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FOREWORD 
by the Director Genera!

The demand for energy is continually growing, both in the developed and 
the developing countries. Traditional sources of energy such as oil and gas will 
probably be exhausted within a few decades, and present world-wide energy 
demands are already overstraining present capacity. Of the new sources nuclear 
energy, with its proven technology, is the most significant single reliable source 
available for closing the energy gap that is likely, according to the experts, to  be 
upon us by the turn o f the century.

During the past 25 years, 19 countries have constructed nuclear power plants. 
More than 200 power reactors are now in operation, a further 150 are planned, 
and, in the longer term , nuclear energy is expected to  play an increasingly 
im portant role in the development of energy programmes throughout the world.

Since its inception the nuclear energy industry has maintained a safety 
record second to none. Recognizing the importance of this aspect of nuclear 
power and wishing to  ensure the continuation o f this record, the Internationa) 
Atomic Energy Agency established a wide-ranging programme to provide the 
Member States with guidance on the many aspects o f safety associated with 
thermal neutron nuclear power reactors. The programme, at present involving the 
preparation and publication o f about 50 books in the form o f Codes o f Practice 
and Safety Guides, has become known as the NUSS programme (the letters being 
an acronym for Nuclear Safety Standards). The publications are being produced 
in the Agency's Safety Series and each one will be made available in separate 
English, French, Russian and Spanish versions. They will be revised as necessary in 
the light o f experience to keep their contents up to  date.

The task envisaged in this programme is a considerable and taxing one, 
entailing numerous meetings for drafting, reviewing, amending, consolidating and 
approving the documents. The Agency wishes to thank all those Member States 
that have so generously provided experts and material, and those many individuals, 
named in the published Lists o f Participants, who have given their time and efforts 
to help in implementing the programme. Sincere gratitude is also expressed to the 
international organizations that have participated in the work.

The Codes of Practice and Safety Guides are recommendations issued by the 
Agency for use by Member States in the context o f their own nuclear safety 
requirements. A Member State wishing to enter into an agreement with the 
Agency for the Agency's assistance in connection with the siting, construction,
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commissioning, operation or decommissioning of a nuclear power plant wit) be 
required to foHow those parts o f the Codes o f Practice and Safety Guides that 
pertain to the activities covered by the agreement. However, it is recognized that 
the final decisions and legal responsibihties in any licensing procedures atways rest 
with the Member State.

The NUSS publications presuppose a single national framework within which 
the various parties, such as the regulatory body, the applicant/licensee and the 
supplier or manufacturer, perform their tasks. Where more than one Member 
State is involved, however, it is understood that certain modifications to the 
procedures described may be necessary in accordance with national practice and 
with the relevant agreements concluded between the States and between the 
various organizations concerned.

The Codes and Guides are written in such a form as would enable a Member 
State, should it so decide, to  make the contents o f such documents directly 
applicable to activities under itsjurisdictioti. Therefore, consistent with accepted 
practice for codes and guides, and in accordance with a proposal of the Senior 
Advisory Group, "shall" and "should" are used to  distinguish for the potential 
user between a firm requirement and a desirable option.

The task o f ensuring an adequate and safe supply of energy for coming 
generations, and thereby contributing to their well-being and standard of life, is a 
m atter of concern to us all. It is hoped that the publication presented here, 
together with the others being produced under the aegis of the NUSS programme, 
will be of use in tins task.

STATEMENT 
by the Senior Advisory Group

The Agency's plans for establishing Codes of Practice and Safety Guides for 
nuclear power plants have been set out in IAEA document G C (X V III)/526/M od.l. 
The programme, referred to as the NUSS programme, deals with radiological safety 
and is at present limited to land-based stationary plants with thermal neutron 
reactors designed for the production of power. The present publication is brought 
out within this framework.

A Senior Advisory Group (SAG), set up by the Director General in September 
1974 to  implement the programme, selected five topics to be covered by Codes of 
Practice and drew up a provisional list of subjects for Safety Guides supporting the 
five Codes. The SAG was entrusted with the task of supervising, reviewing and 
advising on the project at all stages and approving draft documents for onward 
transmission to  the Director General. One Technical Review Committee (TRC), 
composed of experts from Member States, was created for each of the topics 
covered by the Codes of Practice.
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In accordance with the procedure outlined in the above-mentioned IAEA 
docum ent, the Codes of Practice and Safety Guides, which are based on docu
m entation and experience from various national systems and practices, are first 
drafted by expert working groups consisting o f two or three experts from Member 
States together with Agency staff members. They are then reviewed and revised 
by the appropriate TRC. In this undertaking use is made of both published and 
unpublished material, such as answers to questionnaires, subm itted by Member 
States.

The draft documents, as revised by the TRCs, are placed before the SAG. 
After acceptance by the SAG, English, French, Russian and Spanish versions are 
sent to Member States for comments. When changes and additions have been 
made by the TRCs in the light of these comments, and after further review by the 
SAG, the drafts are transm itted to the Director General, who submits them, as 
and when appropriate, to  the Board of Governors for approval before final 
publication.

The five Codes of Practice cover the following topics:

Governmental organization for the regulation o f  nuclear power plants
Safety in nuclear power plant siting
Design for safety o f nuclear power plants
Safety in nuclear power plant operation
Quality assurance for safety in nuclear power plants.

These five Codes establish the objectives and minimum requirements that should 
be fulfilled to provide adequate safety in the operation of nuclear power plants.

The Safety Guides are issued to describe and make available to Member 
States acceptable m ethods of implementing specific parts o f the relevant Codes 
o f Practice. Methods and solutions varying from those set out in these Guides 
may be acceptable, if they provide at least comparable assurance that nuclear 
power plants can be operated without undue risk to the health and safety of the 
general public and site personnel. Although these Codes of Practice and Safety 
Guides establish an essential basis for safety, they may not be sufficient or 
entirely applicable. Other safety documents published by the Agency should be 
consulted as necessary.

In some cases, in response to  particular circumstances, additional require
ments may need to  be met. Moreover, there will be special aspects which have 
to  be assessed by experts on a case-by-case basis.

Physical security of fissile and radioactive materials and o f a nuclear power 
plant as a whole is mentioned where appropriate but is not treated in detail. 
Non-radiologica! aspects of industrial safety and environmental protection are not 
explicitly considered.
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When an appendix is included it is considered to be an integral part o f the 
document and to have the same status as that assigned to  the main text o f the 
document.

On the other hand annexes, /boinofes, /isfs o /p a r tic ip a n t and &ib/iograp/:ies 
are only included to provide information or practical examples ^hat might be help
ful to the user. Lists o f additional bibliographical material may in some cases be 
available at the Agency.

A list o f relevant de/?nifions appears in each book.
These publications are intended for use, as appropriate, by regulatory bodies 

and others concerned in Member States. To fully comprehend their contents, it is 
essential that the other relevant Codes o f Practice and Safety Guides be taken into 
account.

7Y;e /b lo w in g  pu&iicafions o /  ?Ae programme are re/erred fo in fAe ?ex? 
o /  ?Vie present ^a/eiy Guide.'

/VOTA'

5a/efy Series No. J0-^G-D7 
.%/efy Series No. JO-^G-DF 
5*a/e^y Series No. J0-^G-D4 
5*a/ery Series No. J0-5*G-D5

5a/efy Series No. 3 0-5X7-5*2 
&yefy Series No. 30-C-D

6 a /e ^  Series No. 30-^*G-D7 
5*a/efy Series No. 30-5G-D<$ 
5*a/e7y Series No. 30-5*G-D9 
^a/efy Series No. 30-5*G-D7 7 
<Sa/efy Series No. JO-C-Q/1

r/:e  n'f/es are given in ^ e  Zj'sf o /N L ^ ^  Programme Hf/es printed a i fAe 
end o f  Guide, fogef^er w i^  in/orm aiion aboui f^eir pubiicafion dafe. 
/nsirucfions on %ow io order i/zem wi// be /b u n d  on f%e /asi page o /  i/:is Guide.

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



CONTENTS

1. INTRODUCTION ..............................................................................................  1

1.1. General .......................................................................................................  1
1.2. Extent o f the containm ent system .......................................................  1
1.3. Scope ............................................................................................................  2

2. GENERAL DESIGN CONSIDERATIONS ...................................................  3

2.1. Functional requirement for the containm ent system ...................... 3
2.2. General design features o f the containm ent sy s te m .............. ...........  4

3. DESIGN BASIS FOR THE CONTAINMENT SYSTEM ...........................  5

4. DESIGN REQUIREMENTS ...........................................................................  6

4.1. General requirements ...............................................................................  6
4.1.1. Performance ...............................................................................  . 6
4.1.2. Reliability .....................................................................................  7
4.1.3. Qualification ......................................................... ................ .....  7
4.1.4. M aintainability ......... .................................................................  8
4.1.5. Safety class ....... ............................................. ...........................  9
4.1.6. Instrum entation and control ...................................................  9
4.1.7. Power supplies ...........................................................................  9
4.1.8. Identification ........................................................................... . 10
4.1.9. Multi-unit plant sites .................................................................. 10
4.1.10. Recovery after accidents .......................................... .............. 10
4.1.11. Decommissioning ......................................................................  10

4.2. Containm ent envelope and its extensions and appurtenances .......  10
4.3. Containm ent iso lation ................................................................................  11

4.3.1. Containm ent isolation provisions for piping and
duct systems ...............................................................................  11

4.3.2. Containm ent isolation valves and d o o rs ................................  13
4.3.3. Containm ent isolation signals ...............................................  14

4.4. Energy management ........................................................ ......................  15
4.4.1. Common design considerations ............................................... 15
4.4.2. Design considerations for specific energy

management fea tu res ................................................................. 16

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



4.5. Radionuclide management .....................................................................  21
4.5.1. Common design considerations ...............................................  21
4.5.2. Design considerations for specific radionuclide

management fea tu res ................................................................  22
4.6. Combustible gas control fea tu res............................................................ 24

4.6.1. Hydrogen form ation ..................................................................  24
4.6.2. Hydrogen monitoring or sampling system ............................  24
4.6.3. Measures for the prevention of uncontrolled

hydrogen ignition ...................................................................... 24

5. TESTS AND IN SPEC TIO N ............................................................................... 25

5.1. Integrity and leak rate tests o f containm ent ....................................  25
5.1.1. Initial tests ................................................................................. 25
5.1.2. In-service leak rate te s ts .............................................................. 25
5.1.3. Special requirem ents ................................................................... 26

5.2. Leakage tests of isolation devices and penetrations ..........................  26
5.3. Functional tests and inspection o f containm ent safety systems ... 26

5.3.1. Functional te s ts ............................................................................  26
5.3.2. Special requirements .................................. ................................ 27

6. QUALITY ASSURANCE AND DOCUMENTATION ............................... 27

ANNEX I. Examples o f containm ent system design concepts .....................  29

ANNEX II. Containm ent m onitoring instrum entation for early 
detection of developing deviations from normal 
operation in light water reactors .......................................................  43

ANNEX III. Illustration o f categories o f isolation features ...............................  47

BIBLIOGRAPHY .......................................................................................................  49

DEFINITIONS ............................................................................................................ 53

LIST OF PARTICIPANTS ................................................................................ ........ 59

LIST OF NUSS PROGRAMME T IT L E S .......................,........................................  63

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



1. INTRODUCTION

1.1. General

Nuclear power plants are designed to  include features which mitigate 
postulated accident conditions that could release radionuclides into the environ
ment. This Safety Guide deals with the containm ent system, the major function 
of which is to lim it the radioactive releases to  the environment from the reactor 
core and from the reactor coolant system during and after accident conditions. 
Possible additional functions are to provide shielding during operational states 
and accident conditions, to  minimize radioactive releases during operational states 
and to  protect the reactor against external events.

This Safety Guide was prepared as part o f the Agency's programme, referred 
to as the NUSS programme, for establishing Codes of Practice and Safety Guides 
relating to  nuclear power plants. I t supplements the Code of Practice on Design 
for Safety of Nuclear Power Plants (IAEA Safety Series No. 50-C-D), hereinafter 
referred to  as the Code. The List of NUSS Programme Titles is printed at the end 
of this publication.

Section 8.1 of the Code states "To keep the release of radioactivity to  the 
environment within acceptable limits in accident conditions a system o f confine
m ent shall be provided unless it can be dem onstrated that the release of such 
quantities of radioactivity can be limited by other means. This system may include 
hermetically sealed buildings or boundaries, pressure suppression subsystems, and 
cleanup installations. Such a system is usually called a 'containm ent system ' and 
can have different engineering solutions, depending on its design requirem ents."

Systems other than the reactor core and reactor cooling system are often 
placed within a less elaborate system o f confinem ent because o f their less onerous 
com bination of energy content and fission products.

Gas cooled reactors, because of their unique design features, have generally 
not used containm ent comparable to  that used for water cooled reactors. Where 
containm ents or confinem ents are included in the design of gas cooled reactors, 
the appropriate requirem ents o f this Safety Guide should be applied.

1.2. Extent of the containment system

The containm ent system consists of the containm ent structure and associated 
subsystems and features required to  function under specific accident conditions. 
These include:

(1) The containm ent structure and extensions such as external passive 
fluid-retaining boundaries, which together form an envelope around 
the reactor coolant system.

1
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(2) The active features of the containm ent isolation system, which in 
general provide closure of openings in the containm ent envelope on 
demand.

(3) Energy management features*, which are provided to limit pressures, 
temperatures, and mechanical loadings on and within the containm ent 
envelope.

(4) Radionuclide management features^,, which are provided to  reduce the 
release of radionuclides to the external environment.

(5) Combustible gas control features^, which limit the buildup of combustible 
gases in the containm ent envelope and prevent the uncontrollable 
combustion o f these gases.

1.3. Scope

The present Guide deals with the following design aspects o f containm ent 
systems:

(1) The considerations which make containm ent necessary;
(2) The purpose of, and functional requirements for, the containm ent

system (Section 2);
(3) The design basis for the containm ent system (Section 3);
(4) The specific design requirements and features needed to  implement the

functional requirem ents of the containm ent pystem (Section 4);
(5) The tests and inspections needed to  ensure that the functional require

ments of the system can be met throughout the operating life of a 
nuclear power plant (Section 5);

(6) The general quality assurance and docum entation requirements for 
design of the containm ent system (Section 6).

This Safety Guide covers the m ethod o f limiting the radionuclide releases 
resulting from accident conditions. It does not deal in detail w ith the additional 
functions o f  the containm ent system given in Subsection 1.1.

** T h is te rm  co llec tive ly  covers th e  fo llow ing  fu n c tio n s  m en tio n e d  in  th e  C ode: p ressu re  
suppression , c o n ta in m e n t a tm o sp h e re  p ressu re  an d  te m p e ra tu re  re d u c tio n  an d  c o n ta in m e n t 
heat-rem oval.

^ T h is refe rs  to  th e  re q u ire m e n t in  S ubsec tion  8 .1 0  o f  th e  C ode, th a t  system s be p rov ided  
" to  red u ce  th e  a m o u n t o f  fission  p ro d u c ts  w hich  m igh t be released  to  th e  en v iro n m en t during  
a cc id en t c o n d itio n s" .

 ̂ This refe rs  to  th e  re q u ire m e n t in  S ubsec tion  8 .1 0  o f  th e  Code, th a t  sy s tem s be  p ro v id ed  
" to  c o n tro l th e  c o n c e n tra tio n  o f  h y d ro g en  o r o x y g en  an d  o th e r  substan ces in  th e  c o n ta in m e n t 
a tm o sp h e re  during  acc id en t c o n d itio n s  to  p rev en t ex p lo s io n  o r d eflag ra tio n  w h ich  cou ld  
jeo p a rd ize  c o n ta in m e n t in te g r ity " .

2
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2. GENERAL DESIGN CONSIDERATIONS

The main objective of a containm ent system is to  keep the reiease of radio
activity to  the environment within acceptable limits under accident conditions.
The system is designed primarily to meet this objective. Consequently, the 
results of the analysis of postulated initiating events (PIEs) are the principal 
considerations in establishing the design basis for the containm ent system as 
discussed in Section 3.

The containm ent system also serves to assist in limiting the release of radio
active substances which may leak from the systems housed within the containm ent 
envelope during operational states. Additional systems may be required for this 
purpose, such as the ventilation system for which the requirements are outlined 
in Subsections 6.9 and 8.2.3 of the Safety Guide on Design Aspects of Radiation 
Protection for Nuclear Power Plants (IAEA Safety Series No. 50-SG-D9).

The containm ent structure may be designed to protect the public and plant 
personnel from undue exposure to direct radiation from radioactivity contained 
in the containm ent or in the systems within it. If this consideration is included 
in the design basis of the containm ent system it may determine the thickness of the 
concrete o f the containm ent envelope. This aspect of the design basis of the contain
ment system is considered in Sections 10 and 11 of Safety Series No. 50-SG-D9.

In the design of the containm ent system, and of items im portant to  safety 
located within the containm ent envelope, considerations relating to protection 
against external events (see Subsections 3.1, 3.3 and 3.4 of the Safety Guide on 
External Man-Induced Events in Relation to  Nuclear Power Plant Design (IAEA 
Safety Series No. 50-SG-D5)) may be combined with other considerations such as 
shielding (see Safety Series No. 50-SG-D9).

2.1. Functional requirement for the containment system

The functional requirem ent for the overall containm ent system derives from 
its major objective, which is, in conjunction with other safety systems, to  restrict 
the release of radionuclides resulting from postulated accident conditions to 
acceptable limits.

The basic functional requirem ent directly derivable from this objective is: 
to envelope, and thus isolate from the environment, those systems and compo
nents whose failure could lead to an unacceptable release of radionuclides. This 
applies to all those com ponents of the reactor coolant pressure boundary which 
cannot be safely isolated from the reactor core.

The degree o f containm ent isolation is usually defined in terms o f the leak 
rate of the containm ent envelope. The leak rate is affected by factors such as:

— leaktightness
— elevation of internal pressure resulting from a PIE
— reduction of pressure resulting from the effects o f energy management

features.

3
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The release of radionuclides from the containm ent envelope is determined 
by the following factors:

— quantity  of radionuclides released inside the containm ent envelope
— reduction o f radionuclide concentrations in the containm ent as a result of

radioactive decay and the effects of radionuclide management features
— release of radionuclides from the containm ent before isolation
— leak rate of the containm ent envelope after isolation.

2.2. General design features of the containm ent system

This section explains the way in which the functional requirements described 
in Subsection 2.1 can be met, and outlines the design features common to various 
containm ent concepts.

Although there are a variety of containm ent designs, as illustrated in Annex I, 
they all include the general features given in Subsection 1.2.

The structural portion of the containm ent envelope is usually a steel or 
concrete building designed to  withstand the pressure and the thermal and 
mechanically induced loads which result from the PIEs. The containm ent may 
also consist o f a num ber o f interconnected leaktight rooms.

The containm ent isolation features include the valves and other devices 
which are required to seal or isolate the penetrations through the containm ent 
envelope; and the electrical, mechanical, instrum entation, and control systems 
which ensure that these valves and other devices can be closed when it is necessary 
to isolate the containment.

Energy management features are designed to limit internal pressures, tem
peratures and mechanical loadings on and within the containm ent envelope to 
values below the design values for the containm ent system and for the equipm ent 
which is needed within the containm ent envelope. Examples of energy management 
features are: pressure suppression pools, ice condensers, pressure relief vacuum- 
chamber systems, structural heat sinks, the free volume of the containm ent 
envelope, spray systems, air coolers, sump or suppression pool recirculation water 
cooling systems, and the air extraction system for the annulus in dual contain
ment systems.

Radionuclide management features work in concert with energy management 
features and the containm ent isolation system to limit the radiological conse
quences of postulated accident conditions. Examples of radionuclide management 
features are: dual containm ent systems which trap radioactivity leakage between 
the two envelopes, containm ent structures on which radionuclides plate out, 
suppression pools which dissolve or entrain airborne molecular or particulate 
radioactive materials as the atmosphere is forced through the pool, spray systems 
for radioiodine and particulate radionuclide removal, and charcoal and high- 
efficiency particulate filter systems which filter the discharge from the air 
extraction system for the annulus in dual containm ent systems.
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Combustible gas controi features are designed to deai with hydrogen which 
can be generated by metal-water reactions in the core, water radiolysis, or metal 
corrosion during accident conditions. Features utilized in various designs include 
recombiners, atmosphere mixing devices, inerting features, or devices to  ensure 
that any resultant burning of hydrogen occurs in a controlled fashion.

3. D ESIG N  BASIS F O R  TH E CO N TAIN M EN T SYSTEM

The design basis for the containm ent system is derived primarily from the 
results o f the analysis o f relevant PIEs. The events that make up the list of 
relevant PIEs are those that exhibit the general characteristics listed below. It is 
recognized that each PIE may have one or more of these characteristics either 
because of its inherent nature or as a result of the com bination of events which 
go to  make it up. Guidance on such combinations is contained in the Safety 
Guide on General Design Safety Principles for Nuclear Power Plants (IAEA 
Safety Series No. 50-SG-D11), Subsection 4.3.3. The general characteristics of 
relevance here are those related to  the potential release of radionuclides outside 
the containm ent envelope from a source inside it. They are:

— failure of the reactor coolant pressure boundary
— release of radionuclides within the containm ent envelope from systems

other than the reactor coolant pressure boundary
— threat to  the ability o f the containm ent system to carry out its function.

In order to  determine the response o f the containm ent system to PIEs, 
appropriate analyses of the thermohydraulics, structural response, radiochemistry 
and physical transport of radionuclides shall be performed, taking in to  account 
the uncertainties in calculational models, the input data from system performance, 
material properties, etc. (In many cases, it is possible to determine readily that a 
PIE cannot give rise to  a limiting design param eter or system requirement. In these 
cases, further analyses are not required.) The results o f these analyses shall then 
be used to  establish the following design parameters for the containm ent system:

(1) The pressure transient with respect to the containm ent structural 
envelope and required safety system equipm ent therein;

(2) The tem perature transients in the containm ent atmosphere, the contain
m ent structural envelope, and required safety system equipm ent 
within the containm ent envelope;

(3) The differential pressure loadings which are im parted to  structures and 
equipm ent within the containm ent envelope;

(4) The loadings which are im parted to equipm ent and structures within 
the containm ent envelope as a result of fluid je t impingeihent, pipe 
reaction loads, pipe impact loads and internally generated missiles
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(see the Safety Guide on Protection Against Internally Generated 
Missiles and their Secondary Effects in Nuclear Power Plants (IAEA 
Safety Series No. 50-SG-D4));

(5) The structural loadings resulting from external PIEs;
(6) The radionuclide releases to the containm ent atmosphere and hydrogen 

concentrations resulting from the PIEs;
(7) Other environmental conditions which are needed for specification of 

equipm ent and structures, e.g. radiation levels, hum idity and exposure 
to water (including its chemical additives) resulting from the PIEs.

For each relevant PIE, appropriate combinations of the design parameters 
in items (1) —(7) of this list shall be analysed to determine the most severe 
demands on the containm ent system and to define the design basis including the 
leak rate.

The results of these analyses shall then be used to  dem onstrate that:

(1) The radionuclide releases that result from the PIEs and their environ
mental consequences are below acceptable limits.

(2) The containm ent system maintains its ability to  perform its safety 
functions during and after the PIEs w ithout impairing the operation of 
safety systems which are required following the PIEs.

O ther considerations besides PIEs may affect the design basis. They were 
m entioned in Section 2 above.

4. D ESIGN REQ U IR EM EN TS

The containm ent system consists of a containm ent envelope (including its 
extensions and appurtenances) and systems designed to provide the features 
described in Section 2.2. Of necessity, the systems are somewhat different in 
the various containm ent concepts (see Annex I). However, there are some 
general requirements that all systems within each of the containm ent concepts 
shall meet.

4.1. General requirements

4.7.7. Per/br??M7ice

Performance requirements for the containm ent system shall be established 
in-accordance with the assumptions made and the results obtained in the various 
containm ent analyses. The analyses carried out for each PIE and plant operating 
condition impose a set o f requirements on each containm ent subsystem. The
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most severe set of these requirements shall become the governing set o f performance 
requirements. Examples of these performance requirements are heat transfer and 
flow rates, control action response times, and valve closing and opening times.

Containm ent subsystems shall be designed so that their instrum entation and 
control, electrical, structural and mechanical parts are compatible with each other 
and with o ther items im portant to safety.

4.7.2.

The containm ent system shall be designed to  have high functional reliability 
commensurate with the im portance of the safety functions to be performed.
The design shall take into account the fact that periodic testing of the system 
is necessary.

Reliability, from the containm ent standpoint, means that containm ent 
subsystem functions shall be available on demand, and shall remain available in 
the long term following a PIE until the plant is returned to a stable condition.

The single failure criterion shall be applied in accordance with Subsection 2.10 
and Section 8 of the Code and Subsection 4.6.3 of this Guide.

Because of the im portance of the containm ent system function, PIEs which 
could threaten this function but do not result in the release of radionuclides 
within the containm ent envelope shall also be considered. In the event of such 
PIEs some degradation of redundancy in containm ent subsystems may be 
acceptable provided the duration of such degradation is consistent with the 
provisions o f  Subsections 2.10.4 and 2.11 of the Code. An example of such a 
PIE is a failure of a pipe not containing radioactive material.

I f  there is assurance tha t the containm ent structure and the passive fluid- 
retaining boundaries of its extensions are of sufficiently high quality (for example 
by use of rigorous design requirements, conservative design margins, comprehen
sive performance analysis and testing), failure o f the containm ent structure and 
the passive fluid-retaining boundaries of its extension need not be postulated.

Some Member States have stipulated probabilistic reliability values to  be 
achieved by the containm ent system. In some States, an overall reliability target 
is established for plant safety, and part of this target is assigned to  the contain
m ent system. In such cases, the required reliability of the containm ent subsystems 
is achieved by using different levels of redundancy and diversity, ensuring that 
only high-quality, easily testable, proven equipm ent is employed and by carrying 
out continuous monitoring. Further guidance on the subject o f reliability can 
be found in IAEA Safety Series No.50-SG-Dl 1.

4.7. F.

The term  qualification means a formal test or appropriate analyses of the 
capability of a structure, item of equipm ent, system, etc., to  meet the conditions
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imposed on it during operational states and accident conditions resuiting from 
the PIEs. For any individual item of equipm ent, environmentai or seismic qualifi
cation is often the overriding concern.

To achieve environmental qualification, a programme shall be established 
to confirm that all containm ent system com ponents are capable of continuously 
meeting, while being subjected to any unusual environmental conditions defined 
in the design basis (pressure, tem perature, hum idity, radiation, etc.), the design 
basis performance requirements needed for their function. The various items of 
containm ent equipm ent shall be qualified for the environmental conditions that 
they are likely to  encounter and for the period o f time that they are required to 
perform  their function. Conservative estimates of the environmental conditions 
and the time should be made. The conditions shall include:

(1) Normal operating environment for the lifetime of the plant
(2) The expected number of cycles of anticipated operational occurrences
(3) The limiting effects resulting from the PIEs whose characteristics are 

listed in Section 3 of this Guide.

The qualification programme shall include analysis of the conditions imposed 
on the equipm ent by natural phenomena and by other external influences which 
are part o f the design basis.

The m ethods of qualification are:

(1) Performance of a type test on equipm ent representative of that to  be 
supplied

(2) Performance of an actual test on the supplied equipment
(3) Use of pertinent past experience in similar applications
(4) Analysis based on reasonable engineering extrapolation o f test data or 

operating experience under pertinent conditions.

The foregoing m ethods of qualification shall be used in com bination as 
necessary to meet the objectives stated above.

Where it is proposed to  install the actual tested equipm ent in the nuclear 
power plant after it has been tested, it shall be ensured that the testing m ethods 
and conditions do not themselves produce any unacceptable degradation of safety 
performance.

The qualification programme shall allow for any mutually amplifying effects 
of specified environmental factors and for the ageing of the equipm ent during the 
life o f the plant.

4.7.4. Mai'fifa/naM/fy

In the design and layout of containm ent equipm ent, due consideration shall 
be given to  maintenance. Maintenance work shall meet the requirements of 
Subsection 2.11 of the Code.
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Adequate working space and shielding should be provided to aid in maintain
ing containm ent equipm ent (see IAEA Safety Series No. 50-SG-D9, Subsection 6.3).

4.7.3. ^a/efy c/ass

The containm ent system shall be designed to the requirem ents o f its safety 
class selected in accordance with the Safety Guide on Safety Functions and 
Com ponent Classification for BWR, PWR and PTR (IAEA Safety Series 
No.50-SG-Dl).

4.7. 6. <272 J  CO/2/VO/

The design of the protection system and instrum entation and safety-related 
control systems associated with the containm ent system function shall be in 
accordance with the Safety Guides on Protection System and Related Features 
in Nuclear Power Plants and on Safety-Related Instrum entation and Control 
Systems for Nuclear Power Plants (IAEA Safety Series Nos 50-SG-D3 and 
50-SG-D8), as applicable.

To support the principle of defence in depth and to  enhance the overall 
reliability o f the containm ent system, instrum entation should be provided for 
detection of deviation from  normal operation. Specific design recommendations 
for containm ent m onitoring instrum entation for early detection of the develop
m ent o f  deviations from normal operation are given in Annex II.

Instrum entation shall be provided for reliable m onitoring o f environmental 
conditions (e.g. pressure, tem perature, sump level and radiation levels) inside the 
containm ent envelope during and following accident conditions. The possibility 
that environmental conditions might depart from the design conditions should 
be considered in the design of this instrum entation. The provisions should meet 
the requirem ents o f Subsection 4.9.3 of IAEA Safety Series No. 50-SG-D8. 
Guidance on hydrogen monitoring is given in Subsection 4.6.2 of this Guide.

A ppropriate earthquake instrum entation shall be provided, e.g. on the base 
m at o f  the containm ent or on a representative floor as described in the Safety 
Guide on Seismic Analysis and Testing o f Nuclear Power Plants (IAEA Safety 
Series No. 50-SG-S2), Section 6.

4.7. 7. Power sMpp/i'es

The containm ent system shall be designed to  maintain its function following 
a loss of off-site power. Design of the emergency power supply to containm ent 
system com ponents shall be in accordance with the Safety Guide on Emergency 
Power Systems at Nuclear Power Plants (IAEA Safety Series No. 50-SG-D7).
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AH containm ent system equipm ent should be made easiiy identifiable, e.g. 
by tagging or colour coding. This is considered particularly im portant for 
containm ent isolation valves. Some Member States paint the containm ent isolation 
valves in a distinctive fashion so that the containm ent boundary and its importance 
are highlighted.

4.7.9. .siYcs*

For a multi-unit plant site, shared containm ent features may be utilized as 
long as the increased probability of demand on the containm ent function is taken 
into account.

The design of a m ulti-unit plant with a shared containm ent system shall 
recognize the requirement for orderly accident response procedures of all units 
in the event of an accident that requires operation o f the containm ent function.

For a seismically homogeneous site, where identical units are constructed, 
seismic instrum entation on a single unit is sufficient on condition that alarms 
are provided in all control rooms.

4.7.70. Recovery

Where reasonably practicable, design provisions shall be made for assisting in 
recovery after accidents (e.g. easily decontaminable internal surfaces, means for 
disposal of liquids and gases inside the containm ent which become contam inated 
in an accident).

4.7.77.

A ttention shall also be paid to features which would assist final decommis
sioning of the plant (e.g. selection of construction materials to  reduce induced 
radioactivation during operation).

More detailed guidance related to these aspects is given in the docum ent 
Decommissioning of Nuclear Facilities: Decontam ination, Disassembly and 
Waste Management (IAEA Technical Reports Series No. 230, IAEA, Vienna (1983)).

4.2. Containment envelope and its extensions and appurtenances

The containm ent envelope shall be capable o f withstanding the peak positive 
internal pressure that could result from the most severe events of the design basis 
discussed in Section 2. The structures shall also be capable of withstanding the 
design basis negative pressure.

The design of the containm ent envelope shall be consistent with the leakage 
rate adopted to meet the dose limits stipulated by the regulatory body.
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The internal structures of the containm ent shall be capable o f withstanding 
the most severe differential pressures and tem perature gradients created during 
postulated accident conditions.

The containm ent and its internal structures shall be designed to  withstand 
the dynamic loads originating from PIEs.

Where the containm ent structure is made of concrete, an inner liner is 
sometimes used to increase the leaktightness. Usually the liner is fabricated from 
steel, though sometimes a coating is used, e.g. epoxy resin.

A coating is also usually applied to  a steel liner or directly to  the inner 
surface of the concrete or steel containm ent in order to assist decontam ination 
procedures. Such coatings shall m aintain their required function and shall not 
impair other required safety functions (e.g. by clogging filters or strainers during 
and following accident conditions).

The structural design of the containm ent shall be based on quality standards 
commensurate with its im portance to safety. Reference should be made to 
recognized quality standards.

The term 'containm ent penetration ' or, simply, 'penetration ' means either an 
opening in the containm ent structure orthe  device (plug, door, electrical connection, 
pipe and seal) that penetrates the containm ent wall and seals the opening. 
Structural com ponents which extend from the containm ent structure and attach 
to  the device penetrating the containm ent either inside or outside the containm ent 
structure, including attachm ents and passive fluid-retaining boundaries of isolating 
devices, etc., constitute an extension of the containm ent envelope. Such penetra
tions and extensions shall be designed to  the same criteria and design basis as the 
containm ent structure itself.

During periods when personnel are required to  be inside the containm ent, 
at least two routes of egress shall be available for emergency evacuation.

4.3. Containment isolation

To ensure that the containm ent isolation requirements are not defeated, 
piping systems that penetrate the containm ent envelope shall have appropriate 
provisions for bringing about containm ent isolation in response to any contain
ment isolation signals. These features make up what is known as the containm ent 
isolation system.

4. J. 7. CoHfaiHmenf iso/afio/! provisions /or piping anJ Juci sysfems

The basic principle in the containm ent isolation provisions is that two 
isolation barriers shall be provided for each penetration. For piping and duct 
systems these barriers can be a com bination of the system boundary, isolation 
devices, etc., and each shall be capable of retaining the applicable pressure and 
preventing the release of radionuclides.
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In the context of containm ent isoiation provisions, certain definitions are 
required for closed loops, isolation valves and dampers:

(a) A closed loop is a piping or duct system that penetrates the contain
m ent envelope and is designed to form a closed circuit either inside or 
outside or on both sides of the containm ent in both operational states 
and accident conditions.

(b) An autom atic valve is a valve or damper which can be actuated either 
by the protection system signals or by other instrum entation and 
control circuits w ithout action by the operator. A utom atic valves may 
also be actuated by the operator from the control room  if no interlocks 
prevent this. Valves which are actuated by the process medium itself, 
for example certain types of check valves, are also considered as auto
matic valves. The type o f actuation required depends on the process 
and the isolation signals. Subsections 4.3.2 and 4.3.3 give further 
guidance on this point.

(c) A rem otely operated valve is a valve or damper that can be actuated 
by an operator from the control room  and in some cases also from the 
supplementary control points.

(d) A normally closed valve is one which is closed under positive administra
tive control except for in term ittent opening for special purposes, e.g. 
monitoring, testing or sampling.

The categories of piping systems and their isolation provisions are given 
below:'*

(1) Each line that is not part of a closed loop as defined above that 
penetrates the containm ent and which

(i) directly communicates with the reactor coolant during normal 
operation or accident conditions, or

(ii) directly communicates with the containm ent atmosphere during 
normal operation or accident conditions

shall be provided with two isolation valves in series. Each valve shall 
be either normally closed or autom atic. Where the line communicates 
directly with the reactor coolant, one valve shall be provided inside 
and one valve outside the containm ent. Where the line communicates 
directly with the containm ent atmosphere, one valve should be pro
vided inside and one outside the containm ent. Each valve shall be 
reliably and independently actuated.

(2) Closed loops tha t are closed either inside or outside the containm ent 
shall have at least one isolation valve outside the containm ent at each

 ̂ Annex IH illustrates these categories.
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penetration. Where the failure of a closed loop is required to  be 
assumed as a PIE or the consequence of a PIE, only a single isolation 
valve may be provided if it can be dem onstrated that the release of 
radionuclides is within acceptable limits, assuming a single failure. This 
valve shall be either autom atic, normally closed or rem otely operated 
as required to  accom m odate the postulated accident sequences. Where 
this cannot be dem onstrated, the same requirem ents as in (1) above 
shall be applied to  each line of the closed loop.

(3) Closed loops that are closed both  inside and outside the containm ent 
envelope shall have at least one isolation valve, rem otely operated, 
normally closed or autom atic, outside the containm ent envelope at 
each penetration.

The design shall recognize the conflict arising between the requirements for 
containm ent isolation provisions and the requirements for necessary safety systems 
that penetrate the containm ent envelope. In such cases, consideration o f  the 
isolation provisions shall be balanced by the required availability of the necessary 
safety systems and the need to avoid the escalation o f the accident condition.
This may lead to  a deviation from the guidance given above.

4.F.2. and doors

For the selection of valve types and their location with respect to the 
containm ent envelope the following guidelines are to  be applied to  each o f the 
three categories of isolation described in Subsection 4.3.1.

(1) Check valves tha t depend only on system pressure for closure shall not 
be used as autom atic containm ent isolation valves. (The reason for
this is that they do not provide closure when the system is depressurized.)

(2) Isolation valves shall be located as close to the structural boundary of 
the containm ent as is practical.

(3) Process valves may be used for containm ent isolation if  they meet all 
requirem ents for the containm ent isolation system.

(4) As an exem ption to the requirem ents in Subsection 4.3.1, small dead- 
ended instrum ent lines (e.g. 26 mm inside diameter or smaller) require 
only one manually operated valve outside the containm ent. Those that 
are closed bo th  inside and outside the containm ent and designed to 
withstand the PIEs for the containm ent system (e.g. sealed, fluid-filled 
tubing witH protective shielding) may not require isolation valves.

(5) Penetrations which can be used for access of personnel or equipm ent 
when the plant is in a condition o ther than the cold shutdown mode 
shall be provided with a double-door arrangement, and there shall be 
an interlocking arrangement so tha t one door, the inner or the outer, 
is always closed.
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To achieve the purpose o f limiting a release o f radioactivity to  the outside 
of the containm ent, the isolation devices shall close at a speed which takes proper 
account of the potential release hazard. However, it may be necessary to limit 
the closing speed of valves or dampers, particularly for larger penetrations, to 
ensure proper functioning and tight sealing.

4  J. J. Ko/an'oM

In the event of a significant release of radioactivity into the containm ent 
(e.g. loss-of-coolant accidents), signals for the actuation of isolating devices in 
lines that penetrate the containm ent envelope shall be derived from appropriate 
parameters. The isolation shall be performed automatically by the protection 
system.

In addition, one or more of the following signals should be used for 
autom atic isolation or for isolation by operator action from the control room:

— the level of radiation in the containm ent atmosphere
— the level of radiation in the sump water.

In any accident condition, certain lines which penetrate the containm ent 
envelope are required for the operation of necessary safety systems. For such lines 
it is necessary to  override the containm ent isolation signal and it shall be ensured 
by other means that releases o f radioactivity through the containm ent envelope 
do not exceed acceptable limits.

In addition to  those events which require a containm ent isolation, there are 
other events where complete containm ent isolation is not required to limit the 
radioactivity release from the containm ent to  the environment. These may be, 
for example:

— a break outside of the containm ent in a radioactivity-carrying line penetrating 
the containm ent

— an interface failure between two associated systems which leads to  a release 
of radioactive materials from the system inside the containm ent to  the system 
outside.

The affected lines shall be isolated. The actuation of the isolating devices 
shall be derived from appropriate parameters, such as:

— the level o f radiation
— the pressure change
— the tem perature change.

An example o f the way in which these principles are applied in some Member 
States in eases where the lines are not associated with the operation of necessary 
safety systems is as follows:
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(1) Lines that penetrate the containm ent envelope are autom atically isolated 
when process parameters indicate loss-of-coolant accident conditions;

(2) Lines that communicate with the containm ent atmosphere are auto
matically isolated when a specified radiation level in the containm ent 
atmosphere is exceeded;

(3) Lines that communicate with the normal containm ent sump and 
penetrate the containm ent are isolated when a specified radiation level 
in the sump water is exceeded;

(4) Lines that are connected to  the reactor coolant system by a heat 
exchanger (e.g. main steam lines in a PWR) are isolated when specified 
radiation levels in those lines are exceeded.

4.4. Energy management

Energy management is a generic term used to describe all those features 
(in every containm ent concept) that affect in some way the energy balance within 
the containm ent envelope following a PIE. No specific requirem ents for utilization 
of individual energy management systems can be given, because it is the total effect 
of the com bination o f these systems tha t is im portant in reducing the pressure and 
tem perature within the containm ent envelope. If, as a result o f containm ent 
analysis, there is a need to  improve the containm ent design, the designer has the 
choice o f adjusting any one of the energy management systems. A description of 
some considerations common to all energy management systems is given below, 
followed by a discussion o f design considerations and system requirements 
applicable to specific containm ent concepts. Energy management features shall, 
as far as practicable, be passive.

4.4.7. CowmoM dangM coMSMferafzofM

Containm ent analysis is im portant to  all energy management systems, and 
forms a basis for their design. The requirem ents applicable to  this analysis are 
as follows:

(1) Mass and energy released to the containm ent envelope shall be conserva
tively calculated. It should be noted that what is conservative for 
containm ent analysis may not be conservative from  the point o f view 
o f emergency core cooling system analysis, and vice versa. In the 
calculation of the energy released, all sources of stored and generated 
energy shall be accounted for. These sources shall, where applicable, 
take into account reactor power (including residual heat) and energy 
from m etal-water reactions.

(2) Calculations of the mass and energy release rates for loss-of-coolant 
accidents shall be made in a m anner that conservatively establishes the 
internal design pressure in the containm ent.
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(3) Calculation of the pressure and tem perature transient responses, both 
global and local, o f the containm ent to  postulated pipe ruptures shall 
be carred out in a m anner that will result in a conservative prediction 
of the responses.

4  4.2. Deszgn cons/cfera/Yons /o r  specf/Yc energy wanagefHen? /eafMres

In this section, design considerations for several specific energy management 
systems are discussed. No single system is sufficient and a com bination is 
invariably employed. The systems are:

(1) Containm ent structure
(2) Containm ent spray systems
(3) Containm ent air cooler systems
(4) Pool-bubbling suppression systems
(5) Ice condenser systems
(6) Full-pressure dual containm ent
(7) Vacuum pressure reduction system.

In the medium and long term, during postulated loss-of-coolant accident 
conditions, residual heat is removed by heat exchanging equipm ent which cools 
the recirculated water taken from the appropriate collection points o f the sump 
or from the pool in pressure suppression systems. Many designs utilize additional 
active systems such as air coolers to remove residual heat discharged from the core 
to  the containm ent atmosphere or spray which moves heat from the containm ent 
atmosphere to  the sump for removal by recirculation heat exchangers.

Containment designs which do not utilize additional active systems for removal 
of heat from the containm ent atmosphere shall ensure that any transport o f heat from 
the reactor coolant system into the containm ent atmosphere which could create un
acceptable pressure in the containm ent envelope is prevented. In these cases, the 
residual heat removal system (see the Safety Guide on Reactor Coolant and 
Associated Systems in Nuclear Power Plants (IAEA Safety Series No.50-SG-D13)) 
shall be designed in such a way that, under loss-of-coolant accident conditions, 
a steam release from the reactor coolant system will not occur in the long term.

Reference should also be made to IAEA Safety Series No. 50-SG-D13 for 
those safety design requirements which the residual heat removal system, as a 
part of the reactor coolant system, must fulfil.

Some of the systems listed in (1 )—(7) above have other functions in addition 
to energy management.

4.4.2.1. Containm ent structure as an energy management feature

The net free volume within the containm ent envelope is the primary physical 
param eter determining peak pressures after postulated pipe rupture events. I t  can 
thus be utilized as an inherently safe and reliable design feature.
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In addition to  its providing a pressure-resistant and leaktight envelope, the 
containm ent structure also acts as a passive heat sink. During postulated pipe- 
rupture accident conditions, the heat transfer rate to  structures is a very im portant 
param eter in determining the pressure and tem peratures. The primary heat 
transfer mechanism is the condensation of steam on exposed surfaces, and the 
thermal conductivity o f the structure plays an im portant part in determining the 
rate of heat transfer. The presence of coatings shall be considered in establishing 
design pressure and tem peratures within the containm ent envelope. The presence 
of low thermal conductivity coatings on the surfaces could prevent efficient 
utilization of the heat capacity of the structure by hindering heat transfer. The 
use of such coatings shall be critically reviewed and if decided upon the analysis 
shall take due account of it. The low conductivity of the structure itself can 
limit its use as a heat sink.

The primary means of reducing pressure in the containm ent is the condensa
tion of steam on exposed surfaces. Condensation heat transfer does not occur 
if the surface tem perature is driven above the dew point of the containm ent 
atmosphere, and this fact shall be taken into account in the analysis.

4.4.2.2. Containm ent spray systems as an energy management feature

The energy management function of the spray system consists in the removal 
of thermal energy from the containm ent atmosphere to  limit bo th  the maximum 
values and the time duration of the resultant pressures and tem peratures within 
the containm ent envelope. Containm ent spray systems should be designed so that 
a major fraction of the free volume of the containm ent envelope into which the 
steam may escape in an accident can be sprayed with water after a postulated 
pipe failure.

The spray headers and nozzles should be designed to provide an even distribu
tion of water droplets which are small enough to quickly approach thermal 
equilibrium with the containm ent atmosphere during their fall.

The initial source of water for the containm ent spray system after a pipe 
rupture is usually a large tank. Later the spray system operates in a recirculation 
mode and takes water from  appropriate collection points in the containm ent sump 
or suppression pool. In determining what the capacity of these collection points 
should be, the designer should take into account the need to  pro tect equipm ent 
im portant to  safety so as to  prevent its submergence or should design it in such 
a way that its operability is ensured despite its submergence. Where this is not 
feasible the equipm ent shall be relocated.

The pressure limiting effect of spray systems is very dependent on the time 
it takes for spray delivery to  occur after a pipe rupture. This delay time shall 
therefore be carefully determ ined for use in analyses of containm ent pressure and 
tem perature transients. The analyses shall be based on required com ponent 
actuation times (if any) and the time required to fill the spray piping and headers.
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The actuation pressure for spray initiation is an im portant parameter in the system 
design. The pressure set point shall be tow enough to  ensure spray actuation for 
pressures expected to exist during postulated accident conditions in which spray 
is required.

It shall not be assumed that droplets o f spray will evaporate at an unlimited 
rate in the presence o f a superheated containm ent atmosphere. Appropriate 
calculations of evaporation rates based on droplet size and dew point gradient 
may be utilized.

Specification of the volume of water stored for the spray and emergency core 
cooling systems and the design o f the collection points shall be such that adequate 
net pump suction head will be available to  the recirculation spray pumps when the 
stored water supply is exhausted and recirculation begins. The suction points for 
recirculation shall be spatially separated and designed to minimize vortex forma
tion and to  prevent ingestion o f foreign materials which could plug recirculation 
lines and spray nozzles or damage recirculation pumps.

The possibility that the water in the collection points could boil during the 
transient, and thus return energy to  the containm ent atmosphere, should not be 
overlooked, particularly in subatmospheric containm ent designs. Analytic and 
design features must take this into account. The containm ent spray system may 
be used for residual heat removal.

4.4.2.3. Containm ent air cooler systems

During pipe rupture accident conditions, containm ent air cooling systems 
operate largely in the condensing heat transfer mode. It is therefore im portant 
that appropriate heat transfer correlations be used in the design. Removal of 
water by condensation tends to  produce superheated conditions in the contain
m ent atmosphere. This shall be taken into account, particularly the effect on 
air cooler performance.

4.4.2.4. Pool-bubbling suppression systems

With pool-bubbling systems the containm ent is divided into tw o com partm ents 
called the dry well (which contains the reactor) and the wet well. These are 
hermetically sealed from each other except that when the pressure in the dry well 
is sufficiently above that in the wet well, steam and gases are directed through 
pools of water from the dry to  the wet well. In some designs there are also devices 
by which a high pressure in the wet well is released to the dry well. In some 
designs the pools also receive discharge o f steam from the safety or the relief valves. 
There are complex hydraulic and pressure transients when steam and gases are 
vented into the pool water. The design of the configurations of the dry and wet 
wells should be such that the hydraulic responses and the dynamic loads can be 
reliably determined either by analysis or test or both. The hydraulic response and
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loading function of various likely com binations of normal operating events or 
anticipated operational occurrences shall also be determined. The structural 
design of the pressure suppression pool system shall be such that its function, 
as well as that o f the overall containm ent system or other required safety systems, 
shall not be defeated in operational states and/or postulated accident conditions.

The pressure suppression pool system shall be designed in such a way that 
following a postulated pipe rupture the path for the steam and gases from the 
dry well to  enter the wet well is through submerged vents in the wet well water 
pool. The leakage between the dry well and wet well that bypasses the submerged 
vents should be a minimum and shall be taken into account in the design.

The use of the pressure suppression pool system for other functions shall not 
impair its main function to  control loss-of-coolant accidents.

4.4.2.5. Ice condenser systems

The ice condenser containm ent is divided into two main compartments. The 
lower com partm ent contains the reactor and the high-energy fluid systems. The 
containm ent internal structures separate the upper com partm ent from the lower 
one so that only narrow flow paths exist between the two. If  the lower com part
ment pressure increases, for example as a result of a high-energy pipe rupture, 
the ice condenser vent doors will open and a flow path from the lower into the 
upper com partm ent established through the ice condenser. When the high-pressure 
steam /air m ixture flows between the columns of borated ice, the steam is 
condensed on the ice surface. If the steam flow continues for an extended time, 
a complete ice m eltdown takes place. The long-term energy management must 
then be done by some other means, for example by containm ent spray systems.

The ice condenser system shall be designed so that:

— the heat transfer from the steam to the ice columns is sufficient in all 
postulated accident conditions

— the ice condenser structures maintain their geometry under any accident 
loadings

— the vent doors open in a reliable way, and
— the bypass flow paths from the lower to the upper com partm ent are not 

larger than assumed in the containm ent analysis.

The heat transfer correlations used in the ice condenser calculations shall be 
based on representative tests. The ice condenser shall be designed to  permit 
periodic maintenance, inspection and testing. The im portant ice condenser features 
which must be maintained during operation are the ice tem perature, to tal am ount 
of ice, uniform ity o f ice distribution, adequacy of flow passages between the ice 
columns, and operability o f the vent doors.

The long-term behaviour of the containm ent shall be considered in the design. 
During the course of an accident, air and non-condensable gases will flow into the
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upper com partm ent while the iower com partm ent becomes filled with steam. Thus 
the containm ent spray, if injected into the upper com partm ent only, will not 
decrease the pressure below a certain limit which depends on the ratio of the 
com partm ent volumes. If  equipm ent is installed for direct energy management of 
the lower com partm ent, an appropriate vacuum relief has.to be designed.

4.4.2.6. Full-pressure dual containm ent

A typical full-pressure dual containm ent comprises:

— a containm ent envelope consisting of a basically cylindrical or spherical steel 
or concrete shell

— a confinem ent envelope consisting of a concrete shell that surrounds the 
containm ent envelope.

These will be referred to  as containm ent and secondary confinement, 
respectively. An air extraction system is provided for the annulus between the 
inner and outer envelopes.

The inner envelope contains all com ponents of the reactor coolant system 
under primary pressure, and is designed to  w ithstand the increases in tem perature 
and pressure that occur in the event of a design basis accident. In calculating the 
pressure/tem perature conditions in the annulus during postulated loss-of-coolant 
conditions the following shall be considered:

— thermal expansion of the containm ent
— expansion of the containm ent caused by internal pressure
— the heat load resulting from heating of the containm ent
— waste heat loads from equipm ent within the annulus.

The design conditions of items im portant to  safety located in the annulus 
shall not be exceeded under these conditions.

4.4.2.7. Vacuum pressure reduction (negative pressure concept)

In the negative pressure containm ent concept, a pressure relief system, 
a vacuum building and associated vacuum equipm ent provide the front-end 
energy management, i.e. they relieve the reactor building pressure resulting from 
a loss-of-coolant accident.

The pressure relief system consists of: (a) a pressure relief duct that connects 
the vacuum building (via relief valves and ducts) with all the reactor buildings of 
a m ulti-unit station (via pressure relief panels); (b) pressure relief valves tha t during 
normal operation isolate the vacuum building from the duct; and (c) vacuum 
ducts that connect the valves to the vacuum building.
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The valves respond to an increase of pressure by opening and connecting the 
reactor building to the vacuum building via the ducts; the steam/air m ixture 
resulting from a loss-of-coolant accident is thus drawn into the vacuum building. ̂

The basic requirem ent on the vacuum system is therefore to maintain the 
vacuum at the design value. Requirements on the pressure relief valves are:

(1) During normal operation to isolate the vacuum building from the 
pressure relief duct;

(2) In the event of any reactor coolant system pipe break to  open with 
sufficient flow area to prevent pressurization of reactor buildings and 
relief duct beyond their design pressure;

(3) To be capable of relieving the overpressure quickly enough to  keep 
radioactive releases from the containm ent below specified limits;

(4) To provide sufficient flow area of a controllable nature to  quickly 
return the containm ent to  subatmospheric operation.

Items 4.4.2.1 to 4.4.2.7 above illustrate the principles of several energy 
management systems and the major design requirements. In Annex I, examples 
are given of overall systems in which the above individual systems have been 
brought to  practical realization.

4.5. Radionuclide management

Radionuclide management includes all the systems, in every containm ent 
concept, used to  control the movement o f radionuclides released within the 
containm ent envelope. It is the total effect o f all the systems in a containm ent 
concept that is im portant, and there is no requirem ent for the use o f any particular 
radionuclide management system. This subsection outlines the considerations 
common to all radionuclide management systems and describes the design 
considerations and requirem ents that are specific to  individual radionuclide 
management systems.

4  3.7. Common desfgn conM'deraffofM

To estimate the to tal release of radionuclides within the containm ent 
envelope, conservative calculations shall be made and these shall be used as the 
basis for the design o f any radionuclide management system (see IAEA Safety 
Series No. 50-SG-D9 for additional inform ation on the radioactive sources to  be 
considered). Radionuclide management systems may share equipm ent with 
energy management systems.

 ̂ In some designs panels are provided to isolate each reactor building from the common 
duct during normal operation and to open if the pressure in the reactor building rises. The 
safety related requirement for the panels is that they open reliably with adequate flow area.
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4  J. 2. DeMgM co?M;'6?era?;'o7M /or specf/zc rad/'oMMc/;'Je wanagewenr /eafures

Some design considerations and requirements are specific to  individual radio
nuclide management systems employed in various containm ent concepts.

4.5.2.1. Containm ent structure as a radionuclide management feature

The containm ent structure and its internals provide a large surface area for 
radionuclide deposition. The plate-out and desorption factor allocated to  the 
containment, structure shall be conservatively based on the best available knowledge 
of radionuclide deposition on surfaces.

4.5.2.2. Containm ent spray systems as radionuclide management features

The radionuclide management function of the containm ent spray system 
is to  dissolve or entrain airborne radioactive substances from the containm ent 
atmosphere and to  retain them  in the water of the containm ent sump or suppression 
pool. This serves to limit the radiological consequences resulting from contain
ment atmosphere leakage during postulated accident conditions.

Im portant parameters in the design of the containm ent spray systems include 
spray coverage, spray drop size, drop residence time, and the chemical composition 
of the spray medium. Chemicals such as sodium hydroxide, sodium thiosulphate, 
or hydrazine are often added to  the spray water to  enhance the removal o f radio
nuclides from the atmosphere. Of particular importance, because of its high 
specific dose consequence, is the removal of radioiodine. The design of the 
chemical additive system should be such as to  maximize the solution of radio
iodine and to maintain sump or suppression pool chemistry so that radioiodine 
will not come out of solution in the long term  following the accident.

The design of the containm ent spray systems shall ensure that the probability 
of spurious actuation is adequately low and that any chemical additives will not 
result in unacceptable effects on equipment.

4.5.2.3. Ventilation systems as radionuclide management features

Where ventilation systems are used for cleaning exhaust air for mitigation of 
accident consequences, filters shall be provided and maintained in such a way as 
to  preclude any loading of the filters with pollutants beyond permissible limits 
prior to  their accident-related use.

The ventilation system shall, if necessary, be provided with equipm ent (e.g. 
moisture separators and pre-heaters before the filters) to prevent the tem perature 
from dropping below the dew point in the filter supply air. If this cannot be
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accomplished, it shall be dem onstrated that the capability of the filters to  perform 
their intended function will not be compromised by high moisture content.

The efficiency of the sorption material in iodine filters shall be dem onstrated 
in laboratory tests under simulated accident conditions as deemed appropriate. 
Measures shall be provided to  test the filter system in situ.

Ventilation systems are often utilized to  collect, filter and discharge air from 
the interspace of dual-containment systems or from secondary confinem ent which 
may become contam inated with airborne radionuclides during accident conditions, 
as a result of leakage from the containm ent. For such cases the above require
ments shall apply.

Where containm ent venting systems are installed.the discharge shall be filtered 
to control radionuclide release to  the environment.

4.5.2.4. Secondary confinem ent

The secondary confinem ent is formed by a structure which envelopes the 
containm ent or parts o f it and creates a defined air volume between this structure 
and the containment.

Secondary confinem ents are often employed in containm ent design to collect, 
filter, and discharge radionuclide leakage from the containm ent during accident 
conditions or to pump back leakage into the containment.

The maximum efficiency of the secondary confinem ent concept is achieved 
when a filtered ventilation system is provided which will quickly reduce the 
pressure in the volume between the containm ent and the secondary confinem ent 
to a negative gauge pressure after a postulated loss-of-coolant initiating event. If  a 
negative gauge pressure cannot be achieved and maintained in the confinem ent 
volume, the calculations of radiological consequences shall take into account the 
unfiltered leakage to  the environment which will result. If  a ventilation system 
is provided to  discharge the leakage from the primary containm ent via the confine
ment through filters to  the environment, the requirements for ventilation systems 
described in this subsection shall be met.

4.5.2.5. Control o f leakage from recirculation systems

Many containm ent designs employ systems which recirculate water from 
collection points inside the containm ent envelope, either through heat exchangers 
or directly, for reinjection to the reactor vessel or the containm ent spray during 
accident conditions. Portions o f these recirculation systems are often outside the 
containm ent envelope and, therefore, a potential for leakage of radionuclides 
from pumps, valves, or heat exchangers outside the containm ent envelope is 
created. Where this type of design is used, provisions shall be made to minimize 
the uncontrolled release to  the environment of radionuclides resulting from such 
leakage.
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4.6. Combustible gas control features

4  6.7. 7/ydrogew /brwa^OM

Hydrogen and oxygen are created in normal operation as a result o f radiolysis 
in the core. Their escape from the reactor coolant system by leakage may lead to 
combustible concentrations under unfavourable geometrical conditions.

A fter a loss-of-coolant accident a mixture o f hydrogen and air could be 
formed in the containm ent atmosphere as a consequence of:

— radiolysis in the core
— radiolysis in the sump or suppression pool
— metal-water reaction in the core
— chemical reactions with materials in the containment.

A calculation of the am ount of hydrogen formed shall be carried out for 
normal operation and loss-of-coolant accident conditions. The uncertainties in 
the various possible form ation and recombination effects shall be covered by 
adequate margins.

4.6.2. .Hydrogen wonfforfng o r sampling system

A hydrogen m onitoring or sampling system shall be provided to  determine 
the local time variation of hydrogen within the containm ent both for accident 
conditions, especially those caused by a loss-of-coolant accident, and for opera
tional states if these could lead to  hydrogen concentrations above the ignition 
limit in the containm ent atmosphere.

4.6. J. Measures /o r  fAe prevenfz'on o/unconfro/Zed hydrogen fgn;Y;'on

To prevent any uncontrolled ignition of hydrogen inside the containm ent, 
the ignition limit o f hydrogen should not be exceeded at any time, either during 
normal operation or during postulated loss-of-coolant accidents.

Active measures (e.g. use of recombiner, long-duration filtered purge, 
deliberate controlled local ignition) or passive measures (e.g. containm ent atm o
sphere inerting) shall be provided if required to  ensure that local or global hydrogen 
concentrations do not reach levels which could endanger containm ent integrity.

The containm ent design shall include active measures (e.g. fixing fans or 
sprays) or shall facilitate passive ones (e.g. diffusion,.natural circulation) to 
prom ote uniform  mixing of the containm ent atmosphere within and between 
com partm ents following an accident unless it can be shown that uncontrolled 
local ignition will not occur or com ponents can survive such ignition.

A ctuation of active measures may be effected manually if the hydrogen 
concentration increases slowly over a long period of time. In this case, it may be
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assumed that off-site power is available for active measures. If  analysis shows 
with sufficient certainty that hydrogen buildup under loss-of-coolant conditions 
is slow, a mobile combustible gas control system, i.e. mobile recombiner, may be 
used. In this case, appropriate design and procedural provisions should be made 
for the use of such a system. The provisions should allow for shielding require
ments to perm it access to  the area where the system will be coupled up and the 
carrying out of the coupling operation.

A single failure need not be postulated in the application o f active measures 
if repair or substitute measures can be shown to be practical. This implies that the 
hydrogen form ation is slow enough so that acceptable hydrogen concentration 
limits will not be exceeded during either the predicted repair time or the time 
required to  introduce substitute measures (e.g. placing a mobile recom biner in 
operation).

5. TESTS AND IN SPEC TIO N

5.1. Integrity and leak rate tests of containment 

J. 7.7.

Prior to commissioning, the containm ent, its extensions and its penetrations 
shall be subjected to  structural integrity tests at specified overpressures and 
underpressures and to a leak rate test programme. This leak rate test programme 
may be conducted at (a) both  the design pressure and the pressure selected for 
in-service leak rate tests or (b) the calculated peak containm ent accident pressure.

All containm ent extensions and penetrations, both operational and blinded, 
should be in place at the time of the first global leak rate test of the containm ent 
envelope. The containm ent operational penetrations shall be closed by operation 
o f the corresponding isolation features w ithout the application o f special means 
to  ensure leaktightness for the test.

J. 7.2. /M-serwce rafe

The design shall provide the capability for in-service leak rate tests. For 
reverification o f the leak rate at design pressure, the in-service leak rate tests may 
be made either (a) at a pressure that permits a sufficiently accurate extrapolation 
of the measured leak rate to  the one at design pressure or (b) at the calculated 
containm ent accident peak pressure, according to  the choice made under 
Subsection 5.1.1.

25

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



J. 7. .S*pecM/ /*ê M/'/*6wewAs'

One possible way of determining leak rates is the absolute pressure method 
where the leakage flow is measured by determining the pressure decrease as a 
function of time. When this m ethod is used, containm ent atmosphere tem perature 
and pressure, external atmospheric tem perature and pressure and containm ent 
atmosphere hum idity shall be continuously determined and taken into considera
tion as parameters in the evaluation. Means shall be provided to  ensure uniform  
distribution of hum idity and tem perature in the containm ent atmosphere.

5.2. Leakage tests of isolation devices and penetrations

The design shall make provision for periodic in-service leakage tests o f the 
following components, which experience shows are the most sensitive parts of 
the containm ent envelope:

(1) Isolation devices in systems open to  the containm ent atmosphere
(2) Isolation devices in fluid system lines penetrating the containm ent
(3) Penetrations which have resilient seals and expansion bellows, such as:

— Personnel air locks
— Equipment air locks
— Equipment hatches
— Spare penetrations with bolted closures
— Cable penetrations with resilient seals
— Pipe penetrations with flexible expansion bellows connections to 

the containment.

The test m ethods and intervals shall be specified in a way that reflects the 
importance to  safety of the items concerned. In devising test m ethods and in 
deciding upon the frequency of testing, consideration shall be given to  the 
performance and reliability required from the containm ent system as a whole.

5.3. Functional tests and inspection of containment safety systems

The necessary provisions for performing the following tests shall be included 
in the design.

3.3.7. 7*MMCf;'OMa/7e.sf.s

Before commissioning, and periodically in service it shall be possible to  test:

(1) The functioning of the isolation devices;
(2) The compliance with the required closing time of the isolation devices;
(3) The operability o f required energy and radionuclide management and 

combustible gas control features.
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J. J. 2. <S*pecM/

Where it is technically feasible, design should provide for visual inspection 
of the containm ent structures, the penetrations and isolation devices.

The design should allow for the required operability tests during normal 
plant operations.

Testing of a single division of a containm ent subsystem shall not cause the 
overall system function to become unavailable. A tem porary reduction in 
redundancy is permissible if the overall availability is not significantly reduced 
during the test procedure.

6. QUALITY ASSURANCE AND DOCUMENTATION

Compliance with the requirem ents o f this Guide must be ensured by an 
established and im plem ented quality assurance programme. This programme shall 
provide for docum entation and control o f all quality affecting activities in design, 
manufacturing, construction, testing, surveillance and m aintenance o f the 
containm ent system. The results of inspections and tests shall be recorded. 
Quality assurance docum entation and records shall be maintained for the useful 
life o f the plant.

Guidance on quality assurance requirem ents is contained in the IAEA Code 
of Practice on Quality Assurance for Safety in Nuclear Power Plants (IAEA Safety 
Series No. 50-C-QA) and the various Safety Guides on quality assurance.
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Annex I

EXAMPLES OF CONTAINMENT SYSTEM DESIGN CONCEPTS

This Annex presents short descriptive discussions of several containm ent 
system concepts now in use. They are intended to provide some idea o f how 
certain containm ent subsystems have been combined to carry out the containm ent 
function. These descriptions are not necessarily complete. In Figs 1—8, modifica
tions to the principles (e.g. isolation) which are applied in individual Member States 
are not always indicated. Combustible gas control systems are to  be seen only in 
BWRs since the requirem ent for their fixed installation is more common with these 
containm ent types.

1.1. PWR dry containment

In this concept (see Fig. 1), the primary containm ent envelope is a steel shell 
or concrete building (cylindrical or spherical) with a steel liner which surrounds the 
nuclear steam supply system. Energy management in the building can be accomp
lished by an air cooler system, or by a water spray system. In addition, the free 
volume o f the containm ent and the structural heat sinks (the containm ent envelope 
and the structures within it) are used to limit peak pressures and tem peratures for 
postulated pipe rupture accident conditions. The initial supply of water for the 
spray system and for the emergency core cooling system (ECCS) is in a large tank. 
When this water is used up, suction for bo th  the spray system and the ECCS is 
switched to the containm ent building sump. Water that is recirculated to the 
reactor vessel is sometimes cooled by heat exchangers. In m ost designs the recircu
lation water for the spray headers — which is also used to limit the containm ent 
atmosphere contam ination — is cooled by heat exchangers. When pipes rupture 
in systems other than the reactor coolant system, only the spray system is operated 
in the recirculation mode.

1.2. PWR subatmospheric containment

In this concept, a variation o f the 'PWR dry containm ent', the atmospheric 
pressure in the containm ent envelope is always maintained at a slightly negative 
gauge pressure during normal operations.

The capacity o f the spray system is larger than that o f the PWR dry contain
ment. There is a heat exchanger in the recirculation spray circuit so that, within a 
short time after a postulated pipe break initiating event, the containm ent atmosphere 
gauge pressure can be returned to  a slightly negative value. In this manner, when 
negative gauge pressure has been attained, leakage o f radionuclides is prevented.
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1.3. PWR full-pressure dual containment

A typical full-pressure dual containm ent (see Fig.2) consists of:

— a steel or concrete shell, basically cylindrical or spherical in shape 
(containm ent)

— a concrete shell surrounding this containm ent (secondary confinement)
— an air extraction system for the annulus (the space between the containm ent 

and the secondary confinement).
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The containm ent embraces all com ponents o f the reactor coolant system 
under primary pressure. It constitutes the pressure resistant and gastight contain
ment. It is designed as a full-pressure containm ent, i.e. it is able to withstand the 
increases in pressure and tem perature that occur in the event of any design basis 
accident, especially a loss-of-coolant accident. Full-pressure containm ents do not 
utilize any kind of special pressure suppression system. In the medium and long 
term, energy removal and pressure reduction is acomplished by using an ECCS 
recirculation heat exchanger.

The secondary confinem ent is a concrete shell which surrounds the contain
ment. It has three functions:

— to provide radiation shielding for the environment and plant personnel in 
com bination with the containm ent, during normal operation and under 
accident conditions

— to protect the systems and com ponents inside the secondary confinem ent 
against external PIEs

— to capture leakage from the containm ent in the annulus between the two 
shells.

In the annulus between the two shells, safety systems such as the ECCS and 
the high-pressure boron injection system may be located. Leakage from the 
containm ent into the annulus is extracted and filtered during accident conditions 
by an air removal system, and its emission through the plant stack is controlled.

1.4. PWR ice condenser containment

The PWR ice condenser containm ent (Fig.3) utilizes a pressure suppression 
system concept in which the high-pressure steam /air mixture resulting from pipe 
rupture accident conditions is directed through vent doors into chambers containing 
baskets w ith ice. The steam is condensed on the surface of the ice in the baskets.

The containm ent is a cylindrical structure divided into three isolated com part
ments — the lower area which contains all major reactor coolant system compo
nents, the ice condenser chambers and the main upper containm ent volume. Non- 
condensible gases (including noble gas fission products), which are forced into the 
ice condenser chambers, are vented through doors into the main upper containm ent 
volume.

An active spray system is utilized in the lower containm ent volume to  reduce 
pressures and tem peratures and to  remove airborne radioiodine from the contain
m ent volume. The initial source o f water for this system is a water-storage tank. 
After exhaustion o f this supply, a recirculation mode is initiated wherein w ater is 
pumped from the building sump through a heat exchanger and then returned to the 
spray headers.
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1.5. PWR bubbling condenser containm ent

The PWR bubbling condenser containm ent system (Fig.4) utilizes a suppression 
pool concept in which the high-pressure steam/air m ixture resulting from loss-of- 
coolant accident conditions is directed into pools o f water through submerged 
tubes. The steam is condensed in the bubbling condenser pools.

The containm ent is a cylindrical concrete structure divided into three 
isolated volumes — the lower one, which contains all major primary reactor 
coolant system components, the bubbling condensers (suppression pools), and the 
main upper containm ent volume. Non-condensible gases (including noble gas 
fission products) which are driven into the bubbling condenser chambers are vented 
through openings into the main upper containm ent volume. Radioiodine and other 
soluble or particulate fission products are trapped in the bubbling condenser water 
pools.

Open tanks located in the upper containm ent volume are connected through 
U-tubes to water spray nozzles in the lower containm ent volume. During fast 
pressure transients in the containm ent system the passive sprinkler system is acti
vated by the pressure differences between the water inlet o f the U-tubes submerged 
in the tanks and the nozzle outlet. An active spray system, with an independent 
stored water supply, is used to  provide both energy and radionuclide management 
functions. When the water supply in the spray tanks is exhausted, a recirculation 
mode is initiated and water from the building sump is pumped through a heat 
exchanger and sprayed into the lower containm ent volume. After a few minutes, 
the pressure in the lower volume falls below atmospheric pressure, and an inverse 
pressure differential is created between the upper and lower volume. Air is prevented 
from returning from the upper to  the lower volume by hydroseals formed in the 
bubble tubes. Once a negative pressure has formed in the lower volume the leakage 
o f radionuclides from it will cease.

1.6. BWR pressure suppression containment

A BWR containm ent w ith a pressure suppression system (Fig.5) is a structure 
divided into two main com partm ents: a dry weli, housing the reactor coolant 
system and a wet well, partly filled with water whose function is to condense the 
steam in case of a loss-of-coolant accident. The two com partm ents are connected 
by pipes that are submerged in the water of the wet well. A spray system is often 
installed in the dry well and in the wet well. The reactor building surrounding the 
containm ent forms a secondary confinem ent which captures leakage from the 
containm ent. The containm ent envelope can consist of a concrete structure with 
a steel liner for leaktightness or a steel shell.

The purpose o f the pressure suppression system is to  reduce pressure when a 
pipe in the reactor coolant system ruptures. The steam from a leak in these pipes 
enters the dry well and is passed through pipes into the water o f the wet well,
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where it is condensed, and the pressure in the dry well is reduced. The pressure 
suppression system helps in reducing the airborne radioiodine.

The wet well is also used as a heat sink for the autom atic pressure relief 
system. This serves to limit the pressure rise in the reactor coolant system when 
the reactor cannot discharge steam to the turbine condenser system. The steam 
still produced by residual heat after reactor shutdown is passed into the water in 
the wet well via safety relief valves connected to  the steam pipes within the 
dry well.

The concrete or steel structure of the reactor building surrounding the contain
ment serves as protection against external events.

The reactor building is held at a slightly negative gauge pressure during both 
operational states and accident conditions. In the case o f  an accident, leakage from 
the dry well into the reactor building is extracted and filtered by an air removal 
system, to perm it controlled emission from the plant stack.

1.7. BWR weir-wall pressure suppression containment

The BWR weir-wall pressure suppression containm ent system (Fig.6) consists 
of three different structures, the dry well structure, the containm ent envelope, 
and the reactor building.

The function of the dry well structure is to  completely enclose the reactor 
pressure vessel (RPV), and to  create a pressure boundary which separates the RPV 
and its recirculation system from the containm ent vessel and the main body o f the 
suppression pool. The dry well structure vents the steam/air m ixture to  the 
suppression pool. It also provides radiation shielding from the reactor and the 
nuclear steam supply system piping. The weir-wall portion o f the dry well .struc
ture functions as the inner wall o f the suppression pool and serves to  channel the 
steam released by a postulated loss-of-coolant accident (LOCA) through 
horizontal submerged vents into the suppression pool for condensation.

One o f the functions o f the reactor building is to  provide protection against 
external missiles for the containm ent envelope, personnel, and equipment. It also 
provides shielding against the fission products in the secondary confinement 
envelope, functions as a secondary containm ent barrier and provides a means for 
the collection and filtration of fission product leakage from the steel containm ent 
vessel following a LOCA.

During postulated LOCA conditions, the pressure rise in the dry well drives 
the water level between the weir wall and the dry well structure wall down, uncover
ing the vents in the dry well structure wall, and forces the dry well structure steam/ 
air m ixture through the vents and into the suppression pool. The steam is condensed 
in the suppression pool water. Fission product noble gases and other non- 
condensables from the dry well structure escape from the surface o f the pressure 
suppression pool into the containm ent envelope.
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In the long term, an active spray system is utilized for the containm ent 
envelope. This system takes water by suction from the suppression pool, through 
a heat exchanger, and the water is pumped to spray headers located in the dome of 
the containm ent envelope.

1.8. PTR negative pressure containment

The term  'negative pressure containm ent' is used to describe a containm ent 
system that typically consists o f the following subsystems (Fig.7):

(a) A containm ent envelope that comprises the reactor buildings, the 
connecting pressure relief duct, vacuum ducts, the vacuum building and 
all the containm ent extensions;

(b) A containm ent isolation system that closes all out-leakage paths auto
matically upon detection of radioactivity or pressure within the 
envelope;

(c) A pressure relief system that comprises the pressure relief panels which 
isolate the reactor buildings from the connecting pressure relief duct 
and the pressure relief valves which isolate this relief duct from the 
vacuum building;

(d) A vacuum system that maintains subatmospheric pressure inside the 
vacuum building so that when this building is connected to the contain
m ent, the atmosphere from the containm ent passes into the vacuum 
building;

(e) An energy suppression system, comprising a dousing tank, upper chamber 
vacuum system and spray header, that is housed inside the vacuum build
ing and can absorb all the energy released to  the vacuum building;

(f) An atmospheric control system that controls the atm osphere within the 
reactor buildings;

(g) A filtered air discharge system that would help to maintain subatmos
pheric conditions within the containm ent envelope if  the need were to 
arise in the long term  after an accident. The reactor buildings are main
tained at slightly negative gauge pressures during both  operational states 
and post-accident conditions.

Energy management is achieved by relieving the reactor building peak 
pressure to  the vacuum building via the pressure relief system, which is actuated 
by a small increase in the reactor building pressure. Additional energy suppression 
takes place when the steam drawn into the vacuum building is condensed by the 
spray system, which is autom atically actuated by a change in pressure within the 
vacuum building. Long-term heat removal from the containm ent is achieved by 
the atmospheric control system that cools the building air, and by.the heat 
exchangers in the ECCS recirculation system. Radionuclide management is 
accomplished by plate-out on the internal surfaces of the containm ent envelope,
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by washout afforded by the spray and by the leaktightness of the containm ent 
envelope.

1.9. PTR pressurized containm ent

The pressurized containm ent system (Fig.8) used in the PTR single-unit 
station designs typically consists o f the following subsystems:

(a) A containm ent envelope comprising a prestressed, post-tensioned 
concrete reactor building and its extensions.

(b) A containm ent isolation system that closes all out-leakage paths auto
matically upon detection of radioactivity or pressure within the envelope.

(c) An energy suppression system that consists of a dousing tank and a spray 
system that suppress the initial peak pressure.

(d) An atmosphere control system that controls the atmosphere within the 
reactor building.

(e) A filtered air discharge system that helps to maintain subatmospheric 
pressure within the envelope in the long term and aids containm ent 
cleanup operations.

Upon detection of radioactivity or high pressure in the reactor building, the 
isolation system closes the appropriate penetrations o f the containm ent envelope. 
When high pressure is detected in the reactor building, the dousing system is also 
activated. The initial peak pressure following a LOCA is suppressed by condensa
tion of steam through the dousing spray system. Long-term energy management 
is provided by the atmosphere control system (building air coolers) and by the heat 
exchangers in the ECCS recirculation system. Radionuclide management is 
accomplished by plate-out on the internal surfaces of the containm ent envelope, 
by washout afforded by the dousing spray system and by the leaktightness of the 
containm ent envelope.
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Annex II

CO N TA IN M EN T M O N ITO RIN G  IN STR U M EN TA TIO N  FO R  
E A R L Y  D ETEC TIO N  O F  D EV ELO PIN G  D EV IA TIO N S FROM  

N O RM A L O PE R A T IO N  IN LIG H T W ATER REACTORS^

This annex provides recom m endations for measurements that allow operator 
diagnosis o f  developing deviations from normal operation. The operator can then 
take corrective action at an early stage to prevent a m inor failure from developing 
into a serious plant failure or even an accident condition.

II. 1. Physical parameters

The physical parameters that should be m onitored to detect coolant or other 
radioactive fluid release w ithin containm ent vary with different reactor systems. 
The measurement sensitivities required to detect a developing deviation can be 
estimated by analytical m ethods appropriate to the individual plants. Typical 
conditions that introduce param eter changes are:

— Release of high-temperature fluid
— Leakage o f high-pressure fluid
— Presence of radioactive gas or liquids
— Fire
— Component mechanical failure.

The following list serves as a framework for the kind of m onitoring that should 
be done:

— Temperature of the containm ent atmosphere and o f the fluid drains
— Pressure in the containm ent building
— Humidity in the containm ent building
— Water level in the drains
— Fluid flows
— Radiation
— Chemical analysis o f drain waters
— Visible abnormalities
— Noise and vibrations
— Fire.

6
This annex was developed by Technical Committee 45 of the International Electro

technical Commission and has been provided by them for incorporation into this Safety Guide.
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77.7.7. 7e??!per<2fHre o/confaz'nwenf a^o.spAe/*e and/?Mz'd draz'ns

Both atmospheric and fiuid drain tem peratures should be measured.

(a). ^4/mospAen'c fewperafMre.- A sufficient num ber of tem perature sensors should 
be installed to measure the atmospheric tem perature distribution throughout 
the containm ent building. In addition, measurement o f the fluid tem peratures 
of the containm ent air coolers may be used to estimate the tem perature o f the 
atmosphere.

The data display should present the tem perature distribution and the local 
trends in atmospheric .and fluid temperatures.

(b) Dra/n femperafMres.' The tem perature should be measured in selected fluid 
drains (system drains, floor drains). These tem perature m easurements should 
be recorded to show trends.

77.7.2. Pressure fAe con/a/nm en/ Au/M/ng

Leakages of gases or fluids such as compressed air, nitrogen or water may be 
the cause o f pressure increases. To detect such leaks, measurements o f the ambient 
pressure should be obtainable from the appropriate com partm ents in the contain
m ent building. These measurements shall not be significantly affected by variations 
in other parameters such as tem perature, hum idity, or ionizing or electromagnetic 
radiation. These pressure measurements should be recorded to  show trends.

7/7.F. 77uw;'d/ry /Ae con/am w enf

The hum idity is a highly significant factor for the detection of anomalies. 
Parameters which indicate changes in hum idity are:

— dew point and tem perature of the containm ent atmosphere
— electrical parameters (e.g. impedance, resistance) of sensors
— am ount of condensate in the containm ent building air coolers.

Humidity should be m onitored in appropriate com partm ents in the contain
ment building and the measured values should be recorded to show trends.

77.7.4. /eve/ m //;e dra;'n suwps

Each system and drain sump, and each air cooler condensate collector should 
be equipped with a water level indicator.
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7/. 7.3. F/ufd /Fow

The periodic calculation of a mass balance can quantitatively show the am ount 
o f identified and/or unidentified small leaks in a given volume. To accomplish this, 
fluid flows should be measured to  establish mass balance in the different systems.

77.7.6. T^adfoacffw'fymfAecoMfammenfafmospAere

Airborne radioactivity should be m onitored in the proper com partm ents and 
should be recorded.

It should be possible to obtain containm ent atmosphere samples for analysis 
from outside the containm ent building.

77.7. 7. CAgfm'ca/ ana/ysfs o /w afe r m fAe dram sumps

Sampling from the drain sumps should be possible from outside the contain
ment building so that the leakage sources may be identified through measurements 
of radioactivity and the concentrations o f boron, lithium, potassium or other 
chemicals.

Provision should be made for sampling and analysis o f the drain waters outside 
the containm ent building.

77.7. & F;'s;'&/e a&?iorma/!'n'e.s

Television cameras, to  facilitate visual inspection, should be located to cover 
places where leakage or other m alfunction can be expected and/or where personnel 
access is difficult. Mobile cameras should be available for use if and when such a 
demand arises.

77.7.9. A'oMe and w'&raf;'on

Acoustic noise analyses should be used, for example, to detect loose parts 
or abnormal behaviour o f operating equipment.

The use o f audio signals from the containm ent building for detection of 
abnormalities should be considered. In addition, spectral and Fourier transform 
analyses for the acoustical noise signals may be considered.

7/. 7.70. F/re

Sensors to detect heat, smoke and/or flame should be installed in each 
com partm ent where there is a potential risk for fire.
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11.2. Presentation o f the inform ation

The choice o f instrum entation should take the following factors into account:

(a) Adequacy and sufficiency of the measuring range and o f the sensitivity;
(b) Recognition of the need to  extend instrum entation ranges in special opera

tional situations and o f the procedures required to accomplish this;
(c) Response time.

The instrum entation should be readily identifiable by, for example, colour coding.
In the design o f the display o f inform ation to the operator in the control 

room, ergonomic considerations should be taken into account.

H.3. Safety categorization o f the equipm ent

The hardware required to  perform the functions defined by this standard 
belongs essentially to  safety-related inform ation systems. However, this hardware 
may be partially shared w ith other systems o f a higher safety category. In this 
case, the highest safety category shall be implemented for the common part and 
the remaining hardware shall no t unacceptably decrease the reliability o f  the 
higher category instrum entation systems. Safety Series No.50-SG-D8 should be 
used to establish the im portance to safety and the appropriate design requirements 
for the m onitoring instrum entation. These requirements should include:

— failure rate analysis
— environmental qualification
— q u a l i t y  a s s u r a n c e

— checking, testing and calibration
— in-service inspection.
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ILLUSTRATION OF CATEGORIES OF ISOLATION FEATURES

Annex III
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DEFINITIONS

7%e /b lo w in g  de^nifions are infenJed /o r  Mse in i/:e programme and 
may nof necessarily con/orm  io Jc/in iiions aJopfed  e/sew/zere/or in^erna^iona/
Mse. /iem s m arked wif% an asierisA; Aave &een fa%:en /rom  f/!e iisi o /  Je/iniiions 
inc/MJed in ^ e  approved Codes o /P racfice  pM^/isAed Mnder ^Ae N t/iM  programme.

* Acceptable Limits

Limits acceptable to  the Regulatory Body.

* Accident Conditions

Substantial deviations from Operational States which are expected to be 
infrequent, and which could lead to release o f unacceptable quantities of radio
active materials if the relevant engineered safety features did not function as per 
design intent.^

* Anticipated Operational Occurrences

All operational processes deviating from Normal Operation which are expected 
to  occur once or several times during the operating life o f the plant and which, in 
view of appropriate design provisions, do not cause any significant damage to Items 
Im portant to  Safety nor lead to  Accident Conditions^ (see Operational States).-

Combustible

Capable o f undergoing Combustion.

Combustion

Reaction o f a substance with oxygen, w ith release of heat, generally accom
panied by flaming and/or emission of smoke.

 ̂ A substantial deviation may be a major fuel failure, a loss of coolant accident (LOCA), 
etc. Examples of engineered safety features are: an emergency core cooling system (ECCS), 
and containment.

 ̂Examples of Anticipated Operational Occurrences are loss of normal electric power and 
faults such as a turbine trip, malfunction of individual items of a normally running plant, failure 
to function of individual items of control equipment, loss of power to main coolant pump.
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The process during which plant com ponents and systems, having been 
constructed, are made operational and verified to be in accordance with design 
assumptions and to have m et the performance criteria; it includes both non-nuclear 
and nuclear tests.

*Construction3

The process of manufacturing and assembling the com ponents of a Nuclear 
Power Plant, the erection of civil works and structures, the installation o f com po
nents and equipment, and the performance o f associated tests.

*Decommissioning3

The process by which a Nuclear Power Plant is finally taken out o f Operation. 

Diversity

The existence o f redundant com ponents or systems to  perform an identified 
function, where such com ponents or systems collectively incorporate one or more 
different a ttr ib u te s /

Explosion

An abrupt oxidation or decomposition reaction producing an increase in 
tem perature or in pressure or in both  simultaneously.

Fire

A process of combustion characterized by the emission o f heat accompanied 
by smoke and/or flame.

Flammable

Capable o f undergoing Combustion in the gaseous phase with emission of 
light during or after the application of an igniting source.

^Commissioning^

 ̂ The terms Siting, Construction, Commissioning, Operation and Decommissioning are 
used to delineate the five major stages of the licensing process. Several of the stages may 
coexist; for example, Construction and Commissioning, or Commissioning and Operation.

Examples of such attributes are: different operating conditions of use, different sizes 
of equipment, different manufacturers, different working principles, and types of equipment 
that use different physical methods.
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Fuel Assembly

A num ber of fuel rods assembled together,.w ith the means o f their support 
and positioning, all o f which can be loaded as an entity  into the reactor.

*Items Im portant to  Safety

The items which comprise:

(1) those structures, systems, and com ponents whose m alfunction or failure 
could lead to undue radiation exposure of the Site personnel or members 
of the public

(2) those structures, systems and com ponents which prevent Anticipated 
Operational Occurrences from leading to  Accident Conditions;

(3) those features which are provided to  mitigate the consequences of 
m alfunction or failure o f structures, systems or components.

*Normal Operation

Operation o f a Nuclear Power Plant within specified operational limits and 
conditions including shutdown, power operation, shutting down, starting up. 
maintenance, testing and refuelling (see Operational States).

*NucIear Power Plant

A thermal neutron reactor or reactors together with all structures, systems 
and com ponents necessary for Safety and for the production o f power, i.e. heat 
or electricity.

*Operation (see F ootnote 3)

AH activities performed to achieve, in a safe manner, the purpose for which 
the plant was constructed, including maintenance, refuelling, in-service inspection 
and other associated activities.

^Operational States

The states defined under Normal O peration and Anticipated Operational 
Occurrences (see Normal Operation and Anticipated Operational Occurrences).

s This.includes successive barriers set up against the release of radioactivity from nuclear 
facilities.
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Postulated Initiating Events

Events that lead to  Anticipated Operationai Occurrences and Accident 
Conditions, their credible causal failure effects and their credible combinations.^

* Potential

A possibility worthy o f further consideration for Safety.

^Protection System

A system which encompasses all electrical and mechanical devices and 
circuitry, from sensors to actuation device input terminals, involved in generating 
those signals associated with the protective function.

* Quality Assurance

Planned and systematic actions necessary to provide adequate confidence that 
an item or facility will perform  satisfactorily in service.

Redundancy

Provision of alternative (identical or diverse) elements or systems, so that any 
one can perform the required function, regardless of the state of operation or 
failure o f any other.

* Regulatory Body

A national authority  or a system o f authorities designated by a Member State, 
assisted by technical and other advisory bodies, and having the legal authority  for 
conducting the licensing process, for issuing licences and thereby for regulating 
nuclear power plant Siting, Construction, Commissioning, Operation and Decom
missioning or specific aspects thereof.^

 ̂ The primary causes of Postulated Initiating Events may be credible equipment failures 
and operator errors (both within and external to the Nuclear Power Plant), design basis natural 
events and design basis external man-induced events. Specification of the Postulated Initiating 
Events is to be acceptable to the Regulatory Body for the Nuclear Power Plant.

 ̂This national authority could be either the government itself, or one or more depart
ments of the government, or a body or bodies specially vested with appropriate legal authority.
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* Reliability

The probability that a device, system or facility will perform its intended 
function satisfactorily for a specified time under stated operating conditions.

* Residua! Heat

The sum of the heat originating from radioactive decay and shutdown 
fission and the heat stored in reactor-related structures and in heat transport media.

*Safety

Protection o f all persons from undue radiological hazard.

* Safety Systems

Systems im portant to  Safety, provided to assure, in any condition, the safe 
shutdown of the reactor and the heat removal from the core, and/or to limit the 
consequences of Anticipated Operational Occurrences and Accident Conditions.

*Sing!e Failure

A random failure which results in the loss of capability o f a com ponent to 
perform its intended safety functions. Consequential failures resulting from a single 
random occurrence are considered to  be part o f  the single failure.

*Site

The area containing the plant, defined by a boundary and under effective 
control o f the plant management.
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LIST O F

NUSS PRO G RA M M E TITL ES

F or fAe .Sa/efy Cu/des no p/ans ex;'sf fo /?// 
fAc gaps in fAe scryt/e/;ce o / nuw^ers

Safety Series 
No.

Title Publication date 
o f  English version

1. Governmental organization

Code o /  /%;cf!ce

50-C-G Governmental organization for the
regulation o f nuclear power plants

<S&/efy GMdes 

50-SG-G1

50-SG-G2

50-SG-G3

50-SG-G4

50-SG-G6

50-SG-G8

50-SG-G9

Qualifications and training o f staff 
o f  the regulatory body for nuclear 
power plants

Inform ation to be subm itted in 
support o f  licensing applications 
for nuclear power plants

C onduct o f  regulatory review and 
assessment during the licensing 
process for nuclear pow er plants

Inspection and enforcem ent by the 
regulatory body for nuclear power 
plants

Preparedness o f  public authorities for 
emergencies at nuclear power plants

Licences for nuclear pow er plants: 
content, form at and legal 
considerations

Regulations and guides for nuclear
power plants

Published 1978

Published 1979

Published 1979

Published 1980

Published 1980

Published 1982 

Published 1982

Published 1984
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Safety Series Title
No.

Publication date
of English version

Code o /  fracnce 

50-C-S

-Sh/e/y Cu/dM 

50-SG-S1

50-SG-S2

50-SG-S3

50-SG-S4

50-SG-S5

50-SG-S6

50-SG-S7

50-SG-S8

50-SG-S9

50-SG-S10A

50-SG-S10B

2. Siting

Safety in nuclear power plant siting Published 1978

Earthquakes and associated topics in 
relation to  nuclear power plant siting

Seismic analysis and testing of 
nuclear power plants

Atmospheric dispersion in 
nuclear pow er plant siting

Site selection and evaluation for 
nuclear pow er plants with respect 
to population distribution

External man-induced events in 
relation to  nuclear power plant siting

Hydrological dispersion o f radioactive 
material in relation to  nuclear pow er '  
plant siting

Nuclear pow er plant siting: 
hydrogeologic aspects

Safety aspects o f  the foundations 
o f nuclear pow er plants

Site survey for nuclear pow er plants

Design basis flood for nuclear 
power plants on river sites

Design basis flood for nuclear
power plants on coastal sites

Published 1979

Published 1979

Published 1980

Published 1980

Published 1981

Published 1985

Published 1984

Published 1984 

Published 1983

Published 1983
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Safety Series Title
No.

Publication date
o f English version

50-SG-SHA

50-SG-S11B

Code o/' 

50-C-D

Cu;'des

50-SG-D1

50-SG-D2

50-SG-D3

50-SG-D4

50-SG-D5

50-SG-D6

50-SG-D7

Extrem e meteorological events in Published 1981
nuctear power plant siting, 
excluding tropica! cyclones

Design basis tropica! cyclone Published 1984
for nuclear power plants

3. Design

Design for safety o f nuclear power . Published ! 978 
ptants

Safety functions and com ponent Published 1979
classification for BWR, PWR and PTR

Fire protection in nuclear power Pubtished 1979
plants

Protection system and related Published 1980
features in nuclear pow er ptants

Protection against internally Published 1980
generated missiles and their , ,
secondary effects in nuclear 
power plants

External man-induced events in Pubtished 1982
relation to  nuctear power ptant design

Ultimate heat sink and directly Published 1981
associated heat transport systems for 
nuclear pow er ptants

Emergency power systems at Published 1982
nuclear power plants
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Safety Series Tide
No.

Publication date
o f English version

50-SG-D8

50-SG-D9

50-SG-D10

50-SG-D11

50-SG-D12

50-SG-D13

50-SG-D14

Code o /  

50-C-0

CM/des

50-SG-01

50-SG-02

50-SG-03

Safety-related instrum entation and Published 1984
control systems for nuclear pow er plants

Design aspects o f radiation Published 1985
protection for nuclear power plants

Fuel handling and storage systems Published 1984
in nuclear pow er plants

General design safety principles 
for nuclear power plants

Design o f  the reactor containm ent Published 1985
systems in nuclear power plants

Reactor coolant and associated 
systems in nuclear power plants

Design for reactor core safety 
in nuclear pow er plants

4. Operation

Safety in nuclear power plant Published 1978
operation, including commissioning 
and decommissioning

Staffing o f  nuclear pow er plants Published 1979
and the recruitm ent, training and 
authorization o f operating personnel

In-service inspection for nuclear Published 1980
power plants

Operational limits and conditions Published 1979
for nuclear power plants
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Safety Series Title
No.

Publication date
o f English version

50-SG-04

50-SG-05

50-SG-06

50-SG-07

50-SG-08

50-SG-09

50-SG-010

50-SG -011

CoJe o /  Praci/ce 

50-C-QA

5a/efy GM/dey 

50-SG-QA1

50-SG-QA2

Commissioning procedures for 
nuclear pow er plants

Radiation protection during 
operation of nuclear pow er plants

Preparedness o f the operating 
organization (licensee) for emergencies 
at nuclear power plants

Maintenance o f nuclear power plants

Surveillance o f items im portant to  
safety in nuclear power plants

Management o f  nuclear power 
plants for safe operation

Safety aspects
of core management and fuel handling 
for nuclear power plants

Operational management o f 
radioactive effluents and wastes 
arising in nuclear power plants

Published 1980 

Published 1983 

Published 1982

Published 1982 

Published 1982

Published 1984

Published 1985

5. Quality assurance

Quality assurance for safety Published 1978
in nuclear power plants

Establishing the quality assurance Published 1984
programme for a nuclear power 
plant project

Quality assurance records system Published 1979
for nuclear power plants
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Safety Series Title
No.

Publication date
of English version

50-SG-QA3

50-SG-QA4

50-SG-QA5

50-SG-QA6

50-SG-QA7

50-SG-QA8

50-SG-QA10

50-SG-QAM

Quality assurance in the procurem ent 
o f items and services for nuclear 
power plants

Quality assurance during site 
construction o f  nuclear pow er plants

Quality assurance during operation 
o f nuclear power plants

Quality assurance in the design o f 
nuclear power plants

Quality assurance organization for 
nuclear pow er plants

Quality assurance in the m anufacture 
o f items for nuclear power plants

Quality assurance auditing for 
nuclear pow er plants

Quality assurance in the procurem ent, 
design and m anufacture of nuclear 
fuel assemblies

Published 1979

Published 1981 

Published 1981 

Published 1981 

Published 1983 

Published 1981 

Published 1980 

Published 1983
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