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SEISMIC EFFECTS ON NUCLEAR INSTALLATIONS 

INTRODUCTION, S U M M A R Y AND RECOMMENDATIONS 

Editor 's Note 

The following papers are excerpts from the submission of the Working Group for Seismic 
Effects on Nuclear Installations to the 1977 Royal Commission on Nuclear Power. 

The Working Group comprises members of the New Zealand Ministry of Works and Development, 
The Department of Scientific and Industrial Research and the Electricity Department and was 
established in 1971 under the auspices of the New Zealand Atomic Energy Committee with the 
following terms of reference: 

To examine and report on problems relating to design requirements and the 
construction of nuclear reactor installations in New Zealand, resistant to 
seismic effects. 
To recommend such design requirement sand safety regulations for inclusion 
in New Zealand, nuclear reactor installation specifications. 

The 1977 report is the second publication by the Working Group. "Seismic Analysis of 
Nuclear Power Plants - Survey of Current State of the Art" was published in 1973. At 
the present time the Working Group comprises Mr. Hatrick (convenor) and Dr. Aspden of the 
M.W.D.; Messrs. Hitchcock, Thain and Wylde of the N.Z.E.D., : and Mr. Oborn (Geological 
Survey), Dr. Smith (Geophysics) and Dr. Skinner (Physics and Engineering Laboratory) of 
the D.S.I.R. 

The contents of the 1977 report (titled "Report of the Working Group for Seismic 
Effects on Nuclear Installations", New Zealand Atomic Energy Committee, AEC 523, June 
1977) are as follows : 

foreword 
Table of Contents 
Introduction and Summary 
Recommendations 
Chapter 1: Outline Description of Nuclear Power Reactors 
Chapter 2: Potential Hazards from Earthquakes 
Chapter 3: The Seismic Risk in New Zealand 
Chapter 4: Criteria for Design and Assessment 
Chapter 5: Geological Assurance 
Chapter 6: Engineering 
Chapter 7: Surveillance and Instrumentation 

Those sections of the report which are of particular relevance to New Zealand are 
reproduced in the following pages. This includes the Introduction and Summary, Recommend-
ationsj Chapters 2, 3j 5 and part of Chapter 4. The permission of the N.Z.A.E.C. to 
reproduce parts of the report is gratefully acknowledged. 

INTRODUCTION AND SUMMARY 

At the present time two trends are 
becoming apparent in the design and 
construction of nuclear reactors to resist 
earthquakes. An increasing number of 
countries are attempting to formulate their 
requirements as codes or guidelines; and the 
resources of research and development which 
are being devoted to the subject seem to 
increase year by year. 

The first trend indicates a growing 
consensus among experts in most countries 
that the principles now being followed are 
unlikely to change greatly in the foreseeable 
future. The second trend indicates very 
clearly that within the accepted framework 
of these principles many important matters 
need further study. 

This report begins with a brief survey 
of the nature of nuclear reactors, and the 
hazards to which they may be subjected, and 

which may arise from them, in earthquakes. 
The report is written almost entirely in 
terms of large power stations. However, 
the principles involved apply equally to 
small reactors and other nuclear installations. 

Next follows a discussion of seismic 
risk in New Zealand. Most nuclear reactors 
in the world are built in areas where the 
seismic risk is considerably lower than in 
most of New Zealand. Of those regions 
where seismic risk is of great importance, 
the seismicity of California is about the 
same as in New Zealand, while that of Japan 
is significantly higher. Some experience 
of earthquake damage in New Zealand is 
reported together with the limited experience 
of nuclear reactors in earthquakes. None 
has yet suffered damage from such a cause. 

The possibility of large earthquakes 
occurring anywhere in the country cannot be 
precluded. Certain areas of the country do 
however appear to have lower seismic risk 
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than others. Some recently published 
figures for seismic risk are presented in 
Chapter 3 of this report. 

The criteria used for reactor design 
and assessment in other countries are 
reviewed, and it is evident that there is 
a strong trend towards adopting criteria 
which resemble, at least in principle, those 
used in the United States. For purposes of 
design and assessment of the safety of a 
particular reactor, two design earthquakes 
are specified, called the Safe Shutdown 
Earthquake (SSE) and the Operating Basis 
Earthquake (OBE). In each case they are 
determined after assessing the seismic history 
and characteristics of the region, and the 
characteristics of the local geology. 

The SSE is defined in terms such as 
"the maximum earthquake potential" (USA), 
or "the most unfavourable which is 
considered conceivable to occur" (Japan). 
A reactor experiencing a SSE must be able 
to be shutdown and maintained in a safe 
state. (Primarily this means able to 
transfer decay heat from the core and avoid 
fuel melt.) Beyond this requirement damage 
may be sustained which renders the reactor 
unusable. 

The probability of a reactor experiencing 
an earthquake as severe as the SSE is 
extremely low, but a reactor in a seismic 
area is sure to experience some earthquakes. 
After one has.happened, a decision has to be 
made as to whether it should be shut down, 
and inspected for damage. Obviously many 
earthquakes will be so small that such a move 
would be superfluous and costly. To define 
the level at which such a shutdown has to 
be made, the concept of the OBE has been 
introduced. This is the most severe earth­
quake which (it is agreed in advance) the 
reactor can sustain without any important 
part being at risk of damage. It is 
intended that after experiencing an earth­
quake as severe as the OBE the reactor 
should be capable of continued operation, 
without danger to the public; after any 
more severe earthquake it should be shut 
down, and not restarted until it has been 
inspected and declared safe. * 

Measures to ensure that a reactor will 
in fact meet the design criteria are described. 
Geological assurance is required that the 
site will not be damaged by ground failure, 
land-slide or rock-fall; that the risk of 
tsunami or volcanic activity is acceptably 
low; that secondary damage from geological 
hazards elsewhere is small (e.g. a landslide 
blocking essential water supplies); and that 
as far as can be ascertained, the risk of 
ground disruption by faulting or fissuring 
is acceptably low. 

Engineering assurance is needed that 
all parts of the reactor and associated 
plant are designed and constructed to the 
highest standards, and continue to meet 
these standards throughout the life of 
the plant. Such assurance is required of 
all reactors, whether they are built in 
seismic areas or not. But the need to 

* At present there is' considerable debate 
in the nuclear industry as to how an 
earthquake which exceeds the OBE criteria 
can be quickly identified. 

consider the earthquake risk introduces 
a new dimension. Consideration has to be 
given to lateral vibrations and resultant 
loadings; to fatigue effects due to 
alternating loadings; to the function of 
instruments under vibration conditions; 
and to the possibility of simultaneous 
damage to two or more systems which would, 
in the absence of an earthquake, be regarded 
as being independent of each other. 

The report is the result of extensive 
study of overseas literature, and of limited 
discussions with experts from overseas, and 
with specialists in some fields in New 
Zealand. The Group has then applied its 
knowledge and experience of New Zealand 
conditions to formulate its recommendations. 
It cannot be stressed too strongly that 
these recommendations are no more than an 
expression of the Group's opinions as they 
are at the present time. It is possible 
that they will be modified as a result of 
future research and development. Neverthe­
less the group believes the standards of 
design and construction now employed provide 
an acceptable degree of confidence. 

RECOMMENDATIONS 

These recommendations are regarded by 
the Working Group as an expression of its 
opinion at the present time. 

This opinion could be modified in some 
degree by the extensive research and develop­
ment which is going on in New Zealand and 
overseas on seismic matters generally, and 
(overseas) on their application to reactor 
safety. 

1. It has to be recognised that New Zealand 
would always be a small customer in the 
field of power reactors. It will not be in 
a strong position to specify its seismic 
requirements in a way unusual to the 
manufacturers, without incurring substantial 
cost penalties. To a great extent it will 
be necessary for New Zealand to ascertain 
what reactor manufacturers are prepared to 
offer, and then decide whether it is 
acceptable. 

IT IS RECOMMENDED THEREFORE THAT NEW ZEALAND 
CRITERIA BE ESTABLISHED IN TERMS WHICH ARE 
FAMILIAR TO REACTOR SUPPLIERS. 

2. Codes for design, and standards for 
materials, manufacture, inspection, testing 
and surveillance, already cover the general 
field of engineering. Many have special 
application to nuclear installations, and 
this class is being developed rapidly. The 
development is, at the present time, furthest 
advanced in the U.S.A. By the time New 
Zealand has to make decisions on such matters 
there will be a substantial body of codes 
and standards defining U.S. safety require­
ments . These will be familiar to manufact­
urers in all countries from which New Zealand 
is likely to purchase a reactor. 

IT IS RECOMMENDED THEREFORE THAT THE U.S. 
CODES AND STANDARDS BE USED AS A GUIDE BY 
WHICH NEW ZEALAND CAN JUDGE THE SAFETY OF 
WHAT IS OFFERED. 

It is possible that in the course of 
time the International Standards Organisation 
will produce codes and standards for nuclear 
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installations. The above recommendation 
may need to be changed in the light of such 
a development. 

3. Each proposed reactor site should be 
assessed and shown to be adequately safe 
in terms of absence of unacceptable 
geological hazards. Such assessment should 
follow the guidelines in Appendix A to 
"Reactor Site Criteria" issued by the U.S. 
Nuclear Regulatory Commission (usually 
cited as 10 CFR 100). However, the criteria 
therein relating to the assessment of risk 
from surface faulting are considered 
inappropriate for New Zealand conditions, 
and -

IT IS RECOMMENDED THAT THE RISK OF SURFACE 
FAULTING BE ASSESSED BY THE NEW ZEALAND 
LICENSING AUTHORITY AFTER CONSULTATION WITH 
GEOLOGISTS, GEOPHYSICISTS AND OTHER EARTH 
SCIENTISTS FAMILIAR WITH NEW ZEALAND 
CONDITIONS. 

4. IT IS RECOMMENDED THAT FOR THE PURPOSE 
OF DEFINING, FOR REACTOR SUPPLIERS, WHAT 
NEW ZEALAND 1S REQUIREMENTS ARE, THERE SHALL 
BE SPECIFIED FOR ANY SITE, A SAFE SHUT-DOWN 
EARTHQUAKE, AND AN OPERATING BASIS EARTHQUAKE. 

They are defined as follows in 10 CFR 
100 : 

The "Safe Shut-down Earthquake" is that 
earthquake which is based upon an evaluation 
of the maximum earthquake potential consid­
ering the regional and local geology and 
seismology and specific characteristics of 
local subsurface material. It is that 
earthquake which produces the maximum 
vibratory ground motion for which certain 
structures, systems and components are 
designed to remain functional. These 
structures, systems and components are 
those necessary to assure: 

(1) the integrity of the reactor coolant 
pressure boundary 

(2) The capability to shut down the 
reactor and maintain it in a safe 
shut-down condition, or 

(3) The capability to prevent or mitigate 
the consequences of accidents which 
could result in potential offsite 
exposures comparable to the guideline 
exposures of this part. 

The "Operating Basis Earthquake" is that 
earthquake which, considering the regional 
and local geology and seismology and 
specific characteristics of local subsurface 
material, could reasonably be expected to 
affect the plant site during the operating 
life of the plant; it is that earthquake 
which produces the maximum vibratory 
ground motion for which those features of 
the nuclear power plant necessary for 
continued operation without undue risk to 
the health and safety of the public are 
designed to remain functional. 

RELEASE FROM NON-SEISMIC CAUSES. 

The SSE should be established from 
consideration of all the information 
relevant to the site, including 
uncertainties due to lack of information. 

The Operating Basis Earthquake (OBE) 
is to be, as a minimum, of a severity 
which might be expected to occur at the 
site about once in 100 years. The reactor 
operator may choose to specify an OBE which 
is more severe. 

NOTE: The Working Group considers that it 
is not possible in New Zealand, to specify 
the "maximum conceivable earthquake" (or 
any similar concept) in terms which can be 
conveyed to the supplier of a nuclear 
reactor, or to manufacturers of components. 
It is possible, however, to specify the 
SSE and OBE, as defined above, in such 
terms. Implicit in these definitions is 
the assessment, by a New Zealand Licensing 
Authority, of a degree of risk. The 
Working Group has in mind the method of 
assessment of seismically-induced hazard 
used in the USNRC "Reactor Safety Study" 
(WASH-1400). It does not advocate such an 
approach as being the last words on the 
matter, but it expects that further refine­
ments will be made, which will prove a 
valuable tool in the hands of those who 
have to specify design earthquakes. 

6. IT IS RECOMMENDED THAT A NEW ZEALAND 
LICENSING AUTHORITY SHOULD HAVE SOME STAFF 
WITH A SOUND KNOWLEDGE OF EARTHQUAKE ENGINEER­
ING. THIS IS CONSIDERED ESSENTIAL FOR THE 
ADMINISTRATION OF THE ENGAGEMENT AND EMPLOY­
MENT OF OUTSIDE AGENCIES SUCH AS CONSULTANTS 
OR GOVERNMENT DEPARTMENTS. 

7. IT IS RECOMMENDED THAT AT PROSPECTIVE 
NUCLEAR SITES INSTRUMENTS SHOULD BE INSTALLED 
TO RECORD TECTONIC INFORMATION. THIS SHOULD 
BE DONE AS EARLY AS POSSIBLE, BECAUSE LARGE 
EARTHQUAKES ARE RELATIVELY UNCOMMON, AND THE 
INFORMATION GAINED FROM RECORDING EVEN ONE, 
AT A SITE, WOULD BE VALUABLE. 

8. IT IS RECOMMENDED THAT THE WORKING GROUP 
SHOULD REMAIN IN BEING AND MAINTAIN A 
CONTINUING WATCH ON DEVELOPMENTS. 

5. IT IS RECOMMENDED THAT THE SAFE SHUT­
DOWN EARTHQUAKE (SSE) BE SUFFICIENTLY 
SEVERE AND INFREQUENT THAT THE PROBABILITY 
THAT IT WILL OCCUR DURING THE LIFE OF THE 
REACTOR, AND THAT THIS WILL CAUSE A RELEASE 
OF RADIOACTIVITY, CAN BE CONSIDERED NOT TO 
ADD SIGNIFICANTLY TO THE RISK OF SUCH A 
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POTENTIAL HAZARDS FROM EARTHQUAKES* 

2.1 Nature of the Earthquake Risk 

Risks always exist with a nuclear 
power station wherever it is sited due to 
the possibility of an accident which 
releases radioactive material to the 
environment. People in the region surrounding 
the reactor could be exposed to ionizing 
radiation both externally and through the 
ingestion and/or inhalation of the radio­
active material. In extreme cases death 
could result, but the principal effect on 
human health would be to increase the risk 
of long term cancer in those exposed and of 
genetic effects in their offspring. Apart from 
human health effects, a radioactivity release 
could also result in a loss of agricultural 
production. These effects have been 
discussed by the United States Nuclear 
Regulatory Commission (1975) and by 
Sutton(2). Siting of a nuclear power plant 
in a seismic area does not change the nature 
of these risks but adds another event to 
the possible causes of an accident which 
releases radioactivity. 

2.2 Economic Aspects 

Conventional thermal power stations 
are designed for earthquakes so as to keep 
the economic risk from earthquakes low. 
Nuclear plant design levels are governed 
by considerations of public safety and will 
be higher than those for conventional 
thermal power plant. The economic risk 
associated with nuclear plants will 
consequently be smaller. 

2.3 Cooling Water Considerations 

A large power reactor would be designed 
to be safely shut down in the event of a 
major earthquake, but even in the shutdown 
state it is essential to provide some 
cooling; thus a cooling water supply adequate 
for this purpose must be available which 
can also withstand major earthquakes. 

2.4 Emergency Plans 

It is usually considered prudent 
despite the remote possibility of an 
accident at nuclear power plants to prepare 
emergency plans which would include measures 
such as the distribution of potassium iodate 
tablets and evacuation. A large earthquake 
could result in the disruption of communica­
tions, power supplies and transport systems 
and inhibit the implementation of such 
emergency measures. The siting and 
emergency planning for a nuclear plant in a 
seismic zone should take this into account. 

* Chapter 2 of the 1977 Report of the 
New Zealand Atomic Energy Committee 
Working Group on Seismic Effects on 
Nuclear Installations. 

2.5 Radioactive Waste Repository 

Apart from possibly causing damage at 
a nuclear power plant, seismic activity 
could potentially disturb the integrity of 
a high level waste repository, should such 
a repository be built in New Zealand. Such 
a repository could be for either spent fuel 
or reprocessed waste. 

To the extent that a waste repository 
does not contain the same quantities of 
stored energy potentially available to 
disperse the radioactivity, the effect of 
an earthquake on waste repository would not 
be as immediately serious as on a power 
reactor. It is apparent however that 
similar care in the choice of site and in 
the design and construction of the facility 
should be used for a waste repository as 
would be applied in the building of a power 
reactor. 
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