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1. Methodology

At various stages of the AMP development and implementation and, in particular, prior to its
implementation, AMP should be reviewed from the point of view of its completeness and
quality. Suggestions and good practices given in the main report and in other relevant reports
[1,2] describe in detail basic components and approaches used in AMP preparation,
development and implementation. The review can be performed either by the NPP personnel
or by an external review team, including the IAEA review team. This section describes one of
possible methodologies how to review whether AMP is sufficiently comprehensive and
whether all relevant issues have been adequately addressed.

The methodology refers to the INSAG-3 Draft Document on "Basic Safety Principles for
Nuclear Power Plants" [3], Safety principles are commonly shared safety concepts stating how
to achieve safety objectives at different levels of Defence in Depth. As stated by the INSAG-3
Draft Document, "...The safety principles do not guarantee that nuclear power plants will be
absolutely free of risk, but, when the principles are adequately implemented, the plants should
be very safe ...". The principles do not differentiate between new and existing plants
considering, of course, necessary differences in implementation.

Level 4 of Defence in Depth, covering control of severe conditions, including prevention of
accident progression and mitigation of the consequences of a severe accident is in its major
part covered by the AMP. INSAG-3 Document gives a guidance how to specify relevant
safety principles for each level of Defence in Depth, including Level 4. These principles for
Level 4 have been selected and grouped as follows:

Group 1:
-Strategy for accident management

Group 2:
-Equipment qualification
-Automatic shutdown systems
-Preservation of control capability
-Station black-out
-Achievement of quality
-Verification of design and construction
-Pre-operational plant adjustment
-Engineered features for accident management
-Quality assurance in operation
-Maintenance, testing and inspections

Group 3:
-Validation of operating and functional test procedures
-Training and procedures for accident management

Group 4:



-Operational excellence
-Plant physical protection

Group 5:
-Emergency plans
-Emergency response facilities
-Assessment of accident consequences and radiological
monitoring

-Radiological impact on the public and the local
environment

Group 6:
-Emergency heat removal
-Ultimate heat sink provisions

Group 7:
-Protection of containment structure

Group 8:
-Confinement of radioactive material

Set of safety principles shows on one side the complexity of the issue, but, on the other side
allows for a comprehensive review of the AMP aimed in evaluation whether all aspects are
adequately considered.

Practical guidance for the review of AMP can use a technique of "objective trees". The
technique of objective trees , demonstrated in Fig. 1, is used to relate the objectives of each
level of defence to the necessary provisions in design and operation. The objectives of each
level of defence state, what is to be achieved. The safety principles state, how to achieve it
and provide an indication which relevant safety functions should be maintained. For each
safety function, challenges for its deterioration can be specified, various mechanisms induced
by these challenges can be identified and provisions adequate for prevention or for control of
the mechanisms can be specified. The safety principles indicate also, how to select and
evaluate adequacy of individual provisions which need to be implemented to prevent
mechanisms from occurring to challenge the safety functions. The provisions reflect the
measures applicable to all structures, systems, components and procedures important to safety
during all stages of design and operation of a nuclear power plant. Fig. 2 specifies basic
elements of the technique for Level 4 of Defence in Depth. This technique has been used for
construction of full objective trees, including specification of provisions for each of the
relevant safety principles. Whole set of objective trees for all safety principles can be used
afterwards as a check-list ("reminder") for completeness (adequate consideration of all
aspects) of the Accident Management Programmes. For more detailed explanation of contents
of the provisions in objective trees, reference should be again made to the main report and
other relevant documents [1-3].

For practical reasons, in developing objective trees, safety principles have been combined into
several groups. Similarity of provisions relevant to several safety principles was the main basis



for such combinations. One objective tree has been developed for each of the groups of the
safety principles. More details on the provisions will be given in the following sections.

2.Specific guidelines for review areas

2.1.Strategies for accident management (Group 1)

The strategies are a key aspect of the AMP. Fig. 3 illustrates the main steps needed to set up a
complete, adequate and workable set of recovery strategies for a specific plant, in terms of the
various elements that must be addressed.

The first steps involve performing the necessary work to provide a complete and balanced
understanding of the plant specific response to different possible severe accidents, including
identifying and ranking the various mechanisms which can challenge the FP retention
boundaries, and the vulnerability of the plant to these different mechanisms.

To ensure that a balanced understanding is obtained, it is important to define the range of
accident scenarios and initial conditions to be investigated in a systematic way, taking due
account of both the likelihood and the expected severity of a given scenario. An existing plant
specific PSA study provides very valuable input in this respect. In absence of a PSA, other
techniques are also feasible. Efforts should be made to demonstrate broad coverage of the
potential range of severe accident sequences for the plant in question. Analysis of accident
sequences and the identification of challenges to FP boundaries must be performed on a best
estimate basis.

A review of the specific plant's capabilities to perform basic severe accident recovery
strategies (secondary side feed, RCS injection, RCS depressurisation, containment water
addition and depressurisation, hydrogen control, etc.) should be performed in order to identify
all possible means for achieving safety objectives, even those involving use of equipment
outside its original design envelope. At the same time major equipment limitations (for
example shutoff heads for injection systems, maximum achievable flowrates, depressurization
capacity, etc.) should be identified. The identification of possible requirements to bring in
equipment from outside the plant ("external needs" in the figure) should also be addressed.

The definition of symptoms, and the associated plant process parameters, which must be
monitored in order to detect and prioritise potential challenges is an important next step. It
represents the formulation of the basic objectives of the strategies in terms of the safety
functions to be protected (or challenges to be prevented). Strategies must then be developed
which provide all practical means to protect the safety functions. During this phase it is
important to clearly and unambiguously define specific criteria such as entry and exit
conditions, diagnostic symptoms etc. Efforts should also be made to demonstrate that the list
of strategies developed is complete. The "correctness" and the usability of the various
strategies must be checked by an appropriate verification and validation programme. A severe
accident will lead to the need to monitor and control various plant parameters in the very long
term, even after the event has been controlled and the structured guidance terminated. A
means should be defined for identifying, tracking and monitoring these long term concerns.



2.2.Performance of equipment in accident management (Group 2)

A major part of AM is associated with assessing the availability of equipment and
instrumentation, and recovering failed equipment. The ability of equipment and
instrumentation to operate outside its design basis depends on many factors, but should be
assessed during the development of the AM programme (Fig.4).

Environment conditions which will be experienced by equipment will be available from
analysis previously performed and should be used to assist in evaluating the likely response of
the equipment, and the survivability of instrumentation. Where possible, estimates of the
operability margin of equipment beyond its design basis can be made and factored into the
evaluation. For instrumentation, the number of plant parameters required to be monitored
should be clearly defined (and minimised, consistent with achieving the aims of the AM
programme), together with an assessment of all available means to measure those parameters,
and their likely survivability in severe accident conditions.

There is no single approach to addressing the need for new equipment for AM. In general,
whilst the implementation of an AMP may generate the requirements for limited upgrades (for
example extending the ranges of certain instruments), the requirement for major equipment
changes will not normally be generated here. PSA Level 1, for example, offers a mean to
decide on the need for equipment upgrades. However, the plant configuration basis assumed,
together with any upgrade recommendations that do result must be clearly stated in the AM
programme.

Fig. 4. presents a framework to help in reviewing the equipment aspects of an AMP. It is
presented under the main categories of quality and maintenance of equipment, instrumentation
availability, equipment availability, and actuation ("initiation") and control of systems and
equipment.

2.3.Response of personnel in accident management (Group 3)

Fig.5. illustrates the key aspects of defining personnel roles and responsibilities, developing
and implementing procedures and guidelines for AM, and training of on-site emergency staff
responsible for using the tools in event of an accident.

Organisational aspects of AM are extremely important, and very plant site specific. It is
important to define early on in the programme development the roles of the different parts of
the emergency organisation (primarily operations, technical support, emergency planning and
response), and how these roles may be modified by changes or enhancements to the
emergency response capability. Responsibility for evaluation, decision making and
implementation actions must be assigned for the various functions of AM. It can be helpful to
develop a matrix indicating which member(s) of the organisation are responsible for each of
these aspects for each of the different AM functions. Defining decision making responsibility
(i.e., responsibility for finally authorising a given course of action) is particularly important. It
is also generally advised that, at least in severe accident situations, those responsible for



performing the plant evaluations and recommending the recovery strategies be a different
group from those responsible for implementing them.

The development of EOPs and SAMGs or alike represents the conversion of the high level
strategies into easily usable procedural or guideline forms. EOPs and SAMGs should be fully
symptom based. EOPs may or may not address specific accident scenarios in addition to
protecting the core by preserving safety functions or plant states. In general, SAMG do not
attempt to diagnose the specific sequence underway (a difficult task of little benefit) but rather
provide a symptom-based, structured way to determine which actions are needed in order to
prevent challenging the barriers to FP release, and finally allow the achievement of a
controlled stable plant state. The procedures and guidelines must be usable and workable (the
main purpose of validation being to check these aspects), and they must be presented in a
user-friendly and consistent format which emergency staff can become fully familiar with and
comfortable using.

The last column in Fig.5. deals with various aspects of training which will be required for the
emergency staff. The development of the AMP must include a systematic identification of the
training needs for members of each function of the emergency response team. The
development of the required training material, and the schedule for training, re-training and
testing of staff must also be defined. In the case of SAMG, the phenomenology of severe
accident should be covered in utility personnel training, but the topics covered and level of
detailed devoted to each should be chosen carefully with the overall objective of the training
always kept in mind.

2.4.Operational excellence and plant physical protection (Group 4)

The objective tree for two safety principles indicated by the title of this section is given in the
Fig.6. In this particular case, the two principles have nearly no interrelation and they have been
combined only for better use of space.

As described in INSAG-3 Draft Document, operational excellence includes augmenting the
safety culture, the defence in depth, improving human performance, using self assessment and
peer reviews, exchanging operational experience and other information world-wide, increasing
application of probabilistic safety assessment and augmenting the implementation of SAM.
Many aspects of the operational excellence have been already reflected in other objective
trees, several remaining aspects are presented here.

Effective feedback of operating experience is essential for all levels of defence in depth; this is
true also for majority of provisions shown in Fig.6. Special attention here should be given to
lessons learned from analysis/consideration of severe accidents or their precursors which have
occurred in similar plants anywhere. Results from the emergency drills/exercises should be also
utilized for updating of AMP.

Insufficient physical protection of the plant (plant security issues) can open possibilities for
illegal acts against the plant safety. On the other hand, physical protection should not
jeopardize accessibility of the plant and/or its locations by required personnel.



2.5.Interface with off-site emergency planning (Group 5)

All aspects of AM related to off-site emergency planning are reflected in Fig. 7. The
organisation, facilities, tools, staffing, responsibilities, qualification and training of staff for the
on-site emergency centre must all be established and described in the emergency plan, and may
be modified by the update or enhancement of the AMP.

It is wise to keep a clear distinction between the responsibilities and duties of those
responsible for the off-site implications and those dealing with recovery of the plant, although
the On-site Emergency Centre will normally be the focal point for both activities.

The emergency plan itself should be reviewed to ensure that it has defined the institutional
arrangement required, including defining organisation, responsibilities, staffing and
qualification etc. for the Emergency Team. The Emergency plan must also specify clearly the
interfaces between the on-site recovery actions (for example, between the EOPs and the
SAMGs), and also between the on-site and off-site activities. In assessing the consistency of
the emetrgency plan, systematic consideration of all such interfaces is essential.

The adequacy of the on-site emergency centre can be assessed by considering three key
aspects: Information needs, Tools, and Communications. The second half of the figure
suggests important elements to be considered when reviewing each of these aspects.

2.6.Emergency heat removal and ultimate heat sink provisions (Group 6)

Technical and procedural means to ensure emergency heat removal and transfer to the ultimate
heat sink are reviewed by applying the objective tree of Fig. 8. These strategies play a crucial
role first in preventing the accident from progressing to the core degradation and later in
preventing the induced RCS failure (lower head failure and induced steam generator tube
ruptures) and the containment failure.

The challenges come from recriticality, since emergency systems are designed only for decay
heat removal, and from inadequate operation of emergency systems to remove the decay heat.
The developed and employed AM programme should address all these challenges and
mechanisms.

The principal strategy to prevent core heatup is to ensure by any available means the
secondary side bleed&feed, and if this is not successful to try to ensure coolant injection into
the reactor circuit. One should, however, to take care not to cause recriticality by injecting
nonborated water after melting out of the control elements from the core region. The reactor
circuit depressurization plays a crucial role as it presents an interface from the preventive
accident management to the mitigation of the consequences in case that injection to the
reactor is not successful.

2.7.Protection of containment structure (Group 7)

The objective tree in Fig.9. describes technical and procedural means to prevent the
containment failure during a severe accident. This safety function plays a crucial role in



mitigating the environmental consequences in case that prevention of core damage has not
been successful.

The challenges to the containment integrity come from pressure and temperature loadings and
from missiles created by the explosive severe accident phenomena. The developed and
employed AM programme should address all the challenges and mechanisms.

The provisions to be applied should be defined in a consistent manner to remove the
challenges to the containment integrity. Fig. 9 gives a structured overview of the candidate
strategies for protecting the containment. What provisions will the developed AM programme
apply depends on the national requirements, on the specific plant and on the utility.

The review should examine the basis for the selected AM provisions and assess the overall
sufficiency to protect the containment.

2.8.Confinement of radioactive material (Group 8)

The safety function to mitigate FP releases is reviewed by considering the challenges of FP
dispersion (i.e. source term into the containment and the source term into environment), FP in**
the containment atmosphere and eventual release from the sump water.

The majority of FP are released in the aerosol form with the exception of noble gases and
some forms of iodine. There are many various mechanisms of aerosol retention on the release
route from the reactor to the containment, in the containment atmosphere and finally on the
release route from the containment to the environment. Most effective retention mechanisms
are scrubbing effects when passing the water pool and the sprays. In some cases the deposition
in pipes may be efficient, and in case of hygroscopic aerosols gravitational settling from the
containment is fast near to saturated conditions. Chemical additives to the spray also help in
washing out the iodine from the containment atmosphere. The effect of noble gases is highest,
if released to the environment early to the accident.

There are two classes of various provisions listed in Fig. 10: most of them aim at enchancing
the inherent aerosol retention and iodine scrubbing mechanisms. Thus they are helpful in
mitigation of releases. The main task of AM is to prevent containment failure due to physical
phenomena that is reviewed by a separate objective tree in Fig. 9. When the major
containment failure has been prevented, the releases from the design leakage, from the larger
leakages (because of impaired containment function, i.e. isolation failure, or pre-existing
opening) and containment bypass sequences should be mitigated. The special emphasis on the
PSA level 2 studies should also be on minimizing the releases from such sequences.

3.Review procedure

The approach using objective trees is intended for self assessment by the plant operators or for
independent assessment by any other reviewer. The reviewer is expected to compare
provisions identified in the objective trees to the capabilities and provisions of the plant and to
evaluate whether the required provisions exist and how they are implemented. Bottom-up
method of screening of individual provisions is used. Judgement should be made what is the



level of implementation of each particular provision in design, assessment and operation to
prevent mechanisms from occurring to challenge safety functions and/or to control
mechanisms. If a satisfactory answer on implementation of each provision belonging to the
specific mechanism is given, than the relevant mechanism can be considered as prevented to
occur.

It has to be mentioned that not all of the provisions shown in the objective trees should be
considered as absolutely necessary for completeness of the AMP; in fact, some of the
provisions are optional. It is up to the reviewer to judge whether an absence of a provision
really leads to the weakness in defence in depth or not.

The approach described in this annex can not be used as stand alone document. More
explanations can be found in the references [1-3].
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FIG. 2. OBJECTIVES AND SAFETY FUNCTIONS FOR ACCIDENT MANAGEMENT
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FIG. 3. OBJECTIVE TREES FOR ACCIDENT MANAGEMENT
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FIG. 4. OBJECTIVE TREES FOR ACCIDENT MANAGEMENT

SAFETY PRINCIPLES: Automatic shut-down system,Preservation of control capability,
Station black-out, Achievement of quality, Quality assurance in operation,
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FIG.5. OBJECTIVE TREES FOR ACCIDENT MANAGEMENT
SAFETY PRINCIPLES: Validation of operating and functional test
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FIG. 6. OBJECTIVE TREES FOR ACCIDENT MANAGEMENT

SAFETY PRINCIPLE: Operational excellence, Plant physical protection
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FIG.7. OBJECTIVE TREES FOR ACCIDENT MANAGEMENT

SAFETY PRINCIPLES: Emergency plans, Emergency response facilities, Assessment of accident
consequences and radiological monitoring, Radiological impact on the public and the local environment

SAFETY FUNCTIONS
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consequences

CHALLENGES
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monitoring

(network of stations,
mobile labs)

Communication
means for directing
activities In the plant

Inadequate

Locate centre
In the safe place
apart from the
control room

Provide
computational

aids

Provide means
for pamanertt

recording of Impor-
tant Information

Provide Instru-
mentation verifying

Important plant
conditions

Provide hardware
and software for

evaluation of data
and plant conditions

Assure staffing
of the centre

with appropriate
qualifications

Provide
protective means

for
personnel

Establish communi-
cation channels with
all units of emergency

organization

Set-up basis
for Informing

external
organizations

Establish
transmission lines
to otf-slte centre

Provide with sufficient
redundancies safe

communication lines
(dedicated lines, radio)



FIG.8. OBJECTIVE TREES FOR ACCIDENT MANAGEMENT

SAFETY PRINCIPLES: Emergency heat removal, Ultimate heat sink provisions

SAFETY FUNCTIONS -controlling subcriticality
-limitation of core damage,
-limitation of RCS consequenfial damage
-prevention of containment failure

CHALLENGES
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Suppression
pool cooling

Sump cooling

Fan coolers

Take provisions
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FIG. 9. OBJECTIVE TREES FOR ACCIDENT MANAGEMENT

SAFETY PRINCIPLE: Protection of containment structure

SAFETY FUNCTIONS
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FIG. 10. OBJECTIVE TREES FOR ACCIDENT MANAGEMENT

SAFETY PRINCIPLE: Confinement of radioactive material

SAFETY FUNCTIONS
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