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INTRODUCTION

When the Plowshare Program was first being seriously considered some
13 years ago, a number of applications immediately suggested themselves.
However, it soon became obvious that most of these applications had the draw-
back of producing and distributing appreciable quantities of radioactivity to the
environment. Thus, the Atomic Energy Commission, together with its con-
tractors, formulated and put into effect a program aimed at dealing with this
problem, both from the standpoint of reducing the aount of radioactivity re-
leased to the environment and understanding the impact of this radioactivity on
the biosphere.

PLOWSHARE EXCAVATION PROGRAM

Comprehensive safety evaluations have been carried out in conjunction
with that part of the Plowshare Program which involves the earth-moving uses
of nuclear explosives. Since in these applications some radioactivity is re-
leased to the environment, it has been found necessary to formulate and seek
to answer two key questions: (1) What is the distribution of the radioactivity
resulting from these kinds of nuclear detonations? and 2) What is the impact
of this radioactivity on man?

In the course of answering the first question, it i's first necessary to
understand the production of radioactivity from the nuclear explosives. During
the past several years, a concerted program has been underway to design and
test progressively "cleaner" nuclear excavation explosives. Not only is the
amount of radioactivity produced per kiloton of yield being reduced, but a con-
scious effort is being made to select the materials used in explosive construc-
tion so that the radionuclides formed in the detonation will be those least ob-
jectionable from a radiobiological standpoint. Calculational techniques have
been developed which enable an accurate estimate to be made of the total 1,2
radionuclide inventory resulting from the detonation of a Plowshare explosive,
and which allow a reliable assessment to be made regarding the beneficial or
detrimental effect of a proposed design change.

Once the total production of radioactivity by an excavation explosive, or
the radioactivity "source term," can be reliably calculated, it is essential to
gain an ability to predict the way in which this radioactivity is distributed once
a detonation has taken place. This, then, involves a better understanding of
the venting process during which the radioactivity is distributed into three en-
vironmental "compartments." One portion is injected into the atmosphere as
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a long-range cloud; another portion remains as local fallout. Finally, an ap-
preciable fraction remains in, or around, the crater as fallback and ejecta.

The existing predictive capability for ascertaining what fraction of the
radioactivity produced goes into each of these three compartments is being
steadily improved through more realistic modelling, and hopefully through
computer simulation of the venting process.3 While a satisfactory semi-
empirical method4 is currently being used in safety analyses for estimating
the fractions of radioactivity which will appear in each of the three compart-
ments, a more elegant theoretical approach is currently being formulated.

Once the fraction of radioactivity present in local fallout has been pre-
dicted, it is possible to calculate a fallout pattern which can be used for safety
predictions. This is accomplished by using appropriate inputs for: climatology
(turbulence and wind speed as a function of altitude); distribution of the radio-
activity on debris of different particle size; and initial cloud configuration.
The KFOC code,5 developed at the Lawrence Radiation Laboratory is currently
being used for such calculations and has been found to be quite accurate in its
predictions, as can be seen from a number of published results5,6 which com-
pare computational results with observations With regard to the radioactivity
present in the long-range cloud, Crawford7 'o has developed a diffusion model
which enables the cloud concentrations to be estimated as a function of time,
and which also provides a capability for determining the deposition of material
from the cloud over considerable distances from the detonation site. With re-
gard to the radioactivity emaining in and around the crater, recent work by
Koranda and his collaboratorsll--r3 has elucidated the distribution of this
radioactivity within the ejecta material and the crater. Ancillary work14,15
by other members of the Lawrence Radiation Laboratory Biomedical Division
have enabled accurate assessments to be made regarding the availability of the
radionuclides in this material to the biosphere. Thus, the current predictive
capability for the distribution and biological uptake of the radioactivity from
cratering experiments being conducted at the Atomic Energy Commission's
Nevada Test Site are relatively good. However, a number of important unan-
swered questions remain with regard to radioactivity from Plowshare cratering
applications, as differentiated from experiments.

One of te potential difficulties arises from the nature of the Nevada Test
Site. It is representative of a desert environment, and, to date, no nuclear
cratering experience has been gained by us in any other milieu. Thus it would
be most desirable to obtain data from a detonation carried out in a saturated
environment, similar to that which might be expected in a region where canals
or harbors are to be constructed. The effect of a nuclear detonation in this
new environment is as yet not known to us, and can only be inferred. The
necessity for a nuclear detonation in a wet environment arises out of the need
to determine possible hazards which may arise in an estuarian or marine en-
vironment subsequent to a large-scale nuclear application conducted in an area
of this sort. Again, work has been done with regard to the availability to ma-
rine organisms of the radionuclides in debris from cratering experiments, 12,16
but it is not clear that such results would be directly applicable to the situation
that might prevail following a detonation in an actual wet environment. It
should be emphasized here that, while adequate information may not exist for
the preparation of a safety analysis representing the "most probable" conse-
quences of a nuclear cratering detonation, a conservative "worst case" safety
study can be formulated. Such a "worst case" analysis will inevitably result
in a large and costly safety program, geared to guard the public against haz-
ards which may be quite unrealistic. Therefore, additional knowledge gained
from experimental detonations in other than desert environments will allow the
reduction of safety costs without increasing the risk to the public, and will
make Plowshare canal and harbor projects more attractive economically.
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While we have discussed gaps in knowledge relating to the effect of radio-
activity in a marine environment, we should not neglect the areas of concern
with regard to the terrestrial environment. Although the forage-to-cow-to-
milk food chain pathway has been clearly elucidated for a number of radio-
nuclides, 17 and while the soil-root pathway for the introduction of radionuclides
to man has been considered extensively, there still exist a myriad of possible
food chains through which radioactivity could be ingested by either large groups
of the population, or possibly, by only a few people. Since the well-
being of all is a primary concern of the Plowshare Program, continued. support
must be given to the assessment of radiological hazard by means of both prob-
able and improbable paths of introduction, again with the objective of formu-
lating minimum cost safety programs which are still in accord with the letter
and spirit of FRC directives.

PLOWSHARE UNDERGROUND ENGINEERING PROGRAM

Up to this point we have considered a few of the aspects of the Plowshare
excavation program which would seem at first glance to require the most in-
tensive study with regard to the introduction of radioactivity into the environ-
ment. However, a number of questions also exist with regard to the radio-
logical safety of underground engineering applications and experiments;
exhaustive reviews of such questions have taken place in the course of both
the Gasbuggy18 and Rulison-19,20 Events. In these cases the key questions are:
(1) What is a short-term radiological safety problem? and 2) What long-term
problem exists relating to product contamination which may then result in
radioactivity being introduced into the environment? The first question can
be re-stated in the form: What chance is there that an appreciable fraction of
the radioactivity resulting from an underground nuclear explosion may be in-
jected rapidly into the environment through some sort of venting? Thus, this
question is closely related to some of those which are raised with regard to an
excavation experiment. However, by its very nature, an underground engi-
neering explosive is considerably different from one used for excavation. In
many cases, the types of radioactivity which are produced are significantly
different because of the concern for product contamination. When gas or oil
stimulation applications are being considered, there is a desire to minimize
the amount of tritium available for incorporation into the organic product. For
this reason, a thermonuclear explosive would be inappropriate, and a fission
explosive must be employed. Consequently, should appreciable venting take
place upon the detonation of an explosive of this sort, the contamination prob-
lem resulting to the immediate environs could be significant. Thus, we must
be assured that the chance of appreciable venting from underground engineering
applications is exceedingly small. Unfortunately, although a large number of
tests have been carried out at the Nevada Test Site in a contained configuration,
the results of a number of these are not truly applicable to proposed Plowshare
applications. The basic reason for this lack of applicability is that comparing
weapons development tests conducted in the interest of national defense with a
Plowshare experiment can be like comparing apples and oranges. That is, it
is possible that during a weapons test in an isolated area, a certain small risk
of venting may be tolerated if assurances can be given thatradiation levels
offsite will not result in unacceptable exposures to people. Such a risk could
not be justified in the case of a Plowshare experiment. Thus, Plowshare ap-
plications are envisaged as having adequate and tested stemming, and as being
buried t extremely conservative depths; much deeper than those at which com-
plete containment has been observed at the Nevada Test Site.

Consequently, the estimation of a "maximum credible vent" from a
Plowshare underground engineering application is possibly as difficult as is
the formulation of a maximum credible accident from a nuclear reactor. I Here,
we are obviously on the horns of a dilemma. While it is felt that the venting
of appreciable quantities of radioactivity is very unlikely, yet an appropriate
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safety program must be employed so that if the "maximum credible vent"
should occur, adequate safety precautions could be taken that would prevent
the exposure of inhabitants in the area to unacceptable quantities of radioac-
tivity. To date, a realistic safety model has not been used for underground
engineering experiments. We have been using an extremely conservative
model representing one of the worst ventings ever observed at the Nevada Test
Site-where the scaled depth of burst was relatively shallow and the yield was
relatively low. As ore applicable experience is obtained with actual Plow-
share underground engineering detonations, a more realistic approach will be
possible while still insuring public safety.

Similar conservatism is used when reentry drilling is carried out sub-
sequent to a detonation. The assumptions which are employed in the calcu-
lation of possible radiation exposures to persons in the vicinity of the detona-
tion site include minimal atmospheric diffusion of the effluent, sudden and
massive releases of contaminated gas, and complete mixing of all the radio-
active inventory with the vented "vehicle" gases.

The other area of concern with regard to underground engineering safety
is the product contamination of materials which are exposed to the radioactive
environment produced by the detonated explosive. This is exemplified by the
tritium which appears in natural gas from a well stimulated by a nuclear ex-
plosion. Although appropriate standards for tritium levels in natural gas
have not as yet been formulated, it is obvious that the amount present should
be reduced to the lowest possible level. The current approach to accomplish-
ing this objective is three-pronged. First of all, explosives can be designed
so as to minimize tritium production; secondly, controlled gas flaring can be
continued until the concentration of radioactivity in product reaches acceptable
levels; and finally, as will be reported later in this meeting, studies have been
made on the possible decontamination of the products formed in these environ-
ments by chemical engineering methods.21 While no actual data as yet exist
with regard to the effectiveness of product decontamination, as the need for
such a process becomes greater to insure economical utilization of Plowshare
explosives, appropriate studies will undoubtedly be undertaken.

It should be obvious from the foregoing discussion that a primary con-
cern of the Plowshare Program is to maintain the safety of the public, no
matter what the application of the nuclear explosive may be. However, in
order to adequately protect the public (of this country or of any country where
the Plowshare Program may find an application) we must set appropriate
standards for radioactivity present in the biosphere, or for radionuclide bur-
dens within the human body. As you know, the International Commission on
Radiological Protection,22' and various other national23,24 and internationa125
bodies have formulated radiation exposure standards which are continually
being carefully examined in the light of expanding knowledge. However, to
date no data exist which unequivocally characterize the effects of low doses
of radiation delivered at extremely slow rates to the human body. All stand-
ards to date have been evaluated by extrapolating data obtained from high
doses of radiation delivered at relatively high rates to experimental animals
and, in a few cases, from results of nuclear accidents to humans. Although
these models are considered by some to be extremely conservative because
of the nature f the extrapolation, other investigators feel that present radia-
tion protection guidelines are too liberal and ay need to be revised down-
ward.26

Whether or not reductions in radiation exposure standards are appro-
priate is beyond the scope of this presentation. However, whatever radiation
safety standards are set on the basis of experimental data and considered
judgment of competent authorities, these standards are those which obviously
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will be applied to potential Plowshare projects. These standards must be met,
whether it be by explosive design changes or by appropriate treatment of the
products stimulated by nuclear explosions, in order for the Plowshare Pro-
gram to become a viable force in future technology.

Finally, in order to accurately assess the desirability of the Plowshare
Program, one must balance the advantages which accrue from the use of nu-
clear explosives for peaceful purposes against the possible detrimental effects
of radiation.

Recent papers27,28 have been written dealing with some possible methods
of evaluating risk versus benefit; hopefully, these or some other approaches
will allow an objective assessment to be made of the appropriateness of the
various proposed uses of nuclear energy for peaceful purposes.

Although it is relatively easy to assign a monetary value to the benefit
from a particular project, the risk has never been expressed in terms which
permit a meaningf ul comparison to be made. Cohen' 27 approach considers
that 250 worth of somatic and genetic damage results from the exposure of
one person to one rem of radiation. Perhaps this approach is overly simpli-
fied, or can be attacked for other reasons; however, such an evaluation is
badly needed-not only for the Plowshare Program, but for any operation
which affects people and their environment. If a better criterion can be de-
veloped, it should by all means be developed with the greatest possible dis-
patch.
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