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GROUND MOTION EFFECTS
by
J. A
Blume*
John A. B ume and Associates
San Franc isco , California
ABSTRACT
Gr0und motion caused by natural earthquakes
or by n
lear
explosion causes buildings and other
structures
to respond in such manner as possibly
to have high unit
stresses
and to be subject
to
damage or--in
some cases--coZZapse.
Even minor
damage may constitute
a hazard to persons within
or adjacent
to buildings.
The risk
of damage
may well be the governing restraint
on the uses
of nuclear
energy for
peaceful
purposes.
Theory
is advanced regarding structuraZ-dynamic response
but real
buildings and structures
are complex,
highly variable,
and often
difficult
to model
realistically.
This paper discusses
the state
of
knowledge, the art
of damage prediction
and
safety
precautions,
and shows ground motion effects
from explosions of underground nuclear
devices
in the continental United States
including
,vents Salmon, Gasbuggy, Boxcar,
aultless
and
Benham.
* *

* * * * * * *

* * * * * * *

Ground motion, whether caused by natural
earthquakes
or underground nuclear explosions, causes buildings and
other structures
to respond and to be stressed.
Depending
upon the amount of the response, the duration of the motion,
and many other factors,
the structures
may be subject
to damage or, in extreme cases, to collapse.
In
addition, ground motion can cause or accelerate
soil
or
rock slides
and it can induce waves on bodies of water
such as lakes or reservoirs.
Severe ground mo tion
could
also rupture underground pipelines
and sewers.
t is
essen tial
that
these effects
be predicted in advance so
that
effe ctive
mea Ts can be taken to minimize or prevent
dama ge and to eliminate hazard t
persons.
Te
public
healt
h wo ul d indeed be impaired if
occu)ied
uildings
suffered damage without warning.
*President, John A. Blume
San Francisco, California
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THE RSK AND ITS CONTROL
It
has become clear
in recent years that
structural
response to ground motion constitutes
a risk
that
is much
more important in the nuclear field
than was originally
contemplated.
In fact, it may well represent the limiting restraint
an the yield
level
f
planned events except
in desolate areas.
An additional
problem--even without
significant
damage--is the matter of public reaction
to
ground motion and to its
effects.
Education, briefings,
new releases
and courtesy can be most effective
in this
regard.
In order to cope with ground motion effects
currently
and also to develop improved technology for the future,
the Atomic Energy Commission, Nevada Operations Office,
Effects Evaluation Division, conducts with the aid of its
contractors continuing activity
in seismic problems.
John
A. Blume and Associates Research Division is concerned with
all
aspects of structural
response and surface effects
for
Nevada events and for other events in populated areas.
The scope of the work includes all
possibly affected
surface structures
and features.
We also do long range research in related
problems and provide various services
prior
to, during and after
detonations.
We observed the
1964 Salmon event in Mississippi since we had not been in
the program long enough to participate
as we have on all
subsequent events at
the Nevada Test Site, and on offsite
events such as Gasbuggy, Faultless,
Sterling,
and Rulison
now in progress.
A great deal has been learned and yet there is still
much to be done.
Some of the effort
depends upon knowledge
derived from natural
earthquakes over the years.
We have
been in that
field
for 3
decades.
However, because of
certain
differences
between the problems and the technologies
associated with natural
earthquakes and with manmade ground
motion, new techniques and much greater
accuracy and care
are essential
with the nuclear problem.
A careful,
stepby-step program has been conducted to acquire needed data
and to improve the technology before crossing various
thresholds.
It must not be inferred
that
all
the risk
is associated
with highrise
buildings, although these buildings are the
most sensitive
to distant
energy releases.
There are a
great many more low buildings, cmmercial and residential.
This statistical
exposure increases the probabilities
of
unusual occurrences.
A particular
problem, especially
with
low buildings, is that
there usually are minor
racks or
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other defects of which the owner isn't
aware until
he feels
the building move.
Most of these, however, can be categorized as to time or cause by careful
examination.
There
are often latent
conditions that would lead to cracks or
other problems whether or not the ground was vibrated.
The motion, however, even at low levels,
mav trigger
the
existing
mechanism sooner than under normal conditions.
The total
distress
may well be no more afte
a period of
time than if
the ground motion had not occurred.
Figure
shows the principal
area of seismic field
activities
in the south and central
portion of Nevada.
The large NTS events cause significant
motion in the bordering communities shown and also in Las Vegas, the largest
city
in the area.
Of course, we have to be aware of all
installations
whether or not they are in communities.
Our
work within te
test
site
is generally limited
to test
buildings, certain
buildings which we monitor, and the
Nuclear Rocket Development Station facilities
at Jackass
Flats.
The map also shows the Central Nevada Testing Area
which was the site
for the Faultless
event for which we
considered many cities
and towns not shown, including Salt
Lake City, Reno, Sacramento, etc.
As yields
increase the
area of interest
also increases.

RESPONSE DYNAMICS
Because of the initial
sparsity
of strong nuclear ground
motion data we utilize
all
possible information from the
earthquake field
in which we have been engaged for decades.
There are similarities--and
also differences--between natural
earthquake and manmade ground motion data and procedures.
Figure 2 shows the measured motion of one of the strongest
earthquakes ever recorded.
The USC&GS recorded the acceleration
time history
shown on the upper diagram.
The velocity
and displacements were obtained by integration.
The
periods, or pulse durations, increase with integration
as
shown by the number of zero crossings.
Six simple vibrating
systems are shown in Figure 3.
Motion can be induced by displacing the base or the ground
as indicated.
In the elastic
range in which no damage occurs
the natural
periods of the first
five systems would not
change with amplitude.
However, if
the rocking block were
on a rigid
base, its
frequency would increase as amplitude
decreases.
Real buildings arequite
complex and yet they
can be modeled reasonably well in some cases.
The important
properties
are natural
periods, damping, mode shapes,
elastic
strength,
and inelastic
properties
beyond the linear
range.
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A basic principle in dynamics is amplification under
resonant, or "tuned" conditions.
Figure 4 shows steady state
response under the continuous forcing of ground motion.
If
the ground motion period coincides with that of the structure there is perfect tuning at a ratio of 1.0.
In this
case, only damping or energy absorption limits the response.
With no damping, the theoretical response is infinite.
Most modern buildings have low damping ratios--in the order
of 2 to 5% of critical, where critical refers to the amount
that would just prevent free vibration.
Fortunately, there
is seldom perfect tuning or sustained periodicity of ground
motion.
However, real building responses are greatly amplified ad
resonant amplification is a real problem because
perfect tuning is not required for response motion to greatly
exceed the ground motion.
In practice we do not deal with simvle systems or simple ground motion; both are quite complex.
The analysis
requires extensive mathematics and large, high speed computers.
One very useful device is the response spectrum
which shows at a glance how various idealized simple oscillators would respond to a particular time-history of ground
motion.
Figure
shows how oscillators of various natural
periods and each with 5% of critical damping would respond
to ground motion recorded at the NRDS facility at the test
site.
For example, an oscillator of 0.2-second period would
have had a peak acceleration of about 0.10g.
Because real
buildings are not simple oscillators various corrections
must be made in applying such response spectra.
The response spectrum may be in terms of acceleration,
velocity, or displacement.
If one assumes the building is
moving in harmonic motion there are simple relationships
between acceleration, velocity, and displacement and one
may consider them all at once on one plot.
Figure 6 shows
such a plot for event Greeley as recorded at the NRDS facility.
Two damping values are shown, 2 and 10%.
Note how greater
damping decreases and smooths the response.
For 10% damping,
at a period of 2 seconds, the relative response velocity is
3.4 cm/sec, the acceleration about
.1g
and the relative
displacement about
cm.
RESPONSE SPECTRA
The response spectra for several real earthquakes are
shown in Figure 7 together, with the Boxcar and the Faultless
spectra for Las Vegas, station SE-6.
All have 5% damping.
The El Centro earthquake of 1940 was very strong and caused
considerable damage in the short period range.
There were
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no buildings in the long period range.
The Los Angeles
response to the Taft earthquake of 1952 caused about
$10,000,000 worth of damage to limited height buildings
situated
some 80 to 100 miles from the epicenter.
The
Fairbanks earthquake of 1967 caused damage to buildings
in the short period range.
The earthquake shown as Sacramento 1966 occurred near Truckee, California.
This spectrum
is very interesting
because new highrise
buildings having
periods in the order of
second were just
at the threshold
of minor damage.
It
is also to be noted that
this
response
in the range of
to 2 seconds is very close to that
of
Boxcar in Las Vegas for which no real
damage has been reported.
There are reasons to believe that
Boxcar was close
to a threshold of damage, perhaps at a 3-or 4-sigma probability.
The Faultless
event, as shown, was much less
severeIin Las Vegas than Boxcar.
There was some minor damage in Hattiesburg, Mississippi,
from nuclear event Salmon in 1964.
The response spectrum
is shown in Figure 8.
Also shown in the response spectrum
for Boxcar in Las Vegas.
There was no real
damage in Las
Vegas, although over 100 complaints were received.
This is
an example of the fallacy
of using peak values as criteria
without regard to period.
The low buildings in Las Vegas
(short periods) have received far
less
energy than those in
Hattiesburg even though the Las Vegas peak velocity
is somewhat greater
than Hattiesburg.
Acceleration is more meaningful for
low, rigid
buildings.
Note that
the Las Vegas
acceleration
was much less
than at Hattiesburg in the short
period range.
The relative
displacements in Las Vegas have
been much greater
than in Hattiesburg.
This affects
the
long period, tall
buildings, of which there are many in
Las Vegas.
Figure 9 shows the Las Vegas response spectra for the
three largest
NS events to date, Greeley, Boxcar and Benham.
Note that
in some period bands one event will
have the greatest
response while at other periods another event will
have the
greatest
response.
This is especially
true between Greeley
and Boxcar.
Since buildings respond sensitively
in accordance with their
natural
periods-, these variations
are very
important.
Broad generalizations
can be very misleading
for particular
cases.
Figure 10 is another way of looking at
statistical
variations.
These curves are not spectra but upper and
lower envelopes of
spectra--all
5% damped, all
for one
event, Benham, and all
in Las Vegas.
These are for horizontal motions at four different
stations,
all
on desert
alluvium, and about 4 miles (maximum) distance apart.
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Since the range to the shot point was over 100 miles, its
variations to the four stations are insignificant.
Also
interesting is the fact that different stations and components
control the envelopes at various period values.
Statistical
variations and probabilities must be considered in predicting
response to ground motion.
Figure 11 shows 10% damped response spectra for project Gasbuggy at five different stations.
The radial distances from ground zero are shown in the figure.
Note that
at Farmington, 90 kilometers out, the motion at 1-second
period approaches the acceleration of stations only 34 kilometprs our from GZ.
Figure 12 shows response spectra in various cities for
event Faultless detonated in Central Nevada in 1968.
The
designation SE-6 is for a Las Vegas station.
The motion
was felt by some persons in tall
buildings at Salt Lake City,
440 kilometers away.
The more people sense ground or building motion the
more they are apt to become frightened unless pre-warned
and the more they will complain about possible damage.
For
this reason, and also to obtain a better coverage of motion
over broad areas without the need for excessive instrumentation, we have studied the threshold of human perception of
motion.
Figure 13 shows new data recently obtained in our
laboratory in the long period range of
to
seconds typical
of tall
buildings and how this information adjoins previous
data obtained by others in the short period range.
It was
found that acceleration is the best parameter for human
reaction to motion.
The heavy curve indicates the mean
regression line and the lighter curves the variations at
plus or minus one standard deviation.
BUILDINGS,

RESPONSE AND DAMAGE

Figure 14 is a "threshold ladder".
It has no scale
but it does indicate the various levels of interest.
There
is usually a big gap between human perception of motion and
the onset of damage.
Many people in Las Vegas buildings
have felt the largest NTS events.
The problem is to define
the damage levels.
Actually, they vary greatly depending
upon many parameters.
One of our major objectives is to
determine these thresholds over the entire spectrum of conditions.
There is no reliable formula, criterion, or rule
of thumb, although many have been proposed.
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In estimating damage and in considering safety it
is
essential
to know something about the inelastic
characteristics
of materials and buildings.
It makes a big difference
whether an overstressed material is brittle
and will
fracture or whether it
is ductile
and will
simply crack and
stretch.
Figure 15 illustrates
a ductile
frame and a brittle
wall.
The relative
energy absorption characteristics
of
these two systems may be judged by the area under the forcedeformation curves.
Often, the two types of systems are
combined in real
buildings.
A building subject to sudden
collapse must be treated
differently--safetywise--than
one
that
might deform but not collapse.
A 15-story building has mode shapes as shown in Figure 16 for
the first
three modes.
The building would respond to ground motion depending on the frequency content
of the ground motion.
This particular
building responded
largely
in its
third
mode to a local earthquake in 1957 :
The circles
indicate
where instruments measured the motion.
Figure 17 indicates
how a 4-story building can be idealized mathematically as a system of lumped masses and weightless
springs.
Note that
if
the floor
system is flexible
(as they are in most contemporary buildings) the system is
far
coupled and indeterminate.
The stiffness
matrix contains
10 different
elements.
Models like
this
are used to
compute the response to complete time-histories
of ground
motion.
The data in Figure 18 are for a Las Vegas highrise
building.
The squares represent measured response to NTS
events.
The mean peak top level acceleration
is about 7
times the peak ground acceleration.
Empirical predictions
can be made wth
such regression line
analysis
when important
parameters are essentially
constant.
This is one way
to extrapolate.
The points shown generally fall
within one
standard deviation except for the small events for which
measurements are less
accurate and more affected by "noise"
or non-event conditions.
Care must be taken to note new
trends in such data.
There are reasons why the linearity
indicated may not prevail
at greater
motion.
The spectrum curve shown in Figure 19 is for response
to Las Vegas ground motion, 2
damping, event Knickerbocker.
The circles
represent the measured response of tall
buildings in the same event after
correction
for participation
factor
and modal combination.
The general correlation
of the circles
and the line
is good, although there are
variations
for some buildings.
We frequently compare theoretical
results
with measured data and explore any anomalies.
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We also
use more exotic prediction
methods than empirical
and spectral
response, although such are generally reserved for
special cases or studies.
One of these methods
is the rigorous "time-history" procedure wherein a complete
model of a real
building is subjected to the complete time
history
of te
ground motion as a forcing function.
Figure 20 compares measured top-level
motion in a 21-story
building to the same motion computed independently with
the building model and the ground motion as measured some
distance away from the building.
The comparison here is
excellent--in
the amplitudes, the periods, and in the time
scale.
This indicates
that
the building was well modeled.
The results
are not always this
good.
Large,
fast
computers
are necessary for such complex computations.

DAMAGE ESTIMATION
With no damage there is no hazard to persons.
The
motion itself
is not of sufficient
intensity
or duration
to cause physical harm.
It is necessary to estimate the
type and degree of damage, if any, as a means of determining
whether evacuation should be recommended, or if
those working
on scaffolds
should be cautioned; or Derhaps whether temporary bracing should be employed locally;
or perhaps whether
any of these steps is indicated.
We have developed methods of estimating damage, or
lack of damage, which take into account--in an orderly
manner--the important theoretical
and practical
aspects of
the complex problem.
Given a whole exposure of ground motion
from a large event, wat
are the probabilities
of damage
and the damage forecasts
for all
the various communities
and types of structures
and soil
conditions?
This is a
problem involving structural
theory, dynamics, soil
conditions,
oint
probabilities
of demand and capacity, and many
other factors.
The Spectral Matrix Method which we have
developed uses predicted response velocities
in
period
bands as shown in Figure 21.
It Also includes 12 velocity
rows as shown to form a 96-element matrix of "demand".
In
addition,
the various types of structures
are assigned yield
point "capacities"
in terms of pseudo spectral
response
velocity,
inelastic
characteristics,
reserve energy capacities
in the damaging range, and damping values, usually
5% of critical.
The "exposure" represents the replacement
cost of all
the structures
in each area.
Demand and capacity
are assigned probability
distributions
and the probabilities
are computed for demand to e4ceed capacity, in
which case damage begins.
The output is damage for each
community and category of building.
This pocedur
is
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limited only by the available data on real
buildings and
ground motion.
It has been extended to cover multiple shots
from various locations.
There are many probability
problems inherent in damage
estimation.
The small figure in the lower right
corner of
Figure 22 indicates
demand in discrete
values for convenience
here.
This is ground motion, generally highly skewed as
shown.
The ordinate is probability.
The small figure at
the upper left
is for the structural
capacity.
The probability
distribution
is often similar
to Gaussian, but, of
course, without negative values.
The large 3-dimensional
schematic diagram shows the joint
probability
of all
combinations of demand and capacity.
The height represents
probability,
with the volume being unity.
If
DEM/CAP is
less
than
there is no damage.
If
it
is more than 1, the
damage extent varies
in some manner as DEM/CAP.
In the
schematic shown, there is a small probability
of damage.
One must be concerned with low capacities
getting
together
with high demands.
This operation is included in the Spectral
Matrix Method of Damage Prediction.
It
has been extended to estimate damage in a whole country, from multiple
shots, as in damage and safety studies for the proposed
interoceanic canal.
If
there is a sufficient
probability
of damage we mav
recommend evacuation to AEC, NVO.
We may in other cases
recommend precautionary procedures or warnings to persons
in that
particular
area.
The actual warning to the people
and the conduct of any evacuation measures by the U. S.
Public Health Service is the responsibility
of the NVO Test
Manager.
Temporary closure of roads through an area is
sometimes recommended because of possible slope failure,
rock falls,
or perhaps because of the possibility
of damage
to the road itself.
In such cases local highway patrol
offices
or the county sheriff's
staff
may be called uDon
by the Test Manager to establish
road blocks and to advise
motorists of delays or alternate
routing.
Predictions of ground motion effects
with safety recommendations are made before every major event at the NTS and
all
offsite
events in populated areas.
These follow preshot surveys and complete coverage of all
possible hazardous
conditions or structures.
During the events, instrumental
records ae
obtained at strategic
places, and observers are
stationed
at locations of special interest.
Following events,
re-surveys are made to checkfor
possible damage.
A report
is prepared to show how the actual response compared to the
predicted, in view of the actual ground motion.
This sharpens
prediction
capability
and adds to the long range technology.
Any complaints of possible damage are carefully
and courteously
365

investigated and every effort is made to determine the real
cause or causes of any existing trouble.
If it can be shown
that the ground motion could have caused the trouble, it is
the policy of AEC to make appropriate settlement.
All data obtained during and after the event, including the instrumental records, are carefully analyzed and
permanently recorded.
In many cases, detailed analyses
are conducted.
All of this adds to and advances the basic
technology of predicting the effects of ground motion.
The
overall effort is conducted with checks and balances and
scientific objectivity,
Much progress is being made while,
at the same time, observing the public welfare and safety.
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QUESTIONS FOR JOHN BLUME

1.

From R. L. Long:
Is there any way to experimental ly determine the resonant frequencies
of various building types before an event?
ANSWER:
Yes, there are several ways.
The most of which we employ.
One of
the simplest and most old fashioned methods is simply to go up into
a tall building on a windy day and get good records and analyze these
very carefully to avoid gust factors to make sure you are getting
the building In its natural swing.
The limitation of this is that
it only brings out the fundamental mode and you're still
guessing
as to the higher modes, so the next thing is to run a pull test if
this is possible and we do this on test structures, but not on
private buildings.
We simply pull the building over with a wire
and a rigging; snap the wire, let it vibrate and record what
happens.
The third method is by force vbration using machines to
actually induce the type of response needed.
We do this also, in
fact we have a small machine for this purpose, but the problem is
that it is very difficult to go into an occupied private building,
and to say you want to cut their floor up and to hook a machine into
it.
They just don't like it.

2.

From Walt Kozlowski:
What is your opinion of the structural integrity of the buildings
in the Las Vegas area with respect to earthquakes and with respect
to nuclear tests?

X
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ANSWER:
First of all, let me say that Las Vegas operates under Zone I of
the Uniform Building Code.
Zone I means that it has very low seismic
design coefficients.
To give you another example, Salt Lake City
operates under Zone 2 with double the design coefficients and Reno
in Zone 3 with four times the design coefficients.
Now the difference
is not entirely that much, however, because the wind design may
possibly govern over the seismic design.
What usually happens in any
tall building in the low seismic zone, however, is that wind will
usual ly govern the design and means that you have a pretty strong
building on the broadside in the motion that is transverse and a
rather weak building in the longitudinal direction because they
didn't put much wind on the end of the building when they designed
it.
So I would say that, like most cities, perhaps even a little
more so, Las Vegas could have some earthquake problems.
For example,

the El Centro, California earthquake of 1940 if It occurred again
or the Kern County, California earthquake of 1952, in my opinion
would make the tall buildings here respond.
Whether or not there
would be damage, I don't know.
The more they respond the more
chance of damage.
Now why ddn't
this happen in 1952?
There were
no high-rise buildings then.
The situation with regards to nuclear
events Is that we just don't dare do much damage to buildings.
We
don't want to do any if we can avoid it.
So they are all being
watched very, very careful ly.
We are using them all as guinea pigs.
In fact, I think a great deal of information will come out of this
program that wi I I be very, very useful in a natural earthquake
field.

3.

From Jack Reed:
What would be the natural frequency of the new forty-story buildings
in Bogota and what yield would give peak motions at that frequency?
ANSWER:
A forty-story building, if it's
a modern type building without many
filler
walls such as we used to have, could have a natural fundamental period on the order of 3 to
seconds, possibly even longer.
However, in South America they design a frame and then come in later
and put in tile
walls so the frame can't act as it was designed.
The result is that the period is shortened, the building is stiffened
and the tile
walls will tend to act as structural members when the
ground shock first
comes along.
This is unfortunate.
It is not
exclusively South America.
We have a lot of these in the United
States and some right in Las Vegas.
The yield which would get out
there is a I ittle
bit beyond my normal scope except to say that it
would take very, very heavy yields and long distances combined to
peak at this period.
My guess is that we are probably talking
or 20 megatons at that great distance.
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Remarks of Rep. Craig Hosmer
Joint
Committee on Atomic Energy
Symposium on the Public Health Aspects
of Peaceful Nuclear Exnlosives
April 8,
1969, Las Vegas,
Nevada
PLOWSHARE, POLITICS AND
THE PUBLIC INTEREST (BANQUET ADDRESS)
As
gram, I
evening
meeting
pecially

a friend and strong supporter of the Plowshare Proam delighted at the opportunity to come here this
to speak on its
behalf.
This is a very important
on a tremendously interesting
subject.
It
is estimely for a variety
of reasons.

First,
the Senate's recent ratification
of the
onProliferation
Treaty will have a positive,
long-term imDact
on world-wide interest
in applications of peaceful nuclear
explosives.
Article
V of the Treaty deals specifically
with this
subject.
The United States, as a nuclear weapons
nation, promises to make the benefits
of Plowshare available to the non-weapons countries on a non-discriminatory
basis.
Second, President Nixon has indicated he intends to
pursue the Plowshare program vigorously.
A positive
indication of this
was his instruction
to AEC Chairman Glenn
Seaborg regarding a feasibility
study of blasting
a harbor
at Cape Keraudren in Australia.
The project
collapsed,
but for totally
non-nuclear reasons.
Sentinel Mining Company withdrew its
interest
because it
couldn't
make a sale
to the Japanese of the iron ore to be shipped from Keraudren.
But Cape Hedland and Cape Preston are emerging as alternate
sites
for alternate
companies.
An Australian Plowshare
harbor is still
a real
possibility.
You will
be hearing
about it
quite soon.
My lips
are sealed for now.
Third, The Joint
Committee on Atomic Energy will
resume hearings shortly
on the Commercial Plowshare Services
Bill.
As you will
recall,
preliminary hearings were held
on it
last
year, and I think the committee will
broaden
its
view and look into several related
issues this
year.
I am confident that
passage of this
bill
and the information
developed during the hearings will
have positive
effects
on the pace of events in this
field.
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In short, we are approaching a period of greatly accelerated
progress in Plowshare if
certain
obstacles are
overcome.
This symposium will
contribute information, particularly
in the public health area, which is a prerequisite
to a broad commercial program.
In addition, I would hope
that
any new questions raised
here and left
unanswered can
be tackled by the Joint
Committee at its
hearing.

PROMISE OF THE PLOWSHARE

PROGRAM

It
is interesting
to me that
the papers being presented
and the topics
being covered at this
meeting are similar
to those at another seminar about 12 years ago.
That, too,
was an historic
meeting for Plowshare.
In 1956, one of the periodic Middle East uprisings
blocked off
the Suez Canal to international
shipping.
With
the patterns
of international
trade disrupted, serious thought
began to focus on alternatives
to and substitutes
fr
the
Suez Canal.
Creative minds at the Lawrence Radiation Laboratory came up with one of the better
ideas:
namely
if
you can't
get through the existing
canal, dig a new one!
And do it
with nuclear explosives.
A year later,
in
1957, the year in which the first
underground shot was ever fired,
a "brainstorming" symposium
was organized at LRL to examine the concept of peaceful
nuclear explosives.
The program still
had no name and very
little
money, but the scientists
were certain
they were on
to something important.
Sometime later,
I don't
recall
when, Edward Teller
succeeded in attaching
the Plowshare
name to
it.

in

a

Unlike today's
symposium, the earlier
one
necessary shroud of secrecy and security.

was cloaked

The now declassified
papers of 1957 demonstrate the
remarkable clarity
of foresight
possessed by these Plowshare pioneers.
With very few exceptions, their
message
was economics--how to introduce peaceful nuclear explosives
into
the marketplace at costs competitive with conventional
industrial
processes and technology.
All three categories
for possible use were mentioned-excavation technology to build canals, harbors, or knock
down geologic obstacles;
underground engineering for petroleum
production, gas stimulation,
and mining; and scientific
applications
for seismic studies, neutron sources and new
element production.
With essentially
zero experience in
below-surface explosions of nuclear size, the participants
recognized the key technical
problem areas--radioactivity,
containment and ground motion.
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SOME OBSTACLES TO BE CLEARED
Today, at
this
meeting, we are seeing where we have
come and how far
we still
have to go.
For a variety
of
reasons, we have not moved ahead in this
field
as fast
as
we might have.
When you compare progress in reactor
development with that
in Plowshare since, say, 1960,
think
it
is clear
that
Plowshare has been dragging.
There are understandable historical
reasons for this.
In the first
place, Plowshare was, and to a large degree
still
is,
a government reserve.
Industry, the potential
user, was not brought in at the beginning.
Only in recent
years have we seen the development of private
industrial
interest
in specific
applications.
Meanwhile, classification, parental
jealousy and over-protectiveness--all
human
frailties--have
played their
delaying roles.
Nor for the first
decade and a half
of the nuclear
age was idustry
particularly
alert
to Plowshare opportunities.
In 1958, for example, it
rejected
out-of-hand a
joint
AEC-Bureau of Mines proposal to detonate a Plowshare
explosion in the oil
shale of Colorado.
The oil
companies
found a variety
of superficial
flaws in the project,
without
examining either
its
underlying concepts or its
potentials.
Later, of course, the nuclear test
moratorium slowed Plowshare to a crawl and hindered establishing
a rapport between government and the private
sector.
But that
is past
history.
There is a healthy interest
now.
Probably the most exasperating obstacles to progress
in this
area have been and still
are those so-called
"liberals"
whose conscience pangs cause them to view any peaceful application
of atomic energy in terms of a mushroom
cloud.
It
strikes
me as irrational
that
these people are
offended by attempts to develop the power of the atom for
man's benefit.
They are 100% for foreign aid and the Peace
Corps, but 100% against foreign Plowshare applications
and
200% against
domestic ones.
To hear them tell
it,
Plowshare, by itself,
is the single major obstacle to total
and complete world disarmament.
In addition
to the assorted professors, scientists,
lawyers and literati
who whine over Plowshare for
philosophical
reasons, a hard core of Plowshare opponents seems to
have developed within the Executive Branch of the government itself--particularly
withi'n the Budget Bureau, the
State Department and the Arms Control and Disarmament Agency.
Behind the scenes, this
group strenuously fights
to obstruct
every attempt at
upgrading the program.
These people seem
to have a paranoiac distrust
and abhorrence for Plowshare,
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which they cannot divorce in their
minds from the weapons
program.
I am sure Article
V of the NPT, which gives Plowshare international
respectability,
must have broken their
bleeding hearts.
Despite the fact
that
this
program generally has strong
support within Congress, industry, the AEC and in most corners of the Executive Branch, this
clique exercises considerable clout in opposing it,
by budget constriction
and
otherwise.
For example, in early 1967, the Cabriolet experiment was summarily cancelled by the Johnson Administration
for
fear of upsetting
negotiations
on the NPT and the
Latin American Treaty on a Nucleain Free Zone.
At that
time,
I made a speech in the House of Representatives questioning
the judgment that
led to this
decision.
It
is totally
beyond
me how a research program aimed at developing the peaceful
atom could be construed as detrimental to efforts
at halting the spread of nuclear weapons.
Another more recent example concerns the late,
lamented
Cape Keraudren project.
The AEC was directed
by the President to actively
and promptly study the feasibility
of the
project.
Yet this
same anonymous brotherhood seemed to do
everything within its
power to prevent the Commission from
getting
any money, even for the feasibility
study.
Since the Limited Test Ban Treaty was signed in 1964,
they have never ceased forwarding overly-legalistic
interpretations
calculated to eliminate the possibility
of Plowshare excavations.
The Treaty prohibits
a nation from
"causing to be present outside its
national
boundaries"
radioactivity
from a nuclear explosive device, warlike or
peaceful.
They claim one single radioactive
atom beyond
the three-mile limit
would constitute
a violation.
Yet
all
of our standard radiation
protection
guides--even those
adopted by the United Nations--state
that
radiation
is "not
present" when its
measurable amount constitutes
less
than
10% of the established
maximum permissible concentration.
Further, these guides relate
to human exposure, not merely
to abstract
presence.
Based on evidence which admittedly is somewhat tenuous,
my own belief
is that
the Soviets are anxious to remove
the handcuffs of the Limited Test Ban Treaty from nuclear
excavations.
They have plenty of geological cosmetology
which is in their
self
interest
to perform, just
as we do.
Since any treaty
means precisely
what the two most powerful
signatory nations say it means, I am of the opinion
that
the LTB can be rapidly
brought into line
with the
acts-of-peaceful-nuclear
explosions-life,
if certain
people
in our own government will
stop throwing up artificial
hurdles.
394

WHAT WE

HOPE TO DO THROUGH H.

R.

477

It
is accurate to say that
without the continuing support of the Joint
Committee, the Plowshare program might
have been successfully
sidetracked, eventually buried, and
never heard of either
domestically or on the international
scene in the form of the NPT's Article
V provisions.
We
may not be able to overcome all
the anti-Plowshare forces
in the government,
but we are going to try
to get Plowshare
off the back burner by enacting H.R. 477, the Commercial
Plowshare Services Bill.
This Bill
is co-sponsored by all
the House members of the Joint
Committee,
and a Senate companion with similar
bipartisan
support is expected shortly.
Under present law the Atomic Energy Commission is essentially
confined to experiments involving research and
development.
Our objective is to give the AEC authority
to make Plowshare services available on a commercial basis.
Since, under terms of the Non-Proliferation Treaty, the
United States
has an obligation
to provide commercial services to non-nuclear nations, the new legislation
is sufficiently
comprehensive to accommodate foreign as well as
domestic customers.

PLOWSHARE--A BUSINESS
As AEC gears up to furnish
commercial Plowshare services, there are a number of business decisions and businesslike procedures which need to be concluded.
There are still,
of course, technical
areas needing additional
R&D--which
is your job.
But some of the procedural and policy issues
before us in government also need resolving:
First,
exactly what the government is to furnish under
the category of "peaceful nuclear explosive services" must
be defined, and the responsibilities
of the customer and
his engineering consultants must be fixed.
Within the
government, a management structure
must be established
to
coordinate and control the various inputs which will
be
made by AEC, the Public Health Service, the Interior
Department and other appropriate government agencies.
Second, a standard line
of devices must be established,
perhaps 12 to 18 in number, Droviding a reasonable combination of yields
and other characteristics.
After this
initial
R&D effort,
it
will
be impossible to tailor
each
shot minutely to a customer's particular
requirements.
The government cannot be expected to involve itself
in new
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R&D expenses every time another customer comes along.
The
Non-Proliferation Treaty requires that
the charge for services to foreign customers exclude R&D cost and that the
services be supplied on a non-discriminatory basis between
all
customers.
Since this
makes R&D epenses
unrecoverable,
the only way they can be minimized is by the standardization
technique.
Third, a price list
must be posted which the NPT requires to be "reasonable" and which, in any event, is necessary if
potential
customers are to know enough about their
costs to make rational
decisions.
Fourth, in the case of foreign customers, we must reexamine our agreements for cooperation, under which U.S.
and other nations spell
out the extent of their
nuclear
collaboration
to make sure that
special requirements as
to Plowshare are covered.
I have in mind such things as
retention
of the devices under U.S. custody and control,
public health
and safety
responsibilities,
liability
questions,
compliance with the Limited Test Ban Treaty and the
NPT and similar
topics requiring order1v separation of
responsibilities.
Fifth,
in the case of domestic customers, we shall
have to establish
regulatory control measures not unlike
those that
apply to nuclear power reactors
and resolve jurisdictional
questions between federal, state
and local governments.

REGULATION AND CONTROL
This area of regulation
and control is as important
to the formation of an industry as price, technology or any
other factor.
I foresee the AEC as the executive agent
for the government for this
purpose.
n addition to developing the devices and furnishing the explosives services,
AEC's role
is likely
to include the following:
-- Absolute control of nuclear explosives
detonation.

until

their

-- Protection of the public from harm caused by radioactivity
or seismic damage at the time of detonation.
-- Protection of the public from harm caused by radioactivity
present in any commercial product resulting from a nuclear explosion.
-- Protection
structures.

from physical
396

damage to buildings or

In assuming this
regulatory role,
the AEC should be
cognizant of several characteristics
of the industries
most
likely
to be involved in commercial applications
of nuclear
explosives.
Industries
such as natural
gas are already
highly regulated.
The FPC strictly
controls the gas pipeline
industry.
It typically
requires two years to process
an application
for development of new gas fields,
connections
to existing
pipelines,
construction of new pipelines
and establishment of the rate
structure
for gas from such
a field.
Other, agencies are involved in the safety
aspects of
pipeline
construction and operation.
The recent Santa
Barbara Channel blowout bears witness to the government's
present multi-agency involvement in environmental pollution,
and points to an ever expanding governmental role
in
safety and pollution
aspects of industry.
The point to be made here is that
the AEC should recognize that
it
is moving into an area already strongly controlled
by government, and that
only those additional
controls
necessary under the Atomic Energy Act need be instituted.
Its
function as to existing
controls should be that
of a coordinator in these peripheral areas.
A possible scenario of the AEC's Plowshare regulatory
role could go like this:
The industrial
applicant would
be required to submit a detailed
proposal for the project
including the equivalent of a reactor
safety
analysis report which evaluates in detail
radioactive
and seismic safety
at the time of detonation as well as possible product radiological contamination.
The AEC would then conduct a detailed
review of the proposed project
in the same way
reactor
applications
are reviewed.
This review would be
in parallel
with other government regulatory reviews so
that
the already excessive regulatory times are not further
extended by the AEC process.
Assuming AEC approval of the
application,
provision probably should be made for
a public
hearing.
Our options are either
to provide a mandatory
hearing in all
cases, or just
on request from affected
members of the public.
Once the project
has been approved, the AEC and the
licensee would negotiate a contract covering the detonation services, explosives and arrangements for adequate
insurance coverage.
Preceding the detonation itself,
the
AEC would have to perform or coordinate inspections from
the public health and safety
standpoint, and assure that
all
emplacement and stemming procedures have been properly
performed.
Final legal permission then would be given for
detonation.
Following the shot, the AEC would be required
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to retain
control of the
public health and safety.

area as necessary

to protect

the

The foregoing is not intended as a comprehensive description
of the probable Plowshare regulatory picture,
but it does indicate
the kinds of considerations involved
and underlines the fact
that
large-scale
applications
of
Plowshare technology are going to require carefully
designed
and intelligently
administered procedures.

DIVORCING

PLOWSHARE BUSINESS

FROM THE WEAPONS

EFFORT

At this
point I am going to start
treading on some
toes, in the AEC in general and at the Lawrence Radiation
Laboratory in particular.
For I do not see how Plowshare
can really
succeed unless the responsibility
for
its
peaceful explosives devices and their
use is divorced from the
weapons program, which has an entirely
different
underlying
philosophy.
In Plowshare, the primary emphasis will
have to be on
economics.
In this
competitive field,
economics is crucial.
A Plowshare device does not have to be the most efficient
nuclear device ever built.
It doesn't
have to be the
smallest or the lightest.
It must be safe and it must
be clean.
But it
does not have to possess the ruggedness,
reliability
and other characteristics
of a warhead.
Since
it
is not a weapon, it
will
have to be designed, handled
and used with the unique requirements of its
users in mind.
These users are not the Army, Navy and Air Force.
They
are civilians
pursuing their
economic enterprises
in a
cost competitive environment.
From its
inception, Plowshare has been a step-child
of the weapons program, both at LRL, the Nevada Operations
Office and at
the Nevada Test Site.
Until the recent series
of Plowshare tests--Gasbuggy, Cabriolet, Buggy and Schooner-this
dependence was desirable,
if not absolutely necessary,
even though a side effect
has been to associate
the weapons and Plowshare programs together in the public mind.
Now the time has come to separate the two, both in the
public mind and as to technical
objectives.
LRL, NVOO and NTS from their
inception have been dedicated almost exclusively to weapon devices and tests.
They
are geared up to satisfy
one customer-#DOD.
They have been
a very efficient
operation for this
purpose, and we can
be thankful as a nation for that.
But they are not geared
up, technically
or philosophically,
to satisfy
efficiently
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the El Paso Natural Gas Company
the Austral Oil Company,
the Kennecott Copper Corporation, or other Plowshare customers.
These weapons organizations are so traditionally
geared
to conducting test
programs for military
weapon systems
that cost is of minor importance.
On something as vital
to our security
as weapons R&D, we can't
afford to quibble
over a few dollars.
But this
basic attitude
is incompatible
with the Plowshare program, where you must quibble over
pennies.
If
they don't
develop economic explosives and
emplacement methods, the whole purpose of the Plowshare
program will
become academic because industrial
interest
will vanish.
The weapons scientists
at LRL have an entirely
different set
of values than does the Plowshare group.
Yet
during the execution period for any Plowshare event, responsibility
is transferred
to the weapons people.
There
is even some evidence that
Plowshare is little
more than
a nuisance to the weapons organizations, and that
they conduct Plowshare tests
in the same extensive and expensive
manner that
weapons test
procedures dictate.
As an example,
the LRL Plowshare engineering group
formulated an operational plan for the Cape Keraudren project
that
involved operating from a ship anchored offshore.
Maximum preparation of the explosive would be done at
LRL
before transportation
to Australia by ship.
At the site,
operational personnel would be housed and fed on board the
same ship.
The emplacement of the explosives would be done
from the ship, utilizing
barge-mounted cranes.
The
ssel
would then move to a safe distance, and the row charge of
explosives fired
by a radio link.
This procedure could
save $1.5 million over conventional land-based operations
with air
transportation
of the explosives, amounting perhaps to 15% to 20% of the total
project
cost.
But the
entire
concept was vetoed by the weapons test
group for
the apparent reason that
they simply "don't
do things that
way.,,
I don't
have any specific
recommendations to make in
this
area tonight, but I think it
is something we all
can
think about--particularly
within AEC.
And the Joint
Committee should devote some careful
attention
to it during
the hearings.
We could consider whether the Plowshare program should be transferred
to the oversight of another field
office,
such as San Francisco 6r Grand Junction.
An independent Plowshare group could have complete responsibility
for the design and fabrication
of explosives, the conduct
of experiments, and the conduct of the commercial service
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itself.
It
would separate weapons and Plowshare philosophically
and politically,
and it
would assure that
the program is responsive to the civilian
user's
technical and
economic requirements.

PLOWSHARE AND PUBLIC RELATIONS
Before I leave you this
evening, I would like
to say
a few words about the public relations
aspects of this
program.
Despite the fact
that
we will
be conducting these
events in very remote and unpopulated areas, it
still
will
be necessary to conduct an active PR campaign to demonstrate
the benefits
to be achieved.
I think the unfortunate experience with Project Ketch, where opposition from the
public and state
officials
caused the withdrawal of the
application,
is an example of the continuing need to emphasize the benefits
to society.
We found during the early
days of the reactor
development program that
winning public
support and defusing the nut-fringe
must start
early in
the project
and continue actively.
For example, with an
underground engineering shot, if
we could show convincingly
how this
type of mining does not deface the surface of the
earth, as does strip
mining, we might even end up with the
Sierra
Club on our side.
I don't
think it
is possible to overemphasize the
importance of developing public support for Plowshare.
Given a clear,
accurate picture
of the potential
benefits
and the high level
of scientific
precautions being taken,
the public will
not be unduly alarmed about possible hazards.
For its
part,
industry must do its
homework well and promptly respond to public inquiry and hesitation.
When this
is
done,
this
nation and the world will
be able to glean the
vast benefits
available
by applying this
new engineering
tool
to man's advantage instead of his
destruction.
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