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FOREWORD

The Atomic Energy Regulatory Board (AERB) was
established in 1983 to perform several safety and regulatory
functions for ensuring protection against radiation of public and
operating personnel as well as for protection of the environment.
AERB have also to discharge regulatory functions for ensuring
safety from industrial hazards of public and occupational
personnel from the industrial facilities under the Department of
Atomic Energy. These functions are specified in a Government of
India notification published in the Gazette of India of December
31, 1983. These functions and responsibilities include (vide
para 2 iv) of S.O. 4772) the following :

"i> Review from the safety angle requests for authorizing,
commissioning/operation of DAE projects/plants. Before
authorization of commissioning/operation is granted, the AERB
will be satisfied by appropriate review of :

a) Final Design Analysis Report prepared by project/plant;
b) Commissioning reports and results thereof; and
c) Proposed operating procedures and operational limits

and conditions;

that the plant/project can be operated without undue risk to the
operating personnel and the population".

After several years of its functioning, as experience
of regulatory activity accumulated, the need for a well defined
and formatted procedure for application for consideration and
for grant of authorization was keenly felt. A proposal
containing broad guidelines for implementing the authorization
process was approved by the Board of AERB.

At a meeting organised by AERB on January 5, 1988,
chaired by Dr. M.R. Srinivasan, Chairman, AEC, and attended by
Chairman, AERB, heads of industrial units of DAE and other senior
officials, these broad guidelines prepared by AERB for the
process of authorizations were discussed and accepted for
implementation.

To give effect to the foregoing functions and
decisions, the procedures to be followed by Nuclear Power
Corporation and other nuclear installations for securing
authorizations of different phases of any nuclear power
plant/project (except decommissioning) are specified in this



manual. The documentary submissions for different stages, as well
as their contents are indicated. The desirable schedule of such
oubmiRBions is also indicated. Finally, to enable proper
appreciation of the multi-tier, multi-stage authorization process
followed by AERB, a brief description of the same is also
included.

It is incumbent on Nuclear Power Corporation and ether
nuclear installations, its site and design offices, and its
contractors and consultants (where they are involved) to follow
the provisions of this manual. Any deviations from the guide-
lines offered herein should be minimal, and be fully justified.

The provisions of this manual will apply to all PHWR
and other nuclear installations and facilities which are at any
of the project stages at the time this manual is published.

(A.K. De)
Place : Bombay Chairman, AERB

Date : 8th December, 1989

(ii)
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section I

OBJECTIVES OF THE REVIEW AND ASSESSMENT PROCESS

2.1 The overall objective of the Atomic Energy Regulatory
Board (AERB) is to determine whether the proposed nuclear
power plant (NPP) can be sited,' constructed, commissioned,
operated and decommissioned without undue radiological risk
to the health and safety of the site personnel and of the
public (including undue radioactive contamination of the
environment). One of the principal means by which the
regulatory body achieves this objective is the review and
assessment of the applications for authorizations including
the information submitted by the plants in their support.

Within this overall objective, specific objectives of
the review and assessment are :

1) To determine whether the chosen site is suitable for
the proposed type and capacity of nuclear power plant
taking particular note of the safety related
interactions of the plant with its environment and
anticipated changes to this environment during the life
of the nuclear power plant, and to stipulate any
requirements on the site surroundings that may be
considered necessary.

2) To determine, before construction, whether the proposed
plant design and other applicant's statements and
commitments meet the regulatory requirements and to
stipulate any further requirements that might be
considered necessary by AERB.

To determine whether construction has been carried out
following proper procedures and quality control.

3) To determine whether the commissioning test programme
contains a well defined set of operational limits,
conditions and procedures, whether these commissioning
tests can be safely conducted, and whether the results
of these tests confirm the adequacy of all safety
related features of the plant so as to ensure
performance of the plant as per design intent limits
under normal operational states and accident
conditions.

4) To determine whether the operational limits and
conditions are consistent with regulatory requirement
and an adequate level of safety is maintained during
operation through proper operational and maintainance
procedures and administrative control where required.

5) To determine whether the organizational structure and
training and quali*'~*tion of the operating personnel
meet the regulatory . . lirements.



6) To determine the adequacy of various procedures for
Quality Surveillance, Operation, Maintainance,
Emergency planning etc.

7) To determine whether final safety analysis has been
carried out in accordance with the regulatory
requirement.

8) To determine from the results of commissioning tests,
the adequacy of the design for regular operation of the
plant at the rated capacity.

9> To determine whether the applicant's statements and
commitments regarding the decommissioning meet the
requirements of AERB.



Section II

MODALITIES OF THE AUTHORIZATION PROCESS

II.(i) General

1. Control over nuclear safety in siting, design, construction,
commissioning and operation of nuclear power plants is
maintained primarily through regulatory actions that
authorize activities and impose conditions on the applicant.
Therefore, a primary task of AERB is to determine whether to
approve or not approve the applications for authorization on
the basis of its review and assessment.

2. In general, a three-tier review process is followed by AERB
before any activity is authorized in a nuclear power
project. The first level of review is by the Site
Evaluation Committee (SEC), Project Design Safety Committee
*;DSC) or Civil Engineering Design Review Committee(CEDRC),
as appropriate. These Committees are composed of
experienced engineers and scientists who as a body, comprise!
expertise in nearly all aspects of nuclear power project
safety. These Committees review the submissions, starting
from Site Evaluation Report (SER) upto the final test and
commissioning reports. They also make visits to the project
sites to review quality surveillance results and other site
test results. They formally submit their findings and
recommendations to AERB on a periodic basis.

3. The next level of review is conducted through an Advisory
Committee on Project Safety Review <ACPSR). This Advisory
Committee, which is headed by a highly experienced engineer
drawn outside the rolls of Nuclear Power Corporation, has
members from NPC, BARC, PDSC, AERB, and experts drawn from
other Government organisations, research institutions. The
ACPSR meets only when the application for authorizations
have been received and reviewed by SEC /PDSC /CEDRC. It
reviews the recommendations of SEC/PDSC/CEDRC on the related
authorizations and offers its recommendations to the Board
of AERB.

4. The Board of AERB is the statutory authorizing agency. It
considers the recommendations of ACPSR, and decides on the
authorization under consideration. The Board can delegate
its powers to authorize some interim stages to Chairman,
AERB. However, all important authorization stages, such as
the first approach to critical ity, the first power
generation stage, or the rated power authorization stage are
generally considered by the Board.

5. The three-tier regulatory review is followed for each of the
major authorization stages. In the course of this review
the SEC/ PDSC/CEDRC and ACPSR are required to offer their
recommendations on each of the stages of authorizations
(identified in para II(iv) of this section).



Thus, for consideration of granting authorization
for a Bite Cor locating a project, NPC are required to
furnish the Site Evaluation Report (SER) including the
design, basis information to AERB. This document is referred
Lo AERB's Site Evaluation Committee (SEC). In case special
investigations and verifications are called for, AERB can
entrust the same to specialist agencies/consultants. The
Site Evaluation Committee is free to draw upon expertise
within the Department of Atomic Energy or its constitutent
units to make in depth investigations through dedicated
working groups. If required experts from outside
organisation may also be included in the working groups. The
findings and recommendations of SEC if positive, are passed
on to AERB's Advisory Committee for Project Safety Review
(ACPSR). This committee reviews and confirms the findings
of SER. If any unresolved issues exist, the same are also
considered by ACPSR. The findings and recommendations of
ACPSR are considered by the AErtB Board for grant of
authorization for locating the project at the Site. The
AERB Board also reviews and confirms any conditions and
stipulations that may be found necessary in respect of the
site evaluati'on authorization. The schematic of this three-
tier review is shown in Figure H_l.

A similar three-tier regulatory review is followed for
grant of authorization for construction. The NPC are
required to submit their Preliminary Safety Analysis Report
<PSAR), their Quality Assurance Programme and construction
schedule to support their application. The first tier
review is conducted by the Civil Engineering Design Review
Committee(CEDRC). The second tier review is by ACPSR, and
the third tier review and authorization is conducted by the
AERB Board. The schematic of this review is presented in
Fig. II-2.

For grant of authorization for commissioning, NPC are
required to submit their Preliminary Safety Analysis Report
(PSAR), their Quality Assurance Programme and other
documents as identified in Sec. Ill to support their
application. Further, the first tier review is conducted by
the Project Design Safety Commi t. tee ( PDSO) . The second tier
review is by ACPSR, and the third tier review and
authorization is conducted by the AFHB Board. The schematic
of this review is presented in Fig. TT_3,

A similar three-tier review scheme is followed for
major power operational stages. The schematics for
authorization of operation st*ge are given in Fig. II-4. As
the supporting documentation for these stages is fairly
extensive, the same has been identified m Section III.



Tl.(ii) Functions of Authorization

An authorization is an official document which :

1) Authorizes a specified activity or set of activities
dealing with the siting, design, construction,
commissioning, operation or decommissioning of a
nuclear power plant;

2) Establishes requirements and conditions governing the
performance of these activities;

3) Where appropriate, places time limits on the validity
of the authorizations.

ll,(iii) Requirements on the Applicant(Responsible Organisation)

The applicant has the primary responsibility for
ensuring safety in the siting, design, construction,
commissioning, operation and decommissioning of a nuclear
power plant. Compliance with the requirements imposed by
AERB shall not relieve the applicant of the fundamental
obligation to ensure the protection of site personnel, the
public and the environment. The applicant shall demonstrate
to AERB that, this responsibility has been and will continue
to be fulfilled.

The applicant shall be required to submit and make
available to AERB in due time all information that this body
specifies or requests. It shall be the responsibility of
the applicant to make proper arrangements with the vendor(s)
and/or contractor(s) to ensure the availability of all
required information. It shall be also within the
responsibility of the applicant to keep AERB continuously
informed of all new information and of alterations to all
previously submitted information which may be relevant to
the authorization process.

The applicant should be aware that review and
assessment of the information by AERB is a continuous
process. It is therefore recommended that the different
basic documents or the supporting documents be submitted to
the regulatory body at an early stage. A typical list of
basic documents and the timings of their submissions is
shown in Table II.1. This approach will facilitate a
systematic review and assessment and prevent unnecessary
delays. These documents and other relevant documents shall
be periodically updated.

Other requirements would be imposed upon the applicant
by AERB, in particular through the authorization issued in



respect of the nuclear power project/plant. These
requirements would, inter alia, include:

1) A baseline survey of the environment as related to
radiological characteristics well in advance of the
first fuel delivery to the site;

2) Periodic site and environmental surveys as related to
radiological characteristics and to other aspects of
safety;

3) Regular reports to AERB on relevant subjects, including

i) Senior staff changes
ii) Radiological data

iii) Operating data
iv) Unusual occurrences
v) Installation, completion and commissioning as per

design intent, to be supported by relevant
documents

vi) Precommissioning and commissioning tests at
various stages to establish that various
equipments/systems are functioning as per design
intent.

4) Procedures governing the authorization of changes in
design, construction, commissioning, operation and
decommissioning.

II.(iv) Stages of the Authorization

1. The major stages of AERB's authorization process for
nuclear power plants are related to:

i) Siting,
ii) Site construction,
iii) Commissioning, and
iv) Operation

(The fifth stage, namely decommissioning is also
envisaged for incorporation in this process, in future).

2.a The first formal authorization for siting involves in
general the review of the safety concept and issuance of a
clearance for the site for locating the project. This should
require on the part of the applicant submission of a Site
Evaluation Report (SER), including the Basic Design
Information for review and assessment of site
characteristics. The nature and contents of SER are
indicated in section III.



2.b The second formal authorization for site construction
involves, in general the review of the safety concept and
issuance of a construction clearance from the view point of
safety. This should require, on the part of the applicant,
submission of Preliminary Safety Analysis Report (PSAR),
KPC's Quality Assurance Programme during construction and
construction schedule for the proposed NPP before issuing
site construction authorization.

3.a The third major authorization stage is prior to
commissioning. For Indian nuclear power plants, the
authorization for commissioning is given in several interim
stages. For Indian PHWRs, these interim stages, in general,
are,

i) hot conditioning or passivation of the primary system.

ii) fuel loading of the reactor core and heavy water
addition to storage and cooling systems (except core).

iii> initial approach to criticality

iv) low power physics calibration experiments (Phase B)

v) low power engineering tests (Phase C) and tests at 25%,
50% and 75% of rated power

vi) tests at rated power.

AERB may find it necessary to alter the order of above-
mentioned interim stages, to add new stages or to combine
some of the stages, in specific cases, if safety
considerations so require.

The documentary submissions for each of the
commissioning stages would therefore be related to the
safety systems and safety features which are relevant to the
commissioning stage concerned. These are identified in
Section 3.

3.b The fourth major authorization stage is for power
operations at power levels upto rated power. For this
authorization, the applicant has to submit detailed test
reports to support his application. In addition, a Final
Safety Analysis Report would have to be submitted,
incorporating the results of tests of equipment and systems
important to safety. The necessary submissions have been
identified in Section III.

4. It is a normal practice in the authorization process
that numerous ad-hoc stipulations of a specific nature may
|.e made by the AERB or its review bodies as pre-requisites
for some authorization stages.It is axiomatic, that



compliance with such stipulations would be necessary before
conferring the related stage authorization.

II <v) Schedule of Submissions for Authorization

i. As the process of authorization extends over several
distinct stages from site evaluation to decommissioning, it
is necessary that supporting documents and submissions be
made well in advance of each stage to permit adeguate time
for regulatory review. In general, supporting documents
should be submitted as soon as they are finalised, so that
any queries or reservations raised in the course of the
review process can be resolved and the documents revised in
a timely manner.

ii. The accompanying Table II-l gives the minimum advance
period for submissions of important supporting documents.
This table is not exhaustive and is meant to laydown
guidelines on advance periods for submissions. This minimum
period is necessary for completing the three-tiered
regulatory review after submission of all the supporting
documents and satisfactory resolution of all outstanding
issues related to the authorization stages in question.



TABLE II-l

MINIMOM ADVANCE PERIOD FOR SDBMISSION OF SDPPORTING
DOCDMENTATION FOR AUTHORIZATION STAGES

1. Basic Documents

Sr.No. Document

1. Site Evaluation Report

2.

3.

10.

11.

\2.

13.

Design Basis Information

Preliminary Safety Analysis
Report

Quality Assurance Programme
in Design, Construction,
Commissioning

PERT chart giving
construction schedule

Advance availability

Six months prior to start of
site construction.

- do -

Six months prior to start of
site construction.

Six months prior to start of
site, construction or
commissioning, as relevant

Three months prior to start
of site construction

PERT chart for commissioning Two months prior to start of
programme

Technical Specifications
for Operation

Training and Qualification
Programme (including
schedule for key operating
personnel>

commissioning

Three months prior to fuel
loading/heavy water addition
whichever is earlier

Three months prior to fuel
loading/heavy water addition,
whichever is earlier

Emergency Preparedness Plans Three months prior to first

Complete set of flow and
logic diagrams

Commissioning procedures
and test/inspection
procedures

Pre-reguisite commissioning
test/inspection results

In-service Inspection and
Testing Programme

approach to criticality

Three months prior to relevant
authorization stage

Two months before relevant
authorization stage

One month before relevant
authorization stage

Two months prior to initial
criticality



TABLE II-l <Cont.)

Sr.No. Document.

14. Final Safety Analysis
Report ( Operational data
and its analysis at each
power operation stage ie.
25%, 50%, 75% and 100% of
rated power)

15. Design Basis Manuals (DBM)

16. Detailed design description
and flow sheets

17. Training documents

18. Operating Manuals

19. Maintenance Procedures

Advance availability

One month prior to request for
power operation authorization
(as part of request for
authorization for next higher
power operation)

Two months prior to authoriza-
tion stage relevant to the
DBM document

Available at site prior to
initial criticality

Available at site three
months prior to fuel loading

Available at site prior to
fuel loading/heavy water
addition, whichever is earlier

Available at site priost to
initial power operation.
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Section III

TYPICAL INFORMATION TO BE SUBMITTED IN SUPPORT OF
APPLICATION FOR AUTHORIZATIONS

III.l Safety Approach Information

The applicant shall provide all relevant information
describing the basic safety approach, that is, basic safety
principles, analysis, criteria and standards proposed for
siting, design, construction, operation, decommissioning and
quality assurance, in order to demonstrate that the nuclear
power plant will not present undue radiological risks to the
site personnel and the public and create no adverse effect
on environment.

III. 2 Site related information to be included in Site
Evaluation Report (3ER)

i. Information relating to the site, with particular
emphasis on factors important to radiation safety, and
emphasizing those site characteristics which may influence
the design and operation of the nuclear power plant, shall
be provided. Information concerning the interaction of the
nuclear power plant and the environment shall also be
provided in the SER. Information regarding the electrical
grid of the region and power evacuation scheme should be
furnished.

ii. Geography, demography and topography

The site and its location should be described with the
aid of maps of suitable scale. The present and foreseeable
uses of surrounding land should be described. Data on
food/milk production and on dietary habits in the area
should be compiled with special attention to food processing
or any other sensitive industry.

Neighbouring existing or planned industrial and public
facilities such as roads, railways, waterways, transport of
dangerous goods, chemical plants, military installations,
gas pipelines, airports, archaeological monuments, parks and
places of pilgrimage, including anticipated changes in their
utilization should be described in such a way as to
facilitate the evaluation of the risks which they present
for the nuclear power plant.

The current and the forecast population of permanent
residents in the surrounding area (of 50 km radius),
including those in schools and hospitals, should be
tabulated as a function of distance and direction in such a
way as to demonstrate the feasibility of emergency plans to
protect the population against the accidental release of

15



radioactivity. Similar information should also be given for
transient and seasonal population.

Access to the site should be discussed where it may
influence outside intervention in case of emergency, ease of
evacuation of personnel or members of the public, or hazards
associated with the shipment of irradiated fuels or
radioactive waste.

The topography of the surrounding area (of 50 km
radius)and the site should be discussed from the viewpoint
of the following subject headings.

iii. Meteorology

Meteorological conditions having an influence on the
consequences of normal and accidental releases of
radioactive materials should be described and discussed.
The influence of cooling towers on the behaviour of
atmospheric releases should also be included. In addition,
the meteorological conditions affecting cooling systems
should be described and discussed. The frequency of
occurrence and possible consequences of extreme
meteorological conditions such as tornadoes, hurricanes or
typhoons, and precipitation should be discussed.

This information should include the distributions of
wind velocity and direction, precipitation and atmospheric
stability conditions. It should be explained how these data
are dealt with in atmospheric diffusion and transport
calculations actually presented in the application. The
effect which meteorological considerations have in
establishing design bases and operating conditions for the
plant should be shown.

iv. Hydrology

Information should be submitted, giving quantity and
quality, about the water on, under and around the site.
This information should include, in particular, sources of
cooling water and their availability, ground water movement,
river or lake current, dispersion conditions, potable and
service water supplies. Attention should be given to the
uses, present and projected, of water originating in or
flowing through the area, taking into account possible
contamination by the nuclear power plant in normal
operation, anticipated operational occurrences and accident
conditions.

where- applicable t.hf: effect of natural phenomena such
as tidal effects, floods and coastal cyclones should br>
evaluated. The consequences of failure of installations
such as dams 'upstream ,inii downstream) should also be
evaluated.

16



v. Geology

Information should be provided on the geological
formation of the site and its surrounding area and the
effect it may have on the design of the foundations and
structures. This information should include investigation
of surface faulting, stability of sub-surface materials, and
stability of 8lopes and embankments. Such features an
geological anomalies and underground workings should be
identified.

vi. Seismicity

Information concerning the seismicity of the site and
its surrounding area and the method followed for
establishing the design basis vibratory ground motions
should be discussed and the data given. This information
should include a description of the behaviour of the ground
during tremors in the past, a seismic history of the area,
an indication and evaluation of active faults within a
significant radius, and data on the seismotectonics of thn
site.

vii. Radioecology

All necessary ecological data from the site and its
surrounding area that are important for review and
assessment of the radiological environmental impact of the
nuclear power plant, such as biological systems and critical
food pathways, should be presented. A description should be
given of the organization and conduct of an environmental
monitoring programme to establish baseline data on
rjdioactivity levels.

viii. Thermal Pollution

Thermal pollution resulting from discharge of warm
water, steam and the cooling systems into the air and water
body and the impact on ecosystem on account of above should
be studied and reported. Wherever necessary studies on
thermal plumes should be conducted by constructing models.
Where atmosphere is the Ultimate Heat Sink, probable changes
in local micrometeorology caused by cooling towers should be
evaluated and report submitted.

III.3 Design Basis Information (to be included in SER)

A concise but complete description of the overall
nuclear power plant should be given. A comprehensive
description of significant design areas is however needed,
including for each area its role, function and operating
characteristics and design basis with sufficient detail so
1 hat the regulatory body can complete its review and
assessment. Furthermore, principal design criteria
including fundamental engineering design objectives

1 7



established for the project shall be given. These criteria
represent the broad frame of reference within which the more
detailed plant design effort is to proceed and against which
the final project will be judged. In a general way the
safety provisions should be identified and justified.
Codes and standards followed in the design of systems
relevant to safety should be indicated and fully referenced.
Results of special research and development programmes
undertaken to establish the final design should be
presented.

111.4 Safety Analysis Reports

The organisation and contents of safety analysis
reports, both Preliminary Safety Analysis Reports (PSARs)
and Final Safety Analysis Reports (FSARs) is indicated in
Appendix I. These safety analysis reports have to be
submitted in support of applications for authorizations of
detailed design, manufacture and construction (in PSAR) and
for rated power authorization (FSAR). While the format
recommended in Appendix I is not mandatory, its acceptance
is recommended in order to expedite the processing of the
concerned authorizations. The applicant is permitted to
include in the FSAR only the changes in design, quality
assurance and organisation from those described in PSAR in
order to avoid repetition. In such cases, clear and
unambiguous cross references must be incorporated in FSAR.

The plant layout and the overall arrangements of the
various buildings and systems should be described and
justified. The design bases for the buildings should be
identified and discussed.

11I.5 Submissions for Commissioning Stages

It is a genera] requirement for grant of commissioning
any stage authorization that all construction, testing and
inspection activity be satisfactorily completed in respect
of structures, systems and components which are relevant to
that particular stage of the authorization. This
requirement may be met by production of quality control,
quality surveillance reports, by inspection and testing
reports, and by construction completion certificates.
Similarly, all pre-comwiasioning tests and inspections
relevant to any particular stage must also be satisfactorily
completed, and documented through appropriate pre-
commissioning inspection and test reports.

The specific requirements for grant of commissioning
authorizations are indicated in Appendix II.

The specific requirements for grant of operational
i zation are also indicated in Appendix II.



Appendix X

1. INTRODUCTION

1.1 General;

This document suggests guidelines for the organisation
and contents of safety reports for reactors. It is
applicable primarily to power reactors but, with suitable
modifications, should also be applicable to research,
experimental and test reactors, and other facilities.

1.2 Purpose Of Safety ReportB

In the regulation of reactors, safety reports form the
principal communication between the designer/operator and
the Atomic Energy Regulatory Board (AERB). Therefore, the
main purpose of safety report is to:
i) provide an evaluation by the designer of the proposed

facility and demonstration that the facility can be
built and operated at the proposed site without undue
risk to the health and safety of the general public.
This evaluation and demonstration should be based on
experimental programmes or experience with similar
facilities or components.

ii) provide information such as design bases, site and
plant characteristics, safety analyses and conduct of
operations, in such a way that AERB may evaluate the
safety of the plant.

1.3 Contents Of Safety Reports

Safety reports should be precise, lucid, clear and
easily understandable. These should contain sufficient
information to enable AERB to conduct a review of the safety
analysis without any need to refer to other documents.

Safety Reports should identify the Principal Design
Criteria and Design Bases Information and conduct Design
Evaluation and Safety Analysis of the proposed facility.
They should also include the Technical Specifications for
Operation of the facility.

1.4 Format Of Safety Reports

i) A table of contents should be provided. When a report
consists of several volumes, the complete table of
contents should be included in each volume,

li) All information presented in drawings, maps, diagrams,
sketches and charts should be legible, the symbols
should be defined, and the drawings should not be to a
sî ale which would necessitate the use of some visual
aids,

ill) Abbreviations >• sed should be consistent with the
general us«ye and those not. in general usage should be
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defined in each volume where they are used,
iv) Removal and reinsertion of a page or pages and

insertion of a modified page or pages should be easy,
v) Each Safety Report should consist of sections, each

section covering a particular system or topic. The
discussion within a section should be fairly complete
and each section should be a self-contained part of tho
report.

1.5 Issue Of Safety Reports

Safety Reports should be issued in successive and
complementary parts as indicated below:

a) Preliminary Safety Analysis Report : This should
comprise a preliminary safety analysis based on the
intended siting and design. Where any of the topics
cannot be given full coverage at this stage,
sufficiently detailed information (design bases,
specifications, calculations) should be provided to
assess the feasibility of the plant at the proposed
site, with regard to public health and environmental
safety, before commencement of construction.

b) Final Safety Analysis Report : This should be up-to-
date and complement the first report with current and
more specific information as obtained in the course of
construction of the plant. It should also include
detailed description of the operational aspects and
safety of operating personnel.

It is most desirable to follow as closely and as
continuously as possible, the development of the plant from
site selection on through design, construction and
commissioning. It is, therefore, suggested that the Safety
Reports should be submitted to AERB in accordance with tne
stipulated programme to enable it to review it in good time
before authorizing operation.

1.6 Remarks

If items not discussed or included in any of the
suggested sections are relevant to the safety of the plant,
these should be included by insertion of additional section
OJ sub-sections. Similarly, if some of the sections are not
relevant to the safety of the plant, these may be omitted.
Ritualistic adherence to the suggested format and coverage
nliould not substitute for systematic and logical
presentation of infoimation associated with the evaluation
of individual safety aspects peculiar to a particular plant.

J.1 Delinitions

jn Ci ite_ri_a : These are the fundamental
architectural and engineering design objectives
established for the project, and represent the broad
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frame of reference within which £he more detailed plant
design effort is to proceed and against which the
project will be reviewed.

2' Design Bases : That information which identifies the
specific functions to be performed by a major component
or system in terms of performance objectives together
with specific values or range of values chosen for
controlling parameters as reference bounds or limits
for design.

3> Design Evaluation : A study of the functional and
physical features of the major plant systems and
components to determine:
a> whether the design can or has met performance

objectives with an adequate margin of safety,
b) the identity and susceptibility of failures,

either in equipment or control over process
variables, which could be possible initiating
events for accidents.

4) Safety Analysis : A stU'-' of the predicted response of
the reactor plant to postulated initiating eventB to
determine with reasonable assuran- ? whether the plant
has capacity for preventing accidents or mitigating
their effects sufficiently to preclude undue risk to
public health and safety.

2. CONTENTS OF SAFETY REPORT

2.1 Summary

2.1.1 The purpose of this section is to provide a concise
definition of the facility, its principal design criteria,
its design bases, principal operating characteristics, and
safety implications. The following are the types of
information that should be included in this section.

2.1-2 Principal Design Criteria : Identification of the
principal design criteria to which the facility was designed
and is proposed to be operated.

2.1.3 Plant CharatH er i s\ ic_s : A tabulation of the important
design and operating characteristics of the facility without
details of description, calculation or discussion.
Similarities to other reactors (previously designed or
built) and principal differences from such reactors should
be indicated.

2.1.4 Design Highlights : Those features of the facility
likely to be of special interest from safety considerations
should be indicated. In particular, such items as unusual
site characteristics, an uncommon solution to a par.icular
difficult engineering problem, or a significant
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extrapolation of the technology as represented by the design
should be highlighted.

2.1.5 Safety Analysis : The postulated initiating events and
their credible combinations should be used in analysis to
predict the response of the plant to each such event or
combination thereof. These analyses should include
estimation of mechanical, thermal and other loads on the
components and systems of the plants. An attempt should be
made to derive target reliabilities for systems and
components important to safety, so as to meet overall
reliability targets.

2.1.6 Research and Development Requirements : A resume of
the results of any special research and development
programmes undertaken to establish the final design and of
any programmes to be conducted during operation in order to
demonstrate the acceptability of contemplated future changes
in design or modes of operation.

2.1.7 General Conclusions : A statement summarising the
general conclusion of the Designer/Operator with respect to
safety of the facility.

2.1.8 Quality Assurance Programme : Structures, systems and
components to be covered by the QA programme and major
organisations participating in it together with their
designated functions.

2.1.9 Controls : Verification, inspection, testing and
documentation of activities affecting quality of the
identified structures, systems and components, to an extent
consistent with their importance to safety.

2.2 Site and Civil Structures

2.2.1 This section should contain pertirent natural,
geological, hydrological, meteorological and ecological
characteristics in conjunction with population distribution,
land use, and site activities and controls. This section
should also contain design basis of main plant buildings and
its structures, and development of the plant layout.

Reactor plant designs are influenced by the particular
site selected for the location of the reactor. As such, the
information about:
a> How site characteristics have influenced the design and

operating plans,
b> The evaluation that led to the selection of site

influenced criteria and the acceptances of their
adequacy from a safety view point,

<• » The data supporting key inputs and assumptions used in
the design evaluations,
should be supplied.
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The extent of the evaluation and the amount and detail
of information provided on any particular factor should be
directly proportional to the importance of that factor to
the safety of operation.

2.2.2 Location of the site : The following information should
be supplied :

a) Location of the site,
b) The nature, extent and basis of control exercised by

the designer/operator, over the site,
c) Site description aided with several maps of

successively larger scale of the surrounding area upto
50 km from the facility, showing the location of the
facility, the site boundaries, and prominent natural
and man-made features.

d) The distribution of permanent residents in the
surrounding area (upto a distance of 50 km from the
facility) as a function of distance and direction, in
some convenient graphical and tabular forms.

e) Any significant effect on the above population
distribution due to part-time occupancy or seasonal
variations.

f> Information on the present and predictable uses to
which the surrounding land is put, especially in
agriculture and forestry in all their forms. Data on
milk and food production, fishing,, salt manufacturing
and industry in the area with special reference to food
processing and sensitive industries like photographic
materials and paper. Possible interplay between the
nuclear power and industries and the nuclear plant and
the use of land in this area.

g) Estimates of anticipated future changes in population
density and the character of the use of area within the
radius of influence, during the life time of the
facility.

h) Access to plant site.
i) Degree of control exercised over persons engaged in

activities, other than plant operation, within the
radius of influence, e.g. The grazing of domestic or
farm animals on site pasturage, the use of certain
areas of the site for recreational purposes, etc.

2.2.3 Meteorology : Meteorological evaluation of the site is
done in order to:

a) Identify meteorological conditions influencing release
of gaseous radioactive effluents.

b) Explain the design bases and operating requirements
est-abiifahed because ol meteorological considerations.

<.-) Provide a basife Cor evaluating the diffusion parameters
selected fur analysis of postulated accidental
releases.
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With this view, the following information should be
supplied:
i) Wind: Speed, direction and duration. Seasonal wind

roses are a convenient form of presenting this
information,

ii) Precipitation and prevalent wind directions associated
with precipitation,

iii> Atmospheric conditions : types, frequency, duration,
iv) Storms : types, severity and frequency,
v) Temperature : gradients including inversions,

frequency, duration,
vi) Peculiarities of local meteorological conditions,

including effects of terrain, relevant to the diffusion
of released radioactive matter,

vii) Description of the niicrometeorological programme at the
site,

viii)Sources of meteorological data.

2.2.4 Hydrology : The extent of hydrological evaluation
should be consistent with the importance of these matters to
plant design and operation.

The following information should be supplied whenever
pertinent:

i) Sizes and essential rates of flow of surface waters
i.e. nearshore water, lakes, rivers, streams and
swamps,

ii) High water levels : floods, waves, etc.
iii) Low water levels, drought, draw-down, etc.
iv) The absorption and drainage characteristics of water

tables and wells. The depths, estimated direction and
rates of flow of underground waters,

v) Sources of water for human consumption or for
agricultural purposes and plant requirements,

vi) Dilution and reconcentration characteristics,
vii) Field programmes and sources of hydrological d^ta.

2.2.5 Geology : Geological formations beneath the facility in
general play the same role in the architectural engineering
of the structures for the reactor as for any major facility.
Exhaustive geological survey reports brought in for
discussion should be 'referenced1 and a summary with
pertinent conclusions should be included in the Safety
Report.

Whenever pertinent, the following geological
information should be supplied :
i) Regional geology,
ii) Stratigraphy and bed rock conditions at site,
iii) Faulting at and near site,
iv) Ion exchange ar<i filtering characteristics of the soil

(whenever liquid radioactive hold-up tanks may be
buried),

v) Geological field programmes.
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2.2.6 Seismology : The extent of evaluations submitted in the
Safety Report and the amount of supporting information
should be roughly proportional to the probability of a
seismic event and to the intensity of its effects.

a) For the evaluation of S2 a deterministic approach would
be normally followed. Probabilistic assessment should
be carried out to supplement the deterministic order.

b) For the evaluation of SI, the probabilistic approach
can be adopted depending on the adequacy and quality of
the data. Otherwise a fraction of S2 can be specified.

The following information should be provided :
i) General seismic history of the area,
ii> Locations of geological faults with respect to site.

2.2.7 Ecology : The biological aspects of the site, human,
domestic and natural as they may affect and may be affected
by plant operation, both normal and abnormal, should be
considered here. The dilution and reconcentration of
radioactive materials as they work their way up through
successive tropic levels, along the various food path ways
to man are the essence of this section. The following
information should be provided.

a) Radioactive pollution of the environment,
b) Chemical pollution of the environment,
c) Thermal pollution of the environment,
d) Critical food pathways to man, radiochemical and

chemical,
e) field programmes,
f) Sources of ecological information,
g) Evaluation on the basis of existing information of the

capacity of the environment, consistent with safety
norms, as recipient of plant effluents.

2 . 2 . fl Cryi 1 Struntjures :

i) Nuclear safety implications for the design of main
plant building structures: safety objectives, safety
principles, and safety design requirements, and the
identification of functional roles of structures.

ii) a) Sketches showing main plant layout and identifying
various buildings

b) Table for each main plant buildings containing
name of the systems and components equipments with
I heir safety classification housed in the building

c) T*L1« containing Safety, Design and Quality
Assurance classification of the buildings.

lii) Loading envelope
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iv) Material properties

v) Surveillance and maintenance

DBRs;

Design Basis Report (DBR) shall be prepared for all
main plant buildings/structures. The report shall contain
the name of the building/structure for which the report is
prepared. The report shall contain

i> Loading and Load combinations in detail, stipulations,
criteria, and design constraints to be adopted.

ii) Methodology of analysis and design of cross section.

iii) Design parameters adopted.

iv) Criteria adopted for detailing.

Design Basis Reports (DBRs) shall be prepared in such a way
that the reports are self contained and complete in all
respect to delineate the entire design process of the
building or structure. The design basis of dynamic analysis
and static design may be presented in one report.

Design Reports;

Separate design report shall be prepared for each main plant
building. The design report shall be self contained and
complete in all respect. The design report shall contain
the following:

i) Sketches of structural layout of the building,

ii) Sketches showing analytical model,

iii) Analysis strategy.

iv) a) Computation, if any, of input data for computer
aided analysis and design.

L) In case of hand calculation, computational work of
analysis and design stating the forjnulae clearly
along with assumptions made.

v) Analysis results and recommended design values.

vi) Design computation of sections, joints, etc. along with
sketches.

Validation Report:

reports shall le prepared for the validation for a] I
r softwares which will be used in the design and

analysis work. The codes shall be validated using bench
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mark example problems acceptable to the regulatory body.
The softwares which was already validated for a past project
ncfd also be validated for the project which is under
consideration of authorization process.

2.3 Reactor

2.3.1 This section should provide an evaluation and
supporting information to establish the capability of the
reactor to perform throughout its 1ifetime under all normal
operational modes, including both transient and steady
6tate, without releasing other than acceptably small amounts
of fission and activation products to the coolant. In
addition, there should be a study of the potential of the
reactor as a source of abno: mal conditions and supporting
information should be provided for Safety Analyses to
follow.

a)

b)

c)

d)

Broadly, this section should deal with:
Identifying the design bases and explaining the reasons
therefor.
Description of the reactor to show how the design bases
have been met.
Demonstration through evaluations that design

reasonable marginhave been met with a
contingencies.
Providing a basis for such limits .upon operation
might be appropriate in the interest of safety.

bases
for

that

Contents of this section should be divided
following subsections.

into

2.3.2 Design Bases :

a) The functional or performance objectives of the
reactor, such as average thermal power, core design
lifetime, and fuel replacement programme,

b> Limits imposed upon the design by selection of specific
values or ranges of values which are themselves safety
bounds or control parameters which are safety bounds,
e.g.
i) Nrjlear 1imits such as fuel burn up, reactivity

coefficients, stability, excess reactivity,
maximum controlled reactivity insertion rates, and
control of power distribution,

ii) Reactivity control 1imits such as shut-down
margins, stuck rod criteria, maximum rod speeds,
chemical and mechanical shim controls, back-up
scram and emergency shut-down provisions,

ill) Theriiid] and Hydi dul ic l_ill!iL§ such as fuel and clad
temperatures, critical heat flux ratio, flov»
velocities and distribution control, coolant and
moderator voids and hydraulic stability including
therniosyphon mode of cooling,

iv> Mechanical limits such as maximum allowable
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stresses, deflections, cycling and fatigue limits,
fuel restraints, capacity for fission gas
inventory in fuel, maximum internal gas pressure,
control rod clearances, material selection,
radiation damage and shock loadings.

Where the limits selected are consistent with proven
practice, a referenced statement would suffice; where the
limits extend beyond present practice, evaluations and
explanations based on developmental work and/or analysis are
necessarily to be included.

2.3.3 . Reactor Design and Evaluation

A summary table of the important design and performance
characteristics should be included.

Nuclear Design and Evaluation

a) Nuclear characteristics of the design:
i > Cold and hot excess reactivity and shutdown

margins for clean condition and for maximum
reactivity condition,

ii) Coefficients of reactivity for hot, cold and
intermediate temperature conditions, namely.
Moderator temperature and void, overall and
regional,
Fuel doppler
Fuel geometry and composition
Fuel thermal expansion

iii) Hot and cold reactivity worth of individual
control rods and groups of rods for planned
pa<_terns and core operating modes with estimate.?.
of reductions in effectiveness during core
lifetime,

iv) Hot and cold reactivity worth of fuel assemblies
and mechanical and chemical shims and worths of
any materials which could have significant
reactivity effects,

v) Maximum controlled reactivity insertion rates at
start up and operating conditions,

vi) Gross and local, radial and axial power
distribution for different planned rod pattei n.-.
and minimum critical mass,

vii) Neutron flux distribution and spectrum at cu>-
boundaries and at the pressure vessel wall,

viiiJPower decay curve for full and partial scram oi
power set-back (if applicable) from least
effective planned rod arrangements.

b) Nuclear Evaluation
i5 Description of the calculational methods for

important nuclear paraneters. Estimates of
accuracy (either experimental or based upon
experience),
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ii) When nuolear parameters such as excess reactivity,
reactivity coefficients and reactivity insertion
rates exceed present practice, a discussion of the
potential effects of these cases should be
presented,

iii) Evaluation of stability of the reactor,
iv) A safety oriented discussion of all planned

nuclear experiments and tests, both in critical
assemblies and zero power and approach-to-power
tests at the reactor site, should be included.

2.3.4 Thermal and Hydraulic Design and Evaluation

a) Thermal and hydraulic design characteristics :
i) Fuel and cladding temperatures, both local and

distributed. Indication of correlation used for
thermal conductivity and method of employing hot
channel factors,

ii) Critical heat flux ratio, both local and
distributed. Indication of the critical hot flux
correlation used, method of use, and method of
determining hot channel factors,

iii) Predicted core average and maximum void fraction
and distribution,

iv) Coolant flow distribution and orificing,
v) Core pressure drop and hydraulic loads during

normal and accident conditions,
vi) Correlations and physical data employed in

determining important characteristics such as heat
transfer coefficients and pressure drops.

b) Thermal and hydraulic evaluation :
i) Analytical techniques employed with estimates of

uncertainties,
ii) Analysis of hydraulic stability,
iii) Vibration analysis,
iv) Analysis of the potential for and effect of sudden

temperature transients on fuel elements with
blocked coolant channels with high internal gas
pressure,

v) Analysis of temperature transients that may cause
bowing of the control rods or structure,

vi) Analysis of energy release and potential for a
chemical reaction should physical burn-out of fuel
elements occur,

vii) Analysis of energy release and resulting pressure
pulse should blocked coolant channels rupture and
spill fuel into the coolant,

viii)Analysis of temperature distribution in solid
moderators during normal and accident conditions.
Evaluation of potential for chemical reaction.
Estimate of total energy stored in the form of
heat.
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2.3.5 Mechanical Design and Evaluation

a) Mechanical design :
i) Internal layout : Drawing showing the arrangement

of the important components, positioning and
support of fuel assemblies, control rods, etc.
Location of in-core instrumentation,

ii) Fuel : Drawings of the fuel assemblies and fuel
elements showing arrangement, dimension, critical
tolerances, sealing and handling features, methods
of support, fission gas spaces, and internal
components,

iii) Control system : Design and description of control
system. Drawings of control rods and followers,
rod drives, latching mechanisms, assembly within
the reactor.

b) Mechanical design evaluation :
i) Internal layout : stresses and deflections of

critical pressure parts for pressure, temperature,
shock and hydraulic loads for both normal and
accident conditions. Dimensional integrity of
control rod channels and positioning of fuel
assemblies,

ii) Fuel design : Adequacy of materials throughout
lifetime. Vibration analysis. Fuel element
internal pressure and cladding stresses during
normal and accident conditions. Temperature
transients. Depressurisation accidents.
Potential for a water logging rupture. Potential
for a chemical reaction. Fretting corrosion.
Cycling and fatigue. Dimensional stability of
fuel and critical components during life time.

iii) Control system : materials adequacy throughout
lifetime. Dimensional and tolerance analysis of
the system as a whole. Thermal analysis
(warping). Pressure analysis (ejection of rods
from core). Potential for and consequences of
mechanical failures of critical components.
Possible effects of violent fuel rod failures on
control rod clearances. Sensitivity of the system
to mechanical damage.

Previous experience and/or development work with
similar systems. Test and inspection programmes to
demonstrate proper functioning.

2.3.6 Safety limits and conditions :

Those aspects of design that significantly influence
the maintenance of fuel cladding and primary system
integrity should be identified. Evaluations should show the
relationship between normal operating ranges planned for key
variables affecting fuel integrity and limits beyond which
operation will not proceed in the interest of safety.
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An evaluation of the primary and related parameters
which shows a basis for selection of particular parameters
upon which limits are placed.

Evaluation of conditions prerequisite to operation
under specified modes. Redundancy and consequent
flexibility of operation.

2.3.7 Tests and Inspections :

Tests planned for core characteristics or reactivity
control features having safety implications.

Development programme, tests and surveillance
programmes to :

i) substantiate adequacy of design,
ii) assure that safety limits will not be exceeded,

iii) provide operational data in support of planned
escalation in power or different operating modes,

iv) provide baseline data to evaluate systems performance.

2.4 Coolant System

2.4.1 Evaluation, together with necessary supporting
material, should show that the reactor coolant system is
adequate to accomplish its intended objective and to
maintain its integrity under conditions imposed by all
foreseeable reactor behaviour, either normal or abnormal.

2.4.2

a) The performance objectives of the system and its
components from which the design parameters are derived
for normal operation, anticipated operational
occurances and accident conditions,

b) The design pressure, temperature, seismic loads and
maximum system and component test pressures for the
system and individual components,

c) Design cyclic loads expected to be sustained during
service lifetime, their estimated frequency including
considerations of start-up and shut-down operations,
power level changes, emergency and recovery conditions,
switching operations, and hydrostatic pressure tests,

d) The design service life of the system including (a)
estimated operating time at specific power levels and
(b) estimated life of components, which by virtue of
design, will be accessible for inspection, repair or
replacement,

e) The codes and classifications applied in the design,
construction, inspection and testing of the coolant
system, the primary side of the auxiliary or emergency
reactor systems, the primary side of the engineered
safety systems connected to the primary system, and the
interconnecting piping systems.

31



The selection of the specific values or ranges of
values for the variables' such as pressure, temperature,
loadings etc. should be explained from the standpoint of
safety.

2.4.3 System Design and Operation

a) A schematic flow diagram of the reactor coolant system
denoting all major components, principal pressures,
temperatures, flow rates, and coolant volume under
normal steady state full power operating conditions,

b) A piping and instrumentation diagram of the reactor
coolant system and the primary side of the auxiliary or
emergency fluid systems and engineered safety systems
interconnected with the reactor coolant system
delineating:
i) The extent of systems located within the

containment,
ii) The points of separation between the reactor

coolant system and the secondary system, and
iii) The extent of isolatability of any fluid system as

provided by the use of isolation valves between
the radioactive and non-radioactive sections of
the syster,.,

c) An elevation with principal dimensions of the reactor
coolant system in relation to the supporting or
surrounding concrete structures which offer scie
protection. Safety considerations incorporated in the
layout.

d) A cross-sectional assembly of the major components of
the reactor coolant system, such as the reactor vessel
with internals, pressuriser, steam generators, heat
exchangers, pumps and the principal valves,

e) An indication and location of all pressure relieving
devices as applied to:
i) the reactor cooling system,
ii) the primary side of the auxiliary or emergency

systems interconnected with the primary system,
and

iii) any blow-down or heat dissipation system connected
to the discharge side of the pressure relieving
devices.

f) Protection provided for the principal components of
reactor coolant system against environmental factors,

g) The materials of construction exposed to the reactor
coolant and their compatibility with the coolant and
containments or radiolytic products,

h) The materials of construction of the reactor coolant
system and their compatibility with external insulation
or the environmental atmosphere in the event of coolant
leakage,

i) The maximum allowable normal and emergency heating and
cooling rates imposed on the reactor cooling system, to
limit thermal loading within design specifications,

j! The provisions made for leak detection of radioactive
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materials in ar^nu emtiracing the reactor coolant system
which aip i nrtccess i li] f and where the possibility of
coolant leakage exist H,

k) The additives to the primary coolant.

2.4.4 System Design Evaluation

Evaluation capability to provide or maintain under
normal or transient operating conditions, the integrity
required as a primary barrier and evaluation of operational
dependability throughout design lifetime.

a) The extent of designed-in safety factors, or the margin
of capacity, provided beyond that required to meet
performance specifications (e.g. pump coast-down
characteristics, number of coolant or recirculat ion
loops etc.)

b) The extent to which the function of the reactor coolant
system may depend upon the operability of an
interconnected system,

c) The extent to which any auxiliary or emergency system
or group of systems is relied upon to assure the
integrity of the reactor coolant system,

d) The overpressure protection provided for each vessel,
group of vessels, and the entire system, including
i) The principal assumptions and governing conditions

which dictated the maximum pressure-relieving
requirements of the system,

ii) The emergency dissipation or flow capacities of
each pressure relief valve as related to the
thermal and overall system characteristics under
the conditions which govern the sizing o'i
pressure-relief valves, and

iii) The pressure setting or bursting pressures of
pressure-relieving devices.

e) The extent of independent multiplicity of functions; of
systems or their components which may contribute to
operational dependabi1ity when called upon to function,

f) The potential of the system as cause of accidents,
either through failure of components or control over
the coolant, e.g. loss of coolant flow, pressure relief
valve sticking open etc.

g) Operational limits and conditions such as:
i) System heat-up and cool-down rate,
ii) Stress limits dictated by NDTT considerations,
iii) Coolant chemistry control,
iv) Coolant radioactivity limits,
v) Maximum pressures and temperatures.

2 . 4 . *S Tests .ind Ins_pect inn

r\) A summary of test «nd inspection programme to be
followed with n-spcct to reactor coolant system,

1>> Those tests and inspections of such importance to
safety ab to b<- included in the Technical
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Specifications for Operations.

2.5 Containment System

2.5.1 The Safety Report should contain relevant information
and evaluations to show that:
a) The containment will fulfill its intended objectives,

and
b) Such objectives are consistent with protection of

public safety.

Information provided should permit a determination of
the adequacy of the evaluations. The four subsystems which
constitute the containment system, namely, containment
system structure, containment isolation system, containment
ventilation system and containment leakage monitoring
system, should be described with special reference to the
design bases and design features and evaluation of the
containment system as a whole should be presented alongwith
a programme for testing and inspection of the containment
system.

2.5.2 Containment System Structure

a) Design Bases:
i) Postulated accident conditions and the extent of

simultaneous occurrences which determined the
containment design requirements,

ii) The sources and amounts of energy and material
which might be released into the containment
structure, and the post-accident time dependency
associated with these releases,

iii) The contribution of any engineered safety systems
in limiting the maximum value of energy released
in the containment structure in the event of an
accident,

b) Design Features:
i) Design internal pressure, temperature and volume,
ii> The design leakage rate,
iii) Design external loadings imposed by barometric

pressure changes, wind, snow or ice, floods or
inundations and earthquakes,

iv) The code and vessel classification applicable to
the design, fabrication, inspection and testing of
the structure,

v) Plans and elevations showing principal dimensions,
vi) The estimated number and types of penetrations,

equipment access doors, emergency escape openings
and air locks,

vii) Missile protection features,
viii)Protection provided against combustible, explosive

or reactive materials being released inside the
containment structure,

ix) Thermal or weather insulation provided,
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x) Shielding requirements incorporated,
xi) Provisions for corrosion protection, vacuum relief

etc.

2.5.3 Cor>t.«aJJin!e-ni Isolation SyilLem

The system of isolation valves applied to fluid lines
penetrating the containment. barrier to maintain or re-
establish containment integrity during normal operating
periods, or emergency arid post-accident periods, should be
considered as part of the containment system.

a) Design Bases:
i) The governing conditions under which containment

isolation becomes mandatory,
ii) The criteria applied with respect to the number

and location of independent isolation valves
provided for each fluid system penetrating the
containment and the basis thereof.

b) Design Features:
i) A piping and instrumentation diagram of the

isolation valve system indicating the location
with respect to the containment barrier of all
isolation valves in fluid systems penetrating the
containment walj, or systems communicating
directly with outside atmosphere (e.g. vacuum
relief valves)

ii) A summary of the types of isolation valves applied
and their open or closed status under normal
operating conditions, shut down or accident
situations,

iii) The primary and secondary modes of actuation
provided for the isolation waves,

iv) The numbers of parameters sensed and their values
which are required to effect closure of isolation
valves,

v) The closure time and sequence of timing for the
principal isolation valves to secure containment
i sol at ion,

vi) Protection of isolation valves, actuators, and
controls against danger from missiles.

vii) Provisions to ensure operability of isolation
valve system under accident environments.

2.5.4 Containment Venti1 at ion System

a) Design Bases:
i) The conditions which establish the need for

ventilation of the containment structure,
XJ) The bases employed for si/jng the ventilation and

air purification facilities.
M Desiyn Features:

i) A piping and instrumentation diagram of the
ventilation and/or other air purification
facilities, delineating the extent of systems



located within the containment structure,
ii> Performance objectives (e.g. ventilation flow

rates, temperature, humidity, or limits of
radioactivity levels to be maintained in the
containment structure,

iii> Provisions to exhaust, monitor, and filter the
ventil'tion air and provision for safe disposal of
the effluent to the atmosphere,

iv) A summary of the type of isolation valves applied
to the ventilation lines of the system penetrating
the containment wall.

2.5.5 Containment Leakage Monitoring Systems

a) Design Bases:
The design bases of the containment monitoring

system and any operational restrictions imposed on the
containment system form measurements of leakages as
derived by operation of the monitoring system.

b) Design Features:
i) A piping and instrumentation diagram of the system

delineating the extent of the system located
inside or outside of the containment structure,

ii) Performance objectives,
iii) Provisions for isolating the systems in the event

of accidents to preclude leakage through any
components of the monitoring system,

iv) Features considered for system components located
outside the containment structure which in effect
extend the containment boundary by recirculation
of containment atmosphere.

2.5.6

a) The extent to which the containment system
effectiveness and functional dependability will be
maintained and verified by testing throughout the
plant's life time,

b) The capability of the containment system to continue to
function in accordance with design specifications when
subjected to environmental forces such as winds,
floods, and seismic activity associated with the site
location,

c) The designed-in margin available in the containment
performance capability beyond that required to handle
the accident postulated for defining upper limit on
required performance,

d) The extent to which the operation of any engineered
safeguard is relied upon to attenuate the post-accident
conditions imposed upon the containment system,

e) The extent to which the measure of leak tightness at
any time depends upon the operation of a system, such
as a continuous leakage monitoring system, a continuous
leakage surveillance system for containment
penetrations and seals or a pump back compressor
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which maintains a negative pressure between dual
barriers of a containment,

f) An analysis of the capability of these operational
systems to perform their functions reliably and
accurately during operating periods, and under
conditions of operating interruptions.

2.5.7 Tests and Inspections

a) Preoperational testing of the containment system,
b>- Post'-opera tional surveillance to ensure a continued

state of readiness to perform,
c) What tests have been planned and why,
d) Considerations that led to test periodicity,
e) Test methods to be used,
f) Requirements set for acceptability of observed

performance and the reasons thereof,
g) Action to be taken in the event acceptability

requirements are not met.

2.6 Engineered Safety Features

2.6.1 The engineered safety features included in plant design
will vary from facility to facility. Examples are:
a) core spray and safety injection systems
b) containment spray systems,
c) atmosphere recirculation cooling and filtration

systems,
d) dousing systems.

Information should be directed to showing that:
i ) The concept upon which the operation of the system is

predicated has been or will be proven sufficiently.
Experience, full-scale tests under accident conditions,
or conservative extrapolations from present knowledge
should be considered (e.g. containment suppression
concepts, containment venting concepts, filtration
mechanisms, heat transfer mechanisms, etc.)

ii) The system will function during the period required and
will actually accomplish its intended purpose (e.g.
filtration efficiency, pressure reduction, etc.)

iii) The system will function when required and will
continue to function for the period required (e.g.
consideration of component reliability, system
interdependency, redundancy and dispersion of
components or portions of system etc.)

iv) Provisions have been made and tests will be performed
to ensure that the system will he dependable and
effective.

v) Configuration of safety system trains should be
furnished. Design considerations like diversity,
redunddnc-y, channel independence, fail safe philosophy,
testability etc. should be highlighted.

Core spray and safety injection system is discussed

37



below to illustrate the kind of informative material t*>-
needed in this section on such engineered safety eyp-t

Since the choice of safety features will differ from pi
to plant, only one such system is discussed.

2.6.2 Core Spray and Safety Injection System:

a) Design Bases:
i) The range of main coolant system ruptures

coolant leaks that the system was designed \
accommodate and the analyses supporting •:
selection,

ii) The fission-product decay heat that the system -
designed to remove and the analyses supporti
this selection,

iii) The reactivity required for cold shutdown *
which the system was designed and the analy*.
supporting this selection.

iv) Environmental conditions for which the system w-.
designed.

b) System Design:
i) A schematic piping and instrumentation diagram

the system showing location of all componen*s
piping, storage facilities, points wher
connecting systems tie in, and instrumentation a\.
control associated with pump actuation,

ii) Codes and. classifications applicable is syst.-
design,

iii) Materials used to establish compatibility,
iv) Design pressure and temperature of components .?•

various portions of the system and explanation >
their selection,

v) Capacity of each of the coolant ;-t..<.n -,
facilities,

vi) Pump characteristic curves and pump po<-•
requirements,

vii) Heat exchanger characteristics including det:..
flow rates, inlet and outlet temperatures for <,
cooling fluids and the fluids being cooled, i
overall heat transfer coefficient and the i.•••
transfer area,

viiilRelief valve set.tinys or venting prov •
included in the system,

ix) Reliability considerations incorporated i r.
design to ensure the- system will s,tarl
required and will deliver the required quant, j't
coolant,

x) Provisions to protect the system against dar.i.,
that might re.sult f i • c>\<\ movement or missiles,

xi) Provisions for vat ions i.t'thods of activation !<•
automatic, manu-il, different locations, etc.)

xii) Special provisions included to ensure \<\ •
operation in H ) ] »•;.- , i-eminents of the ruf-chm .
instrumentation, '-1.1 electrical portions os
system.



xiii)Provisions for facilitating performance testing of
components (e.g. bypass around pumps, sampling
lines, etc.)

c) Design Evaluation:
j) Analyses and tests performed to ensure that there

will be adequate flow and proper flow distribution
to prevent or limit core meltdown, as intended,

ii) Analyses and tests performed to determine the
nuclear and chemical effects of system operation
on the core,

iii) The extent to which components or portions of the
core spray or safety injection system are required
for operation of other systems and the extent to
which components or portions of other systems are
required for operation of the system,

iv) The range of acceptable lag times associated with
system operation; analysis supporting the
selection should include valve opening time, pump
operating time, etc.

v) Thermal shock considerations, both in terms of
effect of operability of the system and the effect
on connecting systems,

vi) Bounds within which key parameters must be
maintained in the interests of constant standby
readiness e.g. such things as

Minimum poison concentrations in coolant
Minimum coolant reserves in' storage volumes
Minimum operable components.

vii) Interdependency of the system with other
engineered safety systems.

d) Tests and Inspections
i) What tests have been planned and why
ii) Considerations that led to test periodicity
iii) Test methods to be used
iv) Requirement set for acceptability of observed

performance and the reasons thereof
v) Pre-operational testing programmes
vi) Post-operational testing surveillance to ensure

continued state of readiness to perform
vii) Testability and testing of systems to normally

operating.

2.7 Instrumentation and Control

2.7.1 It is desirable that instrumentation and control group
functionally as Protective System and Regulat ing System
should be discussed first. This may be followed by such
detail on individual instrument channels as may be nec-essary
to explain what parameters are sensed and how the
i nt c.] 1 iyi-iice obtained is translated by instrumentation into
protective actions.

A discussion of shutdown systems to show independence
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In all respects, of the shutdown systems should be included.

2.7.2 Protective Systems

These provide protection against unanticipated release
of fission products from the fuel, from the coolant boundary
and from the containment. Any equipment supplying signals
to any of these protective systems should be considered a
part of that protective system. Any actuator or other
device controlled by any of the protective systems such as
safety rod scram magnets, scram solenoid valves, or
ventilation valve control solenoids should also be
considered a part of the protective system.

a) Design bases:
i) Vital protective functions required of the

instrumentation, such as conditions which must
initiate scram and containment isolation, etc.

ii) Design principles that dictated the general system
concepts such as,
(1) Number of independent instruments, channels

to provide vital protective actions.
(2) Relationship of protective and regulating •

instrumentati on.
(3) Testability as a function of operational mode.

iii) Functional requirements' to be satisfied by
protective action such as rod movements, rod
stops, low count rate interlocks.

iv) Environment (temperature, humidity, pressure,
chemical, radiation, environment resulting from
LOCA, etc.) in which equipment must function.

b) System Design:
i) A description of the systems, supported by block

diagrams showing each channel of protection from
detector to final actuating device, should be
provided. Sufficient information should be
included in the sampling systems, sensors,
amplifiers, trip elements actuators, and ot er
control components to explain the principal
features of their design and to show how the
design requirements will be met. Features to
provide reactor shutdown to protect plant
equipment other than the core should be clearly
identified to prevent their being evaluated on the
same basis as core protection.

ii) A summary chart which tabulates the process
variables sense-d for protective reasons, the
normal steady-state values of these variables and
the signal levels at which protective system
actions are initiated. Explanation of thf>
relationship of these values, of safety limits that
have been derived from safety analyses.
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c) Systems Evaluation:
i) Analysis of the capability of the protective

systems to meet their functional requirements.
ii) Analysis of developmental and other pre-

operational testa for suitability as evidence that
they systems will meet their functional
requirements under all environmental conditions.

iii) An evaluation of the systems susceptibility to
component failures or faults and the effect of
such failures on performance capability.
Schematic diagrams of those parts of the circuit
where redundant channels are brought together.

d) Tests and Inspections:
i) What tests have been planned and why
ii) Considerations for selecting test frequencies
iii) Test methods used
iv) Requirements set for acceptability of observed

performance
v) Pre-operational testing
vi) Post-operational surveillance to ensure continued

state of readiness to perform.

2.7.3 Regulating Systems

These systems provide the ability to regulate reactor
power via such process variables as pressure, temperature,
flow and radiation level, either automatically or manually.
From a safety view-point such control systems are of
significance because:

<a) Characteristics of the regulating circuitry influence
performance requirements imposed upon the protective
instrumentation.

<b> Component failure or malfunctioning of the regulating
systems could create a demand for protective action.

a) Design Bases:
i) Bases upon which the design of the regulating

systems was established, including such matters as
functions required of t.he instrumentation or for
which regulating systems are designed to
compensate.

ii) Design requirements dictated by safety
considerations,

iii) Requirements established from start-up
considerations.

iv) Requirements imposed on process instrumentation by
core design criteria (e.g. flow control as a
function of power)

)J ) Sy.st en l>t-s j gn :
i) A description of the bystems provided for

regulating reactivity,
ii) Principal characteristics of these systems as they
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relate to the functional requirements they
satisfy.

iii) Automatic and manual control schemes, rod
programming and sequencing, system inputs and
interlocking.

c) Design Evaluation
i) Evaluation of potential system failures such as

electrical faults, phase reversals, service
failures and switch and relay failures which could
result in a reactivity excursion,

ii) Evaluation (with schematic diagrams) of the
effectiveness of interlocking to prevent undesired
reactivity excursions,

iii) Evaluation of the capability of controls to
maintain operation in a region where the reactor
protective system is effective,

iv) Analysis of system stability when disturbed by
occurrences such as a sudden loss of load,

v) Analyses bringing out the relationship between
steady state values of variables used for
regulating functions and safety limits established
in safety analysis.

d) Tests and Inspections:
i) What tests have been planned and why
ii) Considerations for selecting test frequencies
iii) Test methods used
iv) Requirements set for acceptability of observed

performance

2.7.4 Instrumentation systems

a) Nuclear Instrumentation:

i) Design:-
1) A general description of the system with

block diagrams indicating all channels and
functions and principal characteristics of
design.

2) A genera] description of the major components
of the system such as detectors,
preamplifiers, log and linear amplifiers,
rate circuits and trip and logic devices.

3) A drawing showing the physical location of
detectors, control rods, sources and
reflectors.

ii) Evaluation:-
1) An evaluation of the adequacy of the

provisions for monitoring reactivity during
bubcritica) operation, start up, refueling,
etc.

2) Ari evaluation of the effect of a loss of
power.

3) Functional and reliability analysis with
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respect to succeptibility and effects of
components failure and malfunctions,
redundancy, independence of redundant
channels, testability.

4) Analysis demonstrating that requirements
imposed by safety limits have been
satisfactorily met.

5) An evaluation of the adequacy of neutron
sources for initial and subsequent startups.

b) Non-nuclear Process Instrumentation:

i) Design:-
1) A general description of the design
2) An instrumentation flow plan
3) A brief description of the major components

ii> Evaluation:-
1) Functional and reliability analysis with
respect to susceptibility to effects of
components failures and malfunctions,
environmental conditions, diversity,
redundancy, testability.
2) Analysis demonstrating requirements such as

sensing of variables and the accuracy and
response times imposed by safety limits are
met.

c) Radioactivity instrumentation:

i) Instrumentation provided as radiation monitors for
the control of routine release of radioactive
effluents.

ii) Instrumentation provided for the protection of
operating personnel,

iii) Instrumentation that signals for containment
isolation and brings other engineered safeguards
into action,

iv) Description should be provided regarding post
accident monitoring system.

2.7.5 Operating Control Stations

These stations shall include local control panels,
plant control station for normal operations and control
stations on site and off-site for emergency situations. A
brief description of the control station covering:

a) Genera] layout
b) Essential information displayed and recorded
c) Functions that are manually controlled from eai.-h

station
d) Audible and visual alarms
<•) Principal means of communication between control

inomb and other areas of the facility
f) Occupancy requirements
g) Df.'pf'ndence, if any, upon auxiliary stations for
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normal or emergency plant control stations and
off-site emergency control center,

h) Features considered significant to safe operation.

2.B Electrical Systems

2.8.1 A discussion of the electrical power distribution
system of the facility with emphasis upon those features
whereby continuity of power sufficient for safety needs is
assured and an evaluation with respect to reliability of
sources, distribution systems, equipment form the substance
of this section. A discussion of redundancy and
independence of design in various conditions of operations
should also be provided.

2.8.2 Design Bases

This subsection should identify those functional
requirements established to provide continued power to
essential equipment in the facility in the event of failure
in any part of the system.

2.8.3

The information submitted here should establish not
only what electrical systems are provided but why the
particular arrangement is considered suitable.

a) Network Interconnections
1) A schematic single line diagram showing tie-in of

the power plant to the grid and the availability
of incoming lines as alternate sources for station
loads.

2) A reliability evaluation of the arrangement for
providing continuity of power, including such
things as:
i) A resume of credible faults capable of

causing the loss of more than one source of
power.

ii) Effectiveness of the protective features
provided to minimise power failure.

3) Local environmental factors that might create
unusual demand upon alternate or 'standby power.

b) Station distribution system
i) Single line diagrams for identifying arrangement

of station buses, major loads and switching
circuitry,

ii) Evaluation of the electrical layout for
vulnerability to physical damage to vital circuits
as a result of accidents,

iii) Evaluation of the distribution of loads to various
buses in the interests of maintaining power to
vital loads.

iv) Evaluation of possiMp step or ramp electrical
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load changes either through operator error,
equipment. malfunction, or environmental
di sturbanees.

c) Emergency Power
i) Line diagram* showing interconnection of locally

generaled st andby and emergency power and the
loads to be fed by such sources,

ii) Description of emergency power sources with
emphasis on those features provided to protect the
supplies from faults, overloads or damage under
emergency conditions which could interfere with
performance-

iii) Evaluation of loads required to be powered in the
interest, of safety and the relationship of the
emergency load to installed capacity,

iv) Performance history of emergency sources of power
and the possible effects of failure to deliver
should an emergency arise,

v) Evaluation of capability of the station to cope
with a blackout situation,

vi ) Justification of duration of blackout situation,
station could sustain without jeopardising the
integrity of reactor core (fuel), coolant and
contai nment.

2.8.4 Tests and Inspections

a) Principal tests and inspections planned.
b) Testability and testing of those systems not normally

operating.

2.9 Auxiliary and Emergency Systems

2.9.1 Examples of the systems which belong to this category
are :'
a) Heat. removal systems (e.g. shutdown cooling,

component cooling, shield cooling etc.)
b) Chemical injection systems
c) Reactor coolant purification systems
d) Reactor coolant volume and pressure adjustment system

(e.g. reactor coolant mske-up, charging systems etc.)
e) Auxiliary heating systems (e.g. reactor coolant

temperature control after shutdown or before startup)
f) Reactor coolant leakage control systems (e.g. sen 1

water systems, vents and drains)
g) Reactor coolant samp]ing systems
h) Equipment and system decontamination processes
i) Facility service system (e.g. fire protection,

instrument <i i r , st-ivicc Wiit.iT et.r.)
j) Rfrtctor component handling and storage systems (e.g.

liijin) 1 i ng of fu<'l rtss<-Til>l i es, control and assemlil i es ,
tore struct UII- component s, materiel] inddiation
specimens, et <•. )

k) React or component fa st.oi aye. systems.



Most of the above are supporting systems upon which the
safe operation or servicing of the reactor coolant system
depends to a varying degree-

Each of these systems should be described and evaluated
separately, the amount of informative detail and evaluation
being proportional to the contribution of, and the reliance
p)aoed upon, each system with respect to safety.

2.9.2 Heat removal, auxi)iary and emergency systems

These are comprised of items (a) to (i) in section
2.9.1. Evaluations should include a flow diagram and the
following points, whenever applicable:
a) System performance requirements and operating

conditions.
b) The multiple functions assigned to a system and the

mode of operation of each function.
c) The availability and reliability considerations.
d) The codes and classifications applied to components and

piping of those systems exposed to reactor coolant.
e) The extent of system isolatability (e.g. with respect

to the reactor coolant system and containment boundary)
f) Provisions for handling radioactively contaminated

fluids or gases that may leak into the system from the
reactor coolant system.

g) An analysis of consequences resulting from
malfunctions, failure of system-components, or loss of
cooling source for these systems required to operate in
an emergency which may lead to a hazardous condition.

h) An analysis of limits on variables and conditions of
operation that might be required in the interest of
safety.

Note:- Some systems or auxiliaries may be associated with
the conduct of plant operations and their
malfunctioning in some cases prevent appropriate
actions in case of need. Such systems should also be
reviewed here since their behaviour may imply safety
problems:
e.g. (a) Communications systems (public address,

telephone, radiotelephone, television,
acoustic signal, visual signal, etc.)

(b) internal transportation (e.g. elevators,
conveyors, etc.)

2.9.3 Reactor Component, s Hand! i ng Systems

Sectional drawings of the system alongwith the
f-1 1 • wi inj i «if'>> iu.it ion dud evaluation should he provided for
each system.
») The ri'-Kiijjn b^ses And featured of the system which

,iihur(- fuel handling without, inadvertent criticality.
\>) The features i.f the system design which will permit

removal of irradiated fuel from the reactor for storage
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or shipment under all foreseeable conditions without
excessive radiation, undue escape of radioactive
materials or inadvertent criticality.

c) The extent to which the operation of any auxiliary
system is necessary in the performance of fuel handling
or transfer operations.

d) The conditions which will be imposed upon the facility
with respect to the reactor shutdown security
requirements, and the containment integrity during
refuelling or fuel transfer.

e) The extent of visual, mechanical and electrical means
provided to monitor refuelling operations, fuel
transfer, and fuel storage.

f) Safety provisions incorporated in the system to prevent
the development of hazardous conditions in the event of
component malfunctions, accidental damage, or
operational and administrative failures during
refuelling or transfer operations.

g) The bounds to be established as limits in the
interest of safety with explanations therefor.

2.9.4 Reactor Components Storage Systems

Description and evaluation of the following points is
desired.
a) Storage locations and arrangements, including physical

security, health physics and criticality
considerations.

b) Facilities for area ventilation, including filtering
equipment and monitoring for radioactivity.

c) Cooling arrangement, including monitoring for
radioactivity.

d) Any special facilities for handling and storing of
damaged fuel.

e) Inspection facilities.

2.9.5 Reactor Components Shipping Systems

A description and evaluation is desired which will
include the following points:
a) Procedure for loading and handling of shipping casks

(flasks).
b) Procedures for monitoring and decontamination of

shipping casks.
c) Arrangements for disposal of fuel and other components.

2.9.6 Tests and Inspections

a) A summary of test and inspection programme to be
followed for each system.

b) Identification and explanation of those tests and
inspections considered to be of such importance to
safety as to be proposed for inclusion in technical
syeci fication*.
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i0 Steam and Power Conversion System

^0.1 Steam and power conversion system comprises of:

a) The steam system and turbine generator units of an
indirect-cycle reactor plant, as defined by the
secondary coolant system, or

b) The steam system and turbine generator units in a
direct-cycle plant, as defined by the system extending
beyond the reactor isolation valves.

The steam and power conversion system should be broadly
described and those aspects of design and operation that do
and might affect the reactor, its safety features, and
radioactivity control should be discussed and evaluated in
detail.

2.10.2 Design bases

a) The performance and operating requirements under normal
operating and transient conditions.

b) The characteristics imposed upon the steam and power
conversion system by the electrical power distribution
system (e.g. base loaded or load following operations).

c) The functional limitations imposed on the steam and
power conversion system by the design or operational
characteristics of reactor coolant system.

d) The secondary functions assigned to t̂ he steam and power
conversion system upon which the operability of the
system depends.

2.10.3 System Design and Operation

a) A schematic flow diagram of the system denoting major
components, principal temperatures, pressures, and flow
rate under normal steady-state full power operation.

b) A piping and instrumentation diagram of the system
including those subsystems which, by virtue of steam or
condensate flow, extend the fluid boundary of the
steam and power conversion system (e.g. reheating,
superheating etc.)

The diagrams should show:
i) The extent of any section of the system located

outside the containment boundary,
ii) The extent of isolatabi1ity of any section of the

system or its subsystems,
iii) The location cf pressure relieving devices and

their associated blow-down or heat dissipation
bystems.

^ codes and classifications applied in the design,
;.-oiistruction, inspection and testing of the principal

t d ii f h t d h i
;.-oiistruction, inspection and testing of the principal
rtwiionents and piping of the system, and the primary
side of sub-systems connected thereto.



d) Unusual features of design, construction, or operation
which may have a relation to safety.

e) Shielding (if required) employed for individual
components of the system and the extent of access
control which may be exercised based on shielding
provided.

f) The requirements for additives whose control is
intended as a prevention measure in limiting corrosion
of the system.

g) Provisions for controlling impurities.

h) Normal . operating concentration of radioactive
contaminants in the system.

2.10.4 System Analysis and Evaluation

a) The functions of trips, interlocks, or alarms
actuated by potentially harmful deviations of system
variables (e.g. condenser vacuum, steam generator
levels and feedwater levels etc.) to control their
influence upon the operation of the reactor coolant
system.

b) The analyses of the effects of pressure, temperature
and flow transients originating in the system, on
reactor system behaviour.

c) The analyses of the effects of inadvertent manipulation
or malfunction of controls of the system on reactor
system transients.

d) The analyses of the capability of the safety valve
system to provide overpressure protection of the system
and its components including:
i) Conditions under which pressure-relief required,

maximum pressure-relief requirements.
ii) The energy dissipation or flow capacity of the

pressure-relieving system as related to the
thermal characteristics of the reactor coolant
system.

iii) The pressure setting or bursting pressures of the
pressure-relieving devices.

e) In the case of direct-cycle plants, the capability of
the system to perform as a barrier to the escape of
accumulated radioactivity in the steam, during normal
or routine operation.

f) Fvdluation of the jritei jction between the system ;and
the re-actor coolant system in the event of malfunctions
or operational fail res of components of the system
dtiring normal or routit* operation.



g) Evaluation of capability of the part of the system
located outside containment structure to limit or
control release of fission products coining into the
system from reactor coolant system.

h) Evaluation of operations with respect to operational
restrictions arising out of safety considerations.

2.10.5 System Components

Components of the system listed below should be
reviewed with special reference to points indicated:

a) Turbine:
i) Speed and load control and over-speed trip;

speed excursion during load transients,
ii) Steam reliefs or discharges.

b) Condenser:
i) incondensable gas removal monitoring and control
ii) capability of treating dump steam
iii) back-up systems

c) Condensate heating system:
Influence of abnormal conditions on reactivity of

the core.
d> Feed water storage, pumping and supply:

i> implications on reactivity in case of flow and
temperature transients or in case of
malfunctioning of components.

ii> isolation of the feed water lines,
iii) vibration of piping or components and their

con sequences.
e) Steam generator:

Integrity
f> Steam piping:

i) vibrations
ii) relief valves
iii) pressure control and relief

g) Electrical generation:
Sources which might be used as emergency or

auxiliary power supplies.

2.10.6 Tests and Inspections:

Principal tests and inspections planned to assure
functional performance as required for continued protection
of persons.

2.11 Radiation Protection

2.11.1 Those features of design and operation of the facility,
provided primarily for protection of operating personnel,
f>rm the subject matter of this section (e.g. shielding,
area radiation monitoring, health physics considerations,
etc.)
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In accessible areas, the effectiveness of shielding
will be determined under operating conditions. Accordingly,
details about design and evaluation should be provided. If
a shield system is designed to provide radiation protection
in the unlikely event of a-major accident, more complete
design and detailed evaluations, analyses, etc. are
expected. Due consideration should be given to provisions
of remotely operated, mechanically assisted operation and
maintenance in order to minimize radiation exposure to
personnel.

Radiation monitoring systems which assist operations
but are not directly connected with radiation protection,
should be dealt with along with their associated systems
elsewhere. In this section, radiation monitoring systems
directly involved in measurement of levels and
concentrations of radioactivity to which members of the
public may be exposed should be discussed.

2.11.2 Shielding

Information on primary, secondary or
shielding is expected.

containment

a) Design bases:
i) Bases associated with shutdown condition
ii) Bases associated with normal operation
iii) Bases associated with credible accidents

b) Design:
i) Locations, configurations, principal dimensions

and arrangement with respect to radiation sources.
ii) Principal shield materials
iii> Methods of support and provisions for cooling,

insulating, corrosion protection, and expansion to
ensure continued effectiveness and structural
integrity under all credible conditions.

iV) Expected radiation levels during fuel power
operation in different areas.

c) Evaluation:
i) For those shield sections that cannot be fully

tested, shield attenuation analysis, with:
1) Calculational methods and models.
2) Assumed radiation sources and values of

significant parameters with bases for these
assumptions.

3) Calculated surface and positional dose rates
under all credible conditions.

ii) An evaluation of any significant limits (e.g.
shield lemfjfraturfK, levels in case of liquid
shields,etc.) and bases for selection of these
limits.

lii) Radiation survey plans.
]\r) Plans for environmental radiation surveys.



2.11.3 Area Radiation Monitoring Systems

a) Design bases:
In terms of the protective functions to be

performed.
b) Design:

i) A layout of the system; type of detectors and
their number, locations, sensitiveness,
calibration.

ii) Methods of initiating alarms, the location of
alarms and indicators.

i i i > Post-accident monitoring systems.
c) Evaluation:

An evaluation of any significant operating limits,
minimum member of detectors that must be operable
during specific modes of operation, time-out for
servicing of a system. The basis for selection of
limits should be explained.

2.11.4 Health Physics

Principal health physics control features should be
discussed including:
a) personnel monitoring programme and systems (TLDs,

pocket dosimeters etc., frequency of determination of
personnel exposures>.

b» Personnel protective equipment (protective clothing,
face masks, etc.) its maintenance and intended method
of use.

e) Change room facilities, personnel and equipment
decontamination facilities.

d) Classification of areas; methods of area control
e) Portable radiation survey instruments; their types and

methods of use.
f) Bioassay and medical examination programme.

2.11.5 Tests and Inspections

Major tests and inspections to assure satisfactory
performance as required for the safety of the operating
personnel and the members of the public.

2.11.6 Fnvi ronmentaI Monitori ng Programme

The pre-operationa1 ano operational environmental
fnoni toring programmes should be described.

2.12 Radioactive Wastes

2.12.1 Information on expected sources of radioactive wastes,
system design provided to maintain control over them, and
monitoriny to be done for personnel protection should be
piuvidfd.



.'.12.2 Design bases

a) Estimated maximum and average volumetric rates of
accumulation of the various forms and categories of
radioactive wastes, identification of sources,
estimated isotopic contents, activity concentrations
and bases for each estimate.

b) The selected method of disposal for each category of
radioactive waste, limiting radioactivity concentration
or release rate, radiation levels for each type of
waste, basis for these limits.

2.12.3 System design and evaluation

a) Collection, storage, packaging and processing
facilities for solid waste.

b) A schematic flow diagram of liquid waste disposal
system, points of collection, processing and discharge
to environment.

c) A schematic flow diagram of the gaseous waste disposal
system, points of collection, processing, release to
atmosphere.

d> The process radiation monitoring instrumentation with
types o*. detectors, their number, locations,
ranges, sensitivities, calibration requirements, etc.

e) Evaluation of process systems and controls to
demonstrate capability to maintain processes and
operations within prescribed radiation safety limits.

f) Analyses including:
i) Dilution effects of the air or water into which

radioactivity is routinely released. Supporting
data, basic assumptions, and factors of
conservatism should be cited. ' Dilution factors
for both instantaneous and continuous releases and
the methods of averaging over time should be
given.

ii) Environmental factors which might affect
operations and operation control.

iii) Equipment inalfunction or component failure which
might cause releases above prescribed safety
limits.

iv) The need and basis for safety limits on process
variables.

2.13 Conduct of Operations

2.13.1 The operation of the facility entails a large number of
instructions and procedures of varying details for the
operating staff. A detailed description of these is not
necfssdry, but enough information should be presented in
this section to demonstrate that the facility maintains a
technically competent -and &af ety-or ifcnt.frd staff.
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2.13.2 Organisation an>3 Responsibility

a) A functional description of the structure of both the
start-up and normal opetating organisations.

b> Qualifications established as prerequisites for key
positions within the organisation.

c) The lines of responsibility and authority for both
operation and safety.

d) The approximate number of personnel to be assigned to
the organisation as a whole, and to individual health
and safety branches.

2.13.3 Training

a) The programme for training and authorizing the
operating staff for initial start-up and routine
operations. Include the use of simulators, as
applicable, for simulation of normal as well as
postulated accident conditions.

b) The programme for training of replacement personnel for
operating organisation.

c) On-the-job training and up-grading of operating
personnel.

2.13.4 Emergency plans (on-site and off-site)

Organisation for coping with radiation emergencies,
assessment action, activation of emergency organisation,
notification procedures, emergency facilities, training,
emergency preparedness and recovery.

2.13.5 Written procedures

a) Plans for written detailed procedures for normal plant
operations, and anticipated operation^.} occurrences.

b) Precautionary planning for the unlikely yet credible
accident which might result in radioactivity release to
the pub]ic.

2.13.6 Records

Identification of principal records to be maintained,
e.y. daily logs of operations, record of tests, inspections
and measurements, records of radioactivity released to the
environs, records of monitored safety limits, records of
changes made to the facility and the operating procedures,
rf-c-ords of safety audits of operations.

2.14 IjiJtial Tests and Operation

2.14.1 Limits, conditions, survei ] lanne requirements, and
procedures for facility operation established elsewhere arf
(\ • iiorni.il operating cond i f ions. During the period of
liul id! operation these limits, etc. nay be more restrictive
(1o bf relaxed to their final condition as actual operation
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demonstrates their acceptance from the safety view point).
Such matters form the subject matter of this section.

2.14.2 Tests prior to reactor fueling

a) A table of significant tests of components and * items
prior to initial fueling.

b) Essential purpose of each test.

2.14.3 Initial criticality

a) Plans for approach to criticality
b> Safety prerequisites for initial loading
c) Principal procedures and safety precautions to be in

effect.
d) Reasons for those precautions.

2.14.4 Post criticality tests

a) Test planned following initial criticality, e.g.
zero and low power tests, shielding surpfys, stability
tests, escalation to full power etc.

b) Anticipated sequence of these tests.
c) Reasons for each test.
d) Safety precautions specially needed.

2.14.5 Operating restrictions

a) A comparative table of normal settings of process
variables against the settings for initial operation.

b) Availability of extra equipment, if needed, for initial
operation.

c) Information demonstrating need for extra equipment and
special settings for process variables.

d) Special procedures in effect during the initial
operation.

2.15 Accident Analysis

2.15.1 Safety analyses, based on the studies made of the
response of the plant to disturbances in process variables
and to postulated malfunctions and failures of equipment,
are expected to demonstrate how safety of the reactor plant
has been achieved through design.

2.15.2 Individual systems and components are evaluated in
earlier sections. In this section the consequences of those
failures or abnormal situations envisaged,- should be
developed and the capacity built into the plant to control
or accommodate such situations should be demonstrated. This
section must include the detailed analysis of the design
hasiti accident, an accident of maximum severity that the
systi-m has been designed to withstand.
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2.15.3 Treatment of this range of situations should be in two
parts as follows:
Part I: Analysis of those situations that bring into play

the engineered safety features required to protect the
core and coolant boundary.

Part II: Analysis of those situations that require
operation of standby safety features because of
postulated failure which create demands beyond the
capacity of core and boundary protective systems.

1.i5.4 Core and coolant boundary protection analysis

This part should contain analysis of the capacity of
the facility to handle abnormal events short of loss of
integrity of the coolant boundary.

A) Abnormalities

A summary in tabular form of postulated initiating
events analysed should be provided. Some of the events
to be analysed are:

a) Reactivity variations due to buildup and burnout
of xenon poisoning, fuel burnup, on-line
refueling, temperature, moderator, and void
coefficients.

b) Reactivity excursions because of
i) uncontrolled rod withdrawals
ii) mechanical control rod failure-
iii) cold coolant insertion
iv) loss of coolant

c) Effects of electrical load disturbances
d) Failure of the regulating instrumentation
e) Malfunction of components other than

instrumentation.
f) Some equipment is provided to shift safety action

of instruments from one of prevention to one of
initiating safety features against release and
dispersal of radioactivity. Possibilities of
failure of these equipment involving loss of
component integrity should be evaluated.

g) Storms, floods, fire, and earthquakes (external
causes)

h) Error by operator to either not take the correct
action in time, or to take incorrect or erroneous
action. Reliability for each operator action
which is relied upon in the analysis should be
established allowing for physical and
psychological strains imposed by that event on the
operator.

B) Identi fication of causes

For f*ach situation evaluated, a description of the
that must occur, the order of occurrence and the
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analyses of effects should be given. The basis upon
which credibility or probability of occurrence is
determined should be stated.
The evaluation should show:
a) Extent to which reactor protective systems must

function.
b) The effect of failure of protective functions.
c) Credit taken for designed-in safety features.
d) Reactor protective characteristics.
e) Performance of back-up protective systems.

C) Analysis of effects and consequences

a) The methods, assumptions, conditions employed .in
estimating the course of events and the
consequences.

b) Model employed. Simplifications or approximations
introduced to facilitate analysis

c) Digital computer programme or analog simulation
used.

d) Consequence derived from each analysis. Margin of
protection" due to backup or protective system.

e) Consequences of uncertainties, in calculational
methods, in instruments response, and other
indeterminate effects.

2.15.5 Standby safety features

This part contains analyses of those situations
requiring operation of standby safety features because of
postulated equipment failure which would create demands
beyond the capacity of the core and coolant boundary
protective system.

A) Situations analysed

A listing of those event analysed such as loss of
coolant, rod ejection, spent fuel handling and
inadvertent criticality should be provided.

B> Identification of causes

For each situation evaluated, explanatory material
on how such an event may be initiated and what
sequentially must take place to require the standby
safeguards to function, should be provided.

C) Accident analysis

Effects of normal function of the protective
*.yf>t.ern and degraded functioning of the protective
system (including redundant or standby protection)
should be evaluated. The following should be included:



a) Explanation of conditions and assumptions
associated with accidents analysed (published data
or data from research and development programme)

b) The time-dependent characteristics, activity and
release rates of the fission products or other
radioactive materials within containment system
which could escape via leakages in containment
boundary.

c> The extent of systems interdependency in
controlling leakages from containment system.
Contributions of:
i) Containment water spray system,
ii) Containment air cooling system.
iii) Containment atmosphere filtration system,
iv) Reactor core spray or safety injection

system,
v) Post-accident heat removal system.

d) Models assumed in analyses with:
i) Distribution and fractions of fission product

inventory assumed to be released from fuel.
ii) Concentration of radioactive or fission

product inventory airborne in containment
atmosphere after accident.

iii) Mass transport phenomena in contaminated
containment atmosphere and its time dependent
leakage and dispersion to the environment.

iv) Meteorology, topology and other adverse
conditions considered.

e) Summary of estimated dose-rates and integrated
doses as functions of distance and time, with:
i) Time-variation of dose-rate from the plume

under different meteorological conditions
including the worst;

ii) Dose-rates and integrated doses from ground-
deposition of released activities;

iii) Whole body doses to potential receptors on
ground; and

iv) Doses from inhalation and ingestion by
various body organs.

2.16 Technical Specifications

To ensure safe operation, technical specifications
shall be drawn up for plant operation, reflecting the
provisions made in the final design, for assessment and
approval by AEBB before tV • commencement, of fuel loading.
They shall be directed to:
i) prevention of situations, wJiiili might lead to arcident

conditions;
i i ) mitigation of coiisecjin-rK^.s of SIK-JI ar-ridfnt conditions,

t h e y a r i s e .



They nay be classified according to their physical
character as:

1) Safety Limits (limits to process variables within which
the operation of the plant has been shown to be safe).

2) Limiting safety system settings ( the points of
actuation of appropriate automatic protective devices
which are intended to initiate action to prevent a
safety limit from being exceeded and to cope with
anticipated operational occurrences).

3) Limits and conditions for operation (these are intended
to ensure safe operation and to avoid reaching safety
settings as well as to ensure readiness for performing
necessary functions in the event of an accident. They
include limits on operating parameters, requirements of
minimum operable equipment, minimum staffing and
prescribed actions to be taken by the operating
personnel).

4) Minimum staff requirements: These requirements must
encompass the minimum numbers and qualifications of
qualified personnel necessary to safely man the reactor
unit at any and all times in its life-time.

5) Surveillance requirements (requirements, necessary to
ensure compliance with the operational limits and
conditions in (1), (2) and (3) above/ covering periodic
checks, tests, calibrations and inspections of safety
systems).

6) Administrative controls: These controls should
define the organizational structure at the station and
duties and responsibilities of the key management
personnel as well as their lines of command. The
administrative controls must also provide for
maintenance and upgrading of procedures for operation,
maintenance and testing of the systems of the plant.
These controls should also define the procedure for
assessing station operations, establish procedures and
ensure compliance with regulatory requirements.

The necessity for each of the technical specifications
shall be substantiated by giving the reason for its
adopt ion.



APPENDIX II

DOCUMENTARY SUBMISSIONS IN SUPPORT OF APPLICATIONS FOR
COMMISSIONING AND OPERATING ADTHORIZATIONS - TYPICAL

1. The major interim stages for authorization for
commissioning and operations have been identified under sub-
para 3.a and 3.b of sub-section II (iv) as follows:

a) Hot conditioning of PHT system
b) Fuel loading to the core, and heavy water addition to

storage and cooling systems (except one)
c) initial approach to criticality
d) low power physics calibration experiments (phase B)
e) low power engineering tests (phase C) and tests at 25%,

50%, 75% and 100% of rated power
f) rated power operations.

2. A) Hot conditioning of PHT system

Submissions made shall include the following:

1. Proof test of primary containment structure.
2. RB leak rate test results.
3. Overall commissioning activities chart, till the

plant is declared commercial.
4. Status of commissioning activities as on date in

the specified format as given b&low:

1

S.No.

4

Activity No.
commissioning

Extent to which
design intent
was met

7

2

as per overal1
schedule network

5

If not met reasons
for the shortfall
or excess

Agencies involved to solve
to achieve design intent

problem

Design
of the

3

Intent (Purpose
activity)

6

When it is likely
to be completed

8

Remarks

5. Report on availability of trained manpower at
station.

6. Preventive Maintenance Programme.
7. Adequacy of availability of spares.
8. Status on operating documents:

a) System drawings b) Operating Manuals
c) Flow sheets d) System transfer documents
e) Technical Specifications for Operation
f) Maintenance Manuals g) Training Manual



h) Commissioning procedures i) Commissioning
reports j) Operating memos.

9. Submission of safety documents and safety reports
10• Submission of commissioning procedure containing

information on:
a) Prerequisites : A certificate from the
station that all pre-requisites for various
systems as given below for starting hot condition
have been carried out successfully and the results
obtained meet the design intent.

i) Boiler steam and feed water system:
Mention all pre-requests and the present
status of the system.

ii> Moderator system : same as (i)
iii) Ventilation system : same as <i>
iv> Suppression pool system : same as (i)
v) Reactor Auxiliary Cooling System : same

as (i >
vi) Common Services (P.W. System, standby

and fire fighting system, compressed air
system, electrical system, general
items >

vii) Technical status of core components as
installed including coolant channel.
Also the actual garter spring locations
just prior to filling of light water in

b) Stepwise procedures for Hot Conditioning.
c) Observations, data collection, tests to be

conducted etc. to be highlighted.

B) Fuel Loading

Submissions made shall include completion certificates
and current status in respect of the following :

1. System transfer from construction to
issioning/operation.

2. Light water commissioning of Moderator and PHT
systems.

3. Draining of light water and drying, purging and
filling the systems with Helium.

4 Hot Conditioning Report with
a) Report on actual garter spring location after

draining and drying and the analysis if the
garter springs are displaced from their
original position to evaluate if the garter
spring locations need to readjusted.

b) Report on channel parameters like
straightness, bow, roughness, internal dia.
etc at selected locations.

5. Pattern of fuel loading.
6. Status of natural and depleted uranium or thorium

fuel bundles to be loaded.
7. Phase B commissioning arrow diagram.
6. Summary of Commissioning tests completed and the
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present status of deficiencies.
9. Status on operation and safety document.
10. Status on pending ECNS.
11. Procedures for Initial Fuel Loading.
12. Status of Fuel Handling Systems.

C) Addition of Heavy Water of PHT and Moderator Systems

O&M in their submissions shall highlight following
commissioning aspects :
1) Vault ventilation and pump room ventilation.
2) Heavy Water leak detection, collection, addition

and transfer system including bubbler system.
3) Helium system, Moderator purification system,

resin transfer, dedeuteration system.
4) Regulating system including absorber rods, shim

rods, adjuster rods.
5) Operability of Protective System including primary

and secondary shutdown systems and poison addition
system (i.e. ALPAS).

6) Operability of High Pressure and Low Pressure
Emergency Core Cooling Systems.

7) Start-up instrumentation.
8) Power ion chambers, their source checking and end

connection to trip circuits.
9) Filling of suppression pool to the required level

and keeping suppression pool poised'.
10) Containment systems including engineered safety

features viz. containment isolation, containment
post accident heat removal depressurisation
system; fiIteration and pump .back system,
secondary containment fiIteration and purge
system.

11) Procedures for addition of D2O in PHT, moderator
and related auxiliary systems including special
precautions and administrative controls to ensure
adequate poison concentrations in the moderator.

12) Establishing the operating island.
13) Radiological zoning system.
14) Commissioning report on Initial Fuel Loadings.
15) Commissioning Procedures for D20 addition to

Moderator and PHT including the calculation to
decide poison mode concentrations in the
moderator.

16) Status on pending items and review of earlier
decisions.

17) Status on establishing the reference base data for
axial creep measurements with fuelling machines.

D* First approacli to critical ity and low power physics
measurements

O&M to issue status on the completion of the following:
1) Regulating and Protective Systems essential for

low power operation and safety systems operable.
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2) Pending items and earlier decisions till date.
3) Acquaintance of concerned O&M staff on

commissioning procedures.
4) Liquid Poison System & Secondary Shutdown Systems.
5) Emergency Core Cooling System.
6) Water chemistry control on PHT, Moderator and

other systems.
7) Failed fuel monitoring systems.
8) Rechecking of Radiation Monitoring System.
9) Bechecking/Testing of RB ventilation isolation

dampers, main airlocks and emergency £•> rlocks.
10) Availability of adequate Health Physics facilities

for the station start up and operations.
11) Status of chemical. Bio-assay and ESL labs,
12) Establishment of Exclusion Boundary and other site

requirements.
13) On-site and off-site emergency procedures.
14) Exact procedure for 1st approach to criticality

and low power physics measurements including
calibration and actual worth of various regulating
and protective devices.

15) Phase B&C commissioning procedures and arrow
diagram including measurements of reactivity
worths of various control and protection
elements/systems under different,configurations.

16) Status report on D20 addition to PHT and Moderator
Systems.

17) Class IV power failure test.
18) Mock up training for first approach to

criticality.
19) Commissioning report on initial heavy water, fuel,

PHT circulation and isotopic and poison checkup
during addition of borated D2O to moderator
system.

20) Reactor trip and setback settings during
criticality and low power physics measurements.

21) Status on system transfer documents.
22) Status on operating, safety and design documents.
23) Rest results on Emergency power supplies onsite.

E) Raising Reactor Power upto 100% FP

Reactor power raising to 100% will be authorized in following
steps:

1st step: Raise nuclear steam by increasing reactor power (upto
25% FP) by restraining synchronisation of the unit with the grid
but following information will be supplied to safety committee at
this stage.

a) Results of Class IV power failure test.
b) Status on deficiencies/pending jobs.
c) Status on completion of various pre-

requisite/activities for raising power in phase C
comini ssioni ng schedule.
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d) Review of TG and auxiliaries as per the overall
commissioning activities chart.

2nd Step: Authorization for synchronisation and power operation
at 25%, 50% and 75% FP. Information to be supplied to safety
committee.

a) Review of pending items.
b) Review of commissioning reports on draining and

drying of FM circuits and final air hold test.
c) Review of reactor operation data at 10% FP.
d) Issue phase B commissioning report.

3rd step: Authorization to operate upto 100% FP.

a) Review of pending jobs.
b) Review of operating data collected at 50% FP;

extrapolation to 100% FP and comparison with
design data. Explanation of deviation if any from
design intent.

c) Issue of phase C commissioning report containing:-
Performance test data collected on Moderator & its
auxiliaries, shield cooling systems (include CO2 &
CV cooling systems) secondary systems,
instrumentation and loading sequence followed and
data coll.ected, electrical systems (MG, DG and
Battery to be included). Fuel Handling, ID & ND
tower systems, common processes. Liquid and gas
effluents, system response checks for
disturbances; shutdown cooling capability test at
around 2% FP, capability oT FM supply pumps to
give the design flow to bleed condenser in
addition to emergency gland supply flow; bleed
failure condition, PHT system cool down rate test
as under (a) with 1 shutdown cooling pump with
both shutdown cooling pumps and both shutdown
coolers in service; hot boiler draining bypassing
the bleed condenser, back washing of condenser and
other concerned equipments; off tests as indicated
at around 50 MWe. Under ta) ramp power
increase/decrease (by 20% FP), (b) reactor setback
(for 10 sec.), (c) Net load rejection test, <d)
turbine trip set, etc.
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