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PART II
Statutory Notification (S.R.0)
GOVERNMENT OF PAKISTAN
PAKISTAN NUCLEAR REGULATORY AUTHORITY
NOTIFICATION

Islamabad, the 11" January, 2002

$.R.0. 43(1)/2002. — In exercise of the powers conferred by Section
16 of the Pakistan Nuclear Regulatory Authority Ordinance 2001 (III of 2001),
Pakistan Nuclear Regulatory Authority is pleased to make the following
Regulation:

1. Short title and commencement—(1) This regulation may be called

“Regulation on the Safety of Nuclear Power Plant Design (PAK/911) (Rev. 1)".

(2) This regulation extends to the whole of Pakistan.

(3) This regulation shall come into force at once,

(4) This regulation shall also apply to all the cstablishments of the Pakistan
Atomic Energy Commission.

am
Price : Rs. 40.00

[50 (2002) Ex. Gaz.]
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DEFINITIONS
In this Regulation, unless there is anything repugnant in the subject or context,
(a) Accident means any unintended event, including operating error,

equipment failures or other mishaps, the comsequences or potential
consequences of which are not negligible from the point of view of

safety or protection.

®) Accident Conditions means deviations' from normal operation tmore
severe than anticipated operational occurrences, including design basis
accident and severe accidents.

() Accident Management means taking of a set of actions during the

evolution of a beyond design basis accident:
(0] to prevent the escalation of event into a severe accident.

(i to mitigate the consequences of severe accident: and
(iii) 1o achieve a long term safe stable state.

(d)  Active Ce ‘means a whose functioning depends on
an external input such as actuation, mechanical movement, or supply of
power.

© icipated Operati O * means i processes

deviating from Normal Operation which are expected to occur at least
once during the operating lifetime of a facility, but which, in view of
appropriate design provisions, do not cause any significant damage to
items important to safety nor lead to accident conditions.

[63] Audn means 2 dm:umemed acuvnty performed to determine by
ion of objective e'vldence the

adequacy of, and adh tc,
ificati i standards, inistrative or
programs and other i and the i of
implementation.
€3] Commissioning' means the process during which systems and -

components of installation(s) and activities, having been constructed,

’A deviation may be a major fuel failure, & loss of coolant accident, etc.

? Example of Active C pumps, fans, rela Bis :mphxnsed that this defunition is
necessarily general in vature, as i definition of Passi
uch as check valves, alves, injectors and fid state electroni .cd jcss, have
istics will req iderati ignati ‘Active or Passive Component
? Examples of Anticipated onat Occurrence are loss of normal clectric power and fiults such as turbine

Operationat
i, gt ofindividunlems of ormally rning pla,ffr o Fcton o vl s of el
aqurpmmL lou of power to ruain coolant purmp.

A

include both 4 ioacti oactive testing.
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are made operational and verified to be in accordance with design and
t have met Lhe required performance criteria.

Common Cause Failure® means failure of two or more structures,
systems or components due to a single specific event or cause.

Construction means the process during which systerns of installation(s)
and activities, having been constructed, are made operational and
verified 10 be in accordance with the design and 10 have met the
required performance criteria. :

Decommissioning means administrative and technical actions taken to
allow the removal of some or all of the regulatory controls from a
facility (except for a repository, which is closed and not
decommissioned.)

Design means the process and the result of developing the concept,
detailed plans, i and ifications for nuclear
installation(s) and its parts.

Design Basis Accidents means accident conditions against which the
nuclear installation(s) is designed according to established design
criteria, and for which the damage 1o the fuel and the release of
radicactive materials are kept within authorised limits.

Design  Basis External Events means external event(s) or
combination(s) of external events considered in the design basis of all
or any part of the installation(s).

Diversity® means the presence of two o more redundant systems or
components to perform an identified function where the different
systems or components have different attributes so as to reduce the
possibility of common cause failure,

Documentation means recorded or pictorial information describing,
defining, specifying, reporting or certifying activities, requirements,
procedures or results related to Quality Assurance.

Examination means an element of inspection consisting  of
i igation of materials, supplies or service, to

* For example, a desi

deficiency, operation and mai . 4 natural

‘phenomenon, a man-induced cvent, saturation of signals, or an unintended cascading effect from any other

opesation o failure within the plant or a change in ambient conitions.

® Examples of such anributes are, different operating conditions, different size of cquipment, different
different working principles, and types of equi use di i
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determine conformance with those specified requirements, which can
be determined by such investigation.

Fuel Assembly means a set of fuel elements and associated
components, which are loaded into and subsequently removed from a
Teactor core as a single unit.

Fuel Element means the rod of nuclear fucl, its cladding and any
associated components necessary to form a structural entity.

Functional Isolation means prevention of influences from the mode of
operation or failure of one (1) circut or system on another.

Inspection means examination, observation, measurement or test

to assess structures, systems, components and materials as
well as operational activities, processes, procedures and personnel
competence.

Item means general term covering materials, components, systems or
structures including computer software.

Licence/License: Refer to the article 2(f) of the Ordinance.
Licensee means the holder of current licence.

Limits means the value of quantity used in certain specified activities
or circumstances that must not be exceeded and is acceptable to or/ and
notified by PNRA

Normal Operation means operation within specified operational limits
and conditions.

Nuclear Safety (Safetyj means the achievement of proper operating
conditions, prevention of accidents or mitigation of accident
consequerices, resulting in protection of site personnel, the public and
the environment from undue radiation hazards.

Objective Evidence means qualitative or itative i i
record or statement of fact, pertaining to the Quality of an Item or
service, which is based on observation, measurement or test and which
can be verified. .

Operating Personnel means individual workers engaged in the
operation of the authorised nuclear installation(s).
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Operating Records means documents, such as instrument charts,
certificates, logbooks, computer printouts and magnetic tapes made to
keep objective history of a nuclear power plant operation.

Operation means all activities performed to achieve the purpose for
which installation(s) was constructed.

Operational Limits and Conditions means set of rules, which set forth
parameter limits, the functional capability and the performance levels
of equipment and personnel approved by PNRA for safe operation of
an authorised nuclear installation(s).

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

Passive Component’ means a component the functioning of which does
not depend on external input.

Physical Separation means separation by geometry (distance,
orientation, etc); by appropriate barriers; or by a combination thereof.

Postulated Initiating Events (PIE)® means an event identified during
design as capable of leading to anticipate operational occurrences or
accident conditions.

Prescribed Limits: See Limits.

Protection System means system, which monitors the operation of a
reactor and which, on sensing abnormal conditions, automatically
initiates actions to prevent an unsafe or potentially unsafe condition.

Qualified Person means the person who, having complied with specific
requirements and met certain conditions, has been officially designated
to discharge specified duties and responsibilities.

Quality Assurance means planned and systematic actions necessary to
provide adequate confidence that an item, process or service will
satisfy given requirements for quality, for example, those specified in
the licence.

7 Examples of Passive Components are heat exchanger, pipes, vessels, electrical cables, and structures. Tt is
emphasised that this definition is general in nature, as is the cotresponding definition of Active Components.
Certain componats, such as rupture discs, check valves, safety valves, njostors, and some solid sate clctrotic

which Active or Passive

* The primary causcs of postulated initiating events may be credible equipment filures and operator errors
(both within and exteral to the Facility), man-induced or natuial evens.




182 THE GAZET]

E OF PAKISTAN, EXTRA,, JAN. 21, 2002 [Pars 1§

(nn}

{00}

op)

(q@

(6]

(s8)

)

(uu}

(v}

(ww)

(xx)

Records mean documents. which furnish objective evidence of the
quality of items o services and activities affecting quality.

Redundancy means provision of alternative (identical or diverse}
structures, systems or components, so that any one can perform the
required function regardless of the state of operation or failuse of any
other.

Region means a geographical area, sufficiently large to contain all the
features related to a phenomenon or to the effects of a particular event.

Residual Heat means sum of the heat originating from radioactive
decay and shutdown fission .and the heat stored in reactor related
structures and in heat transport media.

Safety Actuation System means collection of equipment required to
accomplish the necessary safety actions when initiated by the
protection system.

Safety Function means specific purpose that must be accomplished for
safety.

Safety Group means assembly of equipment designated to perform alf
actions required for a particular postulated initiating event to ensure
that the limits specified in the design basis for the anticipated
operational occurrence and design basis accident are not exceeded.

Safety Limits: See Limits.

Safety Systems® means systems important to safety, provided 10 assure
the safe shutdown of the reactor or the residual heat removal from the
core, or te limit the of ici i
occurrences and design basis accidents.

Safety System Setting means levels at which- protective devices are
automatically actuated in the event of anticipated operational
occurrences and accident conditions, to prevent safety limits being
exceeded.

Safety System Support Features means collection of equiptent that
provides services such as cooling, lubrication, energy supply required
by the protection system and the safety actuation systems.

® Safety systems consist of the protection system, the Safety Actuation Systems and the Safety System Support
Features. Components of Safety Systems may he provided solely to perform Safety Functions o perform safey
functions in some plants Operational States and non-safety functions in other plant Operational States.
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Severe Accidents means accident conditions more severe than a design
basis accident and involving significant core degradation.

Single Failure means failure that results in the loss of capability of a
component to perform its intended safety function(s), and any
consequential failure(s) which resuits from it.

Site means the
and within which the mznagement of the lnslal]allon(s) may dlmcdy
initiate emergency actions.

Site Personnel means all persons working on the site of installation(s)
either permanently or temporarily.

Smng means  process of selecnng a suitable Site for nuclear
including and definition of the
related design bascs.

Specification (Technical Condition) means a written statement of
requirements to be satisfied by a product, a service, a material or
process, indicating the procedure by means of whick it may be
determined whether specified requirements are satisfied.

Supplier Evaluation means an appraisal to determine whether or not a
management system is capable of producing an item or service of a
stated quality, and generating evidence that supports decision on
acceptability.

Testing means determination or verification of the capability of an item
to meet specified requirements by subjecting the item to a set of
physical, chemical, environmental or operational conditions

Ultimate Heat Sink means medium to which the residual heat can
always be transferred, cven if all other means of removing the heat
have been lost or are insufficient.

Waste Treatment means operations intended to benefit safety and/or
economy by changing the characteristics of the waste. Three (3) basic
treatment concepls are:

(0] volume reduction;

(i) removal of radio nuclides from the waste;

(iii) change of composition.

Treatment may result in an appropriate waste form.
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L. INTRODUCTION
Purpose

Ll This regulation provides nuclear safety principles for land based
stationary thermal neutron reactor nuclear power plant, defines the essential
requirements necessary to ensure nuclear safety. These requirements are
appllca.ble to structures, systems and components as well as relevant instructions

t to safety. The emphasis of this regulation is on what safety
requirements shall be met rather than on specifying how these requirements can
be met.

Objective

1.2, This regulation takes account of the developments in safety
requirements by, for example, including the consideration of severe accidents in
the design process. Other topics that have been given more detailed attention
include management of safety, design management, plant aging and wearing out
effects, computer based safety systems, exlcmal and internal hazards, human
factors, feedback of and safety and
verification.

13. This regulation establishes safety requirements that define the elements
necessary to ensure nuclear safety. These requirements shall be applicable to
safety functions and the associated structures, systems and components, as well
as to procedures important fo safety in nuclear power plants. This regulation
shall be used primarily for land based stationary nuclear power plants with
water cooled reactors designed for electricity generation or for other heat
production applications (such as district heating or desalination),

14, This regulation is intended for use by organizations designing,
manufacturing, constructing and operating nuclear power plants.

Scope

L5, This i i design i for structures, systems™
and components important to safety that must be met for safe operation of a
nuclear power plant, and for p g or of
events that could jeopardize safety. lt also esvabllshes req\.uremenl-s for a
comprehensive safety assessment, which shall be carried out in order to identify
the potential hazards that may arise from the operation of the plant, under the
various plant states (operational states and accident condmons) The safety
assessment process includes the
safety analysis and probabilistic safety nnalysns These analyses necessitate
consideration of postulated initiating events (PIEs), which include many factors
that singly or in combination, may affect safety and which may:
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(iy originate ifi the operation of the nuclear power plant itself,
() be caused by human action;
(jif) . be dircetly related 1o the nuclear power plant and its environment,

16, This regulation also addresses events that are very unlikely to occur,
such as severe accidents that may msnlt in major radioactive releases, and for;
which it shall be iate and to provide ive or mitigatory:
features in the design. ’ R

17 This regulation does not address:

(i), external natural or human induced events that are extremely unfikely -
(such as the impact of a meteorite or an artificial satellite);

(i)} conventional industrial accidents that under no circumstances could :
affect the safety of the nuclear power plant; or

(iii)  non-radiological effects arising from the operation of nuclear powvr'
plants, which may be subject to separate national regulatory
Tequirements.

Interpretation

1.8, Chairman of Pakistan Nuclear Regulatory Authority (PNRA), or an
officer duly authorized to act on his behalf, shali control and supcrvm all safely
matters pertaining to the
explanation of this safety regulation and regulatory guides referred to in tlm
regulation.

19 The decision of Chairman PNRA regarding the interpretation of any
word or phrase of this rogulation or applicability of this regulation and
vegulatory guides shall be final and binding on the licensee.

2. SAFETY OBJECTIVES AND CONCEPTS

SAFETY OBJECTIVES

20.  This regulation presents three fundamental safety objectives, upon the
basis of which the requirements for mmlmlzmg the nsks associated with mu:lcar
power plants are derived. .

22 "General Nuclear Safety Ob)echve" To protect mdmduals, society

and the from harm by and in auclear
installations effective defenses against radiological hazards.

23, “General Nuclear Safety Objective” is supported by two complements :
of Safety Objectives dealing with radiation protection and technical aspects.
They are interdependent: The technical aspects in conjunction with *
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administrative and procedusal measures ensurc defense against hazards duc (o
ionizing radiation.

24,  "Radiation Protection Objective™: To cnsure that in all operational
iates radiation exposure within the installation or due to any planned release of
radivactive materis] from the installation is kept below prescribed limits and as

low as reasonably achievable (ALARA), and to ensure mitigation of the
radiological consequences of any accident.

2.5. "Technical Safety Objective™ To take alt reasonably practicable
measures to prevent accidents in nuclear installations and to mitigate their
consequences should they occur; to ensure with a high level of confidence that,
for all possible accidents taken into account in the design of the instalfation,
including those of very low bility, any radiological would
be minor and below prescribed limits; and to ensure that the likelihood of
accidents with serious radiological consequences is extremely low.

2.6. "Safety Objectives” require that nuclear installations shali be designed
and operated so as to keep all sources of radiation exposure under strict
technical and administrative control. However, the Radiation Protection
Objective does not preclude limited exposure of people o the release of legally
authorized quantities of radioactive materials to the environment from
installations in operational states. Such exposures and releases, however, must
be strictly controlled and must be in compliance with operational limits and
radiation protection standards.

27, In order 1o achieve these three safety objectives, in the design of a
nuclear power plant, a comprehensive safety analysis shall be carried out 10
identify all sources of exposure and to evaluate radiation doses that could be
seceived by workers at the installation and the public, as well as potential effects
on the environment. The safety analysis shall examine: (1) ali planned normal
operational modes of the plant; (2) plant performance in anticipated operational
ocourrences; (3) design basis accidents; and (4) event sequences that may lead
to a severe accident. On the basis of this analysis, the robustness of the
ineering design in wi ding postulated initiating events and accidents
can be established, the effectiveness of the safety systems and safety related
items or systems shall be d, and requi for
response shall be established.

2.8. Although measures shall be taken to control radiation exposure in alf
operational states to levels as low as reasonably achievable (ALARA) and to
minimize the likelihood of an accident that could lead to the loss of normal
control of the source of radiation, there is a residual probability that an accident
may happen. Measures shall therefore, be taken to ensure. that the radiological
consequences are mitigated. Such measures include: enginecred safety featurcs;
onesite accident management procedures established by the operating
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organization; and possibly offisite intervention measures established by
governmental civic agencieNGOs in order to mitigate radiation exposure if an
accident has accurred. The design for safety of a nuclear power plant shall
apply the principle that plant states that could result in high radiation doses o
radioactive releases are of very low probability (likelihood) of ocer , and
plant states with signi iiity (tikelil of have only
minor or no potential radiological consequences. An essential objective is that
the need for external intervention measures shall be limited or even eliminated
in technical torms, although such measures may still be required by PNRA.

THE CONCEPT OF DEFENSE IN DEPTH

29. The concept of defense in depth, as applied to all safety activities,
whether organizational, behavioral or design related, ensures that they are
subject to overlapping provisions, so that if a failure were to occur, it would be
detected and compensated for or corected by appropriate measures.
Application of the concept of defense in depth throughout design and operation
provides a graded protection against a wide variety of transients, anticipated
operational occurrences and accidents, including those resulting from equipment
faslure or human action within the plant, and events that originate outside the
plant.

2.10.  Application of the concept of defense in depth in the design of a plant
shall provide a series of levels of defense (inherent features, equipment and
procedures) aimed at preventing accidents and ensuring appropriate protestion
in the event that prevention fails.

2.10.1. The aim of the first level of defense shall be to prevent deviations from

normal operation, and to prevent system failures. This lead to the requirement
" ” PRt

that the plant be soundly and designed,

and operated in accordance with appropriate quality levels and engineering
practices, such as the application of i d

To meet this objective, careful attention shall be paid to the selection of
appropriate design codes and materials, and to the control of fabrication of
components and of plant construction. Design options that can contribute to

reducing the potential for internal hazards (e.g. controiling the response to a
PIE), to reducing the consequences of a given PIE, or to reducing the likely -
release source term following an accident sequence contribute at this level of

defense. Attention shall also be paid to the procedures invoived in the design, ’
fabrication, construction and in-service plant inspection, maintenance and
testing, to the ease of access for these activitics, to the way the plant shall be

operated and to operational experience utilized. A detailed analysis, which will
determine the ional and mai i
support this whole process.

2.10.2. The aim of the second level of defense shall be to detect and intercept
deviations from normal operational states in order to prevent anticipated

and diversity.

for the ptant shall %

E
«
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operational occurrences from escalating to accident conditions. This shalt be in
recognition of the fact that some PIEs are likely to accur over the service
lifetime of a nuclear power plant, despite the carc taken to prevent them, This
level necessitates the provision of specific systems as determined in the safety
analysis and the definition of operating procedures (o prevent or minimize
damage from such PiEs.

2.10.3. For the third level of defense, it shall be assumed that, although very
unlikely, a preceding level may not arrest the escalation of certain anticipated
operational eccurrences or PIEs and a more serious event may develop. These
unlikely events shall be anticipated in the design basis for the plant, and inherent
safety features, fail-safe design, additional equipment and procedares shall be
provided 1o control their consequences and to achieve stable and acceptable
plant states following such events. This leads to the requirement that
engineered safety features be provided that are capable of leading the plant first
10 a controlied state, and subsequently to a safe shutdown state, and maintaining
at least one barrier for the confinement of radioactive material.

2.104. The aim of the fourth level of defense shall be to address severe
accidents in which the design basis may be exceeded and to ensure that
radioactive releases are kept as low as practicable. The most important
objective of this level shall be the protection of the confinement function, This
may be achieved by complementary measures and procedures o prevent
accident ion, and by mitigation of the of selected severe
accidents, in addition 1o accident The i
provided by the confinement be demonstrated using best estimate methods.

2.10.5. The fifth and final level of defense shall be aimed at mitigation of the
radiological consequences of potential releases of radicactive materials that may
result from accident conditions. This requires the provision of an adequately
equipped emergency control center, and plans for the on-site and offsite
emergency response.

211. A relevant aspect of the implementation of defense in depth shall be
the provision in the design of a series of physical barriers to coafine the
radioactive material at specified locations. The number of physical barriers that
will be necessary will depend on the potential internal and external hazards, and
the potential consequences of failures. The barriers may, typically for water-
cooled reactors, be in the form of the fuel matrix, the fuel cladding, the resctor
coolant system pressure boundary and the containment,
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3. REQUIREMENTS FOR MANAGEMENT OF SAFETY
RIESPONSIBILITIES IN MANAGLEMENT

3.0 The licensee has overall responsibility for safety. However, all
organizations engaged in activities important to safety have a responsibitity to
ensure that safety matters are given the highest priority. The design
organization shall ensure that the installation is designed to meet the
requirements of the licensee, including any standardized requirements; that it
takes account of the current staté of the art for safety; that it is in accordance
with the design specifications and safety analysis; that it satisfies regulatory
requirements; that it fulfils the requirements of an effective quality assurance
program; and that the safety of any design change is properly considered. Thus,
the design organization shatl:

6] have a clear division of responsibilities with corresponding lines of
authority and communication;
(i) ensure that it has sufficient i qualified and

trained staff at all levels;

(iii) establish clear interfaces between the groups engaged in different parts
of the design, and between designers, utilities, suppliers, constructors
and sub contractors as appropriate;

(iv) develop and strictly adhere to sound procedures;

W review, monitor and audit all safety related design matters on a regular
basis:

(vi) ensure that a safety culture is maintained.

MANAGEMENT OF DESIGN

32 The design management for a nuclear power plant shall ensure that the
structures, systems and components important to safety have the appropriate
characteristics, specifications and material composition so that the safety
functions can be performed and the plant can operate safely with the necessary
reliability for the full duration of its design life, with accident prevention and
protection of site personnel, the public and the environment as prime objectives.

33. The design management shall ensure that the requirements of the
licensee are met and that due account is taken of the human capabilities and
limitations of personnel. The design organization shall supply adequate safety
design information to ensure safe operation and maintenance of the plant and to
allow subsequent plant modifications to be made, and recommended practices
for incorporation into the plant administrative and i (e
operational limits and conditions).

34, The design management shall take account of the results of the
d inistic and y ilistic safety analyses, so that an
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iterative process takes place by means of which it shall be cnsured that due
consideration has been given to the prevention of accidents and mitigation of
their consequences.

35.  The design management shall ensurc that the generation of radioactive
waste is kept to the minimum practicable, in terms of both activity and volume,
by appropriate design measures and operational and decommissioning practices.

PROVEN ENGINEERING PRACTICES

36. Wherever possible, structures, systems and components important to
safety. shall be designed according to the latest of curentty applicable approved
regulations/regulatory guides; shall be of a design proven in previous equivalent
applications; and shall be selected to be consistent with the plant reliability
goals necessary for safety. Where codes and standards are used as design rules,
they shall be identified and evaluated 1o determine their applicability, adequacy
and sufficiency and shall be supplemented or modified as neccssary to ensure
that the final quality is commensurate with the necessary safety function.

37.  Where an unproven design or feature is introduced or there is a
departure from an established engineering practice, safety shall be demonstrated
to be adequate by appropriate supporting research programs, or by examination
of operational experience from other relevant applications. The development
shall also be adequately tested before being brought into service and shall be
monitored in service, to verify that the expected behavior is achieved.

38 In the selection of equipment, consideration shall be given to both
spurious operation and unsafe failur¢ modes (e.g. failure to trip when
necessary). Where failure of a structure, system or component has to be
expected and accommodated by the design, preference shall be given to
equipment- thit exhibits a predictable and revealed mode of failure and
facilitates repair or replacement.

OPERATIONAL EXPERIENCE AND SAFETY RESEARCH

39. The design shali take due account of relevant operational experience
that has been gained in operating plants and of the results of relevant research
programs,

SAFETY ASSESSMENT
3.10. A comprehensive safety assessment shall be cartied out to confirm that

the design as delivered for fabrication, as for construction and as built meets the
safety requirements set out at the beginning of the design process.
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311, The safety assessment shall be part of the design process, with iteration
between the design and confirmatory analytical activities, and increasing in the
scope and level of detail as the design program progresses.

3.12.  The basis for the safety assessment shall be data derived from the
safety analysis, previous ional i results of ing research
and proven engincering practice.

INDEPENDENT VERIFICATION OF THE SAFETY ASSESSMENT

3.13. The licensee shall ensure that individuals perform an independent
verification of the safety assessment or groups separate from those carrying out
the design, before the design is submitted to PNRA.

QUALITY ASSURANCE'

3.14. A quality assurance program that describes the overall arrangements
for the and ass of the plant design shall be
prepared and implemented. This program shall be supported by more detailed
plans for each structure, system and component so that the quality of the design
is ensured at all times.

345, Design, inchiding subsequent changes o safety improvements, shall be
carried out in accordance wi i dures that call an i
engineering codes and standards, and shall incorporate applicable requirements
and design bases. Design interfaces shall be identified and controlled.

3.16. The adequacy of design, including design tools and design inputs and
outputs, shall be verified or validated by, individuals or groups separate from
those who originally performed the work. Verification, validation and approval
shall be completed before implementation of the detailed design.

4. PRINCIPAL TECHNICAL REQUIREMENTS
REQUIREMENTS FOR DEFENSE IN DEPTH

41, In the design process, defense in depth shall. be incorporated. The
design thercfore:

&3] shall provide multiple physical barriers to the uncontrolled release of
ioactive materials to the envi
(i} shall be conservative, and the construction shall be of high quality, so
as to provide confidence that plant failures and deviations from normal
ions are minimized and accidents p

“For guidance refer to regulatory guide PAK/1306.
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(iii) shall provide for control of the plant behavior during and following a
PIE, using inherent and engineered fcatures, i.e. uncontrolled transients
shall be minimized or excluded by design (o the extent possible:

(iv)  shall provide for supplementing control of the plant, by the use of
automatic activation of safety systems in order to minimize operator
actions in the early phase of PEs and by operator actions;

) shall provide for equipment and procedures to control the course and
limit the consequences of accidents as far as practicable;

(vi)  shall provide multiple means for ensuring that each of the fundamental
safety functions, i.e. control of the reactivity, heat removal and the

of radioactive materials, is thereby ensuring
the effectiveness of the barriers and mitigating the consequences of any
PIEs.

(vii}  shall provide electric power system for proper functioning of
structures, systems and components important to safety.

(vii)  shall accommodate in design the effects of the environmental
conditions associated with operation, maintenance, testing, and
postulated accidents on structures, systems, and components important
10 safety.

4.2, To ensure that the overall safety concept of defense in depth is
maintained, the design shall be such as 1o prevent as far as practicable:

() challenges to the integrity of physical barriers:

@) failure of a barrier when challenged;
(i) failure of a barrier as a consequence of failure of another barrier.

43, The design shall be such that the first, or at most the second, level of
defense is capable of preventing escalation to accident conditions for all but the
most improbabie PIEs.

4.4. The design shall take inte account the fact that the existence of
multiple levels of defense is not a sufficient basis for continued power operation
in the absence of one level of defense. All levels of defense shall be available at
ali times, although some relaxation may be specified for the various operational
modes other than power operation.

SAFETY FUNCTIONS?

45.  The objective of the safety approach shall be: to provide adequate
means {o maintain the plant in a normal operational state; to ensure the proper
short term response immediately following a PIE; and to facilitate the
management of the plant in and following any design basis accident, and in
those selected accident conditions beyond the design basis accidents.

* Regulatory guide PAK/I201 may be used as guidance,
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46.  To ensure shfety, the following fundamental safety functions shall be
performed in operational states, in and following a design basis accident and, to
the extent practicable, on the occurrence of those selected accident conditions
that are beyond the design basis accidents:

control of the reactivity;

removal of heat from the core; and

confinement of radioactive materials and control of operational
discharges, as well as limitation of accidental releases.

4.7. A systematic approach shall be followed to identify the structures,
systems and components that are necessary to fulfill the safety functions at the
various times following a PIE.

ACCIDENT PREVENTION AND PLANT SAFETY CHARACTERISTICS

4.8. The plant design shall be such that its sensitivity to PIEs is minimized,
The expected plant response to any PIE shall be those of the following that can
reasonably be achieved (in order of importance):

[0} a PIE produces no significant safety related effect or produces only a
change in the plant towards a safe condition by inherent characteristics;

or
6] following a PIE, the plant is rendered safe by passive safety features or
by the action of safety systems that are continuously operating in the
state necessary to control the PIE; or
(i) following a PIE, the plant is rendercd safe by the action of safety
systems that need to be brought into service in response to the PIE; or
@iv) following a PIE, the plant is rendered safe by specified
actions.

RADIATION PROTECTION AND ACCEPTANCE CRITERIA

459, In order to achieve the three safety objectives mentioned previously in
the design of a nuclear installation, all actual and potential sources of radiation
shafl be identified and properly considered, and provision shall be made to
ensure that sources are kept under strict technical and administrative control.

4,10.  Measures shall be provided to ensure that the radiation protection and
technical safety objectives are achieved, and that radiation doses to the public
and to slle personnel in all opcnnonnl states, including maintenance and

ing, do not exceed limits and are as fow as reasonably
achicvable (ALARA).

4,11 The design shall have as an objective the prevention or, if this fails, the
mitigation of radiation exposures resulting from design basis accidents and
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selected severe accidents. Design provisions shall be made to ensure that
potential radiation doses to the public and the site personnel do not exceed
acceptable limits and are as low as reasonably achievable,

4.12.  Plant states that could potentially result in high radiation doses or
radioactive releases shall be restricted to a very low likelihood of occurrence,
and it shall be ensured that the potential radiological consequences of plant
states with a significant likelihood of occurrence shall be only minor.
Radiological acceptance criteria for the design of a nuclear power plant shall be
specified on the basis of these requirements.

413, There are usually a limited number of sets of radiological acceptance
criteria, and it is common practice to associate these with categories of plant
states. These categories generally include those for normal operation,
anticipated operational occurrences, design basis accidents and severe accidents.
The radiological acceptance criteria for these categories shall, as a minimum
level of safety, meet the requirements of PNRA.

$. REQUIREMENTS FOR PLANT DESIGN
SAFETY CLASSIFICATION®

5.1, All structures, systems and components, including software for
instrumentation and control (I&C), that are items important to safety shall be
first identified and then classified on the basis of their function and significance
with regard to safety. They shall be designed, constructed and maintained such
that their quality and reliability is commensurate with this classification. .

52.  The method for classifying the safety significance of a structure,
system or component shall primarily be based on deterministic methods,

where iate by ilistic methods and engincering
Jjudgement, with account taken of factors such as:

@ the safety function(s) to be performed by the item;

(i) the consequences of failure to perform its function;

(iif) the probability that the item will be called upon to perform a safety
function;

(iv)  the time following a PIE at which, or the period throughout which, it
will be called upon to operate.

53. Appropriately designed interfaces shall be provided between structures,
systems and components of different classes to ensure that any failure in a
system classified in a lower class will not propagate to a system classified in a
higher class.

* Regulatory guide PAK/1256 may be usod for guidance
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GENERAL DESIGN BASIS

54.  The design basis shall specify the necessary capabilitics of the plant to
cope with a specified range of operational states and design basis accidents
within the defined radiological protection requirements. The design basis shall *
include the specification for normal operation, plant states created by the PIEs,
the safety classification important assumptions and, in some cases, the particular
methods of analysis.

55.  Conservative design measarcs shall be applied and sound enginesring
practices shall be adhered to in the design bases for mormal operation,
ancicipated operational occurrences and design basis accidents o as to provide a
high depree of assurance that no significant damage will ocour to the reactor
core and that radiation doses will remain within prescribed limits and will be
ALARA.

56. In addition to the design basis, the performance of the plant in
specified accidents beyond the design basis, including selected severe accidents
shall also be addressed in the design. The assumptions and methods used for
these evaluations may be on a best estimate basis.

Categories of plant states

51 The plant states shall be identified and grouped into a limited number
of categories according to their probability of occurrence. The categories
typically cover normal operation, anticipated operational occurrences, design
basis accidents and severe accidents. Acceptance criteria shall be assigned to
cach category that take account of the requirement that frequent PIEs shall have
only minor or no radiological consequences, and that events that may result in
severe shall be of very low

Postulated initiating events

58. In the design of the plant, it shall be recognized that challenges to all
levels of defense in depth may occur and design measures shall be provided to
ensure that the necessary safety functions are accomplished and the safety
objectives can be met. Thcse challenges stem fmm the PlEs. which are selected
on the basis of i ination of the
two. Independent ebents, ench having 8 low probnbxhty, are normally not
anticipated in the design to occur simultaneously.
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Internal events

59, An analysis of the PIEs shall be made to establish all those internal
events, which may affect the safety of the plant. These events may include
cquipment failures! or mal-operation.

Fires and explosions®

5.10.  Structures, systems and components important to safety shali be
designed and located so as to minimize, consistent with other safety
requirements, the probabilities and effects of fires and explosions caused by
external or internal events. The capability for shuldown, residual heat removal,

of radioactive material and of the state of the plant shal)
be maintained. These requirements shall be met by suitable incorporation of
redundant parts, diverse systems, physical separation and design for fail-safe
operation such that the following objectives.are achieved:

® 1o prevent fires from starting;

(it) to detect and extinguish quickly those fires, which do start, thus
limiting the damage;

(iii) to prevent the spread of those fires, which have not been extinguished,
thus minimizing their effects on essential plant functions.

5.1 A fire hazard analysis of the plant shall be carried out to determine the

necessary, rating of the fire barriers, and fire detection and fire fighting systems

of the necessary capability shall be provided.

512, Fire fighting systems shall be automatically initiated where necessary,
and systems shall be designed and located 50 as t ensure that their rupture or
spurious or inadvertent operation does not significantly impair the capability of
structures, systems and components important to safety, and does not
simultancously, affect redundant safety groups, thereby rendering ineffective the
measures taken to comply with the “single failure” criterion.

5.13. Non-combustible or firc retardant and heat resistant materials shall be
used wherever the plant, i in locations such as

the containment and the control room.
Other internal hazards

5.14.  The potential for internal hazards such as flooding, missile generation,
plpe whip, jet impact, or release of fluid from failed systems or from other

installations on the site shall be taken into account in the design of the plant.
Appropriate prevennw and mitigatory measures shall be provided to ensure that
nuclear safety is not compromised. Some exterthl events may initiate internal

* Refer to regulatory guide PAK/1204 for guidance
* Refer to regulatory guide PAK/1202 for guidance.
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fires or floods and may lead to the generation of missiles. Such interaction of
external and internal events shall also be considered in the design, whers
appropriate.

5.15.  If o fluid systems that are operating at different pressures are
interconnected, either the system.s shall both be designed to withstand the higher
pressure or provision shall be made to preclude the design pressure of the
system operating at the lower pressure from being exceeded, on the assumption
that a single failure occurs.

External events

5.16.  The design basis natural and human induced external events shall be
determined for the proposed combination of site and plant. Al those events

with which signi ical risk may be associated shall be

A ination of inistic and methods shall be used to select
a subset of external events, which the plant is designed to withstand, and from
which the design bases are determined.

5.17.  Natural extemal events, which shall be considered, include those,
which have been identified in site characterization, such as earthquakes, floods,
high winds, tomadoes, and extreme meteorological conditions, Human induced
external events that shail be considered include those that have been identified
in site characterization and for which design bases have been derived. The list
of these events shall be reassessed for completeness at an early stage of the
design process.

Site related characteristies®

5.18. In determining the design basis of a nuclear power plant; various
interactions between the plant and the environment, including such factors as
population, meteorology, hydrology, geology scismology, shall be taken into
account. The availability of off.site services upon which the safety of the plant
and protection of the public may depend, such as the electricity supply and fire
fighting services, shall aiso be taken into account.

‘Combinations of events

5.19.  Where combinations of rl.ndomly occurring “individual events could
credibly lead to anticij or accident condi they
shall be considered in the design. Certain events may be the consequences of
other events, such as a flood following an carthquake. Such consequential
effects shall be considered to be part of the original PIE.

*For guidance ses * Regulation on the safety of nuclear power plan siting” PAK/910
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Design rules

520, The engineering design rules for structures, systems and components
shall be specified and shall comply with the-approptiate accepled engineering
practices, or those standards or practices already used internationally or
established in another country and whose use is applicable and also accepted by
PNRA.

521, The scismic design of the plant shall provide for a sufficient safety
‘margin to protect against seismic events.

Desiga limits

522, A set of design limits consistent with the key physical parameters for
each structure, system or component shall be specified for operational states and
design basis accidents.

Operational states

5.23.  The plant shall be designed to operate safely within a defined range of
parameters (for example, of pressure, temperature, power), and a minimum set
of specified support features for safety systems (for example, auxiliary feed
water capacity and an emergency eloctrical power supply) shall be assumed to
be available. The design shall be such that the response of the plant to a wide
range of anticipated operational occurrences will allow safe operation or
shutdown, if necessary, without the necessity of invoking provisions beyond the
first, or at the most the second- level of defense in depth.

524, The potential for accidents to occur in low power and shutdown states,
such as startup, refucling and maintenance, when the availability of safety
systems may be reduced, shall bo addressed in the design, and appropriate
limitations on the unavailability of safety systems shall be specified.

525.  The design process shall establish a set of requirements and limitations
for safe operation, including:

(i) safety system settings;

(i) control system and procedural constraints on process variables and
other important parameters; ’

(iif) requirements for maintenance, testing and inspection of the plant to
ensure that structures, systems and components function as intended in
the design, with the ALARA principle taken into consideration;

(iv) clearly defined ional i including
restrictions in the event of safety system outages.
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These requircments and limitations shail be a basis for the establishment of
operational limits and cor ns under which the licensee will be authorized to
operaie the plant.

Design basis accidents

5.26. A set of design basis accidents shall be derived from the listing of PIEs
for the purpose of setting the boundary conditions according to which the
structures, systems and components important to safety shall be designed.

5.27. Where prompt and reliable action is necessary in response to a PIE,
provision shall be made to initiate the necessary actions of safety systems
automatically, in order to prevent progression to a more severe condition that
may threaten the next barrier. Where prompt action is not necessary, manual
initiation of systems or other operator actions may be permitted, provided that
the need for the action be revealed in sufficient time and that adequate

i jonal and be

(such as ini
defined to ensure the reliability of such actions.

5.28.  The operator actions that may be necessary to diagnose the state of the
plant and to put it into a stable long term shutdown condition in a timely manner
shall be taken into account and facilitated by the provision of adequate
instrumentation to monitor the plant status and controls for manual operation of
equipment.

5.29.  Any equipment necessary in manual response and recovery processes
shall be placed at the most suitable location to ensure its ready availability at the
time of need and to allow human access in the anticipated environmental
conditions.

Severe accidents

5.30. Certain very low probability plant states that are beyond design basis
accident conditions and which may arise owing to multiple failures of safety
systems leading to signi core dation may jt ize the integrity of
many or all of the barriers to the release of radioactive material. These event
sequences are called severe accidents. Consideration shall be given to these
severe accident sequences, using a ination of engineering j and
probabilistic methods, to determine those sequences for which reasonably
practicable preventive o mitigatory measures can be identified. Acceptable
measures need not involve the application of conservative engineering practices
used in setting and evaluating design basis accidents, but rather shall be based
upon realistic or best estimate assumptions, methods and analytical criteria. On
the basis of operational experionce, relevant safety analysis and results from
safety research, design activities for addressing severe accidents shall take into
account the following:
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W) Important event sequences thal may lead to a severe accident shail be
identified using a of methods,
methods and sound engineering judgement.

(i) These event sequences shall then be reviewed against a set of criteria
aimed at determining which severe accidents shall be addressed in the
design.

(i)  Potential design changes or procedural changes that could either reduce
he likelihood of these selected events, or mitigate their consequences
should these selected events occur, shall be evaluated and shall be
implemented.

(iv) Consideration shall be given to the plant's full design capabilities,
including the possible use of some systems (i.e. safety and non-safety
systems) beyond their originally intended function and anticipated
operational states, and the use of additional temporary systems, to
teturn the plant to a controlied state and/or to mitigate the
consequences of a severe accident, provided that it can be shown that
the systems are able to function in the environmental conditions to be
expected.

[\ For multiunit plants, consideration shall be given to the use of available
means and/or support from other units, provided that the safe operation
of the other units is not compromised.

i)  Accident shall be i taking into
account representative and dominant severe accident scenarios.

DESIGN FOR R.ELXABILITY OF STRUCTURES, SYSTEMS AND
COMPONENTS’

531, Structures, systems and components important to safety shall be
designed to be capable of withstanding all identified PIEs with sufficient
reliability.

Commion cause failures

5.32.  The potentiai for common cause failures of items important to safety
shall be considered to determine where the principles of diversity, redundancy
and independence should be applied to achieve the necessary reliability.

Single failure criterion

5.33.  The single failure criterion shall be applied to each safety group
incorporated in the piant design.

534, To test compliance of the plant with the single failure criterion, the
pertinent safety group shall be analyzed in the foliowing way. A single failure

? For guidance on the topics of reliability of systoms and design measures, refer to regulatory guides PAK/1203,
PAK/1204, PAK/1205, PAK/1206, PAK/1207 and PAK/1213.



Pare 11}

THE GAZETTE OF PAKISTAN, EXTRA., JAN. 21, 2002 201

(and all its conscquential failutes) shall be assumed in turn to occur for each
clemont of the safety group until all possible failures have been analyzed. The
analyses of each pertinent safety group shall then be conducted in fum until alt
safety groups and all failures have been considered. The assumption of a single
failure in that system is part of the process described. At no point in the single
failure analysis is more than one random failure assumed to ocour.

5.35.  Spurious action shall be considered as one mode of failure when
applying the concept to a safety group or system.

536. Compliance with the criterion shall be considered to have been
achicved when cach safety group has been shown to perform its safety function
when the above analyses are applied, under the following conditions:

(i} any potentially harmful consequences of the PIE for the safety group
are assumed o occur; and

(i) the worst permissible configuration of safety systems performing the
necessary safety function is assumed, with account taken of
‘maintenance, testing, inspection and repair, and allowable equipment
outage times.

53 Non-compliance with the single failure criterion shall be exceptional,
and sha]l be clearly justified in the safety analysis.

5.38. In the single failure analysis, it may not be necessary to assume the
failure of a passive compbnent designed, manufactured, inspected and
maintained in service to an extremely high quality, provided that it remains
unaffected by the PIE: However, when it is assumed that a passive component
does not fail, such an analytical approach shafl be justified, with account taken
of the loads and environmental conditions, as well as the total period of time
after the initiating event for which fanctioning of the component is necessary.

Fail-safe design”
539, The principle of fail-safe design shall be considered and incorporated
into the design of systems and components imporfant to safety for the plant as

appropriate: if a system or component fails, plant systems shall be designed to
pass into a safe state with no necessity for any action to be initiated.

Auxitiary services
5.40.  Auxiliary services that suppojt equipment-forming part of a system

important to safety shall be considered part of that system and shall be classified
accordingly-. Their reliability, redundancy, diversity and independence and the

nce refer to regulatory guide PAK/1276,
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provision of features for isolation and for testing of functional capability” shall
be commensurate with the reliability of the system that is supported.  Auxiliary
services necessary to maintain the plant in a safe statc may include the supply of
electricity, cooling water and compressed air or other gases, and means of
Iubrication.

Equipment outages

541, The design shall be such as to ensure, by the application of measures
such as increased that on-fine and testing
of systems important to safety can be conducted without the nccessi:y to shut
down the plant Equipment outages, including unavailability of systems or
components dueto failure shall be taken into account, and the impact of the
anticipated maintenance, test and repair work on the reliability of each
individual safety system shall be included in this consideration in order to
ensure that the safety function can still be achieved with the necessary
reliability. The time allowed for equipment outages and the actions to be taken
shall be analyzed and defined for each case before the start of plant operation
and included in the plant operating instructions.

PROVISION FOR IN-SERVICE TESTING, MAINTENANCE, REPAIR,
INSPECTION AND MONITORING

542, It shall be possible to inspect either directly or indirectly the
components of the primary pressure boundary according to the safety

of those 50 as to the absence of
unacceptable defects or of deterioration,

543. Classes 1, 2, and 3 components and their supports meet the
requirement of Section XI * Rules for In-service Inspection of Nuclear Power
Plant Componenis” of American Society of Mechanical Engineers (ASME}
Boiler and Pressure Vessel Code or equivalent quality standards

544,  Structurcs, systems and components important 1o safety, except as
described in para. 5.45, shall be designed to be calibrated, tested, maintained"®,
repaired or replaced, inspected and monitored'! with respect to their ﬁmcuonal
capability over the lifetime of the nuclear power plant to demonstrate that
reliability targets are being met. The plant layout shall be such that these
activities are facilitated and can be performed to standards commensurate with
the importance of the safety functions to be performed with no significant
reduction in system availability and without undue exposure of the site
personnel to radiation.

? For guidance see regulatory guide PAK/1264
* For guidance refer to regulatory guide PAK/1407
" For guidance refer to regulatory guide PAK/1408
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5.45.  If the structures, systems and components important to safety cannot be
designed to be able to be tested, inspected or monitored 1o the extent desirable,
then the following approach shall be followed:

() other proven altrative and/or indirect methods such as surveillance of
reference items or use of verified and validated calculational methods
shail be specified; and

(i)  conservative safety margins shall be applied or other appropriate
precautions shall be taken to compensate for possible unanticipated
failures.

EQUIPMENT QUALIFICATION

546. A qualification procedure shall be adopted to confirt that the items
important to safety are capabie of meeting, throughout their design operational
lives, the demands for performing their functions while being subject to the
environmental conditions {of vibration, temperature, pressure, jet impingement,
electromagnetic interference, irradiation, humidity or any likely combination
thereof) prevailing at the time of need. The environmental conditions to be
considered shall include the variations expected in normal operation, anticipated
operational occurrences and design basis accidents. In the qualification
program, consideration shall be given to aging effects caused by various
environmental factors (such as vibration, irradiation and extreme temperature)
over the expected lifetime of the equipment. Where the equipment is subject to
external natural events and is needed to perform a safety function in or
following such ari event, the qualification program shall replicate as far as
practicable the conditions imposed on the equipment by the

phenomenon, either by test or by analysis or by a combination of both.?

547.  In addition, any unusual envi ditions that can

be anticipated and could arise from specific operational states, such as in
poriodic testing of the containment leak rate, shall be included in the
qualification program. To the extent possible, cquipment (such as certain
instrumentation) that must operate in a severe accident”’ should be shown, with
reasonable confidence, to be capable of achieving the design intent.

AGING

548, Appropriate margins shall be provided in the design for all structures,
systems and components important to safety so as (o take into account relevant
aging and wear-out mechanisms and potential age refated degradation, in order
10 ensure the capability of the structuse, system or component to perform the
necessary safety function throughout its design life. Aging and wear-out effects
in alt normal operating conditions, testing, mai i outages,

12 Fior guidance sec Regulation on the * Safety of nucleas power plant quality assurance” PAK/912
" For further guidance refer to regulatory guide PAK/1258.
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and plant states in a PIE and post-PIE shall also be taken into account.
Provision shall also be made for monitoring, testing, sampling, and inspection,
to assess aging mechanisms predicted at the design stage and to identify
unanticipated behavior or degradation that may, occur in service.

HUMAN FACTORS
Design for optimal operator performance*!

5.49.  The design shall be “operator friendly” and shall be aimed at limiting

the effect of human erors. Adtention shall be paid to plant layout and
inistrati i ), including mai

and inspection, in order to_facilitate the interface between the operating

personnel and the plant.

5.50.  The working areas and working environment of the site personnel shalt
be designed according to ergonomic principles.

5.51.  Systematic consideration of human factors and the human-machine
interface shall be included in the design process at an early stage and shall
continue throughout the entire process, to ensure an appropriate and clear
distinction of functions between operating personnel and the antomatic systems
provided,

5.52.  The human-machine interface shall be designed to provide the
operators ive but easily i ible with
the necessary decision and action times. Similar provisions shall be made for
the supplementary control room.

5.53.  Verification and validation of aspects of human factors shall be
included at appropriate stages to confinm that the design adequately
accommodates all necessary operator actions.

5.54.  To assist in the establishment of design criteria for information display
and controls, the operator shail be considered to have dual roles: that of a
systems manager, including accident management, and that of an equipment
operator.

5.55. In the systems manager role, the operator shall be provided with
information that permits the following:

@ the ready assessment of the general state of the plant in whichever
condition it is, whether in normal operation, in an anticipated
operational occurrence of in an accident condition, and confirmation
that the designed automatic safety actions are being carried out; and

" For guidance refer to regulatory guides PAK/1203, PAK/1208 and PAK/1403
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(ii) the determination of the appropriate oprator initiated safety actions to
be taken.

5.56.  As equipment operator, the operator shall be provided with sufficient
information on parameters assosiated with individual plant systems and
cequipment to confirm that the necessary safety actions can be initiated safely.

5.57.  The design shall be aimed at promoting the success of operator actions
with due regard for the time available for action, the physical environment to be
expected and the psychological demands to be made on the operator. The need
for intervention by the operator on a short time-scale shall be kept to a
minisnum. 1t shall be taken into account in the design that the necessity for such
intervention is only acceptable provided that the designer can demonstrate that
the operator has sufficient time to make a decision and to act; that the
information necessary for the operator to make the decision to act is simply and
unambiguously presented; and that following an event the physical environment
in the control room or in the supplementary control room and on the access
route to that supplementary control room is acceptable.

OTHER DESIGN CONSIDERATIONS
Sharing of structures, systems and components between reactors

5.58.  Structures, systems and components important to safety shall generally
not be shared between two or more reactors in nuclear power plants. If in
exceptional cases such structures, systems and components important to safety
are shared between two or more reactors, it shall be demonstrated that all safety
requirements are met for all reactors under all operational states (including
maintenance) and in design basis accidents, In the event of a severe accident
involving one of the reactors, an orderly shutdown, cooling down and removal
of residual heat shall be achievable for the other reactor(s).

Systems containing fissile or radioactive materiais'®

5.59. Al systems within a nuclear power plant that may contain fissile or
radioactive materials shall be designed to ensure adequate safety in operational
states and in design basis accidents.

Power plants used for ion, heat ion or

5.60.  Nuclear power plants coupled with heat utilization units (such as for
district heating) and/or water desalination units shall be designed to prevent
transport of radioactive materials from the nuclear plant to the desalination or
district heating unit under any condition of normal operation, anticipated
operational occurrences, design basis accidents and selected severe accidents.

'* For guidance refer to regulatory guide PAK/1209,
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‘Fransport and packuging for fuel and cadioactive waste

561. The design shall incorporate appropriate features 1o facilitate transport
and handling of fresh fuel, spent fuel and radioactive waste. Consideration shall
be given to access 1o faciities and lifting and packaging capabilities.

Escape routes and means of communication

562, The nuclear power plant shall be provided with a sufficient number of
safe escape routes, clearly and durably marked, with reliable emergency
lighting, ventilation and other building services essential to the safe use of these
routes. The escape routes shall meet the relevant international requirements for
radiation zoning and fire and the relevant i for industrial
safety and plant security.

563.  Suitable alarm systems and means of communication shail be provided
so that 2l persons present in the plant and on the site can be warned and
instructed, even under accident conditions.

5.64.  The availability of means of communication necessary for safety,
within the nuclear power plant, in the immediate vicinity and to off-site
agencies, as stipulated in the emergency plan, shati be ensared at all times. This
requirement shail be taken info account in the design and the diversity of the
methods of communication selected.

Control of access

5.65. The plant shail be isolatcd from the surroundings by suitable layout of
the structural elements in such a way that access to it can be permanently
controlled. In particular, provision shall be made in the design of the buildings
and the layout of the site for persomnel and/or equipment for the conrol of
access, and attention shall be paid to guarding against (he unauthorized entry of
persons and goods to the plant.

5.66.  Unauthorized access to or interference for any reason with, structures,
systems and components important to safety shall be prevented. Where access
is necessary for maintenance, testing or inspection purposes, it shall be ensured
in the design that the necessary activities can be performed without significantly
reducing the reliability of safety related equipment.

Interactions of systems

5.67. If there is a significant probability that it will be necessary for systems
important to safety to operate si their possible i ion shali be
evaluated. In the analysis, account shail be taken not only of "physical
interconnections, but also of the possible effects of one system's operation, mai-
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operation or failure on the physical eavironment of other essential systems, in
order to cnsure that changes in the environment do not affect the reliability of
system components in functioning as inteuded.

Interactions between the electrical power grid and the plant

5.68.  In the design of the plant, account shall be taken of power grid-plant
interactions, including the independence of and number of power supply lines to
the plant, in relation to the necessary reliability of the power supply to plant
systcms important 1o safety.

Decommissioning
5.69. At the design stage, special consideration shall be given to the

incorporation  of features that will facilitate the decommissioning and
dismantling of the plant. In particular, account shalt be taken in the design of:

iy the choice of materials, such that eventual quantities of radioactive
waste are and ination is facili
(ii) the access capabilities that may be necessary; and

(i) the facilities necessary for storing radioactive waste gencrated in both
operation and decommissioning of the plant.

SAFETY ANALYSIS™

5.70. A safety analysis of the plant design shall be conducted in which
methods of both deterministic and probabilistic analysis shall be applied. On
the basis of this analysis, the design basis for items important to safety shall be
established and confirmed. It shall also be demonstrated that the plant as
designed is capable of meeting any prescribed limits for radioactive releases and
acceptabie limits for potential radiation dosés for each category of plant states,
and that defense in depth has been effected.

5.71.  The computer programs, analytical methods analysis shall be verified
and validated, and adequate consideration shall be given to uncertainties.

Deterministic approach

5.72.  The deterministic safety analysis shall include the following:

{) that Timits and conditions are in
with the assumptions and intent of the design for normal operation of
the plant;

(i) characterization of the PIEs that are appropriate for the design and site
of the plant;

™ For guiskance refer to regulatory guide PAK/12H
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(?ii) analysis and evaluation of event sequences that result from PIE:

(v)  comparison of the rosults of the analysis with radiological acceptance
criteria and design limits;

™) csmbllshmcm and confirmation of the design ba.sls. and

i) that the of

occurrences and design basis accidents is possible by automatic
response of safety systems in combination with prescribed actions of
the operator.

573.  The applicability of the analytical assumptions, methods and degree of
conservatism used shall be verified. The safety analysis of the plant design shall
be updated with regard to significant changes in plant

experience, and advances in technical knowledge and understanding of physical
phenomena, and shall be consistent with the current or ‘as built'state.

Probabilistic approach
574. A probabilistic safety analysis of the plant shall be carried out in order:

(i) to provide a systematic analysis to give confidence that the design will
comply with the general safety objectives;

(i) to demonstrate that a balanced design has been achieved such that no
particular feature or PIE makes a disproportionately large or
significantly uncertain contribution to the overall risk, and that the first
two levels of defense in depth bear the primary burden of epsuring

nuclear safety;

(iii) to provide that small deviations in plant that
could give rise to severely abnormal plant behavior (“chiff edge
effects”™) will be prevented

(iv)  toprovide e ilities of of severe core

damage states and assessments of the risks of major off-site releases
necessitating a short term off-site response, particularly for releases
associated with early containment fallure

(W] to provide of the ies of and the
consequences of extemal hazards, in particular those unique to the
plant site;

(vi)  to identify systems for which design improvements or modifications to
operational procedures could reduce the probabilities of severe
accidents or mitigate their consequences;

(vi) o assess the adequacy of plant emergency procedures; and

(vili)  to verify compliance with probabilistic targets,.



Pazi 1] THE GAZETTE OF PAKISTAN, EXTRA,, JAN, 21, 2002 209

6. REQUIREMENTS FOR DESIGN OF PLANT SYSTEMS
REACTOR CORE AND ASSOCIATED FEATURESY
General design

6.1. The reactor core and associated coolant, control and protection systems
shall be designed with appropriate margins to ensure that the specified design
limits'® are not exceeded and that radiation safety standards are applied in afl
operational states and in design basis accidents, with account taken of the
existing uncertainties.

shutdown of the reator, 1o maintain the reactor subscriical and o ermare
cooling of the core.

Vimited 50 that no resultant filure of the reactor prossure boundary will occun,
cooling capability will be maintained and no significant damage will ocous tg
the reactor core.

6.4. 1t shall be ensured in the design that the possibility of re-criticality or
reactivity excursion following a PIE is minimized,

6.5, The reactor core and associated coolant, control and protection systems
shall be designed to enable adequate inspection and testing throughout the
service lifetime of the plant.

Fuel elements and assemblies

6.6, Fuel elements and assemblies shall be designed to withstand

" ily the antics Faym . itions in the
reactor coré in combination with all processes of deterioration that can occur in
normal operation and in anticipated operational occurrences.

6.7, The deterioration considered shall include that -arising from
differential expansion and deformation; external pressure of the couiai,
additional intenal pressure due to the fission products in the fuel element;
irradiation of fuel and other materials in the fuel assembly; changes in pressures
and temperatures resulting from changes in power demand; chemical effects;

—_—
17 For guidarice refer to regulatory guide PAK/1214.
* For guidance refer to regulatory guide PAK/1276.
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static and dynamic loading, including flow, induced vibrations and mechanical
vibrations; and changes in heat transfer performance that may sesull from
distortions or chemical effects. Allowance shall be made for uncertainties in
data, calculations and fabrication.

6.8.  Specified fuel design limits, including permissible leakage of fission
products shall not be exceeded in normal operation, aad it shall be ensured that
operations: states that may be imposed in anticipated operational occurrences
cause no significant further deterioration. Leakage of fission products shalt be
restricted by design limits, and kept to a minimum,

6.9.  Fuel assemblies shall be designed to permit adequate inspection of
their structure and component parts after irradiation. In design basis accidents,
the fuel clements shall remain in position and shall not suffer distortion to an
extent that would render, post-accident core cooling insufficiently effective; and
the specified limits for fuel elements for design basis accidents shall not be
exceeded.

6.10. The aforementioncd requirements for reactor and fuel element design
shall also be maintained in the event of changes in fuel management strategy or
in operations states over the operational lifetime of the plant.

Control of the reactor core

6.11.  The provisions of the above paras of “General design™ and "Fuel
elements and assemblies" shall be met for all levels and distribution of neutron
flux that can arise in all states of the core, including those after shutdown, and
during or afier refueling, and those arising from anticipated operation
oceurrences and design basis accidents. Adequate means of detecting these flux
distributions shali be provided to ensure that there are no regions of the core in
which the provisions of above paras of “General design” could be breached
without being detected. The design of the core shall sufficiently reduce the
demands made on the control system for maintaining flux shapes, levels and
stability within specified limits in all operational states.

6.12.  Provision shall be made for the removal of non-radioactive substances,
inchuding corrosion products, which may compromise the safety of the system,
for example by clogging coolant channels.

Reactor shutdown

6.13.  Means shall be provided to ensure that there is a capability to shut
down the reactor in operationa! states and design basis accidents, and that the
shutdown condition can be maintained even for the most reactive core

itions. The effectiveness, speed of action and shutdown margin of the
means of shutdown shall be such that the specified limits are not exceeded. For
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the purpose of reactivily control and flux shaping in normal power operation, a
part of the means of shutdown may be used provided that the shutdown
capability is maintained with an adequate margin at all times.

6.14,  The means for shutting down the reactor shall consist of at least two
different systems to provide diversity.

6.15. At least one of the two systems shall be, on its own, capable of quickly
rendering the nuclear reactor sub-critical by an adequate margin from
operational states and in design basis accidents, on the assumption of a single
failure. Exceptionally, a transient re-criticality may be permitted provided that
the specified fuel and component limits are not exceeded,

6.16. At least one of these two systems shall be, on its own, capable of
rendering the reactor sub-critical from normal operational states, in anticipated
operational occurrences and in design basis accidents, and of maintaining the
reactor sub-critical by an adequate margin and with high reliability, even for the
most reactive conditions of the core.

6.17.  In judging the adequacy of the means of shutdown, consideration shall
be given (o failures arising anywhere in the plant that could render part of the
means of shutdown inoperative (such as failure of a control rod to insers) or
could result in a common cause failure,

6.18.  The means of shutdown shall be adequate (o prevent or withstand
inadvertent increases in reactivity by insertion during the shutdown, including
refueling in this state. In meeting this provision, deliberate actions that increase
reactivity in the shutdown state (such as absorber movement for maintenance,
dilution of boron content and-refucling actions) and a single failure in the
shutdown means shall be taken into account.

6.19.  Instrumentation shall be provided and tests shall be specified to ensure
that the shutdown means are always in the state stipulated for the given plant
condition,

6.20.  In the design of reactivity control devices, account shail be taken of
wear-out and effects of imadiation, such as bum-up, changes in physical
properties and production of gas.
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REACTOR COOLANT SYSTEM"
Design of the reactor coolant system

6.21.  The reactor coolant system, its associated auxiliary systems, and the
control and protection systems shall be designed with sufficient margin to
ensurc that the design_conditions of the reactor coolant pressure boundary are
not exceeded in operational states. Provision shall be made to ensure that the
operation of pressure relief device even in design basis accidents will nat lead to
unacceptable releases of radioactive material from the plant. The reactor
coolant pressure boundary shall be equipped with adequate isolation devices to
limit any loss of radioactive fluid.

6.22.  The component parts containing the reactor coolant, such as the reactor
pressure vessel or the pressure tubes, piping and connections, valves, fittings,
pumps, circulators and heat exchangers, together with the devices by which
such pasts are held in place shall be designed in such a way as to withstand the
static and dynamic loads anticipated in all operational states and in design basis
accidents. The materials used in the fabrication of the component parts shall be
selected so as to minimize activation of the material,

623 The reactor pressure vessel and the pressure tubes shall be designed
and constructed to be of the highest quality with respect to materials, design
standards, capability of inspection and fabrication.

6.24.  The pressure retaining boundary for reactor coolant shall be designed
so that flaws are very ualikely to be initiated, and any flaws that arc initiated
would propagate in a regime of high resistance to unstable fracture with fast
crack propagation, to permit timely detection of flaws (such as by application of
the leak before break concept). Designs and plant states in which components
of the reactor coolant pressure boundary could exhibit brittle behavior shall be
avoided.

625 The design shall reflect consideration of all conditions of the boundary
material®® in operational states, including those for maintenance and testing and
under design basis accident conditions, with account taken of the expected end-
of-life properties affected by erosion, creep, fatigue, the chemical environment,
the radiation environment and aging, and any uncertainties in determining the
initial state of the components and the rate of possible deterioration.

6.26.  The design of the components contained inside the reactor coolant
pressure boundary, such as pump impellers and valve parts, shall be such as to
minimize the likelibood of failure and associated consequential damage to other

in regulatory guide PAK/1214,

this section i o lod reactors. Further guidance is provided

‘Guidance is provided in regulatory guide PAK/1257.,
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items of the primary coolant system important to safety in all operational states
and in design basis accidents, with due allowance made for deterioration that
may oceur in service.

In-service inspection of the reactor coolant pressure boundary”'

6.27.  The components of the reactor coolant pressure boundary shall be
designed, manufactured and amanged in such a way that it is possible,
throughout the service lifetime of the plant, to camy out at appropriate intervals
adequate inspections and tests of the boundary, Provision shall be made to
implement a material surveillance program for the reactor coolant pressure
boundary, particularty in locations of high irvadiation, and for other important
components as appropriate, in order to determine the metallurgical effects of
factors such as irradiation, stress corrosion cracking, thermal embritttement and
aging of structural materials.

6.28. 1t shall be ensured that it is possible to inspect or test either directly or
indirectly the components of the reactor coolant pressure boundary, according to
the safety i of those s0 85 to the absence of
unacceptable defects or of safety significant deterioration,

6.29. + Indicators for the integrity of the reactor coolant pressure boundary
(such as leakage) shall be monitored. The results of such measurements shall be
taken into i ion in the d ination of which i ions are necessary
for safety.

6.30.  If the safety analysis of the nuclear power plant indicates that particular
failures in the secondary cooling system may result in serious consequences, it
shall be ensured that it is possible to inspect the relevant parts of the secondary
cooling system.

Inventory of reactor coolant

6.31 Provision shall be made for controfling the inventory and pressure of
coolant to ensure that specified design limits are not exceeded in any operational
state with volumetric changes and leakage taken into account. The systems
performing this function shall have adequate capacity, (flow rate and storage
volumes) to meet this requirement. They may be composed of components
needed for the proceeds of power generation or may be specially provided for
performing this function.

Cleanup of the reactor coolant

6.32.  Adequate facilities shall be provided for removal of radioactive
substance from the reactor coolant, including activeted corrosion products and

* Guidance is provided in regufatory guide PAK/1279.
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fission products leaking from the fuel. The capability of the necessary systems
shall be based on the specified fuc! design limit on permissible leakage with a
conservative margin to ensure that the plant can be operated with a level of
circuit activity which is as low as and that

releases meet the ALARA principle and are within the prescribed limits.

Removal of residual heat from the core”

6.33.  Means for removing residual heat shall be provided. Their safety
funiction shall be to transfer fission product decay heat and other residuat heat
from the reactor, core at a rate such that specified fuel design limit™s and the
design basis lmuu of the reactor coolant pressure boundary are not exceeded.

6.34. ions and isofation capabiliti ther iate design

Features (such as leak drtection) shall be pmvlded to fulﬁl the requirements of

the above para with sufficient reliability, on the assumptions of a single failure

and the loss of off-sitc power, and with the incorporation of suitable
diversity and i

Emergency core cooling™

6.35. Core cooling shall be provided in the event of a loss of coofant accident so
as to minimize fuel damage and limit the escape of fission products from the
fail. The cooling provided shall ensure that:

()  the limiting parameters for the cladding or fuel integrity (such as
temperature) will not exceed the acceptable value for design basis
accidents (for applicable reactor designs);

(i)  possible chemical reactions are limited to an allowable level;

(i) the alterations in the fucl and internal structural alterations will not
reduce the effecti of the means of core
cooling; and

(iv) the cooling of the core will be ensured for a sufficient time.

6.36. Design features (such as leak detection, appropriate interconnections
and isolation capabilities) and suitable redundancy and diversity in components
shall be provided in order to fulfil these requirements with sufficient reliability
for cach PIE, on the assumption of a single failure.

637  Adequate consideration shall be given to extending the capability to
remove heat from the core following a severe accident,

2 Regulatory guide PAK/1273 may be used for guidance.
 Regulatory guide PAK/1276 may be used for guidance.
 Regulatory guide PAK/1286 may be used for guidance.
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Inspection and testing of the emergency core cooling system

638  The emergency core cooling system shall be designed to permit
appropriate periodic inspection of important components and to permit
appropriate periodic testing to confirm the following:

[ the structural integrity and leak tight integrity of its components;

(id) the ility and of the active of the syslem
in normal operation, as far as feasibie; and

(i) the operability of the system as a whole under the plant states specified
in the design basis, to the extent practicable.

Heat transfer to an ultimate heat sink™®

6.39.  Systems shall be provided to transfer residual heat from structures,
systems and components important to safety to an ultimate heat sink. This
function shall be carried out at very high levels of reliability in operational
states and in design basis accidents. All systerns that contribute to the transport
of heat (by conveying heat, by providing power or by supplying fluids to the
heat transport systems) shall be designed in accordance with the importance of
their contribution to the function of heat transfer as a whole.

6.40.  The reliability of the systems shall be achieved by an appropriate
choice of measures including the use of proven components, redundancy,
diversity, physical separation, interconnection and isolation,

6.41.  Natural phenomena and human induced cvents shall be taken into
account in the design of the systems and in the possible choice of diversity in
the ultimate heat sinks and in the storage systems from which fluids for heat
uansfer are supplied.

642, Adequate consideration shalt be given (o extending the capability to
transfer residual heat from the core to an ultimate heat smk 30 23 to ensure v,
in the event of a severe accident, an be

structures, systems and components important to the ufety function of
confinement of radioactive materials.

CONTAINMENT SYSTEM™
Design of the containment system

6.43. A containment system shall be provided in order to ensure that any
release of radioactive materials to the envis in a design basis accident

: For guidance refer to regulatory guide PAK/1206,

‘water-cooled reactors, For guidance refer to regulatory
guide PAK/1212.
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would be below prescribed limits. This system may include, depending on
design requirements: leak-tight structures; associated systems for the control of
pressures and temperature; and features for the isolation, managememt and
removal of fission products, hydrogen, oxygen and other substances that could
be released into the containment atmosphere,

6.44.  All identified design basis accidents shall be taken into account in the
design of the containment system. In addition, consideration shall be given to
the provision of features for the mitigation of the consequences of selected
severe accidents in order to limit the release of radioactive material to the
environment.

Containment testing and surveillance,

645. _ The containment shall be designed to permit (1) appropriate periodic
inspection of all imporiant arcas and (2) and appropriate surveillance program

Strength of the containment structure

646, The strength of the containment structure, including acoess openings
and penetrations and isolation valves, shall be calculated with sufficiont margins
of safety on the basis of the potential internal overpressures, under-pressures
and temperatures, dynamic ffects such as missile impacts, and reaction forocs

anticipated to arise as a result of design basis accidents, The effects of other

potential energy sources, including, for example, possible chemical and
radiolytic reactions shall also be considered, In calculating the necessary
steength of the containment structure, natural phenomena and human induced
events shall be taken into consideration, and provision shall be made to monitor
the condition of the containment and its associated features.

647, Provision for maintaining the integrity of the containment in the cvent
of a severe accident shall be considered. In particular, the effects of any
predicted combustion of flammable gascs shall be taken into account.

Capability for containment pressure tests
6.48.  The containment structure shail be designed and constructed so that it
is possible to perform a pressure test at a specified pressure to demonstrate, its
structural integrity before operation of the plant and over the plant's lifetime,
Containment leskage

6.49.  The containment system shall be designed so that the prescribed

maximum leakage rate is not exceeded in design basis accidents, The primary
pressure withstanding containment may be partially or totally surrounded by a
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secondary confinement for collection and controlled release or storage of
matesials that may leak from the primary containment in design basis accidents,

6.50.  The containment structure and equipment and components affecting
the leak-tightness of the containment system shall be designed and constructed
s0 that the leak rate can be tested at the design pressure afier all penetrations
have been installed. Determination of the leakage mate of the containment
system at periodic intervals over the service lifetime of the reactor shall be
possible, either at the containment design pressure or at reduced pressures that
permit estimation of the leakage rate at the contaitiment design pressure.

6.5t.  Adequate consideration shall be given to the capability to control any
leakage of radioactive materials from the containment in the event of a severe
accident.

Containment penetrations

6.52.  The number of penetrations through the containment shall be kept to a
practical minimum.

6.53.  All penetrations through the containment shall meet the same design
requirements as the containment structure itself. They shall be protected against
reaction forces stemming from pipe movement or accidental Ioads such as those
due to missiles, jet forces and pipe whip.

6.54  Piping systerns? pmetnung primary comammem be pmwded with
leak detection, isolation, and
reliability, and performance; capabilities that reflect the i mlpolunce to safety of
isolating these piping systems.

6.55.  If resilient scals (such as cloctrical cable penetrations) or expansion
bellows are used with pepetrations, they shall be designed to have the capability
for leak testing at the containment dwgn pressure, independent of the
determination of the leak rate of the as a whole, to

their continued integrity over the lifctime of the plant.

6.56.  Adequate consideration shail be given to the capability of penetration
to remain functional in the event of a severe accident,

Containment isolation
6.57.  Each line that penetrates the containment as part of the reactor coolant

pressure boundary or that is connected directly to the containment atmosphere
shall be automatically and reliably sealable in the event of a design basis

¥ For guidance refer to regulatory guide PAK/1254.
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accident in which the leak-t ughtness of the containment is essential to preventing
ioactive releases to the that excecd limits, These
lines shall be fitted with at least two adequate containment isolation vaives
anangad in series (normally with one uumde and the other inside the
but ing on the
design), and each valve shall be capahle of bemg reliably and independently
actuated. Isolation valves shall be located as close to the containment as is
practicable. Containment isolation shall be achievable on the assumption of a
single failure. If the application of this requirement reduces the reliability of a
safety system that penetrates the containment, other isolation methods may be
used.

6.58.  Each line that penetrates the primary reactor containment and is neither
part of the reactor coolant pressure boundary nor connected directly to the
containment atmosphere shall have at least one adequate containment isolation
valve. This valve shall be outside the containment and located as close to the
containment as practicable.

6.59.  Adequate consideration shall be given to the capability of isolation
devices to maintain their function in the event of a severe accident.

Containment air locks

6.60. Access by personnel to the containment shall be through airlocks
equipped with doors that are interlocked to ensure that at least one of the doors
is closed during reactor operations and in design basis accidents. Where
provision is made for entry of personnel for surveillance purposes during certain
low power operations, provisions for ensuring the safety of personnel in such
operations shall be specified in the design. These requirements shall also apply
to equipment air locks, where provided. )

6.61.  Adequate consideration shall be given to the capability of containment
air locks to maintain their fonction in the event of a severe accident.

Internal structures of the containment

6.62. The design shall pmvxde for ample flow routes between separate

inside the The tions of openings between
compartments shall be of such dimensions as to ensure that the pressure
differentials occurring during pressure equalization in design basis accidents do
not result in damage to the pressure bearing structure or to other systems of
importance in limiting the effects of design basis accidents.

6.63.  Adequate consideration shall be given to the capability of internal
structures to withstand the effects of a severe accident.
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Removal of heat from the containment

6.64. The capability 1o remove heat from the reactor containment shall be
ensured. The safcty funchon shall be ﬁl]f fled of reducing the pressure and

ing them at low levels,
after any accldemal release of hlgh energy fluids in a design basis accident. The
system performing the function of removing heat from the containment shall
have adequate reliability and redundancy to ensure that this can be fulfilled, on
the assumption of a single failure.

6.65.  Adequate consideration shall be given to the capability to remove heat
from the reactor containment in the event of a severe accident.

Control and cleanup of the containment atmosphere

6.66. Systems to control fission products, hydrogen, oxygen and other
substances that may be released into the reactor containment shall be provided
as necessary:

0] 1o reduce the amount of fission products that might be released to the
environment in design basis accidents; and

(if) to control the concentration of hydrogm oxygen and other substances
in the conlammenl atmosphere in design basis nccld-u in order to
prevent or ion which could j the integrity
of the containment.

6.67. Systems for cleaning up the containment atmosphere shall have
suitable redundancy in coniponents and features to ensure that the safety group
can fulfil the necessary safety function, on the assumption of a single failure.

6.68. Adequate consideration shall be given to the control of fission
products, hydrogen and other substances that may be generated or released in
the event of a severe accident.

Coverings and coatings

6.69.  The coverings and coatings for components and structures within the
containment system shall be carefully selected, and their methods of appllcauon
specified to ensure fulfillment of their safety functions and to minimize
interference with other safety functions in the event of deterioration of
coverings and coatings.
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INSTRUMENTATION AND CONTROL?

General requirements for instrumentation and control systems important
to safety”

670. Instrumentation shall be provided to monitor plant variables and
systems over the respective ranges for normal operation, anticipated operational
occurrences™; design basis accidents and severe accidents in order to ensure that
adequate-information can be obtained on the status of the plant. Instrumentation
shall be provided for measuring all the main variables that can affect the fission
process, the integrity of the reactor core, the reactor cooling systems and the
containment, and for obtaining any information on the plant necessary for its
reliable and safe operation. Provision shall be made for automatic recording of
measurements of any derived parameters that are important to safety, such as
the subcooling margin of the coolant water. Instrumentation shall be
environmentally qualified for the plant states concerned and shall be adequate
for ing plant and thus classifying events for the purposes of
emergency response.

6.71  Appropriate and reliable controls shall be provided to maintain the
variables referred to in the above para. within specified operational ranges.

6.72. I ion and recording equij shall be provided to ensure
that essential information is available for monitoring the course of design basis
accidents and the status of essential equipment; and for predicting, as far as is
necessary for safety, the locations and quantities of radioactive materials that
could escape from the locations intended in the design. The instrumentation and
recording equipment shall be adequate to provide information as far as
practicable for determining the status of the plant in a severe accident and for
taking decisions in accident management.

Loose part monitoring system
673 Loose part monitoring system shall be provided.”!
Control room™

6.74. A control room shall be provided” from which the plant can be safely
operated in all its operational states, and from which measures can be taken fo
‘maintain the plant in a safe state or to bring it back into such-a state after the

™ For guidance refer to regulatory guide PAK/1208.
® For guidance refer to regulatory guide PAK/1271.
* For guidance refer 10 regulatory guide PAK/1255.
" For guidance refer to regulatory guide PAK/1271
 For guidance refer to regulatory guide PAK/1423,
* For guidance refer to regulatory guide PAK/125S.
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onset of anticipated operational cccurrences, design basis accidents and severe
accidents.  Appropriate measures shall be taken and adequate information
provided to safeguard the occupants of the -control room against consequent
hazards, such as undue radiation levels resulting from an accident condition or
the release of radioactive material or explosive or toxic gases, which could
hinder necessary actions by the operator.

6.75.  Special attention shall be given to identifying those events, both
internat and external to the control room, which may pose a direct threat to its
continued operation, and the design shall provide for reasomably practicable
measures to minimize the effects of such events.

6.76.  The layout of the instrumentation and the mode of presentation of
information shall provide the operating personnel with an adequate overall
picture of the status and performance of the plant. Ergonomic factors shall be
taken into account in the design of the control room,

6.77. Devices shall be provided to give in an officient way visual and, if
also audible indi of states and processes that
have deviated from nomal and coutd affect safety.

Supplementary control room™

6.78.  Sufficient instrumentation and control equipment shall be available,
preferably at a single location (supplementary control room) that is physically
and electrically separate from the control room, so that the reactor can be placed
and maintained in a shut down state, residual heat can be removed, and the
essential plant variables can be monitored should there be a loss of ability to
perform these essential safety functions in the control room.

Use of computer based systems in systeins important to safety

6.79.  If the design is such that a system important to safety is dependent
upon the reliable performance of a computer based system, appropriate
standards and practices for the development and testing of computer hardware
and software shall be i and i the life-cycle of
the system, and in particular the software development cycle. The entire
development shall be subject to an appropriate quality assurance program.

6.80.  The level of reliability necessary shall be commensurate with the safety
importance of the system. The necessary level of reliability shall be achieved by
means of a comprehensive strategy that uses various complementary means
(inctuding an effective regime of analysis and testing) at each phase of
development of the process, and a validation strategy to confirm that the design
requirements for the system have been fulfilled.

™ For guidance refer to regulatory guide PAK/1423.
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6.81.  The level of reliability asswned in the safcty analysis for a computer-
based system shall include a specified conservatism to compensate for the
inherent of the and the difficulty of analysis.

Automatic control

6.82.  Various safety actions shall be automated so that operator action is not
necessary within a justified period of time from the onset of anticipated
operational occurrences or design basis accidents. In addition, approptiate
information shall be available to the operator to monitor the effects of the
automatic actions.

PROTECTION SYSTEM™

6.83 Protection systems shall meet the requirements set forth in [EEE Std.
279 “Criteria for Protection Systems for Nuclear Power Generating
Stations.”(also designed ANSI N-42.7)%

Functious of the protection system’

6.84.  The protection system shall be designed:

@ to initiate automatically the operation of appropriate systems,
including, as necessary, the reactor shutdown systems, in order to
ensure that specified design limits are not exceeded as a result of
anticipated operational occurrences;

(i) to detect design basis accidents and initiate the operation of systems
mecessary to limit the consequences of such accidents within the design
basis®; and

(i) to be capable of overriding unsafe actions of the control system.

Reliability and testabilicy of the protection system

6.85.  The protection system shall be designed for high functional reliability’
and pmodlc testability commensurate with the safety function(s} to be
and i designed into the protection

system shall be sufficient at least to ensure that:

()  nosingle failure results in loss of protection function; and

¥ For guidance referto eguletory guide PAK/1203.
* For guidance refer to regulatory guide PAK/1276
™ For guidance refer to regulatory guide PAK/1203.
™ For guidance refer to regulatory guide PAK/1276.
* For guidance refes to regulatory guide PAK/1283.
“ For guidance refer to regulatory guide PAK/1276.



Parc 1}

THIE GAZETTE OF PAKISTAN, EXTRA,, JAN. 21, 2002 o

(1) the removal from service of any component or channel does fiot result
in 1oss of the necessary minimum redundancy, unless the acceptable
reliability of operation of the profection system can be otherwise
demonstrated,

6.86.  The protection system shall be designed to ensure that the effects of
normal operation, anticipated operational occurrences and design basis
accidents on redundant channels do not result in loss of its function; or else such
a loss shall be demonstrated to be acceptable on some other basis. Design
techniques such as testability, including 2 self-checking capability where
ncoessary, fail-safe behavior, functional diversity and diversity in component
design or principles of operation shall be used to the extent practicable fo
prevent loss of a protection function,

6.87.  The protection system shall, unless its adequate reliability is ensured
by some other means, be designed to permit periodic testing of its functioning
when the reactor is in operation, including the possibility of testing channels
dependently to determine failures and losses of redundancy that may have
occurred. The design shall permit all aspects of functionality from the sensor to
the input signai to the final actuaior to be tested in operation.

6.88.  The design shall be such as to minimize the likelihood that operator
aclmn could defeat the effectiveness of the protection system in normal

and expected i but not to negate correct
operator actions in design basis. accidents.

Use of computer based systems in protection

6.89.  Where a computer-based system is intended to be used in a protection
system, the following requirements shall supplement those of “Use of compum
based systems in systems important to safety™:

[0} the highest quality of and best practices for hardware and software
shall be used;

\iiy the whole development process, including control, testing and
commissioning of design changes, shall be systematically documented
and reviewable;

(iii) in order to confirm confidence in the reliability of the computer based
systems, an assessment of the computer based system by expert
personnel indépendent of the designers and suppliers shall be
undertaken; and

(iv) where the necessary integrity of the system cannot be demonstrated
with a high level of confidence, a diverse means of ensuring fulfiliment
of the protection functions shall be provided.
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Separation of protection and control systems

6.90.  Interference between the protection system and the controb systems
shall be prevented by avoiding interconnections or by suitable functional
isolation*'. If signals are used in common by both the protection system and
any control system, appropriate separation (such as by adequate de -coupling)
shall be ensured and it shall be that all safety of
“Functions of the protection system”. “Reliability and testability of the
protection system” and “Use of computer based systems in protection™ are
fuifilled.

EMERGENCY CONTROL CENTRE

6.91.  An on-site emergency control center, separated from the plant control
room shall be provided to serve as meeting place for the emergency staff who
will operate from there in the event of an emergency. Information about
important plant and radi in the plant and its
immediate surroundings shall be available there. The room shall provide means
of communication with the control room, the supplementary control room and
other important points in the plant, and with the on-site and off-site emergency
Tesponse organizations. Appropriate measures shall be taken to protect the
occupants for a protracted time against hazards resulting from a severe accident.

EMERGENCY POWER SUPPLY*

6.92.  After certain PIEs, various systems and components important to safety
will need emergency power. It shall be ensured that the emergency power
supply is able to supply the necessary power in any operational state or in a
design basis accident on the assumption of the coincidental loss of off-site
power. The need for power will vary with the nature of the PIE, and the nature
of the safety duty to be performed will be reflected in the choice of means for
each duty; in respect of number, availability, duration, capacity and continuity,
for example.

6.93.  “The combined means to provide emergency power (such as by means
of water. steam or gas turbine, diesel engines or batterics) shall have a reliability
and form that are consistent with all the requirements of the safety systems o bg
supplied, and shall perform their fanctions on the assumption of a single
failure™, It shall be possible to test the functional capability of the emergency
power supply.

! For guidance refer to regulatory guide PAK/1276.

% For guidance refer 10 regulatory guide PAK/1207.
 For guidance regulatory guides PAK/1272, PAK/1276 and PAK/1285 may be used.
“ For guidance refer to regulatory guide PAK/1285.
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Station blackout

694, “Loss of All Allemnating Current Power,” requires that muclear power
plant shall be able to withstand and recover from a station blackout (i.e., loss of
the offsite electric power system concurrent with reactor trip and unavailability
of the onsite emergency ac electric power system) of a specified duration.*

‘WASTE TREATMENT AND CONTROL SYSTEMS

6.95.  Adequate systems shall be provided to treat radioactive liquid and
gaseous effluents in order to keep the quantities and concentrations of
radioactive discharges within prescribed limits. The ALARA principle shall be
applied.

6.96.  Adequate systems shall be provided for the handling of radioactive
wastes™ and for storing these safely on the site for a period of time consistent
with the availability of the disposal route on the site. Transport of solid wastes
from the site shall be effected according to the regulation issued by PNRA.
Control of releases of radioactive liquids to the environment

6.97.  The plant shall include suitable means to control the release of
radioactive liquids to the environment 50 as to conform to the ALARA principle
and to ensure that emissions and concentrations remain within prescribed limits,
Controt of airborne radioactive material

6.98. A ventilation system with an appropriate filtration system shall be

provided:

() to prevent unacceptable dispersion of airborne ndnomnve substances
within the plant;

(it) to reduce the ion of airbome radioacti to levels

compatible with the need for access to the particular area;

(i) to keep the level of airborne radioactive substances in the plant below
prescribed limits, the ALARA principle being applied in wormal
operation, anticipated operational occurrences and design basis
accidents; and

(iv) o ventilate rooms containing inert or noxicus gases without impairing
the capability to control radioactive releases.

** For guidance refer to regulatory guide PAK/1285.
“ For guidance refer to regulatory guide PAK/1277.
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Control of releases of gaseous radioactive malerial to the environment

699. A ventilation system with an appropriate fitration system shall be
provided to control the release of airborne radioactive substances to the
environment and to ensure that it conforms to the ALARA principle and is
within prescribed limits.

6.100.  Filter systems shall be sufficiently reliable and so designed that under
the expected prevailing conditions the necessary retention factors arc achicved.
Filter systems shall be designed such hat the efficiency can be tested.

FUEL HANDLING AND STORAGE SYSTEMS 7
Handling and storage of non-irradiated fuel

6.101. The handling and storage systems for non-irradiated fuel shall be
designed:

() ~ to prevent criticality by a specified margin by physical means of
processes, preferably by the use of geometrically safe configurations,
even under plant states of optimut moderation;

(i)  fto permit appropriate maintenance, periodic inspection and testing of
components important o safety; and

(iii) to minimize the probability of loss of or damage to the fuel.

Handling and storage of irradiated fuet
6.102. The handling and storage systems for iradiated fuel shall be designed:

{) to prevent criticality by physical means or processes, preferably by the
use of geometrically safe configurations, even under plant states of
optimum moderation;

(i) © permit adequate heat removal in operational states and in design
basis accidents; :

(iid) to permit inspection of irradiated fuel;

{iv) to permit appropriate periodic inspection and testing of componcnts
important to safety;

[\9) to prevent the dropping of spent fwel in transit;

() to prevent unacceptable handling stresses on the fuel elements or. fuel
assemblies;

(vii)  to prevent the inadvertent dropping of heavy objects such as spent fucl
casks, cranes or other potentially damaging . objects on the fuel
assemblies;

(viii)  to permit safe storage of suspect or damaged fuel clements or fuel
assemblies;

7 For guidance refer to regulatory guide PAK/1210.
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to provide proper means for radiation protection;

(ix)

(x) to adequately identify individuat fuel modules;

(xi) to control soluble absorber levels if used for criticality safety;

(xi) 1o facilitate maintenance and decommissioning of the fuel storage and
handling facifities;

(xiii) 1o facititate decontamination of fuel handling and storage areas and
equipment when necessary; and

{xiv}  to ensure that adequate operating and accounting procedures can be
implemented to prevent any Joss of fuel.

6.103.  For reactors using a water pool system for fuel storage, the design shall

provide the following:

(6] means for controlling the chemistry and activity of any water in which
irradiated fuel is handled or stored;

(it) means for monitoring and controlling the water level in the fuel storage
pool and for detecting leakage; and

(iii)  means to prevent emptying of the pool in the event of a pipe break (that
s, anti-siphon measures).

RADIATION PROTECTION®

General reguirements

6.104,

Radiation protection is directed to preventing any avoidable radiation

exposure and to keeping any unavoidable exposures as low as reasonably
achievable. This objective shall be accomplished in the design by means of the
following:

@
(i)

(i)

(i)

6.105.

appropriate layout and shielding of structures, systems and components
containing radioactive materials;

paying attention to the design of the plant and equipment so as to
minimize the number and duration of human activities undertaken in
radiation fields and reduce the likelihood of contamination of the site
personnel;

making provision for the treatment of radioactive materials in an
appropriate form and condition, for either their disposal, their storage
on the site or their removal from the site; and

making arrangements to reduce the quantity and concentration of
radioactive materials produced and dispersed within the plant or
released to the environment.

Full account shall be taken of the potential buildup of radiation levels

with time in areas of personnel occupancy and of the need to minimize the
generation of radioactive materials as wastes.

* For guidance reler to regulatory guide PAK/1209.
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Design for radiation protection

6.106.  The requircments of limiting the radiation cxposum ” both within and

outside the plant to limits for the states and
limits for accident conditions shall be fulfilled in the design of the nuclear
power plant.

6.107.  Suitable provision shall be made in the design and layout of the plant
to minimize exposure and contamination from all sources. Such provision shalt
include adequate design of structures, systems and components in terms of:
minimizing exposure during maintenance and inspection; shielding from direct
and scattered radiation; ventilation and filtration for control of airborne
radioactive materials; fimiting the activation of corrosion products by proper
specification of materials; means of monitoring; control of access to the plant;
and suitable decontamination facilities.

6.108. The shielding design shall be such that radiation levels in operating
areas do not exceed the prescribed limits, and shall facilitate maintenance and
inspection so as to minirize exposure of maintenance personnel. The ALARA
principle shall be applied ** %!

6.109. The plant layout and procedures shall provide for the control of access
to radu(lon areas and areas of potential contamination, and for minimizing
from the of radioactive materials and personnel within
the plant. The plant layout shall provide for efficient operation, inspection,
maintenance and replacement as necessary to minimize radiation exposure.

6.110.  Provision shall be made for appropriate decontamination facilities for
both personnel and equipment and for handling any radioactive waste arising
from decontamination activities

Means of radiation monitoring

6.111.  Equipment shall be provided to ensure that there is adequate radiation
monitoring in operational states, design basis accidents and, as practicable,
severe accidents:

6.111.1. Stationary dose rate meters shall be provided for monitoring, the local
radiation dose rate at places routinely occupied by operating personnel and
where the changes in radiation levels in normal operation or anticipated
operational occurrences may be such that access shall be limited for certain
periods of time. Furthermore, stationary dose rate meters shall be installed to
indicate the general radiation level at appropriate locations in the event of

* For guidance refer o regulatory guids PAK/1256.
% For guidance refer to reguiatory guide PAK/1261.
* For. ‘guidance refer 10 regulatory guide PAK/1274,
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design basis accidents and, as practicable, severe accidents. These instruments
shall give sufficient information in the control room or at the appropriate control
position that plant personnel can initiate corrective action if ne

6.111.2, Monitors shall be provided for measuring the activity of mdloacuve
substances in the atmosphere in those areas routinely occupied by personnel and
where the levels of activity of airhome radioactive materials may on occasion be
expected to be such as to necessitate protective measures. These systems shall
give an indication in the control room, or other appropriate locations, when a
high concentration of radionuclide is detected.

6.111.3. Stationary equipment and laboratory facilities shall be provided for
determining in a timely manner the concentration of selected radio-nuclides in
fluid process systems as appropriate, and in gas and liquid samples taken from
plant systems or the environment, in operational states and in accident
conditions.

6.111.4. Stationary equipment shall be provided for monitoring the effluents
prior to or during discharge to the environment,

6.111.5. Instruments shall be provided for measuring radioactive surface
contaminatig.

6.141.6. Facilities shall be provided for monitoring of individual doses to and
contamination of personnel.

112, In addition to the moniitoring within the plant, shall aiso
be made to determine radiological impacts, if any, in the vicinity of the plant,
with particular reference to:

(i) pathways to the Human population, including the food-chain;

(i) the radiological impact, if any, on local ccosystems;

(i) the possible accamulation of radioactive materials in the physical
environment; and

(iv)  the possibility of any unauthorized discharge routes.

Appendix 1

POSTULATED INITIATING EVENTS

L1 This appendix elaborates on the definition and application of the
concept of the postulated initiating event (PIE).

12, A PIE ls defined as an event identified m design as leading to
icij or accident This means that &
PIE is not an accident itself, it is the event that initiates a sequence and that
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leads (0 an operational occurrence, a design basis accident or a severe aceident
depending on the additional failure that occur. Typical cxamples are: cquipment
failures (including pipe breaks), human emors, human induced events and
natural events,

13 A PIE may be of a type that has minor consequences, such as the
failure of a redundant component, or it may have serious consequences, such as
the failure of a major pipe in the reactor coolant system. 1t is a main objective
‘of the design to achicve plant characteristics that ensure that the majority of the
PlEs have minor or even insignificant consequences; and that if the remainder
lead to design basis accidents the consequences are acceptable; or if they lead to
severe accidents, the consequences are limited by design features and accident
management.

14, A full range of events necds 1o be postulated in order to ensure that all
credible events with potential for serious consequences and significant
probability have been anticipated and can be withstood by the design of the
plant. There are no firm criteria to govern the selection of PIEs; rather the
process is a combination of iteration between the design and analysis,
engineering judgement and experience from various plant design and operation.
Exclusion of a specific event sequence needs to be justified.

L5, * The number of PIEs to be used in the development of the performance
requirements for the items important to safety and in the overall safety
assessment of the plant should be limited to make the task practical, and this is
done by restricting, the detailed analysis 1o a number of representative event
sequences. The representative event sequences identify bounding cases and
provide the basis for numerical design limits for structures, systems and
components important 1o safety.

1.6, Some PIEs may be specificd deterministically, on the basis of a varicty
of factors such as experience of previous plants, particular requirements of
national licensing bodies or perhaps the magnitude of potential consequences.
Other PIEs may be specified, by means of systematic methods such as a
probabilistic analysis because particular features of the design, the location of
the plant or enable their stics to be quantified
in probabilistic terms,

TYPES OF PIE

INTERNAL EVENTS

Equipment failures

1.7, Initiating events can be individual equipment failures that could

directly or indircctly affect the safety of the plant. The list of these events
adequately represents all credible failures of plant systems and components.

18. The types of failure that need to be considered depend on the kind of
system or involved, A failure in the broadest sense is either the loss
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of ability of the system or cotponent to perform its function or the performance
of an undesirable function. For example. a pipe failuce could be a leak, a
rupture or the blockage of a flow path. For an active component such as a
valbve, the failure could take the form of not opening or closing when necessary,
opening or closing when not necessary, partial opening or closing, or opening or
closing at the wrong speed. For a device such as an instrument transducer, the
lailure could take the form of error outside the permitted error band, absence of
output, constant maximum output, erratic output or a combination thereof,

9. With the increasing use of computer bascd systems in safety
applications and safety critical applications, a hardware failure or an incorrect
software program may load to significant control actions; this possibility should
be considered.

Humaun error

110, In many cases the consequences of human errors will be similar to the

of failures of Human errors may range from faulty
or incomplete maintenance operations, to incotrect setting of control equipment
limits or wrong or omitted operator actions {errors of commission and errors of
omission).

Other internal events

L1l Fires, explosions and floods of internal origin also leave the potential
to be important influences on the safety performance of the plant and are
normally included in the compilation of the list of PIEs.

EXTERNAL EVENTS

1.12. ¥ the likelihood of failure of a structure, system or component
important to safety due to natural or human induced external events can be
inferred to be acceptably low because of adequate design and construction,
failure caused by that event need not be included in the design basis for the
plant.

Combinations of events N

1.13.  Care necds to be taken in combining individual events in analyzing
accidents to ensuse that there is some rationale for the particular combination.
A random combination of events may represent an extremely unlikely scenario
that should be shown in the probabilistic safety analysis to be sufficiently rare as
to be discounted rather than being taken as a postulated accident. In
probabilistic safety analysis, an approach using best estimate analysis is adopted
for severe accidents while consurvatism should be applied in the anabytical
approach for postslated accidents that have a relatively higher likelihood of
occurrence.
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L.14.  In determining which events to combine, it is useful o consider three

time periods:

(i) a long term period, before the particular event being considered;

{ii) a near term period, including occurrence of the event and its short ierm
effects and

(iif) the post-event recovery period.

Lis. It may be assumed that corrective action has been taken for an event
that occurs in the long-term period prior to the occurrence of another event if
proper provision for its identification has been incorporated into the plant design
and if the time needed for the corrective action is short. In such instances,
combinations of such events need not be considered.

1.16.  For the near term period (usually having a duration of hours), the
expected probabilities of occurrence of the individual events may be such that a
randomly occurring combination would be considered not a credible scenario.

L17. For the post-event recovery period (of days or longer), additional
events may need to be taken into account, depending upon the length of the
recovery period and the expected probabilities of the events. For the recovery
period, it may be realistic to assume that the severity of an event that has to be
taken in a combination is not as great as would need to be assumed for the same
kind of event considered over a time petiod corresponding to the lifetime of the
plant. For example, in the recovery period for a loss of coolant accident, if a

random with an carth needs 1o be comsidered, the severity
could be taken as less than the severity of the design basis earthquake for the
plant,

Appendix II

REDUNDANCY, DIVERSITY AND INEPENDENCE

IL1.  This appendix presents several design measures that may be used, if
mecessary, in combination, to achicve and maintain the necessary reliability
commensurate with the importance of the safoty functions to be fulfilled within
the relevant levels of defense in depth.

2. Although no universal quantitative targets can be expressed for the

individual reliability requirements for each level of defense in depth, the

greatest emphasis should be placed on the first level. This is also consistent

with the objective of the operating organization (hat there should be high
ilability of the plant for power i

IL3.  As a guideline or for use as acceptance criteria agreed upon with
PNRA, maximum unavailability Limits for certain safety systems may be
established to ensure the necessary reliability for the performance of safety
functions.
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COMMON CAUSE FAILURES

114, Failure of a number of devices ar components to perform their
functions may occur as a result of a single specific event or cause. Such failures
may affect a number of different items lmpomnt to safety slmultaneously ‘The
event of cause may be a design an
operating or mai error, a natural a human induced event
o; an unintended cascading effect from any other operation or failure within the
plant.

L5, Common cause failures may also occur when a number of the same
types of components fail at the same time. This may be due to reasons such as a
change in ambient conditions, saturation of signals, repeated maintenance error
or design deficiency.

1L6. Appropriate measures (o minimize the cffects of cummon cause
failures, such as the of diversity and i are
taken as far as practicable in the design.

REDUNDANCY

Wi Redundancy, the use of more than the minimum number of sets of
equipment to fulfil a given safety function, is an important design principle for
achieving high reliability in systems important to safety, and for meeting, the
single failure criterion for safety systems. Redundancy enables failure or
unavailability of at least one set of cquipment to be tolerated without loss of the
function. For example, three or four pumps might be provided for a particular
function when any two would be capable of carrying it out. For the purposes of
redundancy, identical or diverse components may be used.

DIVERSITY

i1.8.  The refiability of some systems can be enhanced by using the principle
of diversity to reduce the potential for certain common cause failures.

189, Diversity is applied to redundant systems or components that perform
the same safety function by incorporating different attributes into the systems or
companents, Such attributes could be different principles of operation, different
physical variables, different conditions of operation, or production by different
manufacturers, for example.

[L10.  Care should be exercised to ensure that any diversity used actually
achieves the desired increase in reliability in the as-built design. For example, to
reduce the potential for common cause failures, the designer should examine the
application of diversity for any similarity in materials, components and
manufacturing processes, ot subtle similarities in operating principles or
common support features. If diverse components or systems arc used, there
should be a reasonable assurance that such additions are of overall benefit,
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taking into account the disadvantages such as the extra complication in
ional, i and test or the use of
equipment of lower reliability.

INDEPENDENCE

IL11. . The reliability of systems can be improved by maintaining the
following features for independence in design:

5} independence among redundant system components;

(i) inde between system and the effects of PIEs such
that, for example, a PIE does not cause the failure of loss of safety
system or safety function that is necessary to mititigate the
consequences of that event;

(iii) appropriate independence between or Among systems or components of
different safety classes; and

(iv) independence between items important (0 safety and those not
important to safety.

{12, Independence is accomplished in the design of systems by using
tunctional isolation and physical separation:

(1) Functional isolation

Functional isolation should be used to reduce the likelihood of adverse
i ion between ip and of redundant or connected
systems resulting from normal or abnormal operation or failure of any
component in the systems,

(2) Physical separation and layout of plant components

System layout and design should use physical separation as far as practicable to
increase assurance that independence will be achieved, particularly in relation 1o
certain common cause failures.

Physical separation includes:

@) separation by geometry (such as distance or orientation);

() separation by barriers; or

[Gh] separation by a conibination of these.

The choice of means of separation will depend on the PIEs considered in the
design basis, such as effects of fire, chemical explosion, aircraft crash, missile
impact, flooding, extreme temperature or humidity, as applicable.

IL13. Certain areas of the plant tend to be natural centers of convergence for
equipment or wiring of various levels (categories) of importance 1o safety.
Examples of such centers may be containment penetrations, motor control
centers, cable spreading rooms, equipment rooms, the control rooms and the
plant process computers, Appropriate measures to avoid common cause failures
should be taken, as far as practicable, in such locations.
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APPENDIX HI: ACCEPTANCE PARAMETERS FOR PROBABILISTIC
SAFETY ASSESSMENT

Following risk parameters and their base line values are acceptable regarding
licensing of nuckear power plants.

@ Core damage frequency shall be less than 10°® per réactor year.
(if) Frequency of off:site radiation release shall be less than 10" per reactor

year

(@ii)  Risk of early death in caso of nuclear accident/ofEsite releases in the
vicinity of NPP (within 2 KM) shall not exceed 0.1% of the sum of
prompt fatalities from accidents in all other energy sources,

() Risk of latent health effects, cancer/death in the population near NPP
(within 15 KM) shall not exceed 0.1% of the sum of prompt fatalitics
from accidents in all other energy sources.

() Maximum tolerable risk to any member of public duc to NPP shall be
inthe range of 0.01 10 0.1 delayed fatalities per GWe year,

The above risk parameters are their values are based on comparison of accident
tisk in different enetgy systems. These can be modified as appropriate dat from
other sources and/or suitable reasoning is provided against the above
parameters,

Annex 1

SAFETY FUNCTIONS FOR BOILING WATER REACTORS,
PRESSURIZED WATER REACTORS AND PRESSURE TUBE
REACTORS

Acl.  This annex gives an example of  detailed subdivision of the three
fundamental safety functions defined in main regulation,

A-2. These safety functions include those necessary to prevent accident
conditions as well as those necessary to mitigate the consequences of accident
conditions. They can be fulfifled, as appropriate, using structures, systems or
components provided for normal operation, those provided to prevent

ich i from leading identconditions or those
provided to mitigate the consequences of accident conditions.

A-3. A review of various reactor designs shows that current design safety
requirements can be met by having structures, systems or components that
perform the following safety functions:

(i} to prevent unacceptable reactivity transients;
(i} to maintain the reactor in a safe shutdown condition afier all shutdown
actions:

(i} to shut down the reactor as necessary to prevent anticipated operational
occurrences from leading to design basis accidents and to shut down

the reactor 10 mitigate the consequences of desi e ..
_ Mhereaclorio mitigate the consequences of desien basis accident
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to maintain sufficient reactor coolant inventory for core coaliny in and
after accident conditions not involving the failure of the reactor coolant
pressure boundary;

to maintain sufficient reactor coolant inventory for core cooling in and
after all PIEs considered in the design basis;

to remove heat from the core’ after a failure of the reactor coofant
pressure boundary in order to limit fuel damage;

to remove residual heat in appropriate operational states and accident
conditions with the reactor coolant pressure boundary intact;

to transfer heat from other safety systems to the ultimate heat sink™;

to ensure necessary services {such as electrical, pneumatic, hydraulic
pover supplies, lubrication) as a support function for a safety system;
1o maintain acceptable integrity of the cladding of the fuel in the
reactor core;

to maintain the integrity of the reactor coolant pressure boundary;

to limit the release of radioactive material from the reactor containment
in accident conditions and conditions following an accident;

to limit the radiation exposure of the public and site personnel in and
following design basis accidents and selected severe accidents that
felease radioactive materials from sources outside the reactor
containment;

to limit the discharge or release of radioactive waste and airborne
radioactive materials to below prescribed fimits in all operational
states;

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;

to maintain control of radioactive releases from irradiated fuet
transported or stored outside the reactor coolant system, but within the
site, in all operational states;

to remove decay heat from irvadiated fuel stored outside the reactor
coolant system, but within the site;

to maintain sufficient sub-criticality of fucl stored outside the reactor
coolant system but within the site;

to prevent the failure or limit the consequences of failure of a structure,
system or component whose failure would cause the impairment of a
safety function.

This list of safety functions may be used as a basis for determining

whether a structure, system or component performs or contributes to one or
more safety functions and to provide a basis for assigning an appropriate
gradation of importance to the safety structures, systems and components that
contribute to the various safety functions.

—_—

This i a support fanction for other safety systems when they must perform their safety funcions
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ANNEX I

List of Regulatory Guides for Regulation on the Safety of Nuclear Power

Plant Design
PAK/1201.
PAK/1202.
PAK/1203,
PAK/1204.
PAK/1205,
PAK/1206.

PAK/1207.
PAK/1208.

PAK/1209.
PAK/1250.

PAK/1252.
PAK/1253.

PAK/1254.

PAK/1255.
PAK/1256.

PAK/1257.
PAK/1258.
PAK/1259.

PAK/1261.

PAK/1262.

PAK/1263.

Safety funclions and component classification for BWR,
PWR, and PTR
Fire protection in nuclear power plants
Protection system and related features in nuclear power plants
Protection against’ internally generated missiles and their
secondary effects in nuclear power plant
External man-induced events in relation to nuclear power
plant design
Ultimate heat sink and directly associated heat transport
systemns for nuclear power plants
Emergency power systems at nuclear power plants
Safety-related instrumentation and control systems for nuclear
power planis
Qualification tests of electrical cables, field splices, and
connections for light water cooled nuclear power plants.
ion of i to occur on

routes near nuclear power plants,
Availability of electric power sources.
Protection of nuclear power plant control room operators
against an accidental chlorine release
Design of main steam isolation valve leakage control systems
for boiling water reaclor nuclear power plants

for t led nuclear power plants to
assess plant and environs conditions during and following an
accident
Assumptions used for evaluating the potential radiological
consequences of a radioactive off-gas system failure in a
boiling water reactor.
Radiation embrittiement of reactor vesse] malerials
Thermal overload protection for electric motors on motor
operated valves
Caleulation of annual doses to man from routine releases of
reactor effluents
Methods for estimati ic transport and
of gaseous effluents in routine releases from light water-
cooled reactors
Calculation of releases of radioactive matetials in gaseous and
liquid effluents from light-water-cooled power reactors
Estimating aquatic dispersion of effluents from accidental and
routine reactor releases
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PAK/1264, Bases for plugging degraded PWR steam generator tubes
PAK/1267. Physical models for design and operation of hydraulic

structures and systems for nuclear power plants.

PAK/1271. Loose part detection program for the primary system of light-
water-cooled reactors

PAK/1272, Fuel oil systems for standby diesel generators

PAK/1273. Guidance for residual heat removal

PAK/1274. Design, testing, and maintenance criteria for normal
ventilation exhaust system air filtration and adsorption units
of light-water-cooled nuclear power plants

PAK/1275. Containment isolation provisions for fluid systems,

PAK/1276. Criteria for power, instrumentation, and control portions of
safety systems.

PAK/1277. Design guidance for radioactive waste management systems,
structures, and components installed in light-water-cooled
nuclear power plants.

PAK/1279, In-service inspection code case acceptability ASME section
Xl division 1

PAK/1280. Functional specification for active valve assemblies in
systems important to safety in nuclear power plants.

PAK/1282. Instrument sensing lines

PAK/1283. Criteria for programmable digital computer system software
in safety-related systems of nuclear power plants.

PAK/1284. Format and content of plant-specific pressurized thermal
shock safety analysis reports for pressurized water reactors.

PAK/1285. Station blackout

PAK/1286. B i of core cooling system

performance.

Copies of regulatory guides mentioned can be obtained from
PNRA, P.Q. Box 1912, Islamabad, Pakistan

JAWAD A, HASHIM},

o Member

Pakistan Nuclear Regulatory Authority
P.O Box 1912, Istamabad
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