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FOREWORD

Defence in depth is a comprehensive approach to safety that has been
developed by nuclear power experts to ensure with high confidence that the
public and the environment are protected from any hazards posed by the use of
nuclear power for the generation of electricity. The concepts of defence in
depth and safety culture have served the nuclear power industry well as a basic
philosophy for the safe design and operation of nuclear power plants.

Properly applied, defence in depth ensures that no single human error or
equipment failure at one level of defence, nor even a combination of failures at
more than one level of defence, propagates to jeopardize defence in depth at
the subsequent level or leads to harm to the public or the environment.

The importance of the concept of defence in depth is underlined in IAEA
Safety Standards, in particular in the requirements set forth in the Safety
Standards: Safety of Nuclear Power Plants: Design (NS-R-1) and Safety
Assessment and Verification for Nuclear Power Plants (NS-G-1.2). A specific
report, Defence in Depth in Nuclear Safety (INSAG-10), describes the
objectives, strategy, implementation and future development in the area of
defence in depth in nuclear and radiation safety. In the report Basic Safety
Principles for Nuclear Power Plants (INSAG-12), defence in depth is
recognized as one of the fundamental safety principles that underlie the safety
of nuclear power plants.

In consonance with those high level publications, this Safety Report
provides more specific technical information on the implementation of this
concept in the siting, design, construction and operation of nuclear power
plants. It describes a method for comprehensive and balanced review of the
provisions required for implementing defence in depth in existing plants.

This publication is intended to provide guidance primarily for the self-
assessment by plant operators of the comprehensiveness and quality of defence
in depth provisions. It can be used equally by regulators and independent
reviewers. It offers a tool that is complementary to other methods for
evaluating the strengths and weaknesses of defence in depth in specific plants.

The TAEA staff members responsible for this publication were J. Hohn
and J. Misak of the Division of Nuclear Installation Safety.
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1. INTRODUCTION

1.1. BACKGROUND

The concept of defence in depth has been developed from the original
idea of placing multiple barriers between radioactive materials and the
environment. At present the concept includes a more general structure of
multiple physical barriers and complementary means to protect the barriers
themselves, the so-called levels of defence. It ensures that a high level of safety
is reliably achieved with sufficient margins to compensate for equipment
failures and human errors.

Defence in depth is implemented to provide a graded protection against a
wide variety of transients, incidents and accidents, including equipment failures
and human errors within nuclear power plants and events initiated outside
plants. Defence in depth is an overall safety philosophy that encompasses all
safety activities, including the siting, design, manufacture, construction,
commissioning, operation and decommissioning of nuclear power plants.

Systematic assessments of the implementation of defence in depth are
performed throughout the lifetime of a plant, and are typically conducted by
different organizations. For assessment, engineering methods are used,
combining qualitative analysis and quantitative methods. Computational
analytical tools are typically used to evaluate the performance of the barriers
and safety systems.

The concept of defence in depth is applied to a broad variety of safety
related activities and measures, be they organizational, behavioural or design
related. However, no single method is available for assessing the importance of
these measures, which vary in nature. Whilst progress has been made recently
in this area through the use of probabilistic methods, the deterministic
approach is still primarily directed at evaluating design features only.

Therefore, there is a need for developing a comprehensive deterministic
safety assessment approach, which should be able to consider the contributions
of the various defence in depth provisions' to the overall safety aim of defence
in depth.

! Provisions: measures implemented in design and operation such as inherent
plant characteristics, safety margins, system design features and operational measures
contributing to the performance of the safety functions aimed at preventing the
mechanisms from occurring.



1.2. OBJECTIVE

The present publication describes a method for assessing the defence in
depth capabilities of an existing plant, including both its design features and the
operational measures taken to ensure safety. A systematic identification of the
required safety provisions for the siting, design, construction and operation of
the plant provides the basis for assessing the comprehensiveness and quality of
defence in depth at the plant.

The five levels of defence in depth are covered in the present review. For
given objectives at each level of defence, a set of challenges’ is identified, and
several root mechanisms® leading to the challenges are specified. Finally, to the
extent possible, a comprehensive list of safety provisions, which contribute to
preventing these mechanisms from occurring, is provided. A broad spectrum of
provisions, which encompass the inherent safety features, equipment,
procedures, staff availability, staff training and safety culture aspects, is
considered.

For easier and more user friendly applicability, the method that is
reviewed in this publication, including the overview of all challenges,
mechanisms and provisions for all levels of defence, is illustrated in the form of
‘objective trees™.

1.3. SCOPE

The assessment method that is reviewed in this publication is directly
applicable to existing light water and heavy water reactors, and to spent fuel
transported or stored in the pools outside the nuclear reactor coolant system on
the site of these reactors. With some minor modifications, the method can also
be used for other types of reactor such as reactors cooled with gas or with liquid

2 Challenges: generalized mechanisms, processes or circumstances (conditions)
that may have an impact on the intended performance of safety functions. Challenges
are caused by a set of mechanisms having consequences that are similar in nature.

3 Mechanisms: specific reasons, processes or situations whose consequences might
create challenges to the performance of safety functions.

4 Objective tree: a graphical presentation, for each of the specific safety principles
belonging to the five levels of defence in depth, of the following elements from top to
bottom: (1) objective of the level; (2) relevant safety functions; (3) identified challenges;
(4) constitutive mechanisms for each of the challenges; (5) a list of provisions in design
and operation for preventing the mechanism from occurring.



metal. In the future the method can be modified also for innovative or new
reactor designs.

The assessment method is applicable to all stages of the lifetime of the
plant, from design to operation. Siting aspects are in part covered. However,
decommissioning has not been considered in the development of this
assessment method.

The assessment method described in this publication is not meant to
replace the other evaluations required by national or international standards.
Rather, it is intended to complement regulatory evaluations and to provide an
additional tool for a better appreciation of the defence in depth capabilities of
a plant.

With a view to providing a clear interpretation of the term defence in
depth and a better understanding of the completeness of this concept, the
present publication contains a comprehensive review of the provisions for all
levels of defence. However, this publication does not provide any guidance for
evaluating the safety significance of omissions or for the prioritization of the
defence in depth provisions.

1.4. STRUCTURE

Section 2 addresses the strategy of defence in depth and the importance
of fulfilling the safety functions® (SFs) to achieve the objectives for the
different levels of defence. Section 3 provides a detailed description of the
approach for making an inventory of the defence in depth capabilities of a
plant. Section 4 discusses the applications of the approach and how to use the
approach for assessing defence in depth. Section 5 presents conclusions. A
discussion of the SFs is presented in Appendix I. In Appendix II, the objective
trees graphically represent how, for each relevant safety principle®, the safety
objectives of the different levels of defence can be achieved by establishing
defence in depth provisions at different stages of the lifetime of the plant. A
test application of the approach is summarized in Appendix III. Definitions are
provided at the end of the book.

5 Safety function: a specific purpose that must be accomplished for safety in
operational states, during and following a design basis accident (DBA) and, to the
extent practicable, in, during and following the plant conditions considered beyond the
DBA.

6 Safety principle: a commonly shared safety concept stating how to achieve safety
objectives at different levels of defence in depth.



2. THE CONCEPT OF DEFENCE IN DEPTH

2.1. GENERAL CONSIDERATIONS

Three safety objectives are defined for nuclear installations in the IAEA
Safety Fundamentals publication [1]. Safety objectives require that nuclear
installations are designed and operated so as to keep all sources of radiation
exposure under strict technical and administrative control. The general nuclear
safety objective is supported by two complementary objectives, the radiation
protection objective and the technical safety objective.

By observing a comprehensive set of safety principles [2], the operators of
plants will achieve the nuclear safety objectives. In this process, the measures
that are taken to keep radiation exposure in all operational states to levels as
low as reasonably achievable, and to minimize the likelihood of an accident
that might lead to loss of normal control of the source of the radiation, are
essential. For nuclear power plants, the safety objectives are ensured by
fulfilling the three fundamental safety functions (FSFs)’ described in
Section 2.2.

According to INSAG-10 [3], defence in depth consists of a hierarchical
deployment of different levels of equipment and procedures in order to
maintain the effectiveness of physical barriers placed between radioactive
material and workers, the public or the environment, during normal operation,
anticipated operational occurrences (AOOs) and, for some barriers, accidents
at the plant.

In general, several successive physical barriers for the confinement of
radioactive material are in place within a plant. Their specific design may vary
depending on the radioactivity of the material and on the possible deviations
from normal operation that could result in the failure of some barriers. The
number and type of barriers that confine the fission products are dependent on
the technology that has been adopted for the reactor. For the reactors under
consideration these barriers include the fuel matrix, fuel cladding, pressure
boundary of the reactor coolant system, and the containment or confinement.

Defence in depth is generally divided into five levels [3]. Should one level
fail, the subsequent level comes into play. Table 1 summarizes the objectives of
each level and the corresponding means that are essential for achieving them.

7 The three fundamental safety functions are: (1) control of the reactivity; (2)
removal of heat from the fuel; (3) confinement of radioactive material and control of
operational discharges, as well as limitation of accidental releases.



TABLE 1. LEVELS OF DEFENCE IN DEPTH [4]
Levels of L Essential means for achieving
defence Objective .
. the objective
in depth
Level 1 Prevention of abnormal operation Conservative design and high
and failures quality in construction and
operation
Level 2 Control of abnormal operation and ~ Control, limiting and protection
detection of failures systems and other surveillance
features
Level 3 Control of accidents within the Engineered safety features and
design basis accident procedures
Level 4 Control of severe plant conditions, Complementary measures and
including prevention of accident accident management
progression and mitigation of the
consequences of severe accidents
Level 5 Mitigation of radiological Off-site emergency response

consequences of significant releases
of radioactive materials

The levels are intended to be independent to the extent practicable. The
general objective of defence in depth is to ensure that a single failure, whether
an equipment failure or a human failure, at one level of defence, and even a
combination of failures at more than one level of defence, does not propagate
to jeopardize defence in depth at subsequent levels. The independence of
different levels of defence is crucial to meeting this objective.

Figure 1 is a flow chart showing the logic of defence in depth. Success is
defined for each level of defence in depth. According to the philosophy of
defence in depth, if the provisions of a given level of defence fail to control the
evolution of a sequence, the subsequent level will come into play.

The objective of the first level of defence is the prevention of abnormal
operation and system failures. If there is a failure at this level, an initiating
event takes place. This can happen either if the defence in depth provisions at
Level 1 were not effective enough or if a certain mechanism was not considered
in establishing the defence in depth provisions at Level 1. Then the second level
of defence will detect these failures, to avoid or to control the abnormal
operation. Should the second level fail, the third level ensures that the FSFs
will be performed by activation of specific safety systems and other safety
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FIG. 1. Flow chart for defence in depth.



features with a view to limiting the possible consequences of design basis
accidents (DBAs). Should the third level fail, the fourth level limits accident
progression by means of accident management measures in order to prevent or
mitigate severe accident conditions with external releases of radioactive
material. The last objective (the fifth level of defence) is the mitigation of the
radiological consequences of significant external releases through the off-site
emergency response.

A deterministic approach to defence in depth does not explicitly consider
the probabilities of occurrence of the challenges or mechanisms (an
explanation of these terms is given in Section 3.1) nor does it include the
quantification of the probabilities of success associated with the performance
of features and systems for each level of defence. However, in the future this
deterministic approach can be further complemented by probabilistic safety
analysis (PSA) considerations (system reliability, probabilistic targets, etc.), to
provide an adequate level of safety ensuring a well balanced design.

2.2. FULFILMENT OF FUNDAMENTAL SAFETY FUNCTIONS

To ensure the safety of plants by avoiding the failure of barriers against
the release of radioactive material and by mitigating the consequences of their
failure, the following FSFs have to be performed in operational states, during
and following DBAs and, to the extent practicable, in, during and following the
considered plant conditions beyond the DBA [4]:

(1) Control of reactivity;

(2) Removal of heat from the core;

(3) Confinement of radioactive materials and control of operational
discharges, as well as limitation of accidental releases.

Henceforth in the present report, FSF (2) ‘removal of heat from the core’,
as mentioned in Ref. [4], will be replaced by the more general FSF ‘removal of
heat from the fuel’ to cover also the fuel removed from the core but that is still
on the site of the plant and is a potential radioactive source.

The FSFs are essential for defence in depth and as a measure of the
appropriate implementation of defence in depth through the various provisions
for the design and operation of the plant, as indicated by the underlying
relevant safety principles. The aim of the defence in depth provisions is to
protect the barriers and to mitigate the consequences if the barriers against the
release of radioactive material are damaged.



Possible challenges to the FSFs are dealt with by the defence in depth
provisions established at a given level of defence, which include inherent safety
characteristics, safety margins, active and passive systems, procedures, operator
actions, organizational measures and safety culture aspects. All those mechanisms
that can challenge the performance of the FSFs should be first identified for each
level of defence. These mechanisms are used to determine the set of initiating
events that can lead to deviation (initiation or worsening) from normal operation.

Each of the FSFs may be subdivided into several derived/subsidiary SFs, as
presented in Appendix I. The list in Appendix I is based on Safety of Nuclear
Power Plants: Design [4]. Some modifications to the list were necessary to allow a
more general applicability of these SFs beyond the scope of Ref. [4]. Independence
in the performance of the FSFs/SFs at all levels underlies the defence in depth
concept. In addition, the performance of the SFs also establishes the conditions for
maintaining the integrity of barriers against the release of radioactive material.

3. APPROACH FOR MAKING AN INVENTORY OF THE
DEFENCE IN DEPTH CAPABILITIES OF A PLANT

3.1. DESCRIPTION OF THE APPROACH

The identification of what can have an impact on the performance of an
FSF as well as of the variety of options that exist for avoiding this impact for
each level of defence is an essential task in the development of the framework
for making an inventory of the defence in depth capabilities of a plant. For
developing the framework, it is useful to explain the following concepts:

(a) Defence in depth involves multiple barriers against the release of
radioactive material as well as several levels of defence, which include
organizational, behavioural and design measures (provisions).

(b) Each level of defence has its specific objectives, including the protection of
relevant barriers and the essential means for this protection. To ensure
achievement of the objective of each level of defence, all FSFs (and
derived/subsidiary SFs) relevant for this level need to be performed.

(c) Challenges are generalized mechanisms, processes or circumstances
(conditions) that may have an impact on the intended performance of
SFs. The nature of challenges is characterized by the safety principle that
contributes to the achievement of the objective through the performance



of SFs. Challenges are caused by a set of mechanisms having similar
consequences.

(d) Mechanisms are more specific processes or situations whose
consequences might create challenges to the performance of SFs.

For each of the mechanisms it is possible to find a number of provisions,
such as inherent plant safety characteristics, safety margins, system design
features and operational measures, which can support the performance of the
SFs and prevent the mechanism from taking place.

A framework for making an inventory of the defence in depth capabilities
should screen for each level of defence all the challenges and mechanisms, and
identify possible safety provisions for achieving the objectives of each level of
defence as indicated by the relevant safety principles.

The framework described above may be graphically depicted in terms of
an ‘objective tree’, as shown in Fig. 2. At the top of the tree there is the level of
defence in depth that is of interest, followed by the objectives to be achieved,
including the barriers to be protected against release of radioactive material.
Below this, there is a list of FSFs or derived SFs which need to be maintained to
achieve both the objectives and the protection of the barriers of the level of
defence under consideration. For instance, for Level 2 the objective is to
control abnormal operation and to detect failures, as well as to ensure the

Level of defence

To be achieved and Objectives
to be protected and barriers
To be maintained Safety Safety
function function
l—l—| I—I—|
To cope with Challenge Challenge Challenge Challenge
Induced by Mechanism Mechanism Mechanism
Provision Provision = Provision
Measures to be taken
to prevent mechanisms
from occurring that Provision Provision = Provision

challenge safety functions
Provision = Provision

— Provision

FIG. 2. Structure for defence in depth provisions at each level of defence.



continued integrity of the first three barriers (the fuel matrix, cladding and
pressure boundary of the reactor coolant system) through performance of
FSFs/SFs. For Level 3, the objective is to control accidents within the design
basis. For these accidents it is required to limit damage of the first two barriers,
to avoid consequential damage of the pressure boundary of the reactor coolant
system and to avoid any damage of the reactor containment.

There might be an impact on the performance of FSFs/SFs by challenges
which are placed on a lower level of the objective tree. On the next lower level
of the tree there are several mechanisms listed that can give rise to the
challenges. Under each of the mechanisms, there is a list of possible provisions
that should be implemented in order to prevent the mechanisms from
occurring and to prevent challenges to the SFs from arising.

The following example applicable to pressurized water reactors (PWRs)
may further illustrate the approach described. One of the SFs relevant for
Levels 1-3 of defence in depth is prevention of unacceptable reactivity
transients. This SF can be challenged by insertion of positive reactivity. Several
mechanisms lead to such a challenge, including control rod ejection, control rod
withdrawal, control rod drop or misalignment, erroneous startup of a
circulation loop, release of absorber deposits in the reactor core, incorrect
refuelling operations or inadvertent boron dilution. For each of these
mechanisms there are a number of provisions to prevent its occurrence. For
example, control rod withdrawal can be prevented or its consequences
mitigated by:

(1) Design margins minimizing the need for automatic control,
(2) An operating strategy with most of the rods out of the core,
(3) Monitoring of rod position,

(4) Limited speed of rod withdrawal,

(5) Limited worth of the control rod groups,

(6) A negative feedback reactivity coefficient,

(7) Conservative set points of the reactor protection system,
(8) A reliable and fast safety shutdown system.

The main objective of the method presented in this publication is making
an inventory of the defence in depth capabilities, i.e. the provisions
implemented during any stage of the lifetime of the plant. Its essential attribute
therefore would be the completeness of the list of mechanisms grouped into
generalized challenges endangering the fulfilment of SFs, and sufficient
comprehensiveness of the list of safety provisions aimed at preventing those
mechanisms from taking place. The top down approach, i.e. from the objectives
of each level of defence down through challenges and mechanisms down to the

10



provisions, is considered an appropriate way to develop the objective trees in
the most comprehensive way.

3.2. SPECIFICATION OF THE PROVISIONS

The defence in depth capabilities of a plant are established by means of
the provisions that prevent mechanisms or combinations of mechanisms from
occurring that might challenge the performance of the FSFs and SFs. It is
important that the list of provisions is drawn up as comprehensively as possible.
A combination of expert judgement, the ITAEA reference report INSAG-12 [2]
and two IAEA Safety Standards publications [4, 5] has been used to provide
guidance on the comprehensive selection of the main challenges, mechanisms
and provisions for each of the SFs to be performed. In Ref. [2] a graphical
depiction of the elements of defence in depth and safety culture over the
lifetime of a plant has been devised, as shown in Fig. 3, which is reproduced
from Ref. [2].

Across the horizontal axis of the figure the stages of lifetime of a plant are
listed, beginning with design, through construction and operation, and ending
with plant decommissioning. Decommissioning is beyond the scope of the
present publication. Along the vertical axis of the figure there are the levels of
defence in depth. These levels begin at the top with the first level involving the
prevention of abnormal events, progressing through levels devoted to the
recovery from abnormal events of increasing levels of severity, and concluding
with the level of defence aimed at mitigating the radiological consequences of
the most severe and most unlikely accidents. Within the figure the major
features (elements) are listed that contribute to defence in depth during the
nuclear power plant lifetime. Each of the elements is representative of a
specific safety principle discussed in detail in Ref. [2]. The lines connecting the
safety principles in Fig. 3 indicate the interrelations among the principles.

The safety principles described in Ref. [2] are commonly shared safety
concepts that indicate how to achieve safety objectives at different levels of
defence in depth. The safety principles do not guarantee that plants will be
absolutely free of risk. Nonetheless, INSAG [2] has stated that, if the principles
are adequately applied, the nuclear power plants should be very safe. It is
therefore considered that the safety principles provide a useful basis for the
comprehensiveness of the provisions.

Figure 3 also indicates how to assign individual safety principles to
different levels of defence in depth. Assignment of safety principles to a certain
level of defence in depth means that non-compliance with such a safety
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principle can adversely affect achievement of the objectives, in particular for a
given level.

The first step for assignment is shown in Fig. 3. A preliminary assignment
is done as a horizontal band selected from the safety principles in Fig. 3, located
within the boundaries of the different levels of defence. Of course, the complex
nature of some of the principles cannot be fully reflected by a one dimensional
projection of this kind. Furthermore, the boundaries of the levels are not so
clear and some overlapping between levels exists.

The second step for assignment is shown in Fig. 4, which is reproduced
from Ref. [2], showing the physical barriers and levels of protection in defence
in depth. The message conveyed by Fig. 4 is that any violation of general safety
principles such as in design management, quality assurance or safety culture
can adversely affect several levels of defence at the same time. Specific safety
principles that usually address the performance of various hardware
components are typically assigned to different levels of defence.

The third step for assignment of safety principles to individual levels of
defence is provided by the explanatory text on the safety principles themselves
in Ref. [2] and the derived requirements for design and operation in the IAEA
Safety Standards [4, 5].

The results of the assignment of the safety principles are given in Table 2.
The numbering of the safety principles given in Table 2, as well as their
grouping into siting, design, manufacture and construction, commissioning,
operation, accident management and emergency preparedness, are taken
directly from Ref. [2].

It can be seen from Table 2 that many principles have a bearing on more
than one level of defence. For example ‘achievement of quality’ (safety
principle 249 (SP (249)) has an impact across Levels 1-4, since it affects the
reliability of all the engineering provisions that are in place to provide the
defences at those levels.

The concept of defence in depth relies on a high degree of independence
between the levels of defence. In practice, however, some sort of
interdependence between the levels of defence exists as a result of the
pervading nature of several of the principles. Of course, formal assignment of
one safety principle to several levels of defence in depth does not necessarily
mean lack of independence between the different levels. This is because the
same principle is typically applied to different systems, different manufacturers,
different plant staffs and different plant conditions, and not necessarily the
same weakness propagates through all of these groupings. However, since
interdependence between different levels represents a serious weakening of
the defence in depth concept, for each such indicated case a special
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Fission products

Safety and protection
systems, engineered
and special safety
features

Normal operating

systems General means of protection: conservative

design, quality assurance and safety culture

First barrier: Fuel matrix

A

Third barrier: Primary circuit boundary

First level: Prevention of deviation from normal operation

Second level: Control of abnormal operation \

Third level: Control of accidents in design basis \

Fourth level: Accident management including confinement protection \

X

Fifth level: Off-site emergency response

FIG. 4. Interrelationship between physical barriers and levels of protection in defence
in depth [2].

consideration should be made to check all possible implications of potential
deficiencies.

In some cases, the assignment of safety principles to levels of defence in
Table 2 reflects differences in current national practices. For instance, in some
countries, normal operating procedures (SP (288)) cover both normal and
abnormal operational regimes. In other countries, abnormal operational
regimes are covered by emergency operating procedures (EOPs)® (SP (290));
the same EOPs are also applicable for accidents within the design basis and to
some extent (before significant core degradation) also for beyond design basis
accidents (BDBAs).

Naturally, a certain amount of subjectivity in the assignment of safety
principles cannot be avoided. However, this subjectivity is not detrimental to

8 Emergency operating procedures: plant specific procedures containing
instructions to operating staff for implementing preventive accident management
measures. The EOPs typically contain all the preventive measures (for both DBAs and
BDBAs).
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the comprehensiveness of the objective trees, since safety principles represent
only one of various sources of information for development of the approach.

3.3.

OBJECTIVE TREES

The objective trees are presented in Appendix II for all the levels of

defence based on the approach described. The trees themselves are self-
explanatory, i.e. no additional text is provided to explain the challenges,
mechanisms and provisions. Further guidance can be found in Refs [2, 4, 5].

The following remarks can be made on the formulation of provisions in

the objective trees:

()

(b)

(©

(d)

Impacts of mechanisms should first be analysed with adequate tools, even
if this is not always explicitly expressed in the provisions. The selection
and implementation of an appropriate measure always needs to be based
on the results of such an analysis. Lack of analysis can easily represent a
source of weakening of defence in depth.

The intention of objective trees is to provide a comprehensive list of the
possible options for provisions. Not necessarily all of them are to be
implemented in parallel. The plant operator, on the basis of the insights
offered by this approach, is in a better position to decide upon the
required level of implementation of the provisions, including any need for
a modified or additional provision.

The provisions offered in the objective trees were mainly derived from
the IAEA and INSAG safety principles, the IJAEA Safety Standards and
on the basis of an additional engineering judgement from those experts
who participated in the development of this publication. The various
types of provision include: inherent plant safety features, systems,
procedures, availability and training of staff, safety management and
safety culture measures.

For safety principles that are common to several levels of defence, several
ways of presenting the objective trees are used. If a substantial difference
in the formulation of provisions for different levels is identified, a
separate objective tree is developed for each of the respective levels.
Otherwise, the same objective tree can simply be used for each of the
relevant levels. However, it should be clear for such cases that the
objectives and means at different levels are different and that the same
objective tree applies to different plant systems, i.e. the plant process
systems, the control systems and the safety systems. To keep both the
number and the structure of objective trees within reasonable limits,
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TABLE 2. ASSIGNMENT OF SAFETY PRINCIPLES TO INDIVIDUAL
LEVELS OF DEFENCE IN DEPTH

Level of defence

T s S e
Siting 136  External factors affecting the plant o

138  Radiological impact on the public and the O o 0o o o

local environment

140  Feasibility of emergency plans o

142 Ultimate heat sink provisions O o o o
Design 150  Design management O o o o

154  Proven technology o o o o

158  General basis for design O o o o

164  Plant process control systems o o

168  Automatic safety systems o

174  Reliability targets o

177  Dependent failures o

182 Equipment qualification o

186  Inspectability of safety equipment o o o o

188  Radiation protection in design o

192 Protection against power transient accidents o o o

195  Reactor core integrity o o o

200  Automatic shutdown systems o o

203  Normal heat removal o o

205  Startup, shutdown and low power operation o o o0 o0

207 Emergency heat removal o o
209 Reactor coolant system integrity o o

217  Confinement of radioactive material o o
221  Protection of confinement structure o o
227  Monitoring of plant safety status o o o o
230  Preservation of control capability O o o o
233 Station blackout o o
237  Control of accidents within the design basis o
240 New and spent fuel storage o o

242 Physical protection of plant o o
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TABLE 2. ASSIGNMENT OF SAFETY PRINCIPLES TO INDIVIDUAL
LEVELS OF DEFENCE IN DEPTH (cont.)

Level of defence

Phases No. .
of plant life of SP Safety principle (SP) 1 2 3 4 5
Manufacture 246  Safety evaluation of design O o o o
and
construction

249  Achievement of quality o 0o o o
Commissioning 255  Verification of design and construction O 0o 0o o

258  Validation of operating and functional test o o o o

procedures

260  Collection of baseline data

o
@]
o
@]

(@]
e}
(@]
e}

262  Pre-operational adjustment of plant

Operation 265 Organization, responsibilities and staffing 0O 0O 0 0 O
269  Safety review procedures o o 0o o
272 Conduct of operations o
278  Training o o o
284  Operational limits and conditions o o o
288  Normal operating procedures o
290 Emergency operating procedures 0O 0 0 O
292  Radiation protection procedures o o 0o o
296  Engineering and technical support of operations o o o o o
299  Feedback of operating experience o o 0o o
305 Maintenance, testing and inspection o 0 0 o
312 Quality assurance in operation o o o o
Accident 318 Strategy for accident management o
management
323  Training and procedures for accident o
management
326  Engineered features for accident o
management
Emergency 333 Emergency plans o o
preparedness
336 Emergency response facilities o o
339  Assessment of accident consequences o o o

and radiological monitoring
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similar provisions to avoid the occurrence of different mechanisms
were sometimes condensed in the tree presentation (e.g. SP (136) in
Appendix II).

In total 68 different objective trees have been developed for 53 specific
safety principles assigned to the five levels of defence:

— Eleven trees exclusively for Level 1;

— Seven trees exclusively for Level 2;

— Two trees common to Levels 1 and 2;

— Three trees common to Levels 1-3;

— Eleven trees exclusively to Level 3;

— Nineteen trees common to Levels 1-4;

— One tree common to Levels 2—4;

— Five trees common to Levels 3 and 4;

— Eight trees exclusively for Level 4;

— One tree for Level 5, incorporating seven principles.

4. APPLICATIONS

Users of the method presented in this publication are expected to review
and compare provisions for defence in depth identified in the objective trees
with the existing defence in depth capabilities of their plant. The objective trees
provide the rationale for the bottom up method, starting with the screening of
individual provisions. Users should evaluate for each provision the level of its
implementation. If the implementation of provisions is satisfactory, then the
relevant mechanism can be considered as having been prevented from
occurring. Deviations should be discussed and either justified by compensatory
features specific to the plant or reconsidered for further strengthening of the
defence in depth of the plant.

A large number of provisions are identified in the objective trees
presented on the basis of the IAEA Safety Standards [1, 4, 5], relevant INSAG
reports [2, 3] and good engineering practices. The present guidance is not
intended to be a stand-alone document. Reference to the supporting
publications mentioned is necessary to obtain a full explanation of the
provisions. The method described is flexible enough to encourage expansion in
order to include specific provisions and mechanisms identified in national
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standards or relating to specific plant types. During the review, the plant
operator or the regulator needs to determine whether particular standards are
mandatory. In general, it is the responsibility of every plant operator to select a
proper set of provisions and to consider modified or additional provisions in
order to avoid mechanisms that challenge the SFs.

The method described in the present report indicates, from a qualitative
point of view, what kind of provisions can be implemented to avoid the
occurrence of mechanisms. However, the method described neither gives
preference to individual provisions nor specifies the way to implement or
quantify the efficiency of a provision. Indeed, the adequacy of provisions has to
be determined by the user. In particular, for the omission of a provision, a
detailed justification is necessary.

The objective of the proposed screening approach is deterministic in
nature and the approach can also be used for safety assessment of a plant
without a PSA or with an incomplete PSA. A plant specific PSA, sufficiently
broad in scope and with a sufficient level of detail, can be used to support the
judgement on the adequacy of the defence in depth and of the logical structure
of the defences. In addition, a good quality PSA facilitates a deep
understanding of the interrelation between the various defences and supports
prioritization of provisions according to their contribution to risk reduction.

The guidance given in this report helps in identifying dependences of
principles that might affect defences at more than one level and principles that
are linked to other principles. These dependences indicate for the reviewer
where further attention is needed for the screening of the affected levels of
defence.

It is to be noted that decisions on whether or not to implement the
missing or incomplete provisions need to be made after full consideration of
the safety implications and priorities. It is definitely the responsibility of the
plant staff to set up a programme for implementation of corrective measures or
of the nuclear regulator to require corrective measures. Introduction of new
equipment and programmes to implement an additional provision for defence
in depth can also introduce (apart from additional costs) additional complexity
to the operation of a plant and additional potential failure modes. There is no
consideration in this approach of the side effects of increased complexity and
operational difficulties caused by the implementation of additional defence in
depth measures. The approach is not developed to identify new weaknesses in
defence in depth introduced by implementing new modifications or provisions.
A PSA study is an appropriate tool for such an evaluation.

By way of example, some results of the first test application of the method
are provided in Appendix III. The screening of the defence in depth
capabilities for WWER 440/V213 units at the Bohunice nuclear power plant was
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performed for selected safety principles, which contributed to the achievement
of safety objectives for Levels 3 and 4 of defence. The objective of this test
application was to demonstrate that the approach is helpful and easily
applicable to existing plants in order to screen systematically their defence in
depth capabilities, and to identify strengths and weaknesses. The test
application was carried out in a self-assessment mode by the plant operators.
The results have been considered as a starting point for an in depth evaluation to
qualify appropriate measures within the current plant upgrading programme.

5. CONCLUSIONS

Defence in depth is expected to remain an essential strategy to ensure
nuclear safety for both existing and new plants. The method presented offers a
further perspective that serves plant safety by screening the defence in depth
capabilities of plants in a systematic manner. It has been developed in reliance
upon basic safety principles [1, 2] and internationally agreed IAEA safety
requirements [4, 5], which lay down the most important measures (provisions)
to be implemented for assuring a sound and balanced defence in depth.

The approach does not include any quantification of the extent of defence
in depth at a plant nor a prioritization of the provisions of defence. It is
intended only for screening, i.e. for determination of both the strengths and
weaknesses for which provision should be considered.

The screening approach, which uses objective trees, offers a user friendly
tool for determining the strengths and weaknesses of defence in depth at a
specific plant. The top down approach has been used for the development of
objective trees, i.e. from the objectives of each level of defence down to the
challenges and mechanisms, and finally to the provisions. A demonstration of
defence in depth in a comprehensive and systematic way may provide
reassurance for the plant operators that their safety strategy is sound and well
balanced among the levels of defence. From a regulatory point of view,
identification of deficiencies of defence in depth might be a valuable
complement to traditional regulatory approaches.

There are no strict criteria on what is considered a sufficient level of
implementation of individual provisions. The level of detail and completeness
of evaluation is at the discretion of the user of the screening approach.

While the approach is primarily intended to facilitate self-assessment of
defence in depth by plant operators, it can also be used by regulators or by
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independent reviewers. A commitment by the operator to self-assessment is an
essential feature of a good safety culture. The approach has been developed to
be as complete as possible, but it is sufficiently flexible to allow inclusion of
other mechanisms and provisions that are related to specific plant types or that
are identified in national standards. In this respect, the approach might be very
beneficial for checking the completeness and balance of any measures
implemented for major safety improvement or modernization activities or for
plant reorganizations.

This approach is also considered as an appropriate tool for presenting
progress in strengthening defence in depth. Repeated screenings after a certain
period of time are needed for this purpose. In particular, plant operators are
encouraged to repeat in full the approach after completion of a major safety
improvement programme or a substantial reorganization in the plant.

Feedback is welcome from users to the developers of the method for
improving it. In this connection, the appropriateness of the mechanisms and
challenges set in the objective trees needs to be verified. Comments on the text
in the boxes of the objective trees are also welcome in order to address more
precisely the relevant safety aspects. Special attention needs to be given to the
objective trees of those safety principles that are applicable to more than one
level of defence and to the need to make further appropriate distinctions
between provisions belonging to different levels of defence.
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Appendix I

FUNDAMENTAL SAFETY FUNCTIONS AND SAFETY FUNCTIONS

Safety functions are subdivisions of the FSFs including those necessary to
prevent accident conditions or escalation of accident conditions and those
necessary to mitigate the consequences of accident conditions. They can be
accomplished, as appropriate, using systems, components or structures
provided for normal operation, those provided to prevent AOOs from leading
to accident conditions or those provided to mitigate the consequences of
accident conditions, and also with prepared staff actions.

The following set of SFs have been taken directly from Ref. [4] as
appropriate to develop the objective trees in Appendix II:

(1) To prevent unacceptable reactivity transients;

(2) To maintain the reactor in a safe shutdown condition after all shutdown
actions;

(3) To shut down the reactor as necessary to prevent AOOs from leading to
DBAs and to shut down the reactor to mitigate the consequences of
DBAsS;

(4) To maintain sufficient reactor coolant inventory for core cooling in and
after accident conditions not involving the failure of the reactor coolant
pressure boundary;

(5) To maintain sufficient reactor coolant inventory for core cooling in and
after all postulated initiating events considered in the design basis;

(6) To remove heat from the core’ after a failure of the reactor coolant
pressure boundary in order to limit fuel damage;

(7) To remove residual heat in appropriate operational states and in accident
conditions with the reactor coolant pressure boundary intact;

(8) To transfer heat from other safety systems to the ultimate heat sink;

(9) To ensure necessary services (such as electrical, pneumatic, and hydraulic
power supplies and lubrication) as a support function for a safety system'’;

(10) To maintain acceptable integrity of the cladding of the fuel in the reactor
core;

% This SF applies to the first step of the heat removal system(s). The remaining
step(s) are encompassed in SF (8).

10 This is a support function for other safety systems when they must perform their
safety functions.
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(11) To maintain the integrity of the reactor coolant pressure boundary;

(12) To limit the release of radioactive material from the reactor containment
in accident conditions and conditions following an accident;

(13) To limit the radiation exposure of the public and site personnel in and
following DBAs and selected severe accidents that release radioactive
materials from sources outside the reactor containment;

(14) To limit the discharge or release of radioactive waste and airborne
radioactive materials to below prescribed limits in all operational states;

(15) To maintain control of environmental conditions within the plant for the
operation of safety systems and for habitability for personnel necessary to
allow performance of operations important to safety;

(16) To maintain control of radioactive releases from irradiated fuel
transported or stored outside the reactor coolant system, but within the
site, in all operational states;

(17) To remove decay heat from irradiated fuel stored outside the reactor
coolant system but within the site;

(18) To maintain sufficient subcriticality of fuel stored outside the reactor
coolant system but within the site;

(19) To prevent the failure or limit the consequences of failure of a structure,
system or component whose failure would cause the impairment of an SF.

In order to distinguish better provisions aimed at limiting releases of
radioactive material from the reactor containment (SF (12)) and provisions
aimed at preventing loss of containment integrity, the following SF was added
to the original set of SFs as given in Ref. [4]:

(20) To maintain the integrity of the reactor containment in accident
conditions and conditions following an accident.

The SFs are intended as a basis for determining whether a structure,
system or component performs or contributes to one or more SFs. They are
also intended to provide a basis for assigning an appropriate gradation of
importance to safety structures, systems and components that contribute to the
various SFs. This means that the SFs are mostly related to the structures,
systems or components. In the present report, the SFs are used in a more
general sense, not necessarily related only to plant equipment but also to
human factors such as personnel actions. In particular, there is no plant
equipment directly considered at Level 5 of the defence in depth. Therefore,
one more special SF has been added to the list in the framework of this report:
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(21) To limit the effects of releases of radioactive materials on the public and
environment.

The set of SFs can be grouped with respect to the FSFs as follows:

(a) SFsrelated to FSF (1) “control of the reactivity”: SFs (1)—(3) and (18);

(b) SFsrelated to FSF (2) “removal of heat from the fuel”: SFs (4)—(8) and (17);

(c) SFsrelated to FSF (3) “confinement of radioactive materials and control
of operational discharges, as well as limitation of accidental releases”: SFs

(10)~(14), (16), (20) and (21).

There are also three special SFs related to all FSFs: SFs (9), (15) and (19).
Established SFs (with shorter versions of the text) and their grouping in
accordance with the text above are graphically depicted in Fig. 5.

Safety
objectives
I T L 1
Fundamental FSF(1) Controlling FSF(2) Cooling FSF(3) Confining the
safety functions the reactivity the fuel radioactive material
SF(1) to prevent SF(4) to maintain sufficient SF(10) to maintain
H unacceptable m RCS inventory for H  acceptable cladding
reactivity transients non-LOCA accidents integrity in the core
SF(2) to maintain SF(5) to maintain o
H reactor in a safe H sufficient RCS inventory SFIQ(;)StIO tmalqtaln
shutdown condition for all design basis events ntegrity
SF(3) to shut down SF(6) to remove SF(12) to limit rad-releases
Safety functions reactor as H heat from the core H from thg containmgpt
necessary under LOCA conditions under accident conditions
SF(18) to maintain SF(7) to remove heat from SF(13) to limit
- subcriticality u the core under I rad-releases from sources
of fuel outside RCS non-LOCA conditions outside the containment
SF(8) to transfer heat SF(14) to limit
| from safety systems - rad-discharges during
to ultimate heat sink operational states
SF(17) to remove SF(16) to maintain control
—| decay heat from fuel - of rad-releases from the
outside the RCS fuel outside the RCS
SF(20) to maintain
u integrity of the
containment
SF(21) to limit effects of
' rad-releases on the public
and environment
T
[ [ ]
SF(9) to ensure necessary SF(15) to maintain control of SF(19) to prevent failure
services as support environmental conditions of a system with potential
for safety systems within the plant impairment of an SF

FIG. 5. Overview and grouping of SFs used in the present report (RCS, reactor coolant
system; LOCA, loss of coolant accident).
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Appendix II
OBJECTIVE TREES FOR ALL LEVELS OF DEFENCE IN DEPTH
The first five figures (Figs 6-10) in this Appendix are provided to remind

the reader of the objectives to be achieved, including the barriers to be
protected, through the performance of FSFs/SFs for each level of defence.

Level 1
Level of defence: of
defence

Prevention of abnormal operation and failures
Objectives: (limited fuel failures within prescribed limits
due to long term operational effects,

no reactor coolant system damage)

All FSFs/
Safety functions: relevant SFs

might be affected

FIG. 6. Objectives to be achieved and barriers to be protected for Level 1 of defence in
depth.
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Level of defence:

Objectives:

Safety functions:

Level 2
of
defence

Control of abnormal operation
and detection of failures
(continued integrity of barriers
against release of radioactivity)

All FSFs/
relevant SFs
might be affected

FIG. 7. Objectives to be achieved and barriers to be protected for Level 2 of defence in

depth.

Level of defence:

Objectives:

Safety functions:

Level 3
of
defence

Control of accidents within the design basis
(limited damage to fuel, no consequential
damage of RCS; radioactive materials
retained within the containment)

All FSFs/
relevant SFs
might be affected

FIG. 8. Objectives to be achieved and barriers to be protected for Level 3 of defence in

depth (RCS, reactor coolant system).
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Level 4
Level of defence: of

defence

Control of severe plant conditions, including
prevention of accident progression and mitigation

Objectives: )
of the consequences of severe accidents
(preserving the integrity of the containment)
All FSFs/
Safety functions: relevant SFs

might be affected

FIG. 9. Objectives to be achieved and barriers to be protected for Level 4 of defence in
depth.

Level 5
Level of defence: of

Defence

Mitigation of
radiological consequences
of significant releases
of radioactive materials

Objectives:

SF(21) might be affected:
Safety functions: To limit the effects of releases
of radioactive materials
on the public and environment

FIG. 10. Objectives to be achieved and barriers to be protected for Level 5 of defence in
depth.
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This Appendix goes on to provide a full set of objective trees (shown in
Figs 11-78) for the purpose of practical screening of the defence in depth
capabilities of plants. In each of the captions to the objective trees the levels of
defence are indicated to which the provisions contribute to fulfilling the
objectives. Next in the caption the corresponding safety principle(s) is given as
a commonly shared safety concept(s), stating how the safety objectives at
relevant levels of defence can be achieved. Each objective tree itself starts with
an indication of the FSFs/SFs to be performed in order to achieve the
objectives for the given safety principle(s); it is then followed by the challenges
which might have an impact on the performance of SFs and the mechanisms
leading to individual challenges, and finally a list of the provisions to be
implemented to avoid occurrence of the mechanisms. In some objective trees,
second order (more detailed) provisions are indicated by text without boxes
(e.g. Fig. 15).

To keep the size of some of the objective trees within reasonable limits,
their presentations for different SFs at the same level of defence are given on
more than one page, e.g. SP (200) for Levels of defence 3 and 4, which are
presented separately for SF (2) and SF (3) in Figs 33 and 34, respectively.
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Safety functions:

Challenges:

Mechanisms:

Provisions:

FIG. 12.

radioactive discharges
during
operational states

SF(14) affected: To limit

1
SF(16) affected: To
maintain control of
radioactive releases from
the fuel outside the RCS

Unanticipated
pathways for the

radioactive materials

transport of

Dissemination D
of radioactivity
by air

of

by food chain

issemination

Dissemination
radioactivity

of radioactivity
by water supplies

Investigation
of physical and
environmental
characteristics

Analysis of radio-
active effects of
normal and ab-

normal operation

Investigation
| of population
distribution
around site

radiological impact on the public and the local environment.

Objective tree for Level 1 of defence in depth. Safety principle (138):

31



Safety functions:

SF(14) affected: To limit
radioactive discharges
during
operational states

SF(16) affected: To
maintain control of
radioactive releases from
the fuel outside the RCS

Unanticipated
pathways for the
transport of
radioactive materials

Challenges:

Dissemination
of radioactivity
by water supplies

Dissemination Dissemination
of radioactivity of radioactivity
by air by food chain

Mechanisms:

Limits on
radioactive
effluents

Provisions: -

Environmental
monitoring through
samples of animals

and vegetables

FIG. 13. Objective tree for Level 2 of defence in depth (RCS, reactor coolant system).
Safety principle (138): radiological impact on the public and the local environment.
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Safety functions:

SF(14) affected: To limit
radioactive discharges
during
operational states

SF(16) affected: To
maintain control of
radioactive releases from
the fuel outside the RCS

Non-anticipated
Challenges: pathways for the
transport of
radioactive materials
I
[ | ]
Mechanisms: Dissemination Dissemination Dissemination
’ of radioactivity of radioactivity of radioactivity
by air by food chain by water supplies
[ I ]
|
[ | ]

Set of radiological Adequate radiation Determination of
acceptance criteria monitoring in DBAs radiological
for accidental radio- and impacts in

active releases BDBAs plant vicinity
Provisions:

For DBAs Stationary dose

For BDBAs rate meters

Information to MCR
Determination of con-
centration of selected
radionuclides in gas
and liquid samples
Monitoring effluents
prior to or during dis-
charge to the environ-

ment

FIG. 14. Objective tree for Levels 3 and 4 of defence in depth (M CR, main control room).
Safety principle (138): radiological impact on the public and the local environment.

33



wa)sAs Aeuds Joy
Jayem [euonippy
Bunuap

SpJezey [eulaixs Joj
suonneoaud ubisag
suibiew Ayoyeg
2ouspuadapu|
Ausiong
Aouepunpay

dOOT

Addns

pInj} pue Jamod
uoljo8}ep Mea
sanyjiqeded uonejo
pue UOoI1}OBUUODIBU|
S)wWiI| 8nssald
SHWI| UlyHMm serey

SJUBPIODE BIONSS
JO @seo Ul
Jajsuely yeay Joy
soiyiqeded papusix3y

S1H
auy1jo
uBisep Jadoid

'suoisiaoad yuis ay apwinn :(zp 1) ajdourid K1avs “(yu1s 1vay
amwnyn ‘S “omod ans-ffo fo sso] JOOT WaISAS Jupj00d 101924 ‘§HY) Yidap u1 2ouafop fo p—[ S]oAdT 40f 2243 241122[q() ST "DJ

uonesedas

[eaisAud

uolje|os|
uoj108UU0oI|
Ausionig
Aouepunpay
sjuauodwoo uanoid

1H 0} uoiNqLUod

J18y} o souepodwl
8y} 0} Buipioooe
paubisep sg1H

(P11}
“Jamod) swiaysAs
Aiddns jo Ausieniq
SHN Jo Ausieniq
sjuane
paonpul uewnH sjuane
euswousyd paonpul uewnH
leanieN euswouayd [einjeN
uBisep SHN Ul ubBisep Joy
passaippe SJUBAS BLIBIIXD
Apadoud JUBAS|a. B)IS

splezey [euia)xy

|le jo sisAleuy

- === t-—------== == -] ]--=-=-=---
paubisep pajoedwi pajoedwi a|qelas
Apadoid SHN jo sseo0ud SHN ul jou
10U SHN 404 aJinjesadwal sse00.d Jajem (SLH) swaeisAs
swiaysAs poddng ayy jo Buisiey Jo uonesodeny podsuel} JeaH

o|qeIaUINA
(S1H) sweishs
podsuel} jeaH

SJUBAS BWBJIXS
puelsyIMm 0}
paubisap jou

SHN oueydsouwny

spJezey [eu
-19]1X® 0} 8NP 1s0|
("019'0¥e| ‘Jonu
‘eas) Jojem jo Apog

(SHN) MuIs 1e8Y
ayewnyn wusy buo

ayenbape
10U

uIs yeay sjewnin
By} 0} swaisAs Alojes
J9Y}0 wolj yeay
Jajsuel) 0] :pajoaye (8)4S

obewep |an} ywi| 01
9dOY 8y Jo ainjey e
Jalje 9100 8y} WoJ) Jeay
aAoWal 0] :pajoaye (9)4S

10B1U1 §dOH YHM SIUSpIooe
pue sejejs [euoijesado ul
1eay [enpisai
anowal 0] :pajoaye (2)4S

'SUOISIAOId

‘SwisiuBYOS

:sebus|leyon

:suonouny Alajes

34



‘uawa3ouvw udisap :(0G) apdurid K12fvs yidap u1 2ouafap fo p—

uoyeoyipow jueld yusnbasqgns
1o} smojfe ubisaqg

saopoeid Bujuolssiwwossq
seonoeld [euonesedo
sainseaw ubiseq

:ejeldoudde Aq
obeys ubisap je paziwiuiw st
(ewnjoA pue AyAiOE) s1sEM
SAIJOBOIPEI JO UOIEIBUD)

S0UBUBJUIEL PUE UOIEISdO 8JEs ainsus 0}
uanIB uolewiojul ubisep Ajajes ajenbapy
Buiuresy 0} pue sainpaooud Bunesado
ay} o} ubisap wouy indul sjeudoiddy

ubisep sy} Ul paziubooal aJe Jels

Bunelado aininy sy} woly sjuswaiinbay

uoiysoduwioo [eLarepy
suoljeoyoadsg
SolisLIgjoBIBYD

yels Buiresedo
ainny yum Jaubisep Jo
UoREDIUNWILIOD

Jabeuew ubisep sy} 0}
dnoJb ay} jo ssed9e 1031IQ

uBisep ul papnjoul SjuLLOdLIOD JO

puE sainjes) sy} Yim
wey surewal dnots

1n920 sabueyo ubisep usym
oyep opdn
1dey si siseq ubisep Alejes

:ojendoidde sy} aney
Kyajes 0y
juepodw syjusuodwod
pue swajsAs ‘sainjonig

sjuswalinbai Ajayes e jeyy
Bupnsua Joy Ayjiqisuodsal
yym dnoub e ysijgeis3

|ouuos.ad
ubisap Joy -
Buluresy anbapy

Ananoe ubisep yoes
Joy jouuosiad paylenb jo  H
Jaquinu ajenbapy

oW ase
ubisap ul syjuswaiinbai
Kioyenbai pue Aejes
ainyno Ajajes 10|81
JeBeuew ubisep ay}

JO SUOI}OB pUE SepNINY

Hels 8y e
papJooai AjAoaya sl
siseq ubisap Alojes

Kyayes 0} yuepodu seniAloe
ubisap |[e 10} INO PaLLIED S| YO

$10}ONJISUOD pue
sJalddns ‘siaubisep

usamjaq pue sdnoib usamieg

[seoeLIBUI JO }OS Jeajo B ainsug

Jebeuew Bupesulbus
payienb Alyby e jo H
Awoyine Japun s ubiseq

|043u02
uoneInbuoo Jo yoeT

uBisap Joj swwesboid

ubisap 8y} ul panjoaul sdnoib

|euuosiad ubisep

(vD) @oueInsse Ayenb jo soe
I

Buowe uoleuIpI0-02 JO Yo
I

pafenb jo yoe7
T

FUEIE ] _cm_mwv Bunnp

Pa2NpoJjUI SSUNESaM O} NP

Kyayes o) Juepodwi swayl Jo
Ayjgedes [euoijouny papelbaq

|elayew aAloeOIpE. Bul

*P3JOdYE S4SS IV

1JU0O

[ 5124977 40f 2.3 241192190 9] "DI

‘SWISIUBYOS

:sebuajeyn

:suonouny Ajojes

35



‘K3ojouydar uaaoad :($Gy) ajdurid K1afvs yidap ur 2ouafap fo p—[ Sjaaa7T 40f 2247 241322[q0 /T DI

slaliddns panoidde
pue paousiadxa -
O S80IAISS JO 9s)

suooadsul 9oIAI9S-Ul
Jejnbay

spJepuejs 9|qeoljdde
yum aoueldwod ui
pawuopad uoIoNISU0D
pue ainjoejnuew ‘ubisaq

SMaInaJ Joad ‘suole|nojed

yewyousq pue Bupse; jueld yioq
yum uosiiedwod :sjppow [eonAeue

palepljeA Ajjeluswiiadxy —
sjopow

SAI}BAIBSUOD JO 9SN SAIJUIB)Y —

elep pue Buljlepou onsijesy —|

ABojouyosey 109j8s 01
aousiadxa [euonjesado
JUBASJ8J JO UOljeUIWEX]

ABojouyoay 109j8s 01
aousuadxa [euonesado
JUBAS|8J JO UOIBUIWEXT

s[eob Ajiqela.
UM JUS}SISUOD H
SWId}Y JO uono8Ies

Bunojuow
QouBWIOMad 90IMBS-UI [+
10} UOISINOI]

yoJeasal Uo peseq JI Ajuo
paijdde saibojouyoal meN

dn Buijeos pue
Bunsey eyendoidde pue

sashjeue Ajojes

al1sljiqeqold pue
olsIuIWLIBIeP

JO doUBWLIOHEd

ain|ie} Jo sepow
a|gejoipald yum juswdinba H
0} UanIB @ouaJBjeld

ain|ie} Jo sapow
pajeanas yum juswdinbs H
0} UanIB @ouaJBjeld

uoneoldde snoinaid
jusjeAinbs ue uj usnoid H
KBojouyoay jo asn

sJalleq 8y} Jo
uolepeibap
pajedionue-uon

sainyesy Ajojes pasesuibus
8y} Jo souewlopad sy} uo
suonejwi| peredionue-uoN

Kyayes o}

aunjie} payedionue-uoN

JuepOdW] SWaY Jo sepowl

Kyayes o} Juepodul swiay
JO SaJn|ie} 8|qeO8IepUN

SUOH}IPUOD [BULIOUGE IO
[ewJou Japun jued 8y} Jo
JInoiAeyaq peyedioiue-uoN

Ayoyes o} Juepoduwil
swiay jo Ayjiqedes
[euonouny papeibaq

[elia}ew SAIIOEOIpES
Buiuuoo
‘lony Bujjooo
‘Ayiaizoeal Buijjoliuoo
PoYodYe S48 IV

:SUOISINOId

‘SWISIUBYOBIA

:sabuajieyn

:suonouny Ajeses

36



‘ud1sap 10f s1svq (p4ouad (96 1) apdurid 12[vg
‘(1242 Suyvnyiul pagopnisod 1 ‘spuauodutod puv suiaisAs Saanponais $HSS) yidop ui 20uafap fo p—[ $]242T 10f 2241 241192[qO) Y ‘DI

swiaysAs ued
JBU30 WOl SOSS
Jo @ouspuadepur ||
ssjuBiEND
vavi
souewopad ay} jo esoy} ‘69 vSd
sygag s1ebimw 0SS Ajuian 03 suoissiu T o souewiopey uopesado [ewiouqe
0} seinjes) Bupsey oporied uo [ o0y pe Aq waneid 0}
fyeses euoppe || sjuswaanbay SMoIneY s0UBUBIUIBL peubisep sweishs | |
Jo uonejuswa|dw| pue uonessdQ siseq ubisep 1043u00 $8890.d
soieiel o Camenuen | Joposdde
SUOIHPUOD A .
s ||| masdien L | b
J0} sisA[eue | OSS 40 uonedyieno fienesueg jusns jo uoje * - e
! Suolpuoa [euoneledo
paiinbal jo uoneoioads
Auinn
uibsew yum Ayjiqedeo £q Jid Yoes 1o} 140} (ewnay| Jo funqegoud
sygag o} elejuo 0SS 8uIWIRIEP 0} uoRINBA BE BLSILO sabe)s snoueA Joj) o ﬂm%_ mooow uoneledo
soueydeode pue | | s3|d Buipunog || uepuadapul 0ug)dacoy $8p02 8ulep 0} s31d wo cmﬂmoc_mmw_o 8jqess Joj subiew | |
SOLIBUBDS JO J0 uomuyeq SDSS JO UOREOYISSEID R ubisap
uoleausp| _v ejenbepy
syga yam pawioped pauwioped papusjul se s3id J0
ubisap ul 2d0o 0} paubisap Aadoud jou Apadoud Jou uonouny uonosjes pepusyul se sjeledo
pessaippe Apedoud Apedoud 10U SDSS uopeayen Aeyes JusWISsessE Ajojes J0U Op SOSS ejenbapeu 1ou op swayshs
JoU sygag |0.3U00 JUBld
,|_|_ ,|_|_ ‘SWISIUBYo8
[
sygag u sygd uonesedo
oouewoped pue sQQV 10} siseq [ewou Joj siseq
Jue|d ajenbapeu| uBisep jo Aoenbapeu| ubisep o Aoenbapeul :sebus|ieyn
[ [ I
[
[ELeYBW SAOBIPE)
Bujuyuod
‘lony Buljooo
‘“Aunnoeas Buljjopuoo :suonouny Ajejes
:pejosye s4S IV

37



SU2ISAS 041100 ssado.d juvyd :($91) apdidurid K1afvs yidap u1 aouafap fo [ 12427 40f 2243 241322[90 6] ‘DA

Aisnoiypadxa
sisAleue
|0J3UOD OljewoINe sainpaoo.d Buresedo
= SAIJEAJSSUOD UO paseq —
Jadoud jo asn
0} WwalsAg
swielsAs
sa|qeleA jueld jo abuels suoljoe Jojesado [enuew
Aispes jue|d jo uonenoe  — - - :SUOISINOId
Bunyesado jo uouyeq JO UolEBZIWIUIN -SHOIS!
jusnbaly Jo aouepiony
jusIoINsul Ajoauiooul dn jes syw uonesado [enuew Buunp
|0J1U0D DleWOINY Kyeyes pue sjuiod 18s du| uonoe Jojesado 3081100U| ISWIS|UBYOSIN
[ [ |
[
[ |
swiaysAs Aj1ajes uo spuewap
uonenioe uenbay J8ybiy 0} Buipes| ‘sebues Buesado .
1oy Aq pearedwi uoIy IPes) ! :seBus|ieyD

Ul paurelUewW jou sisleweled
olineJpAyouLIBY} pue dIUoNBN

paosye (g) - (1)s4S

swiaisAs Alajes Jo Aljiqeley

:suonouny A1eses

38



SU2ISAS j041102 ssa204d yuvyd :(£9]) apdidurid K12fvs yidap u1 2ouafap fo 7 12427 40f 2243 241322[90 07 ‘DA

uoljoe dljewoine uoljoe dleWOoINe
jeuoneiado waisAs

013U00 SiEWOINE BuIdssy) a1enjoe o} sulod 19s — alenjoe 0} suiod 19s ]

! ' ’ duy Jedoud duy Jedoug :SUOISINOI]

JusIoINSUl Apoauiooul dn 1os sy uonesado [enuew Buunp .
'SWISIUBYOS\
|0J1U0D DlEWOoINY Ayajes pue syuiod jos du| uojjoe Jojesado 1094100U|
swialsAs Alojes uo

uolenjoe juenbauy spuewsap Jaybiy oy buipes|
118y Ag pasreduw ‘sebuel Bunesado ul :sebus|ieyn

swalsAs Aases jo Aljigeley paulejulew jou siejeweled

olneJpAyowIay} pue dJUoINaN

pajoaye (€)(1)s4S

:suopouny Aeyes

39



swaishs K12fvs onypwomp :(g91) apddurid K3afvs yidap ui 2ouafap fo ¢ 1o4aT 40f 2243 241322[q0) "IZ ‘DI

swashs Ajoges swalshs Ayefes swiajshs Ayoses swaishs Ayopes
1o @ouewLiopad Joy ul sain|ie} Jo ul saunjiey} Jo a|ge|iereun
ubisep aniertesuod || 9SBO Ul J0B8) 0] B 9seO Ul 1oB8l 0} ] ynm uopresado Joy [ ]
Jo uoneuswa|dw| sJojesado jo Buiurel | sJiojesado jo Buurel| suoIIpUOD Bulywi]
((221) AS os|e s0s) sainpaoo.d Bunjessdo sainpaooud Bunesado swayshs Ajojes
swalshs Ayages ul | Kouabiawa ul L Kouabiawsa ul | BuissedAq epnjossd | |
sain|ie} asneo swaeysAs poddns jo swalshs Ajaes jo 0} spuswaiinba.
-UOWWIOD JO UONUaASId sain|ie} JO UoIBIapISUOD) sa.n|ie} JO UOIjBIaPISUOD webullg
swalshs Ayefes
swa)shs 104309 pue swalshs Ajoges
pue aubisap ajes H uoljelUBWINASUI H awp esuodsal H Jo Bunsal-yjes H :SUOISINOJ
sseooud i 01 80UBIB “ojqele . erenbapy onewon ool
40 UoIe[S] 4 $o.d Iqelied liewoiny
suoljoun, os|e 99s) swioishs Ajojes swayshs Ajojes
b.mumw ' HoLBILO BIniiEy :NWHMMM_:UW j0 v suieIsfs [eouosle J0 Hcoz uu_ %w wEmwmh
o|Buis o} Buipioooe | § Burpoddns H : : - H
0} uanIb UBISaD SWaISA uolyeoliienb P juepunpai/a|qel|al Bunesedo
Aoud saybiH 'sep SAS |ejusWUOIIAUT 1GeteY AybiH 1O uonEeaIpu|
JUSWUOIIAUS wajsAs Buipoddns uopjesedo :SwisiuByos|y
swayshs swialshs Ajajes puewap uo
Buiresado ysiey JO ainjiey snoinaid Buunp
sseo0.d Jo o souewlopad £s £ 10821 0} |IB)
cousISHEN] eyenbopey) 0} anp sw.alsAs Ajejes jo o} enp |ie} swiaishs Ao 9|ge|leABUN BWED9q
aouewlopad papelbaq swialsAs Ajojes swa)shs A1ojes

swa)shs Ajgjes onewoine
Jo asuodsal ayenbapeul

0} 8np 4S84
Jo souewlopad papelbag :sabus|leyn

[BLIS}EW SAOBOIPEI
Bujuyuoo
‘lony Buljood

:suonouny Ayojes

40



103403 1171qv1j2.4 :($£T) 2]d1ourid K12fvg yrdap ur 20uafap fo ¢ 12427 40f 2247 241322[QO 77 "OIL

sanigedeo
Bunsel-jos
onewony

swshs Ajejes Jo
snyejs [euonjesado Jo
Buuoyuo

Ajigedeo
[euonouNy WUOD 0}
S}s9} OIpoLIad

uonepe.Bep [eusiew
Jojuow 0} uopoadsul
soIMes-Ul Bulnsug

awinayl| jueld inoybnoayy
swdinba Ajejes
0} sse00€ Buunsug

106,83 ANjIgelal ayy
yoeas 0} Aressaoau se —
juswdinba [euonippe |eisu|

90IAJISS Ul 9|qe)sa)
Alqessyeid —
swielsAs Jo uone|elsul

yum Bunsay Juey
O} SUOIIPUOD JO Uoneooeds

suopouny pue
swaysAs Ajajes oy |
sisAjeue Ayjiqelley

suonoadsul juanbaiy
pue Ases Buunsug

saJn|ie}

juepueda(q :(221) dS 40} .
suolsinold 99

swiolsAs Ajojes 1o}
Aleue Ayjgeqoid

pajielep e uo peseq I :SUOISINOI
sjebuey Ayjigeral dn jos

sweishs Ayejes oy .
Buipoddns cohﬂmwmw wMHMom>m souepodwl 8y} Yum ‘SwisiueyosIN
10 Aujigeljel pe—— 4 Emﬂc n 9JBINSUSWILLIOD Jou
juaiolynsu| 194ES J q INA Aygeras weysAs Ayojes
[ |
0} anp uonouny
J18y1 wuopad 0y padinbai
uaym |1e} sweisAs Ajeojes :sabus|ieyn

[eLiayew aAROBOIPE) Bullluod

:suonouny Ajejes

41



saanpof juapuadap (/4 J) ajdurid K1afvs (jpaoual
W3y npisal YHY A0I1auds jasatp ‘O ‘24nnf asnvd uowniod D) yidop ur 2ouafap fo ¢ 194aT 40f 2243 2a122[q0O €7 DI

Jouuos.ad jueld jo
[ Buren uensial
Jo uoneziuebiQ
paJepIsuod swiaysAs Bunybly wie)sAs pajosuuovIBul
S90IMI8S a1y Jo uonouny Aq JaylouE Wwoy welshs
Bunybiy sy I[| sweisAs Aeses jo auo Jo uoezunssaid ||
[euioIxg Juswieduwl PIOAY ~1310 O 8UEPIOAY
paplone “dinbs Aja) 1OBOIPEJ JO "JUOD walshs (018 ‘spooy) ‘sl sdnoub poddns swieysAs
-es Jo aouewLopad Butioyuow ‘YHY Bunyby ey spaezey [euss)ul Joj ‘@ouBUBIUIEL Kiayes pejesado
108)4e 0} Juswdinbe [ | ‘umopinys Joy sway [ || o Bunse; ‘eoueu siojenul se pasapis | | reuonesado aseyip [ | Alsnosueynwis jo [
A1ayes-uou Jo aunjie -sfs Juejsisal all4 -9)uewW ‘uoijoadsy| | |-uod sjuens [ewiex3 JO UojjeUIpI00) uonoessu|
paJapisuod suopIpUoo N0-1eaM pue swalsAs Aoyes oy
‘spooy} ‘6°a ‘saxenb wasAs a|qe|lene [EjUSWUOIIAUS Buiebe yym adoo s90IM8S AsBljIXNE JO
-ypes Aq peonpur || Bunyby ey o [ | Awncedes Bunybly 10} peienb ] oy ubisep uipaes | | | eduspuedepur ‘Aus ||
Alqissod syuang Jewony EYTRUETLITIS Juswdinba [efoniy -od.iooul sulbiepy -IanIp ‘Aouepunpay
siskjeue pue sjsa} sjueouqgn| suswWpedwod Jayjoue uo juspiooe uBisep s90IN0S
jueld a8y} jo ApuIdIA
d £q sjuene olwsies $80INn0S UOIUB] S|qELIWE}-UoU sl 9198 UM I0}0B JO JUBLISSOSSE Jamod ul Aysienip
u um:@k“m\_mm«:o_ N 10} payienb | | pue ssignsnquoo [ ] joesn ul pa1eoo| 1] | -e18u0 jo Buijooo [ JUOIYEOILISA | | pue Aouepunpas [T
u L juawdinbs Ajejes 10 jouo) a|qeJajeid swiaysAs Juepunpay pue umopinys ajes Juapuadapu| usioNg
:SUOISINOIH
ubisep UBiso) S100p/S|[EM S[euoleW Jue)sisal uoneusLo un Aue uo syga awnay a|qissod
ur papnjo owsIos ﬂw u ue)sisal all) B3y pUE JUBpIEIeI 1o souelsIp pue saje)s [euoies jued Jo seseyd Jua)Xe 8y} 0}
spuane paonpul | | 1OS-RUE UL 19 1 60 sweyshs uep [ ] ‘sieureq Aquon || | -edo e oy Aieyes || | I1e ur peyusweidwr [| | sweishs Aieyes jo [
suiBiew JusNg
uewny Jo 19sang -unpai Jo uonesedes -uou Jo asn -eledss [eoisAud 10 uoljesIsuowaq swwesboid yoO uBisap ajes-|ie4
sainyes} ubisep spiezey LoRosIeS By swaishs Jo . swioishs m:_zmz S9INSESUWLISIUNOD JO syun usemaq Ayssonp swailshs
[e1oads ui pal peonpu-uewny uonosyep ‘sielueq | | uonejusweduwi pue Yum pasul| Jueld Jayio woly
H ul Apolwsies H | uonesedo sses-je) |4 H | sweisAs uepodwi H H H
-8pISU0D SUONIPUOD wouy ysi Jo Ay108ds 0} pawiopied spiezey [eussiul : swiejsAs juepunp swoshs Aojes
JO UOIEIBPISUOD 0} UaAIB souBIBlald Jo Bulieys oN B
-U0O BUWBIIX® 1SOI JUBWISSASSY sishjeue prezey a14 10 sishjeue ssiy i -1 ‘Juspuadapu] 10 souapuadepu]
(‘puoo “jososleW (suorsojdxe ‘spnojo (yoeduw 3ol s S)s8) ‘@ouBULIUBW (010
QWaIX® ‘SPOO) seb ‘yselo yeso suoisojdxe ‘diym adid ‘sejissiw SUWES By} UO SHUN ‘uoiesado ‘uononis ‘s9Q 4o} [an} 40 oe|
‘spuim ybiy) sjuens -Jle) spJiezey spew sexenbyues |eussiul pue ‘Buipooyy) spiezey Jayjo ul pajeulbLo -uoo ‘ubBisep i sioue| |4emod Jo sso)) sjusns| SWSIUBYOSIN
[euseIXs 0} 8NP 400 uewny o} enp 490 018np 490 sauy 01 8np 400 [eusaul 0} 8NP 400 SjueAs 0} 8NP 400 weaisAs 0} anp 400 [euialul 0} 8NP 400
L I I I I T

salyjiqeIauINA aunjiey

9SNEO-UOWWIOD 0} 8NP
suonouny Jisy} Buiwioped :sabus|eyn
usym |ie} swiaishs Alojes

[BLIS1EL SAIIOEOIPE)

Buiuyuos ‘any Buljooo

‘AyAnoeal Buljjosuoo
‘PajodYE S45S IV

:suonouny Ajejes

42



‘uonvarfyonb juawdmba :(zg1) ajdiourid £3afvg (1uap12Iv 242495 V'§) yidop u1 2ouafap fo ¢ 124277 40f 2241 241322[q0 '+Z ‘DI

S[eAsiul JusWaoe|dal Jo uoned
sued juswaode|da. Jo uoleo!
sa|npayos Buiysey adAy Jo uoneo!
SWIBYl| 99IAISS JO UOIED!
S8|NPaYIs 92UBUSIUIBW JO UOIEO!
$9|9A0 AInp Jo uoleo|

SUOIHPUOD $58004d 4O UOIED)
SUOI}PUOD |[BJUSWUOIIAUS JO UOIJED!

leonoeld jou

Bunsey adAjojoid

aJaym Buiyss} pue
sisAleuy 1_

ubisep ul passaippe ublisep ul SjuapIooE JO
aq 0} Bulebe jo S}08)49 [BJUSLUUOIIAUS puB)S
[SEITIER=Y[T)=1) -yum o} Ayoedeo s,jueld
9SNed UoWwWon uo BuieBe Jo uonelspisuo)

juswdinba
adAjoj0.d
jo Bunsa ]

Buiebe Aq payosye
SUOIIPUOD [BIUSWUOIIAUS
puBisSym 0}
jueld jo Auiqy

awiey| juerd
noyBnoiyy
paulejulew jou
Aungerja) paiinbay

013
Juswabuidwy o
Aypiuny
uoneIqIA
uoneipey
SUOIIPUOD Jayjeam ainssaig
swanxgy sanjesodwa |
sayenbyueg
[ ]
ubBisep ul sjue|d ainyny sygq 4o}
SUOI}PUOD Jo uBisap ul SUOI}IPUOD
JUBAS [eUIa)Xd SUOIIPUOD YS [EjuBLLUOIIAUS
1O uoljeIapISUOD JO UoljeIapISU0D 10 uoneoyoadsg
[ |
|
.......................... [
ubisap ul
passaippe
Apadoud jou Swisiueyos|\
SUOI}IPUOD JUSPIODY

SUOI}IPUOD JUSpPIodE
Japun uonouny 0}

payifenb jou swaisAs :sabus|ieyn

pue sjusuodwoo A}ejes

[BLI9}EW BAl}OEOIPE)
Bujuiyuoo ‘lany Buij0od
‘Jamod Buijjouod
‘PoIodYe S48 IV

:suoljouny Ayajes

43



‘uondadsui 10f juaudimba K12Jvs fo $s220v [0 25D :(99])
21dourid K1afv§ (wi23sAs 1UV]00I 1012V fuondadsul 2214.438-u1 ¢ 1dap u1 2ouafap [0 p—] S]aAdT 40f 2241 241193[ c7 "
1a1ou; S 1 SOY -UOI 1 991 1°[ST) Yidap ul P 4O p—I S]2427] 322140 €T OIA

slela1eW
Buipeibep pue suolespuad
‘suonoun( ‘sa|qed

‘[oul swiaysAs A1ojes 4oy |S| —
SJoMIOM |G| JO uonosloud

|eoibojoiped Joy ubisaq —

suoljoadsul Jusnbaly Sisxiom

pue Ases o} abels ISI Jo uonosjoud

ubisep 8y} 1e SuoISINOId — |eaibojoipe.

uolepelbap Jo} ubiseq

|eusyew oy Buipioooe SJsliieq ul spo8jep

suoioadsul jo Aousnbai —| jo Jredey
uibrew sseooe
Ajejes ayenbepe uonoadsul Jo abejs sJaliieq Jayjo pue
usliqeise o} uBISep BU3 18 SUOISIACIG —| Auepunoq S04 40 IS
sisAjeue b&mwl_ ' o 10} spoyiaw [e1oadg
[ 1
[ ] :SUOISINOI]
wc%\__wwc %wh_ﬂm suoloadsul Joy suoloadsul 4oy
¥ PE il pajonsuod juswdinbs| | paubisep juswdinbs suopoadsul suopoadsul
paubisap swayl T paelal Ajojes orendoidde Joy oreudoidde Joy
pajelal Alojes P9a1oNJISUO9 sialeqg paubisep siolieg
[ |
............... _...--..-.--..--.-.-.--..--.-.- [ e o
[
leAsayul juswdinba Ayejes
uonoadsul paysijqelse 0} $S900€ 8y} Ul .
Uy adod oy uBissp uy sennoip o} enp ‘SLWSIUBYSIN
suibsew Ajajes jualonsu| paywi| suonoadsu|
_ [
suoloadsul Jo 3oe|
0} anp juswdinbs pajejel
Ayoses Jo Ayjigedeos [euonouny soBus|EYD

10 uopepelbap pajoslepun

[ela1eW aA0BOIpR)

Buuiyuoo ‘jeny Buljooo

‘Auanoeal Bujjjosuod
perodye s4S4 IV

:suonouny Ajeyes

44



((z62) dS 0SIp 23s) usisap u1 uonaro4d uonvipv. :(§97) ajddurid £1afvs yidap ur ouafap fo | 12427 40f 2243 241322[q0) 97 ‘D]

Swia)sAs 9)SeM SA1JOBOIPE)
Jo ubisep aAeAIasUOD)

IAILOE Lo
Buussuibus pue soueuSIUEW
pazioyine pue pauue|d

SeaJe aAI}oBOIpE) O}
SS900E JO [04JU0D

UONeUIWLEIUODDP SJeY|Io.) [

Spjal} uolelpel Ul
SBIJIAIJOB UBLLNY JO UOHEZIWIUIA

JusWUOJIAUS Buiyiom
JO [0J}u0D puE BuLIOHUOI

UONBUIWBIUO0ISP H
jouuosiad Joj saiyioe

ANAnoe [enpisal moj
UNM [BlISTBW JO 801040

S[elajew PaJeAO. UIBIaI YoIym
seinjesy UBISEP JO SOUEPIOAY

BuLiojuow ease pue -
|Jouuosiad Joj saly|ioe

suosnau Aq uoneanoe
P3HUWI| Ui S[eLSYeW JO 8

sjusuodwoo jueld jo
uoljeoo) ajeudoiddy

uones|y syenbape H
Unm swiaysAs uone|uap

swwesboid BuLioyuow
[ejusWuoIAUT

1noAe| Jueld uo syuswaiinbal
uonosjoud uonelpey

syuauodwod jueld
Jo Buipjelys ayenbapy

S[eliayew aAIjoOIpE) -
10} SIBUIEJUOD B|qeNNS

wa)sAs Bupoyuow
$59001d BAI)BAIBSUOD

welshs
Buriojuow ealy

UoljeIpE) O] SI9XIOM
Jo ainsodxa 10811Q

[BUS}eW SAlOBOIPEI AQ
SISHIOM JO UOIBUILLEIUOD

Aunnoe jusniye jo
JUBLWIBINSEaW 1081100U|

S[elIeew SAI}OBOIPEI
2UIOGUIE PUE S}SEM SAIJOBOIPEI
10 S¥e8| pajoslepun

sHwi| paquosaid
BA0Qe Jjels adueusjuiew
pue Buesado jo ainsodxa uoljeipey

Jueyd aus uiyy

PUOD [BJUSUUOIIAUS JO

10J3U0D urejUleW O}
‘pajoaye (G1)4S

spwi| paquosaid
auy} anoqe sabieyosiq

sojels
Jeuoljesado Buunp
sob.Jeyosip 9AIOBOIPEI W O}
:pajodye (v1)4S

1SUOISINOId

SWISIUBYOSIN

:sabus|eyn

:suonouny Ajoyes

45



SJUIP12ID JUAISUDA] 1omod jsuwdp uondajold :(zg[) apduiid K12fvg yidop ur 2ouafap fo [ 10427 10f 2241 241122[q) L7 ‘DA

uoI}08UU0D |0J}U0o pol UMEBJPUHIM SPOJ Buisnoy pou
uonn|ip uanaid sainpaoo.d Ansiwayo dooj Joy Jo ubisep 1SOW yum JO uoneodlqe)
0} 300403l Bunesedo JUE|000 sJ0]enjoe Jo oJes-|ie} Abejens pue [euajew
oleWoOINY orenbepy ajenbapy Buiyoo] pue s|qeljey [euoneledQ pauienp
SUONEDO| saouanbasuod |oJju0o Buisnoy pou
sainpaosoid Alquasse puE 90UB.1IN220 sainpaosoid juswubie Bwone Jo ubisap
Bunesedo |eny jo 10} [enpuajod Bunesedo pou jo sisa} Buiziwiuiw |eojueyosWw
ajenbapy uopoadsu| Jo sisAjeuy ajenbepy dnpeis sulbsew ubiseq ANjeAIaSUOD
uonn|ip suonesado sysodep dooj jo (Juswiub|
uoJoq Buljjenyes Jaguosqe dnpeys uolounyew [eMeIPYHM uonosfe
JuspeApEU| 109.1100U] Jo ases|ay snosuoug poi [01u0D poi [013u0D poJ [013u0)
[ I I _ I I I

abewep |ony Joy [enuajod
yum AJAII0BS JO UOIaSU|

sjusIsuel}
Ajnnoeal sjgejdsooeun
1uenaid 0}
‘paroage (1)1

SuoIsInOId

‘SWISIUBYOBIA

:sabusjeyn

:suonouny A1ojes

46



SIUIP12ID JUAISUDA] Jomod Jsuindv uondaroad (g6 [) apdurid K1afvg yidap ur aouafap fo 7 joaaT 10f 2241 241192[q() "7 ‘DI

asuodsal yoeqpesy
Joyesado | eeod | sdnoib pos |
10} pamojle Ajnnoeal |0J3U09 JOo
awiy buo anirebaN YUoM paywi
Jarem uo1}98UU0D
dn-axew || uibrew | | dooje | uonisod | [femeipyym | |
10} Waishs umopinys uoljeuswnisul 10} paads poJ jo poJ jo paads
Bunioyuo JusIoIYNg 9J09-U| uo suoBHWIT Bunioyuo pajwI
‘suolsinoid
seinpsoosd | | | Ansiweyo | | sielowesed | | || uojysod |
Buiyesado uoleluswiniisul 1UB|00D doo| annoeul uoljeluswinisul poJ jo
arenbapy 9100-U| arenbapy 9102-U| Buoyuo
uonn|ip suoljesado sysodap dooj jo (quswubire ‘doup)
uoJoq Buljienyas Jaguosqe dnpels uolounyew [eMEIPYHM
JuspBApeU| 1081100U]| 10 ases|oy snosuo.g poJ |043U0D) poJ [043U0D) ‘Swisiueyosiy
[ [ [ [ [ |
[
abewep |any Joy [enuaiod
Uum AJAIOBaI JO UoIpasU| :sabusjeyn
Sjuaisuel}
Ajnnoeal s|qeydeooeun
juanaid 0y :suonouny Aayes
‘peroaye (1)4S

47



SJUIP12ID JUIISUDA] 1omod Jsuwdv uondjold :(z) ajduiid K12fvg yidap ur 2ouafap fo ¢ 1oaaT 40f 2241 241322[q) 67 ‘DIA

waysAs wayshs
umopinys umopinys
Kiajes 1se) ] Kiajes 158} ]
pue s|geljey pue a|qeljey
wieisAs wieisAs
umopinys | uonosjo.d Jojoeal || poJ s|buis e ||
Aojes 1sey Jo suiod 188 1O yuom
pue a|qelley SAIJEAISUOD paywi
wolsAs wojshs }oeqpas} }oeqpas)
umopinys uonosjoid Jojoeas | | JUSI01800 || JUSI01200 || )
Kioses 1sey Jo sjulod 108 Aunioeal Aynioeal -SUOISInOId
pue s|gelley AAIlBAJOSUOD annebaN aniebaN
dooj jo (wuswubije ‘doup)
dnpels uonounyew [eMeIpyHMm uonosle ‘SWSILBYOSI
snoauoJig poJ [04U0D poJ |0U0D poJ |0Uu0D
_ _ _ _
_
abewep |any 4o} |eljusiod
yum AlAioeal Jo uoiuasu| :sebus|ieyn
sjuaisuel}
Auanoeal s|geydesoeun
1usAaid 0} ‘suolouny \ﬁ.whmw
‘parosye (1)4S

48



‘A7148211U1 2100 407OV2L

Joye|nbai Aq
2InjoejNUEBW pUE
ubisap [on} jJo [eroiddy

:(s61) 21dourid K12[vg ~(3uD]00I 24100 1019V24 ‘§HY 2ouvanssv Lypnb Y O) yidop ur 2ouafop fo [ 124a7T 10f 2243 241192[q0) O€ "D

sabueyo
[euoisuswi L
paonpul uoljelpe.
Jo uoneywr
[ony Jo
sped L ainjoejnuew L
9s00| pue uBisap ul
Jo BuLiojuopy sainseaw Yo
3 S[euIS)UI [9SSOA
ﬂwﬁﬂwumﬁw ony pabewep yym SjulBASal JO sjue.sal Jo Joeduwl J10}0BBI PUB i
uBisap [any o [ | uonessdo dojdnies 10edwi Alefes fietes enuerod mhm_ﬂmum_u
UoREOe [EIUBLSdXT uonIpuod Bumiwiy [enusiod Jo sisAjeuy Jo sisAjeuy 19N} 4o VO
$109}J0 OlSI9S
Buipeoje. uoonpoid jeay jo Buipnjoul speo oiweuAp
dnuing [eny L Bunnp AwiBeyur L sjures}sal | | [pueipesb feipes deeys Jspun | | pue ones pueisIm ||
winwixew Joy |ony 0 UOREOBLIBA [eoluByOBLW JusWaoe|dsIp JO UOILOSIP 0} paubisep 8100 SUOISIAOIg
HWI| SAIFRAISSUOD R JO uole|[elsu| oI 8N} JO UOUBABIG _ o
sayenbypes
UoNEIPE.L UoJINaU SOY pue [N} Jo suoneIqIA peojal jony Bupnp ANlIGEIS 2100 JO
puBlSUNM O} [ony 8y} | | ainjoejnuew L pou [ony || | Buipnjour sy ubisep | | uoneoyLen eyuaLedxa [ |
Jo} uibrew pue ubisap ur juanaid 9|qeidaooe ainsus puUE [eonAjeuy
ubisep ajenbapy sainsesW YO 0} sulbew ubisap [an4 _
I ——
SEENE) sawiBai [euoijeiado
ymouib (sBuuds)
Ayowayy Buunp seam pue Buiyely seyenbypes Aq +
Jeuslew Aq paonpul sued 8s00| Aq olnedp: i A speo| [ewsajul Aq paonpul SWIS|UBYDS|N
S30.101 [BIXE ONISSEOX pebewep jon4 Aq paonput Buipnjoul s108ye uolelpes | | PEONPUI S80.0} dlweuiq ! ' !
41! ’ 3 Suone.qiA po [an4 PUE [BOIUEYOSW ‘[eway S90I0} [EXE BNISSE0XT
[ I I _|_|_
! I
[ I I 1
oBewep S)08)j0 [eolueyoaw Aq | | sjoaye [eolueyOSW AQ 10640 [EoIUEYOSw AQ
UOILIO}SIP 8100 0} NP UOILIO}SIP 8100 0} 8NP :
[BOIUBYOSW O} aN|
w_‘_: e M:_vum_w _w%n_ Buyj00d 8100 uonesut pol j043u0d c”wﬂme_m_M‘_ﬂw\mﬂMMMmu ‘sabusiieyo
; BAI}08Y9 JO uonuaAaId | | 818|dwooul Jo pakejeg i S
[ I I |
pajosye

01 () @) (1) sds

49



£314321u1 2400 101924 (6 T) 2]d1urid £1a/vs "(W2iSAS JUD]O0D 1012V ‘§HY) YIdap u1 20Udfap fO 7 12427 40f 2247 241322[qO) "[€ "D

aouewiopad

papusajul J0}

ubisep |any Jo
uoleolLIdA [eyuswiadxy

dnuing |any
winwixew Joy —
HWI| SAIFBAIBSUOD

uoljeipe.ll uoJnau sawibai [euoneiado sisAjeue asiou sewibai [euojesado
pueisyim o} [eny sy} Buunp sOY ubnoayy Ul SOY Ul Ayaioeolpel
1oy uiBrew ] ul [oA9] AHAOBOIPEY Burioyuow pue Buideys xnjy uosinau suoisinoid
ubisap ayenbeapy jJo Bunioyuo uoljeiqIA po [an4 Jo Buniojuow 8109-u|
moB SEENE] sawiba. [euonesado
swisiueyos
o apsonpu | | Syedosol f orEpiouen || Buno e pue ouiey e
$80.10} [BIXE OAISSEOXT pabewep |an4 g padnpul |oul 's108)) r.ﬂ p
SUOIeIqIA POJ [8Nn4 pue [eojueyosW ‘jewtay |

abewep [eolueydBW 0} NP
ain|iey Buippeo |en4

S}09y40 [BOlUBYOBW AQ
UOILIO}SIP 91090 0} &nNp
Bujooo 8100
BAI}09}48 JO UOJUBASId

S}08})8 [ESlUBYDBW AQ
UoIHO}SIp 8102 0} 8Np
UOIJasUl POJ |0J3U0D

a19|dwodul Jo pakelaq

S108})9 |eolueydsWw Aq
UOIHO}SIp 8100 0} 8NP
uoluasul Alaioesy

pejosye
(1) “(2) “(9) “(e) (1) sds

sabus|ieyn

suonouny Alojes

50



A314323u1 2400 101024 (6 T) jdurid K1a[vs “(aouvanssv (onb Y O) yrdap ui 2ouafap fo ¢ 19497 10f 2243 241192[q0) 7€ DI

suibrew
Kiayes jusioins
YHM S[eusgul
2109 Jo ubisaqg

sjurelIsal Jo
1oedwi Ajejes
[enuajod Jo sisAjeuy

Anowosh
2100 U]
sebueyo ydnige
pIOAE 0} Sjulelisey

oy Jo

2INjoBNUBW pUB

ubjsep uj seinsesw
O [eloads

$9210} OlWeUAP YaQa
Jepun Ayiqers
9109 Aylion 0}

sjuswiiadxa/sisAleuy

svad
Aq paonpul
SPEO| [BOIUBYOB|A

abewep [eojueyoaW
o} enp
ain|re} Buippe|o |an4

S}09)40 [BOjUBYODW AQ

UOILIO}SIP 9100 0} 8np
Buljooo 8100

B} JO UOIUBARIH

sj08y)e [eojueyosw Aq
UOILIO}SIP 9100 0} 8NP
UOIHasU| PO |043UOD

a)e|dwooul Jo pakeleg

S}oaye [eolueyoaw Ag
UOIHIO}SIP 8100 0} 8Np
uoipesul Aaoesy

pejoaye
(01) *(2) @) (€) ‘(1) s4s

SUOISINOId

SIS REIN

sabusjleyn

suonouny Aloyes

51



uibrew
umopinys
ajenbapy

uiBrew usions

sjuane Juenald o}
sainpaooid Buiyessdo

1o uoryejuswa|duwl

pue juswdojenag

(Z) AS 0S|p 22s ‘Sud)sAs umopinys
onppwoiny :(0oz) 21durid K12[vg “(1uvj]00d 2402 401oV24 ‘§HY) Yidop ul 2duafap fo f puv ¢ §]paaT 10f 2243 2a1322[q0 €€ O

waisAs umopinys
J0
Aysianp pue
Kouepunpay

JuswaAOW
J19gIOsqe Jo
uolyepw| psads
J0 uorpeuawa|dw|

sbn|d Jeyem
ues|o Jo
uoljewoy

JO uonuanaid

uolysod
J9gUosqe Jo}
Bupioyuow
40 uone|[esu|

sjuane Juenald o}
sainpaooid Bunesado
10 uoryejuswa|duwil
pue juswdojenag

sjuene Juenald o}
sainpaooid Buiyessdo
Jo uoleuaWa|dW!
pue juswdojenag

Sjuane Juenald 0} Sjuane Jojoeal 8y} umop
sainpaooid Buiyessdo jo Bumnys Joy sueaw SJUBAS JO SJUBAS JO
0 uoneuswa|dwl sisAleue B juspuadapul omy sisAjeue B sisAjeue
pue juswdojansg @ousnbasuo) 1se9| Iy 9ousnbasuo) 9ousnbasuo)
Jojesado }INoJI0 Arepuooss jo umopinys JUSJU0D (9ouBUSUEW)
Aq uonezunssaidep 10 sueaw uoloq jo JUBWBAOW
Buljooo oY 0} anp umop By} Ul ain|re} uonnip Jaglosqe
ajenbapeu| -|009 pidey 8|buis pidel pue mo|S JusLBApPEU|
[ I I I |
|
umopinys Jaye pue
(€)4s Buunp 8102 sy}
EEY ojul uorpesul
Aynnoeal Juspeapeu|
_ _
- Aresseoau SUOIIPUOD UMOPINYS
Se Jojoeal aJes Ul J0}oeal
umop Jnys o} UlejuleWw 0}
:pejosye (€)4S pejosye (2)4S

'SUOISINOI

:SWISIUBYOSIA

:sabus|leyn

:suoljouny Ajofes

52



seb Jo uoionpoid
sejpadoud |eaisAyd
ul sabueyn
dnuing

uBysep ul passaippe aq
pINoys swajsAs umopinys
JO S}08Y0 UOoNRIPE.L|

S}HWI| Jusuodwod pue
[ony BuigejoiA Jnoyum
paniwad Ajuo si

(€) AS 0Sp 2as ‘SwaisAs umopinys ouvwony :(00z) 2]durid £3afvs (101491110
angInf 213u1s DS WDAIS INOYNIM JUIISUDL] PIOUDAPD ‘SM.IV) Yidop ur aouafap fo ¢ puv ¢ §]oaa] 1of 2243 2a1392[q0  +€ O]

sosodind [043u09 10}
sueaw ay} Buisn Aq
paurejurew si
Ajjgedes umopinys

Bul

SJUBPIOOE BINS

- -un Ajjuaions
SMLY Bufey —

[9] ZL-"Hamm
-dg3-vavl
EES

s|lejep 10} —
‘S100)40 J1I8y}
4o uoreNwI|
10 SMLY Jo

uoljuanald —|

l10AE Jo Aoy

SO0UBJIBLIBIU| PIOAR
0} SHN2JIO [e2160]
pue sessnq [eou}

sl 0} Ajjueoiubis
8)NQLIUOD Jou Op
SSMLY Feui yons

1SUOISINOI]
pue Jno-Jeap\ Aj[eoioai yusisuel | -099 Jo uonesedssg sjue|d Buiubiseq
04S pue uibrew yum sywi ypm Ajdwoo sisAjeue Ayjigerjes ¥Lg pue gL
s|qedeo aq |leys uibrew umopinys U0 paseq saolnep SJUaAS JO -0S-43IMM
swia)sAs umopnys omy pue uonoe jo paads puE sJosuas uow B sisAjeue spodai ‘60 a9s
8y} Jo suQ ‘SSaULANOBYT -WOD JO 9SN SZIWIUI sousnbasuo) s|iejap 104
uoljesado wisy buoj 0} sygq pue sajeis sywi| paiyoads WioIsAs [04ju0d weishs uorpesul
a|geJau|NA S92IASP leuoljesado wouy yum Aldwoo woJ} umopinys Jo umopInys poJ [04U0D
|043u00 AjAlOES. [e011I0gNS paJepual 10U Op suesW souspuadapul oljewojne ue a19|dwooul
pUE UONBjUSWINIISU| 9Q J0UUED JO}OBSY umopinys Jo aunjreq Jo pakejeq
[ | | _ | I I SWISIUBYOD|N
Jojoeal 8y}
umop nys (@4s
0} sueaw LS i
snbepew] :sebus|leyn
 Kuessaosu SUOIIPUOD
SE J0joeal umopinys ayes Ul

umop inys o}

:pajoaye (€)4S

Jojoeal ulejuiew o}
‘pajosye (¢)4S

:suonouny Ajeyes

53



‘aowad way utiou :(gg) ajdiourid £afvg (1a1sAs jupj00d 1019v24 ‘§HY) Yidap u1 22Udfap Jo [ ]2427T 10f 2241 241192[qO) “GE "D

sjusuodwod |0J3u00 sainpaooid Arepunoq Buiuresp sOH
SOy jo Ansiwayo sainpaooid Bunesado ainssaid jo JUSHBAPEUI PIOAE
slojelsado aJnjoejnuB Jayem Bunesado slojesado ajenbape jo uonoadsul 0} sainpaooid
palilend s|qelRY sjenbepy sjenbapy pauilend uoneuawa|duw] Q0IMBS-U| [euonessdo
wiaysAs Juej000 wiysAs ubisap [enowsai Jeay weyshs uBisap
sainpaooid ubisep J0}0E81 10} ubisep |01}u00 JTesjonu [euLiou Bulurejurew AKrepuooas jo s[eLojew [enjonus
Bunesedo Jesjonu [eLIa1EW [eanjons pol [eWIBY} Joy siojeiado ubisep [eanjonss olwsies
ajenbapy SAEAIBSUOD ajenbapy ajenbapy a|qeleY SAEAIBSUOD 4O uoeOYEND BAJEAIBSUOD ajenbape o asn QAeAIBSUOD
uonnguisip s|auueyd uoljesauab waysks Arepuodss ul AKioyenul
xnjy pajoadxaun 9100 Ul Jomod 8100 Ayngedes JUE00D
0} anp Jojoe} sebexoo|q asealoul [eAOUIS) ey Arewnd
Bunyesd [ewlouqy MOJ} JUB[00D paiisapun papesBeq 10 5507
[ ] [ I ]
I
2100 Y} Ul [erowail
uonnquisip 18 8100 JO
ainjesedwa) Ayjgedeo
snojewouy pepeibeq
]
I
pajosye (L1)

pue (01) ‘() s4s

SuoISInOId

SWSIUBYOS

sebus|eyn

suonouny Ajafes

54



‘Ipaowal 1ay jputiou (€0z) ajdurid K1afvg

‘yydap u1 2ouafap fo g 14277 10f 2243 2a1122[q() ‘9§ O[]

wajshs wajshs wajshAs
umopInys wayshs umopinys isey umopInys isey
anpebau 1€} pue dwnp wea)s pue s|qeljal pue s|qela.
[[1ENYe) slqeljey Jo uone|eIsU| Jo uone|eIsU| Jo uone|eIsU|
uxe Buiddew INEY welshs weshs swieishs weshs sweishs Burioyuow wajshs
2100 18 Xnjy 2100 18 Bunoyuow uoljewi| Jo Buuoyuow Buuioyuow |ou0o Aioyuanul dn-eyew
JusLWBINSESW 8100-Ul JusLWBINSESW ped |04u00 Jamod ainjesadwis} pue | [sseooid Arepuooss apis Alepuooss JUEB|00D J0}0Ba) JUEB|00D J0}0Ba)
ainjessdws | olpoliad ainjesaduwia ] 85007 Jojoesy Xnjj uonaN Jo uonejuswaldw] Jo uoijejuswiaidw | | jo uonejelsu 1O Uole|elsu
uonnguisip sjauuByd uoiesausb wajshs Aiepuooss uf AKioyuanur
Xn|} pajoadxaun 9100 Ul Jamod 2109 ul Aynqedeo JUB|00D
0} anp J0joe} sebexoo|q aseauoul [EAOWI JeaY Arewd
Bujead [ewouqy MOJ} JUB|00D) palisapun papeibag J0 ss0
[ I |
I I
2400 8y} Ul [eAowa)
uonnquisip Je8Y 2100 JO
ainjesadwel Aypqedea
snojewouy papeibaqg
[ _ |
pajoaye (11) pue
[(PRVE

:SUOISINOI]

‘SWISIUBLOB

:sabuajieyn

:suonouny Ajojes

55



sowibal
leuoneJado Jemod-uou Buunp
sjuswaiinbai Aajes ul
uonexe|as s|jqejdeooe dn jog5

sowibal
|leuonesado Jemod mo| pue
umopinys ‘dnye;}s 4oy
podau sisAjeue Ajojes

sowibal
|leuonesado jemod-uou Joy
a|geoldde suopuod pue sywi|
jueld Jo ssausje|dwod Bunpayd

sowibal
[euonesado Jemod-uou
san|iqesauna yueld Apuapi

sawibaJ Jemod-uou uj
SJUaAS JO sisAjeue Juspiooe
10} BLB}IO 9oUR}de00E JO

‘uonv12do 1omod moj puv umopinys ‘dnjs :(¢oz) ajdourid

12fvg (aurjopnd Juap120D 242428 ‘DY WAISAS JUDJO0I 1019V ‘§DY) Yidop u1 2ouafap fo p—] S]2AdT 40f 2241 241122[q0) L€ ‘DI

sawibai Jamod mo|
pue umopinys ‘dnpels
Joy a|geoljdde snys
paiepifen jo juswdojeraqg

sjusWwalINbal JueASjal UM
JUS]SISUOD SUOP SI YI0OM
1By} 2INSUS O} [0JJU0D
SAieASIUILPY

sawibai Jamod mo|
pue umopinys ‘dnpels
1oy s|qeoljdde s4O3
palepljen jo Juswdojanag

suonesado
Bujpuey

01 Apnis vSd dn-jes pue sainpadoid 1on} 0} pejonsp
:SUOISINOId
sawibai SJUSPIDOE JO [0JJUOD PUE UOI}OS}OP
|euonesado Jamod-uou oy 10} 1uswdinba Jo Aloedeo pue A sawiba. Jemod-uou ul Jusw
o14108dS SJUBAS JUSHBAPEUI JO [T] -eyes ‘Kouepunpai Juaiolyns ainsus -ainsesw/uoljejuswinisul [
1s|| anIsusyaidwon 0} SUORIPUOD O14108dS JO UOIIEIBPISUOD 10 Aiqeiiene Jo apeibdn Jo
/PUE UOiEHWI| JO UoHEN|eAT
sawibai semod-uou sawibai Jemod-uou
ul swesAs ul sieewesed ueid Sjuens psonpul
Jueid jo smess jo - 10 uewiny jusAaid o} seale L
uonenfens pajieleq uonenfens pajieleq ansuss uf juuosied
40 @ouasaid paywi]
1
Juswieoe|dal/eoueu (uswurejuoo usdo sieypweled [euonelado [SUEYE)
-9jurew 0} anp swaisAs ‘g0y uado) Ayanoeolpel jueld pabueyo Jayjo pue paonpul ‘SWwIs|UBYOBN
/Siusuodwod snoLieA Jo 1o oses|al Jsulebe 30BqPe8a) AJAIOESI [BNSNUN uewny jo
Aungejrene paywi sialieq papeibag ‘A10jUSAUl JUBJ00D PaONPaY pooyexi| JeybiH
! T T
I
SepowW Jemod-uou Ui SJUSPIooe YIim SJUaAS Jo pooyjasi| JayBiy o}
adoo 01 Ayjiqedeo pepelbaqg anp Ajjiqesaulna jue|d paseaiou] :sebusjeyD

[

I

|ela)ew aAoBOIPES
Buiuyuoo ‘jeny Buljood
‘Ayaioess Buljjosuoo

:pejoaye s484 IV

:suonouny Alajes

56



sdO3
0 uopejuawaldwi pue
juswdojenaq

juls jesy
alew}|n [enjuane
se aseydsowse Jo
asn Jo uoledysne

swialsAs
[feAowal jeay
Jo Ayjiqesado
wuel-6uol Jo jooid

$dO3
Jo uopejuswa|dwi pue
uswdojenaq

‘Iaowal 1way Louadiawa :(L0z) ajdiourid £3afvg

wielsAs
|eAowal 1eay
[enpisai Jusiolye
pue s|qelley

SdO3
Jo uonejuswa|dwi pue
juswdojanag

swie)sAs
|eAowsal yeay
pa1osj0id pue
paiedipeq

SdO3
10 uojejuawaldwi pue
juswdojanag

SJUSPIODE JO
wnJyoeds ajoym Joy
S0D3 1usloe pue

a|qeljey

Aigedes
|leAowsal yeay
apIs
Arepuooss ayenbapy

sapow [euoijesado

SJUSPIODE JO

SjUapIOoe JO

unoJ10 Arewud

umopinys BuLnp | wnuoads sjoym 1oy wnuoads sjoym 4oy | | ul ||
SJUSPIODE JO S/MA43 1uB1o1e pue sisAjeue OO uole|naJId [ednjeu
sisAleuy s|qelja. Jo uone|eIsu| anisusyaidwo) EIBENTE|
sepow Aujigedeo
umopinys ut |eAowal jeay Sjuaplooe SJUSPIOOE MO}

Bul|009 8Ny 4o}
Ajjgedeo jo sso

apIs Alrepuooas
[ewJou Jo sso

K10juanul Jue|000
JojoBal JO SSOT

Pa9210} JO SSOT

1UB|00D J0joBal

SUOI}|PUOD JUBPIOOE
Buunp Buljooo

|any 1oy Ajjigedend Jo yoeT]

9102 8y} Ul
Aybayul Buippe|o
a|qe1daooe ulejuew o}
pajosye (01)4S

SUOI}PU0D YOO T-Uou
Japun 8109 8y} WOy
Jeay eAoWal O}

‘pajoaye (2)4S

SUOIIPUOD YOO
Japun 2109 8y} Wou)
Jeay enowal 0}
:pajoaye (9)4S

(wa3sAs 423pmpaaf Louadiowd ‘SMIF WaISAs 3u1j002 2102 Kouadiawa ‘§HHF) yidop u1 22uafap Jo ¢ 19497T 40f 2241 241392[q) Q€ D[]

:sUOISINOId

SWIS|UBYOBIN

:sebus|ieyn

:suonouny Aloyes

57



$18]000 UB4

Buijooo dwng

Buljooo jood
uolssaiddng

suesw
Aue Aq
Bunuen B uonezunssaidep | | a100 8y ol ||
paJa SoY uonosful Jere
(asaydsowie “6-9) Buijooo
suis jeay Keuds [euseixe
ojewIyn ajeua}e [euIalxa Jo | | uonezunsseidep Aq uonuejes || uoprezunssaidep | |
10 UoljeISpISUOD uole|jeisu| ST}t |9sson-U| ST}t
|9Ssan 8y} oI
MUIS 1B8Y dyewyn Aeuds uonoalul Ag sugep dn-jeay pa9y pue pas|q
ay} ysijgeise-al [eusalul Jo B siojelousb 8102 J0 Bulj00d || 2109 jJOo apis "] | Buiooo 8102 Joy
0} SUOISINOId uone|eisu| wee)s paa4 |9sson-u] uonuanaid Arepuooag Jorem oLog
((LZ2) dS osle 99s) uolysodwod
Muls 1eay uoljessusb wesis aimdni eqny /Answoeb jeny
ayewIyn ay} Jo o} enp Jojesauab wesls ain|ie} uoljessuaB uoljeoo|al pue ul sabueyo oy
Aujgejreneun ainssaidiono mo|g paonpu| peay Jomo uaboipAH dn-jeay 2109

_|_|_

JUSLIUIBIUOD BU}
W0y} [EAOWSI
yeay ajenbapeu|

_|_|_

[eAowal

1eay ayenbapeul 0}

anp SOY Jo ebewep
lenusnbasuo)

_|_|_

papeibap wouy
189y JO [erowas
ajenbspeu|

8100

Ajeonoa.
0} anp uolonpouid
1eay aAISSa0X]

9JeW SAI}OBOIPES

‘Rynoeal Bulljonuod
‘PoIodYe S4SH IV

U0 ‘jony Buijood

‘Ipaowal jay Kouadiowa :(10z) ajdurid £3afvs “(aisAs 1upj00d 101oV24 ‘§HYY) Yidap Ul 20Ufap fO ¢ 1247 40 2247 241322[Q) "6E DI

:SUOISINOId

'SWISIUBYOSN

:sabus|eyn

suofouny Ayoyes

58



S}0940p PejosepuUN

lenuajod jo ymmo.b

PIOAE 0} SUOI}OLI}SaI
Bunesedo

uonosyoud
aunssaidiano
SOd

(018 ‘sysej04pAy ‘olydesd
-olpeJ ‘oluoseuyn) Aybayul
S04 40 sise1 pue

ulbiew JusIoNS UM
‘SpeO| [BUISIXS PUE
|euselul aqissod jsurebe

AybBayur Ajuen oy
suonpuod ubisep
|[e Jo} sisAjeue

suopoadsul ajdiynin sueaw ubisaqg leanyonng
sainseawl suibuew ubisep jo uoisinoid
VO paysijgel1se pue (snbie} ‘UoISOLI0D ‘UOISOID s|eusiew
UYum Jainjoejnuew quawemuqws) euswouayd [ || uanoud
paouapadxe Jo asn UO[}EIOLIBIBP JO UOIeIapPISUOD Jjoesn

S9p0o
paysi|jgelss pue
salbojouyoal
uanoud jo asn

juauodwod yoes
10} s9poo ubisep
J0 Juswubissy

sjuauodwod jJo
uoneoysse|n

spoyiaw
uoneolqge)
ayeudoiddeu)

s[eusiew Jo
uol109|9s 1o
uBisep ayenbapeu|

aouewlopad papeibag

s[elsrew
Arepunoq
ainssaid jo

Aubayul
SO
urejurew o}
:pajosye (L 1)4S

A314323u1 W2ISAS JUP]OOD 10)ODIA
(602) 21durd £1afvg “(2ouvanssv (yonb VO waisds juvjood 1019v2.4 ‘§HY) yidap u1 20uafap fo [ 19497 40f 2241 241192[qO O0F DA

:SUOISINOI]

‘swisiueyos|A

:sebus|ieyn

:suopouny Aayes

59



‘(314823u1 Wi21SAS JUP]003 103924 :(607) a1dourid K12[vg *(1123SAS JUD]OOI 1019V2L ‘Y ]assaA
24nssadd 1010024 ‘AJY Yvaiq 240faq Y2} ‘G T Sunsay aanonsap-uou ‘[ N) yidap ur 2ouafap fo 7 124277 40f 2241 241322[q0 [ DA

juswaoe|da. s[elayew pem
pue pue oiseq Add
siredeu 11 10}
a|qisea Buldwes
Bunsay Buunp Buipeo) uojjejuswa|dwil
-1an0 SOY juanaid 0} 1deouoo gg
syoopeiul onewone | || 10}
J0 uoneuswa|dw| sues\
uonjesado s}0940p 9|qissod
Buunp Bunsal SOY azjubodal 0}
10} sainpaooud spoylaw | aN SUOISINOIY
|leloadg WIBPON
juads awie|
awnay| inoybnoiyy
jusuodwod Jo uoljoel}
sJoleweled 1s9] i
olgEMOlY Bunoyuow Joy
SOd wiaisAs
SS9} pue
suonoadsul 92IA19S-Ul
1suodwod ‘SWwis|iuBYOSIN
ayenbapeu|
s[elayew
Arepunoq .
aunssaud Jo souewopad :sabuelieuD
papeibag
Abayul
SOd suonouny Alojes
ulejurew o}
‘pajoaye (L1)4S

60



((T1) A4S osp
20S) [DL2IVWL 24119D0IPVL fO JUdWdUL[U0D (L [7) a1d1ourid £3afvg (1onpoad uoissif g 23vyvaj Livpuodas o1 Livwirid G Uondadsul

2014425-Ul “IST JUIPIIIV JUDJOOI [0 SSO] ‘YT WaISAS JUp]00I 1039V ‘§HY]) Yidap ur 2ouafop fo ¢ 12427 40f 2243 241322[qO T ‘DI

—
O

sia)y ybnoayy
alnyxiw
juspooe-jsod [
oseajey
JUBWUIEIUOD
10
wewuewos || uoezuns i
Arepuooag -saidaq
uonusjal d4
pue Buijooo uone|os!
ainosssediqio [ wialsAs sy | |ood | JUBWUIBIU0D |
Loneayuep| PUE UOjE|JUSA uoissaiddns j0
, Jo uonesedQ pue dwng Kianooey
SOH weyshs snjejs suonesausd
10 M uoneoyund L SeAllppe | $19]000 UB) | uone|os! | pue sbuiusdo |
uonezunssaidaq JUBj00D Keids pue j0 ybnoiy} seses|ai
B Jo uonesedQ joasn Keids yuswureyuon Buvioyuopy 10 uonuanald
swajshs
ainssaid r_m:._ m:_UQO‘_ S[elgjew aAljoeolpes |eAnowal mEQ—w>w mww:ucm:
0 H alojeq | anowal 0} skeids | jeay [enpisas | | uone|os! | anoidwi 0y |
uone(os| 158} sseuybn JUSWIUIRU0D Joy Ayjigeden 0 sis9} swwelBoid
- lang4 Jo uonesedQ ajenbapy [euonouny Jo uojeoyyioadg
Juswabeuew
3514d 0 abewep |an} walshs wialsAs uone|os! JusWBUlUOD
uoneoydde pue [ saJn|iey [ony | azIWuIW | Ue} Joljel JUSLLUIBIUOD | jo uopoadsul | | S159) | 10 uolje|elsul
Juswdojensq Joj sywi| o 0} [erowal ainssaid U [01u00 0158} Ppue soue|ienINs ssaupybiy ybnouyy
uoneoloadg 1eay [enpisay ainssald [euonouny ‘s]s8) ‘@0UBUSUIBY Jenbay Buipeibdn jue|q
82u8.Ind20 jJo
£ ano‘_n >u }oeolpel Ewuw>w JElc) Emum>w juswiureuod uonejos! suoinnjos
sonpai o} M ue|000 Arewud | ((602) dS 99s) | ainssaid Jo 10 uonoadsul | JUBWUIBIU0D | ssaujyb! | oAIjeuIB)E JO
Sl 1o} Abeur SOy uonesado Jo PpuE 8oUE([IBAINS o Aouepunpal JUSLUUIBIUOD O} Iqejdeoe
sy 109)01d 0} SaInsea|y uonuanalg ‘@ouBUBIUIRY ajenbapy Jodn-jag ay} Jo joold
I —|
aJel [BULIOU ain|iey SUOIIPUOD JUSPIooe S0OY wouj asesjal uonesado
sobexes| 1e Buiyes| Asepunoq Buunp wajsAs joljes ABious 0} snp uoljejos! Buunp papesb pajelsul ‘SwsIUBYoON
SY001 weysAs Aiepuooss SOH Ul Ayanoeoipes jo SOH yim ainssaid SOH 8y} osealoul ainssaid JUsWUIRII0D -ap ssaupbi jou
0BUBI| 0} Arewud |03u00 JuBIOINSU| SUOIIPUOD JUSPIVJY ybnouyy esesjey JusWUIBIUOD Jo ainjieq JUsWUIRUOD JuaWwauLuo)
L I I L I I I
T T
a]eJ [eWwou Je uonouny
Buiyes| Juswureiuoo JUSWUIRIU0D
ssedAq Jualolnsul
JusWUIRIOD Jo Bupoe

L I I
I
1UapI0o. Ue Bumoj[of Suol}
-IPUOD PUE SUOPUOD JUSPIOTE U
JUSWIUIBIUOD B} LLIOJ BSB3[al BA1}
-OBOIPEI JUI| O} :peIOaYe (21)4S

:suopoun; Ajejes




((€1) AS O8IV 23S) [PLIIVUL 24112D0IPDA O JUaWdUL[uod : (4 17) ajdourid K12[vS yidap ur 2ouafap fo ¢ 10427 10f 2241 241122[q() St ‘D]

SJUBPIOYE Ul AJAIOR
-OlpeJ JO UOI}BUILSSSIP
ﬂwc_mmm sainsesw
-J8unoy

wieyshs

40 uoe|fessu]

(" ‘saay)
abewep Jo sesned
[BUJSIX® JO UOUBABI]

ysuely ul
JBUIBIUOD [Ny

10 uone|[eIsy|

Bunoyuow
Aynnoeoipes
pue
Aisiwsyp

jood [any ayy ul
uo}os}ap Yes| pue
|oAs| Jajem jo
|louo0)

nofe| waysAs
Aq |ood jany
Buikydws jo uonuanaid

sjusWale [any Jo
sassal)s Bulpuey

Ayayes oy Juepodwi
SWa)SAs Juens|al

Buioyuow 3o Buiddoup juensid a|qeydaooeun Jo suonoadsul ‘Bunsey
0} sainseap\ 1O uonuanald ‘9ouBUSIUIBIN
ano. podsuely Jo SwasAs JayL suesy ul
sainpaooid uonos|es ajeudoidde Jo Aousioye len} jo wa)sAs [enowal
Buiyesedo I Aq sjuspiooe Jo I j0 '] Buiddoip I Jeay [enpisai Jo I
ayenbapy pooyeyl| J0 uoonpay Bunsa J0 uonuanaid 1oy
Jaulejuoo ubisep saseb jo jusWUOIAUS ojul pinbij sal|quiasse sjuaplooe
ay) woyy [erowal | | ajenbape || sasesjal jouoo 0} | | SAIJOBOIPEI JO SOSEd| 1en} uo doip || ||
1eay [enpisal YIM SJauIeluoo wajsAs uonesn|y pue -8J [0JJU0D O} SUBSW peoj Aneay
Elle TR PaLILSo Jo asn UOIJE[IUSA JO UOIjE|[EISU] 3|qeNNs Jo uone|elsul 1O uonuanald 10 Uonuanald
sellquiasse [an} Jo sisjeue sywi| paquosaid Ssywi| paquosaid sainpaoosd sainpaooid
sessens buipuey | | Kyajes || [euelew aAnoe | | UIy}IM [BLISJEW BAIJOB Bunesedo eyenbepe | | Bunesedo eyenbepe | |
a|qejdaooeun onsljiqeqoid/ -OIpEJ JO UOIRIju8d -OIpE.J JO UOIBIIUSD 1o uonejuswaldwl Jo uoleyuawa|dwl
JO uoNUBARId onsiulwIReq -U0D PUE JUNOWY -U0O puE Junowy pue sisAeuy pue sisAfeuy
JUSLUIUOIIAUS JUSLIUOIIAUS Ol speoj
Jaurejuod Jaurejuoo ojul saseb aAloe pinby| aAnoe [eolueyoaW Aq Buneaysano Aq
obeJols jony yodsueuy jany -0lpeu JO ases|al -0lpeu JO ases|al Alquiesse [any Alquiesse [an}
jo abeweqg Jo abeweqg pajjouooun pajjoiuooun Jo abeweqg Jo afeweq
obelols podsuesy Swie)sAs Juswieal) sjood
jeny yuads Aip ul jony uads Buunp a)sempel ul jony juads ui
sjuepiode Buunp SJUSPIOJE 0} BNP SJUSPIOOE 0} BNP sjuepIooe Buunp
aseajal AAoeolpey ases|al AAnoeoipey ases|al Ayanoeoipey aseajal AAoeOIpRY

JUSIUIBIUOD B}
BPISINO $82IN0S WO}
Sases|al SAI}0BOIpE) }|
0} :pejosye (E1)4S

‘SWSIUBYOS

:sabusjleyd

:suonouny Ajejes

62



IPLIDUL 241JODO0IPDL {0 JUdUdUL[U0D (£ [7) djdidurid

12fvg “(1012ua8 WIS ‘DS JUIP1IOD JUD]OOD fo $SO] VO] 280YVa] Kiwpuodas o3 Kivuirid FS[J UONIVLIUL 21DLIOUOI~UINLIOD
uagjout ‘THHW ‘19ssaa a4nssaid 101opa1 ‘AJY ‘WaISAS Jupjood 1010va.4 ‘§YY) yidop u1 aoudfop [0 p 12427 40f 2241 2a1122(qOD b DI

uonualal d4
pue ajnol >ea|
ssedfiqio ] wswureyuoo ||
uolieolyiusp| pool4
V001 slgep
wayshs JUSLIUIBIUOD Buipooy Aq
soepel | | jouonez || sjososze [DON | |
10 UoUBARId -lnssaideq JO UoNUBABId
Juswabeuew
JUBWUIBIUOD 3SI4d Jo uorne|os! AdY Jo Keids
H H H 1SUOISIAOI]
Jo uonez uoijeoldde pue JUSLIUIBIUOD SeAIppE wayshs Buijood Jazunssaid
-unssaideq Juswdojeraq Jo A1anooay Reidg Joyi4 [euseIX] Kreyixny
((122) ds ees) snjeis ssaupybn
siojesauab JusWUIBIUOD ain|ie} uole|os! JUsWUIBIUOD [o)t] Buiggnios
wea)s Jo jouonez ||| wewureuoo j0 B 10} spwI| Buijoos skeuds jo skeids jo jouonez || Suey
Buipsay -unssaideq 10 UoUBASId Buuoyuop jo dn-jeg dung aseq ppy uoiessdo uoiessdo -unssaideq yousnp
euswousyd JUSWUEU0d
SWSIUBYOS|
ainjiey saouanbas [eaisAyd oy uoiouny woyy ainjessdwis} ainjiey sjue} youanb
agn} v ssedAq anp ain|ie} JuBWUIBIUOD abeyes| Joyem duwns uoisiadsip uolsiadsip fsepunoq ybnouyy
paonpu| JUBWUIBIU0D JuBLIUBIUOD) paiteduw) [EWLION 9NISSE0X] Hd mo Snoasen |ososay AdH/SOY aseajoy
[ I I I I _|_|_ _|_|_ _|_|_
[
JUSWLOIIAUS Jajem woy assydsouwne JUSLUUIEIU0D
oy sionpoud uoissyy 1UeLIeI0O Uy au ol seBualiey)
w8} 80IN0g jo sedpRy sjonpoud uoiss4 e} 80In0g
I
SUOIJIPUOD JUBPIOJE Japun
JUSWIUIBIUOD 8Y) WOl

SOsea|el 9A}OBOIPEI Jul| -suogouny Aiejes
0} :pejoaye (z1)4S !

63



sBujuado
JUBWIUIBIUOD

[BUIBIUI JO
juawabiejugy

sl ybnoayy
aunxiw
juaplooe-jsod
10 asesjay

Buijooo jood
uoissaiddns ainssaid
pue dwns/[erowss

jesy [enpisey

walshs
uoissaiddns
aunssaid Jo uone|esu|

$18]000 UE} JO
ouewJopad
jusroNs Jo Jooid
pue uone|esu|

Ayoedeo

S|[em [eussiul Buiuing [e90| ploAe o}
Buijiey wouy aJsydsowie UBIOINS YUM
lI8ys juswue} JusWURIU0D sheuds [eusajul
-U0D JO UON08]0Id 10 BuIxI 10 uone|ieIsu|
sjusuodwoo swielshs
[BONLIO S9|qISUSPUOD $9|qISUSPUOD JUSWIUIEIUOD JO
punouJe sieliueq -uou Jo -uou Jo S]$8] [BUOIOUN)
Jo uone|jeIsu| uoppyY uoyppy 4O BOUBWLIOpAY
s1s9}
sainjonis siadealq sweysAs aunssaidieno
JUSLUUIBIUOD [BUIBIUI wnnoea [eAowial usboIpAY JusWUEIU0D

10 JUBWSDI0UT

Jo uonejesul

Jo uonejjesul

10 BoUBULIOMA]

JUBLIUIEIUOD
T

JUBLIUIEIUOD
T

JUBLILIEIUOD
T

ubBisep ut Buijooo (suonpuod ‘sjeLsiew) (suonoeal [eolwayo ‘yeay
uonewoy Uoi1oeal "1A[oIpEI/WBYd PalEINWNooE JUE|000 Aep
a|IssiW Jo o Buiyoums wiouj s804nos usboipAy -uo09ss ‘Arewd) ubisap ul s80
uonuanald 10} JuswebuUBLY 10 Uononpay/seshieuy -1nos AB1aus |& 4O UoljeIspISUOD
sojissiw uoNsNQUIoo SOY wouy
[eusoiul uaboupAy 03 anp ABisus 0} anp
Aq ebewep ainssaidiepun ainssaidiano ainssaidiono

JUBLIUIEIUOD
T

jusWUIRIU0D

Aubayu

105507

JUSLIUIBIUOD BU} JO

Abayur

urejurew oy
:pajoage (02)4s

‘(1zz) a4mponays

Juawaurfuod fo uondajosd :apdurid K1afvg “(W2isAs juvjood 101ova4 ‘§HY) Yidap ul 2ouafap fo ¢ 14T 40f 2243 241322[q0) “Sp DI

:SUOISINOI

‘SWISIUBYOB

:sebus|ieyd

:suonouny Ajejes

64



24111418 JUUIUL[UO0D [0 uondjold :([7z) ajdiduiid
f12fvg “(wa21sAs 1uvjo0d 1019v24 §HY UMD jjow aunssaid yS1y TUWJH) Yidap ur 2ouafop fo p 12427T 10f 2243 2a1192[qO 9p ‘DI

woshs
Buijooo jood
uoissaiddns
40 uolje|elsu|

wawdinbe
peeujo [ Buijooo dwns ||
UOIJRIBPISUOD JO UoNE|EISY|
suojsojdxa ainssald
wes)s Buiuing-ai1d wieishs
lesseA-xa jo || sonpaio} || Bunuan passyy | |
uonuaneld Bujuan paseyid 4O uonE|EISY|
SOY Jo uon *0)e ‘sdwns Buijooo uonosyoid Ayneos Buipooyy alaydsowye
-ezunssaidep ‘s100p Aynea Ho-yoyms duns se woyy syyed [euseiul Aq JUSWUIBIU0D wayshs
AQandHio [ oy sieureq | ] lenuew o || yonssieleq || | moywesrs [ uonueyes || 10 B ss000uey ||
uouaARld [EUOHIPPY oewoINY 4O UolIPPY ajenbapy josson-uj BuIxIN 4O UonE|EISy|
S|lem 8}810U0d llemAip saseb s|qes [SLETIE] Buipooyy Buijooo alaydsowye uoisiadsip
Buiey wouy sainjonis /Rynes -UBpUOd-UoU U} woyj [euseiul Aq [eUIBIX® JUSWUIEIU0D WL 8z SIBUIGUI008) wayshs
lleus jears || j0 j0 B j0 i suoneneuad || uonueyas || | Aquonueres [ | -uiw oy sisu pue siayubl feids jewieyxe | | :suoisinoldg
4O UOROBI0Id JueWeI0UT Buipool4 uoppy 10 UoORI0Ig jesseA-u| josson-uj -Jeq| [UOIIPPY JO uoneleIsy| 4O uonE|EISY|
uoljeuolep suoiso|dxe aloydsowye Buijooo Buipooly uoiezIns
uaboipAy obisus JaYoyeD 8109 siexeslq leusaixe Aq llemlip SJBUIqIODaI -saidep wajshs wayshs
10 B 10 :Buipeaids | | wnnoerjo [ B uonusyal || /s [ pue | weishs jug Bunuan paisyy Keads [eussul | |
uonuaneld uoueaid wno) uone|leIsul jessen-u| 4o Bujwi]. sis)ub)| -00 J0}oBaY 4o uone|eIsy| 4O uonE|EISY|
sjuene sa|issiw uoioe seseb a|qes aun|iey jes seseb a|qes
uoisojdxe uoiso|dxe 18y -Uspu02-UoU JO uopepeiBbep -saA Buunp suoisojdxe uoisNqWod Bunesy -Uspuoo-uou ‘Slwisiueyosy
josson-xo wesls 9}910U0D ases|es oye paonpul uoljessuah wes)s seb JUSWUIBIU0D jo uoljessuah
woly sa|issi josson-uj 2100 uoIeSUBPUOD ainjeledwa ] wesys pidey jessen-x3 a|qeuing I uoljeIBUSE) wesis
[ I I |
I
sojissiw Juewureu0d 8y} Jo | [juswuureiuoo sy jo
feuseiul Aq ybnouyy an|ie JUSWUIBIUOD B} JO JUSWUIBIUOD 8L} JO
JUSLUUIBIUOOD BU} JO -Jlow uonesyeusd uoljezunssaidiono uonezunssaidiono :sabusjieyd
obeweq Jeweseg JUSWUIBIUOD) pidey Mmojg
[ I I I I |
I
JUSWUIBIU0D U}
1o Abeul :suonouny Alejes
UlRjUlRW O}

:pajosye (0g)4S

v
O



smvs K12fvs juvpd fo Surionuowt

:(1zz) 21durad £12fvg (w1004 j0437U00 U YO W UoVLado [puLiou ‘ON) yidap ui 22uafap fo 7 puv [ S]2497T 40f 2241 241122[q0) "/ D]

“UoljeIpel ‘aInjsiowl
‘SYea| ‘UoIeIqIA ‘Moj
Jopsueejoes ||
ajeudouddy
Bupsauibus spuaJ} Jejewesed
S3INSEAUWISIUN0D
S10)0B} UBWINY sy snjejs
oljewoyne o
|| pue aoepBUI siajou se
Buisoubeip jo
aulyorW-UB sueaLU 8jenbapy
sues|\
HOW auy HOW 8yi ul
swia)shs UOIJBOIUNWILIOD HOW 8y ul u paloHUOW 84
juswdinba 10} SUBSW [SUEVEY HH
|l snje)s Jueld jo 0} slejowesed
Jo Bunioyuow {13JSU.} UOYBULIOJU! siojesado 10919p 0}
uonedIpUl Jes|) pejos|es
ajenbapy 10 S3INPaY0Id nb jo asn suea|y
ey e e e W
[ I I | siojesedo Jo siojesado paounouue jou uolewoy! ON Ul snjels ayy
Je1s Buowe W00/ [04U09 JO Sjuane pajel} ueAsjal Ulepia0se 0}
ainjsiow
: UOIJEDIUNWIWIOD enb ul Ajjeussixe fyoges jo P3PasU UOIBULIOU! JO
pue uononpal JUETLIE] Joyoe] Jo Ajjeuseiu] AKeydsip syeudoiddeu) Aeydsip Jusioiynsul
uoljelpe.| syea uoieiqin mol4 _ _
[ I I J [
I I
swajqoid Jeis Bunelado Aq sniejs fiejes

Buidojanap jo Buiutem
Apea Aq paousnjul
jou UoNoE JojesadQ

u

Jueyd Jo Buipuejsiapun pue abpajmouy

$9I0UBIIaP O} AN SALIEPUNOQ Bjes

usnoid apisno suoijesado Jo Jonpuo)

|elio}eW SAI}0BOIPE)
bui
‘Ruanoeai Bujjoluod
‘pejosye s484 IV

u0d ‘lony Buljood

:SUOISIAOI]

‘SWISIUeyos

:sabuajieyn

:suonouny Ajeyes

66



uolewoul

juepodwi 1sow 8y} 0}
$S9008 9ARY mLon._maOl_

ejep jo uon
-ejussald pue uon
-ezIueBIo Juensjal
10} SUOISINOId

smvys K1afvs juvpd fo Surtonuow :(4zz) ajdiduiid
£12fvg (w004 jo41u0d KOUdS1oWd YD WO0L [04]U0d WL YD) Yidop ul 20uafap [o f puv ¢ $]pAdT 40f 2241 241192[q0  QF "D

'SUOISINOId

‘SWISIUBYOB

paiinba. se Buiuren HO3/HON Ul HOW Ul Ho3 ey ul HOW 83 ul
Jels buowe ul snjels jue|d snjels jueld sjuans paJoyuow aq o} paJojuow 8q 0}
UOoNEOIUNWWOD Jo Buloyuow Jojuow o} ] 10919p 0} sJejoweled pay sloloweled pay
Jo} sues|\ JO uoisn|ou| sues|\ sues|\ -09|9s Jo Ae|dsiq | | -09Jes jo Ae|dsiq
|||||||| _l|||||||||I_|||||||||||||||||||||||—|||||||IIII_”—”_IIIIIIIIII
IR snyejs papodal jou Jojelado 0}
yeis ed jueid uo SJUBAS palel} pajeoipul Jou
usamiaq uol} Jojelado Aq uolyew.oul -1ul Ajleulaixe swalsAs Ajojes
-BoJUNWIWoY Buipuelsiepunsiiy Buissin 1o Ajreutayu| Jo uopeladQ

snyess Ajajes s,jueld jo Buipuels
-Japun pue abpajmouy| Ul Sa1ouaIolep
0} 9Np SUOIIIPUOI JuapIode BuLnp
asuodsal Jojesado ajenbapeu|

[eLSIBW BAIOBOIPEI BUIUUOD

‘leny Buljood

‘Aianoeals Buijjonuod

‘polosye S48 IV

:sabusjleyn

:suopnouny Ajejes

67



(0z) npigodpo jo41uod fo uonvatasaid
:apddurd £3afvs (1041100 pup UODULIOfUT YT U004 [0JUO0I UIDW YD) Yidoap ul 2ouafap Jo p—] SjaAaaT 10f 2241 241322[qO) “6¢ ‘D]

sJojesado wool
|0J3u09 J0} Juswidinba
9A1}0830.d JO UOISINOI]

9|gENgEYUIUN SBWO009q YO 9Sed

Ul [elayew "ped JO JUSWBUUOD sJoyesado woou
SW00J [0J}U0D T pue [eAowsl Jeay [enpisal AMlIGeNgRYUl WOoOI [043U0D Joy || 10J3U09 Joj Juswdinba B
Jo uonosjoud [ealsAyd ‘UMOPINYS J0}0BSJ 10} SUOISINOIG wa)sAs Buluiem Jo uole|elsul 9A1}03}0.d JO UOISINOI]
suolouny A1ajes jo Ajjigenqgey
@ouew.opad Jo} Juepoduw 1N03OE|q UOljE)S Wwo0J |04}U0d
SUOIeo0| 9j0WaI Buowe R Buunp O Juenoduwi aInsus 0} wajsAs B a1} pUB UOI}O3}eP B
UOI}eDIUNWIWOD d|geleY Jo} Addns Jamod s|geljey uole|iuan dooj paso|) all} Jo uole|jeisu|

(seseb 210} Jo anisojdxa

sjoued WOOJ [0J}U0D 4O ‘uolyelpeJ) O O} ¥ealy} W04 [043U0D
|0J3U0D (S)WO0J [01U0D T ubisap [einjonis 10041 YIM SIUSAS [BUISIXS I ay1 Jo ubisep ] :Suolsinold
Kousbiewse Jo JusWys!|qeIs] OJWISIOS BAIFRAIBSUOD /[euJBlUI JO UOITBDIIUSP) jJuejSIsel a4
w001 [043u09 Bunjosye suoneoo| jueld
sbejoqes Jo ‘piezey JBY30 JO S80INO0S [BUJSIXS
paonpul Ajfeussyul woJ) seoueIsgns W00 [04}U0D
1o Ajleussixs snousg snoJsbuep jo uonebedoid 8y} Ul aul4 SWISIUBYOSN
[ [ |
|
saly|igedeo
|043U0D
sio1esado Jo :sabuslleyo
uolrepeibaq

Jenoryed ur (G1) 4S
pue [eLsjew aAIoROIPES Buluu0d
‘leny Buijood ‘Ayaizoeal :suonouny Ajejes
Buijosuod :pajosye S1S4 IV

68



"(c€z) moxov)q uonvys :apdurid K12fvg *(Kouanbaif a8vuiwp 2100 D) yidap ur 2ouafap fo y puv ¢ $]a4a7T 40f 2241 241322[q) 0S ‘OJA

suonouny Ajases Jo
SSO| INOYNM pueisyIm
o} a|ge s! eld yey) pouad

auwif} Jo uoljeulWIBleg

sesAjeue uo peseq
papasau se pub pue seb
‘0JpAY :s904n0S Jamod
[BUOhIPPE JO uole|elsu]

sa||ddns Jamod
AousbBiawas pue [ewiou
jo Aungersa ybiy
JO @ouBINSU]

selsNeq pue
sau|gin} ‘sjesalp
:$904n0s Ajddns Jamod
8SIBAIp JO JuBLIYSI|elST

1NOYOE|g UONElS
0} Ajjigessuina
jue|d Jemod Jesjonu
JO sisAjeuy

noxoe|q uoless Buunp
pajoaye suoljouny
Kyases Jo sisAleuy

1N0¥oe|q Uolels
J0 8sBO Ul (4a9)
3Sl 8y} Jo sishjeuy

e

Jamod Oy
9)IS-}JO PUB 8}IS-UO JO
SSO| SNOBUE)NWIS

INOXOB|Q UOIIE)S 0}
anp ainjiey Juswdinbs
10 swayshs Aloes

[eLa}ew aAl}oe0IpE)
Buiuyuod ‘jany Bulj0oo
‘Ayanoeal buljjoiuod

‘pajosye s4s4 IV

'SUOISINOId

‘SWISIUBYOBIA

:sabus|ieyn

:suopouny Alejes

69



SISDQq USSP YY) UIYIIM
sUaP122D fo jo41u0d :(L£7) 21ddurid K12[vg “(juaaa Suyvirur pawpnisod Grd) yidap uir 2ouafap fo ¢ [9427T 10f 2241 241192[qD) “[S D]

sainpaooid
Buneisado Aousbiows  [—
peseq woldwAsg
uolsioap Jojesado
JO} awI} JuLIoNsS
suoloe Joyesado Joy
JUSIUOIIAUS
9|qISse00e ]
1O uoIsInOId
s3|d WOJj POALIS| SUOI}0€ [ENUELU JO) seinea) fiajes
31d } PaALISP 1HOE | ) paJssulbus jo
sydq Jo 1es e jsuiebe  (— juswdinbe jo i .
no peiueo ubiseq uol1e00| 8|qeNng UOHEMOIE JljELoNE
¥ N : : : Aq dnyoeg
sple afjsoubey| swaisfs
juswdinbas P! .«cm P |0Jju0d
Ayejes eyeudoiddy || P H sseo0id ]
uoljelusWINIsuUl ajenbapy
jusioy3
[el9]BW SAlOBOIPEI :SUOISINOJ
40 Juswauyuoo pue | | |0J1U0D [enueW | um_m%\_n%%u H oo
Buijooo ‘umopinys ayenbapy .cw_ou._
Ayujgedeo [ewioN el
suoisinoid Ajejes SUOI1OB 8PlIBAO suoisinoid onjewolne
. H : - : SwIsIueyo?)|
wsions oN lenuew a1enbapeu| juaIo1ns oN IUBYOSIN
[ I |
1
siseq ubisep
puoAeq 0} sjueplooe Jo
juswdojenap o} Buipes| s3|d O} :sabusjleyn

asuodsal ayenbapeul Jo Ajpwiy oN

[eLajewW aAOBOIPES BuluUOD
‘leny Buijooo
‘Aunnoeal Buljjonuod
‘parosye s4S IV

:suonouny A1ejes

70



‘234038 jonf juads puv mau :(Opg) 2jdurid £12fvs (wWisAs 1upjo0d 101D ‘§HY) Yidap ut 22uafap Jo 7 puv [ S]aAdT 40f 2241 241192[q() TS ‘DI

Buipuey buunp |eAowas pue
seljquesse [enjur | | Bunoyuow
SO9SSJIS DAISSIOXD Aynnoeoipes 1oy
O uoluanald Sues|\
Kessaoau leny sainpaooid
aseym buipuey | | | BA[}08)op 8I01S | Buiesedo
pue abe.o3s [any 4o} pue s|puey ‘109)0p olenbape jo
SPIBIYS JO UOISINOIH 0} SUES|\| uoneuswa|dw|
Bulpuey Buunp |an} Jo uonosjoid |enj uo juswdinbs ubisep Aq jood
Jaureuod podsuen ur | [eoishyd aunsue | | | s109(qo Aneay jo uoijoelep ses| pue | | | 1Ny jo Buifidws
uol}eoo|al [an} ploAe 0} sainpeooid Buiddoup enaid |0J)UOD [9AS) Jojem [euonuauIUN
0} SUes|\ oreudoidde jo asn 0} SUBs\| JO uore|jeisu| JO uonuanaid
10BSJ JO UOILBSUI paddoup )i Bulpuey swayshs suol)puod pajed
ploae oyjoodur | | ebewep [ony plore | | | Buunp |eny jo Buijooo jo || JUE || Jopun
sJojaweled [0JjU0D 0} sainol Bupuey Buiddoup juaneid Bunsel 1ony Buijood Joy
0} suea|| oyeudoidde jo asn 0} sUes|\ olpoliad swieisAg
paubisap se juawdinbas podsuely pue 9)Is 0} JueAd|a) abeJo)s |any
[N} paJols Jo || Bulpuey pue Ll abeJo}s Buunp SPEO| [euIa)Xd || juads pue mau :SUOISINOI]
uoneinbiyuod desy abeJo)s Jo Bunsal Buijooo jany |e 1o} swialsAs JO} UBIoIYNS
0] sues|\ olpouad a|geley Buijooo jo ubiseg Anoede)
vodsuel; Jo abelols vodsuel} Jo vodsuel Jo abelols
Buunp Auaioeal abeJols Buunp Buunp Ayjigedes SWIsIUBYOS|A
JO UoIpasu| |eny Jo abeweq Buljooo jo sso
[ I J
I
[ ]
ajenbapeu| uoljelado ajenbapeul ubisep ‘soBuslieyD
abeJo)s [an} Juads pue maN abeJo)s [on} Juads pue maN
[ ]
I
SOH 8} 9pISINO [an} Jo AJ[EOHLIOGNS UlBJUIBW O} :pSJOBYE (81)4S
SOY 8y} 8pISINO [9n4 WOl yeay Aeoap anowal 0} :pajoaye (£ 1)4S :suonouny Ajoyeg
SOY Y1 8pISINO [8n} 8y} WOJ) SBSES|a. *Pel [043U0D 0} :Pajoaye (91)4S




All FSFs affected:

Safety functions: controlling reactivity,

cooling fuel, confining
radioactive material

Damage to Unauthorized release Diversion or removal
safety equipment of radioactive of nuclear
Challenges due to unauthorized material material
activity
[ | |
Mechanisms: Lack of
vigilance

Implementation
of physical
protection
programme

Provisions:

Arrangement
for access
control

Arrangement
for security
guards

Implementation
of emergency
physical protection
procedures

Physical protection

L | of vital equipment

outside nuclear
power plant

FIG. 53. Objective tree for Level 1 of defence in depth. Safety principle (242): physical
protection of plant.
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Safety functions:

Challenges:

Mechanisms:

Provisions:

All FSFs affected:
controlling reactivity,
cooling fuel, confining

radioactive material
I

Damage to
safety equipment
due to unauthorized

activity

Unauthorized release
of radioactive
material

Diversion or removal
of nuclear
material

Design vulnerabilities
to potential
threats

Probabilistic
| | safety analysis
for potential threats

Separation of
location for
redundant
equipment

Installation of
emergency
control room

Installation

of security

hardware
and devices

Verification/
modification of
plant layouts for
potential threats

Design
audit on
postulated
threats

FIG. 54. Objective tree for Level 2 of defence in depth. Safety principle (242): physical

protection of plant.
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Appendix III

SCREENING OF DEFENCE IN DEPTH CAPABILITIES OF
WWER 440/vV213 REACTORS

The following partial test application was performed and provided by the
Bohunice plant, Slovakia; it has not been reviewed by the IAEA.

II1.1.  OBJECTIVES OF THE REVIEW

A test application of the screening method has been performed by the
staff of the Bohunice plant within the framework of the preparation of the
safety upgrading programme for the V-2 plants. The Bohunice V-2 plant
consists of two units equipped with WWER 440/V213 reactors. The units were
commissioned in 1984 and 1985, respectively. A comprehensive description of
the plant and its specific design features can be found in Ref. [7].

Since commissioning, the V-2 plants have been in stable routine
operation. The operational record of the units is good. An upgrading
programme for the plant has recently been developed. The safety concept
(basic engineering) of the programme was at the time of the test application
ready for regulatory review. The key features of the upgrading programme are:

(a) A safety upgrading based mostly on Ref. [8] was planned.

(b) Replacement of equipment for which no spare parts are available was
planned.

(c) A power uprating of up to 107% of nominal power was considered.

(d) An extension of operational lifetime of up to 40 years was planned.

As the plant was in a preparatory phase for the upgrading programme,
both the present status and some planned upgrading measures were considered
in the review. An important objective was to verify that the upgrading
programme covers all the safety issues identified.

III.2. SCOPE OF THE REVIEW
The scope of the review was limited to several selected safety principles

related to Levels 3 and 4 of defence in the areas of siting and design, namely to
the safety principles as follows:
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— SP (142), ultimate heat sink provisions;
— SP (150), design management;

— SP (154), proven technology;

— SP (158), general basis for design;

— SP (168), automatic safety systems.

The plant Safety Analysis Report, updated in 1996, the operational
documentation and the operational feedback database were used as
background documents for the review. In addition, the results of a PSA Level 1
study developed for full power, low power and shutdown operational regimes
were available for the review, as well as specific analyses of internal flooding
and fires. Plant design documentation was also used to an appropriate extent.
However, it should be emphasized that due to the limited scope and time
available for the review, the objectives of the screening were more related to
verification of the applicability of the approach than to evaluation of the safety
status of the plant. Therefore, this section cannot be considered as a formal
safety review of the plant.

II1.3. COURSE OF THE REVIEW

As described in Sections 3 and 4 of the present publication, a bottom up
approach was used for screening. Screening for each safety principle started
from the bottom of the relevant objective tree. Implementation of provisions
aimed at avoiding the occurrence of related mechanisms was evaluated as a
first step. In a second step, conclusions were derived for all mechanisms based
on the level of implementation of the provisions. Finally, during the third step,
conclusions were formulated regarding sufficient prevention of challenges.

As stated above, the review was performed for five selected safety
principles. However, with the aim of limiting the scope of the present report,
only the review for SP (168) will be presented below as an example. The
objective of this example is to illustrate the way and level of detail used for
evaluation of the individual provisions.
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II1.4. EXAMPLE OF REVIEW FOR SAFETY PRINCIPLE (168) —
AUTOMATIC SAFETY SYSTEMS

II1.4.1. Review of provisions
I11.4.1.1. Indication of operating status of safety systems

The operating status of safety systems is indicated in the main control
room (MCR). The status of information and control (I&C) systems, in
particular of the reactor trip system (RTS) and the emergency safety features
actuation system (ESFAS), is indicated satisfactorily (several improvements
have been implemented) given the technology used at the time of the
construction of the plant. The status of all permissions disabling activation of
the system is indicated, and an alarm on activation of one out of three
measuring channels is provided. Loss of power supply to some parts of the
system is indicated. Secondary devices (indicators and set point generators)
have been improved to detect several kinds of failure. The alarm is activated on
the front panel of the devices. The 1&C shift foreman periodically checks the
alarm status in the 1&C compartments. Indication of the operating status in
sufficient detail is included in the specification for the new reactor protection
system (RPS), which will be installed as a part of the upgrading programme.

The status of electrical systems is also indicated satisfactorily except for
the position of breakers. They can be set in a test position in which the
component (pump) is not able to fulfil its SF. However, this position is not
indicated in the MCR. That is why the test procedures are written in a very
detailed way, ensuring that the component breaker remains in the operating
position after the test. Independent checking of the status of the breakers is
done in busbar cabinets during operation. Correction of this deficiency is
included in the upgrading programme.

The status of the mechanical parts of the systems is indicated by means of
valve positions and the indications of several other variables. The positions of man-
ual valves are not detected and indicated. That is why periodic surveillance proce-
dures are written in a detailed way that ensures proper valve (including manual)
alignment after the test to ensure operability of the system. Independent and regular
checking of valve positions, especially of manual valves, is done during operation.

II1.4.1.2. Automatic self-testing of safety systems
A self-testing capability of the safety 1&C equipment already existed in

the original design. It is achieved by means of comparison of the prescribed
status and the values obtained by measuring channels. Should the deviation
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between the channels exceed a preset value, the alarm is activated in the MCR.
However, some failures within the system could remain undetected. That is
why the specifications for limits and conditions of the plant give time intervals
for testing the operability of the systems. Detailed procedures are developed to
test the systems and to detect any failure causing loss of an SF of the system.
The PSA study of the systems showed that the existing combination of self-
testing capability and periodic testing performed by the operators ensures
sufficient reliability of the system.

Within the framework of the safety upgrading programme, replacement
of safety I&C equipment (RTS and ESFAS) is being prepared. New up to date
technology is assumed for implementation. The self-testing capability is one of
the key features of the design of the new system.

A new self-testing capability is also being prepared for battery status
evaluation, to detect a failure which could cause a battery to be unable to fulfil
its design SF. This will be implemented within the upgrading programme.

111.4.1.3. Stringent requirements to preclude bypassing of safety systems

The only bypassing possibility exists in protection systems of the normal
operation components. No bypassing capability exists in the design of the
safety I&C systems. For the testing of the diesel generator loading sequencer
the bypassing capability was implemented. It allows an automatic startup of the
containment spray system pump during the test. A procedure and independent
checking are used to control bypassing. In case of an omission, the bypass can
cause early or spurious actuation of the pump, but successful startup of the
pump cannot be endangered. However, the need for a reset capability for some
ESFAS signals was identified in the course of development of the symptom
based EOPs. This capability will be implemented in the new ESFAS.

A bypassing capability within the mechanical systems exists only for pilot
valves of the pressurizer safety valves. Keys are used to block the pilot valve during
the test or for isolation of a leaking valve. The usage of the keys is controlled by the
test procedure and by the containment access administrative procedure.

111.4.1.4. Limiting conditions for operation with unavailable safety systems
Limits and conditions are developed according to NUREG-0452 (Rev. 3) [9]

and to satisfy the requirements given in IAEA Safety Series No. 50-SG-O7'%.

I'INTERNATIONAL ATOMIC ENERGY AGENCY, Maintenance of Nuclear
Power Plants, Safety Series No. 50-SG-O7 (Rev. 1), [AEA, Vienna (1990).
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Operability of the safety systems in specified operational modes is accordingly
required. Operator actions are prescribed for operation when safety systems
are unavailable. The time to accomplish the actions is specified. Allowed
outage time for operation with an unavailable safety system is specified. The
allowed outage time is specified on the basis of engineering judgement and
taking into account the safety implications and ability to repair the unavailable
component. An evaluation of the allowed outage time recently performed on
the basis of a PSA showed that the specified time is very conservative and
could be extended without increasing the risk.

111.4.1.5. Highly reliable/redundant initiation of safety systems

The existing RTS includes four levels of initiating signal. However, only
one of them, first order reactor scram (AZ I) signals, is designed to perform the
trip function. Some postulated initiating events are detected by two
parameters, some by one parameter and some by using only third order reactor
scram (AZ III) channels. The selection of initiation criteria does not guarantee
fulfilment of the acceptance criteria when the single failure criterion is
assumed.

Regarding the new RTS, the requirement exists to detect every
postulated initiating event by two parameters. If two parameters are not
available, the only parameter should be processed by two diverse logics and
diverse sensors should be used in redundant trains.

For ESFAS, redundant initiation is used whenever practical. Safety
functions not activated by two parameters should be performed by diverse
safety systems independently of ESFAS.

The reliability requirements are defined according to the
recommendations in INSAG-12 [2]. The Slovak regulations recommend failure
rate targets for the reactor trip system of <107 per demand and for the ESFAS
system of <10~ per demand.

111.4.1.6. Adequate response time

The response times for all types of measuring channel of existing RPS
(RTS and ESFAS) were measured in experiments. The results were used in
modelling of system behaviour for safety analyses. The response time of one of
the channels gave unsatisfactory results. That is why the set point of a particular
variable was adjusted to compensate for inadequate response time and to meet
the safety criteria. The logics of a particular signal will be modified in the new
design of the RPS.
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The experience with the Bohunice V-1 (two older V230 units at the same
site) upgrading programme shows that even damping and hysteresis of existing
electromechanical devices should be carefully evaluated. Appropriate
measures should be implemented into a new technology. All these aspects have
been taken into account in the V-2 upgrading programme.

I11.4.1.7. Consideration of failures of safety systems in emergency operating
procedures

When entering EOPs, operators are required to perform immediate
actions to ensure basic conditions for successful implementation of the
procedures. Afterwards they check for the symptoms of emergency conditions.
Should emergency conditions be diagnosed, automatic actions are verified.
This means that the safety system performance is checked. Any deviation in
safety system performance is corrected manually.

The symptom based EOPs are written in a two column format. The left
hand column provides an operator action and an expected plant response to
the action. The right hand column is called ‘Response Not Obtained’ (RNO).
The RNO column is used for an operator contingency action in case of a failure
of the left hand column action (the operator could not perform the prescribed
action or the plant response to the operator action was not as expected). This is
systematically done throughout the procedure. A best estimate approach is
used in analyses to support EOPs. Design basis accidents and BDBAs are
covered by EOPs up to the significant core damage level. Possible failures of
safety, safety related, support and normal operation systems and items are
considered. The validation process for EOPs also considers validation of RNO
operator actions. Emergency operating procedures are subject to the
comprehensive maintenance programme. This means that the plant experience
gained in training, analyses (both deterministic and probabilistic) and research,
as well as the overall industry experience, are incorporated into the procedures.

I11.4.1.8. Training of operators to react in case of failures in safety systems

Training sessions are designed to train the operators in usage of both
columns of the EOPs. Operators are trained to react in the case of a failure of
the system designed to cope with the accident, i.e. they are trained to react in
the case of failures in the safety systems.

An additional diverse way to respond to failures in the safety systems is
now described. An independent person (shift supervisor or safety engineer)
periodically monitors the critical safety function (CSF) status trees. In the case
of failures in safety systems and/or operator failures, significant deviation of
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status of CSFs is expected. This deviation should be detected and appropriate
function restoration procedures should be implemented to bring the plant back
into safe conditions. The operators are trained in usage of the function
restoration procedures.

I11.4.1.9. Reliable electrical and ventilation support systems

The electrical power supply systems of all the safety systems are classified
as safety system support systems in the upgrading programme. This means that
the qualification criteria (e.g. environmental and seismic) used for the support
systems are the same as those used for the safety systems themselves. Obsolete
equipment (e.g. batteries and rechargers) was replaced by new equipment. The
battery discharge time was increased to two hours. The trains of the supporting
electrical systems are separated from each other and from the normal
operation systems. Limited interconnections are allowed to ensure high
reliability of the safety systems or plant availability. Detailed criteria for this
kind of interconnection are being developed for the upgrading programme. A
PSA was done for the electrical power supply systems. The high reliability of
the systems was confirmed. However, some deficiencies were identified in the
power supply for the feedwater valves. To improve the capability of the system
to perform the SF, the power supply was rearranged from another train than
that used in the original design.

The pending issues to be covered by the upgrading programme are
completion of seismic qualification and improvements in fire resistance related
to correcting the deficiencies identified in the separation of the cables of the
safety trains.

111.4.1.10. Reliable instrumentation and control

The I&C systems designed for actuation of all safety systems are
classified as safety systems. This means that the qualification criteria (e.g.
environmental and seismic) applicable to safety systems are used. The decision
was taken for several reasons to replace the existing RPS (RTS and ESFAS)
with a new one. The safety concept (basic engineering) is complete. Detailed
analyses of all the logics of the existing system and of the experience gained in
the course of the EOP development, PSA studies, periodic safety analyses and
operational experience were used in the development of the new concept. A
preliminary PSA was done for the new configuration of the system. The results
are satisfactory.

The heating, ventilation and air conditioning (HVAC) systems are
designed as the normal operation systems. They will be requalified to safety
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system support systems. Safety related functions will be identified and
measures to satisfy criteria will be implemented (seismic resistance and
emergency power supply).

111.4.1.11. Consideration of failures of support systems in emergency operating
procedures

After entering EOPs the operators are required to take immediate steps
to ensure that the basic conditions exist for successful implementation of the
procedures. Then they check for symptoms of emergency conditions. Should
emergency conditions be diagnosed, automatic actions should be verified. This
means that the performance of the safety systems is checked, including the
performance of the support systems. Any deviation in the performance of the
support systems for the safety system should be corrected.

111.4.1.12. Training of operators to react in case of failures in support systems

Scenarios for training sessions are designed to train the operators in the
usage of both columns of the EOPs. Operators are trained to react in the case
of a failure of the system designed to deal with the accident. Thus they are
trained to react in the case of failures in safety system support systems.

An additional diverse way to respond to failures in the support systems is
the following. An independent person (a shift supervisor or safety engineer)
periodically monitors the critical safety function status trees. In the case of
failures in the safety system support systems the safety system also fails, and a
significant deviation of status of the CSFs is expected. This deviation should be
detected and appropriate function restoration procedures should be
implemented to bring the plant back into safe conditions. The operators are
trained in the usage of the function restoration procedures.

111.4.1.13. Environmental qualification of equipment

The safety 1&C systems located inside the containment were
environmentally qualified (see also SP (182)) for large break, loss of coolant
accident conditions according to the original design. However, formal
documentation from this qualification was not available. The parts of the
system located inside the I1&C rooms but outside the containment were not
environmentally qualified. The valves of the safety systems located inside the
containment were also not fully qualified. The plant launched a wide
environmental qualification programme. In the first step the items to be
environmentally qualified were identified. Environmental criteria were set up
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for every room containing items to be qualified. Each item was evaluated
according to these criteria. There were several types of conclusion. If the
environmental qualification criteria were fully met, the item was accepted for
future operation. If the criteria were not met, the item had to be either replaced
by a new one or upgraded to meet the criteria. This activity started prior to
development of the upgrading programme and the results are used in the
upgrading programme.

I11.4.1.14. Systems design according to the single failure criterion

The RTS is designed with (1 + 1) x 100% redundancy. There are three
measuring channels within each redundancy for every parameter. A two out of
three voting system is used to generate an output signal. Two parallel output
relays are installed in every redundancy. Finally, there is a one out of two voting
system of two redundancies. The system is designed to meet the single failure
criterion. The only exception is the power supply system of control rod drives.
There are four parallel lines with only one breaker in each of them.

The ESFAS system is designed with (1 +2) x (1 + 1) x 100% redundancy.
There are three measuring channels within each half-redundancy for every
variable. A two out of three voting system is used to generate an output signal.
Two parallel output relays are installed in every half-redundancy. Finally, there
is a one out of two voting system of the two half-redundancies. Every
redundancy is designed to actuate the safety features of a particular train in the
safety systems. The system is designed to meet the single failure criterion.

The front line active safety systems are designed with (1 + 2) x 100%
redundancy (high pressure safety injection system, low pressure safety
injection system and containment spray system). The support systems (ESFAS,
electrical emergency power supply system and service water system) are
designed in the same manner. The passive safety system (hydro-accumulators)
is designed with (2 + 2) x 50% redundancy. The secondary side active safety
system (emergency feedwater system) and RTS are designed with (1 + 1) x
100% redundancy. In general, the single failure criterion is applied in the
design of safety systems. However, the understanding and application of the
single failure criterion has developed over the years. The Nuclear Regulatory
Authority of the Slovak Republic issued a document with guidelines on the
application of the single failure criterion. There is a project to apply this
document to the upgrading programme. If necessary, several questions need to
be clarified and items of equipment modified (e.g. the power supply system for
the control rod drives and the steam generator fast acting isolation valves).
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I11.4.1.15. Preference for fail-safe designed systems

The fail-safe design of the reactor protection system means that in the
case of its failure the reactor is tripped; spurious actuation of the system trips
the reactor and puts it into safe conditions.

An essential part of the existing reactor trip system has been designed as
a fail-safe system. Special measures were implemented to ensure reactor trip in
the case of a failure causing loss of reactor trip capability. Nevertheless, several
types of failure remain undetected. They cause a loss of individual measuring
channel capability to generate a trip signal. Information and control personnel
frequently check and test the system to ensure its high reliability.

The fail-safe feature is also specified as a requirement for the new RPS
system. The possibility of undetectable failures will be significantly reduced.

However, it is more complicated to specify a safe action or position of the
actuator in the case of an ESFAS. The steam line fast acting isolation valve
(FAIV) is normally open and its safe action is to close in order to isolate the
affected steam generator. Spurious actuation (closure) of the valve is the
initiating event for a loss of secondary heat sink SF of a particular steam
generator. It is a specific feature of the WWER 440 reactor that this function is
important even in cold shutdown conditions, because steam generators are
used as a secondary residual heat removal system. The ESFAS system is
designed to keep the actuators in their installed positions in the case of a loss of
power supply. Individual spurious actuations of some actions of the ESFAS
system can occur due to some failures within the system and consequently
some initiating events can take place. However, overall complex actuation of
ESFAS actions is not expected in the case of a loss of power supply. On the
other hand, the ESFAS system is not able to fulfil its SF in the case of an
emergency and the operator is obliged to shut down the unit manually within
the specified time. Thus, the ESFAS system is designed as a fail-safe system to
the extent possible. The issue of undetected failures within the RTS is also
applicable to the ESFAS system. Several types of failure remain undetected.
They can cause the loss of individual measuring channel capability to activate
an output signal. Information and control personnel frequently check and test
the system to ensure its high reliability.

The fail-safe design principle will be applied in the new system to the
extent possible. The possibility for undetectable failures will be significantly
reduced.
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I11.4.1.16. Prevention of common cause failures in safety systems

There are two redundancies in the reactor trip system (see also SP (177)).
They are independent of each other, of other safety systems and of other plant
systems. Power supply sources of redundancies are also independent, as are the
HVAC systems of redundancies. Redundant systems are located in physically
separated compartments. However, sensors are not qualified for harsh
environments. The original seismic qualification is not sufficient for newly
obtained seismic input data.

ESFAS systems are installed in three redundancies. They are independent
of each other, of the reactor protection system and of other plant systems. The
power supply sources and HVAC systems of redundancies are independent.
Redundancies are located in physically separated compartments. However,
sensors are not qualified for harsh environments. Seismic qualification is not
sufficient for new seismic input data. Two out of three of the redundancies can
be affected by the consequences of high energy line breaks.

Another issue related to common cause failures is related to the initiation
of specific events (see also SP (154), Proven technology, ‘Revealed modes of
failures’, and SP (158), General basis for design, ‘Development of list of
DBASs’, to form the design basis). For example, there was an operational event
during operation at full power with a failure of one output ESFAS relay, which
initiated actions corresponding to the main steam header break and closed the
FAIVs of all the steam generators. The safety valves of the steam generators
ensured the secondary heat sink function and the integrity of the steam
generators. The reactor was tripped due to the high rate of main steam header
pressure drop. This event was not considered in the original safety analysis
report. Post-event analyses gave positive results; all safety criteria were met.
However, this kind of event should be identified in the failure mode and the
effect analysis, and in addition should be analysed within the scope of the
DBAs. The design of the new ESFAS system must avoid this kind of failure.

111.4.1.17. Implementation of conservative design for performance of safety
systems

At the system level all aspects of conservative design have already been

considered. These include robustness of the items (components) of automatic
safety systems and their sufficient capacity with adequate margins.
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111.4.1.18. Higher priority given to safety functions

The priority of SFs over functions of normal operation was implemented
in the original design of automatic safety systems. However, due to the new
safety classification of functions and systems, some deficiencies were identified.
Prioritization of SFs was identified as a new issue, which is to be ensured within
the ESFAS system itself. Both types of priority will be considered in the
upgrading programme.

The priority of automatic actions over manual operator actions was
ensured in the original design. In the course of development of the new
symptom based EOPs some operator actions were identified as significant. An
example is the reduction of safety injection flow; the operator cannot take this
action in the wide range of pressure below 8.3 MPa and temperature above
180°C. The safety signal reset capability is to be implemented when justified.

111.4.1.19. Isolation of process and safety systems

The original automatic safety systems are separated from normal
operation systems. There are special sensors available for the reactor trip
system, the ESFAS system, the normal operation control systems, the analog
indicators in the main control room and the process information system. A
common part of the sensors is an instrumentation line of particular redundancy.
This is a very good solution from the point of view of safety. The disadvantages
of this design are the large number of detectors and the high maintenance costs.
These issues have become more important, as due to requirements regarding
environmental qualification all safety sensors have to be replaced by new ones.
The only detectors commonly shared by safety and normal operation systems
are neutron flux power range ex-core detectors. The signals of these detectors
from safety and normal operation systems are properly isolated.

Regarding the new design of safety systems it is proposed to reduce
significantly the number of sensors and to allow multipurpose usage of sensors.
An additional reduction of sensors will be achieved by integration of the
reactor trip and ESFAS systems. Proven isolation devices will be used for the
isolation of process systems from safety systems.
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III.5. REVIEW OF MECHANISMS
IIL5.1. Unavailability of safety systems during previous operation

All provisions are adequately implemented in existing systems. The
quality of these provisions corresponds to the technology level used at the time
of their construction. A combination of implemented provisions and checks by
personnel in the field ensure satisfactory reliability of the system.

All provisions will also be implemented in the new system; however, with
higher quality. A justified RESET capability will be implemented.

II1.5.2. Failure of safety systems to react on demand

Selection of initiation criteria does not always guarantee fulfilment of
acceptance criteria when the single failure criterion is assumed. The response
time became adequate after an adjustment was made to the system. Emergency
operating procedures and operator training are satisfactory regarding
consideration of failures in the safety systems. Diverse initiation criteria will be
implemented in the new reactor trip system.

IIL.5.3. Failure of safety systems due to failure of supporting systems

The supporting electrical systems are reliable. The supporting ventilation
systems will be improved within the upgrading programme. Emergency
operating procedures and operator training are satisfactory in the case of
failures in the supporting systems to the safety system.

IIL.5.4. Degraded performance of safety system due to harsh operating
environment

An environmental qualification programme was started several years
ago. A list of equipment to be replaced and a list of equipment to be requalified
have been developed. Measures will be implemented within the upgrading
programme. Supporting ventilation systems will also be improved within the
upgrading programme.

II1.5.5. Inadequate performance of safety systems
The single failure criterion is applied in the design of the reactor trip and

ESFAS system. A weak point is the power supply system of the control rods.
The new system will be designed to meet fully the criterion.
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The fail-safe criterion is not fully implemented for the reactor trip system
but will be implemented in the design of the new system. The ESFAS system is
designed as fail-safe to the extent possible; the same principle will be applied to
the new system.

II1.5.6. Interference of process systems

Priority of SFs over normal operation and over operator actions was
implemented in the original design and will also be implemented in the new
design. RESET capabilities will be implemented to allow justified controlled
operator actions. It is expected that the number of interconnections between
safety and normal operation systems will be higher in the new systems. Proven
isolation devices will be implemented to allay safety concerns.

III.6. REVIEW OF CHALLENGES

I11.6.1. Degraded performance of fundamental safety functions due to
inadequate response of automatic safety systems

A decision on replacement of the original automatic safety I&C systems
by new ones has been made. Areas identified for improvement are the
following:

— Operating status indication,

— Self-testing capability,

— Diversity of initiating criteria,

— Supporting ventilation systems,

— Seismic and environmental qualification of equipment,
— Single failure criterion application,

— Fail-safe principle,

— Controlled operator intervention.

Deficiencies identified in the original system will be resolved in the new

system, and the challenges of degraded performance of FSFs due to no timely
or inadequate response of the automatic safety systems will be eliminated.
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II1.7.  RESULTS AND LESSONS LEARNED FROM THE REVIEW

The test application of the screening method demonstrated that the
approach is based on sound concepts and can be effectively used in plants. It
can be considered a good method for the periodic safety review. It can also be
used in a limited scope for review of the plant quality assurance programme,
evaluation of plant modifications and evaluation of events or precursors.
Because of the wide scope of the aspects reviewed, the approach can effectively
support the questioning attitude as part of the plant safety culture.

When the review is being performed as a self-assessment, the level of
satisfaction heavily depends on the plant safety culture and the desire for
improvement. In any case the approach helps in identifying missing or weak
provisions. The understanding of the importance of the provisions and of the
interactions among the provisions or mechanisms is improved because of the
complexity of the approach and its visualization in the form of objective trees.

For the Bohunice plant, the results of the screening were found to be in
compliance with the recommendations of Ref. [8] and with the plant findings.
Appropriate measures are planned for implementation within the upgrading
programme. This is an important conclusion of this screening from the plant
perspective. Screening was a starting point for a deeper evaluation of the areas
needing improvement within the development of the safety concept of the
upgrading programme. The test application contributed to the
comprehensiveness of the plant upgrading programme.

The application also contributed to improvements of the screening
method. For example, inclusion in the approach of the following modifications
was proposed:

(a) The provision ‘Periodic surveillance testing and in-field audits of safety
systems’ should be added to prevent the mechanism ‘Safety systems
become unavailable during previous operation’.

(b) The provision ‘Install reliable supporting electrical systems’ was
originally concentrated on electrical systems only. It was recommended
that this should be made broader to assume all kinds of supporting
systems, not only electrical ones. A typical additional supporting system is
the ventilation system. The importance of this system was confirmed by
available PSA studies.

Owing to the large number of provisions, mechanisms and challenges,
some coding system would be helpful for practical reasons in full scope
applications. The coding system can be developed in a future version of this
approach. Development of the electronic version of this approach with links to
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various supporting documents is recommended, to provide correct and
complete information from original documents in support of appropriate
evaluation of particular provisions. This should provide the user with an easy
cross-checking capability for the evaluated provisions, mechanisms and
challenges, to assist in ensuring the consistency and quality of the screening
document. The system should be flexible, to allow the user to establish links
with the existing plant documentation.
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DEFINITIONS

accident. Any unintended event, including operating errors, equipment
failures or other mishaps, the consequences or potential consequences of
which are not negligible from the point of view of protection or safety.

accident conditions. Deviations from normal operation more severe than
anticipated operational occurrences, including design basis accidents and
severe accidents.

accident management. The taking of a set of actions during the evolution of a
beyond design basis accident:

— To prevent the escalation of the event into a severe accident;
— To mitigate the consequences of a severe accident; and
— To achieve a long term safe stable state.

anticipated operational occurrence. An operational process deviating from
normal operation which is expected to occur at least once during the
operating lifetime of a facility but which, in view of appropriate design
provisions, does not cause any significant damage to items important to
safety nor lead to accident conditions.

beyond design basis accident. Accident conditions more severe than a design
basis accident.

design basis. The range of conditions and events taken explicitly into account
in the design of a facility, according to established criteria, such that the
facility can withstand them without exceeding authorized limits by the
planned operation of safety systems.

design basis accident. Accident conditions against which a nuclear power plant
is designed according to established design criteria, and for which the
damage to the fuel and the release of radioactive material are kept within
authorized limits.

initiating event. An identified event that leads to anticipated operational
occurrences or accident conditions and challenges safety functions.
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normal operation. Operation within specified operational limits and
conditions. For a nuclear power plant, this includes starting, power
operation, shutting down, shutdown, maintenance, testing and refuelling.

operational limits and conditions. A set of rules setting forth parameter limits,
the functional capability and the performance levels of equipment and
personnel approved by the regulatory body for safe operation of an
authorized facility.

operational states. States defined under normal operation and anticipated
operational occurrences.

— Some States and organizations use the term operating conditions (for
contrast with accident conditions) for this concept.

plant equipment.

Plant equipment

1
Items important to safety Items not important to safety1
4 ‘
Safety related items Safety systems
Protection Safety actuation Safety system
system system support features

1 . . .
In this context, an 'item' is a structure, system or component.
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plant states.

operational states accident conditions
beyond design basis
accidents
anticipated
normal operational design basis severe
operation occurrences @ accidents (b) accidents
accident management

(@) Accident conditions which are not explicitly considered design basis accidents but which are
encompassed by them.
(b) Beyond design basis accidents without significant core degradation.

postulated initiating event. An event identified during design as capable of
leading to anticipated operational occurrences or accident conditions.
The primary causes of postulated initiating events may be credible
equipment failures and operator errors (both within and external to the
facility), and human induced or natural events.

severe accidents. Accident conditions more severe than a design basis accident
and involving significant core degradation.

validation. The process of determining whether a product or service is adequate
to perform its intended function satisfactorily.

verification. The process of determining whether the quality or performance of
a product or service is as stated, as intended or as required.
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