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INTRODUCTION

This brief survey discussion will touch rather superficially on a
number of topics which are related to the dynamic response of nuclear
systems. The principal emphasis will be on high temperature graphite-
moderated helium-cooled reactors and on the seismic excitation mechanism.
While many of the elements of the seismic research effort in the United
States will each receive a few words, this is not intended to be a
balanced presentation. It will, we hope, refresh your memory concerning
the scope of the research effort and provide you with a better picture
of the role which is played by the Nuclear Regulatory Commission in
defining and supporting that research.
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Research on the effects of earthquake motions can be divided into
two main areas: seismo"logical input and structural response. Studies
of foundation engineering and soil-structure interaction link the two
main areas. The NRC program in the past has emphasized the seismological
input area as well as studies of soil response. During the current year
about S3.2 million will be spent in support of regional geological and
seismological studies to help provide the basis for determination of
design basis earthquakes across the country, slightly more than $.5
million will be spent on soil response studies, and about $.3 million
will support research in structural engineering. In future years
greater emphasis will be placed on structural engineering studies.

The main objective of the regional seismological research is to
improve the basis for reliably predicting the size and recurrence intervals
of earthquakes in different siting regions. Different research approaches
have been used in the western U.S., where earthquake occurrence is
related to motions along plate boundaries, as in the eastern U.S. where
intraplate earthquakes occur. Study in the much more active western
areas concentrates on the location of faults and estimating the size of
the largest credible earthquake that may be associated with them. Length
of the rupture zone is the main basis for assignment of earthquake
magnitude.

Studies in the less active eastern areas of the country are trying to
determine the distribution, causes, and mechanisms of intraplate earth-
quakes.

The low recurrence rate of events and the shortness of the historic
record (about 2000 years) make it difficult to quantify the expected and
maximum credible levels of seismic shaking. Attenuation rates are lower
for seismic energy in the east than in the west, and close-in instrumental
records of large events are non-existent. Faults are numerous in the
east, particularly in the Appalachian Mountains and adjacent areas of
the Piedmont Province, but these are geologically ancient features which
originated under conditions of stress in the earth's crust which are
quite different from modern stress conditions. The vast majority of
nuclear plants are located in the east.

The approach in the eastern U.S. is to concentrate on areas of
historic occurrence of the few large events that are known and on areas
of relatively higher frequency of occurrence. Regional networks of
microearthquake monitoring stations, projects to define the regional
stress patterns, and extensive geological and geophysical investigations
to determine the geometry and physical properties of the crust are parts
of the coordinated effort to understand better the seismology of the
east.
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In the soil-structure interaction areas, NRC has supported research
on the site-dependent evaluation methodology of Dr. H. B. Seed, and
others, as well as studies of the site conditions and development of
response spectra at many of the accelerograph sites from which important
strong-motion records have been obtained. We are also following the
experimental program of explosive-excited scale model tests being supported
by the Electric Power Research Inst i tute (EPRI).

Related work in soils engineering has led to development of a
method for measuring the in-place shear velocities and moduli of individual
soil layers. This is a closely spaced side-hole geophysical technique
which gives shear modulus values in the range of strain levels (10"'
to 10.-3 percent) between those obtained by laboratory methods and conventional
geophysical methods. Ambiquity in identifying shear-wave arrivals is
eliminated, and results are repeatable with a high degree of accuracy.
A report wi l l be issued, with a "users manual", later this year.

The actual research is conducted by investigators at universities,
commercial research laboratories, and in other government agencies, both
Federal and State. These other agencies conduct larger related programs
in the diciplines of interest, and NRC support is pro.vi.ded to obtain the
specific kinds of information used in the site evaluation or licensing
process for nuclear fac i l i t i es . For example, the U.S. Geological Survey
wi l l in i t iate a $28 million program in earthquake prediction and hazard
mitigation mext year. Similarly, the National Science Foundation w i l l
support a large related effort in earthquake hazard evaluat:on and
mitigation.

None of these programs ic directed specifically at the requirements
of HTGR's, but most are applicable to al l nuclear fac i l i t i es . Current
research in seismic resistance of reinforced concrete structures is
l ikely to have particular applications to HTGR design. The general
purpose is to investigate the participation of the concrete in providing
resistance to combined loads of internal pressure and seismic shear.
The approach is to test large-scale wall sections under conditions of
biaxial tension in the reinforcing bars and cyclic shear loads applied
to the edges of the specimen. Three laboratories have been involved:
Cornell University, the National Bureau of Standards, and the Portland
Cement Association. Analytical support is being provided by the
Massachusetts Institute of Technology.
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The NRC safety research program for HTGRs has during the three
years of its existence cost a total of about 9 million dollars. Approximately
one-fifth of that total effort has been devoted directly to structural
response studies. This work which will be discussed during the course
of this seminar has been conducted by the Los Alamos Scientific Laboratory
(LASL) and by our hosts, Brookhaven National Laboratory (BNL). It has
emphasized the extreme accident conditions.

The ERDA thermal gas cooled reactor program during this same period
has averaged about five times the cost of the NRC effort. Its primary
emphasis has been on developmental aspects of the technology with a
modest fraction of their total funding devoted to specifically safety
research. The ERDA program has been carried out principally at Oak
Ridge National Laboratory (ORNL) and at the General Atomic Company (GA).

The program supported by the vendor, GA, which has been substantially
larger than the government supported programs, has, like the tRDA effort,
been a broadly applicable effort. The primary emphasis of their corporate
sponsored effort has been on design and licensing requirements. In each
of these programs, NRC, ERDA and industry, the structural safety r^earch
activity has devoted particular attention to the seismic response of the
core and the failure analysis of the PCRV.

The seismic response of the prismatic block HTGR core is a subject
which is genuinely unique, has a potentially major safety significance
and has presented a continuing challenge to both the HTGR developer and
to the licensing community. It is also a topic about which you will be
hearing a great deal as this seminar progresses. There is no desire to
anticipate later presentations by attempting to summarize their results.
We would, however, like to present one view of the problem.

A determination is required during the licensing process that in
the event of an earthquake leading to ground accelerations equal to
those specified for the safe shutdown event, the structural integrity of
the core and its support will be retained at least to the extent required
to shutdown the reactor and maintain a coolable geometry.

It is certainly possible to specify the maximum stresses to which
the graphite in each component of the core and core support may be
subjected and still meet the objective of maintaining a shutdown and
coolable system. Such limits could also be defined with adequate
margin to allow for variation in material properties both in manufacture
and in use.
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The development of a convincing prediction that these stresses will
not be exceeded in an SSE is a more difficult task. Full scale testing
of a complete core, while not inconceivable, does appear to be impractical
One-fifth scale tests were initiated by General Atomic several years ago
which led to an active debate, which is still unresolved, about the
feasibility of developing a demonstrably valid scale model for such a
highly nonlinear and complex system.

On the one hand were those who believed that, while the physical
scaling which was practical might be severely limited, there was no
fundamental reason to abandon the approach. You will be hearing from
our Los Alamos group which has been pursuing this avenue of investigation.

On the other hand were those who felt that the best you could ever
do would be to test an analytic procedure against a broad enough range
of carefully designed small scale experiments to obtain acceptance of
the applicability of the analysis to full scale systems. You will be
hearing from our Brookhaven group which espouses this point of view.

Finally, you will be hearing from General Atomic which, I think,
takes a position between, or perhaps encompassing these, extrenes.

The prestressed concrete reactor vessel (PCRV), while not unique to
the HTGR, is a new feature in the United States. Most, if not all
of the approaches to analyzing the behavior of the PCRV make use of
multidimensional finite element analyses and our approach does not
depart from this pattern. Our concerns have been to obtain an analysis
capability which is independent of the reactor vendor and to investigate
failure mechanisms and to develop failure criteria. This aspect of the
NRC program is being carried out at LASL and will be described by them
in session 4. The ERDA program, which Pat Callahan and Bill Dodge will
discuss, has been carried out through Oak Ridge National Laboratory and
has involved a substantial amount of model development and testing.
Recently, its support has been derived from the Gas Cooled Fast Breeder
Reactor program as well as the GCR Base program.

Other components whose dynamic response is of concern to us are the
core support system under seismic loadings near end of reactor life, the
PCRV insulation system and the steam generators.

- 24 -



In connection with each of these safety issues which has stimulated
our interest, a knowledge of the properties of the material or materials
involved is a major requirement. Each of the supporters of HTGR research
efforts, GA, ERDA and NRC, have major programs to obtain the necessary
materials data. The NRC program, which is the smallest of the three,
has cost over one million dollars and is principally concerned with
material properties under severe accident conditions. Tne very limited
attention which will be given to the properties of graphite and concrete
during the course of this seminar will only be able to highlight a few
areas of a \/ery substantial total effort.

In a situation such as we now have in which the future is obscure
and funding is difficult to obtain, it is particularly important to make
the most effective use of our limited resources as we can. It is our
hope that the type of communication which this seminar exemplifies will
make a significant contribution to the improvement of our planning and
to the efficiency with which those plans are carried out.
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DISCUSSION

Q. In your paper, it is stated that vibration experiments are being planned by
EPRI and I would like to know specifically what kind of experiments they will be.

A. The EPRI tests consist of scale models of light water reactor containment
structures at 1/12, 1/24, and 1/48 scale being excited by explosives of about 15
tons at a very short distance. The purpose of the experiments is to investigate
the feasibility of this kind of experiment for direct measurement of soil struc-
ture interaction effects. The first set of experiments has been run but the data
has not been processed.

Q. Do you plan to do the experiments at only one site or do you use many sites?

A. This is only at a single site.

Q. With respect to seismic analysis of the core, I think that 3 dimensional an-
alysis is the most difficut, but do you think that in the future NRC will require
this kind of analysis of the core from vendors?

A. Since that type of decision will probably be made within the licensing arena
rather than the research arena and the best that we can do is attempt to provide
them with adequate information on which to base a decision, I am somewhat re-
strained in my response; I simply don't know. I can't offer you my own preju-
dices. I don't know whether there will be sufficient success in relating the 3
dimensional and 2 dimensional predictions that the peak stresses, for example,
can be developed adequately from 2 dimensional calculations and that full scale
3 dimensional calculations will not, in fact, be required.

Q. We are seeing the United States stress safety and we are for this, but as
the result of emphasis on safety there may be economic pressure and I would like
to know your opinion about this.

A. It is clear that there is a continual compromise which must be made between
the opportunity to pile engineered safeguard on engineered system which may, in
fact, have negligible impact upon safety. Where there is a demonstrable safety
enhancement, I don't think there is any question but that the requirement will be
placed upon the industry to incorporate those features; the question is one of
judgement as to what is and what is not an effective increase or improvement in
systems safety and that is a continuing process on judgement and evaluation which
I'm certainly not qualified to try and second guess the decisions that will be
made in the future. Perhaps, someone from the licensing side of the NRC establish-
ment might be in a position to comment but I don't see anybody from the project
management group here.
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Q. 7. would like to follow up on Dr. Uchida's question that wasn't quite clear
when he asked about the 3 dimensional analysis, were you thinking of 3 dimensional
analysis versus a 2 dimensional axisynnnetrical analysis and were you perhaps think-
ing of the possibility of seismic proportional inputs into the structure?

A. What I intended to say is that in the case of graphite cores axisymmetrical
methods cannot be applied, so in order to obtain an accurate evaluation, perhaps,
it way be necessary to conduct full scale 3 dimensional analysis.
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