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ABSTRACT

Under the Atomic Energy Act of 1954 as
amended, the Atomic Energy Commission is re-
sponsible for regulating the possession, ue
and transfer of byproduct, source and special
nuclear materials in accordance with safety
standard6 estabZi 8hed by rule of the Commis-
8ion to protect health and minimize danger
to life and property. This paper describes
some of the basic considerations in establish-
ing safety criteria and regulations for author-
izing the transfer and use of byproduct mate-
rial radioisotopes) in products for distri-
bution to the general public. It discusses
problems encountered in extending the broad
guidance provided by the Federal Radiation
Council (FRC) and by the International Com-
mission of Radiological Protection and the
NationaI Council on Radiation Protection and
Measurements (ICRP-NCRP), whi ch i limited
to total exposures of individuals and popu-
lation groups to radiation from many sources,
to appropriate controls on radioactivity in
an individual consumer product which represents
onzy one source of population exposures. The
paper aZao discusses possible approaches to
accomplishing the regulatory objectives of
providing reasonable assurance that (1) the
contribution of an individual product to total
exposures that might be permitted under FRC
and ICRP-NCRP guidance should not be diepro-
portionate to the benefits to be derived, and
(2) appropriate efforts are made to limit ex-
posures to the population from individual
classes of sources of exposure as far as
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practicable. Existing criteria and regulations
pertaining to the control of radiation exposure
to the population from products into which radio-
active material is purposely introduced are de-
scribed, and additional considerations which
must be taken into account for the development
of further criteria and regulations which are
applicable to the possible wide-scaZe distri-
bution of products containing radioactive mate-
riaZ as a result of the Powshare Programs are
explored.

* * * * * * * A A * * *

Previous speakers have described experimental Plow-
share projects designed to determine the feasibility of
using nuclear explosives to aid in the production of pro-
ducts such as natural gas, oil and copper. The Atomic Energy
Commission recognizes that in evaluating the feasibility
of such uses of nuclear explosives, criteria and controls
for protection of the health and safety of the public using
the products are of primary importance. A key factor is
to minimize the amount of residual radioactivity that may
become associated with the products. It is for this rea-
son that major objectives of the Plowshare program are to
develop information that will assist in the determination
of exposures to the public from the use of products pro-
duced by nuclear explosives and to investigate means of
reducing the amount of radioactivity associated with the
product. This information will permit the progressive and
timely development of regulations which are related to the
specific conditions prevailing at the various stages of
development of the use of nuclear explosives.

Even for the most advanced project, the production
of natural gas by nuclear stimulation, it is too early to
support detailed suggestions as to regulations which might
be imposed on wide-scale uses of such products. The pur-
pose of this paper is to discuss some of the general con-
siderations in the future development of regulations applic-
able to commercial distribution of natural gas and other
products that might be produced with the aid of nuclear
explosives.

The distribution on a commercial scale of products
such as natural gas, oil and copper to be produced by
nuclear explosives involve factors that differ in many re-
spects from those that have been taken into account by the
Atomic Energy Commission in its present regulations.
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Exemptions from regulatory control of various products that
have been established by the Atomic Energy Commission were
not developed with Plowshare-produced products in mind and
cannot be considered to be directly applicable to such pro-
ducts. However, there are many factors, which have already
received extensive consideration by the Atomic Energy Com-
mission in controlling the distribution to the general pub-
lic of other products containing radioactive material, that
are also pertinent to the development of regulations for
the control of Plowshare products. It is useful at this
point to review these common factors.

Basic considerations for the development of criteria
and regulations designed to protect the public health and
safety, including those related to authorizing the use of
consumer products containing radioactive material exempt
from regulations, are contained in the recommendations of
the International Commission on Radiological Protection,
the National Council on Radiation Protection and Measure-
ments, and the Federal Radiation Council. (These groups
are commonly known as the ICRP, the NCRP, and the FRC,
respectively.) In summarizing quantitative recommendations
of these groups for limiting exposures of the general ub-
lic to radiation, we shall use the term, Radiation Protec-
tion Guide, adopted by the FRC. The corresponding term
adopted by the ICRP is Dose Limit.

Quantitative recommendations of the ICRP, NCRP and
FRC establish Radiation Protection Guides for limiting
exposures of the general public to radiation. For indi-
vidual members of the general public, the Radiation Pro-
tection Guide for whole-body exposures is one-half rem per
year. Corresponding Guides for limited portions of the
body are higher by factors that range from 3 to 15. For
the total population, it is recommended that the average
genetically effective exposure should not exceed 5 rems
in 30 years. For the present purpose the most pertinent
Radiation Protection Guide established by the FRC provides
that as an operational technique, where the individual
whole-body doses are not known, a suitable sample of the
exposed population should be developed whose protection
guide for annual whole-body dose will be 170 mem per
capita per year. These exposure guides do not include
either exposures to radiation from naturally-occurring
sources or exposures to radiation from medical procedures.

Both the ICRP and the FRC consider that the primary
purpose of Radiation Protection Guides for individual
members of the general public is to provide guidance for
limiting levels of radiation and radioactivity in man's
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environment and recognizes that it may not always be prac-
tical to assure that there will not be some individuals
who will receive greater exposures than specified in the
guide. For example, in paragraph 70 of its Publication 9,
the ICRP states:

"The Maximum Permissible Doses that have been estab-
lished for o c tional (emphasis supplied) exposure

c upa 
I

are regarded as pper Iils, and the doses may have
to be individually monitored and controlled to ensure
that the Maximum Permissible Doses are not exceeded.
The dose limitation for members of the public is a
more theoretical concept, intended to provide stand-
ards for the design and operation of radiation sources
so that it is unlikely (emphasis supplied) that indi-
viduals in the-Tu-blic will receive more than a speci-
fied dose. The effectiveness of this is checked, not
by observing individuals, but by assessments through
sampling procedures in the environment and statisti-
cal calculations, and by a control of the sources
from which the exposure is expected to arise..."

Both the ICRP and FRC use these individual Radiation Pro-
tection Guides to develop alternative recommendations for
controlling exposures from radioactivity in the environ-
ment, expressed in terms of average exposures of selected
groups of individuals. While these alternative recommen-
dations better reflect the nature of the environmental
standards of radiation protection, lack of precise criteria
for selecting groups of individuals over wich averages
should be taken make them difficult to apply. The ICRP,
after discussing the selection of appropriate groups,
concludes (paragraph 74):

"Because of the innate variability with an apparently
homogeneous group, some members ... will receive doses
somewhat higher than the Dose Limit. However, at the
very low levels of risk implied, it is likely to be
of minor consequence to their health if the Dose
Limit is marginally or even substantially exceeded."

The ICRP further observes (paragraph 75) that:

"In some situations ... it may not be practical to make
the detailed studies necessary for the identification
of the critical group. To allow for individual var-
iability it will then be necessary to aply an oper-
ational 'safety factor' to the derived concentration
limits applicable to a member of the public. ... How-
ever, as te values to be recommended for such factors
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would vary over a wide range, depending on the par-
ticular circumstances, no generally applicable values
are given in this report."

Qualitatively, the ICRP, the NCRP, and the FRC gen-
erally recommend that, within Radiation Protection Gides,
exposures to radiation be kept as low as practicable. The
ICRP adds (paragraph 87):

"...that it is important to ensure that no single
type of population exposure takes up a dispropor-
tionate share of the total. The way in which this
is done will depend upon circumstances which may
vary from country to country, and will be determined
by national, economic and social considerations."

Recommendations of the rRC, like those of the ICRP,
which we have just quoted, are based on the nature of the
risks to health of radiation exposure which have been
discussed by Dr. Tompkins.

Considerations such as these led the Federal Radiation
Council to include, in its first recommendations on radia-
tion protection guidance, approved by the President May 13,
1960, the following general recommendations on the use of
the Radiation Protection Guides:

"It is recommended that:

1. There should not be any man-made radiation
exposure without the expectation of benefit result-
ing from such exposure. Activities resulting in
man-made radiation exposure should be authorized
for useful applications provided recommendations
set forth herein are followed.

2. The term 'Radiation Protection Guide' be
adopted for Federal use. This term is defined as
the radiation dose which should not be exceeded
without careful consideration of the reasons for
doing so; every effort should be made to encourage
the maintenance of radiation doses as far below
this guide as practicable.

3. 0 0 0 0 0
5. There can be no single permissible

or acceptable level of exposure without re-
gard to the reason for permitting the expo-
sure. It should be general practice to re-
duce exposure to radiation, and positive
effort should be carried out to fulfill the
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sense of these recommendations. It is basic
that exposure to radiation should result from
a real determination of its necessity.

The Federal agencies aoi)1v these Radiation
Protection Guides with judgment and discretion, to
assure that reasonable probability is achieved in
the attainment of the desired goal of protecting
man from the undesirable effects of radiation. The
Guides may be exceeded only after the Federal agency
having jurisdiction over the matter has carefully
considered the reason for doing so in light of the
recommendations in this paper."

It is within this framework that the AEC, as a regu-
latory agency, works in developing appropriate criteria,
standards and regulations governing the control of sources
of exposures to the population from atomic energy activi-
ties, including the distribution of consumer products
containing radioactive materials. Simply stated, the AEC
objectives in developing safety criteria are to provide
reasonable assurance that:

(1) appropriate efforts are made to limit ex-
posures to the population from individual classes of
"sources-of-exposure" as far as practicable;

(2) the exposures of the general public to
ionizing radiation from all sources will not exceed
levels recommended by the Federal Radiation Council
and approved by the President; and

(3) the contributions of individual classes of
"sources-of-exposure" to exposures of the public are
not disproportionate to their net contributions to
the national welfare.

In undertaking to meet these objectives, we find that
different classes of "sources-of-exposure" involve consid-
erations that require different regulatory controls and
specific criteria for limiting their respective contribu-
tions to exposure of the public to radiation. Whenever
an activity or a product that constitutes a new source-
of-exposure", or a substantial odification of an exist-
ing one, is.proposed, it becomes necessary to review ex-
isting regulatory requirements to determine what modifi-
cations may be desirable to assure that our objectives
will continue to be met.

In considering the development of criteria and con-
trols to limit exposures of the public to radiation from
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byproduct material contained in consumer products, it may
be observed at the outset that it will generally not be
practical to achieve AEC objectives by regulating users of
the product. Not only would the effort required to effec-
tively regulate the user be expected to outweigh the rea-
sons for introducing the byproduct material into the pro-
duct, but the impact on the user would generally be unac-
ceptable to him. Consequently, our interest is in the
development of criteria for determining whether or not the
characteristics of a particular product sufficiently limit
its potential for exposure of members of the public to jus-
tify exemption of its use from regulatory control. Assur-
ance that an exempt product meets specified requirements
must then depend upon regulations applicable to the pro-
ducer, importer, or distributor of the product.

In practice, the manufacturer or importer of a pro-
duct containing byproduct material is prohibited from
transferring the product for distribution to the public
unless the product is shown to meet the requirements estab-
lished in a specific license which authorizes the distri-
bution.

The Commission has developed general criteria for
exempting the use of byproduct material in products that
depend on the radioactivity to perform a useful function,
as in the case of self-luminous products. These criteria
appear in the Federal Register of March 16, 1965. The
key provisions of these crit�Tria are:

"2. Approval of a proposed consumer product will
depend upon both associated exposures of persons to
radiation and the apparent usefulness of the product.
In general, risks of exposure to radiation will be
considered to be acceptable if it is shown that in
handling, use and disposal of the product it is un-
likely that individuals in the population will receive
more than a sall fraction, less than a few hundredths,
of ndividual dose limits recommended by such groups
as the International Commission on Radiological Pro-
tection (ICRP), the National Council on Radiation
Protection and Measurements (NCRP), and the Federal
Radiation Council (FRC), and that the probability of
individual doses approaching any of the specified
limits is negligibly small. Otherwise, a decision
will be more difficult and will require a careful
weighing of all factors, including benefits that will
accrue or be denied to the public as a result of the
Commission's action.
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.19. In evaluating proposals for the use of radioactive
materials in consumer products the principal consid-
erations are:

(a) The potential external and internal exposure
of individuals in the population to radia-
tion from the handling, use and disposal
of individual products;

(b) The potential total accumulative radiation
dose to individuals in the population who
may be exposed to radiation from a number
of products;

(c) The long-term potential external and inter-
nal exposure of the general population from
the uncontrolled disposal and dispersal into
the environment of radioactive materials
from products authorized by the Commission;
and

(d) The benefit that will accrue to or be denied
the public because of the utility of the
product by approval or disapproval of a
specific product."

"l. At the present time it appears unlikely that the
total contribution to the exposure of the general pub-
lic to radiation from the use of radioactivity in con-
sumer products will exceed small fractions of limits
recommended for exposure to radiation from all sources.
Information as to total quantities of radioactive mate-
rials being used in such products and the number of
items being distributed will be obtained through
record-keeping and reporting requirements aplicable
to the manufacture and distribution of such products.
If radioactive materials are used in sufficient quan-
tities in products reaching the public so as to raise
any question of population exposure becoming a signif-
icant fraction of the permissible dose to the gonads,
the Commission will, at that time, reconsider its pol-
icy on the use of radioactive materials in consumer
products."

These criteria were intended to be specifically ap-
plicable only to products into which radioactive material
is incorporated for the purpose of performing a useful
function as part of the product such as its use in self-
luminous devices. While the criteria may provide some
guidance on an approach to development of criteria for
Plowshare products, there are many new factors introduced
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in the use of products produced by nuclear explosives such
as the type of the product; the nature of the processing
and distribution systems; the critical pathways of exposure
to man; and the type and size of population groups that
will use the various products.

Safety criteria and conditions of exemption specifi-
cally applicable to each Plowshare-produced product should
take into account considerations such as the following:

(1) The contribution of the Plowshare-produced
product to the national welfare.

(2) The feasibility of limiting radioactive con-
tamination of the product, as released by a licensed
producer or processor, to acceptable levels.

(3) Possible and probable exposures to individuals
and population groups as a result of exemption of
the product from regulation under specified condi-
tions.

Among proposals to use nuclear explosives for the com-
mercial production of various products, only the proposal
for use in the production of natural gas is in an advanced
stage. Project Gasbuggy and future Projects Rulison and
Dragon Trail are designed to provide information on the
feasibility of commercial production of natural gas by this
means. These experiments should provide much of the infor-
mation needed to formulate controls on the distribution of
gas and conditions under which use of the gas might be ex-
empted from regulation. Additional studies will be required
to provide information on matters such as methods of re-
ducing the amount of byproduct material in gas to the ex-
tent practicable and relationships between concentrations
of gas introduced into various collection and distribution
systems and resultant exposures of persons and groups of
persons.

Without attempting in any way to prejudge the results
of data collection and evaluation effort that is really
just beginning, I thought you might find it instructive
if I were to sketch out what appears to be a likely way
for regulations to evolve. I would expect us to feel our
way through several stages of development of criteria and
controls as gas from test wells is introduced into distri-
bution systems in an increasing amount as information is
developed about the concentration of byproduct material
in Plowshare-produced gas and how that gas moves about in
distribution systems.
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It seems reasonable in the first place that certain
points of control in a gas distribution system would be
specified beyond which the further distribution and use
of the gas would be free of regulation, or, if you will,
the gas would then be an exempt consumer product. As in
the transfer and distribution of other exempt consumer pro-
ducts, the person introducing the gas into the distribution
system would be required to meet such limits on the radio-
active content of the gas as might be determined by the
Commission to be necessary for the protection of the pub-
lic health and safety.

The limits on maximum concentrations of radioactivity
in the gas would be applied at specified points of control
in the distribution system. These limits would be derived
from criteria for acceptable levels of radiation exposure
to a suitable sample of exposed population groups using
natural gas or products produced from gas at various stages
in the distribution system. In deriving the limits it
would be necessary to take into consideration the radio-
nuclide and its chemical form, the dilution afforded in
the distribution or processing system prior to the first
point of use of the gas, the nature of the use of the gas
(i.e., home uses, manufacturing of products, industrial
heat, etc.), and the relationship between concentrations
in the gas or product at the point of use and exposures
to people. For example, if gas were used for industrial
heat to generate power where combustion products would be
vented through a stack, the concentrations of radioactivity
that could be permitted would probably be substantially
higher than if the gas were used for cooking or nonventec
heating in the home.

The criteria for acceptable levels of exposure to a
suitable sample of exposed population groups ust of course
be compatible with both the quantitative and qualitative
recommendations of the ederal Radiation Council. This
means that the concentration of byproduct material in
natural gas should be reduced to the extent practicable.
In view of the increasing importance of other sources of
exposure to ionizing radiation, te contribution of by-
product material in exempt natural gas produced by nuclear
stimulation should not take up a disproportionate share of
total exposures of the public to radiation from all sources.
It is too early at this time to estimate what that share
might be.

We do not believe it will be appropriate or reason-
able to establish a single limit, that is applicable to
all situations, in terms of either concentrations of
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radioactivity introduced into a distribution system or
limits on radiation exposure to the public. For example,
we suspect that it will be desirable in the developmental
phase of the production of natural gas by nuclear stimu-
lation to carry out tracer experiments in distribution sys-
tems using some of the gas produced in experimental pro-
jects. Such experiments would be useful in developing data
on such items as the behavior of gas in distribution sys-
tems, dilution factors, and critical pathways of exposure
to man that are essential to the development of limits.
The limits on concentrations of byproduct material permitted
to be introduced into a pipeline distribution system for
such tracer experiments could, of course, be substantially
higher than limits on large volumes of gas produced by nu-
clear stimulation for ultimate distribution on a commercial
basis.

It is likely that the regulatory controls which will
initially be imposed on the introduction of gas into com-
mercial channels will differ from those used at a later
time when the technology has been more fully developed,
pathways of exposure and affected population groups have
been better identified, and the accuracy of theoretical
exposure models has been confirmed by field assessment.
As the commercial production phase is fully realized, it is
possible that both the methods and specific requirements
for control will vary from one gas field to another to
achieve common objectives in limiting exposures. This
could result from important differences among gas fields
and the areas they supply, such as differences in composi-
tion of the gas, production rates, collection and distri-
bution systems, and a difference in size or nature of con-
sumer groups using the gas.

There are, of course, many questions that will have
to be resolved as the Plowshare nuclear stimulation projects
move forward. For example, how should the exposure cri-
teria and limits be related to the total volume of gas pro-
duced by nuclear stimulation as compared to the total vol-
ume produced by conventional means particularly as this
ratio increases with the use of the nuclear stimulation
technique? How do we determine all of the important path-
ways of exposure and take into account the variation in
exposure among users of the gas? The AEC is depending upon
the information and data being developed in the Plowshare
experimental program to assist in answering some of tese
questions and to serve as the basis for formulating those
controls necessary for the protection of public health and
safety. I would like to point out that any proposed regu-
lations that would be developed would, of course, first
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of all be reviewed at the highest level in the Commission
and would then be published for public comment before being
put into effect.

The criteria and controls for authorizing the distri-
bution and use of other products which may be produced as
a result of the Plowshare program will probably differ from
those which will be developed for regulating the distribu-
tion and use of natural gas produced by nuclear stimula-
tion. However, the basic approach discussed in this paper
would probably be about the same.
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QUESTIONS FOR LESTER ROGERS

1. From George Anton:

Since the benefit in the risk versus benefit consideration s not
really measureable, is not the actual interim practice in estab-
lishing criteria a matter of minimizing practicable exposures for
the activity being considered?

ANSWER:

I think the answer to that question is yes. It is a matter of mini-
mizing practical exposures for the activity that is being considered.
Of course once you minimize It, one then has to evaluate what likely
exposure there Is to be and then a decision has to be made on the
basis of that benefit-risk balance.

2. From Charles Hardin:

Would you care to comment on the question of jurisdiction or
regulatory responsibility for radionuclides released into consumer
products from Plowshare Projects, when such Projects are conducted
in Agreement States?

ANSWER:

I'll be glad to comment on this. I think we should hold in mind
the comment I made at the beginning of my paper and that is to
the effect that the question of just how the regulatory pattern
will develop for Plowshare is somewhat of an open question. But
I will answer in light of the present regulatory relationship
between the Agreement States and the Atomic Energy Commission.
Now for those of you who do not understand what the Agreement
State Program is, in 1954 under the Atomic Energy Act, the
Atomic Energy Commission was given its responsibility for the regu-
lating of all types of atomic energy activities. There was some
question about the role of states in this area and in 1959, there
was an amendment to the Atomic Energy Act, Section 274, which
authorized the Commission to relinquish its regulatory responsi-
bilities for bi-product materials, source materials, quantities of
special nuclear material less than a critical mass, when the governor
of a state certified or entered into an agreement with the Commission.
There were certain activities which were reserved by the Commission,
including the regulation of the production utilization facilities,
nuclear power reactors. One other area that was reserved by the
Commission was to regulate the transfer of products intended for
use by the general public when this transfer was made by manufacture
in an Agreement State. Now the Commission's regulatory responsibility
for the transfer of products by manufacture in an Agreement State
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is Iimi ted to the safety of the product i tse If and the manufactu re r
must have a license from the Atomic Energy Commission to transfer
that product. The in-plant safety, the manufacturing of that product,
is a responsibility of the Agreement State. So under the present
regulatory relationship, the Atomic Energy Commission would regulate
the release'of Plowshare products by the manufacturer and the manu-
facturer would need a license from the Atomic Energy Commission in
order to release that product in Agreement States as well as in Non-
Agreement States.
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