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desloned to-determine the feasibility of using nuclear exolosives.to

, the’féa31b111ty of such tsés of nucleaf exp1051vcs ’criteria and-

:controls for protectlon of the healuh and °~fetj of the publlc us*nv.

b 100 CONSIDERSTIONS FN THE DaVLOMMENE OF CRIFFRIS FOR CONTROL
.+ ..+ OF POPULATION EXPOSURES TO RADIATION FROM PRODUCTS

*;f{;~;%rﬁ-~-—-PRODJcLD ‘BY -PLOVSHARE: APPIICATIOhS

PreV1ous Qpeghnr° have described cdperlmbnual Plowshalc prOJects

‘.T> ald 1n thc product*ou of pxuﬂucts uuch as na;urql gas, oil and

:copper The ALOmlc Enelgy Comm1551on reco"n17es that in evaluatnnb

(]

4 the products are of prln Ly 1wportance. A key factor is to minimize

'~3the amount of re51daa1 radloact1v1ty that may become asscciated with

‘2.

* the products.' It is-for this reason that major objectives of the
.. Plowshare program are to dcvelob”information that will assist in the

:deternnnatlon of e\posuAes to ‘the, publlc from the use of products

vproduced by nuclc r.explosives and to‘investigate'mcans of reducing

the anmunt of.radioacpivity associated with the product, This

information will pexrmit 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,

’f;if Ev%n’for the wost advanced prOJeCl, the productlon of natural

7"

'-'gas by nuclear stlmulatnon it is Loo early to support detallcd

7 suogestiOﬂs as: to regu1atlons whlch mlght be 1moosed on w1d ~scale
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uses of such products, The purpose of this paper is to discuss some
of. the genexal congiderations in the'iuture.deve10pment.of‘regulétions

‘_jfapplicaple,to.commercial distribution of natural gas and other products
"thaﬁ‘might'be produced with the aid of nuclear explosives.

S-— —— -

o -

" The distribution on a2 commercial scale cf products such as -

'h;tural‘géé;”‘iiiand coppér to belpfédUcéd b& nﬁélea? exblosives
:'ihvolﬁéifaéfofs'that différ iﬁ many fespecté frbm.thpsé tﬂéﬁ-havé'
?'beeﬁ.taken into gecéhntbe the Atomic Enéfgleoﬁmission in its

: : s IR T ‘ '
'~p;esent regulations.7‘Exemptions fiom_regulatory control of various
: p;oducts that havebbéen'éspabiisheé-By £he A;omic Energy Commiss?on
'wefé not dé&élopeﬁ ﬁith Plowsﬁare~prbduced producés in mind and
" cannot be consideréd_t§ be directly"applicébie to such praducts,
However, fheré-are.manj factors, ﬁhich ‘have already received gxtensivé
;consideration by‘tﬁe Atomic Enéréy Commission in coﬂtrélling the
. distribﬁtion.to the general public.of othéfwﬁrdeCts conta;ning
_.ATFivd'J'.O.a'Cti‘\.:'e material, th‘ztazr_ also p‘{:’ctiiicdt L i.':rc Cxuveiopme.nt'
' of regqlati§hs fdé the’gon;iol_pf Pibﬁshére'érodﬁcts. It ié ugefgl

. at this point to réview thése éqmmon factors., ...
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by the FRC provides that as an operational technique, where the’

indivicual whele-bo dy doses are not kno a sultable sample of the

xposed populatison should be develcoped whose pretection guide for
annual whole-bedy dose will be 1/0 mrem per capita per year, These

1

exposure guidzs do not Include either exposuras o raéiation from

naturally~occcurring sources or exposures to radiaiion from medicel

procedures.,

Both the ICRP and the FRC considar that the primary purpose
; : :

. I

of Radiatios Protection Guides for individual members of the general

public is to provide gridance for limiting levele of radiation and
radioactivity in men's environment and recognizes that it may not

always be practical to assure that there will not be some individuals

vho will receive greater exposures than specified in the guide. For

- example, in paragraél 70 of its Publication 9, the ICR? statas:
“"The Maximum Permicsible Doses that have b
for occupational (ewphasis supplied) ewpos
as uoper limits, and the doses may have to d
monitored and controlled to ensure i the Maximum Pernisszible
Doses are not excecded, The dosea 1 tation for members of tha
public is a more theovretical concepl, intended to provide

: standard'lfo* tkc design and operetlon of radiation sources §o
that it (em; gupplied) that individuals in the
public wi 11 rece ; re a specified dosa.-The effectiveness

- of this is checked,; not by obsarving individuals, but by assess-

‘mants through sarmaling procedures in the environment and
statistical ca lculatioﬂs, and by a control of ‘the sources from
which tbe exp vre i : rise ..." ‘
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WBOCH thc ICRP und rRC use thcse‘L

~ better ?eﬁlechthe

“to develop altcrnativeArecoxmennatiohs
radioactivi tj in the environment

of sele
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te Tous

t

ovexr wu~c5 avera

of appropr
- (paragraph 74): Y

YBecause of tha innate variability wit
homogencous grouvp, somz meiders ... will ¥
somewhat higher than the Dose Limit, H
very low levels of risk implied, it is 1ik
minor consequence to their health if the D
'ma;g:qally or even snbs:arciglly excecded,

The ICRP further UHSdrve (paragraph 75) that:
"In some situations .., it may nol
the detailad studies necessary for th
the critical zrovp. To allow for indiv;cu
it will then bé necessary to avply an oper
_ facror' to the derived conce
-a menber of the public. ...
recommended for such factors woula vary ov
depending on the particulaxr circumstances
appliciﬁég'values are given in this repox
T ot :

to apply.

ate OIOLDS concludes
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ceive doses
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tional 'safety
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Qualitatively, the ICR?, the NCK?, and the TRC gen a‘ly recommand

that, within Radiatiecn Protection Guides, ewposures to radiation be

.. that it is important to ensure thal no single ty»a
0f population errosure takes up a d&lisproportionaite share
- of the total, The way in which this is dorme will depend
‘upon cirecumstances waleh way vary fzom country to country,
and will be determined by naticnal, eccnomic and social
considerations," i

S

- Recommendations of the FRC, like ‘those cf the ICR?, which
2 have just guoted, are ba sed on the natu:c-of the risks to

health of -radiation exsosur
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Dr. Tompkins.

Considerations such as these led the Radiation Council
to-inclucde, in its first recommendations
guidance, approved by the Presideni May 13, 1880, the Jollowing

gene"al recomnendations on the vse of the Radiation Protection

Cu id¢

"Lt is recommended that;
1. There should ot be a nan-mada radiation exposure
.without®the expectation of beny ¥ such exposurc.
. Activides resu1tinﬁ it man-me d on exposure should be
- authorized for useful applications provided recommendations set
.forth herein are follomed;. ' : ‘




out to fulfiil the Scnse cf theas

2. The term 'Radiation PxoLLLLvoa Cuide' be adopted for
Federal use. This term is defined as the radiation dose waich
: should not be exceeded without careful consideration of the
reasons -for doing so; every effort should be made to encourage
‘the mainterance of radiation doses as far below this guide as
practicable,
3 ° =': w %
SR 5. There can be no single permissidle or acceptable
L level of exposure without regard to the resson for permitting
' the exposure, It should be general practice to reduce
exposure o radiation, and positive effort should be carried
e

reconxendations. It is

basic that exposuze to radiation should reault from a real
deterninatio:.of;its nece sc1ty
R 3 = 5: =

7. The Federal agencies epply these Radiation Protcction
CGuides with judgment and discretion, to assure that reasonsble
- prodebility is achieved in the attainment of the desired goal
of protecting man from the .undesirable eiffects of radiation.
The Guides may be exceaded only afier the Federal agency having
. jurisdiction ovér the matter has carefully considered the reason
" for doing so in light of the recommendations in this paper."

It is within this framevwork that the ARC
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“works in developing appr

ate criteria, standards and regulations
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gbVerning the control 'of sources of e:
atomic eneroyri'itl i ies, including the distribution of consumer

products cont!!ning radioactive méterials. Simaly stated, the ARC

foogectlvus in ceveloplnc safeLy crlterla are ‘to prov ide rcasonable'

-

assurance that: S e :;:’\ L
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¢ aporoprlage effo*“s are made to 1Jm t exposures

_to the population from individual classes of “sources-of~

.. . exposure" as far as practicable;

‘¥(2) - the exposures of the gzenzral public to ionizing
o\ P g S g

radiétiqnlfrom 2ll sources will not exceed levels recommended
- by the FedgféI.Radiétion;Couhcil and approved by the President;
- and

‘,.‘fvf (3 the contrlbuglonw of in ividual classes of "sources-of-

- e$p05ure" to expOsures of the_public are not disproportionate

to thelr net COﬂtIlbuthna to the natlohnl'ﬁeifare}

“In undertaking to meet the se. ObJuCthLS find that different
: . | v i :

classes of "sources-of-exposure" involve-cgnsiderations that require

different regulatory controls and specific criteria for limiting

‘Whenever an activity or a product ‘that constitutes a new "source-of-

exposure, or a QubsLan.,lal modlllcatlon of an'e: 1sL1ncr one, is

-proposed, it becomes necessary to tevieﬁ exis ng regulatory require-

;mﬁnts to determlve x%at modlLlcaclons may bb desi dble to assuxe

??that our ob;ect've xnll contlnue to be wet, . o o ﬁ }' -

-

- their respective contributions to exposture of the public to radiation,



iIn considering tﬁe develooment of'cfifeféa and conkrols o
1imdit exposgrds.of the public to radiation frbm:byprGQuct material
contained iﬁ'cgnsumer prodﬁcts, it mquberbservéd at the éutset
"?haéiit.will genérally'ﬁot be'practiéal'tq achieve AEC objectives
bty reg;latgpg users 6%‘thé product} 'Not'only woul& fhe effort

recuired to effecfively regulate the user be eéxpected to outweigh

the reasons for introducing the byproduct material into the product,

‘but the impact-on

the user would generally be unacceptable to him,

Consequently, our interest is in the development of criteria for

determining whether or not the characteristics of a particular

product sufificiently limit its potential for exposure of members of.

4 .

the public to justify exemption of its use from regulatory control.

*d
H

Assurance that an exempt product meets specified requirements rust

then depend upon regulations applicable to the producer, importer,

Ls

or distributor of the prodict,
'In practice, the manufacturer or importer of a product containing

byproduct material is prohibited from transfekring the product for
distribution to the public unless the product is shown to meet the
requirements established in a specific license which authorizes the

distributiongm - . "“{;‘~.l;
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. - The Commission has developed gencral criteria for exempting

the use_of byproduct material in products that depend on the radio-
C , - L : . '

act1v1 ty to perform a useful function, as in the case of self-lumindus

prodvc s. These criteria appear in the Federal Resgister of March 16,
1965, Thelkey provisions of these criteria are:

M2, Approval of a preposed 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 con31d°"cd to be acceptable
if it is shown that in handling, use and disposal of the
product it is unlil ely that 1nd1v¢dua1Q in the population
- , will receive wore than a small fraction, less than a few
o " hundredths, of individual dose limits recommended by such
groups as the Interpnational Commission on Radiological ~ ‘
Protection (LCRP), the National Council on _Radiation .
Protection and Mezsurements (NCRP), and the Federal Radiation
Council (¥RC), and that tbe'probability of individual doses
approaching any of the specified limits is negligibly small.
'+ Otherwise, a2 decision will be more difficult and will require
a rareful weighing of all factors, including benefits that will
accrue or. be denied to the pu)llc as a 1ebulg of the Comnl ulOﬁ
action. ,.." :
"9, In cvalueLlno proposals for the use of radioactive materials
in consumer producis the p¥ 1ﬂc;pa1 considerations are:

v o (a) The potenLlal external and 11terﬁa1 exposure of
' individuzls in the population to radiation fruw

- .. - . the handling, use and disposal of in ndividual .
" products; ‘ )

'(b) The potential total aCCLﬂulé*iVu radiation dose to
- 1nd;v:duals in the population vwho may be exposed
o radlatlon from a nux ber of prcduuts,_




1such,as

the purpose of perforaing & useful fuaction as parit of

v,the produc

’the crltlcal pathways of e\posure to man'

The 1on0 ~texm poLenLlal c~“crra1 and 1ntcrna1
- exposure of the general population from the
“uncontrolled disposal and dispercal into the
~environment -of radiozctive materials from
~produccts authorized by the Corrission; and

(c)

_Tﬁe benefit thit will accrue to or be denied
the public because of the utility of the product
';_by appvoval oxr’ dlsaoproval of a specific product.’

| p &

oM. At the present time it appears unlegly that the total -
ccontribution to the exposure of the general publlc to radiation
from the use of radioactivity in consumer products will exceed
~-small fractions of limits recommended for exposure, to radiation
" from all sources. .Information as to total quantities of radio-
active materials being used in such products and the numbér of
- items being distributed will be obtained through record-keeping
and reporting requirements applicable to the manufacture and
distribution of such products. If radiocactive materials are
used in sufficient quantities in products reaching the public
.'€0 as to raise any question of population exposure becoming
a significant fraction of the permissible dose to the gonads,
“the Comaission will, at that time, reconsider its policy om
- the use of radioactive matorials in consumer products."

R . . NS ‘ . o C o ° )

These cviteria were intended to be specifically applicable only
to products into which radioactive materigl is incorporated for
P]_'O(‘ul\,"i.

P
Lt

its use in selflltminous devices. While the criteria may

prov1de some °u1dance on an app Onch to devblopmpnt of criteria for

.Plowshare gggducts there are nany naw faqtors introdﬁced in the

. r B
use of'products produced by nuclear explosives such as the type of

the naLure of the proce531ng ahd distribution systems;
and’the typé and size of
populatlon groups ‘that w111 use the varlous ploducts
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“Safety criteria and conditions of exemption specifically

applicable to each Plowshare-produced product should take into .

s

“account considerations such as the following:

t .

(1) Thexgdntribution of the-Plowsharc;produced

- product. to the mational welfare, .

- (2) 'The feasibility of 1imiting?radioactive N
_‘contaminatioh of the product, as released by a licensed

producer or processor; to acceptable levels,

(3) Possibie and ﬁrobable exposures to individuals
¢ ‘and population'groups‘as'a result of exemption of the

product from regulation under specified cornditions,

Among proposals to use nuclear explosives for the commercial

production of various pfoducts, ohly the pr0posa1'for use in the

production of natural gas is in an advanced stage, Prcject Casbuggy

and future Projects Rulison and Dragon Trail are designed to provide
information on the feasibility of commarcial production of natural gas

~. e

by this means. These experiments should provide much of the information

needed to formulate_confrols on the distribuﬁiqn“of gas and conditions
- undex vhigh use of the gas might be exempted from regulation, Additional

 studies will be required to provide information on matters such as

\

.E

' methods of reducing the amount of byproduct material in gas to the




i resultant ezposures of persons and groups of persons.

-

- produced gas and how that gas moves about in distribution systems.

- 13 ~

extent practicable and relationships betwcen concentrations of gas

77 intxoduced into various collection and distribution systews and '

%ﬁitﬁbﬁt atteﬁptiﬁg in any way to prgjudge the results of data
cdlleééion and gvéluatidnﬁéffort that‘is'really just beéinning, 1
thought yoﬁ migﬁ£ find it instrhctive if I vere tov;ketch out what
ay ¢a~s to beAa likely way for regulatnons to evo]ve. I would
empect us to feel our way tnrouﬁh several staoeehof developnent of

cr1te*1a and coqtrols as g s'from test “ells is introduced into

.distribution systems in an increasing amount as information is L

developed about fhé concentration of byprbduét material in ?lomsha;e»

»It secems reasonable in the first place that certain points

of control in a gas distribution system would be specified beyond

vhich the further distribution and use‘df‘the gas would be free

consumer prdduct. As -in the transfer and distribution of other

: exemﬁt’consumer products' the person introducing the gas into the

' radloactlve content of the gas as might be detgrmwned by the Commission

o T
dlstrlbuthg>system would be requ1£ed to meeL such 11m1Ls on thb

tq be nécassary for the protectionbof the public health and safety.,
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LR

The llmlts on waxlnum concentratlonq of rad10act1v1ty in

he

re

the gas would bc apolled at spcc ed p01an of control 1n
‘f dlstrlbutlon system Thesc 11m1Ls would be dC11Ved from c11ter1a

r“for accepeable leve]s of radiation ,poqure cO a su1tab1e sample

. . o

. of exposed populatlon groups using natural gas or~products produced
vfrom gas at varlous stages 1n Lhe dls-rlbut “on syutem. In der1v1ng
"the llmlts 1th0uld be necessary to take 1nto con°1derat10n the - . S

: radipnuclide and its chemical form, the dilution afforded in the

of the gas, the nature of the use of the gas (1 e., home uses, L

’:nanufacturlno of products 1ndustr1e1 heat, eté, ), and the relatlonshlp

]
K3

. boty 2en concentratlons in the gau‘or produ“t at rhe pornt of use and
empOSures to people For edam31e ‘1f,gas were used for 1nduer1a1

heat to generete pov r whcre combust:on proouc;s vould be _vented

- Lhrou°h & stack, the concentratlons of radroact1v1ty that could be

-

-1perm1tted vould probab y be oubstantlally hlﬁber than if the gae'

.

.

The crlterla for acccPtable levels of exposure to a qu1Lab1e_

-,‘samule of eAposed popu]atlon aroups must of course belcomdatible

.

;‘with both the.quantltatlve and quala,atnve recommendat:ons of the

'Federal Radlatlon Counc11 This means Lhat thu concentratlon of -

.
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byproduct material in natural gas should be reduced to the extent

;fpracticable. In view of the increasing importance of other
[sou1ces of e\posure to ioni in° radlatlou the contribution of
' byproduct mater:al in e\empt natural gas produced by nuclear.

stlmdlation should noL take up a dlsp*oportlonate share of total

i

, ' ' 1
: exposures of the publlc to radlatlon from all sources. it is too
i

early‘at this time to eétimate vhat that shazre might be.

We do not belfeve it will be aprOpriate or feasonable to
establish a single limit, that is applicable to all situations, in

terms of either concentfatiohs of 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 developrental

. A _ . o o
phase of the production of natural gas by nuclear stimulation to carry
out tracer experiments in'distribution systems using some of the

. gas produced in e\per {me ntal progects. Such éxperiments would be

1

useful in developing data'On such itcms as the behavior of gas in
' distribution syétems; dilution factors and critical ?athwz’s of
emposu;e to man that are essentlal to the devclogment of 11m1Ls The

ulllmits on d!%?entratlons o% byplouuct materlal permxtted to be 1ntroduoad




o differ from thosezused'aflalleter time>when'thertecheolbgy has been .
”imore fully developed, pathways of eprsure and affected'pOpulation .

‘-groups have been better 1uent1f1ed and the accu1ac; of theoree:cal

.. . _' .-:V - ‘ - 16“ . . . ",- H ‘ :

. . -
I . " 4

into a pipeline distribution system for such tracer experiments

could, of course, be substantially higher than limits on large

volumes of gas produced by.nuclear stimulationiﬁer_ultimatc

"~ distribution on a commercial basis. L - ' .

si;t is-likely that the regulétory controls which will initially

" - .be imposed on the introduction of gas into commercial channels will

- S

vexposure models has been conflrmed by fleld assessment As the

ccbmmercial produc 1ov phase 1s fu]l) rcallyed, 1t is p0531b1e tbat

both the methods and speeific requlrem ents for conerol wlll vary

from one gas field to another_to~aehieve cormmon objectives in limiting

’exposures. This could result from important differences among cas

-~

flelds and the areas they supp]v, such as dllferenccs in compositien

of the gas, producLaon rates collecLLon and dis tribution systems, and

‘ha s
o

JAb)
1#5]
a



before being put into effect.

develoPeiiior reoulatlng the dlst utlon and use of natural gas-

';discussed 1n thls paner nould probebly be about the same.‘f" S {t

ke 17.5_. o o
;There are, of course, many qucstions that will.haVe to be

resolved as the Plowshare nucleax StlFulot on projects nove forva rd

S For example how should the exoosure crlter a and llmlts be related

‘Vto the total voluve of gas produced by nLclcar stxmulatlon as comsared i

to the total voluwe YoJuced ‘b coqventional'means articularl es.this
P y P y

ratto 1nc cases w1th the uae o; tbe nuclea* stlrulatlcn Lechnﬁque?

How do ve deternlne all of the 1mpo rtant pathxv)s of exposure and take

int 'account tne varlatlon in exposure quﬂ" users of the oas° The

AEC 1s depcnd; S upon the information and data beipg developed in

.
-

'the Plowshace ekperlmental pron cam to a531st in answcrlna some of

these~questions and to serve as the basis foi formulating those.

ICOntrols necessary for thezprotection of'public health and safety.

I‘would 1ike to point out’t at any proaoscd revu]at¢onu that toqu

be developcd voulo, of course, flrst of all be revieved at the highest

0

level in the_Commls ion and vou]d then be pub]:shed for pub11c comment

.

“The criteria and'controls_for-authotiéinn the distribution and

" use of other plocucts xhlch mey be produced as a resu]t of the

Plovshare progran v111 ptobably dlffer fron those whlch will be

i'produced.By nuclear stlnulatlon.v Hox ver, tHe ba31c approach

N -'-f-'/ B .





