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ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT 

Pursuant to Article 1 of the Convention signed in Paris on 14th December 1960, and which came into force on 30th 
September 1961, the Organisation for Economic Co-operation and Development (OECD) shall promote policies designed: 

− to achieve the highest sustainable economic growth and employment and a rising standard of living in Member 
countries, while maintaining financial stability, and thus to contribute to the development of the world economy; 

− to contribute to sound economic expansion in Member as well as non-member countries in the process of economic 
development; and 

− to contribute to the expansion of world trade on a multilateral, non-discriminatory basis in accordance with 
international obligations. 

 The original Member countries of the OECD are Austria, Belgium, Canada, Denmark, France, Germany, Greece, Iceland, 
Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom and the 
United States. The following countries became Members subsequently through accession at the dates indicated hereafter: Japan 
(28th April 1964), Finland (28th January 1969), Australia (7th June 1971), New Zealand (29th May 1973), Mexico (18th May 
1994), the Czech Republic (21st December 1995), Hungary (7th May 1996), Poland (22nd November 1996), Korea (12th 
December 1996) and the Slovak Republic (14 December 2000). The Commission of the European Communities takes part in the 
work of the OECD (Article 13 of the OECD Convention). 

 

NUCLEAR ENERGY AGENCY 

 The OECD Nuclear Energy Agency (NEA) was established on 1st February 1958 under the name of the OEEC European 
Nuclear Energy Agency. It received its present designation on 20th April 1972, when Japan became its first non-European full 
Member. NEA membership today consists of 28 OECD Member countries: Australia, Austria, Belgium, Canada, Czech Republic, 
Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, the Netherlands, 
Norway, Portugal, Republic of Korea, Slovak Republic, Spain, Sweden, Switzerland, Turkey, the United Kingdom and the United 
States. The Commission of the European Communities also takes part in the work of the Agency. 

 The mission of the NEA is: 

− to assist its Member countries in maintaining and further developing, through international co-operation, the 
scientific, technological and legal bases required for a safe, environmentally friendly and economical use of nuclear 
energy for peaceful purposes, as well as 

− to provide authoritative assessments and to forge common understandings on key issues, as input to government 
decisions on nuclear energy policy and to broader OECD policy analyses in areas such as energy and sustainable 
development. 

 Specific areas of competence of the NEA include safety and regulation of nuclear activities, radioactive waste 
management, radiological protection, nuclear science, economic and technical analyses of the nuclear fuel cycle, nuclear law and 
liability, and public information. The NEA Data Bank provides nuclear data and computer program services for participating 
countries. 

 In these and related tasks, the NEA works in close collaboration with the International Atomic Energy Agency in Vienna, 
with which it has a Co-operation Agreement, as well as with other international organisations in the nuclear field. 
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COMMITTEE ON NUCLEAR REGULATORY ACTIVITIES 

The Committee on Nuclear Regulatory Activities (CNRA) of the OECD Nuclear Energy Agency (NEA) is an international 
committee made up primarily of senior nuclear regulators. It was set up in 1989 as a forum for the exchange of information and 
experience among regulatory organisations and for the review of developments that could affect regulatory requirements. 

 
The Committee is responsible for the NEA programme, concerning the regulation, licensing and inspection of nuclear 

installations. The Committee reviews developments that could affect regulatory requirements with the objective of providing 
members with an understanding of the motivation for new regulatory requirements under consideration and an opportunity to offer 
suggestions that might improve them or avoid disparities among member countries. In particular, the Committee reviews current 
practices and operating experience. 

 
The Committee focuses primarily on power reactors and other nuclear installations currently being built and operated. It 

also may consider the regulatory implications of new designs of power reactors and other types of nuclear installations. 
 
In implementing its programme, the CNRA establishes co-operative mechanisms with the NEA Committee on the Safety 

of Nuclear Installations (CSNI), responsible for co-ordinating the activities of the Agency concerning the technical aspects of 
design, construction and operation of nuclear installations insofar as they affect the safety of such installations. It also co-operates 
with the NEA Committee on Radiation Protection and Public Health (CRPPH) and the NEA Radioactive Waste Management 
Committee (RWMC) on matters of common interest. 

 
 

 COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS 
 
 The Committee on the Safety of Nuclear Installations (CSNI) of the OECD Nuclear Energy Agency (NEA) is an 
international committee made up of senior scientists and engineers. It was set up in 1973 to develop, and co-ordinate the activities 
of the Nuclear Energy Agency concerning the technical aspects of the design, construction and operation of nuclear installations 
insofar as they affect the safety of such installations. The Committee's purpose is to foster international co-operation in nuclear 
safety among the OECD Member countries. 
 
 The CSNI constitutes a forum for the exchange of technical information and for collaboration between organisations, 
which can contribute, from their respective backgrounds in research, development, engineering or regulation, to these activities and 
to the definition of the programme of work. It also reviews the state of knowledge on selected topics on nuclear safety technology 
and safety assessment, including operating experience. It initiates and conducts programmes identified by these reviews and 
assessments in order to overcome discrepancies, develop improvements and reach international consensus on technical issues of 
common interest. It promotes the co-ordination of work in different Member countries including the establishment of co-operative 
research projects and assists in the feedback of the results to participating organisations. Full use is also made of traditional 
methods of co-operation, such as information exchanges, establishment of working groups, and organisation of conferences and 
specialist meetings. 
 
 The greater part of the CSNI's current programme is concerned with the technology of water reactors. The principal areas 
covered are operating experience and the human factor, reactor coolant system behaviour, various aspects of reactor component 
integrity, the phenomenology of radioactive releases in reactor accidents and their confinement, containment performance, risk 
assessment, and severe accidents. The Committee also studies the safety of the nuclear fuel cycle, conducts periodic surveys of the 
reactor safety research programmes and operates an international mechanism for exchanging reports on safety related nuclear 
power plant accidents. 
 
 In implementing its programme, the CSNI establishes co-operative mechanisms with NEA's Committee on Nuclear 
Regulatory Activities (CNRA), responsible for the activities of the Agency concerning the regulation, licensing and inspection of 
nuclear installations with regard to safety. It also co-operates with NEA's Committee on Radiation Protection and Public Health 
and NEA's Radioactive Waste Management Committee on matters of common interest. 
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A. Foreword 

The Committee on the Safety of Nuclear Installations (CSNI) of the OECD-NEA co-ordinates the 
NEA activities concerning the technical aspects of design, construction and operation of nuclear 
installations insofar as they affect the safety of such installations.  

The Committee on the Nuclear Regulatory Activities (CNRA) of the OECD-NEA co-ordinates the 
NEA activities concerning the regulation, licensing and inspection of nuclear installations with regard to 
safety. 

 
In December 2002, the CNRA and the CSNI jointly requested the NEA to organize a workshop on 

“Redefining the Large Break LOCA: Technical basis and its implications". 
The Workshop was held on June 23-24, 2003 in Zurich, Switzerland hosted by HSK (Swiss Federal 

Nuclear Safety Inspectorate), PSI (Paul Scherrer Institut) and the OECD/NEA. 
 
While the Workshop addressed technical aspects, the survey, completed by member countries, gave 

the participants a clear view on the current regulatory status and issues. The survey was intended to 
complement the workshop's discussions and provide general background information.  

It was designed  
•  To provide material for discussion; 

•  To clearly summarize current national regulations; 

•  To understand rationales and incentives for changing or not the regulation with regard to the 
Large LOCA; 

•  To list technical issues to be resolved before implementing a new regulation, if any. 

The workshop was articulated over three questions: 
•  What drives the need to redefine the LB-LOCA? 

•  Does an adequate technical basis exist to support a redefinition of the LB-LOCA? 

•  What are possible new definitions for the LB-LOCA? What are their implications on current 
and future reactors? 

The Workshop proceedings have been divided into two separate volumes under the references 
NEA/CSNI/R(2003)17/VOL 1 and VOL 2 .  

 
The complete list of CSNI reports, and the text of reports from 1993 on, is available on 

http://www.nea.fr/html/nsd/docs. 
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Joint CSNI/CNRA Workshop on 
"Redefining the Large Break LOCA:  
Technical basis and its implications" 

June 23-24, 2003 - Zurich, Switzerland 
 

Synthesis and compilation of  
Responses to the survey 
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Joint CSNI/CNRA Workshop on 
"Redefining the Large Break LOCA:  

Technical basis and its implications" 
June 23-24, 2003 - Zurich, Switzerland 

 

C.    Synthesis and Compilation of Responses 

 
Objectives of the survey: 
-  to provide material for discussion  
-  to clearly summarize current national regulations 
-  to understand rationales and incentives for changing or not 
-  to list technical issues to be resolved before implementing a new regulation, if any 
-  to focus the workshop on technical issues 
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Current regulatory framework 
 
1. What is the largest or limiting break size assumed as design basis (LOCA) in your 

regulation? 
 

Most of the countries consider the Double Ended Break Guillotine of the largest pipe in 
the reactor coolant system. The Slovak Republic assumes instantaneous guillotine break of 
pressurizer surge line with the diameter of 200 mm for VVER-440/230 reactors. For these 
reactors, the 2x500 mm LLOCA is considered as a beyond design basis events. 
 
2. Are there any "risk" considerations in the current LOCA break size definition ? 
 

The LLOCA is in the design basis. There are no explicit risk consideration in the 
likelihood of this initiating event and in analysis. 
 
3. Describe regulatory implications on design, operational procedures, testing, inspection 

program associated with the current LOCA break size definition ? 
 

LLOCA has obviously a broad impact on structural design (containments, pipe 
restraints, capacity of emergency systems(PORVs, ECCS), redundancy), testing (containment, 
piping), environmental qualification of equipments, operating procedures. ISI programs are 
sometimes governed more by structural integrity considerations (i.e. degradation) than by 
LLOCA considerations. 

It is interesting to note that some countries mentioned that no changes would be made 
to procedures to mitigate a LLOCA as procedures are similar for the SLOCA (Small LOCA).  

One organization indicates that LLOCA requirements influence every level of plant 
operations as well as design and that some restrictions on plant operations might be removed 
if the LOCA definition is changed. 
 
4. Is Leak-Before-Break accepted (or being considered) in your regulation ? If so, what are 

the consequences on component or piping supports, system analysis, fuel assembly, 
containment… 

 
A vast majority of countries is using LBB. It is used in all cases only to remove (or not 

installing) whip restraints, snubbers, modify supports or justify internals behavior. One 
country approved LBB only for analysis and did no physical changes in the plants. 
 
Current technical framework 
 
1. What technical issues are currently of concerns for Structures, Systems and Components 

(associated with the current LOCA definition)? (please list) 
 

The most frequently listed are: 
- sump debris generation and sump blockage; 
-  fuel behavior; 
-  containment leak tightness; 
-  Diesel (EDG); 
-  Bimetallic welds failure mode. 
 
2. What technical issues would be needed to be addressed by Researchers to support the 

regulatory decision making process to change the current LOCA definition? 
 

LOCA initiating event frequency and best estimate analysis methods and 
uncertainties are the most frequent answers. Inspection programs, fracture mechanics and 
probabilistic fracture mechanics, leak detection systems and the integration of the 
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deterministic, defense in depth principle within a risk-informed framework are also 
mentioned. 
 
Consideration for the future 
 
1. Are you considering changes in your regulation? For operating plants? For future plants? 
 

Except the USA, regulators are not considering changes in the regulation. Nevertheless 
Canadian regulators would be ready to discuss a more balance approach to LLOCA for both 
existing and future plants. As to the Industry, only the USA has done some detailed work. 
 
2. What would be the incentives? From the regulatory viewpoint? From the Industry 

viewpoint? 
 
- Regulatory viewpoint 

As said before, very few countries have already considered the topic. Nevertheless, the 
Canadian answers give a good overview. It has to be noted that an important incentive 
mentioned is to focus resources in areas of greater risk significance It is also mentioned by 
one country that unnecessary conservative could be removed and safety margins better used. 
The latter is consistent with what is said about best-estimate analysis methods and 
uncertainties. 
 
- Industry viewpoint 
power uprates, EDG start times, testing, economical benefits, …. 
 
3. If you are considering replacing large break LOCA  by a smaller break size within the 

design basis, some degree of core damage, short of core melt resulting in vessel failure, 
may be expected if a large break LOCA actually occurred.  

 
3.a How would you establish performance requirements for the emergency cooling 

systems in order to provide some assurance that damage following a large break 
LOCAs can still be mitigated before vessel failure? What is the technical basis? 

 
No clear answers but several approaches 

-  LLOCA would not totally disappear. It would be considered as a beyond design basis 
event and analyzed using state of the art and best estimate methods. 

-  LLOCA probability considered as low as vessel rupture probability and thus excluded 
-  ECCS would be based on the break of the largest pipe but ancillary requirements (e.g., 

technical specifications for safety injection flow rates and inspection frequencies for 
accumulator condition) will be subject to risk-informed modification. 

 
3.b Are currently available computer codes and models adequate for the required 

analyses or new tools will have to be developed? 
 

Available codes seem to be mature enough although applicability range for codes may 
need to be reexamined. Struture reliability models, PRA models and probabilistic fracture 
mechanics may need to be further developed Also core reflooding and vessel-corium 
interaction could be further developed. 
 

What other issues concerning LOCA do you feel should be discussed during the 
workshop? 
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Appendices 

I  Information provided by USNRC to complement the answer on question future 2 

II. Information provided by GRS to complement the answer to question "Current 
Regulatory Framework 4" 

III.  Information provided by STUK on the LBB and failure frequency requirements in the 
Finnish guideline YVL 3.5 

 
Operation/maintenance consequences 
Sump clogging 
PRA quality and completeness 
Frequency of the LLOCA 
"Realistic" operator response assumptions 
High burn-up fuel under LOCAs conditions 
Pilot submittal to validate. 
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 d
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at
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 b
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h 
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 p
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 m
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t d
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 d
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 f
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 f
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. 

IR
SN

 
R

ea
lis

tic
 L

O
C

A
 f

re
qu
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F
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 p
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re
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-b
re

ak
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R
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A
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T
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 c
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O
C

A
 d
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 p

er
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at
io

n 
of

 o
ld

er
 p

ri
m

ar
y 

pr
es

su
re

 c
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JA
P

A
N

  
 

W
e 

ad
dr

es
s 

th
e 

fo
llo

w
in

g 
m
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or

 th
re

e 
te

ch
ni

ca
l i

ss
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s 
im

po
rt

an
t t

o 
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ns
id
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(1
) 

   
  E

va
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at
io

n 
of

 L
B

L
O

C
A

 f
re

qu
en

cy
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T
he

 im
pr

ov
em

en
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f 
pr

ec
is

io
n 

fo
r 

ev
al

ua
tio

n 
by

 P
ro
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 F
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P
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w
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pe
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g 
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ri
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en
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n 
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tio
n 

w
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 L
B

B
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lu

at
io

n 
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 r
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y 
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pe
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n 
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d 
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te
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io
n 
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ig
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 p
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em
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t 
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s 
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m

po
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t 
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at
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n 
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 o
n 
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m

an
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n 
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e 
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c.
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 e
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at
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e 
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B

- L
O
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A
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w

e 
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d 
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 t
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 c
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ck
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f 
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ng
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er

at
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n 
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im

po
rt

an
t 
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A
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in
g 

m
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n 
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 p
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e 
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 e
ve
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e 
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e 
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 p
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ur

e 
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r 

pi
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g 
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r 
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 m
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L

O
C

A
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at
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(2
) 

   
  E
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of

 m
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w
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ip
e 
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er

 o
r 
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t 

w
e 
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n 
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 p
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w
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C
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E
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t d
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 m
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 d
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 c
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t p
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at
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 c
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at
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 p
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 a
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m
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l 
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 C
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ub
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 c
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f 
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t 

L
O

C
A
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 d
ep
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d 

on
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l 
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e 
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B
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A
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ef
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g 
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O

E
C
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N
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y 

A
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y 
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l 
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l 

A
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y 
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y 
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e 

S
lo
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k 
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e 
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 p
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N
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l p
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O
C

A
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ef
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SW
E

D
E
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N
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Z
E

R
L

A
N

D
  

 
L

O
C

A
 a
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s 

m
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t 
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 p
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n 
a 
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er
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 b
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, 
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r 

w
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pp
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n 
of
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R
C

 r
eq
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re

m
en
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(1
0 

C
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50

.4
6 
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d 

A
pp

en
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x 
K

) 
is

 a
cc

ep
te

d 
al

th
ou

gh
 n

ot
 c

om
pu
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or

y.
 B

es
t-

es
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m
at

e 
ca
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ul

at
io

ns
 w

ith
 c

on
se
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iv
e 

in
iti

al
 

an
d 

bo
un

da
ry

 c
on
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tio

ns
 o

r 
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m
pr

eh
en

si
ve

 u
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er
ta

in
ty

 a
na

ly
si

s 
w

ou
ld
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 t
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or
y 
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 m
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in
g 
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s 
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r 
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m
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y 

m
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N
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E

D
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G

D
O

M
  

 
E
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m
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n 
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 f
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l 
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k 
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r 

th
e 

pr
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y 
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an
t 

lo
op

 p
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k 
w

ou
ld

 r
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ui
re

 a
 d

em
on

st
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bl
e 

le
ve

l 
of

 
st

ru
ct

ur
al

 in
te

gr
ity

 a
na

ly
si

s,
 o

r 
a 

ph
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ic
al

 li
m

ita
tio

n 
on

 p
ip

e 
di
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la

ce
m

en
t w

hi
ch

 w
ou

ld
 li

m
it
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e 

di
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rg

e 
fl
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 a

re
a,

 i.
e.

 p
la

nt
 

sp
ec

if
ic

.  
N
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U
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N

R
C

 
T
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w
in

g 
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e 
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m
e 
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hn
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s 

w
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 b

e 
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dr
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d 
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g 
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 c
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ng
e 
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e 
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en
t L

O
C
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 d

ef
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D

et
er

m
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m
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-b
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ak
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d 
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ea
k 

L
O

C
A
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eq
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y 
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m
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w
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l c
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ng
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 th
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ed
 L

O
C

A
 f
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en
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 c
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s 

• 
D

et
er

m
in

at
io

n 
of

 t
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 r
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ea
k 
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 e
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d 
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en
t 
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ue
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e 
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y 
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 d
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m

et
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D
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op
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en
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 s
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e 
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y 
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 f
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B

L
O

C
A
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A
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 p
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 c
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t c
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 d
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e 
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 p
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 b
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L
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A
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f 
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s 
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O
C

A
s 
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 C
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R
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at
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 b

e 
an

al
yz

ed
) 

  

 R
ed

uc
e 

w
or

ke
r 

ex
po

su
re

. 
A

L
A

R
A

: 
Po

te
nt

ia
l 

fo
r 

av
oi

di
ng

 
oc

cu
p a
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 b
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 C
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R
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or
 P
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ct
ob
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ra
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s 
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R
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se
rr
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O
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98
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SK
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de

lin
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 f
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 P
re

ss
ur

iz
ed
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at

er
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ea
ct

or
s 
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s 
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en
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is
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 a
s 

pu
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is
he
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by

 t
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m
an

 F
ed

er
al
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r 
of
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e 
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 th
e 
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de
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ei

ge
r 

N
o.

 1
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n 

Ju
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 l0
, 1

98
3 

an
d 

N
o.

 1
04

 o
n 

Ju
ne

 5
, 1

98
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 th

er
e 
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e 

an
y 

in
te
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re
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tio

n 
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ff
ic

ul
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e 
G

er
m

an
 o
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l a
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pu
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 d

ef
in
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 B
re

ak
s 
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.1

 
Po
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ed

 L
ea

k 
C
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M

ai
n 

C
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nt

 P
ip

e 
In
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in
g 

A
us

te
ni

tic
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on
ne

ct
io

n 
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s 

(S
te

el
 1

.4
55

0)
 o

f 
D

ia
m

et
er

 >
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00
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m
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 in
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e 
R

ea
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e 

V
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se
l. 
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t f
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1*
 

C
on

ce
rn

in
g 

th
e 

lo
ad

 a
ss

um
pt

io
n 

fo
r 

re
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tio
n 

an
d 

je
t f

or
ce

s 
on

 p
ip

es
, c

om
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ne
nt

s,
 a

nd
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tr
uc

tu
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s 
a 

le
ak

 w
it

h 
a 

cr
os

s 
se

ct
io

n 
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 0
,l 

F 
(F

 =
 o

pe
n 

cr
os

s 
se

ct
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n)
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nd
 s

ta
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ut

fl
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ll 
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 p
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d 
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r 
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k 
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A

s 
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um
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e 
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r 
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g 
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ne
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ng

 b
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, 

op
en

in
g 

ti
m

e 
15

m
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 w
it

h 
a 

cr
os

s 
se
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io

n 
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 0
,l 

F 
in

 t
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 m
ai

n 
co

ol
an

t 
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pe
s 
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l 
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ed
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 d
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fe
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nt
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ak
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o 
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 c
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se
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en
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re
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ur
e 

in
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ea
se
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n 

th
e 

re
ac

to
r 

pi
t, 
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le
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e-

pr
es

su
re

-w
av

e 
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ti
ng

 o
n 
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e 
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to
r 

pr
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su
re
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se
l 

in
te

rn
al
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f 
a 
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st
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ed
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ea
k 

w
it

h 
a 

cr
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s 
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n 
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F 
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tw
ee

n 
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e 
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r 
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es
su
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l 
an

d 
th

e 
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og
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al
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su
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s 
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l 
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 t
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e.

g.
 d

ou
bl

e 
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in
 th

e 
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f 
th

e 
m
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n 
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an
t p
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e 
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th
e 
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og
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el
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e 
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g 
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su

pp
or

ts
 o

f 
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m

er
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y 
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re

 c
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lin
g 

ef
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ci
en
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re
fe
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e 
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 S
ec

., 
22

.1
.1

) 
sh

al
l 

be
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n 

le
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 c
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 s
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n 
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e 
m
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 c

oo
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m
s 
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l b
e 
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ng
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 d
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m
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 c
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m
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t 
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el
 d
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et
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m
in
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 d
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ig
n 
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 d
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n 
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m
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t 
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al
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l 
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n 

le
ak
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m
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n 
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 c
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 s
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s 

sh
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l b
e 

as
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d 
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r 
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st
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 f
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 P
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g 
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=

 o
pe
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s 
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ct
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 S
 =
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sa
fe

ty
 m

ar
gi

n)
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N
ot
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de
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n 
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 r
el

ev
an

t f
or
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e 
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si
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eq
ui

re
m

en
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 in
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3.
3 

(1
) 

R
ea

ct
or

 p
re

ss
ur

e 
ve
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el

 in
te
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al

s 
5.
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(5

) 
C

on
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in
m

en
t v
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se

l i
nt

er
na

ls
 

5.
2 

(l
),
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5)

 E
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ri

ca
l e

qu
ip

m
en

t i
ns

id
e 

th
e 

co
nt

ai
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en
t v

es
se
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of

 f
or

ce
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to
w
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ds

 th
e 

co
m

po
ne

nt
 

 
T

hi
s 

fo
rc

e 
ac
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 o

nl
y 

on
 o

ne
 n

oz
zl

e 
at

 a
 ti

m
e.

 T
he

 s
ta

bi
lit

y 
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al
l b

e 
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m
on
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d 

fo
r 
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ly
. 

N
ot

e:
 w

it
h 

re
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ec
t t

o 
th

e 
st

ea
m

 g
en

er
at

or
 th

e 
st

ab
ili

ty
 s

ha
ll 

be
 a
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ur

ed
 f

or
 th

e 
co
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ec

tio
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to
 th

e 
se
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nd

ar
y 
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rc

ui
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n 
th

e 
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m
e 

w
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ss

 s
ec

ti
on

 in
 th

e 
re

ac
to

r 
pr

es
su

re
 v

es
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f 
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e 
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r 
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l, 
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e 
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in
g 
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 p

re
ss
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nt
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 t
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 d
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re
 c
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a 
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f 
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20
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m

2 
(g
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m
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s 
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 c
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d 
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w
, 

th
e 

re
ac

to
r 

co
re

 
up

pe
r 

ed
ge

. 
Pr

io
r 

de
fe

ct
s 

of
 t

he
 r

ea
ct

or
 p

re
ss

ur
e 

ve
ss

el
 w

hi
ch

 m
ig

ht
 l

ea
d 

to
 a

 l
ea

k 
si

ze
 o

f 
m

or
e 

th
an

 2
0 

cm
2  s

ha
ll 

be
 d

et
ec

ta
bl

e 
in

 t
im

e 
by

 
m

ea
ns

 o
f 

su
it

ab
le

 m
on

it
or

in
g 

m
ea

su
re

s.
 

 2.
 

T
he

 d
es

ig
n 

sh
al

l 
al

so
 b

e 
ba

se
d 

on
 t

he
 c

on
se

qu
en

ce
s 

of
 t

he
 s

ud
de

n 
br

ea
k 

of
 a

 c
on

tr
ol

 a
ss

em
bl

y 
no

zz
le

 i
nv

ol
vi

ng
 t

he
 m

ax
im

um
 p

os
si

bl
e 

le
ak

 
cr

os
s 

se
ct

io
n 

as
 w

el
l a

s 
th

e 
po

st
ul

at
ed

 le
ak

s 
in

 th
e 

re
ac

to
r 

pr
es

su
re

 v
es

se
l. 

 (4
) 

 P
re

ss
ur

e 
ba

rr
ie

r 
of

 th
e 

lo
w

-p
re

ss
ur

e 
sy

st
em

 to
w

ar
ds

 th
e 

hi
gh

-p
re

ss
ur

e 
sy

st
em

. 
 

P
ro

vi
si

on
s 

sh
al

l 
be

 m
ad

e 
ag

ai
ns

t 
pr

es
su

ri
zi

ng
 o

f 
th

e 
lo

w
-p

re
ss

ur
e 

sy
st

em
 a

s 
a 

re
su

lt 
of

 a
 f

ai
lu

re
 o

f 
th

e 
pr

es
su

re
 b

ar
ri

er
 t

ow
ar

ds
 t

he
 h

ig
h-

pr
es

su
re

 s
ys

te
m

. (
pr

es
su

re
-r

et
ai

ni
ng

 b
ou

nd
ar

y)
 (

e.
g.

 r
ec

ur
re

nt
 te

st
s 

of
 v

al
ve

 f
un

ct
io

ns
, m

ea
su

re
m

en
ts

 o
f 

th
e 

pr
es

su
re

 b
et

w
ee

n 
tw

o 
su

cc
es

si
ve

 v
al

ve
s 

an
d 

th
e 

in
di

ca
tio

n 
of

 le
ak

s 
in

 th
e 

co
nt

ro
l r

oo
m

).
 

  21
.2

 
Po

st
ul

at
ed

 L
ea

ks
 a

nd
 B

re
ak

s 
in

 th
e 

M
ai

n 
St

ea
m

 a
nd

/ o
r 

Fe
ed

w
at

er
 P

ip
e 

 (1
) 

 
Fo

r 
th

e 
m

ai
n 

st
ea

m
 a

nd
 f

ee
dw

at
er

 p
ip

es
 b

et
w

ee
n 

st
ea

m
 g

en
er

at
or

 a
nd

 v
al

ve
 s

ta
tio

n 
ou

ts
id

e 
th

e 
co

nt
ai

nm
en

t 
ve

ss
el

, 
le

ak
s 

re
su

lti
ng

 f
ro

m
 

su
bc

ri
tic

al
 c

ra
ck

s 
ar

e 
po

st
ul

at
ed

. T
he

se
 c

an
 e

ith
er

 b
e 

de
te

rm
in

ed
 o

n 
th

e 
ba

si
s 

of
 f

ra
ct

ur
e 

m
ec

ha
ni

cs
 o

r 
ar

e 
lim

ite
d 

to
 0

,l 
F.
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W
ith

 r
eg

ar
d 

to
 t

he
 l

oa
d 

as
su

m
pt

io
ns

 f
or

 t
he

 r
ea

ct
io

n 
an

d 
je

t 
fo

rc
es

 a
ct

in
g 

on
 t

he
 m

ai
n 

st
ea

m
 a

nd
 f

ee
dw

at
er

 p
ip

es
 i

n 
th

e 
ar

ea
 b

et
w

ee
n 

st
ea

m
 

ge
ne

ra
to

r 
an

d 
fi

rs
t 

is
ol

at
in

g 
va

lv
e 

ou
ts

id
e 

th
e 

co
nt

ai
nm

en
t 

ve
ss

el
, 

an
 0

,l 
F 

le
ak

 o
pe

ni
ng

 (
"F

" 
=

 o
pe

n 
cr

os
s-

se
ct

io
n 

of
 t

he
 p

ip
e)

 a
nd

 s
ta

ti
c 

ou
tf

lo
w

 
sh

al
l b

e 
po

st
ul

at
ed

 to
 c

ov
er

 a
ll 

po
ss

ib
ili

tie
s.

 
 (2

) 
 

W
ith

 r
eg

ar
d 

to
 d

yn
am

ic
 l

oa
ds

, 
in

co
m

in
g 

re
le

as
e-

pr
es

su
re

-w
av

es
 e

it
he

r 
re

su
lti

ng
 f

ro
m

 b
re

ak
s 

in
 p

ip
e 

ar
ea

s 
lo

ca
te

d 
be

hi
nd

 t
he

 f
ir

st
 i

so
la

tin
g 

va
lv

e 
ou

ts
id

e 
th

e 
co

nt
ai

nm
en

t 
ve

ss
el

, 
or

 p
os

tu
la

te
d 

as
 a

 r
es

ul
t 

of
 e

xt
er

na
l 

im
pa

ct
s,

 s
ha

ll 
be

 a
pp

lie
d 

an
d 

us
ed

 a
s 

a 
de

si
gn

 b
as

is
. 

Fo
r 

th
is

 
pu

rp
os

e,
 a

 c
ir

cu
m

fe
re

nt
ia

l r
up

tu
re

 h
av

in
g 

a 
li

ne
ar

 o
pe

ni
ng

 b
eh

av
io

r 
an

d 
an

 o
pe

ni
ng

 ti
m

e 
of

 1
5 

m
se

c 
is

 p
os

tu
la

te
d 

as
 in

pu
t f

or
 th

e 
ca

lc
ul

at
io

n.
 

U
si

ng
 th

is
 a

ss
um

pt
io

n,
 a

na
ly

se
s 

of
 d

yn
am

ic
 lo

ad
s 

re
su

lti
ng

 f
ro

m
 s

ub
cr

iti
ca

l c
ra

ck
s 

ar
e 

no
t n

ec
es

sa
ry

. 
 (3

) 
 

A
s 

fa
r 

as
 th

e 
st

ab
ili

ty
 o

f 
th

e 
st

ea
m

 g
en

er
at

or
 is

 c
on

ce
rn

ed
, t

he
 f

ol
lo

w
in

g 
fo

rm
al

 a
ss

um
pt

io
ns

 s
ha

ll 
be

 m
ad

e 
w

it
h 

a 
vi

ew
 to

 th
e 

co
nn

ec
tio

n 
of

 
th

e 
se

co
nd

 a
ry

 c
ir

cu
it 

(c
f.

 S
ec

. 2
1-

l (
2)

 3
.)

: 
 

T
he

 s
ta

bi
lit

y 
of

 th
e 

st
ea

m
 g

en
er

at
or

 h
as

 to
 b

e 
as

su
re

d 
fo

r 
th

e 
st

at
ic

 e
qu

iv
al

en
t f

or
ce

 P
ax

 in
 a

dd
iti

on
 to

 it
s 

de
ad

 w
ei

gh
t. 

 
M

ag
ni

tu
de

: 
   

   
   

  P
ax

 =
2 

x 
p 

x 
F 

 
   

   
   

 P
 =

 n
om

in
al

 o
pe

ra
tin

g 
pr

es
su

re
 

: 
   

   
   

 F
 =

 o
pe

n 
cr

os
s 

se
ct

io
n 

 
or

ig
in

 o
f 

fo
rc

e:
  

m
id

dl
e 

of
 p

ip
e 

cr
os

s 
se

ct
io

n 
in

 th
e 

ar
ea

 o
f 

th
e 

fi
rs

t c
on

ne
ct

in
g 

w
el

d 
di

re
ct

io
n 

of
 f

or
ce

  
m

id
dl

e 
lin

e 
of

 th
e 

no
zz

le
 a

ct
in

g 
to

w
ar

ds
 

fo
rc

e 
 

 
th

e 
co

m
po

ne
nt

 
 

T
hi

s 
fo

rc
e 

on
ly

 a
ct

s 
on

 o
ne

 n
oz

zl
e 

at
 a

 ti
m

e.
 S

ta
bi

lit
y 

sh
al

l b
e 

de
m

on
st

ra
te

d 
fo

r 
ea

ch
 n

oz
zl

e 
se

pa
ra

te
ly

. 
 (4

) 
T

he
 l

oa
ds

 a
ct

in
g 

on
 t

he
 s

te
am

 g
en

er
at

or
 h

ea
ti

ng
 t

ub
es

 d
ue

 t
o 

th
e 

st
at

ic
 a

nd
 t

ra
ns

ie
nt

 s
tr

es
se

s 
(p

re
ss

ur
e 

w
av

es
, 

fl
ow

 f
or

ce
s,

 s
ta

tic
 p

re
ss

ur
e 

di
ff

er
en

ce
s 

ov
er

 t
he

 s
te

am
 g

en
er

at
or

 h
ea

tin
g 

tu
be

s)
 i

n 
th

e 
ca

se
 o

f 
a 

m
ai

n 
st

ea
m

 o
r 

fe
ed

w
at

er
 p

ip
e 

br
ea

k 
or

 t
he

 n
on

-c
lo

su
re

 o
f 

a 
sa

fe
ty

 v
al

ve
 

on
 th

e 
se

co
nd

ar
y 

si
de

, s
ha

ll 
be

 d
et

er
m

in
ed

. I
t s

ha
ll

 b
e 

de
m

on
st

ra
te

d 
th

at
 th

e 
st

ea
m

 g
en

er
at

or
 h

ea
tin

g 
tu

be
s 

co
pe

 w
it

h 
th

es
e 

st
re

ss
es

. 
 

H
ow

ev
er

, a
s 

a 
m

at
te

r 
of

 p
ri

nc
ip

le
, w

he
n 

ca
rr

yi
ng

 o
ut

 a
n 

in
ci

de
nt

 a
na

ly
si

s 
fo

r 
a 

m
ai

n 
st

ea
m

 p
ip

e 
br

ea
k,

 t
he

 f
ai

lu
re

 o
f 

a 
fe

w
 s

te
am

 g
en

er
at

or
 

he
at

in
g 

tu
be

s 
sh

al
l 

be
 p

os
tu

la
te

d 
as

 a
n 

ad
di

ti
on

al
 f

ai
lu

re
 o

cc
ur

ri
ng

 a
cc

id
en

ta
lly

 a
nd

 n
ot

 a
s 

a 
re

su
lt

 o
f 

th
e 

m
ai

n 
st

ea
m

 p
ip

e 
br

ea
k.

 T
hi

s 
fa

ilu
re

 s
ha

ll 
be

 ta
ke

n 
in

to
 a

cc
ou

nt
 b

y 
po

st
ul

at
in

g,
 a

s 
an

 e
nv

el
op

e,
 th

e 
co

m
pl

et
e 

ru
pt

ur
e 

(2
F)

 o
f 

a 
st

ea
m

 g
en

er
at

or
 h

ea
tin

g 
tu

be
 in

 th
e 

st
ea

m
 g

en
er

at
or

 c
on

ce
rn

ed
. 
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 In
 s

uc
h 

a 
ca

se
, a

 s
in

gl
e 

fa
ilu

re
 a

t s
om

e 
ot

he
r 

lo
ca

tio
n 

ne
ed

 n
o 

lo
ng

er
 b

e 
po

st
ul

at
ed

 in
 th

is
 in

ci
de

nt
 a

na
ly

si
s.

 
 In

 t
he

 c
as

e 
of

 a
 m

ai
n 

st
ea

m
 p

ip
e 

br
ea

k 
ou

ts
id

e 
th

e 
ou

te
r 

is
ol

at
in

g 
va

lv
e 

an
d 

ac
co

m
pa

ni
ed

 b
y 

an
 a

dd
it

io
na

l 
si

ng
le

 f
ai

lu
re

 r
ef

er
re

d 
to

 a
s 

"n
on

-
cl

os
ur

e 
of

 t
he

 i
so

la
tin

g 
va

lv
e"

, 
a 

st
ea

m
 g

en
er

at
or

 h
ea

tin
g 

tu
be

 f
ai

lu
re

 n
ee

d 
no

t 
be

 p
os

tu
la

te
d 

if
 t

he
 a

fo
re

m
en

ti
on

ed
 l

oa
d 

de
m

on
st

ra
ti

on
 h

ad
 a

 
po

si
ti

ve
 r

es
ul

t. 
 In

 th
e 

ca
se

 o
f 

a 
fe

ed
w

at
er

 p
ip

e 
br

ea
k,

 a
 s

te
am

 g
en

er
at

or
 h

ea
tin

g 
tu

be
 f

ai
lu

re
 n

ee
d 

no
t b

e 
po

st
ul

at
ed

. 
 If

 s
ub

cr
iti

ca
l 

cr
ac

ks
 s

uc
h 

as
 r

ef
er

re
d 

to
 i

n 
(1

) 
ab

ov
e,

 o
r 

a 
ru

pt
ur

e 
of

 a
 s

m
al

l 
pi

pe
, a

re
 p

os
tu

la
te

d,
 n

o 
ad

di
ti

on
al

 s
te

am
 g

en
er

at
or

 h
ea

tin
g 

tu
be

 
fa

ilu
re

 is
 s

up
er

im
po

se
d.

 
 (5

) 
 

T
he

 e
ff

ec
ts

 o
f 

a 
m

ai
n 

st
ea

m
 p

ip
e 

br
ea

k 
an

d 
of

 a
 c

ol
d 

w
at

er
 t

ra
ns

ie
nt

 o
n 

th
e 

re
ac

tiv
it

y 
be

ha
vi

or
 a

nd
 o

n 
pr

es
su

re
 a

nd
 t

em
pe

ra
tu

re
 

ch
an

ge
s 

in
si

de
 th

e 
re

ac
to

r,
 a

s 
w

el
l a

s 
th

e 
re

su
lti

ng
 s

tr
es

se
s 

ac
ti

ng
 o

n 
th

e 
re

ac
to

r 
pr

es
su

re
 v

es
se

l a
nd

 it
s 

in
te

rn
al

s,
 m

us
t b

e 
co

pe
d 

w
ith

. 
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A
pp

en
di

x 
II

I 

In
fo

rm
at

io
n 

pr
ov

id
ed

 b
y 

ST
U

K
 (F

in
la

nd
) 

 
 

L
B

B
 A

N
D

 F
A

IL
U

R
E

 F
R

E
Q

U
E

N
C

Y
 R

E
Q

U
IR

E
M

E
N

T
S 

IN
 T

H
E

 F
IN

N
IS

H
 G

U
ID

E
L

IN
E

 Y
V

L
 3

.5
: 

"A
SS

U
R

IN
G

 
T

H
E

 S
T

R
E

N
G

T
H

 O
F

 N
U

C
L

E
A

R
 P

O
W

E
R

 P
L

A
N

T
 P

R
E

SS
U

R
E

 E
Q

U
IP

M
E

N
T

 

 
ST

U
K

 h
as

 is
su

ed
 th

e 
gu

id
el

in
e 

Y
V

L
 3

.5
 o

n 
5.

4.
20

02
. I

t a
pp

lie
s 

to
 n

ew
 N

PP
s 

w
hi

le
 th

e 
en

fo
rc

em
en

t t
o 

ex
is

tin
g 

pl
an

ts
 is

 s
til

l p
en

di
ng

. 
 Se

ct
io

n 
2.

2 
st

ip
ul

at
es

 th
e 

st
re

ng
th

-r
el

at
ed

 d
oc

um
en

ts
 to

 b
e 

su
bm

it
te

d 
in

 c
on

ju
nc

tio
n 

w
it

h 
th

e 
ap

pl
ic

at
io

n 
fo

r 
a 

co
ns

tr
uc

tio
n 

lic
en

se
 o

f 
a 

N
PP

. 
A

m
on

g 
th

em
 i

s 
a 

do
cu

m
en

t 
en

tit
le

d 
“P

ri
nc

ip
le

s 
of

 a
ss

ur
in

g 
th

e 
st

re
ng

th
” 

w
hi

ch
 s

ha
ll 

cl
ar

if
y 

1)
 t

he
 p

ri
m

ar
y 

ci
rc

ui
t 

an
d 

co
nt

ai
nm

en
t 

co
ns

tr
uc

ti
on

 
pr

in
ci

pl
es

 t
o 

el
im

in
at

e 
th

e 
an

tic
ip

at
ed

 f
ai

lu
re

 m
ec

ha
ni

sm
s;

 2
) 

th
e 

pr
ov

is
io

n 
ag

ai
ns

t 
pi

pe
 b

re
ak

s.
 A

n 
un

of
fi

ci
al

 E
ng

lis
h 

ve
rs

io
n 

of
 t

he
 l

at
te

r 
re

qu
ir

em
en

ts
 is

 g
iv

en
 b

el
ow

. 

P
ro

vi
si

on
 a

ga
in

st
 P

ip
e 

B
re

ak
s 

(p
ar

a.
 2

.2
.2

) 

T
he

 d
es

ig
n 

of
 a

 n
uc

le
ar

 p
ow

er
 p

la
nt

 s
ha

ll
 m

ak
e 

pr
ov

is
io

n 
ag

ai
ns

t c
om

pl
et

e,
 in

st
an

ta
ne

ou
s 

br
ea

ks
 o

f l
ar

ge
 p

ip
in

g 
w

it
h 

re
ga

rd
 to

 
• 

lo
ss

 o
f c

oo
la

nt
 a

nd
 o

ve
rp

re
ss

ur
iz

at
io

n 
of

 c
on

ta
in

m
en

t 
• 

re
ac

to
r 

pr
es

su
re

 v
es

se
l a

nd
 r

ea
ct

or
 c

or
e 

su
pp

or
t l

oa
di

ng
s 

• 
pr

im
ar

y 
ci

rc
ui

t p
um

p 
lo

ad
in

gs
 

• 
P

W
R

 s
te

am
 g

en
er

at
or

 s
up

po
rt

 a
nd

 t
ub

e 
bu

nd
le

 l
oa

di
ng

s 
an

d 
ot

he
r 

gl
ob

al
 s

af
et

y 
im

pl
ic

at
io

ns
 s

uc
h 

as
 f

lo
od

in
g,

 r
is

e 
of

 h
um

id
it

y 
an

d 
te

m
pe

ra
tu

re
, a

nd
 im

pu
ri

ti
es

 e
nt

er
in

g 
th

e 
em

er
ge

nc
y 

co
ol

an
t. 

 P
ip

e 
w

hi
ps

, m
is

si
le

s 
an

d 
je

t 
im

pi
ng

em
en

t 
fo

ll
ow

in
g 

a 
pi

pe
 b

re
ak

 s
ha

ll
 n

ot
 c

au
se

 s
uc

h 
da

m
ag

e 
an

d 
le

ak
ag

es
 o

f 
ot

he
r 

co
m

po
ne

nt
s 

th
at

 w
ou

ld
 

ch
al

le
ng

e 
th

e 
su

cc
es

s 
of

 c
on

se
qu

en
tl

y 
ne

ed
ed

 s
af

et
y 

fu
nc

ti
on

s 
su

ch
 a

s 
re

ac
to

r 
tr

ip
, 

em
er

ge
nc

y 
co

ol
in

g,
 r

es
id

ua
l 

he
at

 r
em

ov
al

 a
nd

 c
on

ta
in

m
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