 6DIHW\ $VSHFWV RI /RQJ 7HUP 2SHUDWLRQ RI 1XFOHDU 3RZHU 3ODQWV WK
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Abstract. Presently, India has 15 nuclear power units in operation and 8 units under construction. Though the
safety performance of the Nuclear Power Plants (NPPs) in India has been excellent, a few recent events indicate that
conservative decision making process can possibly get affected by perceived production goals. In one of the events,
a need for some maintenance work arose while reactor start-up was in progress. After it was realized that the
maintenance would require considerable time, the proper course of action would have been to shutdown the reactor
and add neutron poison to moderator to ensure sufficient sub criticality. This was not done, as it would have delayed
the start up of the reactor on completion of maintenance. In another incident, an unintended slow increase in reactor
power occurred due to the adjuster rods becoming inoperable on account of blowing-off of fuses in their power
supply. Under this condition, the reactor should have been tripped which was not done. Further, the automatic
addition of boron poison to the reactor was inhibited. Regulatory review showed that both the incidents were
indicative of degradation in safety culture and reflected operator’s overriding concern for keeping the units in
operation. Appropriate corrective actions were taken to prevent recurrence of such events in the respective units as
also in all other operating units of similar type. In the wake of improved production performance operators may
develop a tendency to create new operational records and compete with other units. This aspect points out to a need
for careful study of events to check the presence of any element of non-conservative decision-making and to identify
leading indicators of degradation in safety performance.

1.0

Introduction

Presently 15 NPP units consisting of 2 X 160 MWe BWRs and 13 PHWRs (12 X 220 MWe and 1 X 540
MWe) are operating in India. Eight nuclear power units are under construction. In India, Nuclear Power
Plants (NPPs) are owned and operated by the Nuclear Power Corporation of India Limited (NPCIL) and
the Atomic Energy Regulatory Board (AERB) is entrusted with performing regulatory activities. The
primary responsibility of operating the NPPs in a safe manner rests with the management of NPP. The
responsibility of AERB is to ensure that the NPPs are operated according to the approved Technical
Specifications and other conditions specified during issue of license.
2.0

Role of AERB in promoting operational safety in NPPs

Since the primary responsibility for safe operation of the NPP rests with the NPP management, AERB
encourages a voluntary acceptance and implementation of measures to enhance safety culture without
putting undue constraints on the NPP management. The plant management is required to demonstrate its
commitment that it gives overriding priority to the common goal of safety.
AERB ensures that training, qualification and licensing of the operators is in accordance with the
regulatory requirements. The operation and maintenance procedures are reviewed periodically and lessons
learnt from operating experience are incorporated to prevent occurrence/ recurrence of events. AERB
conducts periodic regulatory inspections to verify that all activities related to operations and maintenance
of the NPPs are conducted in accordance with the Technical Specifications and other safety requirements.
The inspectors also look for any signs of a weakening safety culture.
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3.0

Safety concerns and regulatory actions

The safety performance of the NPPs in India has been excellent and their availability factors have also
increased significantly over the past few years. The number of significant events requiring mandatory
reporting has decreased. The radioactive discharges to the environment are a small fraction of the AERB
specified limits. All these aspects indicate good safety performance. However, a couple of the recent
events indicate that conservative decision making process can get affected due to perceived production
goals and can have an adverse effect on safety. Salient aspects of these events are given in the following
text.
3.1

Insufficient sub-criticality margin during suspended reactor start-up.

The event occurred in a 220 MWe Pressurized Heavy Water Reactor (PHWR). The reactor is provided
with two fast acting shutdown systems. The Primary Shutdown System (PSS) consists of 14 shut off rods,
which drop under gravity on a reactor trip signal. The Secondary Shutdown System (SSS) consists of 12
vertical poison tubes, divided into 4 banks. On actuation of SSS, liquid boron poison is injected into these
tubes by helium pressure. The SSS gets actuated in case of slow actuation or total failure of PSS and also
if certain process parameters exceed the preset thresholds. In addition, a Liquid Poison Injection System
(LPIS) is provided for injection of boron into the moderator water. In case of normal reactor trip by PSS
alone, LPIS adds boron in the moderator after a preset delay to cater to xenon decay and thus ensuring
long-term shutdown safety. If SSS gets actuated during a reactor trip the boron addition from LPIS takes
place without any delay.
The incident occurred when boron removal from moderator was in progress for reactor start-up. A leak
developed from a valve in shutdown cooling circuit, a part of the main Primary Heat Transport (PHT)
system. Boron removal from the moderator was suspended and maintenance on the valve was taken-up,
after its isolation by ice plugging. The repair was expected to be completed within couple of hours but
the actual maintenance time got extended. Under this condition, the correct and safe approach would
have been to trip the reactor manually before commencement of maintenance work and to permit boron
addition to moderator by LPIS after the preset time. This was not done, as it would have resulted in delay
during restart of reactor after maintenance. Thus during the maintenance period when the reactor was held
in suspended start-up condition, the sub-criticality margin was less than specified.
During regulatory review it was concluded that keeping the reactor start up suspended for such a extended
period of time with insufficient shutdown margin was an unsafe practice as it could have led to
inadvertent criticality in case of a human error or a system malfunction. The decision was not
conservative and was probably made to minimize loss of production. It was also realized that the
operating procedures did not explicitly cover the situation encountered. Utility was therefore asked to
issue instructions to management of all NPPs (PHWR type) that reactor startup should not be kept in
suspended state for extended periods and under such conditions the reactor should be brought to
shutdown state with PSS IN and with addition of boron to the moderator system in order to ensure
adequate shutdown margin.
3.2

Unintended reactor Power rise

This incident of unintended reactor power rise also occurred in a 220 MWe PHWR. The Reactor
Regulation System (RRS) controls the reactor power by movement of adjuster rods and by controlled
addition of boron poison to moderator if the difference between the Actual Power (AP) and Demand
Power (DP) exceeds a set limit. There are 16 adjuster rods at 8 locations. These are divided in three
groups depending upon their function. Regulating Rods (4 Nos.) the control power during normal
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operation, Shim Rods (4 Nos.) that normally remain fully out and move in for reactor setback and
Absorber Rods (8 Nos.) that normally remain inserted in the core to compensate for excess reactivity.
The Controlled Addition Mode (CAM) of Automatic Liquid Poison Addition System (ALPAS) gets
actuated during operation when AP exceeds the DP by a preset value and injects boron shots to moderator
system at prefixed intervals. The CAM also actuates if after a reactor setback the shim rods do not come
out fully in 10 seconds. A hand switch is provided in Control Room to permit manual injection of boron
when needed, as well as for blocking of the system by operator. The feature to manually block boron
addition is provided to cater to situations when boron addition has to be stopped due to shim rod stuck
while inside the reactor or if required boron addition has already taken place.
On the day of the incident, reactor was operating at about 75% Full Power (FP). Power supply to Reactor
Regulating System (RRS) failed due to blowing of the fuses in their control unit. At that instant, one of
the regulating rods was in slightly withdrawn position corresponding to the signal generated by RRS. The
small positive reactivity existing led to increase of the reactor power. When “AP exceeded DP” alarm
annunciated in control room, operator took a decision to block CAM to prevent addition of boron to
moderator in order to prevent reduction in reactor power that might have led to possible poisoning out.
Reactor power continued to rise slowly and 'Coolant Channel Outlet Temperature (COT) very high alarm'
registered to actuate reactor setback. However, the setback was not effective, as shim rods had lost power
supply and could not move. At 98%FP, the reactor tripped on ‘ high differential temperature across
primary side of steam generator’.
During the previous few months, reactor was being operated at lower than rated power level, and in
peaked flux configuration to optimize fuel burnup. In this configuration, the neutron flux peaks at the
center and hence even at reduced reactor power level the central channels produce the same power as they
would when operating at rated reactor power in the normal flat flux configuration. Thus in this
configuration, the reactor power trip settings are required to be adjusted to 10% higher than the operating
power. In this case the reactor overpower trip settings were not adjusted in accordance with the operating
power level of 75% FP. Consequently when the reactor tripped at 98% FP, the central channels exceeded
the specified limit by about 30% though it was within the safety limit. No failure of fuel took place.
During initial review of the incident, as the exact cause of the observed power rise could not be explained
satisfactorily, the regulatory body asked the utility to shutdown the plant. Subsequently the various
feedback coefficients were evaluated using the IAEA 69 neutron group cross-section library. This detailed
analysis could explain the power rise observed during the incident and the reactor behavior during the
incident. Reactivity devices worth’s were also reevaluated using this library and were found to be
conservative. Loss of Coolant Accident (LOCA) analysis for limiting critical breaks was also done,
which indicated conservative results in terms of, reduced peak power and peak fuel clad temperature.
The regulatory body also directed the utility to carry out required modifications in the power supply
system of adjuster rods to eliminate the possibility of common mode failure. The Utility was also asked to
remove the provision of manual inhibition of ALPAS-CAM by the operator. Since these modifications
were also applicable to the other unit of the power plant, the regulatory body asked utility to shutdown the
other unit also to incorporate the modifications accordingly.
While the primary cause of the event was inadequate appreciation of safety aspects of operating the
reactor at reduced power with peaked flux configuration, the other contributors were inappropriate reactor
trip settings and inappropriate operator action. The incident was indicative of degradation in safety culture
and reflected the operator’s overriding concern for keeping the unit in operation. Therefore the regulatory
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body stipulated formal retraining followed by relicensing of all the frontline operating staff and the plant
management personnel before restart of the units.
It was also observed during regulatory review that scheme of power supply to adjuster rods in the reactors
constructed subsequently had been modified appropriately and was not prone to common mode failure.
The utility was asked to strengthen the management systems pertaining to safety related matters and
experience feedback, for ensuring that the design improvements made in any unit are checked for their
applicability to all other units also.
Conclusions and recommendations
The fact that availability factors have increased significantly and the number of events requiring reporting
has reduced does not necessarily indicate improved safety performance. The recent events as described in
the paper indicate non-conservative decision making by operators coupled with lack of appreciation of the
modified operating configurations of the reactor core. These events are characterized by factors like;
operation beyond Technical Specifications, plant restart after an incident without complete analysis and
without implementation of corrective actions, departure from approved procedures and inadequate
attention to available plant information. While these factors relate directly to the events presented in the
paper, it is possible to identify other factors also that may be indicative of non-conservative decisionmaking. Such factors can possibly be used as leading indicators to detect any decline in safety
performance of the NPP.
The decline in safety performance can be caused because of actual or even perceived production
pressures. This gradual degradation may go unnoticed in the wake of improved production performance.
It is therefore suggested that events indicating non-conservative decision-making be studied in detail to
identify leading indicators of degrading safety culture and safety performance. Also, the utility
management and regulatory bodies should maintain enhanced vigilance, even when the operating plants
show consistently high production performance.
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Abstract. The significant changes were introduced into the regulatory system during the year 2003 when
reorganization of Office of Atoms for Peace (OAP). The new ministerial regulations based on Atomic Energy
for Peace Act was established. The Atomic Energy Commission for Peace (AEC) was designated as the licensing
authority for nuclear installation. It became more and more urgent to renew the legal system for regulatory
control of nuclear energy to comply with international standard. After several years preparation, the new
ministerial regulation related to nuclear installation and operational safety was proposed to the legal committees.
It will be in effect and enforcement soon. In addition, the new ministerial regulation was responsibility of the
safeguards accountancy for control of nuclear materials according to the Treaty on the Prevention of the
Proliferation of Nuclear Weapons providing for the framework of international co-operation in the peaceful
application of atomic energy. Thailand actively participates in the international efforts aimed at strengthening of
the nuclear non-proliferation regime. The new ministerial regulation also reconfirms the legal framework of
nuclear export control in Thailand and authorizes the government to issue the relevant regulations. Although the
new ministerial regulation is sufficient to control the nuclear facilities in Thailand, the fulfillment of the
responsibilities of the OAP in the field of nuclear safety control requires the new Atomic Energy for Peace Act
according to the most advanced international standards and principles and it should be compliance with the
requirements and the recommendation of the IAEA.

Introduction
In order to protect people against the radiation and harmful effects of ionizing radiation, regulation
started in Thailand about 44 years ago. The Atomic Energy for Peace Act has been issued since 1961
together with the ministerial regulation No. 1, 2, 3, which related to the radioactive material and
nuclear operation licensing, radiation safety, environmental protection and physical protection [1]. The
ministerial regulation No. 4 was issued in 1968 concerning the application of x-ray. The ministerial
regulation No. 5 and 6 were issued in 1973 and 1974 respectively. The regulation and licensing of the
nuclear facility is in provision of Atomic Act and the Notice by the Ministry of Science and
Technology (MOST). The ministerial regulation No. 2 regarding safety issues of nuclear facility;
regulating the licensing process of the operation and it designated the regulatory body in this issue.
Though it may seem that the Act and the ministerial regulations are insufficient for nuclear safety
control because no issue related to inspection and safety engineering requirements, no potentially
hazard related to the nuclear facilities in Thailand was detected. One research reactor (TRIGA Mark
III 2 MW) is operated in Thailand and it went critical since 1975. It has a designed lifetime of 40 years
and the new research reactor will be constructed soon. The reason to revise the ministerial regulation
has become timely and expedient. The important reason is the international trends and
recommendations with regard to the safety of nuclear installations and protection of operating
personnel subjected to increased safety and decreased risk than in the past. This increase in stringency
of the regulation is reflected in the ICRP 1990 and basic safety standard provided by IAEA.
Corresponding to the international trends and recommendations, the ministerial regulation related to
nuclear safety has been revised, updated and complemented which will be replaced the previous
ministerial regulation and enforce soon.
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The Regulatory Role
The right and responsibilities of the relevant authorities include licensing, inspection and enforcement
of nuclear safety. The Bureau of Nuclear Safety is responsibility in the licensing for the commission,
operation, modification and decommissioning of the nuclear facilities. In addition, the nuclear safety
inspection and the quality assurance are also inspected by regulatory. The regulatory activity has been
extended to technical radiation protection, civil structures and engineering and emergency
preparedness. The regulatory will issue several guidelines to comply with the new ministerial
regulation and the regulatory procedure. This is in the preparatory stage and will be issued after the
new ministerial regulation is approved. Further guidelines will be issued according to necessity.
The New Ministerial Regulation Based on Nuclear Safety
The new ministerial regulation has been constructed according to the international standards and
principles and it compliances with the requirements and recommendations of the IAEA [2, 3, 4, 5, 6]
and IRRT mission [7]. The most significant features including the responsibility of licensing nuclear
facilities, the priority of the nuclear safety and defines the operator responsibilities for the safe
operation. It defined the regulatory tasks involved in nuclear and radiation safety regulation. It focus
on the important of the preliminary safety analysis report and the assessment of the external events and
comprehensive activity for the commissioning and decommissioning licensing [4, 6]. It indicated for
emergency planning and preparedness. The co-ordination of international operation involved in
nuclear emergency preparedness including nuclear emergency management and the solution using
research and development activity. This regulation will apply for the existing research reactor and the
future research reactor. The regulation was not included a fine and a prison for violating legal
regulation or a safety regulation, however, the regulatory authority can propose to Thai AEC to shut
down the operation when failing to comply with an obligatory standard or the provisions established in
an individual regulatory license issued based on this regulations [1]. The additional document for this
ministerial regulation for the nuclear safety point of view will be the regulatory procedure to apply for
the research reactor licensing, the design requirement for research reactor, the operational requirement,
the training for the operators, and the quality assurance [3, 4]. The present Act and ministerial
regulation has not stated in the decommissioning, however, it states that each change of the nuclear
installation requires the approval from the Thai AEC [1]. This means that for decommissioning and
dismantle requires the approval without a license. Therefore the new ministerial regulation will issue
the concept of the decommisioning and eventual dismantle of the facility at the end of the reactor life
time. The new ministerial regulation ensure the fulfilment of the the accountancy system of nuclear
materials and international control. Thailand does not join the Vienna Convention on the Third Party
Liability for the Nuclear Damage, therefore the liability of nuclear damage was excluded in this
ministerial regulation. However the nuclear liability insurance system is included in other Thai laws
and decrees. In conclusion, the new ministerial regulation provides for the legal basis and regulatory
responsibility for the OAP and other competent authorities to assure the organization framework to
achieve the safe utilization of nuclear energy and complement all the radiation protection regulations.
Regulatory Role Related to Nuclear Facilities
The most important area of the regulatory activities of the Bureau of Nuclear Safety Regulation
(BNSR) at OAP is the execution of licensing, inspecting, supervising, evaluating and analyzing of
TRIGA Mark III research reactor and the new research reactor project. In last year BNSR established
the nuclear safety related regulations [8]. The authority transfers some of the routine check and
maintenance works to the operator of the research reactor. However all the works must comply with
the nuclear safety regulation and under supervising of the regulatory authority. The inspection of
BNSR includes the compliance with standard, requirement and regulation of nuclear safety [2, 3, 4, 5,
6]. In addition to the inspection, the regulatory authority conducts the quality assurance of the research
reactor. The BNSR cannot suspend or withdrawn the operating license however the BNSR will
propose the problem and the severe events to Thai AEC.
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The review of the nuclear safety of the research reactor regularly conducted every 10 years. The
information from periodically review will be used for extension of the operating license, evaluation
the safety of instrumental and control system, assessment the radiation safety system and modification
for aging. The domestic emergency preparedness and response center was established for the
emergency situation including incident and accident of the research reactor. The center still required
the assistance from IAEA or other international organizations and institutes since the center was
insufficient in human resource and qualified person, monitoring and detecting equipments, the
computer code or computer basis to predict the radiological consequence after the accident. OAP was
participated in several international projects and workshops for emergency preparedness and response
to develop the human resource for this emergency center.
IRRT Mission and Cooperation of Other Organizations
Thailand has been a member of IAEA since 1957, Thailand signed a non proliferation treaty related to
safeguard agreement INFCIRC No. 241, projected related safeguard agreement INFCIRC No. 342, the
conventional on early notification of a nuclear accident, the convention on assistance in the case of
nuclear accident or radiological emergency, the NPT regime and the regional cooperation agreement.
The IRRT mission was carried on in 2001, the objective of the mission is to assist Thai regulatory
body in the future development when Thailand decided to construct a new research reactor. In addition
to the IRRT mission, several contribution experts from IAEA, JAPAN, Korea and USA reviewed the
nuclear safety regulation. The experts assessed and evaluated the regulatory authority and resulted in
IRRT report [7]. The implemented of suggestions and recommendations from IRRT report were
conducted to increase effectiveness of the regulatory authority. The IRRT report recommended that
the nuclear and radiation safety in Thailand need to be considered as the priority for the following
items: a new consolidated nuclear law, qualified resource of regulatory body, reorganization to
separate the regulatory authority and the operational activity, and a comprehensive of emergency
arrangement. After the IRRT mission, several improvements have been conducted as the following
topics. Currently OAP reorganized and separated regulatory body from non-regulatory body, which is
operational activity and promotion of nuclear technologies. Therefore a regulatory body was
effectively independent organizations. This is so the regulatory judgment can be made and
enforcement action taken without pressure from interests that may conflict with safety [9]. However
the regulatory body has not been provided with adequate authority and power. In addition, it has
inadequate staff and financial resources to discharge its assigned responsibilities. BNSR established
the temporary independent advisory group such as a task force to strengthen the technical expertise
and effectiveness of the regulatory body. For the review and assessment, the regulatory body reviews
the operator’s technical submission in order to determine whether the facility or activities compliance
with the relevant safety objective principles and criteria. Furthermore after a periodically reviewed by
regulatory body, BNSR uses the international experts to support review and assessment activities of
the regulatory body. BNSR has been developed detail written guidance for the inspectors to ensure
that all nuclear facilities in Thailand are inspected to common standard and the level of safety is
consistent. The guideline was included a systematic and consistent approach to inspection, allowing
sufficient flexibility for inspectors to take the initiative in identifying and considering the new
concerns as they arise. BNSR considered providing adequate training to the inspector to ensure that
every safety principle for the operation of a nuclear facility is guarantee. In the future, the inspection
plan will be developed so that it will have overall plan for the inspection program, which it will
undertake for nuclear facility where they regulated. These plan will include the inspection frequency
of the nuclear facility, identify the criteria to be applied in the inspection, the level of the requirement,
inspection area and the authorization stage. The inspection will be conducted in announced and
unannounced inspections. Finally the quality management and quality assurance system will be
established in the future so that appropriate working procedures and processes will be defined and this
will improve the effectiveness of the regulatory body.
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Lifetime Management for Aging Reactor
Since the research reactor in Thailand has been operated more than 40 years ago. The lifetime
management for aging reactor should be considered as important topic for the nuclear safety. The
research and development activities and the funding should be supported and financed to the
regulatory working group. The collaboration and cooperation with the experts in the aging
management should be established. The regulatory body should developed technological guideline for
controlling the aging processes in several systems. It should include the design system for aging
reactor, identification of degrading processes and mechanism of the instruments and equipments,
material quality, analysis and applicability in determining the degradation processes and etc [5]. The
guideline will provide sufficient basis for preparing a regulation on the systematic control of aging
management. Furthermore the supporting documents such as aging control, design basis, operation,
supervisory authority and quality assurance guideline should be established. The aging management
guideline should be implemented in the future to ensure the continuous safety operation. However this
program requires qualified experts, experience personnel and funding for research and development,
which are insufficient in Thailand.
Conclusion
The regulatory authority ensures that nuclear energy is used for peaceful purposed and compliance
with the international nuclear safety regulation and guideline. The nuclear safety regulation in
Thailand requires further development according to the international requirement. According to the
existing Act and regulation, the lifetime extension of research reactor can be issued after periodic
safety review of BNSR and Thai AEC. The important tasks in the future or the coming period will be
established the regulation or guideline regarding to the aging, life time extension and decommission of
the research reactor. Currently the nuclear legislation is not effective and prospective in nuclear energy
field. After the implementation of the new ministerial regulation, the effectiveness of the regulatory
authority will be improved. The nuclear safety will be enforced and considered as the first priority
over other consideration. The co-operation with the international organizations will facilitate the
nuclear security and safety and provide qualified personnel in regulatory authority in Thailand. The
nuclear safety recommendations elaborated by IAEA experts in IRRT report are implemented in the
legislation and regulation to control safe operation of research reactor.
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Abstract. This paper shortly describes what requires the legal framework from Hungarian organizations related
to nuclear facilities in the field of self-assessment and gives a short historical overview of conducting selfassessments at Hungarian nuclear regulator. The main accent is put on the impulses originating to that from the
international co-operation and finally, the possible ways of future improvement are highlighted.

1.

Introduction

The use of nuclear energy is a truly global activity, as it may have potential transboundary health and
environmental impacts, therefore also most nuclear related activities involve international cooperation. This relates equally to the industry and other users of nuclear technology and to the
regulators.
It must be recognized that as regulators also every user of the nuclear energy, every organization,
personnel related to and working in the nuclear field have to promote the safe use of nuclear energy.
For this purpose, they need to share their experiences with each other in order to achieve improvement
of nuclear safety worldwide.
At the HAEA NSD, international co-operation also has high importance and relevance. Beside the
bilateral agreements, the HAEA NSD has developed extensive partnership with several international
organizations. Among these, the most important ones are the International Atomic Energy Agency
(IAEA), the European Union (EU) and Nuclear Energy Agency of the Organization for Economic Cooperation and Development (OECD NEA). In case of the topic of this paper, the IAEA and an EU
project play an essential role.
Fundamental roles of the IAEA are to develop safety standards, to conduct training courses and
workshops, as well as to provide safety services with review and appraisal for the Member States. The
representatives of the HAEA NSD take part in these activities. Thereby, the HAEA NSD utilizes the
information and knowledge obtained from these activities widely, and also for assessment and selfassessment of its operation.
From the time of the political changes in the beginning of nineties of last century, the Commission of
the EU has been managing the Polish-Hungarian Aid for Reconstruction of Economy (PHARE)
program. (It was later extended to other Central-Eastern European countries.) Within its framework,
the beneficiary countries receive many kinds of support from external experts and other EU
Commission services. In the field of nuclear safety, besides the technical support, assistance to Eastern
regulatory authorities is an essential part of the program. This assistance is provided by western
nuclear regulatory authorities and is managed by the so-called Regulatory Assistance Management
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Group (RAMG). In case of Hungary, the third phase of the RAMG project focused our attention to the
use of the self-assessment tool.
It is also important to mention for the topic of this paper that many years ago, the Hungarian nuclear
regulator (the HAEA NSD) recognized the need for continuous improvement of its work. With this
aim, the HAEA NSD elaborated, introduced and certified a comprehensive quality system.
2.

Self-assessment in the Hungarian Nuclear Energetics

Self-assessments in most cases are carried out in order to determine whether requirements are met or
not, and whether processes are adequate and effective or not. Besides, by the implementation of the
results of self-assessment identifying and correcting the hidden problems, preventing their recurrence
and generally continuous safety improvement is aimed to achieve.
In Hungary, in the field of nuclear energy, using self-assessment for evaluating the effectiveness of
performance of the organizations operating nuclear facilities, pursuant to the Hungarian legislation
[89/2005. (V. 5.) Korm. Government decree on nuclear safety requirements of nuclear facilities and
related regulatory activities], is obligated periodically (at least annually).
At the same time, there is no obligation, in the Hungarian law, which would require to conduct selfassessment by the regulatory body. Therefore, this time its quality system does not include the selfassessment tool, however, on a few occasions we tried to apply it under special circumstances.

3.

Self-assessments conducted by the HAEA NSD to the moment

As I have mentioned in the previous paragraphs, the HAEA NSD has conducted only a couple of selfassessment processes in the recent years and in not very systematic way. Up to now, these at were
somehow connected to our international activities, such as
(1)
(2)
(3)

International Regulatory Review Team (IRRT) mission in 2000
Safety Review Mission following the fuel damage event in the Paks NPP in 2003
RAMG Phase 3 project in 2005

The topics of the conducted self-assessments were widely different. In certain cases it was aimed to be
comprehensive, covering all aspects of the reviewed area, task and responsibility of the HAEA NSD,
other times, these were focused to limited questions.
It may be stated that the practice of conducting self-assessment is under development and its
momentum have been derived from the international nuclear community.
3.1

International Regulatory Review Team (IRRT) and its follow up mission

At the request of the Hungarian Government authorities, an IAEA team conducted an IRRT mission at
the HAEA NSD in 2000 in order to review the effectiveness of the regulatory body of Hungary and to
exchange information and experience in the regulation of nuclear safety. Before that, the HAEA NSD
prepared itself for the mission. In the course of the preparatory process for the first time ever a selfassessment was conducted. It had the aim to compare the different areas of the regulatory work in the
light of the international practice. The IAEA Safety Standards documents and the regulatory part of
the Country Profile Questionnaire were taken as the bases. Utilizing the results of this self-evaluation
short range improvement actions were formulated and some of them were executed before the
mission. Among those, a possible new organizational structure for a more effective operation of the
HAEA NSD was elaborated. The Advance Reference Material, which was sent before the mission to the
participating experts reflected the results of the conducted self-assessment. During the IRRT mission,
opinion of the experts was requested on the proposed new organizational structure of the HAEA NSD.
After the mission, organizational changes were implemented.
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3.2

Self-assessment after the incident occurred at the Paks Nuclear Power Plant on 10 April 2003

On 10 of April 2003 in the Unit 2 of the Paks NPP happened a serious incident during the cleaning of
irradiated fuel assemblies having unusually big amount of deposited crud. It resulted 3.6 tons of
heavily damaged fuel in the service pit.
The HAEA NSD initiated two investigations independently of Paks NPP among others to reveal the
possible problems in its own work, which could have role in this incident. These investigations
highlighted problems in connection with the operation of the HAEA NSD, therefore, the management
of the HAEA NSD decided to conduct an internal critical review.
Upon the request of the Government of the Republic of Hungary and in the framework of the
Technical Co-operation project No. HUN/9/022 the IAEA conducted an independent expert
investigation at the HAEA NSD and the Paks NPP. After that, the new head of the HAEA NSD
analyzed and assessed the situation and consequently at first defined the tasks calling for immediate
actions. As the next step a systematic critical overview of the obligations, duties, working methods and
resources was initiated. As a part of this effort a self-assessment exercise was requested from all heads
of organizational units to evaluate fulfillment of their tasks.
This self-assessment had to be accomplished based on the main processes of the HAEA, as those are
defined in the Quality Manual. All tasks of the organizational units were categorized as performed,
formally performed, partially performed and not performed. On the basis of these categories, a
judgment was initiated whether changes are needed or not. It was meant that the last two categories
automatically should involve some kind of changes in the future. Additionally, it was also required to
indicate from a given list the cause of non-complete performance of the tasks. The list comprise causes
such as the task is unnecessary, the resources (knowledge, staffing, tools, finances) are inadequate,
information is missing, the task is outside of the authority, problems of co-operation between
organizational units, others. To make proposals on corrective measures also were required from the
heads of organizational units.
The results of this self-assessment were taken into consideration when in summer 2004 reorganization
of the HAEA NSD was decided. This process and its outcome were presented to the participating
experts of the IAEA follow-up Safety Review Mission conducted in 2005.
3.3

RAMG Phase 3

While the self-assessment cases described above involved only limited number of the managerial staff
of the HAEA NSD, a number of other specialist had practice in this activity within the Phase 3 of
RAMG project. In the framework of it Finish, Belgian, German and French experts transferred
western European regulatory methodologies and practices to the HAEA NSD.
The objective of the RAMG project in general is to strengthen and enhance the effectiveness of the
nuclear safety regime in Hungary, to improve the organization and the performance of the HAEA and
to contribute further to the technical independence and know-how of the HAEA. The specific
objective of the third phase program was to continue regulatory assistance, which was requested by the
Hungarian regulatory body on the basis of earlier project phases and recent organizational
development in the area of six tasks. (The tasks were: elaboration of codes and regulatory guides,
emergency preparedness, evaluation of Paks NPP Technical Specifications, fire protection,
enforcement practices, Quality requirements for safety-classified components).
The agreed methodology in the implementation of this Phase 3 was to apply at first self-assessment
practices by the HAEA NSD staff followed by the external review of the results by western experts
and then to concentrate on specific key issues for further development of the practices.
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Therefore, in each task a self-assessment had to be conducted. Basically, these were completed
without any guidelines. On the other hand, each Hungarian task leader got instructions what topics
should be included in the self-assessment, but the applied methodology depended on the task leader.
In task 5, the task leader earlier attended the IAEA regional workshop (Project No. RER /9/070
Strengthening Safety Assessment Capabilities of Nuclear Power Plants) on proactive safety
management and came up with the idea to apply a more systematic, formalized process, which was
introduced there to the participants. This was the self-assessment procedure of the US company
Exelon Nuclear [1].
At the end of the RAMG project, the way of this application was evaluated as a good practice.
According to the final report [2] (lessons learnt part), the reviewers supported the industrial approach
to use as a starting point of the self-assessment. It was also written in the final report: “The
methodology is set up in a systematic way: review of the … documents (policy and procedure)
according to the Focused Area Self-Assessment plan; preparation of questions regarding the observed
deficiencies, organization of interviews and finally formulation of recommendations. The reviewers
consider that the report is well structured. The report contains the scope and objectives, the executive
summary, the assessment results, the observed deficiencies and strengths and the recommendations.”
All these constituent parts were included on the basis of the mentioned industrial procedure.
4.

The HAEA NSD’S plan for the future in connection with self-assessment activities

As it may be seen from the self-assessment practice of the HAEA NSD, there is plenty of room for its
enhancement. The most substantial improvement would be if self-assessment processes were included
as an immanent and constituent part in the internal process of the Hungarian regulatory body. To
achieve this improvement, clear definition would be required for when, how and by whom this
exercise ought to be managed and executed. Therefore, it should be also introduced into our Quality
Manual and regulated accordingly in our internal procedures. All possible performance indicators of
the HAEA NSD may be utilized in the self-assessment process, as well as some additional ones could
be elaborated and introduced reflecting the use of this methodology.
In the future, our intention is to rely on the self-assessment methodology contained in the IAEA
document of Regulatory Performance Self-Assessment Tool, in the preparation of which the HAEA
NSD has been taking part. (We choose it as consider more professional for a nuclear regulator than a
potential alternative – Common Assessment Framework, CAF - elaborated in EU generally for
organizations of public administration.)
5.

Conclusion

The HAEA NSD seeks for more efficient and effective working methods. Self-assessment is
recognized as an important tool in this process. The impulses we gathered from different international
sources we could combine and utilize such a way that gave us synergetic effect. This experience is one
of the ample examples, which may call for better co-ordination of various activities of international
organizations as it may give a new, higher effect to their contribution, they are rendering to the
worldwide nuclear community.
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Abstract : In analyzing performance indicators of a nuclear research reactor, the first step is to verify if this
installation operates in a regular regime. If this condition is not verified, a special technique should be used to
adapt the performance indicators established for a normal situation. The paper will present the method used in
the implementation of operational safety performance indicators in a research reactor in accordance with its
activities and operational mode. The method will adapt the performance indicators of nuclear power plants. It is
based on coupling some safety techniques, especially, operational experience feedback and the events during the
life cycle of the installation.
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1.

Introduction

It is generally agreed that, in order to have a complete safety management system, a set of safety
performance indicators must be used in combination with other safety approaches, such as operational
experience feedback (OEF). But in the case where the reactor does not operate with a continue duty, it
is strongly recommended to have another method which takes into account the intermittent operation.
In our case, we couple the use of the OEF with the occurred events when using the performance
indicators. It is stipulated that the reactor does not yet have an established performance indicators
programme. This study, however, marked the beginning of the establishment of such a programme.
2.

Development of the method

There is no unified approach concerning the “performance indicators”. We applied here some of the
WANO set of performance indicators (PIs) with some modifications to handle the data generated by
the application of the OEF and those issued from the analysis of the events on the reactor and its main
systems and components.
The indicators are structured in such a way that it will be possible to monitor the performance of the
reactor.
Before developing the coupling strategy, we introduce the basis of the method of implementation of
performance indicators programme and the data related to the operational experience feedback and
events.
2.1.

Operational experience feedback & Operational events

The feedback of operational experience is an important part in the safety provisions of
nuclear reactors. The systematic collection and evaluation of operational experience with unusual
events is a very useful way to improve operational safety [1] and to identify weaknesses in reactor
systems.
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There is a direct relationship between event investigation methodologies and the performance of
operating experience at all levels [3]. In the coupling method, the feedback of experience will serves
as a supervisor of the performance of the reactor operation. Any abnormal event will send an
alarm to the global system to actuate the use of performance indicators to participate in the assessment
of safety or to upgrade these indicators.
2.2.

The use of performance indicators

Indicators have been proposed to be used in the monitoring of the safety performance of the reactor
and its main systems and components. The selection of indicators is typically based on some criteria
[2]:
a) the indicators should provide an objective indication of safety performance;
b) the indicators should be easily understandable; and
c) the data needed should be easily obtainable from existing data collection systems.
Below is the list of indicators that we have chose in the first stage of this study:
1.
2.
3.
4.
5.
6.
7.
8.
9.

The frequency of reactor transients (scrams, safety system actuations),
Equipment performance (safety system failures),
Availability of safety systems,
Number of events according to the INES scale,
Weaknesses in programmatic areas (administration, maintenance, etc.),
Violations of the safety technical specifications,
Reactor coolant systems integrity and chemistry index,
Collective radiation exposure, and
Status of training

As we can see above, the most performance indicators are developed with WANO criteria [6]. Some
modifications are used to adopt the operation status of the reactor and to facilitate the coupling
approach.
2.3.

The coupling approach

Starting with results of parameters performance during commissioning of the reactor as a reference,
we evaluate once per a year the same tests of performance. The deviation observed from the known
data of past performance will be treated in accordance with data of OEF. The events will serve as
guidelines to the point of degradation in the safety of installation.
These events are analysed as recommended in [5]:
- significant events, measured by both number and consequence;
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- repeat events that have taken place on the reactor;
- events that are similar to those identified at other research nuclear reactors.
If the deviation is in safety systems, a change will be produced in the database including the
establishment of a new sever indicators. If the deviation can’t be justified by the recorded events, we
only update the database of the OEF. The complete scheme of the programme of the performance
indicators is listed in Fig.1.
Conclusions
A set of safety performance indicators was chosen in accordance with the state of the reactor
operation. However, these PIs are subject to modification and upgrade on the basis of the operational
experience feedback. Because PIs are linked dynamically to the operational experience feedback, they
are able to provide early warnings of deterioration in performance as soon as possible.
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Abstract: The main technical safety objective at all stages of a nuclear installation life-cycle is the prevention of
a chain reaction under any conditions including loss of control over a nuclear reaction in the active zone, critical
mass formation during nuclear fuel handling including loading/unloading. The safety of a nuclear installation is
ensured by the realization of the defense-in-depth strategy that provides for the following:
x
x

A system of physical barriers on the way of a potential release of ionizing radiation and radioactive
substances into the environment;
A system of technical and organizational measures aimed at protecting barriers maintaining their
effectiveness, as well as at protecting personnel, population and environment.

Recently in Belarus a sub-critical booster assembly driven by a neutron generator has been put into operation.
“Yalina” assembly is installed at the Joint Institute of Power Engineering and Nuclear Research “Sosny” of the
National Academy of Sciences.
The maximum generating factor of the critical assembly does not exceed 0.98. Uranium fuel of various
enrichments is used in the assembly. The assembly is equipped with measuring and control devices, alarm and
communication system, dosimeter system. The assembly is controlled from the control panel. The
communication system ensures dual and communication between the control panel and the operation hall.
The design and equipment of the sub-critical assembly prevents any possibility of an unauthorized change of its
content and configuration (deformation of carrying structures, change of location of elements with fissile
substance in the active zone and reflector). All joints and details of the sub-critical assembly are fixed in a way
that excludes a possibility of their occasional movement. All elements of the active zone and reflector that are
periodically taken out or moved as well as those that are installed temporarily (rods and their imitators,
experimental devices, etc.) are especially marked. The design of the sub-critical assembly provides for the
possibility to put and maintain it in a safe condition in case the electricity supply is cut off completely.
All the activities at the sub-critical assembly are carried out in strict accordance with the fundamental program
which serves as a basis for the working program. The working program contains a list and methodology of all
the works and experiments, evaluation of the expected reactivity effects and nuclear safety measures, names of
the employees responsible for certain types of works.
In addition to that there is a sub-critical assembly operational guide. The guide addresses specific features of this
particular sub-critical assembly and contains operational and organizational rules as well as the list of personnel.
Another compulsory document for the sub-critical assembly is a journal of operations in which the following
date are registered:
x Shift program signed by a shift head and approved by the supervisor;
x Shift compositions;
x Operation check results;
x Movements of detectors and experimental devices;
x All activities that lead to the changes in reactivity;
x Measures taken at the end of a shift to bring the assembly into a safe condition.
Periodically, at least annually, a commission set up by the operator evaluates nuclear safety at the sub-critical
assembly and nuclear fuel storage. Evaluation results are reflected in the annual safety report which is sent to
the regulatory body.
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SRVVLELOLW\WRH[WHQGUHDFWRURSHUDWLQJOLIHXSWRWKH\HDUaIROORZLQJWKHUHVXOWVRIWKHH[DPLQDWLRQDVWHS
E\VWHSSURJUDPDLPHGDWWKHUHDFWRULPSURYHPHQWDQGLWVRSHUDWLQJOLIHSURORQJDWLRQLVEHLQJLPSOHPHQWHGDW
SUHVHQW$VDSULRULW\WDUJHWRIWKHUHDFWRULPSURYHPHQWWKHLQFUHDVHRILWVRSHUDWLRQVDIHW\DQGUHOLDELOLW\ZDV
GHWHUPLQHG5HVXOWHGIURPWKHUHDFWRUDQGLWVV\VWHPVXSJUDGLQJWKHSUREDELOLW\RIWKHFRUHGDPDJHVKRXOGEH
SURYLGHG E\ PHDQV RI WHFKQLTXH RQ WKH OHYHO RI  HYHQWV SHU \HDU ZKLOH WKH UHDFWRU FRROLQJ VKRXOG EH
SURYLGHGZLWKQRRSHUDWRUDVVLVWDQFHZLWKLQDWOHDVWaPLQXWHVIURPDQ\HPHUJHQF\VLWXDWLRQVWDUW


1.

Introduction

7KH0,5UHVHDUFKUHDFWRULVDWKHUPDOKHWHURJHQHRXVUHDFWRUZLWKDPHWDOEHU\OOLXPPDGHPRGHUDWRU
DQGDUHIOHFWRU>@2SHUDWLQJIXHODVVHPEOLHV )$ DUHPRXQWHGLQWRVHSDUDWHFKDQQHOVORFDWHGLQWKH
FHQWUDOKROHVRIEHU\OOLXPEORFNVDQGDUHLQWHUFRQQHFWHGE\LQOHWDQGRXWOHWPDQLIROGVWKURXJKZKLFK
WKHSULPDU\FLUFXLWFRRODQWLVVXSSOLHGDQGGUDLQHGWRFRRORSHUDWLQJIXHODVVHPEOLHV
7KHUHDFWRULVORFDWHGLQDVSHFLDOVWDLQOHVVVWHHOFODGFRQFUHWHSLWDQGLVILOOHGZLWKZDWHU7KHUHDFWRU
SRROZDWHUFLUFXODWHVWKURXJKDVHSDUDWHFLUFXLWFRROLQJEHU\OOLXPEORFNVFRQWUROHOHPHQWVDVZHOODV
FDUULHUDQGVXSSRUWLQJUHDFWRUVWUXFWXUHV

%\QRZWKHUHDFWRURSHUDWLQJOLIHKDVUHDFKHG\HDUV7KHIXQFWLRQLQJRIDOOWKHV\VWHPVLVQRUPDO
,QUHFHQW\HDUVFRPSOH[LQVSHFWLRQRIWKHHTXLSPHQWKDVEHHQPDGHDQGWKHUHLVEHLQJLPSOHPHQWHGD
SURJUDP RI WKH UHDFWRU LPSURYHPHQW DQG LWV RSHUDWLQJ OLIH SURORQJDWLRQ 7KLV UHSRUW SUHVHQWV PDLQ
UHVXOWVRIWKHZRUNGRQHDQGWKHWUHQGVLQDFWLYLW\WRLPSURYHDQGWRSURORQJWKHUHDFWRURSHUDWLQJOLIH

2.
Inspection of the reactor systems and equipment status
,QUHFHQW\HDUVWKHVWDWXVRIDOOWKH0,5UHDFWRUV\VWHPVDQGHTXLSPHQWKDVEHHQLQVSHFWHGWKHUHKDYH
EHHQPDGHQHFHVVDU\LQYHVWLJDWLRQVRIPDWHULDOVPHFKDQLFDOSURSHUWLHVDQGFDOFXODWLRQHYDOXDWLRQVWR
IRUHFDVWWKHRSHUDWLQJOLIH

2.1. Buildings and structures
7KH LQVSHFWLRQ RI EXLOGLQJV DQG VWUXFWXUHV VWDWXV H[SHULPHQWDO LQYHVWLJDWLRQV RI VWUHQJWK
FKDUDFWHULVWLFV RI WKH FDUULHU FRQFUHWH FRQVWUXFWLRQV ZHUH SHUIRUPHG %DVHG RQ WKH HVWDEOLVKHG
H[SHULPHQWDO UHVXOWV WKHUH ZDV PDGH VWUHQJWK FDOFXODWLRQ RI VWUXFWXUHV FRQVLGHULQJ HYHQWXDO VHLVPLF
DQGWHFKQRJHQHRXVHIIHFWV7KHUHZHUHGHWHUPLQHGWHFKQLFDODFWLYLWLHVDLPHGDWPDLQWDLQLQJEXLOGLQJV
LQQRUPDOFRQGLWLRQDQGWKHSRVVLELOLW\RIHPSOR\PHQWIRUPRUHWKDQ\HDUVIURPWKHPRPHQWRI
WKHLUHUHFWLRQLHWLOODWOHDVWZDVYDOLGDWHG

2.2. Carrier and supporting reactor metalwork

,Q  DFWXDO JHRGHVLF PDUNV ZHUH WHVWHG DQG YLVXDO H[DPLQDWLRQV RI VXSSRUWLQJ DQG FDUULHU
PHWDOZRUNORFDWHGLQWKHUHDFWRUSLWZHUHSHUIRUPHG
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(OHYDWLRQ YDOXHV FRLQFLGH ZLWK WKH UHVXOWV RI WKH SUHYLRXV PHDVXUHPHQWV ZLWKLQ WKH OLPLW RI
PHDVXUHPHQWHUURU7KHUHZDVPDGHVWUHVVDQGVWUDLQDQDO\VLVRIWKHUHDFWRUPHWDOZRUNDQGWKDWRIWKH
SLSHOLQHV\VWHPDQGPDQLIROGVORFDWHGLQWKHUHDFWRUSLWFRQVLGHULQJVWDWLFDQGF\FOLFORDGVDVZHOO
DVSRWHQWLDOVHLVPLFLQIOXHQFHV7KHIRUHFDVWRSHUDWLQJOLIHRIWKHFDUULHUDQGVXSSRUWLQJVWUXFWXUHLVXS
WRWKH\HDU

2.3. Reactor core elements
,QLQWKHUHDFWRUWKHUHZHUHLQVWDOOHGEHU\OOLXPEORFNV PDGHRIFRDUVHJUDLQHGSRO\FU\VWDOOLQH
PHWDO EHU\OOLXP ZLWK JUDLQ VL]H a ȝP ,Q  GXULQJ YLVXDO H[DPLQDWLRQ RI WKH FRUH HOHPHQWV
ZLWKWKHUDGLDWLRQUHVLVWDQWYLGHRFDPHUDWKHUHZDVGLVFRYHUHGWKHILUVWGDPDJHGEORFNZLWKFUDFNV
ORFDWHGLQWKHPLGGOHRIWKHFRUH7KHPD[LPXPIOXHQFHRIQHXWURQVZLWKWKHHQHUJ\!0H9RQWKLV
EORFN UHDFKHG aÂ FP 2Q GLIIHUHQW EORFNV RI WKH UHDFWRU FRUH DW WKH PRPHQW FRQFHUQHG WKH
IOXHQFH RI QHXWURQV ZLWK WKH HQHUJ\ ! 0H9 ZDV ZLWKLQ «  Â FP ,Q  WKHUH ZDV
SHUIRUPHGDYLVXDOLQVSHFWLRQRIDOOWKHEORFNVZLWKIOXHQFHRIQHXWURQVZLWKHQHUJ\!0H9EHLQJ
DERYH  Â FP 7KH UHVXOWV RI LQVSHFWLRQ GLVSOD\HG WKH SUHVHQFH RI FUDFNV RQ a RI VXFK
EORFNV7KDWUHVXOWHGLQWKHGHYHORSPHQWRIDUHSODFHPHQWWHFKQRORJ\IRUFRUHEORFNVZLWKQRUHDFWRU
GLVPRXQWLQJ,QWKHUHZDVPDQXIDFWXUHGDQHZVHWRIEHU\OOLXPEORFNVRXWRIPHWDOEHU\OOLXP
RI ILQHFU\VWDOOLWH JUDLQRULHQWHG PRGLILFDWLRQ ZLWK JUDLQ VL]H a   ȝP $V LV NQRZQ WKH OLPLW
IOXHQFHRIQHXWURQVZLWKHQHUJ\!0H9IRUWKDWPRGLILFDWLRQ RIEHU\OOLXPFDQUHDFK « Â
FP)URPWKURXJKGXULQJWKHDQQXDOSUHYHQWLYHPDLQWHQDQFHFRUHEHU\OOLXPEORFNV
ZHUHUHSODFHGE\WKHQHZRQHV

&KDQQHOV IRU RSHUDWLQJ )$V ZLWK ¡[ PP DUH PDGH RI ɗ ]LUFRQLXP DOOR\ 3RVW LUUDGLDWLRQ
H[DPLQDWLRQRIWKHFKDQQHOVZDVSHUIRUPHGDIWHUDQG\HDUVRIRSHUDWLRQZKHQWKHIOXHQFHRI
QHXWURQV ZLWK HQHUJ\ !0H9 UHDFKHG aÂFP DQG  Â FP7KH UHVXOWV RI WKH
H[DPLQDWLRQ GHPRQVWUDWHG WKDW FRUURVLRQ DQG K\GURJHQDWLRQ RI WKH FKDQQHO PDWHULDO ZHUH QRW
HYHQWXDOO\GDQJHURXVIRUVHUYLFHDELOLW\ WKLFNQHVVRIWKHR[LGHILOPȝPK\GURJHQIUDFWLRQRIWRWDO
PDVV 1RFKDQJHRIWKHFKDQQHOGLDPHWHUZDVGHWHFWHGWKHHORQJDWLRQRIWKHFKDQQHOGXHWR
WKH UDGLDWLRQ JURZWK ZDV ZLWKLQ   PP OLPLW 7KHUH ZDV GHWHFWHG D VLJQLILFDQW PDWHULDO
VWUHQJWKHQLQJ ±  aWLPHVWHQVLOH VWUHQJWK LQFUHDVH WHQVLOH HORQJDWLRQ GURSSHG WR aWLPHV EXW WKH
LPSDFW VWUHQJWK LQYHVWLJDWLRQV VKRZHG VXIILFLHQW GXFWLOLW\ PDUJLQ $V D OLPLW IDFWRU IRU WKH FKDQQHOV
XVH WKHUH ZDV HVWDEOLVKHG UDGLDWLRQ LQGXFHG HORQJDWLRQ LH WHFKQRORJLFDO WROHUDQFH IRU SRVVLEOH
FKDQQHO HORQJDWLRQ LQ WKH IL[LQJ GHYLFH HTXDO WR  PP &RQVHTXHQWO\ WKHUH ZDV HVWDEOLVKHG
PD[LPXPDOORZHGIOXHQFHRIQHXWURQVZLWKWKHHQHUJ\!0H9HTXDOWRaÂFP$WSUHVHQWD
QHZVHWRIRSHUDWLQJFKDQQHOVKDVEHHQPDQXIDFWXUHGDQGWKH\DUHV\VWHPDWLFDOO\UHSODFHGZKHQWKH
VSHFLILHGYDOXHRIWKHQHXWURQIOXHQFHLVUHDFKHGRULQWKHDEVHQFHRIWHFKQRORJLFDOJDSLQWKHFKDQQHO
IL[LQJGHYLFH

*XLGH WXEHV IRU FRQWURO URGV ¡[ PP DUH PDGH RI ɗ ]LUFRQLXP DOOR\ 3RVW LUUDGLDWLRQ
H[DPLQDWLRQV RI WKH WXEHV ZHUH SHUIRUPHG DIWHU  DQG  \HDUV RI RSHUDWLRQ 7KH IOXHQFH RI IDVW
QHXWURQVRQWKHVHWXEHVLVaORZHUWKHQRQWKH)$VFKDQQHOV7KHPDWHULDOLVQRWGDPDJHGHLWKHU
E\FRUURVLRQRUK\GURJHQDWLRQ1RWXEHGLDPHWHUFKDQJHLVGHWHFWHGGXFWLOLW\PDUJLQLVVXIILFLHQWO\
GHVLJQOLPLWIRUWKHFKDQQHOHORQJDWLRQLVQRWDYDLODEOH1H[WGDWHIRUSRVWLUUDGLDWLRQH[DPLQDWLRQLV
HVWDEOLVKHGDVRQDWWDLQLQJIOXHQFHRIQHXWURQVZLWKWKHHQHUJ\!0H9aÂFP

,W LV G\VSURVLXP WLWDQDWH WDEOHWV WKDW DUH XVHG DV DEVRUEHU LQ FRQWURO URGV ZLWK WKH ¡ PP VWHHO
FODGGLQJ7KHFRQWUROURGFRQVLVWVRIKLQJHGOLQNV±WZRORZRQHVZLWKWKHDEVRUEHUDQGWKHXSSHU
GLVSODFHUZLWKWKHEHU\OOLXP,QFRQWUROURGVZHUHUHSODFHGE\WKHQHZRQHV'XULQJHDFKUHDFWRU
VKXWGRZQ SHULRG ZLWK VLJQLILFDQW FRUH RYHUORDG WKHLU UHDFWLYLW\ HIILFLHQF\ LV H[SHULPHQWDOO\
GHWHUPLQHG PRELOLW\ DQG FRQWUROODELOLW\ DUH FKHFNHG 'XULQJ DQQXDO SUHYHQWLYH PDLQWHQDQFH YLVXDO
H[DPLQDWLRQLVSHUIRUPHG%\QRZOLPLWLQJSHUIRUPDQFHYDOXHVKDYHQRWEHHQDFKLHYHG
$VDUXOHFDUULHUERG\RIH[SHULPHQWDOORRSFKDQQHOVZLWKZDWHUFRRODQWLVPDGHRI]LUFRQLXPDOOR\V
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'XULQJWKHUHDFWRURSHUDWLRQSRVWLUUDGLDWLRQH[DPLQDWLRQVRIFKDQQHOERGLHVZHUHSHUIRUPHGWZLFH
7KHIOXHQF\RIQHXWURQVJDLQHGDQGF\FOLFORDGVDUHEHLQJUHJLVWHUHG%DVHGRQWKLVGDWDFRQVLGHULQJ
VWUHQJWK FDOFXODWLRQ UHVXOWV WKH DOORZDEOH SHULRG RI FKDQQHOV RSHUDWLRQ LV HVWDEOLVKHG 7KH FKDQQHOV
RSHUDWLRQSHULRGGRHVQRWH[FHHG\HDUV

7XEHW\SH )$V ZLWK KLJKHQULFKHG XUDQLXP GLR[LGH IXHO LQ WKH $O PDWUL[ DQG FODGGLQJ DUH XVHG LQ
UHDFWRU ,Q UHFHQW \HDUV D VHULHV RI DFWLRQV KDV EHHQ SHUIRUPHG DLPHG DW )$V¶ RSHUDWLQJ UHOLDELOLW\
LQFUHDVH7KHPHDQEXUQXSRIWKHIXHOLQWKHVSHQW)$VLVa  $IHDVLELOLW\VWXG\GUDIWRQ
ORZHQULFKHGIXHOLVXQGHUGHYHORSPHQW

2.4. Piping systems and mechanical equipment
3LSLQJ V\VWHPV DQG PHFKDQLFDO HTXLSPHQW RI WKH SULPDU\ UHDFWRU FLUFXLWV DQG ORRS LQVWDOODWLRQV DUH
PDGH RI VWDLQOHVV VWHHO $IWHU WKH SHULRG RI  \HDUV RI RSHUDWLRQ WHVWLQJ DQG H[DPLQDWLRQ RI
PDWHULDO VDPSOHV ZHUH SHUIRUPHG 7KH VDPSOHV ZHUH FXW RXW RI GLIIHUHQW FLUFXLWV LQFOXGLQJ ORRS
LQVWDOODWLRQV¶ FLUFXLWV RSHUDWLQJ DW WKH SDUDPHWHUV RI QXFOHDU SRZHU UHDFWRUV 7KH UHVXOWV RI
H[DPLQDWLRQGHPRQVWUDWHGWKDWPHFKDQLFDOSURSHUWLHVRIPDWHULDOVZHUHRQWKHLQLWLDOOHYHOPDWHULDO
FRUURVLYH GDPDJHȝP QR VWUXFWXUDO FKDQJHV ZHUH GHWHFWHG 7KHUH ZHUH PDGH VWUHVV DQG VWUDLQ
DQDO\VLV RI EDVLF SLSLQJ V\VWHPV DQG HTXLSPHQW FRQVLGHULQJ F\FOLF ORDGV IRU a   \HDUV RI
RSHUDWLRQ&DOFXODWLRQVSURYHGWKDWWKHGDPDJHIDFWRURIWKHHTXLSPHQWPDWHULDOVGLGQRWH[FHHGa
WKHUHIRUHWKDWFULWHULRQDOVRDOORZHGWRSURORQJVHUYLFHOLIHRIWKHEDVLFHTXLSPHQWWLOODWOHDVW


3.
Safety analysis

6DIHW\ DQDO\VLV RI WKH 0,5 UHDFWRU ZDV PDGH LQ DFFRUGDQFH ZLWK WKH SULQFLSDO VDIHW\ UHJXODWLRQV LQ
UHJDUGWRUHVHDUFKUHDFWRUVLQ5XVVLDZKLFKDUHEDVHGDVDZKROHRQWKHUHVHDUFKUHDFWRUVVDIHW\JXLGHV
,$($VHULHV1U6DQG1U*

7KHUPRK\GUDXOLFDQDO\VLV
&DOFXODWLRQEDVHG LQYHVWLJDWLRQ RI HPHUJHQF\ VLWXDWLRQV ZDV SHUIRUPHG DV SHU WKH FRGH
5(/$302'7KDWFRGHZDVXVHGWRVLPXODWHUHDFWRUFRUHDQGEDVLFUHDFWRUFRROLQJFLUFXLWVDV
ZHOODVFHUWDLQORRSH[SHULPHQWDOLQVWDOODWLRQV

3URMHFWUHDFWLYLW\LQVHUWHGDFFLGHQWVDVDUHVXOWRIVSRQWDQHRXVPRYHPHQWRIFRQWUROHOHPHQWVFRRODQW
DJJUHJDWLYHVWDWHFKDQJHLQWKHH[SHULPHQWDOFKDQQHOVZLWKHYHQWXDOHUURQHRXVDFWLRQVDWRYHUORDGVGR
QRWFDXVHSURMHFWVDIHW\OLPLWDWLRQVH[FHHGLQJ

/RVVRIIORZDFFLGHQWVDVDUHVXOWRIRXWRISULPDU\FLUFXLWFLUFXODWLQJSXPSVIDLOXUHFRPSOHWHORVV
RIH[WHUQDOSRZHUVXSSO\ZLWKIDLOXUHRIFRQWURODFFHVVRULHVRQWKHSUHVVXUHSLSHDWWKHQRUPDOVDIHW\
V\VWHPV RSHUDWLRQ GR QRW FDXVH WKH IXHO HOHPHQWV RYHUKHDWLQJ DQG  SURMHFW  VDIHW\ OLPLWDWLRQV
H[FHHGLQJ

/RVVRIFRRODQWDFFLGHQWVDVDUHVXOWRIUXSWXUHRISLSHOLQHVKDYLQJGLIIHUHQWGLDPHWHUDQGORFDWLRQLQ
WKHUHDFWRUSULPDU\FLUFXLWGRQRWFDXVHRYHUKHDWLQJDQGIXHOHOHPHQWV¶OHDNDJHSURYLGHGWKDWVDIHW\
V\VWHPV¶RSHUDWLRQLVQRUPDO7KHHPHUJHQF\VLWXDWLRQZLWKLQVWDQWDQHRXVJXLOORWLQHUXSWXUHRIRQHRI
WZRSUHVVXUHSLSHVZLWKPD[LPXPGLDPHWHUDWWZRZD\RXWIORZOHDGVWRH[FHHGLQJFULWLFDOKHDWIOX[RI
)$VZLWKWKHPD[LPXPDGPLVVLEOHSRZHUa  0:
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5HOLDELOLW\DQGVDIHW\TXDQWLWDWLYHDQDO\VLV

5HOLDELOLW\DQGVDIHW\DQDO\VLVZDVPDGHDFFRUGLQJWRWKHSURFHGXUHDVIROORZV
 5HOLDELOLW\ FDOFXODWLRQ UHJXODWHG E\ QRUPV ZDV SHUIRUPHG ERWK IRU HTXLSPHQW DQG V\VWHPV
LPSRUWDQW IRU UHDFWRU VDIHW\ FDOFXODWLRQV EHLQJ EDVHG RQ HTXLSPHQW IDLOXUH VWDWLVWLF GDWD GXULQJ WKH
RSHUDWLRQSHULRGRI\HDUV
 7KH REWDLQHG YDOXHV RI VDIHW\ LQGLFHV ZHUH FRPSDUHG ZLWK WKH VXPPDUL]HG GDWD IRU UHOLDELOLW\ RI
VLPLODUV\VWHPVRIQXFOHDUUHDFWRUVWKHVDIHW\RIZKLFKLVUHFRJQL]HGVXIILFLHQW
 )RU SRWHQWLDOO\ PRUH GDQJHURXV VWDUWLQJ HYHQWV WKHUH ZDV PDGH SUREDELOLW\ DQDO\VLV RI WKH FRUH
GDPDJHFRQVLGHULQJSUREDELOLW\RIWKHLUIXQFWLRQVSHUIRUPLQJE\VDIHW\V\VWHPVDQGRSHUDWRUV
3UREDELOLWLHVRIFRUHGDPDJHZLWKOLPLWUDGLRDFWLYHRXWSXWLQWRWKHHQYLURQPHQWZHUHFRPSDUHGZLWK
UDWHGYDOXHÂSHU\HDUXVHGDVDVDIHW\FULWHULRQ
%DVHGRQWKHDQDO\VLVPDGHWKHUHZHUHGHYHORSHGUHFRPPHQGDWLRQVUHODWLYHERWKWRRUJDQL]DWLRQDO
DQGWHFKQLFDOPHDVXUHVLQRUGHUWRLQFUHDVHWKHUHDFWRURSHUDWLRQVDIHW\

7KH VWDWLVWLF DQDO\VLV RI WKH DFWXDO HTXLSPHQW RSHUDWLRQ GDWD VKRZHG WKDW WKH YDOXHV RI UHOLDELOLW\
LQGLFHV DV D ZKROH FRUUHVSRQGHG WR WKH SUHVHQWGD\ V\VWHP UHOLDELOLW\ UHTXLUHPHQWV LPSRUWDQW IRU
UHVHDUFKUHDFWRUVVDIHW\

4.
Basic trends in activity aimed at the reactor improvement

4.1. Control and monitoring systems improvement

,QWKHUHZHUHXSJUDGHGGLJLWDOEDVHGSURFHVVPRQLWRULQJV\VWHPVIRUSDUDPHWHUVRIWKHUHDFWRU
SULPDU\FLUFXLWUHDFWRUKHDWSRZHUDQGRSHUDWLQJ)$V
 1HZ LQVWUXPHQWDWLRQ IRU QHXWURQ IOX[ PHDVXUHPHQW DQG IRU WKH UHDFWRU FRQWURO V\VWHP LV PDGH
5HSODFHPHQW RI WKH LQVWUXPHQWDWLRQ LV SODQQHG IRU LPSOHPHQWDWLRQ GXULQJ DQQXDO SUHYHQWLYH
PDLQWHQDQFHLQ
8QGHUGHYHORSPHQWDUHPRGHUQL]DWLRQSURMHFWVIRURSHUDWLQJ)$VIXHOHOHPHQWVFODGGLQJVOHDNWHVW
DQGWKHUHDFWRUUDGLDWLRQFRQWUROV\VWHPV
7KHVWHSE\VWHSPRGHUQL]DWLRQRIWHVWLQJV\VWHPVORRSH[SHULPHQWDOLQVWDOODWLRQVGDWDDFFXPXODWLRQ
DQGSURFHVVLQJV\VWHPVLVEHLQJSHUIRUPHG

4.2. Safety systems improvement

7KHSURMHFWLVGHYHORSHGDQGWKHHTXLSPHQWIRUXSJUDGLQJRIWKHUHDFWRURSHUDWLQJ)$VHPHUJHQF\
FRROLQJ V\VWHP LV LQ SURJUHVV 7KH RULJLQDOLW\ RI WKH SURMHFW LV WKDW LQ HPHUJHQF\ VLWXDWLRQV ZLWK
FRRODQW ORVV WKH FRROLQJ ZDWHU LV VXSSOLHG WR HDFK RSHUDWLQJ FKDQQHO WKURXJK DYDLODEOH FRRODQW
VDPSOLQJSLSHOLQH7KHLQWURGXFWLRQRIWKHSURMHFWZLOOHQDEOHWRFRRO)$VZLWKQRRSHUDWRUDVVLVWDQFH
LQDQ\SURMHFWHPHUJHQF\FDVHDQGSUDFWLFDOO\H[FOXGHVHYHQWXDOVHYHUHFRUHGDPDJH
 7KH HTXLSPHQW IRU PRGHUQL]DWLRQ RI WKH UHDFWRU SRRO FRROLQJ FLUFXLW LV PDGH 7KH WDUJHW RI
PRGHUQL]DWLRQ LV WR H[FOXGH HYHQWXDO FRRODQW ORVV IURP WKH UHDFWRU SRRO DW SLSHOLQHV UXSWXUH LQ WKH
FRROLQJFLUFXLWVRUDVDUHVXOWRISHUVRQQHOPLVKDQGOLQJ7KHSURMHFWLVSODQQHGWREHUHDOL]HGLQ
 7KH HTXLSPHQW IRU LPSURYHPHQW RI ZDWHU FRRODQW ORRS LQVWDOODWLRQV H[SHULPHQWDO FKDQQHOV
HPHUJHQF\FRROLQJV\VWHPVLVXQGHUSURGXFWLRQ
7KHSURMHFWRIXSJUDGLQJDQREUHDNSRZHUVXSSO\V\VWHPLVXQGHUGHYHORSPHQW
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5. Conclusion

,Q UHFHQW \HDUV FRPSUHKHQVLYH LQVSHFWLRQ RI WKH FRUH HOHPHQWV DQG WKH HTXLSPHQW RI DOO WKH 0,5
UHDFWRU V\VWHPV WHFKQLFDO VWDWXV KDV EHHQ FDUULHG RXW   1HFHVVDU\ H[SHULPHQWDO DQG FDOFXODWLRQ
LQYHVWLJDWLRQV WR GHWHUPLQH DQG WR SURORQJ RSHUDWLRQ OLIH RI VHSDUDWH FRPSRQHQWV DQG V\VWHPV
HTXLSPHQW ZHUH PDGH 7KH SURJUDP RI WKH UHDFWRU LPSURYHPHQW DQG RSHUDWLRQ OLIH SURORQJDWLRQ IRU
WKHSHULRGXSWRLVGHYHORSHGDQGLVEHLQJLPSOHPHQWHG$FFRUGLQJWRWKHUHTXLUHPHQWVRIWKH
RSHUDWLRQ OLFHQVH UHQHZDO DOO QHFHVVDU\ ZRUN WR DQDO\]H DQG HQVXUH QXFOHDU DQG UDGLDWLRQ VDIHW\ LV
EHLQJSURYLGHG
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Abstract. The implementation of a Management System is a chance to increase the quality of products, to make
the work more efficient and effective and to become a learning organization. The industry is well aware of these
facts. What is valid for the industry must be valid for government organizations as well. The implementation of a
Management System (MS) at the Swiss Federal Nuclear Safety Inspectorate (HSK) supports this thesis. The
process of implementing a MS is a change in culture for the organization. This is a challenge for the
management, but also a chance for further development of the organization. In this paper, the experience gained
by HSK while implementing and operating its MS is described, and the MS itself in described in a brief manner.

1.

Introduction

The industry recognizes since decades that in order to guarantee the quality of its products, it is
necessary to bring together into one system all requirements for managing the organization in a
coherent manner. High quality products require well-established, controlled working processes and a
quality oriented attitude of each employee. For these reasons, most industry organizations have
nowadays implemented management systems. This is true also for most of the nuclear power station
operators. A management system helps to continuously improve the quality of their work, to improve
the safety culture and to reinforce a learning and questioning attitude at all levels of their organization.
In Switzerland, the implementation of a management system for operators is required by law. Today,
all four Swiss nuclear operators have certified management systems in place. It thus appears that the
Swiss nuclear operators are becoming learning organizations, recognizing that safety is of paramount
importance.
Management systems are a must for the industry in order to stay competitive. This is also true for
regulators. The regulators need to demonstrate high quality of their products. Their decisions must be
technically sound, consistent from case to case and timely [1]. We as regulators have to work in an
efficient, effective and transparent way. We have to continuously improve our oversight approach– we
too have to be a learning organization. The implementation of a management system is probably the
most natural way to fulfill all these requirements. What we as regulators require from the operators of
nuclear installations must also apply to us.
The experience shows that the implementation of a management system is a change in culture for the
organization. This change of the (working) culture is a great challenge and has to be managed
carefully. The top management has to be involved in this process from the very beginning till the end.
A clear commitment is required from the management indicating that it wants these changes. This
responsibility cannot be delegated to lower levels in the organization. The experience gained by the
Swiss Federal Nuclear Safety Inspectorate (HSK) clearly shows that a successful development and
implementation of a management system strongly depends on the commitment of the top management
during the whole implementation process.
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2.

The Implementation of the Management System at HSK

The HSK's Management System (MS) is process oriented and designed to manage the entire
organisation. The structure of the system was elaborated in collaboration with the management of
HSK and with the assistance of an external consultant. The system is certified according to ISO
9001:2000 and fully satisfies the related requirements; however, the aspects of ISO 9001 were only
playing a minor role when the system structure was set up, the focus was clearly on the internal
workflows.
Efforts to introduce a MS were initiated in the mid nineties, but the first two attempts failed to produce
satisfactory results, mainly because of the lack of a clear commitment by the top management. In the
first attempt, the idea prevailed that it was the external consultant's job to develop the MS. In the
second unsuccessful attempt, one single HSK staff member was assigned to develop the MS. Work on
the MS resumed in early 2000, this time resulting in a project that included most of the HSK staff right
from the beginning. In addition, the project organization now included a full-time (internal) project
manager. An external consultant helped developing the working processes, provided the necessary
computer tools and was responsible for the system to meet the ISO 9001:2000 requirements. This third
project finally succeeded and the certification audit took place in November 2001. The system
contained 23 processes in 4 process groups and was essentially based on a (voluminous) paper
documentation.
Different problems were encountered during the introduction of the MS. The need for improvements
was obvious. The certification of a management system does not mean that the system is perfect and
fulfils all needs of the organization. Rather, a MS is a living system and needs to be improved
continuously.
In 2002, HSK decided to implement a new supervision strategy called "integrated oversight",
including a new approach to management involving a service level agreement and a global budget. An
important objective of that change, in line with international standards for nuclear regulators, was for
HSK to increase its administrative independence with respect to the federal administration. Another
important objective was to enhance the effectiveness of HSK's work by defining safety priorities [2]. It
was clear from the beginning that this new management approach had to be reflected in the MS. This
resulted in a completely revised and optimized MS. The current system benefits from the experience
collected in previous attempts. It is based on an electronic platform and provides many tools to make
its application easy and transparent for all users. It has become the main working instrument of all
staff members (including management), providing everybody with all necessary instructions,
templates and links to information. Many aspects of HSK's daily business have been integrated into
the system, such as document control, project management or performance measurement and
improvement. The management system greatly facilitated HSK in becoming an independent
supervising authority.
3.

Process structure of the MS

HSK's mandate from the Swiss government, formalized in the service level agreement [3], has been
conceptualized in the MS in a single product group called Nuclear Safety. The group contains two
products called Safety Assessment and Review of Operational Safety.
In the structure of the MS, these products correspond to process groups. In addition to the two
products there are two “internal” process groups for Management and Support. The MS of the HSK
thus consists of 4 products (or process groups). Each product is subdivided into main processes,
reflecting the main activities of HSK. In total, the MS consists today of 21 processes as displayed in
the following diagram:
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FIG. 1: Process Structure of HSK Management System
Yellow: Management processes
Red: Safety assessment
Blue: Review of Operational Safety
Green: Support processes
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4.

Documentation

4.1.

Structure

The documentation of the entire Management System consists of approximately 800 documents,
which are created with standard office applications such as Microsoft Word or Microsoft Excel. To
gain access to specific documents quickly and easily, the documentation of the MS is structured into
different document types:

[Process groups]
Main processes
Sub processes

Working aids:
- Forms
- Instructions
- Tables
- Checklists

Fig. 2: The documentation structure
Each main process is described in a Main Process Description (HPB); this document explains the
goals and activities of the process, the workflow and the control of all related documents. It is a
general summary of the process and also a guide to all related documents. There is a single main
process description for each of the 21 main processes.
When the workflow of the main process becomes complex, it is subdivided into sub processes (SPB).
A sub process is described solely by a workflow diagram and it is always related to a single main
process.
At the bottom of the documentation hierarchy we find the “working aids”. These are instructions,
tables (organizational charts etc.), checklists and forms (templates). Like the sub process descriptions,
every document is assigned to a single main process.
4.2.

Document Control and Responsibility

Control of the system documentation is clearly defined in a process called “System Management”. The
basic principle is that each process has a process owner, who is responsible for the document control.
The owner can create, modify or approve documents which belong to his or her process. However, all
main process descriptions have to be approved by the “product owner” (head of a process group) who
controls the interrelations of the processes within a product.
All documents are stored on a central fileserver and can be accessed by all staff members. Access is
provided through a software tool called Squirrel. The Squirrel tool features useful commands for
modifying or replacing documents, and it archives documents automatically when required. The
editing privileges for document control can be configured individually in Squirrel.
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The new system was first introduced in January 2005 and has proven very successful. Up to 25
documents are being created or updated every month, keeping the MS up to date and introducing
improved processes and tools without undue delay.

5.

Squirrel – the electronic management handbook

One key element for the success of a management system is an easy and quick access to all necessary
information. After evaluating many sophisticated tools for document control and process management,
HSK decided to use a very simple software for the interface to the system: the Squirrel tool.
Squirrel has a straightforward user interface and is thus easy to understand and operate. New staff
members are able to use the tool after an introductory session of no more than 5 minutes. At the top
level, Squirrel provides the following interface:

FIG. 3: Squirrel User Interface
The process groups can be accessed via the small red buttons on the left labeled "F", "A", "B" and "S".
A click will open a list of clickable buttons with all related processes. A click on a process button will
open the central document list, displaying all documents related to this process. Each document type
has its own color which makes it easy to recognize the desired document immediately. A click on the
document will launch the associated application (MS WORD, MS Excel, etc.) and open the document
for reading or writing in the case of a template.
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Squirrel also features a search engine, enabling the user to search for file names (names of the
documents) or for a specific keyword within documents (free text search). Searching can be restricted
to the process or document displayed or it can be extended to the entire database. For example, when
entering the process description for “management”, using the search engine will yield a list of all
documents related to management.
6.

Performance Indicators

HSK monitors its performance permanently with the help of indicators. The indicators are defined by
the mandate in the service level agreement on one side and by internal performance objectives on the
other side. All indicators are assigned to a single process, underlining the responsibility of the process
owners. The performance indicators discussed at every meeting of the directory board of HSK and
they are also included in the periodical reporting.
Defining the proper indicators is not an easy task. In the first attempt, more than one hundred
indicators were defined. Some of them were found to be useless while others were impossible to
evaluate. After a trial period of nearly 3 years, all indicators were reviewed, then dropped or added to
remain consistent with the new strategy and the objectives of HSK. Today, about 50 indicators are
used, which amounts to an average of two to three indicators per (main) process. A software
component called “Cockpit” helps to collect and monitor the current performance and represents a
valuable instrument for the management.

FIG. 4: Performance Indicator Overview.
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7.

Continuous Improvement

One of the main objectives of the management system is the improvement of the processes to provide
better efficiency and effectiveness. Various instruments provide the necessary information for
detecting the potential for improvement: internal audits, indicators, reports, meetings. One of the
challenges was to motivate staff members to report shortcomings or suggestions for improvement. As
in nearly every organization, nobody liked to fill in forms and a considerable amount of important
information was thus lost.
The situation changed in early 2005 when another tool, the Chinchilla, was introduced. Chinchilla is a
software tool to help manage the potential for improvement. It is now possible for all HSK staff to
report ideas, shortcomings, suggestions etc. using the computer. Within less than a minute, every
message can be recorded online while Chinchilla automatically informs those responsible for the
processes involved by e-mail. Follow-up tasks are automatically assigned by Chinchilla which keeps
track of all open messages and tasks. The system is transparent for everybody and management is
always informed about what is going on. The tool has dramatically increased the number of
suggestions and feedback messages. In 2004, about one dozen messages were posted using the
corresponding paper form. Between January and June 2005, more than 60 messages were posted,
including the potential found during two internal audits and one external assessment.
8.

Benefits of introducing a Management System at HSK

There are many benefits of introducing a management system. In the case of HSK, the following are
worth mentioning:
x The quality of our products, mostly written documents, has improved markedly. Using
the templates provided by the system for letters and reports helped making the
documents more consistent throughout the organization. The templates contain the layout
of the document and a table of content as a help to the writer. The table of content is
dependent upon the nature of the document. There are templates for inspection reports,
for regulatory clearances, for safety analysis review reports, for travel reports, etc.
x The preparation of work becomes more systematic throughout the organization.
Documents in the MS contain clear instructions on how to prepare a specific task (e.g.
inspection, management review, prepare of a meeting, etc.). These instructions provide a
common understanding of the working culture inside HSK.
x The MS helps to improve the decision making process. The work processes clearly
indicate the level of the organization at which a decision should be taken. For example,
less safety relevant decisions can be taken at the level of a technical section. A safety
relevant decision needs the approval of the department head or the director. All safety
relevant decisions have to be communicated inside HSK before disclosing them to the
public or to the operator.
x The transparency of the work and of the decisions has been clearly improved. For an
external person, not only the final product, e.g. a letter or report, is available, but also the
corresponding working process including all decisions taken along the road. In addition
all relevant documentation are easily accessible in case somebody needs it or in case of
an external peer review.
x The efficiency of the work has improved. The basic instructions for practically all tasks
are provided by the MS: each working process clearly shows who is involved in a task
and at the same time it provides the appropriate forms as well as a standard table of
content and all relevant documentation on line. Thus, more technical work with high
quality can be performed within the same time span.
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x The MS supports document management as well as project management and execution.
All incoming and outgoing documents are filed, stored on a central server so that they
can be easily retrieved by all staff members. The work progress is assessed at least twice
a month at a special meeting at which all open issues are discussed, deadlines set, and
working teams composed, including the assignment of the lead staff member or project
leader in case of a larger task. Since the introduction of this system, the actual status of
every task is transparent for everyone inside HSK. Every external request is answered in
time or the reason for a delay is clarified and the applicant is informed.
x The administrative work for HSK staff becomes much simpler: there are processes,
forms and instructions as part of the management system which helps the staff to quickly
fill in their time sheets or travel requests and corresponding travel reports, etc.
x As all Swiss NPPs have their own management systems in place, the interfaces between
their management system and HSKs’ own management system can be improved. This
should help to make the expectations of each side transparent to the other. For example,
this helps to gain a common understanding on the quality of documents which are
submitted to HSK or which HSK forwards to the operators. This in turn focuses
discussions between HSK and the operators on the technical aspects rather than on
editorial details.
x The MS helps new staff members to learn how HSK is organized and how HSK is
working very quickly. New staff members are able perform their work on their own after
a short period of time, without continuous supervision by an experienced staff member.
Again, this helps to safe time for both sides.
9.

Lessons Learnt

The introduction of a (total quality) management system resulted in a change of the working
environment at HSK – it initiated a cultural change. Such a change in an organisation is always a
challenge and has to planned and conducted very carefully. Some lessons learnt from our own
experiences are:
x As mentioned in Ref. [3] the management at all levels has to demonstrate a clear
commitment to the establishment, assessment and ongoing improvement of the
management system. The commitment implies an active role, especially from the top
management, during the entire process.
x It is important to involve all staff members in the process as early as possible. They have
to develop the different work processes. This work should not be delegated to an external
expert or consultant. This is one of the key elements for the success of the
implementation of a management system in an organization, as our own experiences
clearly shows.
x A change in the working culture of an organization is a challenge. One has to accept that
not everybody in the organization will support it. Therefore it is important to have a core
team of highly motivated staff members who support the idea and are willing to work
hard to make the process a success. It is not necessary and may even be detrimental to
spend too much time trying to convince the ones that do not favor changes.
x The management system must be simple and easy to use. Large binders full of paper will
discourage the staff and they will stop using the management system and quickly fall
back into their old habits. Our own experience shows that the management system was
used regularly by a large part of the staff only after putting the complete system on the
computer and making it accessible through a user-friendly interface. It is preferable to
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use in-house capabilities for this task to avoid becoming dependent on an external ITsupport, which is not favorable for a system changing more or less on a daily basis.
x A management system is a living system. It evolves continuously, as there is always
room for improvement. The continuous improvement of the system is a positive indicator
for the staff's commitment and for a learning organization. Although it is resource
intensive, continuous improvement of the management system should be encouraged.
x Exemplary behavior of the management in the use of the MS is essential. It is important
that members of the management use the management system correctly and follow it
precisely. If the staff shall use the management system on a daily basis, all managers
must do so first! Nothing is more prejudicial than giving orders and not following them
as a manager ("do as I say, not as I do").
x The management system is a great tool for further development of your organization.
Use this chance – it is the driving force for a successful future.
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Akhmad Muktaf Haifani, Budi Rohman
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Abstract: Regulation System on the Modification of Research Reactor in Indonesia. Utilization of nuclear
energy in Indonesia has increased from year to year. The utilization of nuclear energy can be categorized into
utilization related to nuclear reactors and utilization related to non-reactor. Indonesia has operated three
research reactors, i.e. TRIGA 2000 (first criticality in 1967) with nominal power 2000 kW located in
Bandung, Kartini Reactor with nominal power 250 kW located in Yogyakarta and Multi Purpose Reactor
G.A. Siwabessy with nominal power 30 MW (first criticality in 1987) located in Serpong. Since these
reactors have been operated for quite long time, it is estimated that several components or systems have
degradated due to ageing. To maintain the safe operation or to increase the performance of the reactors, there
have been several modification programs applied. These programs included changes from oxide to silicide
fuel element for Siwabessy Reactor and uprating from nominal power 1000 kW to 2000 kW for TRIGA 2000
Reactor. BAPETEN as the Regulatory Body have prepared the regulation in order to ensure the safe and
effectively control the reactor modification in Indonesia.
Key words: reactor, ageing, modification, regulation, control

1.

BACKGROUND

The utilization of nuclear energy in Indonesia has been increasing in recent years. The utilization of
nuclear energy can be categorized into utilization related to nuclear reactor and utilization related to
non-reactor. Indonesia has been operating three research reactors, i.e. TRIGA 2000 Reactor (first
criticality in 1967) with nominal power 2000 kW located in Bandung, Kartini Reactor with
nominal power 250 kW located in Yogyakarta and Multi Purposes Reactor G.A. Siwabessy with
nominal power 30 MW (first criticality 1987) located in Serpong. In addition, Indonesia has been
operating installations for production of fuel for research reactor, experimental fuel element,
radioisotope production, radio-metallurgy, and radioactive waste treatment; all of them are located
in Serpong.
TRIGA Bandung Reactor was built in the beginning of 1960 and operated in 1965 with nominal
power 250 kW. In 1971 the power was increased to 1000 kW, and in 2000 was again increased to
2000 kW. This reactor is used for research, training and isotope production. Kartini Reactor
Yogyakarta was built in the beginning of 1976 and operated with nominal power 250 kW in 1979.
Kartini Reactor was designed for nominal power 250 kW. This reactor is used for research and
training. Multi Purposes Reactor G.A. Siwabessy was built in 1982 and achieved first criticality in
1987 with nominal power 30 MW. This reactor is used for research, training, isotope production
and material testing purposes.
According to the operation time of the reactors, it is estimated that there are some components or
systems have degraded due to ageing. In order to maintain the safe operation or to improve the
performance of the reactor, two of these reactors, i.e. the TRIGA Reactor in Bandung and G.A.
Siwabessy Reactor, have undergone modification. For this reason, it is urgent to make regulation or
guidance. This regulation shall requires that the license petitioners conduct safety analysis to show
the influence of the modification to the structures, systems, and components or reactor from the
neutronic, thermal-hydraulic, and material aspects in order to ensure the safe operation of the
reactor.
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2.

NUCLEAR ENERGY REGULATION IN INDONESIA

BAPETEN was established as the implementation of Nuclear Safety Convention 1994 that requires
the establishment of nuclear energy regulatory body independent from the promotional or
commercial activities to avoid conflict of interest on nuclear energy utilization. This convention
ratified by Presidential Degree No. 106 dated October 4, 2001.
Regulation for the utilization of nuclear energy is stated in the Act No. 10/1997 article 14 as
follows:
1. Regulation for utilization of nuclear energy is conducted by regulatory body
2. Regulation under clause (1) is executed by regulation, license and inspection.
The aim of regulation in the utilization of nuclear energy is to protect the society and environment
as well as to guarantee that any nuclear activity is lawful and opened in order to be known by
society. The provision on the licensing of the utilization of nuclear energy is contained in
Government Regulation No 64 Year 2000 published in August 21, 2000. This provision describes
requirements and procedures to obtain the license, period of license, obligation and responsibility
of the license petitioner, as well as inspection and punishment administration.
The personals operating nuclear reactors are required to possess license, and this is consistent to
Act No10/1997 article 19, i.e. [1]:
1. Every person that operates nuclear reactor and particular personnel at other nuclear
installation and at installation utilizing ionizing radiation sources are required to have
license.
2. The requirements to obtain the license under clause (1) are set up by regulatory body.
The particular personnel mentioned above include radiography specialists, radiography operators,
radiation protection personnel, dosimeter personnel and maintenance personnel. These personnel
are important in maintaining the safe operation of the nuclear installations. In order to obtain
license from regulatory body, they have to take an examination to proof their qualification.
The Decree of Chairman of Bapeten No 17/Chairman of Bapeten/IX-99 contains the provision to
obtain license for personnel of nuclear installation and installation utilization of ionizing radiation.
The Decree of Chairman of Bapeten No 10/Chairman of Bapeten/VI-99 section III sub section 3.3
states that the number of operation personnel required depends on nominal power, load cycles and
utilization of reactor. The operation personnel have to consist of a reactor manager, operator and
supervisor, maintenance personnel and personnel of radiation protection.
3.

REGULATION FOR UTILIZATION AND MODIFICATION OF RESEARCH
REACTOR IN INDONESIA

Modification of research reactor is intended to optimize the function of structures, systems and
components of reactor, and to anticipate ageing of some systems or components leading to
degradation.
The Decree of Chairman of Bapeten No. 06/Chairman/V-99 dated 05 May 1999 Article 18 on the
Construction and Operation of Nuclear Reactor states that every change and addition in installation
dealing with structures, systems, components, technical specification, etc. relating to operation
safety can only be conducted after obtaining approval from BALEEN [2].
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Documents on the Program and Procedure for the Implementation of Modification
Documents on the program and procedure for the implementation of modification is prepared based
on the nuclear regulation in effect (including the Decree of Chairman of BAPETEN) for example:
x The Decree of Chairmen of BAPETEN No. 10 Year 99: Safety Requirement for
Operation for Research Reactor
x The Decree of Chairman of BAPETEN No. 06-P Year 2000: Guidance for Preparing
Safety Report Analysis of Research Reactor
x The Decree of Chairman of BAPETEN No. 05 Year 1999: Design Safety of
Research Reactor
x The Decree of Chairman of BAPETEN No. 07 Year 1999: Quality Assurance
x IAEA Safety Series No. 35-G2: Safety in the Utilization and Modification of
Research Reactors
These documents include [3]:
Document 1: MODIFICATION PROGRAM, at least contains:
1.
2.
3.
4.
5.

6.
7.
8.
9.
10.

Background or reason of the modification
Purpose of modification (commercial, research, or improvement of safety margin)
Main activities and weekly schedule of the modification, including testing
Superiorities and weaknesses of the new components or systems compared to the old ones in
the term to nuclear safety
Nuclear safety assessment or analysis including:
x Safety requirements in design
x List of events that can cause failure of the systems or components related to safety
(initiating events)
If the planning of reactor is operated during the period of modification, for example for
research or irradiation of material, a clarification on the safe operation and an explanation
that the operation is not related to the modification activity are required.
Engineering drawing (i.e.: electric, mechanic, instrumentation and control)
Organization, diagram and list of personnel involved in the design, implementation,
documentation and reporting as well as quality assurance of the modification.
Lists of procedure applied in the implementation of modification.
List of references (technical and nuclear safety)

Document 2: Procedure for the Implementation of Modification, at least contains:
1.
2.
3.
4.

Un-installation procedure
Assembling procedure
Installation procedure
Testing or commissioning procedure (cold and hot), submitted no later than 3 weeks before
the execution of the testing or commissioning
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4.

APPLICATION OF MODIFICATION PROGRAM

4.1. General
Modification is a deliberate in or an addition to the existing reactor configuration, with potential safety
implications, intended for continuation of reactor operation. It may involve safety system or safety
related items or systems, procedures, documentation or operating conditions. Modification is generally
intended to extend the lifetime of reactor or other purposes. In the modification program safety aspects
are the main targets, and therefore modification program can be categorized by [4]:
1.
Category I of modification:
Changes that present a hazard that could have major safety significance
x Changes in Operational Limit Condition must obtain approval from regulatory body
x Changes the safety class component A
x The matter has potential influence to safety
x Changes can cause natural hazard, lessening margin having an effect on safety
x Safety analysis result appropriate with its design
x It must reassessment and taken approval by regulatory body before implementation
x It must be documented in the Safety Analysis Report
2.
Category II of modification
Changes that present a hazard that could have a significant effect on safety
x It has approved by Reactor Manager after re-assessment by safety committee.
x Changes the safety class component B
x Project Manager must prepare special Safety Analysis Report for modification, i.e.
detailed explanation of facility, construction and design, safety analysis and effect of
modification to facility safety, arrangement of radiation protection and project
organization.
x Safety Analysis Report is useful as notification to Regulatory Body
3.

Category III of modification
Changes that present a hazard that can only have a minor effect on safety
x Related with the function of research reactor as irradiation sample of material earn to
cleave
x Changes the safety class component C
x Safety Analysis Report must have procedure for approval modification of this type.
x The list of note of small modification and Experiment agreed by reactor manager have to
be re-analyzed periodically by safety committee or group of a kind to guarantee that
there are no opposition in interpretation of approval criteria.

4.

Category IV of modification
Changes that present a hazard that no hazard and have no impact on safety
x It will be predicted the impact on the safety of facility
x Changes the safety class component C outside nuclear installation
x Archives of approval by Reactor Manager will be maintained and re-evaluated regularly
by safety committee

While safety classification for structure, system component and used to operate reactor research in
Indonesia is:
1.
Class A, addressed for SSC that functioning to prevent releasing of radioactive material to
environment, throwing away heat of result of fission reaction, and function to prevent
expanding abnormal condition become accident. For example: fuel element, control element and
peripheral of critical experiment in core reactor.
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2.

3.

Class B, addressed for SSC that functioning to maintain integrity of SSC of class A, or maintain
SSC of class of A can function in any condition, both of normal condition, abnormal, and also
accident. For example: system of cooling of emergency core, supply system of emergency
electrics.
Class C, addressed for SSC which it isn’t include in the Class A or B. Example: Reactor
building, Emergency Cooling Tower

4.2. MODIFICATION PROGRAM OF TRIGA 2000 BANDUNG REACTOR [5]
Since April 1996, upgrading program was implemented from 1000 kW to 2000 kW (2 MW). The
upgrading process has been done up to nuclear commissioning, and formal ceremony for achievement
of 2000 kW is inaugurated by Vice President of Republic Indonesia, Megawati Soekarnoputri on June
24th, 2000. At BATAN day of December 4th, 2001, the operation license of Bandung TRIGA 2000
Reactor was given from Regulatory Body, BAPETEN. Reactor TRIGA 2000 Bandung is a tank-type
research reactor fueled with 19.75 %-enriched UZrH and cooled by light water. The reactor is mainly
used for isotope production, research, and training.
Up-grading program is necessary with purposes to:
1.
Improving system of reactor safety
2.
Improving the nominal power up to 2000 kW
3.
Providing irradiation facilities in the core of reactor to enable increasing of radioisotope
production
In this up-grading activity, there are some new components, i.e.:
1.
Cooling towers, secondary cooling system
2.
Emergency Core Cooling System
3.
Core reactor and control rod
4.
Primary cooling system
5.
Heat exchanger with plat type
6.
Emergency ventilation system
7.
Bellow assembly
8.
High addition of reactor tank
4.2.1. Major Systems and Components
4.2.2.1 Reactor tank
The tank of TRIGA 2000 is made of cylindrical aluminum with thickness of 6 mm, diameter of 198
cm, and height of 725 cm. The height of the tank was extended for 70 cm from the previous
configuration to add the thickness of water radiation shielding above the core.
4.2.2.2. Fuel element
The fuel element of TRIGA 2000 is composite material composed of fissile material Uranium and
zirconium hydride UZrH. The total length of the fuel is 752 mm and the number of fuel elements at
the time of commissioning was 107. There are three types of fuel element loaded to the core, i.e. 8,5
wt-% uranium (38 g U in one element), 12 wt-% uranium (55 g U in one element), and 20 wt-%
uranium (99 g U in one element).
The fuel elements (Fig. 3) consists of the following sections:
x Active part: 36.44 mm in diameter and 381 mm long.
x Two graphite cylinders with length of 66 and 93.9 mm as neutron reflector fitted in the lower and
upper parts of the element respectively.
x SS-34 cladding with outside diameter of 37.5 mm, length of 561.3 mm, and thickness of 0.508
mm.
x Upper and lower end fittings.
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4.2.2.3. Control rods
TRIGA 2000 uses 5 control rods called FFCR (Fuel Follower Control Rods, see Fig. 2). These rods
contain neutron absorber of boron carbide (B4C) coupled with fuel element in the lower part.
The control rods consist of the following main sections (up to bottom):
x Void in the top part with length of 16.5 cm.
x Boron carbide pin with length of 38.1 cm.
x Fuel follower (UZrH) with length of 38.1 cm.
x Void in the bottom section with length of 16.5 cm.
The control rods are driven by motor mechanism.
4.2.2.4. Cooling System
The reactor is cooled by light water using natural convection. The cooling system consists of two
loops, i. e. primary and secondary loops.
The primary cooling system used to take-up heat generated in the core and transfers it to the secondary
loop through a plate-type heat exchanger. The primary loop has the capability to transfer the 2000 kWheat energy generated in the core effectively and safely for continuous operation.
Characterize of primary cooling system based on commissioning data i.e.:
1.
Nominal power: 2000 kW
2.
Volumetric flow rate: 800 gpm (50,5 litre/s)
3.
Temperature of water inlet of heat exchanger pursuant to calibrate data of measuring instrument
of temperature of T1001 obtained by temperature of water inlet of heat exchanger is 45,30C
4.
Temperature of water outlet of heat exchanger pursuant to calibrate data of measuring I
nstrument of temperature of T1001 obtained by temperature of water outlet of heat exchanger is
360C
The secondary cooling system transfers, the heat from the secondary system and release it to the
environment via cooling towers.
Characterize of secondary cooling system pursuant to commissioning data i.e.:
1.
Nominal power: 2000 kW
2.
Volumetric flow rate: 5200 litre/m (86,7 litre/s)
Temperature of water inlet of heat exchanger pursuant to calibrate data of measuring instrument
of temperature of T1001 obtained by temperature of water inlet of heat exchanger is 31,90C
3.
Temperature of water outlet of heat exchanger pursuant to calibrate data of measuring
instrument of temperature of T1001 obtained by temperature of water outlet of heat exchanger
is 37,40C
Heat exchanger.
For operation on nominal power 2000 kW, reactor utilizes Heat Exchanger (Figure 6) of plate type.
4.2.3. Engineered Safety System
The engineered safety system of reactor TRIGA 2000 consists of the following systems:
x Emergency Core Cooling System.
This system is used to cool down the core in case of loss of cooling accident (LOCA). The sensor of
the system detects loss of coolant when water level in the tank decreases to 5 m below normal level.
At this moment the ECCS is activated by the signal from the sensor with delay time of 6 seconds. The
system has the capacity to spray water to the core with flow rate of 0.5 liter/seconds for 6.2 hours
continuously.
x Ventilation System. This system is used to supply fresh air to the reactor building and discharge
the contaminated air from the reactor building after passing it through a series of 3 different filters.
The air is then discharged to the environment via a 22.5 m-high stack. When the blower of the
ventilation system is in operation, air pressure inside reactor building is 0.6 cm-water lower than
that of the pressure outside.
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x Un-interruptible Power Supply. This system is used to supply electric power to reactor control
panels in case electricity supply from outside grid becomes unstable or unavailable.
4.2.4. Reactor Protection System
The inherent safety feature of the reactor is the negative temperature coefficient of the fuel. The main
protection system for the reactor is the control rods containing strong neutron absorbers made of boron
carbide (B4C) numbering to 5 rods. The scram of the rods can be executed either manually or
automatically. Manual scram is executed when the operators consider that the reactor encounters
abnormal operation condition.
The automatic scram can be initiated by various parameters as follows:
x Over power. This scram is active when some or all of the detectors on both power-monitoring
channels detect overpower in excess of 110 %.
x Detector high-voltage. This scram is active when the detector high-voltage goes down 100 V
lower than that of normal working voltage.
x Fuel temperature. This scram is active when the fuel temperature safety channel receives signal
of excessive fuel temperature of ! 750 oC.
x CSC watchdog. This scram is active when the execution of the program on CSC (Control System
Console) computer runs abnormally.
x Magnetic key lever. This scram is active when the key lever is turned from ON toward OFF or
RESET positions.
x DAC watchdog. This scram is active when the execution of the program on DAC (Data
Acquisition and Control) computer runs abnormally.
x Reactor period. This scram is active when safety channel NM 1000 detects reactor period of < 3
seconds.
x Tank water level. This scram is active when the instrumentation system on DAC dedicated to
monitor the tank water level detects reduction on level for > 50 cm below normal level.
x Primary coolant high temperature. This scram is active when the primary coolant temperature
goes above 49 oC.
x
4.2.5. Reactor Utilization
Reactor TRIGA 2000 (Figure 1 and 2) is mainly utilized for radioisotope production for medical
purposes and researches on radiation, dosimeters, gamma-ray application, radiography, neutronic and
thermal-hydraulic experiments, and other related fields. The reactor is also planned to back-up the
radioisotopes production in RSG-GAS, a 30 MW-Multi Purpose Reactor located in Serpong, in the
future.

Fig. 1. Vertical cross-section
of the reactor
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Fig. 2. Horizontal cross-section
of the reactor

5. CONCLUSION
1. The aim of regulation on utilization of nuclear energy is to protect society and environment as
well as to guarantee that any regulation activity is lawful and opened in order to be known by
society.
2. Activity of utilization and modification of research reactor is arranged by meant for optimum
of function from structure, system and component of reactor, to anticipate ageing of some
system or component has experience of degradation, upgrading process, back fitting as well as
for new experience.
3. Modification is an addition or change willful to configuration of reactor having potential
related with safety for continuing of reactor operation or another target. This activity divided
in to fourth (4) category based on safety class component.
4. Up-grading program that has been done by operational organization of Triga 2000 reactor is
necessary with purposes to improving system of reactor safety, improving the nominal power
up to 2000 kW and providing irradiation facilities in the core of reactor to enable increasing of
radioisotope production
5. In this up-grading activity, there are some new component added to reactor, among other thing
is: Cooling towers, secondary cooling system, Emergency Core Cooling System, Core reactor
and control rod, Primary cooling system, Heat exchanger with plat type, Emergency
ventilation system, Bellow assembly and High addition of reactor tank.
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PLANT (EPR-1600)
(Draft, 12 Sept. 2005)
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Abstract. A 1600 MWe European Pressurized Water Reactor (EPR) supplied by the Framatome ANP - Siemens
Consortium is under construction at the Olkiluoto site in Finland. Current international safety requirements and
especially French and German operating experience have been applied in the design. Finnish requirements and
operating experience have also been applied, especially regarding site-specific features. Severe accident
management and protection against a collision of a large passenger airplane are implemented in the plant design.
The plant safety features, licensing procedure, Finnish regulatory requirements, changes to the original EPR
design, project quality management and regulatory control are discussed.

1.

Introduction

A European Pressurized Water Reactor (EPR) is under construction in Finland at the Olkiluoto site
where two ABB boiling water reactors are in operation. The construction licence was granted in
February 2005 by the Finnish Government. This paper describes the licensing history of the Olkiluoto
3 (OL3) unit, the main points of the Finnish safety and quality management requirements and the main
characteristics of the unit. Special emphasis is placed on the national and site-specific aspects of the
project and on the use of operating experience in refining the regulatory requirements.
OL3 is the first unit to be built according to the French-German European Pressurised Water Reactor
(EPR) concept.1 The planned thermal power is 4300 MW and net electric power output approximately
1600 MW. The plant unit design is based on the safety requirements developed for light water reactors
in Germany and France in the 1990s, which have subsequently been supplemented by Finnish safety
requirements.

1.1. The licensing procedure
The Finnish licensing procedure of nuclear power plants and other major nuclear facilities has three
main stages defined in the Nuclear Energy Act and Decree [1], [2].
 Decision in principle is granted by the Government and confirmed or rejected by the
Parliament as such. Formally the decision in principle constitutes the Government’s opinion
that the plant is in line with the overall good of the society. An absolute requirement for a
positive decision in principle is that the siting municipality supports the project. STUK’s
preliminary statement on the safety of the proposed plant, the Ministry of Environment’s
statement, and a clarification on the arrangement of nuclear waste management are also

1

Main features of the plant design are based on reference plants including the French N4 plants and the German
Konvoi-type plants.
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required as a basis for making the decision. An environmental impact assessment shall be
done according to the EU directive and the results attached to the application. Statements
and opinions are asked from a number of organizations and from the general public. Oral
hearings are arranged at the proposed siting municipalities. In addition to safety and
environmental issues the Government considers the significance of the proposed plant to the
national energy supply.
 Construction licence is granted by the Government. Licensing documents include the
preliminary safety analysis report (PSAR), safety classification report and design phase
PSA among others.
 Operating licence is granted by the Government before the loading of fuel begins.
Licensing documents are finalized versions of the documents attached to the construction
licence application together with manuals and procedures needed for the safe operation of
the plant.
The Ministry of Trade and Industry has the responsibility to coordinate the licensing process. Before
granting a license, statements and opinions are asked from a number of organizations and from the
general public. The Radiation and Nuclear Safety Authority - STUK is responsible for reviewing
safety-related documents and issuing safety assessments of the plant at all licensing stages. STUK can
use outside consultants, such as the Finnish Technical Research Centre (VTT), for independent
analyses and expert opinions.
In addition to the licences defined in nuclear legislation, a nuclear facility requires other licences based
on general legislation, such as the municipal construction permit and environmental permits,
especially regarding the use of cooling water.

1.2. Licensing of Olkiluoto 3
In Finland the construction of the fifth nuclear power plant (NPP) unit has been under discussion since
the first units were commissioned in the late 1970’s. Fairly advanced plans were postponed in 1986
after the Chernobyl accident, and in 1993 the Finnish Parliament rejected a positive decision in
principle granted by the Government.
The present licensing procedure was started in 2000 when the TVO power company filed an
application for a decision in principle. Seven plant concepts were described in the application: General
Electric EABWR, Westinghouse (formerly ABB-Atom) BWR 90+ , Westinghouse AP1000 and
EP1000, Framatome ANP EPR and SWR 1000 and the Russian VVER 91/99. The existing NPP sites,
Olkiluoto and Loviisa, were considered as alternative sites of the new unit.
According to STUK’s preliminary safety assessment none of the proposed plant designs fully
complied with all the Finnish safety requirements, but for all the plant designs compliance could be
achieved with reasonable modifications. 2

2

The terrorist attacks of 11 September 2001 took place during the decision in principle process, and lead to
additional safety requirements on OL3, as explained in the next chapter.
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After the hearing procedure the Government made the positive decision in principle in January 2002
and it was ratified by the Parliament in May 2002. The decision in principle concerned a plant with
electric power of about 1000 - 1600 MW to be constructed on either of the alternative sites. The
decision did not include any preferences on the plant type or supplier.3
After the decision in principle TVO issued a call for tenders in September 2002 and received tenders
from General Electric (ABWR), Atomstroyexport (VVER-1000) and from the Framatome ANP –
Siemens AG Consortium (EPR and SWR 1000) in March 2003. TVO selected the EPR concept and
signed a contract with the Framatome ANP – Siemens AG Consortium in December 2003. The
investment decision and the selection of the plant type were done by TVO based on its own criteria.
Government organizations were not involved in the selection process.
The construction licence application was filed in January 2004. STUK issued its statement and safety
assessment to the Government in January 2005 and simultaneously a detailed review report on PSAR,
design phase PSA and other licensing documents to TVO. The Government granted the construction
licence in February 2005.
The progress of the project after the decision in principle was quite fast and demanding to all parties
concerned. The fairly smooth progress was made possible by the extensive preparatory work done
during the preceding phases, including updating of safety requirements (YVL Guides), expertise
development and recruitment of new experts.4

2.

Finnish safety requirements and OL3 design features

The general safety requirements of nuclear power plants are set forth in the Government Decision
395/1991[3]. More detailed requirements are defined in the YVL Guides issued by STUK, especially
in Guide YVL 1.0 YVL 1.0 Safety criteria for design of nuclear power plants [4]. The Finnish safety
philosophy is based on the principles applied worldwide for several decades. The core of the safety
philosophy is the defence-in-depth principle that is best described in INSAG-10 document [5].
STUK continually evaluates the currency of the nuclear safety regulations relative to national and
international operating experience, results of research and development and to current international
developments, particularly within the framework of the International Atomic Energy Agency IAEA
and the Western European Nuclear Regulators' Association WENRA. The currency of the YVL
Guides is checked regularly at about five-year intervals; however, the guidelines concerning the design
of nuclear power plants were updated in view of the OL3 project to ensure that the design criteria were
up to date and known before the general contract for the delivery of the plant was signed.
The EPR has been designed to comply with the European Utility Requirements (EUR) drawn up by a
group of European nuclear electricity producers, including the Finnish utilities [6]. The development
of the EUR document was started in the early 1990s and has involved discussions with major vendors
and safety authorities.

3

It is also worth noting that during the decision in principle procedure of OL3, the Parliament ratified a separate
Government decision in principle for building a deep geological repository for spent nuclear fuel in the
immediate vicinity of the Olkiluoto site.
4
It also has to be noted that STUK started reviewing the EPR design late 1990’s when TVO’s feasibility studies
for new reactor were initiated. In addition, STUK was able to benefit the results of the safety review done by
French and German safety authorities during the 1990’s
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2.1. Classification of design basis events
According to the YVL guides the events departing from normal operation have to be divided by their
estimated frequency into four categories: anticipated transients, postulated accidents (class 1 and 2),
and severe accidents. All abnormal events with frequency of the initiating event estimated higher than
10-2/year are anticipated transients. Postulated accidents have been divided into two classes according
to their frequency: in class 1 the initiating event frequency of postulated accidents is 10-2...10-3 /year,
and events with lower frequency are classified as class 2.
In addition, certain special situations, such as airplane crashes, have to be assessed separately. In the
case of OL3 they are called design extension conditions (DEC). The separate analysis of some event
combinations (complex sequences) as DECs was also accepted, as proposed by the EPR designers.
These analyses were aimed to justify sufficient diversity of the safety functions and systems and to
prove that no “cliff edge” phenomena exist immediately outside the scope of the design-basis events
that would endanger the safety of the plant.

2.2. Acceptance criteria and analysis results
For radioactive releases no direct limits are given in the regulations, except for the severe accidents,
but the limits have to be calculated from the whole body dose limits to the general public. The
calculations have to be made to the most exposed individual living in the vicinity of the plant, using
conservative assumptions on his living conditions and diet. The limits are as follows [3]:





normal operation: dose 0,1 mSv / year for the entire site
anticipated events: dose 0,1 mSv per event
design basis accidents, both classes: dose 5 mSv per event
severe accidents: release of Cs-137 shall be less than 100 TBq and no acute health effects
(this can be fulfilled only if containment function is maintained).

Additional criteria for nuclear fuel integrity are described in YVL 6.2 Design bases and general
design criteria for nuclear fuel [4]. The analyses submitted by the vendor were extensively verified
with independent analysis done either by the STUK staff itself or by contracted expert organizations.
Generally a good consistency was found in the results. Observations on the analyses and fulfilment of
criteria are presented in [7], [8].

2.3. Protection against loss of primary circuit integrity
Provisions against primary circuit pipe breaks (LOCAs) apply a three-staged defence-in-depth
approach. The first stage consists of use of the Break Preclusion approach. It includes minimization of
the number of welds by design, use of advanced manufacturing technology, choice of high quality
materials, strength analyses exceeding the requirements applied to standard Safety Class 1 pressure
equipment, stringent quality requirements, and extensive pre- and in-service inspection programs.
Furthermore, it includes fulfilment of the Leak Before Break condition: diverse leak monitoring
systems are used and it is demonstrated analytically for the material in question and all design basis
loads that a leak is detected before any fault can proceed to fast rupture.
The second stage consists of the mitigation of breaks. This is achieved with pipe whip restraints
designed to limit motion of the broken pipe sections in case of a guillotine break. The reduced forces
can be used as design bases in dimensioning the primary circuit main component supports, reactor
pressure vessel internals, heat transfer tubes and other internals of steam generators, and the flywheel
masses of the reactor coolant pumps.
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The third stage consists of the risk reduction arising out of an unlimited double-ended flow from a
guillotine break of the primary circuit piping. Although the pipe whip restraints actually set an upper
limit to the flow, unlimited double ended flow is to be used as the basis for the thermal-hydraulic
design of the reactor and the emergency core cooling system, as well as for defining the pressure and
temperature requirements of the containment structures, and for the environmental qualification of the
components needed to control accidents.

2.4. Design basis for containment
The containment must have adequate leak tightness to keep radioactive releases below the limits set
for each category of design basis events and for severe core damage. It must maintain its integrity
under loads caused by double ended large break LOCA and by phenomena expected after severe core
damage. Furthermore, it must provide protection against airplane collision and other external events.
Adequate capacity to carry pressure and temperature loads and to limit radioactive releases must be
shown in conditions expected after a large break LOCA. This gives a sound basis to manage also
severe accidents.
All foreseeable loads threatening the containment integrity in connection with severe core damage
must be identified, and necessary protection (prevention or mitigation) must be provided. AC power
supply and control functions needed for severe accident management have to be provided by dedicated
systems that meet single failure criterion and are not connected with other AC power and I&C
systems.
Consequently, the following issues have been considered in OL3 severe accident management
strategy:
-

high pressure failure of reactor vessel is prevented by dedicated redundant depressurization
valves, and safety valves provide still additional diversity
hydrogen management with autocatalytic recombiners and arrangements that provide
mixing of containment atmosphere, as needed to prevent detonation
low pressure melt arrested in a core catcher, with passive long-term cooling
containment integrity against dynamic loads
containment pressure management in long term
dedicated batteries, diesel generators and I&C systems to sustain the above functions.

2.5. Systems design principles
Basic requirements of system design are the following:
-

-

-

Systems performing the most important safety functions shall be able to carry out their tasks
even if any individual component in any system were to fail and any component affecting
the safety function were to be out of service simultaneously due to repair or maintenance
(N+ 2 criterion).
In ensuring the critical safety functions, systems based on diverse principles of operation
shall be used where possible.
Redundant safety systems, as well as redundant parts of safety systems, shall be physically
separated from each other, so that their common cause failure due to external or internal
hazards is unlikely. Separation has to be consistently applied to the auxiliary systems that
sustain the function of safety systems.
Execution of the most important safety functions shall be possible by using only on-site or
only off-site electrical power supply systems.
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Reliability of systems and their adequate performance with safety margins has to be demonstrated with
deterministic and probabilistic analysis.
The design of the OL3 systems is based on the following principles:
-

Each system needed to support reliable normal operation is at least two redundant (2x100%
or N+ 1 criterion). Therefore no single failure is expected to initiate a plant wide transient.
For controlling anticipated operational transients, and also many class 1 postulated
accidents, there are always at least two different means (functional diversity), and both of
the respective systems have two redundancies (N+ 1 & D+ 1).
For controlling postulated accidents there are four redundant subsystems with capacity of 50
to 100% (depending on the accident type), and thus at least two subsystems can be lost
without loss of protective function (N+ 2).
The systems designed for controlling severe accidents are two redundant (N+ 1).

Separation of safety systems and redundancies at OL3 is designed with care. Redundant safety
systems are separated by placing them in different buildings or building sections (divisions). The most
important safety systems are housed in four safety buildings located around the reactor building. The
access paths between the buildings are designed to ensure that incidents jeopardizing the safety
functions, such as fires or floods, cannot spread from one building to another.
The four principal emergency diesel generators are divided in two pairs that are located in physically
separated buildings, and within those buildings the diesel generators are situated in separate fire
compartments. There are no direct connections between the power supply sub-systems except in case
of temporary cross-connections between sub-system pairs. Similarly, four seawater circuits designed
for the removal of residual heat are located in pairs in two pumping stations. All four seawater circuits
have their own tunnels, although the actual tunnels run side by side in pairs. Access paths are provided
between the tunnels for personnel and fire safety reasons, but they are normally kept closed.
Additionally, both seawater pumping stations have one separate pump and connection to the direct
cooling circuit designed for controlling severe accidents and DEC situations. Power supply to these
systems is ensured by additional dedicated SBO (station black-out) diesel generators.
More generally, when four redundant safety systems are placed in certain buildings in pairs, these
buildings are located as far from each other as possible and, in the case of the critical safety functions,
there are always other massive buildings in between. This arrangement reduces the probability that
any external influence (weather phenomena, airplane crash, etc.) would prevent both pairs
simultaneously from performing their task.

2.6. Diversity in the design
In the design of the OL3 the diversity principle has been applied at the functional level and, to some
extent, within the systems. Diversity has been applied to the following safety functions:
-
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reactor shutdown
primary pressure control
reactor core cooling and decay heat removal
containment isolation (external versus internal isolation valve).

The same principle is also applied to the auxiliary functions required for sustaining the above
functions: power supply, I&C, cooling, ventilation, and operation from the control room versus
auxiliary control room.
Diversity is provided in the I&C systems by using different hardware platforms for various levels of
defence. The safety I&C system that provides back-up for the protection system will be built on the
same platform as the process I&C system, whereas the reactor control, surveillance, limitation and
protection systems will be built on a different platform specially designed for nuclear safety
applications. The hardwired back-up I&C (HWBU) system will be built on a platform that uses no
programmable technology.
Electrical power to the plant unit is available from a number of diverse sources: off-site 400 kV and
110 kV grid, unit-to-unit supply connections via the Olkiluoto 400 kV substation, in-house supply
from the main generator, four emergency diesel generators, two SBO diesel generators (for the most
important functions), and the gas turbine plant to be built close to the site. In addition, the DC supply
to safety classified I&C systems as well as AC supplies for critical valves operations are backed-up by
battery banks.

2.7. Protection against external and internal hazards
Experience from operating incidents caused by harsh weather conditions in the existing Olkiluoto
units has been taken into account in the design of OL3. In addition, risk analyses of the existing units
have revealed some vulnerabilities which have required plant modifications. Corresponding problems
should be avoided in OL3 by adequate design. For example, seismic PSAs revealed relatively large
risks, although seismic activity is low in Finland. Especially the supports or anchorage of electric
cabinets and batteries were found to be inadequate, since there where no requirements on seismic
design when the operating plants were built.
According to the current regulatory requirements the most important nuclear power plant safety
functions shall remain operable in spite of any natural phenomena estimated possible on site or other
events external to the plant. In addition, the combined effects of accident conditions induced by
internal causes and simultaneous natural phenomena shall be taken into account to the extent
estimated possible. [1, 2]
Site specific evaluations are necessary for determining the relevant external hazards and their severity.
The following external hazards are taken into consideration in the design of OL3:
-

safe shutdown earthquake (SSE)
airplane crash (APC)
explosion pressure wave (EPW)
electromagnetic pulses and high power electromagnetic disturbance (HEMP/HPEM)
extreme meteorological and oceanographic conditions.

The current seismic design requirements are specified in YVL 2.6 Seismic events and nuclear power
plants. The seismic design shall be based on ground response spectrum with a return period of 100 000
years at the site [4].The corresponding peak ground acceleration at the Olkiluoto site was evaluated as
0.85 m/s2, but in accordance with YVL 2.6 the design value was set conservatively as 1 m/s2 which is
recommended by the IAEA as the minimum value.
OL3 will be protected against a collision of a large passenger jet and a fighter plane, see section 2.5.
The reactor building, fuel building and two out of four safety system buildings are protected by thick
double concrete walls.
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Two safety system buildings and some support system buildings are protected by distance separation.
In addition to the direct damage of the building structures, the mechanical oscillations and fire caused
by a airplane collision are taken into consideration in design.
The plant has been designed against an explosion pressure wave and against potential attacks made
using different terrorist weapons, as specified in confidential documents .
Design basis for extreme meteorological and oceanographic conditions was determined using
observational data from the site and near by measuring stations. Based on operating experience of the
existing units and an external events screening analysis the following external events were found
important: organic material in seawater (algae, bivalves, etc.), frazil ice (subcooled seawater freezing
in the water intake) and snowstorm. Algae and frazil ice may cause blockage of the essential service
water system and endanger residual heat removal and component cooling. Snowstorm has a potential
for causing simultaneous loss of offsite power and blockage of diesel generator cooling and/or
combustion air intakes. Operating experience of the existing Olkiluoto units includes partial blockage
of seawater systems by algae, bivalves and frazil ice. Blockage of air intakes with snow has also been
observed during diesel generator testing.
In OL3 the precautions against blockage of seawater intake include cleaning systems and return of
warm main cooling water to the intake. In addition, the plant has been design to withstand a total loss
of ultimate heat sink for 72 hours. To avoid blockage of diesel generator air intakes, the intake of
different diesels takes place from different directions and the intakes are protected by special
structures and heating of intake screens.
The plant is situated on sea coast on relatively flat base rock. Many geological hazards, such as
landslides, avalanches, soil liquefaction and tsunamis, are not considered possible at the site. The
ground level of about + 3.2 m above mean seawater level provides sufficient margin to the extreme
seawater level considered physically possible. As there are no main transport routes or industrial
facilities in the vicinity of the plant, hazards due to industrial or transport accidents, e.g. poisonous or
explosive gases, are minimal.
Protection against internal hazards (fires, floods, pipe whips, missiles explosions, etc.) is mainly based
on physical separation by structures, distance and building layout design. Cables will be of the flame
retardant non-corrosive type (FRNC). Safety system trains are situated in four separate safety
buildings. Regarding physical separation, critical areas are the reactor containment, its annulus and the
cable routes to the main control room. In these rooms the separation will be based on distance,
structures and local fire protection applications. Fire extinguishing systems will be installed in the
cable spreading room below the main control room, in the containment for the main coolant pump
motor oils systems, the diesel generators, the turbine hall and the big oil filled main transformers.

2.8. Verification of the design with PSA
A design phase PSA up to level 2 is required to support an application for Construction Permit.
Regulatory guide YVL 2.8 Probabilistic safety analysis in safety management of nuclear power plants
[4]specifies the following probabilistic design objectives:
-
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mean value of the core damage frequency, as estimated from a comprehensive level 1 PSA,
is less than 1.0E-5/year
mean value of a large radioactive release frequency (more than 100 TBq Cs-137), as
estimated from a comprehensive level 2 PSA, is less than 5.0E-7/year.

Design has to be improved if these objectives are not met. The design phase PSA has to be completed
during the construction of the plant when detailed design is available. If new risk factors are identified
after issuing a Construction License, and the safety objectives are no more met, all reasonable efforts
have to be taken to reduce the risk.
The plant vendor has presented a design phase PSA for the OL3. STUK has carried out a review of the
PSA, including some independent analyses to verify its quality and accuracy.
According to the Level 1 design phase PSA, the mean value for OL3 core damage frequency is
approximately 1.8E-06/year (power operation and outages).
As a basis for the level 2 PSA, the vendor has assessed physical progression of sequences leading to
severe reactor accident and the timing of release in accidents which threaten the structural integrity of
the containment or its functional tightness, or in which a release from the primary circuit occurs
through systems located outside the containment building (containment by-pass). The quantity,
probability and timing of radioactive releases from the containment building have been determined in
level 2 PSA.
According to the vendor’s current results, the frequency of exceeding the release limit for a severe
accident is 1.0E-7/year.

2.9. Radiation protection
Radiation protection requirements to be considered in the system and layout design of a nuclear power
plant are stated in Guide YVL 7.18 Radiation safety aspects in the design of a nuclear power plant [4].
The plant supplier has used the operating experience from German and French PWR’s in the design of
OL3 to limit the radiation exposure of the workers. For example, the following measures have been
implemented in system design:
-

-

fission product leakage from the nuclear fuel is kept at a low level during operation
materials selections are optimized with regard to materials contributing to radiation doses
(such as stellite coatings containing cobalt); however, cobalt is used at critical places, such
as on the contact surfaces between reactor internals, because no material with similar
mechanical properties that would be more advantageous in terms of radiation doses is
available
structural radiation shields are provided to reduce doses, particularly during maintenance.

Radiation protection has been taken into account in the planning of maintenance operations as follows:
 components have been positioned to facilitate testing, maintenance, inspection, repair and
replacement
 the number of welded joints in pipe lines have been minimized to reduce the number of
items to be inspected
 maintenance-free components are used in areas with high radiation levels.
 sampling, measuring and monitoring equipment are placed in areas with a low radiation
level
 components emitting high radiation fields are handled remotely
 thermal insulation is in cassette form to enable quick installation and removal
 space is provided for preparatory work in low-radiation areas.
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The plant supplier estimates that the collective radiation dose received by the workers at OL3 would
be about 250 to 500 manmSv/year, depending on the duration of the refuelling cycle. The estimate is
greater than the actual collective doses received at the German Konvoi-type PWRs but not greater than
the collective doses at the French N4 PWRs. This difference is largely explained by the different
primary circuit materials.

2.10. Design modifications due to regulatory review
As a result of the regulatory review of construction license documentation some changes were
required to the original plant design. The examples below indicate that the design modifications
required by STUK were mostly related to the improvement of the reliability of safety significant
systems by adding diversity, redundancy or separation.
One of the changes was related to the consideration of large break LOCA in the design basis of the
plant. STUK required pipe whip restraints to be implemented in the primary systems in addition to the
Break Preclusion concept. In addition, consequences of a guillotine 2A LOCA to the cooling of the
core and radioactivity control were to be analyzed. Provision against severe accidents had to be
improved by doubling the dedicated depressurizing valves in the primary circuit and by simplifying
the design of the core melt spreading area floor construction. Analyses concerning hydrogen
distribution and margins against hydrogen explosions in the containment resulted in the installation of
additional hatches on the top of the steam generator compartments to guarantee adequate distribution
of hydrogen in the containment. With regard to airplane crashes, some changes were incorporated in
the design during the review to increase wall thicknesses and distances between the inner and outer
walls of the safety and fuel buildings and protection of ventilation air intakes from fuel ingression.
In the accident analysis area, management of steam generator tube ruptures was modified to minimize
direct releases into environment. STUK also paid attention to the containment sump design, requiring
provision of backflushing capability to clean the filter, and followed closely the tests performed to
verify the proposed design. Regarding instrumentation and control, the review focused on the
architecture and functions of the different I&C systems, especially on the application of diversification
and separation (e.g. use of sensors) between the protection system and its diverse back up. STUK also
required a simple hardwired back up system to cope with a total loss of digital I&C.
Regarding the separation requirements of the electrical systems, safety classified electrical cables were
to be physically separated from the non-safety cables. Separation of electric supply from the DBA
systems and systems dedicated to severe accidents were improved. In addition, a gas turbine plant to
be built on site will provide independent AC power to all units. Additional fire walls were to be
constructed in the annulus area to separate redundancies from each other. Some modifications were
required due to Finnish weather phenomena. For example, the air intakes of the emergency diesel
generator and the cooling systems had to be protected against snow blocking.

3.

Quality management in the OL3 project

The licensee has the primary responsibility for the safety of a nuclear power plant. Consequently an
important part of regulatory control is to verify that the licensee has adequate resources and an
effective organisation together with an advanced management system in place to manage the project.
In addition, the plant vendor and its subcontractors have to have comprehensive quality and safety
management systems in place.
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According to the regulatory requirements set forth in the Government Decision 395/1991 [3] and in
more detail in Guide YVL 1.4 Quality assurance of nuclear power plants [4], advanced quality
assurance programmes shall be employed in all activities which affect safety and relate to the design,
construction and operation of a nuclear power plant.

3.1. TVO’s arrangements for quality management
For OL3 project, the quality control and assurance of design, equipment manufacturing and
construction has been described in TVO's quality policy and quality management system forming a
part of project’s management system. It states the procedures and responsibilities of all parties
involved in the implementation of the project. The highest level document in the system is the project
quality policy, to which all project participants (TVO, the Framatome ANP - Siemens AG Consortium
and subcontractors used by it) must commit themselves.
The established quality management system is based on international quality standards. The quality
control and assurance requirements set in the YVL Guides and code 50-C-QA of the IAEA have been
taken into account in the system. The quality standards, YVL Guides and the IAEA code are to be
followed in the quality management systems of all the organisations that have an impact on the safety
of the facility.
According to the regulatory requirements the quality of activities has to be ascertained at various
stages to the extent and allocation as required by the safety significance of each system, structure and
item of equipment. Quality assurance has to cover the assessment and supervision of the project itself,
the subcontractors used in the project, the Consortium, and the equipment suppliers.
TVO will also use the quality management system to ensure high quality for the activities of the
Consortium. Adequate design documentation inspections and approval procedures have also been
created for the system. Audits performed in the premises of the Consortium and the equipment
suppliers are also used to ensure that the quality level set for safety-related activities is achieved.

3.2. Consortium’s quality management
The Consortium has designed a general quality management programme for the OL3 project as
guidance for its activities. The programme requires that the Consortium and all project participants
commit themselves to a high quality and safety culture and to a continuous improvement of activities
and the monitoring of the effect of quality management systems.
The Consortium has quality management systems consisting of three-level documentation, which have
been complemented with quality plans that cover the different stages of the OL3 project and with a
project-specific quality assurance programme. The procedures, tasks and responsibilities are described
in detail in the Consortium's manuals (Project Manual, Design Manual, Site Manual, Erection Manual,
Commissioning Manual etc.) dealing with this project.
The Consortium's quality assurance in different technological areas is described in the preliminary
safety analysis report. The report and supplementary topical reports present the principles for quality
assurance activities. The report also defines equipment quality grades based on equipment safety
classes, as well as inspection and approval procedures for design and manufacturing documents.
Special requirements have also been placed on quality control because of the nature of the technical
solutions chosen for the facility (use of programmable automation technology and the construction of
major pressure vessels and pipework based on the principle of Break Preclusion).
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3.3. Control of quality management in the project
TVO evaluates the quality control methods and quality assurance operations of the design
organisations through auditing the Consortium and the external design organisations used by it. STUK
oversees that TVO is fulfilling its responsibilities. This has been mainly accomplished by taking part
in the audits performed by TVO. In addition, STUK has carried out inspections of the Consortium’s
units responsible for probabilistic safety analysis and radiation safety.
Based on the experience the audits and the inspections have been useful. Via audits STUK has been
able to get familiar with the Consortium’s way of working. In addition, audits have revealed qualityrelated deficiencies in the activities of the Consortium and the design organisations used by it. The
Consortium has taken corrective actions to remove the deficiences.

4.

Conclusion

The EPR 1600 plant under construction in Olkiluoto has been designed to comply with the current
international safety principles, the Finnish regulatory requirements and the European utility
requirements, including a management strategy for core melt accidents. Several modifications to the
original EPR design were made during the licencing procedure based on the Finnish regulatory
requirements. Protection against a collision of a large passanger airplane was required after the 11
September 2001 terrorist attacks.
International experience, especially from the German and French PWR plants, has been used in the
design of EPR layout and systems. The experience from the Finnish nuclear power plants has also
been taken into consideration especially regarding protection against harsh weather conditions and
other site specific issues.
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Abstract. This paper discusses Nigeria’s commitment to the principle of the peaceful development
of nuclear energy and the non-proliferation treaty. It also gives an overview of the legislative and
regulatory framework put in place for nuclear safety and radiation protection and illustrates some
practical experiences in the application of the regulatory control program.

1.0 Introduction
1.1 National Commitment to Peaceful Nuclear Programme
Authorization, inspection and enforcement are three of the components of the regulatory control
programme for radiation sources derived from the Nigerian Nuclear Safety and Radiation Protection
Act[1] 19 of 1995.This Act provides for the establishment of the Nigerian Nuclear Regulatory
Authority (NNRA). The Act was however not implemented until May 2001 with the establishment of
the NNRA. The promulgation of the Act and the establishment of the NNRA constitute only the
necessary conditions but are not sufficient for an effective regulatory regime. On the basis of the Act,
regulations have been drafted and submitted to the Federal Ministry of Justice for gazetting. This is the
Nigeria Basic Ionizing Radiation Regulations 2003 (NiBIRR) [2], which covers all uses of radiation
sources in the country. The existence of the Authority was tested in September 2001 ostensibly by an
investor who puportedly wanted to import radioactive material for radiotherapy practice. This was
stopped. This incident as reported by the London Times[3] publication of Sunday 6th October 2002,
demonstrated the efficacy of the authorization procedure of the NNRA, whose lessons and experiences
in the past four years of its existence amply demonstrates this relationship. The Act places some
responsibilities on the NNRA, and as well gives it some powers to implement the law. The
rseponsiblities and powers of the NNRA are listed below.
Nigeria has no nuclear power programme and her commitment to the peaceful uses of nuclear energy
goes back to 1968 when it became the second country to sign the Nuclear Non-Proliferation Treaty
(NPT). It has also demonstrated its commitment to the full implementation of the NPT by voting in
1995 for its indefinite extension. In 1988 Nigeria also signed the Comprehensive Safeguards
Agreement with the Agency and ratified the Convention on Early Notification of a Nuclear Accident
and in 1990, the Convention on Assistance in the Case of Nuclear Accident or Radiological
Emergency. Also in 2001, Nigeria signed the Additional Protocol to the NPT. The only relevant
conventions to which Nigeria is not yet party are the Convention on the Physical Protection of
Nuclear Materials and the Convention on Nuclear Safety and this is because these conventions apply
to States with nuclear power plants. Nigeria has only just commissioned its first nuclear research
reactor - a Miniature Neutron Source Reactor (MNSR) provided by the Agency under a Technical
Cooperation (TC) Programme.
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Nevertheless over the last five decades, peaceful applications of nuclear energy have significantly
developed - the most important applications being in the Health Sector; Petroleum Industry;
Manufacturing Sector; Mining Sector; Education and Research; Agriculture and Water Resources;
and Research Reactor Operation. The petroleum industry is the largest importer and user of
radioactive substances in Nigeria. There are six radiotherapy centres, four nuclear medicine centres,
about fifty four active industrial radiography companies, six nuclear well logging companies and
thousands of diagnostic x-ray units. Most of the radioactive sources involved in these practices are
used in teletherapy, irradiators, industrial gamma radiography, high/medium dose rate brachytherapy,
fixed industrial gauges, well logging gauges and portable gauges. They thus typically fall within
categories I - III of the IAEA categorization table and more than 1,500 of such sources and 8 nonmedical accelerators are involved in these practices.
1.2 Security Concerns for Nuclear and Radioactive Materials
The main threats associated with the safety and security of nuclear and radioactive materials are:
x Theft of nuclear materials and radioactive sources for their shielding material
x Illegal transfer of radioactive materials
x Sabotage and vandalization in the oil industry and major nuclear facilities
x Temporary storage of itinerant radioactive sources
x Legacy and orphan sources
x Complacency
1.3 National Response
The growing necessity for the regulation of practices involving nuclear and radioactive materials, led to
the promulgation of the Nuclear Safety and Radiation Protection Act 1995, which provides for the
establishment of the Nigerian Nuclear Regulatory Authority (NNRA). The subsequent
establishment of the NNRA in 2001 heralded the implementation of the Act.
2.0 Legislative and Regulatory Framework
2.1 Responsibilities of the NNRA
Sections 4 (1) and (2) of the Act confer on the NNRA the responsibilities for nuclear safety and
radiological protection regulation in the country. These include amongst others:
i.
ii.
iii.
iv.

regulating the possession and application of radioactive substances and devices emitting
ionizing radiation;
ensuring protection of life, health, property and the environment from the harmful effects of
ionizing radiation, while allowing beneficial practices involving exposure to ionizing radiation;
advise the Federal Government on nuclear security, safety and radiation protection matters:
regulating the safe promotion of nuclear research and development, and the application of
nuclear energy for peaceful purposes.

2.2 Powers
The NNRA is also empowered by section 6 of the Act to amongst others:
i.
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categorize and license activities involving exposure to ionizing radiation, in particular, the
possession, production, processing, manufacture, purchase, sale, import, export, handling, use,
transformation, transfer, trading, assignment, transport, storage and disposal of any radioactive
material, nuclear material, radioactive waste, prescribed substance and any apparatus emitting
ionizing radiation;

ii. license operators of nuclear reactors and other critical facilities
iii. issue codes of practice which shall be binding on all users of radioactive and prescribed
substances, and of sources of ionizing radiation;
iv. review and approve safety standards and documentation; and
v. establish in co-operation with other competent national authorities, plans and procedures which
shall be periodically tested and assessed for coping with any radiological emergency and
abnormal occurrence involving nuclear materials and radiation sources.
Thus, radiation protection, safety and security of radiation sources, safeguard of nuclear materials and
physical protection of nuclear installations are the NNRA’s five major regulatory functions. The
NNRA in carrying out its functions has forged close relationships with the law enforcement organs. In
this regard, the Nigeria Police (NP), the Nigeria Customs Service (NCS) and the Department of State
Service (DSS) have closely cooperated with the NNRA in all its investigations of major incidents.
This cooperation was most vividly demonstrated in the investigation of the theft, illegal exportation
and ultimate return to Nigeria of two radioactive sources belonging to Halliburton Energy Services
Nigeria Limited (HESNL). It has also been called to bear in the current investigation of the case of
two radioactive sources, which originally well packed and labelled container was overpacked for the
purpose of disguise, misdeclared as “Mould” and exported to the UK as such. Cooperation with law
enforcement also underlines the approach to the establishment of the Nuclear Security Committee
(NSC), which has membership darwn from the armed forces, the NP, NCS and DSS.
3 Regulatory Control Programme
The regulatory control of radioactive sources in Nigeria is derived from section 4(1) of the Act. The
main elements of this programme are Regulations and Guidance; Authorization; Oversight Functions;
Emergency Planning and Response; and Ancillary Functions.
3.1 Regulations and Guidance
With the approval of Mr. President, the Nigeria Basic Ionizing Radiation Regulations 2003 (NiBIRR)
was issued in December 2003. Additionally, the drafts of six other regulations namely: Use of Nuclear
Gauges and Radiotracers; Management of NORM Contaminated Wastes in the petroleum industry;
Transportation of Radioactive Substances; Licensing of Small Accelerators; Licensing of Industrial
Irradiators; andRegulations on Nuclear Safety and Security, have been developed and sent to the
Federal Ministry of Justice for review and final endorsement. NIBIRR and the supporting Guidance
and Codes of Practice to be issued under it is to establish a framework for ensuring that occupational
exposure to ionizing radiation, whether natural or man-made, and from external or internal radiation is
safe. It is also to ensure that exposure to ionizing radiation is kept As Low As Reasonably Achievable
and to ensure that exposure to ionizing radiation does not exceed dose limits specified for individuals.
3.2 Authorization
The NNRA issues Licences, Certificates and Permits following the successful completion of the
authorization procedure by prospective applicants. 140 authorizations were granted by the NNRA in
2004 for all practices, indicating an increase of over 400% of 2003. Additionally, the NNRA
completed the authorization of the MNSR in June 2004.
3.3 Oversight Functions
The NNRA, in performing its oversight functions carries out pre-authorization, audit and investigative
inspections. It also carries out performance assessment, incident investigation and enforcement
actions. In this regard, the NNRA in May 2002, closed down a radiotherapy centre until all its
regulatory requirements were satisfied. Also in March 2003, a nuclear well-logging company was
stopped from using radioactive sources following its lack of observance of regulatory requirements. It
is still under a federal ban.
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3.4 Ancillary Functions
The NNRA conducts regular trainings courses, workshops, conferences and public awareness
campaigns. In this regard, the NNRA in collaboration with the IAEA has conducted or planned the
following activities:
x
The National Workshop on the Safety and Security of Radioactive Sources and Radiation
Protection Programme in the Petroleum Industry, 17th - 19th June 2003
x
National Seminar on Duties and Responsibilities of Managers and Executives involved in the
Use of Radioactive Sources in the Oil and Gas Industry 1st - 2nd July 2004
x
National Seminar on Duties and Responsibilities of Managers and Practitioners in the Medical
Application of Ionizing Radiation, 19th February 2004
x
National Training Seminar on Duties and Responsibilities of Owners and Managers of Medical
facilities using Ionizing radiation, 25 – 29 April 2005
x
National Training Workshop on the Safety and security of Radioactive sources in the petroleum
industry, 17 – 21 September 2005
Furthermore, as required by the Act, the NNRA has concluded arrangements for the establishment of
the National Institute of Radiation Protection and Research Training in collaboration with a
Nigerian university, the University of Ibadan. Additionally, the NNRA in technical cooperation with
the IAEA is establishing the national postgraduate college for radiation protection..
3.5 Emergency Planning
Exercising its powers under section 10 of the Act, Nigeria presently is at the stage of emergency
planning and in this regard, the NNRA has appointed a Committee on Emergency Response. The
Committee is to draw a roadmap for Nigeria on how to respond in cases of a Radiological Emergency.
This shall be incorporated into the draft National Disaster Response Plan. As part of its activities, the
Committee has paid visits to major operators to see their emergency procedures with a view to
developing an all-encompassing emergency plan.
4.0 The Nigerian Experience
The national regulatory infrastructure was unwittingly tested by undercover reporters of the London
Times, posing as genuine representatives of a fictitious organization involved in health care delivery
and seeking licences to import radioactive materials for cancer treatment. The alertness of NNRA
officers denied them the needed licences. The NNRA has also had to rise to a number of challenges in
dealing with incidences of radiological emergencies, some of which are still unsolved.
Incident - 1
During a communal crisis in the restive Niger Delta of Nigeria, an oil drilling site was invaded by
armed youths in March 2003 forcing emergency helicopter evacuation of personnel. An Ir-192 source
of Activity 37 Ci incorporated in radiographic equipment was abandoned on the platform in the
process. After peace was restored in February 2004, the rig operator returned to site and discovered
that the radioactive source was missing. NNRA investigations showed the source was legally imported
into the country in November 2002. Extensive search carried out around the site and communities
could not yield the missing source. The operating company is under regulatory control.
Incident - 2
Also in the restive Niger Delta of Nigeria in October 2003, a tugboat conveying radiographic
equipment incorporating an Ir-192 of activity 7 Ci was burgled after its crew members were forced to
abandon the vessel during a communal strife.
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NNRA investigations revealed that the radioactive source involved was imported without due
authorization and the company was illegally operating. It has since been suspended from importing,
handling, using and transporting radioactive materials and is facing prosecution in line with Section 45
of the Act.
Incident - 3
Two Am-241 sources (19 Ci and 0.5 Ci) used for well logging were being transported from an
operational base on an Escravos island via Warri to another base in Port Harcourt. The sources were
stolen at some point during this journey after the lock of the source housing was cut open by special
tools. Investigations showed that the logging company which owned the sources did not observe
proper safety and security procedures e.g., driver conveying sources had no training nor was even
aware of the nature of his cargo. Furthermore, logbooks contained inadequate information on
verification of source during movement through the various operator facilities. The sources and the
container were exported to a Germany as scrap metal where they were discovered by portal monitors
at a recycling plant in June 2003. They have since been returned to Nigeria following the imposition of
punitive sanctions on the logging company which owns the sources.
Incident - 4
An NDT inspection company was exporting two spent sources to the UK and had a valid export
licence. The sources were properly packaged and labelled and handed over to the appointed freight
agent of the NDT company. The correct fee in respect of radioactive cargo was also paid. The freight
agent, in order to maximize profits, overpacked the package, misdeclared it as “Mould” and exported
it as such through another airport than the one approved on the export licence. This ruse beat all
detection until the consignee who was expecting a radioactive cargo observed the trick and
appropriately alerted the relevant UK authorities which promptly contacted the NNRA. The chief
executive of the freight agency has been handed over to the Police and is helping with investigations.
5.0 Challenges
Until its establishment in 2001, practices were largely unregulated in Nigeria. Thus national
infrastructure especially for monitoring and detection of illicit trafficking was lacking or is only now
being developed. There are also no designated ports for the import or export of radioactive materials.
This also explains why Incidents 3 and 4 above were possible from our airports. Furthermore, capacity
within the law enforcement agencies especially the intelligence and security organizations is weak or
inexistent and therefore, there is a lack of awareness among top management of these organizations on
issues of safety and security of nuclear and radioactive materials. Furthermore, national legal
framework needs further improvement with the introduction of a legislation to specifically address
nuclear terrorism given its very real threat. Other challenges include:
 the completion of National Inventory of Sources
 development of the National Radiological Emergency Response Plan and its integration into the
National Disaster Response Plan
 development of the De-commissioning Programme for the MNSR
 the authorization of Mega Curie Gamma Irradiation Facility at Abuja
 public awareness on dangers of unregulated access to/possession of radioactive sources
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6.0 Achievements
The NNRA, in cooperation with the Agency achieved the following:
i

ii

iii

iv
v

Establishment of national nuclear security systems for the physical protection and control of
nuclear materials & installations, and for combating illicit trafficking in radioactive materials. In
this regard, the National Nuclear Security Committee on Securing of Nuclear Materials and
Radioactive Sources (NSC) was established. The NSC Held several meetings and participated
in the INSServ Mission to Nigeria from 3rd - 7th May 2004. It also developed a national training
programme on the security of radioactive sources for the Customs, Police and other law
enforcement agencies.
Created awareness of decision-makers, law enforcement agencies, personnel and public at large
about the need for nuclear security and the need to combat all forms of illicit trafficking in
nuclear materials and radioactive sources. In this regard, there was an evaluation of the system
of Physical Protection of Nuclear Installation and High risk radioactive sources in the country
Reviewing and upgrading of the national legislative framework for nuclear security by the
review of the Act with the view to developing national requirements for nuclear security. These
are now due for ratification by parliament
Draft anti-terrorism bill has been developed for submission to the National Assembly
National survey of ionizing radiation sources in the country for the purpose of developing a
comprehensive inventory and the Regulatory Authority Information System (RAIS) has reached
advanced stages
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