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PREFACE

Accident management is very important for prevention and
mitigation of severe accidents in Nuclear Power Plants and is
widely discussed in the world. The processes that could occur
during severe accidents in vessel-type Light Water Reactors are
rather well understood, however, some uncertainties remain. The
knowledge about severe accidents is used for development of
accident management strategies. Most of the Nuclear Power
Plants that operate vessel-type reactors in the world have already
developed or are developing severe accident management
programs. The processes that could occur during severe
accidents in channel-type reactors are not so well understood.
The Chernobyl disaster demonstrated necessity to achieve the
same level of knowledge and to develop accident management
programs for RBMK-type reactors as well.

RBMK reactor belongs to a class of graphite-moderated
nuclear power reactors that were designed in the Soviet Union in
1950s. Usage of materials with low neutron absorption in
RBMK design allows improving the fuel cycle by using cheap,
low-enriched nuclear fuel. In total there have been built 17
RBMK reactors and 1 reactor is still under construction at Kursk
NPP. All three surviving reactors at Chernobyl NPP have been
shutdown (the fourth was destroyed in the accident). Units 5 and
6 at Chernobyl NPP were under construction at the time of the
accident, however further construction was stopped due to the
high contamination level at the site and political pressure. One
of two reactors at Ignalina NPP in Lithuania was shutdown in
2004. In 2009, there were 11 RBMK reactors operating in
Russia (4 [reactors in Saint Petersburg, 3 — in Smolensk and 4 —
in Kursk) and 1 — in Lithuania, however there are no plans to
build new RBMK type reactors.
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At Ignalina NPP is the only Nuclear Power Plant located in
Lithuania. It consists of two units, commissioned in December
1983 and August 1987 respectively. Both units are equipped
with channel-type graphite-moderated reactors RBMK-1500.
Ignalina NPP Unit 1 was shutdown for decommissioning at the
end of 2004 and Unit 2 is to be operated until the end of 2009.
Ignalina NPP has implemented symptom-based Emergency
Operating Procedures that were developed in 2000 by RBMK
reactor design institute NIKIET (Russia). These procedures
together with the event-based Emergency Operating Procedures
cover Design Basis Accidents and a range of Beyond Design
Basis Accidents, which do not lead to reactor core damage, i.c.
they do not include management of severe accidents. In order to
ensure coverage of the whole spectrum of accidents and meet
the requirements of TAEA the severe accident management
guidelines have to be developed and integrated into the general
accident management strategy of Ignalina NPP.

In order to ensure the safe operation of the Nuclear Power
Plant a fundamental safety principle of defense-in-depth is
applied. Accident management is one of the key components of
effective defense-in-depth. The strategy for defense-in-depth is
twofold: 1) to prevent accidents and 2) if prevention fails, to
limit the potential consequences of accidents and to prevent their
evolution to conditions that are more serious.

Around the world, there are several approaches to the
accident management. The approach of Westinghouse Owners
Group, which is developed for Pressurized Water Reactors, but
is also applied to Boiling Water Reactors, is well known and
widely applied. However, this approach is not easily applicable
or transferable to channel-type RBMK-1500 reactors. The
framework of the emergency response procedures at Ignalina
NPP is also different from that in the NPPs developed by
Westinghouse Owners Group. Therefore, a specific approach
has to be developed for the accident management at RBMK-
1500 reactors.

The objective of this book is to present the basic principles
and approach to accident management at Ignalina NPP with
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RBMK-1500 reactor. In general, this approach could be applied
to NPPs with RBMK-1000 reactors, that are available in Russia
and partially for other channel-type reactors, but the design
differences should be taken into account. As well, this book
presents the current status of knowledge regarding the severe
accident phenomena and possibilities of accident management at
NPPs with RBMK reactors. This book also includes the results
of the performed severe accident analyses to justify the suggested
accident management strategies as well as information on the
suggested NPP improvements, which would enhance the safety
of RBMK reactors.

The information presented in this book was mainly received
in the frames of the project “Development of Manual on
Management of Beyond Design Basis Accidents at Ignalina
NPP” coordinated by the consortium Jacobsen Engineering Ltd
(United Kingdom), SCIENTECH Inc. (USA), and Volian
Enterprises Inc. (USA) and sponsored by the UK Department of
Trading and Industry. The authors would like to express their
gratitude to the sponsors, coordinators and staff of Ignalina NPP
(Dr. G. Krivoshein and his team) who were involved in the
development of BDBA management guidelines. Also the authors
express sincere thanks to prof. J. Vilemas for the invaluable help
and advice for preparation of the monograph, to colleagues of the
Laboratory of Nuclear Installation Safety, who took part in
severe accident research, and to Dr. R. Urbonas, Dr. J. V. Ziugida,
Mrs. A. Varnaité and to all who helped to prepare the
manuscript of the monograph.
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Introduction.
Accident Management at
Nuclear Power Plants

In order to ensure the safe operation of the Nuclear Power Plant a
fundamental safety principle of defense-in-depth is applied. The
strategy of defense-in-depth is described in detail in IAEA document
[1]. This document defines also two corollary principles of defense-in-
depth: 1) accident prevention, and 2) accident mitigation. Defense-in-
depth is achieved primarily by means of four successive barriers, which
prevent the release of radioactive material (fuel matrix, fuel cladding,
primary coolant boundary and containment). These barriers are
protected by three levels of design measures: prevention of abnormal
operation and failures (level 1), control of abnormal operation and
detection of failures (level 2) and control of accidents within the design
basis (level 3). If these first three levels fail to ensure the structural
integrity of the core, e.g. due to beyond the design basis multiple
failures, or due to extremely unlikely initiating events, additional efforts
should be made at level 4 to further reduce the risks. The objective at
the fourth level is to ensure that both the likelihood of an accident
entailing significant core damage (severe accident) and the magnitude
of radioactive releases following a severe accident are kept as low as
reasonably achievable. Finally, level 5 includes off-site emergency
response measures, with the objective of mitigating the radiological
consequences of significant releases of radioactive material.

The fourth level of defense-in-depth relates to the management of
Beyond Design Basis Accidents. These accidents could be grouped in
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two categories: 1) Beyond Design Basis Accidents without significant
core degradation, and 2) severe accidents [2].

Accident management is one of the key components of effective
defense-in-depth. The strategy for defense-in-depth is twofold: 1) to
prevent accidents and 2) if prevention fails, to limit the potential
consequences of accidents and to prevent their evolution to more
serious conditions [1]. The elements that have to be addressed in
development and implementation of accident management at NPPs are
described in IAEA report [3].

In the Republic of Lithuania, the nuclear safety regulations require
that the reactor plant technical design shall contain provisions for
controlling the Beyond Design Basis Accidents and that for dealing
with Beyond Design Basis Accidents the Operating Utility shall prepare
in accordance with design documentation a special manual, which must
be agreed in consultation with VATESI [4]. However, in the original
RBMK design there are no specific procedures or guidance for
management of BDBA leading to core damage, i.e. severe accidents.
Furthermore, it does not include comprehensive RBMK specific
analysis of severe accidents or approved strategies for dealing with such
accidents. The NPPs with other types of reactors, e.g. PWR, BWR, have
developed procedures or guidance, called Severe Accident Management
Guidelines, for taking actions in the event of BDBA where the core
damage is imminent or has occurred. In most cases, these SAMGs are
based on extensive analyses of the phenomena associated with severe
accidents.

Typically, the BDBA may be the result of the following:

» an accident caused by initiating events not taken into account in
the plant design basis, or

e an accident accompanied by additional safety system failures
above and beyond the single failure assumed for design, or by
erroneous personnel decisions.

Before proceeding to accident management several important
definitions should be considered:

e Core Damage. In the [AEA report [5], it is mentioned that in
different countries there are several definitions for the core
damage, such as major loss of fuel cladding integrity, partial
core melting and overall core melting. Considering the specifics
of RBMK-1500 and assumptions made in PSA level 1 and
level 2 studies of Ignalina NPP the core damage is defined as
major loss of fuel cladding integrity.

o Core Degradation is a process that leads to core damage.
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e Severe Accident — an accident more severe than a Design Basis
Accident and involving significant core degradation.

e Severe Accident Management — a subset of accident
management that:

o terminates core damage once it has started,

o maintains the capability of the containment as long as
possible,

o minimizes on-site and off-site releases,

o returns the plant to a controlled safe state.

s Severe Accident Management Guidelines. A set of guidelines
containing instructions for actions in the framework of severe
accident management.

¢ Controlled safe state is a plant state in which:

o The core is and remains subcritical.

o The core is in a coolable geometry and there is no
further fuel failure.

o Heat is being removed by the appropriate heat removal
systems.

o Fission products release from containment has ceased,
or further releases can be bounded.

These definitions are considered in SAMG development for Ignalina
NPP and they comply with definitions given in the [AEA report [5].

Around the world, there are several approaches to the accident
management. The approach of Westinghouse Owners Group, which is
developed for Pressurized Water Reactors, but is also applied to Boiling
Water Reactors, is well known and widely applied. Ignalina NPP is
equipped with channel-type reactors RBMK-1500 and Westinghouse
Owners Group approach is not easily applicable or transferable to such
types of reactors. The framework of the emergency response procedures
at Tgnalina NPP is also different from that in the NPPs developed by
Westinghouse Owners Group. Therefore, a specific approach has to be
developed for the accident management at RBMK-1500 reactors.

In September 2003, the international project sponsored by UK
Department of Trading and Industry has been initiated to develop
guidelines for severe accident management that could occur in the
RBMK-1500 reactor and in the spent fuel storage and transportation
system of Ignalina NPP. These guidelines had to be integrated to the
emergency response system of Ignalina NPP to cover the accidents that
are not covered by the EOP that were implemented at that time.

Development of SAMG started from review of the existing
international experience for Advanced Gas Cooled reactors, Boiling
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Water Reactors, and Pressurized Water Reactors, which have procedures
for taking actions following severe accidents and supporting analysis.
At first, the BDBA list was developed based on results of Ignalina NPP
Probabilistic Safety Analysis. Later this list was compared against
BDBA list, which was previously developed by Ignalina NPP based on
technical justification of the symptom-based EOPs. The information
about the existing INPP capabilities, equipment, procedures, and
responsibilities was collected in order to:

¢ Develop Candidate High Level Strategies, which can interrupt
or mitigate challenges to the barriers to Fission Product release.

¢ Determine information / instruments needs to detect entry
conditions to Severe Accident Guides (SAGs) and to determine
if accident management strategies are being effective.

e Propose equipment and instrumentation improvements for
Severe Accident Management.

The performed work was the basis to define the scope of the
analyses for technical justification of SAMG. The selected accident
sequences were analyzed to identify the expected NPP response, timing
to key phenomena and to assess effectiveness of proposed accident
management strategies.

e When all the required analyses were completed, the collected
information was converted into the actual SAMG package,
which consists of:

e User’s guide. It describes the rules of usage and includes the
Diagnostic flowchart, and the Exit checklist.

o Writer’s guide. Tt describes the rules how the SAMG
documentation has to be written in order to be understandable
for the users of documents.

¢ Documentation of each Severe Accident Guide. Documentation
of each guide consists of the Flowchart, the text procedure and
the technical justification.

The verification and validation of the developed SAMG package
was performed by the Ignalina NPP to check the guidelines for
consistency and compatibility with the existing framework of the
Emergency Operating Procedures.

At the end of the project, the training for the staff of the Ignalina
NPP training centre was performed on how the SAMG should be
implemented. The training centre will transfer the received knowledge
to the operators of the Ignalina NPP.

The objective of this book is to present the basic principles and
approach to accident management at Ignalina NPP with RBMK-1500
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reactor. In general, this approach could be applied to NPPs with
RBMK-1000 reactors, that are available in Russia, but the design
differences should be taken into account. As well this book presents the
current status of knowledge regarding the severe accident phenomena
and possibilities of accident management at NPPs with RBMK reactors.

The information presented in this book was mainly received in the
frames of the above-mentioned international project “Development of
Manual on Management of Beyond Design Basis Accidents at Ignalina
NPP”. In the frames of this project the accident management guidelines
were developed not only for RBMK-1500 reactor, but for the spent fuel
storage and transportation system of Ignalina NPP as well. For the
project the consortium form Jacobsen Engineering Ltd. (United
Kingdom), SCIENTECH Inc. (USA) and Volian Enterprises Inc. (USA)
was created and coordinated by Jacobsen Engineering, Ltd. The
Lithuanian Energy Institute was the subcontractor and participated in all
tasks, performed within this project (development of BDBA list,
compilation of information about the existing INPP capabilities,
equipment, procedures, and responsibilities, determination of
information and instrumentation needs to detect entry conditions,
analysis of selected accident sequences, and other. The authors of the
book were the tasks leaders in different works and took the
responsibility for work management, performance of accident analysis,
development of justification reports and others. The book authors and
their colleagues in parallel participated in other international projects,
networks of excellence in the frame of FP5 — FP7, related to integration
of European research on severe accident phenomenology and
management, e.g2. SARNet (Severe Accident Research Network),
Phebus, etc.
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