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PREFACE

The Proceedings of the International Conference on the Penceful Uses
of Atomic Energy are published in a series of 16 volumes, as follows:

Yolume

Number Title

1 The Warld's Requirements for Energy; The Role of Muclear Pawer..........

2  Physics; Research Reactors

........................................................................

Sessions
Included

2,32 4., 42, 5, 24.2,
&A, TA, BA, 9A, 10A.1.

3 Power Reactors .....ccccernireviiiiinias . 10A.2, A1, 11A, 124,
134, 14A,

4 Cross Sections Important to Reactor Design ..o 15A, 16A, 17A, TBA.

5 Physics of Reactor Design ......c.coccviiiveiciivnninnnaeimnesime v 194, 204, 21A, 224, 23A,

&  Geology of Urenivm and Thorium .....oooiiicniiinennnns . 6B, 7B.

7  Muclear Chemistry and the Eflects of Irradlohon reettmrteeeireeeismee s BB, 9B, 108, 11B, 128,
138.

8  Productian Technology of the Materials Used for Muclear Energy........ 148, 158, 148, 178.

?  Reactar Techneolagy and Chemical Processing ...ocvevveniiinncnn v 7.3, 18B, 198, 208, 21B,
228, 23B.

we 7.2 (Med)), BC, 9C, 10C,
460, 11C, 12C, 13CL

. 7.2 {Agric.), 13C.2, 14C,
15C, 16C.

- 4.3, 6.2, 17C, 18C.
. 7.1, 19C, 20C,

. 21C, 22C, 23C,

10 Radioactive Isatopes and Nuclear Radiations in Medicine ......

11 Biological Effects of Radiction .

12 Radicactive Isotopes ond Iomzmg Radlutmns in Agncuhure,
Physialogy and Biochemistry ..

13 Llegal, Administrative, Health and Sufety Aspects of Large-Scale
Use of Nucleor Encrgy .. s mrra et e et nr e e e

14  General Aspects of the Use of Radnoocnve lsctopes Dnsnmetry

15  Applications of Radicactive lsotapes and Flssion Praduets
in Research and IRAUSIrY ...t e e e aaees

16 Record of the Conference ..ccooveiceviincevence.

These volumes inciude all the papers submitted
to the Geneva Conference, as edited by the Scien-
tific Sceretaries. The efiorts of the Scientific Secre-
taries have beep directed primariiy
sctentific accuracy.

towards
[iditing for style has been
minimal in the interests of early publication. This
may be noted especiaily in the English transla-
tions of certain papers submitted in French, Rus-
sian and Spanish. Tu a few instances, the titles of
papets have heen edited to reflect more accu-
rately the content of those papers.

The editors principally responsible for the
preparation of these volumes were: Robert A.
Charple, Donald J. Dewar, André¢ Finkelstein,
John Gaunt, jacob A. Goedkoop, Elwyn O.
Hughes, lLeonard F. lamerton, Aleksandar
Milojevi¢, Clifford Moshacher, César A, Sastre,
and Brian E. Urqubart.

..........................................

1, 241, 24,3.

The verbatim records of the Confcrence are
included in the pertinent volumes, These verba-
tim records contain the author’s corrections and,
where necessary for scientific aecuracy, the edit-
ing changes of the Scientific Secretaries, whao
have also been responsible for inserting slides,
diagrams and skctches at appropriate points, In
the record of each session, slides are numbercd
in numerical order through all presentations.
Where the slide duplicates an illustration in the
submitted paper, appropriate reference is made
and the illustration does not appear in the record
of the session.

Volume 16, "The Record of the Conference,”
includes the complete programme of the Con-
ference, a numerical index of papers and an
author’s index, the list of dclegates, the records
of the OpCI!‘i'l'lg and C]O‘sil!g sessions and the come-
plete texts of the evening lectures.
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Administrative and Legal Problems
on the Use of Radioisotopes in Japan

By K. Suzue,* Japan

1. TRAINING

In order to train users of radioisotopes in the safe
handling of radicactive materials and to prevent
potential radiation hazards among the users, a train-
ing course is held regularly once or twice a year. The
course Iasts a week and consists of a series of lectures
and laboratory experiments. To date, the training
course was held at Tokyo University in 1951; at
Kyoto University in 1952; at hoth Kyushu University
and the National Institute for Agriculture in 1953;
and at both Hokkaido and Keio Universities in 1934,
Each course was held under the sponsorship of the
lapan Radioisotope Association and with the support
of the Scientific and Technical Administration Com-
mittee (STAC) of the Prime Minister's Office and
of the Ministries concerned. The course given is
generaily in conformity with that of the Oak Ridge
Institute of Nuclear Studies. Participants per course
amounted to as many as 300 in number, and many of
themn were permitted to participate in laboratory
experiments.

In connection with training and health safety in
the use of radioisotopes, the following students were
ordered to advanced countries: (1) H. Yoshikawa
(Prof. of Tokyo University) to the Oak Ridge
Institute in 1951; (2} IF. Yamazaki (Staff member
of Scientific Research Institute Ltd.) to the Oak
Ridge Institute in 1951: (3} T. Inoue {Technical
Officer of the National Personnel Authority) to Uni-
versity of London in 1953; (4) S. Nishigaki (Tech-
nical Officer of the National Institute for Agriculture)
to the Oak Ridge Institute in 1934; (5) M. Izawa
{Technical Officer of the National Institute of
Health) to the Oak Ridge Institute in 1955; (6) Y.
Hirata (Membher of Scientific Research Institute
itd.) to the Oak Ridge Institute in 1955; and (7}
N. Tkeda (Assist. Prof. of Tokyo Kyoiku University)
to the Oak Ridpe Institute in 1955.

2. REGULATIONS

The STAC is taking a leading part in the prepara-
tion of “Radioactive Substances Control Act’ which
has Leen under consideration since 1952, The object
of the Act is 1o prevent the occurrence of radiation
hazards as well as to ensure public safety hy control-

* Chief, Qffice of the Scientific and Technical Administra-
tion Committee, Prime Ainister’s Office,

ling the production, delivery, possession, use, meas-
urenient and other aspects of the handling of radio-
active substances and radiation-emitting apparatus,
and by calling for the survey and disposal of radio-
active contaminated materials.

The poiats now under discussion are as follows:
(1) erteria for permitting the production, delivery,
use, and so on; (2) disposal; (3) export and import ;
(4} transportation; (5) measurement and measuring
instruments; (6) education of radiation workers; (7)
qualifications of supervisors; (8) action in accidents;
(9) safety inspection; (10) restrictions on the en-
gagement of minors and inexperienced persons;
(11) health examination; and (12) handling of
radiation-affected persons,

The organization of the National Research Institute
for Radiation, which the Science Council of Japan has
recommended the Governnment to set up, is now under
consideration in the STAC in expectation of its
establishment in 1956. University courses on radia-
tion therapy have already been set up in various uni-
versities, but the Institute is intended to he the sole
consolidated bastc radiation research organ in Japan.

The orpanization of the Institute will be approxi-
mately as shown in Table 1.

A, WORKERS' COMPENSATIONT
General

The problem of eompensation for the workman
injured hy harmful radiation and radioactive mate-
rials is of rather recent origin in Japan. The problem
of compensation for marine workers has been dis-
cussed in the Diet but this suhject has so many social,
political, and even diplomatic implications that it
would be out of place to discuss it here. \Ve shall
describe here the present situation of compensation
for commion workmen relating to injury caused by
radiation, which has been in foree for several vears
since the war.

Compensation for Workmen by Lobor Standord Law

Historically, the workmen compensation system
estahlishcd by law in Japan goes hack for many years.
In 1916 we had already a svstem of compensation for
the worker with a considerable wide coverage as
provided by the Factory Law. The Labor Standard

F By the Labor Standards Bureay, Ministry of Labor,
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Table I. The Pragremmea of the Organization of the MNational Research Institute for Rudiation

Name af section Nawme of laberatery

Cantents of research

Physical section Measurement Jaboratory

First instrurment laboratory
Second instrument laboratory
Sensitive materizls laboratory

Chemical scetion First chemical laboratory

Second chemical laboratory

Third chemical labaratory

Biological section First liologica! laboratory

Secand bioclogical laboratory

Genctics laboratory
Radiation laboratory

Geuetics section
First inedical section

Radioisotone Inboratory

Second mediead seetion Radiation laboratory

Radiaisotope laboratory

Third medical section First medical {aboratory

Second medical lalwratory

Work section

Oice

Research on measuring instruments and methods
of radiation measurcment

Rescarch on diagnostic instrinnents

Research on therapeutic instruments

Rescarch on X-ray films, radioamograph, and
other sensitive matcrials

Biochemical research on radiation

Rescarch on separating and processing of radio-
isotopes, and preparation of isotope-labeled
compounds

Rescarch on chensicu! disposal of cantamination

Research on influcnce of radiation on human
bodics

Rescareh on radiobislogy

Research on genetic ¢ffects of radiation

Research on radiation f{o be used as a means
of diagnmosis

Research on radioisntopes 1o be used as a means
of diagnnsis

Rescarch on radiation to be used as a means of
therapy

Research on radiofsotopes o be wsed as a means
of therapy

Research on maximum  permissible dose of
vadiation in human beings

Rescarch on diagnosis and therapy of radiation
hazards

Aletallic, electric, and glass works, photographing
{including repraduction of litcrature), breed-
ing and cultivation, and manapement of ap-
paratus and nondurable moods, for the pur-
pose of promoting rescarches in cach section

General Afairs Division; Accounting Division ;
Feuipment Txivisin ;. Library

Law is jts successor in a developed and timproved
form, under which cowpensation for workmen in-
jured by harmful radiation is ensured.

In Chapter VIIT of this Law we have several
articles governing workmen’s compensation. Article
75 stipulates the compensation for the worker who
falls ili consequent upon the performance of duty, and
Article 76 assures the worker of the income equivalent
to 60% of his average wage as the nonduty com-
pensation, YWhen a worker dies in the performance of
his duty, the employer must, under Article 79 of the
Law, pay compensation equivalent to 1000 days aver-
age wages to the bereaved family.

In case the worker who receives compensation
under Article 75 fails to recover from the injury or
illness in three years from the date of his first medical
treatment, the emplover may discontinue the com-
pensation prescribed in this Law after paying an
expiry compensation equivalent to 1200 days’ aver-
age wages of the worker, This 1s stipulated by Article
81 of the Law.,

Compensotion for Injury or lliness Coused by
Hormful Radiction

These ahove-mnentioned Articles relate to the com-
pensation of worlkers. 1Tnder the terms of the lin-

forcement Ordinance of the Lalor Standards Law a
wide range of occupational sickness s covered by
Article 75 of the Law. This consists of 38 items of
sickness or poisoning. The fourth of these iters
covers diseases caused by radivm rayvs, ultraviolet
ravs, N-ray and other injurions radiations. Under
Article 35 of the ordinance we compensate tlie worker
who 15 suffering from diseases caused by harmful
radiations.

Moreover, the scope of medical treatiment is set out
witker the stipulations of Article 75 of the Law, includ-
ing the following items—(1) medical examination;
(2) supply of medicines or materials for medical
treatment; (3} operations and other medical treat-
ments; (4) hospitatization: (3} nursing: and (6)
transference of the patient—which are included in
Article 36 of the Ordinance. Article 37 also stipulates,
it case the worker should he njured, 1all ill or die
while on duty.in the working place or in buildings
connected with the enterprise for which he works,
the employer must arrange for a medical examination
Ly a physician without delay.

However, these Articles do not indicate the serjions-
ness of the disease for which workers shall he comi-
pensated, Since the condition of disorder caused by
harmful radiations is continttous and normally he-
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comes worse very gradually, it is very difficolt to
distinguish the disordered from the normal. There-
fore, we had to determine the degree of disorder
caused by harmful radiations by the following regu-
lation,

In a case where a worker, who is usually engaped
in jobs in which he is likely to be exposed to harmiul
radiations emitted by radium, X-ray tubes, or other
wnising radiations emitted suffers from radiation sick-
ness, this shall be ¢onsideted as the discase reguiated
in the fourth item of Article 35 of the Enforcement
Ordinance in the following circumstances :

1. When there is any cancer, ulcer, etc., of the skin,

2. When the number of red corpuscles in 1 ¢emi® of
capillary blood becomes regularly less than 4 million
in case of male, or less than 3.5 million in case of
female,

3. When the munber of white corpuscles in 1 em?
of capillary blood becomes regularly less than 4000.

The meaning of “regularly” in these cases is as
follows: it indicates that blood has been taken from
the damaged workman twice in two consecutive dayvs
without anyv difference heing shown in the average
blood corpuscle count.

In addition, Article 85 of the Law preseribes that
persons who have any objections to the recognition
of the occupational illness or death, the method of
medical treatment, the amonnt of compensation
awarded or other matters pertaining to the conmipen-
sation, may demand an investigation or arbitration,
and the employving office is also authorized to demand
a medical examination or autopsy when the office
deems it necessary,

Workmen Compensation Insuronce

In order to fulfill his duty as prescribbed by the Law,
the emplover sometimes has to shoulder very big
burdens.

Therciore, we have a svstem of Workmen Com-
‘pensation Insurance, which is one of the most im-
portaut social insurance sysiems in Japan. It lessens
the burden on the employer and ensures compensation
for the worker.

The employer pays a premium to the government
every vecar and the government gives the bencfit to
the worker who has to be coinpensated. .

For the enforcement of the system we have the
Workmen Compensation Insurance Law which has
the same coverage for occupational diseases as the
Labor Standard Law.

LEvery cinplover who employs a certain number of
workers in hazardous conditions has to enter the

system, and the worker who has been engaged in
hazardous work, even if he is now retired from that
work, never loses the right t0 be compensated, if the
necessity arises,

There is a small gap in this system. If the number
of workers who are engapged in hazardous work is
very small in proportion to the number of other
workers in the same enterprise, the employer need not
enter the insurance system. Thus X-ray technicians
or doctors exposed to hazardous radiations in a big
hospital may sometimes lose some of the advantages
of insurance, but this does not mean they lose the
right to be compensated under the Labor Standard
Law.

The Workmen Compensation Insurance has been
in force since 1948 and costs more than 10,000 million
yen every year,

PRESENT SITUATION

From 1950 to the present, we have statistics of
occupational diseases which were coinpensated under
the above described regulations evety vear.

The following numbers are those which have been
approved as compensated cases under the fourth item
of Article 35 of the Ordinance: 1950, 8; 1951, 29:
1952, 24; 1953, 11; 1954, 36,

However, we cannot be so optimistic about the
radiation hazards to which more than 20,000 workers,
including nedical doctors, X-ray technicians, nurses,
N-ray operators of heavy industries and other work-
ers are exposed, because there seem to he numerous
unreported cases of radiation disease.

In a limited survey carried out very recently, the
following surprising findings were made:

We examined 65 doctors, 75 X-ray technicians, 42
other workers at medical installations, 32 industrad
workers operating X-ray machines or working with
radiosotopes. Among them were found 9 doctors, 22
X-ray technicians, 9 medical workers, and 4 in<ustrial
workers who required medical treatment or rest, The
proportion of affected persons was almost 205 of
the total number examined, which was a surprisingly
large proportion. However, as the eriteria used werc
very strict, it is hoped that the real level of radiation
sickness 15 a little lower than these statistics indicate.
But it must be presumed, at present, that there may
be a considerable numher of unreported, or not yet
discovered, cases of radiation disease.

We are therefore now making great efforts to
establish the real extent ol the hazatds, to learn how
to prevent it aud to protect workers from hazardous
conditions. '



Administrative and Legal Problems of Widespread Use of
High-Level Radiation Sources—Industrial Health and Safety.
Radiological Health-Safety Codes

By W. Binks,* UK

Radiation hygiene involves the study of the effects
of ionizing radiation and the adoption of measures to
prevent radiation injury, As regards the effects of
radiation, the knowledge gained from earlier experi-
ences with X-rays and radium has been supplemented
in recent years through biclogical studies with a
number of artificially produced radioactive isotopes.
On the basis of such knowledge, recommendations
have periodically been drawn up by various national
and international bodies on the practical measures to
be adopted to avoid injury to radiological workers.
The production and widespread use of vastly in-
creased quantities of radioactive materials do not
present any radically new problems regarding radia-
tion effects. They do, however, create not only a more
difficult problem in protecting those engaged occupa-
tionally in the use of radioactive materials but also a
growing public health problem.

RESPONSIBILITY FOR PROTECTIVE MEASURES

Those responsible for framing protective measures
lrave, in the past, tended to rely on the tnethod of
*self-regulation”, that is, one in which guidance in
the form of recommendations has been placed at the
disposal of radiological workers and their employers
whom, it has been hoped, would Le sufficiently knowi-
cdgeahle and thoughtful to exercise reasonable meas-
ures of contral to prevent injury either to themselves
or to others. While, in the main, this policy has
worked, tlie actions of some defaulters have led to the
view that stronger measures of control are required,
particularly now that the consequences of such de-
faulting may also seriously aflect the health of the
public.

The primary responsibility for radiation hygiene
now rests with the State, It is, indeed, becoming in-
creasingly difficult to find a Ministry which has no
part to play in radiation protestion. In shouldering
this responsibility, the State has to decide what meas-
ures it will adopt to control the position. It is no casy
decision to make.

Since it is impossible to prohibit all use of ionizing
radiations, and since any significant radiation level

* Radiological Protectior, Service (Ministry of Health and
Medical Research Council} Sciton, Surrey, England.

above the natural level of radiation from cosmic and
terrestrial sources to which man has always been
subjected is believed to have deleterious consequences,
it is clear that, whatever control measutes are sought,
some degree of damage, however small, must be ac-
cepted. A calculated risk has then to be faced, both as
regards injury to radiological workers and injury to
the community, in a genetic scnse, which may result
from the exposure of “large populations” to very low-
level radiation from radioactive waste products, In
this connection the International Commission on
Radiological Protection! (ICRP)} bas recommended
that, for those occupationally exposed, the basic max-
imum permissible weekly dose to tie critical Dody
organs should e 0.3 rem in one week, while, for
prolonged exposure of a large population, this maxi-
mum permissible level should be reduced by a factor
of 10. Fach country will, however, have to decide
how close it will swork to these maxima,

LEGISLATIVE CONTROL VERSUS QTHER
FORMS OF CONTROL

In devising control measures, several aspects inust
be considered:

An important difference between radiation hazards
and many other occupational hazards is that the
appearance of radiation effects is delaved, sometimes
for 15 to 20 years. Accordingly, the problem must be
viewed not in terms of injuries or absence of injuries
at the present moment but in terms of what might be
anticipated some years hence if inadequate nieasures
ard advocated from the start,

There are several disadvantages if complete legis-
lative control is introduced. The doses permitted
under all circumstances and the techniques to be
followed must be defined very closelv. This will
greatly impede developments in the peaceful applica-
tions of atomic energy. In any case, it seems impos-
sible to ensure that all the statutory rules are obeyed,
however large an inspectorial staff is engaged.

Uniortnnately in no country has the state been
reached when recommendations plus self-regulation
are adequate.

Pressure of economic forces is leading to demands
for as much relaxation as possible in the permissible
levels of radiation.
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Tt is clear that the legal and administrative meas-
ures which are adopted will have a great bearing on
the rate of cxpansion of industrial and other applica-
tions of radioisolopes and on the future health status
of individual radiological workers and of the com-
ntumity at large. Though some measure of legislative
control appears to be nccessary, the statutes should
be as siinple and restricted as possible. The State
could lay down the maximum permissible levels which
must not be surpassed, but the method of achieving
this statutory demand could be through codes of geod
practice, through puidance and supervision f{rom
leaith-physics groups and through the approprizte
education and training of all concerned. The codes
would not aim at being detailed inflexible specifica-
tions of technical procedures but would Le in the
naturc of performance codes, giving guidance to the
users of radioisotopes on the design of Iaboratories,
shielding, general working procedures, disposal of
radioactive waste, transportation of radioactive iso-
topes and tests for monitoring the radintion received
by personnel and for checking any clinical effects.
The heads of radiclogical departments} would thus
be granted a reasonable measure of freedont in design-
ing laboratories and in devising the techniques and
protective mcasures to be adopted. At the same time,
some of the responsibilitics would devolve upon them.

This is basically the policy Leing pursued in the
United Kingdom. Clearly there is a need for uniform-
ity amongst the codes intended for the various special-
ised groups. It is hoped to effect such uniformity
through Haison between the various Mlinistries in-
volved, acting through an administrative and scientific
advisory committee.

BASIC FEATURES OF CODES OF PRACTICE

In preparing its recommendations on radiation
safety standards, the ICIRP has adopted the policy of
dealing with the basic principles of radiation protec-
tion and of leaving to the various national protection
comniittees the task of introducing suchy detailed tech-
nical statutory regulations or codes of practice as are
considered hest suited to the needs of their individual
countries. The latest report of the Conumission deals
with the maximwmn permissible weekly doses for ex-
ternal and internal radiation sources {including the
maximum permissible body burdens and maxinum
permissible concentrations in air and water of a
large nuniber of radioisotopes now in use) ; also with
the general principles regarding working conditions
in radiological departments and with some useful
experimental data on the absorption of direct and
scattered X-radiation. Unfortunately, the new report
of the Commission does not deal with the handling
and disposal of radioactive materials, although a sub-
committee is actively engaged in preparing recom-
mendations on these aspects.

f The ICRP defines a “radiological department” as a de-
partiment or ared in a medical, industrial or research organ-
ization where there is a potential radiation hazard, This same
meaning witt be adopted in the present contribution.

Pending the completion and publication of this
additional ICRP docuntent, it might be of interest to
Delegates to the Conference to learn something about
the general trend of thought in the United Kingdom
as to the basic features of a code of practice to cover
the use of radioactive isotopes.

In the first place, there is geneval acceptance of the
values fur the maximum permissible weekly doses
and for the isotope levels in the body, in air and in
water recommended by the ICRP {or radiation work-
ers. As these values are only a rough guide to the
relative harmfulness of the isctopes which might be
deposited in the bedy during operations involving
their manipulation in unsealed form, the next step
has becn to prepare a broad classification of the iso-
topes according to their relative radiotoxicity, taking
into account, where possible, other factors such as
the types of compound in which the isotopes appear,
the specific activity (depending on the degree of
dilution or, in the case of naturally-occurring radio-
active isotopcs, on the long life), the volatility and
the relative radiation doses to critical organs and
tisstes (including the gastro-intestinal tract) when
accidentat ingestion or inhalation occurs. In torm
these factors have to bc considered in relation ta the
radiochemical laboratory facilities to be provided for
the quantities of isotopes to be manipulated aud to
the complexity of the procedures mvolved. The iso-
topes are regarded as falling into {our main classes
of relative toxicity, shown in Table .

1t 15 felt that three grades of laboratory should
suffice for the handling of the various quantities of
isotopes given in Table II. The !owest grade of
laboratory (Grade ) would e any mndern con-
venlional chemical Iaboratory, fitted with at least one
good fume hood and having floors covered with
tinolensm and work benches provided with non-ah-
sorbent tops or disposable covers. A Grade B Jabora-
tory would be a high-grade chemical laboratary which
may have to be provided with glove boxes as well s
fume hoods. As regards the top grade of laboratory,

Table !
Retative Grade of leboratory reguired for isotops
radio- . at rauak {crelx of aelivitx spectfied belowe

toricity Classi-

of tiotape fieation In n A
Very high 1 < 10pc 1M ec-1me > 10me
High 2 <10 ee 1me-10me =100 me
Moderate 3 < Ymc 10mc-100 mc - N
Slight 4 < 1me 100me-1tc¢ = 10c

I - w

Modifving factors to be applied to the above quantities,
according to the complexity of the procedures to be followed.

Pracednre Modifying factar

Storage (stock solutions) x 100
Very simple wel operations x 10
Norma!l chemical operations x1
Complex wet operations with

risk of spills X0l
Simple dry operations
Dry and dusty operations = 001
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such as P and I'™ for internal administration to
patients have health physicists on the stalf who are
responsible for the necessary safety measures and
monitoring procedures. Again, the departments
within the Atomic Energy Authority for the United
Kingdom have health-physics sections which perforin
the duty laid upon the Authority in the Atomic En-
ergy Authority Act, 1954, “to secure that no ionizing
radiatioos from anything on any premises occupied
by them, or from any waste diseharged (in whatever
form) or from any premises occupied by them, cause
any hurt to any person or damage to any property,
whether he or it is on any such premises or else-
where,” But outside these specialist groups there are
several thousands of workers in smaller hospitals and
in industrial, University and Government departiments
who look to others to provide these surveying and
monitoring services. This work, at present under-
taken by the National Physical Laboratory, is ta be
transferred tn, and expanded under, the new Radio-
logical Protection Service, which is a centralised unit
set up by the Ministry of Health and Medical Re-
search Council. The aim of the Service is to mive as
much help as possible to radiation workers in dealing
with protection problems and to further the general
policy of the country to maintain a satisfactory stalc
of affairs as regards radiation hazards through guid-
ance, supervision and education rather than wholly
through statutory regulations.

In attempting to operate protection scrvices, it
appears that somc departure from TCRP principles
is necessary. The Comntission expresses permissible
weekly dose in terms of the quantity of ionizing
radiation received fn one sceek and not per tweek.
Limitations in available staff have however, in gen-
eral, resulted in radiation menitoring tests heing
conducted over a period of not less than 2 wecks.
Furthermore, difficulties arise as to the procedure to
Le followed after a person has been over-exposed,
either accidentally, or in a planned emergency which
may arise, with high-level activities. 1f he has re-

ceived, say, a dose of 1.2 rems in cue week (that is,
four times the permissible dose}, should hc be re-
moved comipletely {rom duties involving radiation
exposure for the next three weeks or should he be
allowed to continue working under conditions in-
volving much less radiation ¢xposure for a compen-
satory period of, say, 12 weeks until the average for
the total 13-week period is below the permissible
weekly dose? Tf the former course is adopted, work
may be impeded ; if the latter—and it does not seem
unreasonable—permissible weekly dose is, in effect,
averaged over a period of 13 weeks,

INTERNATIONAL COOPERATICN

There are, aof course, several administrative fea-
tures of an international character, There is need for
the collection and dissemination of hasic Information
about radiation effects and protective measures.
Again, transportation of radioactive materials, dis-
posal of radioactive waste, and agreement on a
symhal for radiation hazards are matters of interna-
tional concern, whilst a serious accident to a nuclear
power reactor in any country is likely to have world-
wide repercussions.

It would seem that therc is likely to be a racc
between nations in developing nuclear power reactors
and in attempting to capture world atomic markets.
It is not impossible that, in such a race, competitive
considerations will lead to drastic economies on radi-
ation protection being urged. There is thus need for
internations] agreement on the minimum standards
to he allowed. In these respects, international bodies
such as the International Commission on Radiologi-
cil Protection, the International Labour Office and
the World Health Organization have a very impor-
tant function to fuifl.
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The experience of the past ten years has brouglt
to light methods which might be used successfully
to prevent the radiation background from rising, but
the precise numerical data relating radiation back-
ground to effects on the world population are lack-
ing. Such numerical data are all-important if public
health is to function efficiently in its relations with
the dévelopment of nuclear power. The correct
mumerical answer to this problem is not at hand and
will not be forthcoming for some time. Therefore,
the way is open to the two extreme courses of over-
caution or undue leniency.

The public health problemy at the moment is not
an casy one, It is further complicated by the fact that
public health depends on the degree of organization
of a community, and since the types of communiiies
affected by the development of nuclear enerpy will
be diverse, it will be most essential that operating
standards be clearly defined.

The present codes of practice for dealing with
radioactive effluent {rom atomic energy plants are
compiled on the supposition that an insignificant pro-
portion of the world population is involved. When
the exposed population becomes significant, these
codes may have to he made more exacting. The lim-
iting factor in compiling standards is, and is likely to
rosnain for some time, knowledge of buman genetics,
a subject on which there are few relevant quantita-
tive data. The onty hope for a quick answer of a
qualitative nature applicable to human genetics is the
work now going on in the genetics laboratorics of the
wurld. The fate of an irradiated population of certain
organisms could give information which could be
applied qualitatively to the human race. Dut time is
short, and public health mmust fulfill its obligation by
intelligent control so that general exposure to radia-
tion background will not soon reach levels from

- whieh there is no return.

- With this problem before it, public health must
profit from the experience of the industry during
the last ten years; it must not be accused of hinder-
ing the development of nuclear power and thus de-
priving the world of its benehts. It must coopcrate
now with those responsible for the technieal develop-
ment of nuclear power. The industrial expericnce of
the past has shown that the public health problems
which have been forescen and attended to ahead of
time have proved less costly than those discovered too
late, after a period of operation.

THE BROAD PUBLIC HEALTH ASPECTS

Since public health activities must be integrated
with the other disciplines involved id the development
of nuclear energy, it must Arst have representation
of the highest order capable of appreciating the prob-
lems as they arise in other scientific fields. Such per-
sonnel does not exist in the required numbers at
present, and the first task of public health is there-
fore to embark on a comprehensive training pro-
gramme. It is necessary, on the other hand, for the

engineer and physicist to appreciate the public heaith
problem. Since this is a rapidly expanding field, pub-
lic health personnel will have to be kept informed of
the latest developments. These developments will be
taking place all over the globe and it witl be a task
in itself to sort out the important findings from the
vast body of literature which will grow up. This is
already a problem even at this early stage.

The task of public beaith will be lightened consid-
erably by the provision of adequate protection in new
installations, and for this reason it must collaborate
at the early design stage. DPresent nuclear energy
plants suffer much from the fact that not enough
protection was provided for in their design, and they
therefore need to be patrolled by large radiological-
safety crews. Although safety crews will never be
completely abolished from nuclear power installa-
tions, it is desirable for economic reasons that they
be kept as small as possible by providing for maximal
protection in the design of plants. Much experience
in providing protection has already been accumulated,
and this has an additional appeat on the basis of
lower operating costs. It is assumed that as experi-
ence is gained, accidents in muclear plants will Le-
come as rare as in other types of industrial plants.
Fhe troubles still encountered in present nuclear
energy piants were generated when aperations were
started and knowledge was inadeguate, This is a warn-
ing to remind us that a correct start be made, for
difficulties arising from a false start in this field will
make their presence felt for a long time. Since the
development of nuclear power is now a world con-
cern, it is also necessary that the public heaith pro-
gramme be co-ordinated at the highest national Jevel
so that there can be full international co-operation.

Another important aspect of publie health interest
will be the siting of nuclear energy plants. In general,
these will be of two kinds: reactors producing power
and plants to process the spent fuel. The reactors may
have to be close to large centres of population. In
general these will not present much of a health prol-
lem unless there is an accident or the effluent systerus
are not properly designed. Reactors must therefore
be built, at jeast at this stage, on the assumption that
there is always a possibility of an accident, and thus
the proper safeguards must be incorporated.

The more difficult installations will be the fuel re-
processing plants though these, with improved tech-
nology, could be quite safe. At the present stage we
must expect the usual amounts of low-activity wastes
which arise from one reason or another and whicly
will have to he disposed of localiy. The siting of such
A plant will therefore be determined by transpotta-
tion facilities and proximity to a suitable site for
disposal into the ground.

Working practices in nuclear energy installations
are now well established; the records for radiation
safety in such plants are probably the best in the
world, However, it will be necessary in the interest
of public health to institute broader precautions. At






PUBLIC HEALTH AND RADIATION PROTECTIOM PROBLEMS 13

A SUGGESTED PUBLIC HEALTH PROGRAMME

For public health to play its part in the develop-
went of nuclear power it must be sure that ils
demands are consistent with sound principles of
radiological protection. Already in many quarters
there is the suspicion that protection against radia-
tion is _being overdone. To aliay these suspicions a
public health programme must be designed to seek
the knowledge, which is now lacking, on the quan-
titative effcets of chronic low-level irradiation on
humans.

It scemis now possible to suggest a programme of
worl which might be logically undertaken by public
health along with the development of nuclear power.
This programme is not intended to be all-inclusive
and would certainly be subject to modification in the
light of review hy technically competent bodies such
as the ICRP. The intention is to create a starting
point for discussion in the hope of stimulating action
in the right direction. The {following items among
others might be unsefully included in such a pro-
gramme.

The Training of Public Health Personnel

This is one of the immiediate important require-
ments. The ficld of nuclear technology is expanding
rapidly. Tt is necessary that public health authorities
join in this expansion as soon as possible. The nun-
lier of public health personoel trained in this special-
ized field is at present inadequate, especially in
countries which as yet have no nuclear energy pro-
grawmes. PPublic health personnel must be trained to
such a level as to command the respect of their coi-
leagues in physics, chemistry and engineering if their
advice is to Le hecded. The detailed requirements
of such a traming prugramme and the method in
which it will be effectcd are dealt with in another
-paper prepared by WHO.

The Dissemincation of Pertinent Public Health Iaformation

There is at present a vast hody of knowledge con-
cerning the radiological health problems associated
with nuclear cnergy. Some eonsideration has also
been given to the general problems of public health,
For various reasons this knowledge is not available
in a cordinated and condensed form. This undesira-
ble state of affairs is one which can be eflectively
corrected if the present infurmation were co-ordinated
and made available to those requiring it. The effort
necessary to do this woutd be considerable and a way
to attack the problem would be four an international
organization such as WHO to sclect important public
health subjects and to have them discussed amongst
groups of experts working in the respective [ields.
At the same time due attention should he pnid to the
necessity of dealing with new information as it be-
comes available. Such an infnrmation service will he
invaluable to public health adinimistrations, especially
in countries which have hind no previons connection
with radiation problems,

A World-Wide Scientific Study of the Somatic Effects of
Low-Level Radiation on Humans in Relation 1a the
Intensificetian of the Radiation Background

Such a study must unidoubtedly be supported by
work on animals which would on the whole yield
qualitative data. This subject will be deait with in
other papers presented at this Conference. Quantita-
tive observations on the effect of radiation on humans
have been sadly lacking. For this reason there is 2
great cffort taking place to try to extrapolate the
results of arimal experiments to get quantitative
information which would be of use to public health.
A first step in this progranime would be to reconsider
the present system of collection of vital statistics and
to add to it or modify it in the light of the health
prablems of the nuclear age. The staudurdization of
statistical information to include radiation effects
could well be aided by advice from the ICRP,

The incidence of the radiation-associated discases
would have to be studied it relation to the intensifica-
tion of the radiation background. For this purpose
specific tadioactive isotopes which have heen shown
to be damaging to animals, such as strontium-90,
migit be selected for initial scrutiny. The assays at
low radiation levels which enter into this work re-
yuire special technical skills and the use of advanced
measuring equipment. This technical knowledge mnst
be ncquired by health personnel. A difficult teehnical
sttidy of this kind would e much more effective on
a world-wide basis if those undertaking it have at
their disposal uniforin methods and common stand-
ards so that all results eould be ulfimately compared.
1t must be appreciated that such a research would be
a long-tcrmi one, but there secems to be no other way
of obtaining the required information.

A particular aspect of this work would he the
study of human bLeings irradiated as a consequence
af occupational or other couditions. These arc to be
found among the following: (1) patients submitted
to radiation therapy: (2} workers in medical radi-
ology; (3) workers tn the nuclear energy industry;
and (4) workers in the uranium mining industry.,

International standardization and nter-comnpari-
son of experiences wottld again be of great value in
this field, t must be realized that although radiation
is easily measured it is very difficult to get reasonable
agreement when these measurements are made in
diverse ways and places.

A STUDY OF THE RADIATIONANDUCED GENETIC
DEFECTS IN THE HUMAN RACE

This is an extremely difficult problem and a clear
method of attack is not evident. The penetic condition
of the human race is in a dynamic stage and it would
be almost impossible to distinguish small shifts due
to radiation, yet it is this factor that is presently
influencing the limit which is considered acceptahle
as the world-wide radiation background. An cxperi-
ment on mamunals such as rats would perhaps give






The Achievement of Radiation
Legislative and Other Means

By Lauriston 5. Taylor,* USA

I, VOLUNTARY PROTECTION MEASURES

The potential hazards of ionizing radiation were
recognized within a few years of its discovery. Minor
precautions in its use took place beginning at that
time, but it was not until about 1920 that the seri-
ousness of radiation hazards was first generally rec-
ognized. The increased hazard was brought about in
the main by the advent of the hot-cathode Conlidpe
tube that produced quantities of radiation never he-
fore known. In one sense the situation was compara-
ble to that of the last 10 years wilien again we have
been confronted with radiation problems, that while
not essentially new in nature, were of a considerably
greater magnitude because of the much wider variety
and size of soutces. This, of course, was brought
about by the use of artificially-produced radioactive
isotopes in medicing, industty and research. As in
the 1920’s, we are again facing an increase in the
problem of protection and becatse the magnitudes of
today are so much greater, we find ourselves cau-
tiously looking at more stringent means of controlling
radiation.

From the outset, various means and methnds have
been employed by countries, states, cities and in-

" dividuals to control radintion. In this report, a num-
ber of such examples will be given, but it shouid
not be implied that these represent the only cases
wherein radiation protection efiorts have been carried
ont. I addition to those cases of which the author is
aware, there are undoulitedly many other cases of
which lie is unaware.

For many years, the eflorts toward radiation con-
trol and radiation safety were mainly on a voluntary
Lasis. In some cases these efforts were materially
assisted by somc central laboratory or other organi-
zation. For cxample, in 1925 Sjevert in Sweden of-
fered the services of his Institute {or the provision
of radiation safety inspection and evaluation. The
use of these services was up to the individual hut
they were available upon request, At the outset of
this program, there were only a few dozen racdiation
installations in Sweden, Of course, as in the rest of
the world, the number increased rapidly until in the
30’s it began to appear that some mere formalized
inspeetion procedurcs would be desirahle, Accord-

* National Bureac of Standards.
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ingly, in 1941 a State act was passed which required
the licensing and inspection of all radiation installa-
tions. The responsibility for this was delegated to the
Radiophysics Institate in Stockholm. Both plans of
radiation controf in Sweden have worked well and
they have an enviable reputation for radiation safety
in that country.

Similarly in England, a voluntary radiation inspec-
tion service was started in the early 20's. In this case,
the services were performed, upon request, by the
National Physical Laboratory in Teddington. At the
present time no compulsory radiation legislation
exists in England although it is understood that plans
for legistation are now being worked upon and may
go into cflect in the near future.

In New Zealand, radiation protection regulations
were established in 1951 under their Radioactive Sub-
stances Act of 1949. Their regulations call for li-
censing and inspection of all radiation sources and
the program apparently seems to he working out
satisfactorily. The field and laboratory services are
performed by the Domimion N-ray and Radium Lab-
oratory of the Department of Health in Christ-
church. It is not known whether or not they hal
stmilar services available on a voluntary basis prior
to 1951.

Germany has for many years provided voluntary
radiation inspection services through its Physikalisch-
Technische Dundesanstalt. Likewise, other countries,
such as France, Denmark, Italy, and Canada, have
had voluntary radiation-cantrol programs for many
years.

The control of radiation in the United States has
been on a less centralized basis. This is occasioncd
in the main Ly the very large distances involved over
the country as a whole, and the very large number
of radiation sources which would be subject to con-
trol. The problem is further complicated by the fact
that any control measures would normaily fall to
each of the 48 States. The National Burean of Stand-
ards, from which stems muech of our radiation pro-
tection information, does not regard the provision
of radiation inspection and control functions as fall-
ing within its purview. While the U, 5. radiation
safety record is possibly not as good as in those coun-
tries where eontrol services were available (there is
no good hasis for comparison), it has nevertheless
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not been a serious problem in comparison with other
industrial hazards and accidents, Within recent years,
there appears to be a growing desire to set up radia-
tion legislation and regulations in the individual
States, While at the moment there are only one or
two states having laws dealing with radiation pro-
tection, at least a dozen states are actively wotking
ont the problem, and it is anticipated that within a few
yenars a1 substantial number of the more highly indus-
trinlized States, at least, will have some degree of
radiation regulation.

li. GUIDANCE PROYIDED BY NATIONAL AND
INTERMATIONAL ORGANIZATIONS

Guidance in the maiter of radiation control in dif-
ferent countries has been provided, to a major extent,
hy the recommendations of the International Com-
missiot on Radiological Protection, This Commission
was established in 1928 under the sponsorship of the
International Congresses of Radiology. It has re-
mained in active operation ever since and has pro-
vided a substantial degree of world leadership in the
field. Prior to 1928, several countries, notably
Sweden, LEngland, and Germany, had some limited
recommendations or codes of practice relating to
racliation safety, These werce developed by committees
of their national radiological organizations and
formed the basis for inspection under their volun-
tary protection programs.

The first mternational recomntendations on radlia-
tion protection were hased, ta a large extent, upon
the British recommendations that were in existence
in 1928, Their recommendations were relatively sim-
ple and dealt with the basic aspects of protection
without geing into a great deal of detail. They have
served admirably as a basis {or wany of our later
developments.

In the United States, the Advisory Committee on
XNeray and Radium Protection was established in
1929, under the sponsorship of the National Bureas
of Standards. This was made up initially of repre-
sentatives ol the several medical and radiological
organizations and the Nationat Equipment Manufac-
turers Association, In 1946, because of the tremend-
ous growth in radiation usage during the preceding
few vears, this committee was substantially enlarged
tn membership and the scope af the activities were,
at the same time, greatly broadened. Its mame was
also changed to the National Committee on Radia-
fion Protection. Recommendations of this committee
have heen published as handbooks of the National
Burcau of Standards. Prior to the war, the commit-
tee produced handbooks containing coces of practice
for protection against X-rays, gamma rays from
radium, radioactive luminous compounds, ete. Since
1946, the earlier handbooks have been revised and,
in addition, various other fields of activity have been
covercd. These have included the disposal of radio-
active waste, safe handling of radioactive isotopes,
maxinuum permissible exposures to internal and ex-

ternal radiation, monitoring methods, protection
against radiation from radium, hetatrons, and so on.
It all, the NCRP has produced since 1946, 13 such
handbooks and are presently working on 3 more.

In addition to the work of the National Committee
on Radiatton Protection, whose main purpose is to
establish the basic principles and philosophy of radia-
tion protection, the American Standards Association
has developed an extensive code for industrial pro-
tection in the use of X-rays and radium. At the
present time, the ASA is enpaged in a substantial
extension of its industrial protection codes into many
other areas.

As in the United States, lingland, Germany and
some of the other countries have also substantially
extended the scope of their radiation protection rec-
omiendations, so that at the present time a number
of countries are in the position of having fairly com-
prchensive radiation protection rules available for
use.

In the formulation of reconunendations by the
International Commission on Radiological Protec-
tion, an essential guiding principle for the first twenty
years was that its recommendations be kept as simple
atid concise as possible, An endeavor was miade to
set forth the fundamentals and the factors upon
which internaticnal agreement could readily be ob-
tainedl. Some deviation from this principle took place
at the 1953 meetings of the Commission. At that
time, very much more eclaborate recommendations
were preparced. Inm fact, the three chapters dealing
with X-ray protection, the permissible amounts of
radioactive isotopes in hody, air, and water, and the
permissible exposures to radiation from cxternal
sources were, to a considerable extent, based upon
the corresponding handbooks prepared by the Na-
tional Committee on Radiation Protection.

In the author’s opinion this practicc may present
some serious difficulties. After all, the recnmmenda-
tions on X-ray protection that served as a model for
the 1933 ICRP recommendations were developed
aronnd the needs and practices as they exist in the
United States. While there are not vast differences
Letween «ifferent countries, there are nevertheless
stifficient differences to make international agreement
on stich detailed recommendations a somewhat diffi-
cult procedure. The matter of obtaining acceptance
of all of this detail turned out to be a very formida-
l7le task and it is believed that much of this difficulty
could be removed in the future by developing the
whale chapter on a less detailed basis.

. SPECIFICITY V3 OBJECTIVE REGULATIONS

In the development of radiation protection recom-
mendations or regulations, there are two classes of
regulations that may be developed. These would be
termed “specifieity” or “objective” regulations. In
the specificity regulations, all details are spelied out
specifically and in detail so that one is told not only
what to do but virtually how to do it. This has cer-
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tain obvious advantages, particularly for groups or
organizations that do not have the necessary back-
ground or do not carc to think through the detailed
problems for themselves, On the other hand, a speci-
heity regulation lacks flexibility and probably requires
more {requent changes than the objective regulation.
With an art that is developing as rapidly as radia-
tion protection, our knowledge of protection needs
is increasing steadily and we find ourselves constantly
confronted with the task of revising a specificity
regulation in order to keep abreast of modern tech-
nology.

Compared with this, the objective regulation spells
out the main objectives to be accomplished by any of
several available means. Such regulations would in-
clude information on permissible exposure, degrees
of responsibility, certain factors relating to the dis-
posul of radioactive materials, and so on. ITowever,
such a regulation would not include any detail show-
ing how these objectives may be obtained. For in-
formation leading to the achicvemcent of the goals,
the tser is referred to various sources of detailed
information, stch as the dectailed recommendations in
the handbooks of the National Commiittee on Radia-
tion Protection or the American Standards Associa-
tton. Since the basic principles of radiation protection
are not expected to change very rapidly, the use of an
objective regulation allows greater flexibility and en-
courages preater ingenuity in achieving the desired
goals, It also necessitates less frequent changes as our
knowledge and skill in the radiation ficld increases.
Most of the handbooks of the NCRP are of the ob-
jective type. Notable exceptions to this are Handbook
41, Medical X-ray Protection up to Two Million
Volts { now being revised}, and Handbook 54, Pro-
tection Against Radiations from Radium, Cebalt-60,
and Cesium-137, This latter is an outgrowth of the
-original handbook on radiwn protection.

I¥. THE TREND TOWARD LEGISLATIVE REGULATIONS

Because of the greatly increased and more widc-
spread use of all kinds and varieties of radiation
sources within the past few vears, there is growing
concern in all countries over the control of radiation
hazards. At the same time, there appears to be a
growing belief that tlic problem can no longer be met
on a purely voluntary basis, and there is an expand-
ing world pattern of thought leading to greater and
greater control of radiation through legistative means,
This trend bas also been observable in the United
States and mnuch of the remainder of this report will
relate to its experience in this Reld over the last few
years. -

With the increasing likeiihood that radioactive
wastes may no lenger be readily confined to the point
of use and may cven escape from one country to
another, it is highly likely that there wili be increased
international concern over the control of this form of
radiation hazard. The problem may weil cut across
many countries where practices and procedures differ

substantially, and it will be increasingly important to
be able to arrive at the fundamental aspects and
fundamental requirements of radiation protection in
a manner that will be acceptabie to ail countries. In
this regard, some of the experience in the United
States may possibly be helpful.

Since there is individual state control in the US
and this, then, involves 48 different states, it might
be said thet we have a localized proving ground
which in some limited measure would compare with
the international relationships between many coun-
tries. At the same time, the US has certain icederal
controls relating to radiation protection and these may
bLe likened to international control exercised over a
number of countries. Tt is nat claimed that the prac-
tices and expericnces in the United States are neces-
sarily the Dbest, but it is believed that they should he
useful as a study model for international consideration.

V. YOLUNTARY COMPLIANCE

As already noted above, the US has had for some
25 years, various codes relating to radiation protec-
tion. The usc of these has been strictly on a volun-
tary compliance basis and as such they have served
an extremely nseful purpose. Accompanying these a
positive effort hias heen made in the direction of cdu-
cation in radiation protection. Tmprovements in our
practices have been noticeable as a result of these
cducational efforts and it is my own belief that educa-
tion alone would provide a satisfactory control of
radiation ¢xcept under rather unusual circumstances,
It is, of course, the unusual circumstances that brings
about the pressure for more direct legislative reguia-
tion of radiation hazards. .

With the exception of a few mumicipalities, there
were no legal radintion regulations in this country
until about 1950. On the other hand, any radiation
damage case that has reached the courts has for
many years heen settled on the basis of the recom-
wendations contained in the NCRI handbooks.
Thits, while m themselves having no legal status
whatever. they have served as a solid foundation for
many legal decisions on radiation protection in the
US. In some cases the recommendations of the
NCRI’ have been adopted oflicially v some of our
radiclogical organizations and, through these organi-
zations, have been passed on to their members,

Generally speaking, no compulsion has been in-
volved in bringing about their use but there are cases
where hospitals, for examples, have been required to
comply with the NCRT recommendations in order
that they be certified by organizational authorities.
In the industrial feld, pressure exerted through the
welfare organizations of iabor unions has been in-
strumental in hringing about the adoption of the
safety recommendations of either the American
Standards Association or the NCRP. In these situa-
tions the unions have demanded compliance witiz the
recommendations as a part of the specified working
conditions of the employees,
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us possible, free of details, and at the same time to
set forth the main fundamental objectives that it is
desired to accomplish. Where, of necessity, some
detail and numerical quantities have had to be in-
cluded, these have been limited to the {nctors which
it is believed should Le kept uniform over all the
states. If this degreec of uniformity is maintained
over thc states, they may add such detail as they
wisl and still not invelve the country as a whole in
conflicting basic requirements for radiation control.

In dealing with the possible use of 1he regulations,
the NCRT strongly recommends that the states adopt
only tlose portions of the repulations that apply to
the problems that may exist within the state, Further-
more the state should not adept any more of the
regulations than can be adequately enforced at the
time of adoption. As expenience tn radiation reguta-
tion grows, the degree of coverage by the regulations
can be broadered and extended. It is felt strongly
that regulations that are unenforeeable may do more
harm than no regulations at all,

1X. ESSENTIAL FEATURES OF RADIATION
REGULATIONS

Given below is a very brief outline of the general
areas that are covered hy the proposed uniform repu-
lations,

At the start, the scope and application of the regu-
lations is set forth so that the public will know the
nature of the problem with which the state is attemyt-
ing to deal.

This is followed by a section giving certain dehni-
tions. Only those definitions are included where an
exact understanding of the terms is essential to an
understanding of the repulations themselves. Tech-
nical definitions of scientific terms in commeon use are
not ineluded since they encuruber the regulations.

Certnin exemiptions from the regulations are essen-
tial. A regulation covering all forms of radiation
from large sources down to a radioactive wristwatch
would of course be impossible of enforcetent.
Therefore, it is necessary to set cerfain levels of
radiation helow which control is not required. Not
subject to control would be quantities of radioactive
material so small that if the entire amount were taken
mternatly, continuously or at one time by a petson,
no serious harm would be likely to result to that per-
son. Appropriate levels in line with this principle
have been assigned to all of the radioactive materials
that are normally used in this country.

The standards against which radiation control will
he excrcised are based on the permissible exposure
levels that have been published by the NCRP and
the TCRP. For the sake of convenience, these ex-
posure levels and quantities of radicactive materials
are listed in the regulations.

To provide the control agency with a knowledge
of where radiation sources exist, registration is called
for. The process of registration is simple and may

consist either of writing a leticr to the control agency
ar completing a form supplied by the agency.

One scction deals with the problem of personnel
monitoring and area radiation surveys. This <oes not
tell how to perform such operations but indicates the
type of measurement that should be carried out to
insure safety of workers. In this section, it is indi-
cated that surveys may be omitted or discontinued
where past experience or measurements have indi-
cated that the operating conditions are likely always
to remain safe.

_ Certain exposure records and reports are required.
These will be generally maintained by the radiation
user, hut may be inspected by the contral agency if
it so wishes., The only time that any personnel ex-
posures need to be reported directly to the control
agency is when they have exceeded by a factor of 5
the permissible amounts specified in the regulations.

Another section deals with the delegation of re-
sponsibility for safety in a radiation installation. By
the provisions in this section, it 1s hoped that the state
can effectively shift the direct responsibility for
safety to the user, by describing what the user must
do and for what he must be responsible. By this
means it is believed that much less rigorous examina-
tion of installations by state authorities will be re-
quired. Of course irom time to time they will want
to spot-check operations, but if the responsibility pro-
visions are f[ollowed, there should be reasonable
assurance of continued safe working conditions.

A few essential details regarding the storage of
radioactive materials are described. Generally speak-
ing, these rules specify storage under such conditions
that any escaping radintion wiil be helow the speci-
fied permissible levels.

Similardy in the requirements with regard to radio-
active contamination control, the objective is to keep
individual exposures Lelow the permissible amounts.
For this particular problem, many different practices
and procedures ate available to the individual labora-
tories and it is felt unwise to try to describe these
factors in detail, A section on Iabelling provides some
degree of uniformity in the marking of radiation
work areas, sources and containers aof radioactive
materials.

The problem of the disposal of radioactive wastes
is a much more difficult one and there are many gaps
in our knowledge of how this may he accomplished.
Here again, the regulations requirc essentially that
no radioactive materials be disposed of in such a way
that they can concentrate at levels and in places that
may be harmful to human bheings., Any radioactive
waste disposals must be done with the approval of
the state authorities, and adequate records of the
nature and place of disposal must bhe maintained.
Where there is any likelihood of radioactive wastes,
either in the air or water, exposing large population
groups to radiation, the exposure levels for such
groups are sct at 1/10th of those reeotmmended for
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Resources had carried out extensive investigations in
this difficult country and by 1952 had proved the
presence of an ore body of commercial importance.
These investigations also revealed several other
promising deposits in the same area.

Dhuring 1952, prior to the appointment of the Com-
mission, agreements had been made with Combined
Development Agency of the United States and Great
Dritain, in relation to the production of uranium at
Rum Jungle. An agrcement had also been made with
Consolidated Zinc Pty. 1.td. who subsequently formed
a subsidiary company, Territory Lnterprises Pty.
Ltd., to construct and operate a mine and ore treat-
ment plant at this site.

These agreements provided a means for the devel-
opment of these new resources in the far north, and
for a large capital investment in the work, Special
clauses protected Australian interests and ensured
uragium supplies for internal usc as required.

The Commission became responsible for these ar-
rangemenis and for their development and extension,
The plant was finished in rceord time and was set in
maotion by the Prime Minister, Mr. Menzies, on 17th
September, 1954,

In parallel with this work, the Bureau of Mineral
Resources, directed by Mr. Nye, had, as agents for
the Commission, embarked upon a most extensive
programme of airborne scintillometer surveys de-
signed to locate radioactive deposits in other parts
of the Northern Territory. These surveys have since
been cxtended into some of the States by arrange-
ments with State Mines Departments. The results of
surveys have been published as a guide to private
prospectors and mining companies, many of whom
are now engaged in exploring and developing discov-
eries made in this way.

The policy followed hy the Comunission has been
to encourage private cnterprise to play a major part
in the production of uranium, and to place as few
restrictions as possible in their path. This policy has
been backed hy a declared ore buying programme
with fixed prices to enable companies to plan ahcad
with security.

While not directly the concern of the Atomic En-
crgy Comtnission, the activities of the Government
of South Australia must be mentioned liere, or else
a very incomplete picture of uranium development
in Ausiralia would be presented. The South Aus-
tralian Dcpariment of Mines has pursucd an ener-
getic and successful search for uranium minerals in
that State, and has also done much work on mecthods
of extraction and purification. The Radium Hill mine
and concentrator was opened in 1954 and a modern
treatment piant at Port Pirie is expected to be com-
plete in 1953, This will be the second uranium pro-
ducer in Austraiia.

It is diffenlt at the moment to form a considered
judgment on the uranium position in Australia, Two
producers, Rum Jungie and Radium Hill, are estab-
lished. A great many other prospects have been dis-

covered and some are being explored to establish the
quantity and quality of ore they contain. Some will
almost certainly prove to be workable on a commer-
cial basis, but how many will do so, and what will be
their capacity is not at present known. It seems likely
that Australia will have adequate uranium for her in-
ternal requirements, but whether she will have a sub-
stantial exportable surplus cannot vet be determined.

In order to assist the Commission in the discharge
of its responsibilities in the mining fields, an advisory
committee on uranium mining was established in
June, 1953, The committee consists of Mr. Murray,
General Manager of the Mount Lyell Mining and
Railway Co. Ltd., and a member of the Cominission ;
Mr. Anderson, a director of Consolidated Zinc Pty.
Ltd. ; Mr. Kruttschnitt, a director of Mount Isa Mines
Ltd.; and Mr. Raggatt, Secretary of the Department
of National Development. Mr, Murray is chairman
of the committee. This committee, comprised of men
with great experience in the problems of mining and
geology in Australia, has given invatuable help to the
Conunission.

In considering its responsibilities in refation to the
development of uses for atomic energy, the Commis-
sion found it had inherited much less than had Dbeen
the case with uranium production.

The greater part of the knowledge in the woild on
the production and use of atomic energy had come
from the great wartime effort of Great Britain, the
United States and Canada. This work hiad been car-
ried out in sccret.

Australia, as a country, had played no part in the
work, though a number of Australian scientists, nota-
bly Mr. Oliphant, in their private capacities had
played important roles.

At the end of the war the security arrangements
between the three participating countries were con-
tinued, together with an arrangement for the ex-
change of atomic energy information, and it appeared
that Australia might be permanently excluded from
access to the important data necessary for operating
in the atomic energy feld.

There were a number of scientists in Australia
with practical and inside knowledge of atoinic energy
work, hut these men were in general not free to im-
part this information as they were bound by security
undertakings.

There were also several university departments
interested in atomic energy matters from whom the
Commission could expect to obtain help and advice,
Notable among these were the Schools of Physics at
Metbourne University and the National University,
where Mr. Martin, Mr. Oliphant and Mr. Titterton
and their staffs had cstablished international reputa-
tions hy their research in nuclear physics. At Sydney
University, Mr. Messel was commencing work on
similar lines. In the N.S.W. University of Tech-
nology Mr, Baxter and Mr, Myers, who had recently
returned from Harwell, were developing chemical
engineering and metallurgical work related to atomic
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energy problems, and in Metbourne Mr. Anderson,
then ahout to return from Harwell, and Mr. Duncan
were abont to develop @ strong School of Radio
Chemistry.

In addition to this, the Commonwealth Scientific
and Industrial Rescarch Organization and the De-
partment of Supply, in anticipation of developments
in Australia, had made an arrangement some ) €ars
before whereby Australian scientists on the staffs of
these organisations could be placed at llarwell to
work in the British Atomic Fnergy Organisation
and gain experience in atomic energy work, This had
lieen possible only on the understanding that these
men would not report to Australia the work they
were doing, and wounld treat their knowiedge as
secret until released from this requirement by the
British authorities, Nevertheless, this group of about
a dozen men represented an important potential for
Australia development.

It was clear that the Commission had to make a

choice between two ways of proceeding : firstly, to try

to obtain access to the large amount of secret informa-
tion possessed by the Atomic Energy Powers, and
then to work in partnership with them; or to start
at the beginning and laboriously work out the funda-
mental information and know-how, remaking the
mistakes that others had made years before at great
cxpense of money and time.

It was realised immediately that the first of these
alternatives was the only practical one, the second
probably being quite outside Australia’s capacity in
money or Manpower.,

In 1953, Mr. White and Mr. Baxter paid an ex-
tended visit to Dritain, America and Canada to ex-
plare the possibility of some cooperative arrangement.
The prospects were found to be promising. Further
discussions were continued between Australia and
Britain on a Government to Government level, during
which Lord Cherwell paid a visit to Australia. In
1954, Mr. Stevens, Ar. Martin and Mr, Baxter vis-
ited Britain to continue the discussions and a little
later the Minister for Supply, Mr. Beale, announced
that an arrangement had been made whereby the
Britisl, Government had offered to make available to
Australia knowledge and know-how arising from
Britain's in¢ustrial atomic energy programme, Fur-
ther, Britain would enter into a cooperative research
programme with Australin for furthering the devel-
opment and application of atomic energy within the
Commonwealth for industrial purposes. The arrange-
ment provided for the Australian Atomic Energy
Commizsion to create a rescarch and development
organisation, while Britain would provide facilities
for training Australian scientists and engineers in
that country,

Shortly after this agreement had been announced,
the Minister for Supply stated that the Government
hiad approved a programme submitted by the Com-
mission for the creation of a research and develop-
ment organisation in Australia.

This programme provides for the construction, on
a site about twenty miles south of Sydney, of a com-
prehensive proup of laloratories for research in
problems of chemistry, metallurgy, mechanical and
chemical engineering, physics, and other branches of .
science and engineering, relevant to reactor tech-
nology and atomic power production. This installa-
tion is also to tuclhwde a large research reactor of a
very modern type. clesigned to give a very high neu-
tron {lux, primarily for materials testing purposes
but afso for general research.

The estimated cast of the reactor and laboratorics
has been given at £ A5,500,000.

To operate these laboratories, the Comymission is
creating a scicntific staff, planned at the moment to
reach fifty senior scientists, with a total personnel of
ahout 400,

The senior members of this group are Chief of
Rezearch and Development, AMr. Watson-Munroe;
Chief Engineer and Deputy Chief of Research, Mr.
Dalton; Head of the Chemistry Department, Mr.
Mites; Head of the Metallurgy Departiment, Mr.
Alder.

The Conmnission has made it clear that its pro-
gramme, white part of an overall Commonwealth
effort, will also be a sclf-contained attempt to develop
cconomic industrial power from uraniun.

The main problems which must he overcome be-
fore the realisation of industrial atomic power at an
economic pricc are problenis in engincering, metal-
lurgy and chemistry, and could largely be summar-
ised as problems in matertals.

The Commission has incicated that it main cfort
will he directed ta the development of high tempera-
ture, fluid fuel reactors suitable for power produc-
tion, and the fact that its taboratories provide for
extensive work in hot metallurgy and chemistry and
in engineering is an indication of the kind nf prob-
lems, both fundamental and applied, which the Com-
mission expects to have to tackle. The choice of an
ultra high neutron flux reactor for materials testing
also indicates the kind of work to be undertaken.

To assist it in its work in the scientific and tech-
nological fields, the Commission has appointed a
Sdentific Advisory Committee. This committee con-
sists of Mr. Oliphant, Mr, Martin, Mr. \White, Mr.
Myers, Mr, Hunter, AMr. Anderson, Mr. Rrain, and
Me. Baxter (Chairman). This committee has guided
the Coinmission throughout in its approach to scien-
tific and technical problems.

The Act under which the Commission uperates,
not only empowers it to conduct research and devel-
opment work, but to initiate and support such work
in universities and other institutions. It may also
take steps to support the training of scientists and
engineers in those ficlds in which it is interested,

So far, the Comnmission has taken certain steps in
this direction and has declared its intention in future
to widen the scope of these activities within the limits
of the funds which are availalile to it for the purpose.
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commercial activity connected with the before-men-
tioned programme.”

The company is at present organized in two depart-
ments, the Department of Chemistry under Mr.
Svenke, and the Department of Physics under Mr.
Ekiund. Each department is divided into several
scctions.

The main task for the Department of Chemistry
has been to develop methods for the cxtraction of
uranium from alum shales. These shales oceur in
large quantities but have a uranium content of only
about 200 grans per metric ton, In 1933, cxtraction
orn an industrial scale was started at Kvarntorp, pro-
ducing a concentrate containing about 209 uranium.
This concentrate i3 purified in a chemical plant in
Stockholm, where also aranium metal and fuel ele-
ments will be produced.

The sections of the Department of Chemistry are:
general chemistry ; analvtical chemistry; chemical
technology; physical metallurgy; metal produc-
tion; extraction plant (Nvarntorp); chemical plant
(Stockholm) ; prospecting; and purchase and gen-
cral services.

After preparatory work, the Department of Phys-
ics has built the first natural uranium, heavy water
experimental reactor of 300 kw, which started in
the sumnier of 1954, Plans are now under way f{ora
sccond devclopment reactor of some fen thousand
kw, which is scheduled to be in operntion in 3-4 years.
Different types of power rcactors are also being
studlied.

The sections of the Department of DPhysics are:
theoretical physies; neutron plysics: general and
health physics; clectronics; miechanical construction
and heat transfer; rcactor operation ; nuclear chem-
1stry; and purchase and gencral services.

In the administration a detailed bookkeeping sys-
tem has been built up in order to keep a check on the
costs of the different projects. A civil and eonstrue-
tional engineering section also belongs to the admin-
istration and has as one of its main tasks to plan and
build the new research centre, Studsvik, on the coast
of the Baltic, about 80 kilometres south of Stocke
holm, where the company has acquired an area of
about 150 hectares for the next reactor and future
experimcatal work in the reactor field,

For the planning of the work of the company the
Board draws up a general programmc of develop-
ment for a period (or example of 5 years. This has to
be approved by the Government. Lacl: austumn the
management of the company makes a working pro-
gramme on hroad littes for the next budget year and
calculates the necessary amount of money to carry
out this programme. After this plan has been ap-
proved by the Doard, the corresponding demand for
money is given in to the State authorities,

Of course, such progranunes cannot be binding
in details. The rapid development in this domain
often catises changes of the plans drawn up. Such
modifications have to he decided by the Board of

Directors, and if they arc of major consequence,
especially from the cconomic point of view, also
approved Dy the State authorities. By having the
majority of the shares, the State has secured control
of the peneral policy of the company. For the execu-
tion of work, the management has the same inde-
pendence as i other private comnpanics.

In carrying out the programume, the company co-
operates with many Government authorities and
private enterprises.

As mentioned, there is close cooperation with ihe
Atomic Inergy Commission. Some of the funda-
mental research supported by the commission is of
immediate mterest to the comipany, and the research
reactors of the company will also be used for funda-
miental research. Jforcign scientists and lecturers are
often invited jointly by the commission and the com-
pany. The present set-up cousisting of a purely
Covernment organization and a company where the
Government is principal shareholder, hut where also
private enterprises actively take part, has proved to
function well.

DIrospecting for minerals of interest in atomic en-
ergy work is carried out in close cooperation with
the Geological Survey of Sweden which also is un-
dertaking several investigations for the company.
LExchange of information also takes place with some
big mining companics, which are prospecting ior
other minerals. The company is at present working
out a programme to stimulate private prospecting for
minerals of interest.

In Sweden the protection ngninst radiation is su-
pervised by the Institute of Radiophysics. The work
of the section of health physics of the company is
carried out in close contact with this organization.
The authority which will cventually handle reactor
safety questions, will certainly cooperate closely with
the company and have aceess to all experience ob-
tained there.

In June, 1954, the Atomic Energy Company took
part as a founder member in the establishment of
the Furopean Atomic Encrpy Society {(EALS)
which is concerned with the practical applications
of atomic energy, chiefly the construction of reactors
and connected problems. This organization aims to
achieve an increased exchange of expericnce be-
tween countries having a practical atomic energy
programiue.

The future power producing reactors in Sweden
wiit prohably be built by private incdustrics and owned
and run by the Swedish State Power Board and
private power producers, cach of which to-day con-
tributes about 509% of the electricity produced in the
comutry. Tor the development and design of these
reactors, the sapply of nuclear fuel and handling of
burnt out fuel clements the Atomic Energy Com-
pany will form a central arganization, Tt is to be
hoped that the cooperation between State and in-
dustry, already begun, will continue and promote a
rapid development of atomic energy in Sweden.



Some Administrative and Legal Problems Related to
the Widespread Use of High-Level Radiation Sources

By William Mitchell,* USA

The development of an atomic energy industry
resulting in the widespread use of high-level radia-
tion sources will create many problems requiring
administrative or legal solutions which at first plance
seem unusual or mnigue and of considerable magui-
tude. This is a common experience attending the
growth of any new industry which widely alfects
the activitics and conduct of the generat public and
which is dependent npon continuing  technological
advances, The automobile, the airplane, and the
radio, atford recent examples. The important thing is
1o view these problems in their proper perspective,
to fit their solutions to the technteal developments,
and to minimize so far as possible any impeding in-
fluence which they miglht have upon the progress of
technotogy.

The potential danger inherent in the many proc-
esses 11 the atomic energy industry an:l the many
unknown factors which still exist in the fickl have
caused considerable speculation cotrcerning the mag-
nitwle of the problems created and a tendency to
exaggerate, Constant reference to a catastrophic in-
cident and the prevalent hut mistaken notion ©f an
“atomic explosion” being capable of occurrence in
a reactar have contributed preatly to the fcars rad
doubts of the public and of potentinl members of
the industry. These fears and doubts have a deterring
effect on continuing development and progress and
the prompt application of the resufts. Thus, a first
step for any natien undertaking an atomic energy
program should be an educative process dcsigned
to put the problews in proper perspective.

Complacency would Le foolhardy, for grave dan-
ger certainly exists, but atemic energy hazards can
be brought under complete control with proper safe-
guards in the design and operation of reactors and
in the distribution and use of radioactive materials.
It is with this understanding, rather than with em-
phasis on pessimistic or abnormal assumptions, that
the administrative and legal problems in the field
should lwe approached,

Against the background of operating expericnce,
this paper will sunmmmarize the major administrative
and legal problems discussed in detail in other papers
submitted under this agenda item, sketeh the scheine
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of control and regulation employed in the United
States to protect health and safety, outline some oi
the issues of legal hability which might arise in the
event of an accident, and present some observations
with respect to the important problem of insurance.

BACKGROUND

The operating history of 25 reactors in the United
States for the years 1943 through 1954 shows no
accidents involving radintion injury sufficiently seri-
ous to vause lost time of personnel during 606,686
operating hours and 17,799,000 man-hours, With
respect to critical facilitiesT during the same period,
a single accident resulted in injury to 4 persons and
708 lost man-hours, There were no fatalities. This
cue incident occurred during 36,196 operating hours
and 1,440,000 man-hours. Two laboratory accidents
connecterl with critical assemblies of fissionable ma-
terial oceurred during the period surveyed. In each
of these incidents, one man died and a few were in-
jured by radioactive effects. These are the only fatahi-
ties known to be attributable to work in atotnic
energy instatlations since 1942, This remarkable
safety record is far superior to the record af industry
in gencral,

It is known that a simiiar record has lieen cam-
piled in the United Kingdem. There, according to
available statistics, with a cumedative experience of
some 50,000 man-years, no deaths attributable to
radioactivity have occurred, not a single case of per-
manent or temporary injury {rom external radiation
has arisen, and the safety rate with respect to internal
hazards is indicated as being a very small percentage
of the best industrial rate, with no deaths and only
one case of potential injury noted during a survey
encompassing 10,000 man-years in a plant where
the risk is deemed preater than most others in the
industry.

The Canadian experience with a major reactor
breakdown is of special interest and provides some
first-hand knowledge concerning public safety and
reactor operations. The breakdown of the Canadian

T A “eritical facility” may be defined as a device designed
10 test at low power the critical mass neuwtron flux distribu-
tion, and other characteristics of a fAexible arrangement of
nuctear fuel, materials of construction, conlants, and other
reactor components,
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NRX reactor in 1953 due to the failure of the con-
trol system resulicd in considerable physical damage
to the reactor structure and the release of larpe
amounts of radioactive materials, But there were
no fatalities and none of the plant personme! was
significantly affected by the radioactivity during the
accident or in the subsequent decontamination, dis-
mantling, and general clean-up operation. There was
no mechanical damage outside the reactor itself, and
after a precautionary evacuation, plant personnel
were able to return on the next following work day.
According to Cauadian authority not the least of
the lessons learned from the experience “is that
targe amounts of radicactivity can be handied safely
even though they are spread over large areas and
throughout a complicated industrial-type plant.”

None of this means that reactor hazards should be
taken lightly or the problemns they create over-simphi-
fied. But the record does show what can be accom-
plished through an understanding of the dangers and
the techinology involved, It lends convincing support
to the body of informed (but by no means unani-
mous) opinton which is strongly convinced that with
proper attention to reactor design and the application
of proven protective and control measures, the acci-
dents that may oceur i connection with the use and
operation of nuclear facilities will be no more fre-
quent and no more dangerous than the accidents
which occur in many other incustries,

THE ADMINISTRATIVE AND LEGAL PROBLEMS
IN SUMMARY

The control of radiation hazards is neither easy
nor cheap, and the problem influences almeost every
aspect of atomiic energy work. It is an important
factor in the development of industrial processes, in
designing plants and equipment, in the location of

' facilities, and in planning and scheduling work. It
influences employce medical programs, selection and
training of personnel, estahlishment of work rou-
tines, the clothing that workers wear, andd even the
way they wash their hands and where they can eat
and smoke. It is estimated that in the United States
approximately $100 per worker a year is spent in
radiation protection. This represents about 1% of
operating expenses, and based upon a 3% vet return
on investment would be equivalent to 20% of total
profits in a private industrial operation.

Other United States papers discuss in specific de-
tait many of the administrative and legal problems
which have developed in connection with the control
of radiation hazards and which will assume promi-
nence as the use of radiation sources is broadened,
The following are indicated as ainong the most im-
portant matters which must be considered:

1. The control of reactor design and containment
through the establishment of specific codes (similar
to those which have heen developed in connection
with beilers and pressure vessels) with adequate

engineering design standards to insure safety in re-
actor performance,

2. The development of site requirements for the
location of reactors which balance the hazards of
operation with such factors as capital and labor costs,
the availability of a water supply, the proximity to
consumer load amd the costs of transmission, the
distance from fuel reprocessing centers, and the dis~
posal of waste.

3. The training of industry personnel to develop
competency il the handling of radioactive materials
and in operating” and manipuiating the controls of
nuclear facilities.

4. The developnent of a system of inspection and
inspection procedures to assure that principles of
safe operation are followed and that necessarv vela-
tions hetween important operational features exist.

5. The development of a system of control to
regulate the ownership and use of nuclear materials,
the construction and operation of nuclear facilities,
the distribution and use of by-product materials, and
the health-safety standards for protection against
radiation hazards.

0. The establishinent of the rules of legal liability
for personal injury or property damage, and the
availability of insurance adequate to the needs of the
atomiic energy industry under those rules.

The wnain concern of this paper is with the last
two problems.

REGULATORY CONTROL IN THE UNITED STATES

It is, of course, recognized that the system of regu-
latory cantrol designed to protect health and safety
in the United States may not be appropriate under
other forms of govermment, vet an outline of that
system should he helpful to other enuntries now faced
with the problems of organization and regulation.

The basis for all control in the United States is
the Atomic Energy Act of 1954, 2 complex piece of
legislation which throughout its many sections shows
a predominant concern with the protection of public
Lealth and safety and provides the broad outlines of
a plan for the control of materials and facilities es-
seniial to the industry. In general, the controt scheme
adopted has two main features; (1) a2 system of
licensing which pernits a review of proposed activi-
ties and the imposition of such conditions as may
he deemed necessary, and (2) continuing supervision
of a licensee’s activities through the conditions and
terms included in the license, through rules and
regulations, througlt inspections, and through reports,

Materials Conirol

Three types of materials are subject to controt:
special nuclear material (consisting of such materials
as uranium-233, uranium coriched in the isotope
U2 and plutonium), source material {including nat-
ural uranium and thoriam), and hy-product material
(ot radioactive isotopes produced in a reactor). By
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statute, title to all special nuclear material, wherever
produced in the United States, vests in the Govern-
ment. However, the Atomic Energy Commission may
issue licenses for the possession of this material and
may distribute it to qualified applicants for purposes
of research and development, medical therapy, and
for the operation of licensed facilities, The private
ownership of soiutrce material is permitted under
the law, but a license is required before any person
may transfer or use important quantities of source
material after removal from its place of deposit in
nature. The licensing controls cover all phases of
commercial processing operations, including the mill-
ing of the ore, the refining of the ore to metal, and
the fabrication of the metal into reactor fuel elements.
\With respect to by-preduct material, or radivisotopes,
the Commission is authorized to issue licenses to
applicants seeking to use such material for research
and development purposes, for medical therapy, in-
dustrial uses, agricultural uses, or such other useful
applications as may be developed.

As to each of the three groups of materials, the
Act authorizes the Coinmission to “establish by rule,
regulation, or order, such standards and instructions
to govern the possession and use of” the inaterial
“as the Commission may deem necessary or desir-
able,” among other things, “to minimize danger to
life or property.” By this provision the legislative
branch of the Government has, in effect, delegated to
an executive agency the authority to make the laws
to protect health and safety which will govern all
persons who possess or use special nuclear, source,
or by-product materials. This technique of delegat-
ing authority, subject only to hroad legislative stand-
ards, is familiar to students of constitutional and
administrative law and is utilized generally when the
field of regulation requires special knowledge or ex-
pertise and when Aexibility is nccessary or desirable.

Facilities Control

The statute makes it unlawful to own or possess
a reactor or other facilittes which produce or use
special nuelear material without a license, The sys-
tem imposed is a two-step procedure. An applicant
must first obtain a “construction permit” under
which the reactor is built, and, after construction is
completed, a license must be obtained for the facility.
The construction permit is a recognition of the fact
that safe operation is related to design and method
of construction, and gives an opportunity to deter-
mine by inspection before potentially dangerous op-
erations are begun whether safety standards have
been met and whether the reactor will operate safely,
Upon completion of the project a license will issuc
subject to “such conditions as the Commission may
by rule or regulation establish.” A reactor license
may not issue if in the opinion of the Comnmission it
would he “inimical . . . to the health and safety of
the public,” and all applicants must demonstrate and
agree that they are equipped to and will observe

“such safety standards to protect health and to
minimize danger to life or property as the Commis-
sion may by rule establish.” Further, prospective
licensees must exhibit appropriate technical and fi-
nancial qualifications, character, and such other
qualifications as the Commission “may deem ap-
propriate.” Finally, the operators of facilities must
be licensed under prescribed conditions after indi-
vidual qualifications have been determined.

Under the broad statutory power which it exer-
cises over materials and facilities, the Atomic Energy
Commission is in the process of issuing or revising
a series of regulations dealing with special nuclear
material, source material, by-product material, facili-
ties, facility operators, health and safety standards,
and the rules of practice and procedure before the
Commission for those who seck Commmission action
or who are subject to Commission orders, These
regulations are necessarily lengthy and complicated,
and it would serve little purpose to analyze them here
in detail. There are, however, some conwnon features
and techniques employed in them to protect health
and safety which should be of general intercst.

First, it should be emphasized that the health and
safety standards to be established for the atomic
cnergy iklustry are not directed to the usual hazards
associated with normal industrial activity but are
addressed essentially to those risks which are peculiar
or unique-—the risk of a reactor breakdown, the risk
of a release of fission products, the risk of exposure
to excessive radiation. They are directed to the pro-
tection of both workers in the industry and the gen-
eral public.

Basically, all of the regulations will require that:

1. A licensee must be a reliable person qualified
through trainiug and experience to use material
which comes into his possession safely and for the
purposes for which it is requested.

2. A licensee’s equipment and facitities must be
adequate to protect health aud minimize danger to
life and property.

3. The location of the proposed use must be suit-
able for the purpose.

4. The only use to which material may be put
miust be acthorized by law and stated in the license.

5. A licensee must not transfer material or a
facility except to a person authorized to receive it
under a license,

The licensing regulations will 1ot prescribe de-
tatled accounting procedures with respect to materials
received nor the type of physical protection to he
given the material. They will not prescribe the kind
of monitoring cquipment licensees must have, the
kind of shiclding for various tvpes of reactors, the
procedures to be emploved in the case of an emer-
gency, or the times, places, and manner of perform-
ing surveys and monitoring. Rather, general health-
safely standards are cstablished and licensees will
be required to utilize such equipment and procedures
as arc necessary for compliance. Finally, and perhaps
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above all, the licensing regulations wijt have flexi-
bility to cover circumstances where knowledge is
imperfect, experience is insuflicient to establish bind-
ing requirements of general applicability, or where
the conditions of use or the nature of the activity are
ftkely to vary infinitely.

The, regulations establishing the standards for pro-
tection against radiation hazards arising out of
licensed activities prescribe the operating limitations,
conditions, and procedures which must be met under
penalty of license revocation, iunjunction, or, in cer-
tain cases, criminal punishment. These regulations
are concerned with the following niujer items:

1. Lumnitations on the permissible doses of radia-
tion which may he absorbed Ly an individual due to
exposure in both controlled areas where naccess is
restricted and uncontrolled areas, limitations on the
amounts or concentration of radicactive materials
permitted to remain on cxposed surfaces, and limita-
tions on the amounts of radioactive effluent which
may be reieased, discharged, or disposed of into air
or water.

2. Hazard control, including surveys {or evalua-
tions of radiation hazards under specific sets of
conditions), personnel monitoring, respiratory pro-
tection, caution signs, signals and 'abels in radiation
and concentration arcas and for containers of radio-
active materials, storage of material, and the train-
ing of personnel in the safe bhandling of material,
the proper use of radiation-measuring devices, moni-
toring instruments, protective equipment and other
devices furnished for their protection, and the pro-
cedures to be observed in the case of accident.

3. Control over the disposal of radioactive waste
hy burial in the soil, burial in the ocean, and by dis-
charge into public sewers, through the imposition of
conditions relating to disposal locations and the
" mauner by which disposal may be accomplished.

4. Tlhe maintenance of records by licensces show-
ing individual radiation exposures and the results
of surveys, and reporting requiremients in instances
of over-exposure.

Here, also, the regulations are flexible, the limita-
tions may ke extended upon the showing of an op-
erational nced, and, in any case, it is provided that
the Commission may grant such cexemptions from
the requircments of the regulations as may be au-
thorized Ly Jaw and which wilt not endauger life or
property.

In drafting all the regulations certain basic con-
siderations have prevailed. Regulations have the
force of law; thus, they must to the greatest ex-
tent feasible be sinwple, concise, and unmnbiguous,
They should not be written for the health physicist
but for members of the industry, the gencral public,
amd the courts which may be called upon to enforce
or interpret themt, Tt is essential that they be under-
standablc to people untrained i the ficld. Further,
each requirement imposed must be justified by genu-
jne and substantial considerations of health and

safety and not by notions of desirable practice or
good housckeeping. Material which is in the pature
of a supgestion or advice, while it may be published
clsewhere, should not be inciuded in regulations, and
miatters which cannot be treated with precision and
dehniteness should be left for individual solution i
specihic cases by appropriate provisions in licenses
and the issuance of appropriate ad fioc orders.

As stated before, this scheme for controlling radi-
ation hazards through a system of licensing and
regulation may not be acceptable or practicahle in
other countries, Further, it is recognized that knowl-
edge of the problems which will be encountered in
the expanding use of radiation sources is far from
complete and that further understanding may require
coustant modification and revision. But in the United
States there is a considerable experience in the
handling of materials and in the operation of nuclear
facilities. The control scheme outlitied above is based
on that experience, and indicates one way to meet
the problems which will be encountered. Certainly,
lere is an area in the field of atomic encrgy which
offers great opportunity for an international ex-
change of ideas, information, and accumulated cx-
perience.

PUBLIC LIABILITY

There has been cousiderable discussion, particu-
larly among lawyers, concerning the matter of civil
labiiity for mdiation damage and much speculation
concerning the liability rules which will apply in the
event of an atomie accident, It is reasonable to as-
suine that the atilization of atomic energy will raise
unique problems but it is difficult to conceive of any
which cannot be resolved within the framework of
existing legal systems. It 1s equally difficult to assume
the answers, and the principles of legal responsibility
which will prevail must await the facts and practi-
calities of particular cases. There are, however, cer-
tain precedents in the law which by way of analopy
mclicate future isswes which may arise.

Liability of Owners ond Operators of Facilities

An accident causing public damage will raise the
issiie of strict liability, or Habtlity without fault,
under which proof of negligence is unpecessary. In
1865, the English Court of lixchequer first an-
nounced the doctrine that one “who for his own
purposes brings on his lands and collects and keeps
there anything likely to do mischief if it escapes;
must keep it at his peril, andl, if he does not do so,
is prima facie answerable for all the datnage which
is the natural conscquence of its escape.”

In affirming, the Iouse of Lords limited use of
the rule to situations invelving a “non-natural” usc
of the land [Rylands v Fletcher, 1.1 3 F.L. 330
(1868), afirming LR, I Ex., 265 (1866)]. The
doctrine is tncorporated in the American Restate-
ment of Torts, which recognizes the general rule
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that there is no lability for “unintentional and non-
negligent’” conduct even where hanu results, but
announces a single class of cxceptions for so-called
“ultrahazardous activities.” Section 139 states that:
“. . . one who carries on an ultrahazardous activity
is linble to another whose person, land or chattels
the actor should recognize as likely to be harmed by
the unpreventable miscarriage of the activity for
harm resulting thereto from that which makes the
activity ultrahazardous, although the utmost care is
exercised to prevent the harm.”

This concept of strict liability has been applied
to the sturage of explosives, to Diasting, and to
ground damage fromt aviation, Its extension to dam-
age from radiation caused by escaping fssion prod-
ucts, in those countries which aceept the doctrine,
would seem to be consistent with the gencralized
rule of ultrahazardous activities.

[t 15, lowever, far from c¢lear that one could sup-
port a general statement that strict Lalality will be
applied in all cases of atomic accidents, Much will
depend on technological developments, on the avail-
ability of insurance permitting the risk to be spread,
amcl on prevailing social vahwes, particularly where
ihe operation involved is for the benefit of the pub-
lic generally and is essential 1o the good of the State
as o community. There are, furthermore, certain legal
defenses whiclh might succeed—the fault of the
plaintifl, mtervention by n third-party, acts of God,
normal or ordinary use of the land, and statutory
authority. The latter two may well prevail in the
typical fact situation which can be hypothesized. The
LEnglish Courts themselves have excluded absolute
Hahility where the activity in question was “merely
. . . the ordinary use of the land or such a use as is
proper for the general benefit of the community,”
Richards . Lofhian, [1913] A.C, 263 (T.C), and
it has been indicated that the manulacturer of ex-
plosives in wartime may he an “ordinary user,” see
Reoad v, Lyons, [1945] K.B. 216, 240 (C.A. 1944).
Legisiative permission to comduct an activity has the
same effect as “natural user.” In Northwestern Utili-
ties, Lid, . London Guarantee & Accident Co., 154
LT.R. 83 (P.C. 1930), the rule of strict liability
was held inapplicable to a utility company whose
gas escaped into a basement and exploded, on the
ground that the company located and used its pipes
in accordance with statutory permission. A fortior:
if, in addition to slatutory authority, a deiendant
could show that his activities in all respects were
conducted in accordance with official regulations and
standards.

The presence of the State as a party in any litiga-
tion due to the ownuership of the reactor fuel will
raise additional questions relating to (a) the scope
of the State’s habtlity—compare Section 2 (1)(¢) of
the British Crown Proceedings Act (10 & 1T Geo. 6,
¢.44} which imposcs governmental liability absolutely
by reason of the ownership or control of an ex-

hazardous instrumentality with Section 410 (a) of
the United States Tederal “Torts Claims Act which
apparently requires a “negligent or wrongful act or
omtission” of a government empioyee; and (&) liabil-
ity for discretionary acts—see Dalehile v, Uniled
States, 346 U.5. 15 (1933), relieving the United
States Government from liability in connection with
the Texas City disaster by reason of the discretion
and policy decisions Involved in the Government's
aminoninum nitrate fertilizer program.

If it should be required that proof of negligeuce is
a condition to the imposition of liahility, there is a
further principle in tert law which will benefit a
plamtiff ancl ease the problems of proof; namely, the
principle of res ipsa foquitur. Basically, this doctrine,
which applics when the cause of the injury or dam-
age is under the sole control of a defendant and
experience indicates that the accident causing the
harm will not happen if due care is exercised, permits
the drawing of inferences of negligence from a mere
recitation of the occurrence. It has been applied in a
variety of circumstances—an unexplained explosion
in a powder factory, hoiler explosions, unexplained
airpiane accidents, hursting bottles, falling ceilings~—
and it is quite likely that an argument will he made
for application i1 a ¢case involving a reactor accident.
The following language from an opinion of one of
our state courts in a Dboiler case indicates the ap-
proach which may be taken:

“Roiters sometimes explode. Comparing the num-
Tier of explosions with the extent of the use of boilers,
explosions are not frequent. If they are kept in
proper condition and repair, ancd if they are operated
properiy, explosions are unosual. Whether the res
ipsa doctrine, which permits an inference of nepli-
gence from the fact of an explosion, should apply
is largely a question of liow justice in such cases
is most practically and fairly administered. There
ix nothing illegaily illogical in permitting the infer-
ence to he drawn. Usaally the party injured is with-
out information upon which he may with certainty
allege the exact cause, and is without direct proof.
Perhaps the exact cause is incapable of ascertainment.
The actoal proof, if any, is with the party having
the management of the instrumentality. These are
practical considerations. We think the jury should
have been permitted to draw an inference of negli-
gence . . . from the occurrence of the explosion , . ."”
Kleinman ©. Banner Laundry Co., 150 Minn. 515
(1921).

This somewhat lengthy identification of a problem
of civil ability has been presented only to indicate
that the questions which arise are substantial and
the answers not easily perceived. The facts in any
case will predominate and shape the results, Special
care should be taken to avoid hasty generalizations
concerning the applicable rules, in order to avoid the
mistakes that were made, for example, when the
automobile first presented novel questions of negli-
gence and liability,



Liability of Manufacturers and Suppliers

A defect in a comnponent part of a reactor, faulty
construction of reactor facilities, and the mishandling
or misuse of radioactive products may cause wide-
spread damage and present the problemi of the lia-
hility of the manufacturer, constructor, or supplier
to injyred third persons {i.¢., persons other than
immediate contractors or buyers).

The general rule in the United States is that:

“A manufacturer who fails to exercise rensonable
care in the manufacture of a chattel which, unless
carefully made, he should recognize as involving an
unreasonable risk of causing substantial bodlily harm
 those who Jawfully use it for a purpose for which
it was manufactured and to those whom the supplier
stiould expect to be in the vicinity of its probable usc,

I~15 sti-ject to liability for bodily hann caused to them
by its lawful use in a manner and for a purpose
for which it was manufactured.” — Resfatemcnt of
Torls, § 395.

This principte was originally discussed in terms of
“dangerous substances,” but has been so extended
by recent decisions as to render the concept of
“dangerous” practically meaningless. Now, if sub-
stantial harm can be foreseen and if the chattel is
defective the rule applies.

An extension of the doctrine in Moran v, Pitls-
burgh-Des Moines Steel Co., 166 T. 2d 908 (3rd
Circ, 1948) is of special intercst in the atomic energy
industry, Defendant, under contract with a public
utility company, designed, furnished materials for,
and constructed a tank on the utility’s land for the
storage of liquified natural gas. Thirteen months
after completion and acceptance of the tank, it rup-
tured, releasing large quantities of gas and causing
fires and explosions in which more than 100 lives
were Jost. An cmployee of the utility company en-
"gaged in work unconnected with the storage of gas
was kitled, and an action for wrongful death was
brought against the builder of the tank. The court
held the defendant liable for negligent defects in
manufacture to one who might reasonably be ex-
pected to be in the vicinity of the chattel's use and,
aiso, that the principle applied even though the tank
when installed technically became part of the struc-
turc and land of the utility company.

The decision is important in that it includes within
the rule not only manufacturers of equipment but
building contractors as well, and presumably defec-
tive design and engineering.

In any case, however, according to prevailing au-
thority there must be proof of ncgligence. Attempts
to extend the doctrine of strict liability to manufac-
turers of articles or equipment which prove to have
a defect that causes injury have not as yet met with
much success; but it can be expected that this new
principle of liability will be advanced in cases of in-
jury or damage due to reactor break-down. Accept-
ance will depend upon the courts and circumstances.
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The comniercial distribution of radioactive prod-
ucts will also present liability problems. Modern case
law holds the manufacturer liable for injury dne to
mherently dangerous articles marketed without the
necessary cautionary statements. A danger is inher-
ent when it derives from the nature of the article
itself, as opposed to dangers resulting from a de-
fectively made article that is ordinarily harmless.
Neghgence attaches not to the manufacturing, but
to the distributing and marketing process and is
founded on the failure to give proper instructions
and warning.

The very pood chance that the defenses of con-
tributory negligence and assumption of risk will
present recovery in most cases arising out of the dis-
tribution of radicactive products may inspire the
argument that strict liability should attach in order
to stimulate standards of conduct needed to proteet
the publie. Using as analogy the statutory lability
imposed with respect to foods, drugs and cosmetics,
it may be advanced that when the distribution of
radioactive products is subject to control through
licensing and regulation proof of a violation of the
regulations and the canditions of the license will con-
stitute conclusive evidence of negligence. Here, apain,
we merely identify the nature of the problem and do
not presume to supply the answers.1

INSURANCE

Onestions of liability lead to the problemn of in-
surance, about which there has been considerable
discussion and study. The matter has become of im-
mediate interest in the United States only recently,
for while the atomic energy program was financed
wholly from public funds the Government assumed
directly all risk of loss. I'rivate industry is now be-
ing asked to assume the risks and private insurors to
insure them. The principal question concerns the
availability of private insurance at reasonable rates
adequate to the needs of the industry. The probiem
is complicated by the magnitude of possible loss, the
lintits to the size of risk which an insurance under-
writer can assunie, the lack of the type of actuarial
data neceded to appraise the prohabilities involved,
and the absence of any definite conclusions by the
industry itself as to the amount of insurance it needs.

In the Unpited States, an Insurance Study Group,
composed of executives of leading eompanies in the
insurance industry, was appointed to review the in-
surance problems created by expanded industrial
participation in atomic energy and to develop infor-

t There are other legal problems which might be men-
tioned : Since radiation injury may not become apparent for
some time, statutes of limitations may have to be changed or
special treatment afforded such injuries. Internaticnal trans-
portation of materials and a catastrophic ineident causing
widespread damage over a lacrge geographical area ma
raise questions of jurisdiction and the choice of law.
“mass” tort may present procedural questions. For problems
related to workmen’s compensation, see Greene, “Work-
men's Compensation Aspects of the Peaceful Uses of Atomic
Energy”, P/323, Session 4.3, Vol. 13, these Proceedings.
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matiun and criteria with respect to the insurability of
atomic energy installations and undertakings. The
group’s interim conclusions contained in a prelimi-
nary report recently filed are informative and helpful
and seem to present a more optimistic picture than
was originally expected. They may be summarized
as follows:

1. The catastrophe potential is more serivus than
anything now known in the insurance industry, but
the possibility of a serious catastrophe seems very
reimote.

2. The insurance capacity now applicable to the
more hazardous types of chemical operations appears
to be adequate to cover physical damage to reactor
Plants. However, if a reactor is located in proximity
to large existing industmal plants, the increased ex-
posure of these plants may be beyoud the capacity of
the mmsurance industry and further study of the
problem is indicated.

3. Physivel damage losses to reactors and ma-
chinery incidental to atomic power plant instaHations
<an probably be handled in the same way that boiler
and machinery coverage on extra-hazardows ma-
chinery ts now handled in other industries. Radio-
active contamination of machinery and equipinent
and the containing buildings resulting from reactor
failure presents new hazards requiring further in-
vestigation by the insurance industry to determinc
the nature and scope of coverage that can be afforded.

4, Insurance against foss of use presents u special
and difficult problem reflecting both the expenses of
decontamination and the long delays involved in
the process, Such insuranice is, in effect, a guarantee
of successful eperation, and it is believed that if any
such protection is available it will be somewhat lim-
itedd in amount,

5. Workmenw’s compensation for employces en-
gaged in the operation of reactors and auxiliary
cquipment can be handled hy existing insurance fa-
cilities, The major catastrophe problem here ts with
respect to employvees of other plants in which the
air and water supply might become contaninated.
Whether such employees would come within the
termis of 3 workmen's compensation policy remaing
i (fuestion.

G. The public Hability hazards resulting from in-
jury to persons or damage to property and arising
from the manufacture, construction, ownership or

operation of power reactors can be insured by ex-
isting insurance facilities «p to the limits of liability
normally available to more hazardous types of in-
dustrial enterprises.

The most serious problen: as to the amount of
insurance available lies in the field of what is termed
“third party lability msurance” and arises from the
very high aggregate dollar amount of claims which
might arise in the event of a possible, though not
necessarity probable, ecatastrophic accident. Such
claiims might be made directly by the person suffer-
ing tnjury or damage, or they might arise as subro-
gation actiots on the part of insurers called upon to
pay the luss in the first instance. In any event, tie
impact upon casualty underwriters miy be vety great
azl there might flow into the lability insurance mar-
ket from a single accident unprecedented claims ag-
gregating the total monetary damage assessed for
loss of bie, personal injury, and damage to property.

Notwithstanding the complications involved, the
repurt of the Study Group concludes with the belief
“that the msurance industry can work out an ag-
sregate limit of linhility for all parties at interest
substantially equivalent to those normally required
by ather major industrial enterprises.”

PEssentially, the questions which remain, after the
ceneral conclusions of the group are translated into
anipunts of coverage, must be answered by the atomic
cnergy industry: How much coverage does the in-
dustry want? 1s that amount greater than is available
it the commercial market? If so, s the desire for
excess coverage reasonable and warranted ?

If it is concluded that excess coverage is required
and can be justified un the basis of need and if it is
determined that the Jack of such coverage is proven
to be a deterrent to participation and progress in the
field, some measure of Government assistatice may
be indicated. Several suggestions have been made
concerning the form which such assistance should
take: the development of a scheme stmilar to that
which prevailed with respect to war damage, govern-
ment reinsurance, direct yovernment excess coverage
insurance, and general indemnity legislation which
would obligate the yovernment to pay for losses ex-
ceeding thuse commercially insured. No decision has
been made in the United States in this regard and
no such deterination can be nrade until the limits of
desired coverage are defined and justified.



Administrative Problems in the Industrial Utilization

of Atomic Energy

By George G. Manov,* USA

Time telescopes today’s living—the coal industry
is some 2000 years old ; the steam age approximately
100, and atomic encrgy only ten short years, Yet in
this space of time, most of the still unsolved tech-
nical problems involved in the commercial application
of atomic energy are well on their way toward solu-
tion. The administrative problems, however, are just
beginning to be recognized.

In this paper attention is focused away from the
purely scientific and engineering aspects of the uti-
lization of atomic energy and is directed instead
toward an examination of some of the nontechnical
problems involved. Before this new force can take
its place within the normal framework of industrial
economy, questions regarding the fimancing of atomic
enerpy facilities, the location of A-power stations
necarer centers of population, the control of radiation
hazards, and the insurance aspects are among those
that must be answered. Last, but not least, one of the
very important remaining tasks is the education of
the executive.

FINANCING ATOMIC ENERGY DEVELOPMENTS

For the purpose of this discussion, atomic energy
facilities are defined to include radioisotope labora-
- tories, gamma irradiation installations, research re-
actors, power reactors, and fuel processing establish-
ments.

The United States government has spent a {otal
$12.3 billion ($12.3 X 10°) in the atomic energy
program since 1941, of which $4.8 billion may bc
said to represent the present physical value of the
industrial plant. By comparison, the contribution of
private capital to the atomic energy program has been
rather small. From 1931 through 1954, private in-
dustry, chiefly through the power-study groups, spent
$8 million. With the passage of the Atomic Energy
Act of 1954, the relative proportion of expenditures
may change as capital enters the field.

Several banking and investment houses have ex-
pressed interest in secking to increase their knowl-
edge of atomic energy not only on a technical basis
but also to identify the need for risk capital and the
probable financial gain therefrom. There scems to be
a clear realization, however, that atomic encrgy offers
no quick return on invested capital.

* 1JS Atomic Energy Commission, Washington, D.C.

a5

If one assumes that in 1960 one new electric
power plant in cvery ten constructed may be powered
by atomic energy, it would appear that funds of
approximately $1 billion per year might be required,
about one-half of which would be for the nuclear
portion of the plants. From an administrative point
of view, such risk capital might require, and be quali-
fied for, incentives that are available to similar in-
dustries such as ordnance and aviation. Reviewing
the past history of Amecrican enterprise, one does not
doubt that such risk capital will be forthcoming.

LOCATION OF ATOMIC EMERGY FACILITIES

Surprisingly enough, oniy six short years ago there
was considerable apprehension cxpressed concerning
the locating of radioisotope laboratories in highly
populated areas. Today, there are well over 3000
laboratories using radioisotopes, many of thcm situ-
ated in the downtown areas of large cities. It is to
be expected that as more experience is gained in the
operation of research and power reactors, as well as
other atomic energy installations, nuclear hazards
will find their proper place in relation to other indus-
trial hazards with which we are more familiar.

The first large-scale nuclear reactor was located in
the sparsely populated hills at what is now Qak
Ridge, Tennessee, and following conventional prac-
tice in designing explosive plants (for want of a
better guide), each group of processing facilities was
placed in a separate valley to minimize the over-all
effect of any possible explosion. The prodiction plant
at Hanford, Washington, and the National Reactor
Test Station at Arco, Idaho, were located with the
thought that the most practicable form of protection
was a large exclusion area. This reasoning is still
valid for installations which are for the most part
experimental in nature and must of necessity possess
sufficient flexibility to permit a whole spectrum of
testing and research operations.

Reduction in Size of Exclusion Area

However, if atomic power is to be put to practical
use, it 15 impcrative that the size of the exclusion
area be held within reasonable limiis, if only because
of {1) the amount of capital tied up in the exclusion
area, and (2) the absence of sufficiently large areas
near metropolitan and industrial centers. For exam-
ple, a nuclear reactor of 500,000 kw capacity serving



K YOL. Xl

P/857 USA

G. G. MANOY

a city of 500,000 population, would require an exclu-
sion area of several hundred square miles.

It is evident that atomic power will not be able to
compete on an economic basis with conventional
power if such large areas are required. It would be
possible to reduce the capital investment in real
estate by moving the plants farther away, but it is
generally conceded that locating gencrating facilities
200 miles or more from large consuming centers is
impracticable becausc the line losscs and the cost of
installing transmission towers fail to be compensated
for by the savings in the cost of land,

One major step forward has been the placing of a
prototype reactor {for the submarine “Sea Wolf™")
instde a steel sphere 225 feet in diameter. This
sphere with a cross-sectional area of nearly one acre
was constructed at a cost of about $2 million. If one
assumcs that 6000 horsepower are required by con-
ventional methods to propel a submarine of the same
length as the Sea Wolf at conventional speeds, the
cost of the “Land Area” is approximately 10 mills/
kwh, In considering this example, it must be remen-
bered that no attempt is being made here to produce
competitive electric power,

A second step in reducing the cost of “real estate”
has been taken with the construction of 60,000 kw
Pressurized Water Reactor at Shippingport, Penn-
sylvania. This reactor is enclosed in a steel shell. The
approximate cost of constructing this shell was about
$2 million, indicating an exclusion area cost of 0.8
mitls/kwh. The iand cost of a conventional power
plant is negligible in terms of mills/kwh. Improve-
ments in the design of containment areas, the use of
reactors that are self-regulating and a more realistic
approach to the problem of reactor hazards will per-
mit the locating of A-power reactors in the same
geographical location as conventional power plants.

It is not a corollary that a chemical reprocessing
plant must be located next to each atomic power
plant. Indeed, some thoughts have been expressed
witli respect to concentrating fuel reprocessing plants
in several locations throughout the United States,
each plant to reprocess the spent fuel rods from a
group of power plants.

COST OF ROUTINE RADICLOGICAL SAFETY
PROTECTION

What are the costs of routine radiological safety
protection in an atoinic energy installation 74

From the administrative point of view, however,
it is interesting to note that the Atomic Iinergy
Comrnission spends approximately $100 per year per
man to insure radiation protection, and that the costs
of other safely devices (conventional type) are quite
small by comparison. It is estimated that the cost of
radiation protection is about one per cent of the
total operating expenses, and that if it were desired
to protect against radiation by an additional factor

¥ There 1s a great deal of technical information available on
the subject of radiation protectian, and the details will not be
discussed here,

of 10, the cost would be two per cent of the total
operating costs, This would appear to be quite small,
until onc realizes that this additional one per cent
would correspond to 20 per cent of the total profits
of a commercial enterprise, hased on S per cent net
profit. To an administrator, it therefore beconies of
constderable importance to assay the dollar cost of
radiation protection,

Approaches to Cost Reduction

What approach should be used in arrivieg at a
proper level of radiation protection? The traditional
manner has been to introduce a new process method
into industry and to determine Ly case histories to
what extent the hazards actually appear. This is the
actuarial or the statistical approach. [f time were to
permit, this might be one sound way of ascertaining
the true extent of radiological hazards.

A second approach might be to guard against all
possibilities and to provide for protective devices and
for radiation safety codes coinplete in such detail as
to preclude the possibility of accidents happening. In
this day and age such an approach would be com-
parable to the old-time requircment that cach auato-
mobile must be preceded by a man with a red flag,
and that if two automobiles miet at an intersection
neither should proceed untii the other had passed.
This would indeed insure a perfect safety rccord in
the industry if that industry could survive at all,

But there is a third, or preventive, approach. The
work of the Atomic Energy Commission and its con-
tractors during the past fourteen vears has indicated
that enormous quantities of radicactivity can be
handled safely. Accident rates in the Comumission’s
operations invelving some 134,000 contractor per-
sonnel are noticeably lower than in other conventional
industries, and in the peaceful applications of atomic
energy there have been no fatalities caused hy atomic
raciation. This is an amazing record when compared
to conventional hazards in other industries,

Lost-titne injurics per million man-hours from
data supplied by the National Safety Council and the
Atomic Energy Commission are as follows : electrieal
utilities, 11; non-ferrous metals and products, 10;
average for all industries, 8.2; miscellaneous many-
facturing, G6.1; chemical, 5.5; AEC, 2.3; and com-
munications, 1.8, It should bhe remembered that the
statistics for the atomic energy program include ac-
cidents not related to atomic radiation itseif, such as
in normal construction work. From these figures it
would appear that workers in atomic energy plants
are more safety-conscious than persons in conven-
tional industrial plants, It is axtomatic that a vigorous
employee saféty program strongly supported by top
management pays dividends.

In this discussion, there is no intent to over-sim-
plify the problem of employee safety, but it should be
stressed that adequate protection against radiation
can be ohtained and that the know-how is available.
With film badges, radiation-detection devices, con-
tamination-detection equipment, etc., on hand, there
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is no reason why the safe utilization of atomic encrgy
on an industrial scale cannot be achieved.

But, there i3 room for Delief in the argumen; that
perhaps safety is being over-done. There are as many
as ffty different ways of shutting down some reac-
tors, and frequently shut-downs oceur lLecause of
failure of a safety device. To draw an analogy, it
might be helpiul in some cases if we had an attach-
ment for an automobile that would automatically
sound thc homm, turn off the ignition and apply the
birakes whenever the pressure in one of the tires, for
example, fell below a certain predetermined value.
Yel one could conceive of many situations in which
it would be lioth wnwise and even dangerous to have
such a shut-down occur. As our knowledge pro-
gresses in the identification of the key points of
reactor safety, so will the instrumentation become
simplified and our confidence in the operating rc-
liability of reactors increased.

In short, considerable thought is being given, and
direct action is being taken, to insure so far as is
humanly possible that the atomic age becomes a part
of the nonmal American industrial economy with
maximum regard to the health and safety of the
workers,

LEGISLATIVE CONTROL OF RADIATION HAZARDS

Control af the Federal Level

Radiocactive “byproduct” materials in the United
States are obtainable only from the Atomic Energy
Commission or its authorized secondary suppliers
and distributors. The Atomic nergy Acts of 1940
and 1954 lay down certain criteria for the possession
of radioactive material. Section 81 of the 1954 Act
contains the statement:

*. . . The Commission shall not permit the dis-
tribution of any byproduct material to any licensec,
and shail recall or order the recall of any distributed
material from any licensee, who is not equipped to
observe or who fails to observe such safety standards
{o protect health as may be established by the Com-
mission or who uses such material in violation of law
ot regulation of the Commission or in a manner other
than as disclosed int the appiication therefor or ap-
proved by the Commission. . . ."

Section &1 also states that:

“No person may transfer or receive in interstate
commierce, manufacture, produce, transfer, acquire,
own, possess, import, or export any byproduct mate-
rial, except to the extent authorized Ly this sec-
tion. . .."”

In anticipation of the increase of industrial par-
ticipation in the atomic energy program, the Atomie
Energy Commission has taken a number of steps to
maintain adequate administrative control at the Fed-
eral level. The Advisory Committee on Reactor
Safeguards, established five years apgo, continues to
report to the Commission. A Reactor Hazards
[Zvaluation Staff has been established whose duties
are to develop standards, guides and codes for the

design, operation, supervision, containment and foca-
tion of reactors in order to protect the public health
and safety, and to evaluate proposals for new reac-
tors and of significant changes in existing reactors.

The Commission has also established a Licensing
Division whicli will be responsible for issuing licenses
to various firms and individuals desirous of engaging
in the applications of atomic energy either on a re-
search or industrial basis. In the case of radioiso-
topes, these procedures have been in force since 1946
and provide for control at the source of supply (allo-
cation proceduresy and for conirel at the point of
use (inspection of facilities).

An Inspection Division has been established whose
duties will include the carcful supervision of the
Commission’s and contractor’s staff to insure that
health and safety standards are matntained in the
operations of the atomic encrgy progran:, Additinnai
conternplated regulations involve licenses for opera-
tors of reactors and other utilization and production
facilitics, together with Federal health and safety
standards.

Control at the State and Other Levels

Various states have Lecome interested in consider-
ing legisiation to control the potential hazards in the
atoniic energy program. Among these are New York,
Pennsvivania, California and Connecticut.

The Nationai Committee on Radiation Protection
under the sponsorship of the Nationai Burcau of
Standards has published a number of handbooks
which, while lacking in legal authority, are neverthe-
less looked upon as recommended manuals of “good
practice.”’{ In addition, the NCRP recently formed a
subcommittee to study the feasilility of state regula-
tion for the control of radiation exposure. A draft
interim report has heen circulated within the Sub-
conunittee containing suggestions as to the form that
such legislation might take.

‘The Boiler and Pressure Vessel Conunittee of the
American Society of Mechanical Engineers has es-
tablished a sub-group on Nuclear Power. In addi-
tinn, other industrial organizations such as the Amer-
jcan Standards Association, American Socicty for
Testing Materials, and others, have likewise evi-
denced interest in the preparation of safcty codes.
The subject will not be dealt with in detail except
to point out that a number of qualified groups are
earnestly at work on the problem and that from this
array of talent, both technical and administrative,
there should evolve supgestions for a workable sys-
tem of legislative and technical control of radiation’

hazards.

t Handbooks recently isswed include NBS-42: Safe Han-
dling of Radinactive Isotopes; NDBS-47: Recommendations of
the International Commission on_Radiclogical Protection;
NBS5-48 : Control and Removal of Radicactive Contamination
in Laboratories: NBS-49: Recommendations for Waste Dis-
posal of Phesphorus-32 and Jodine-131 for Medical Users;
NEBES-52: Maximum Permissible Amounts of Radioisotopes
in the Human Body and Maximum Permissible Concentrations
in Air and Water: and NBS-54; Protection Against Radia-
tions From Radium, Cobalt-60, and Cesfum-137.
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It is to be hoped, however, that in the enthusiasm
to formulate such controls, the various sugpgestions
will not have been transformed into legislation which
might be unduly restrictive or which might work at
cross purposes from one statc to the next. One re-
calls that there is a legend—in Africa—that the
Giraffc was designed by a Committee.

This comment applies also to the question of in-
ternational regulations and codes for health and
safety. American as well as European industrial
firms may likewise find it advantageous to work
toward international safety codes to permit normal
commerce in the field of applied atomic energy. A
start has been made with the several meetings of the
National Committee on Radiation Protection, the
most recent of which took place in Stockholm in
August, 1953, and which considered maximum per-
missible limits of radiation exposure to individuals.
In Paris, on June 23, 1955, at a meetiog sponsared
by UNESCQO (United Nations Educational, Scien-
tific and Cultural Orpanization), there was dis-
cussed the question of international standards for the
shipment of radioactive materials.

It is hoped that many more such conferences can
be held at the various national and international
tevels, and agrecments reached on the over-all ap-
proach and general technical content on such pro-
poscd regulations, before individual and differing
regulations are adopted by each nation.

INSURANCE PROBLEMS

Under the new Atomic Energy Act, the insurance
picture may change from onc in which little insur-
ance is purchased as such (self-insurance) toward a
situation where more normal conditions are expected
to apply. In this respeet the new Atomic Energy Act
says in part . . . the licensce will hold the United
States and the Conunission harmless from any dam-
ages resulting from the use or possession of spccial
nuclear materials by the licensee.,”

The average insurance e¢xecutive has not had the
time to devote himself to a study of nuclear physics
or radiological safety. In attempting to assess the
impact of atomic energy upon the insurance field, he
has had perforee to rely on {ragmentary information
gained in part from semti-technical articles, and
colored by the recurrent misidentification of a nuclear
rcactor with a nuclear weapon.

In 1950, when the radioisotopes program was
well underway, there arose the question of rates for
personal life insurance for atomic energy workers,
public liability, property damagec and workmen’s
compensation rates. Under the sponsorship of the
Atomic Fnergy Commission and the Brookhaven
National [.ahoratory a series of seminars was held
TPebruary 6—10, 1950, with the representatives of the
major insurance companies., These seminars did
much to clear the aunosphere and were mutually
helpful to the isotope user and to the insurer, As a
result of in-service training prograrns, insuranee con-
panies now possess trained personnel sufficient to

answer inquiries sent to them by other insurance
companics. The over-all result is that the use of
radioisctopes has been placed in its true perspective
within the spectrum of other industrial operations.

We are now faced with the analogous problem of
insurance in the field of the nuclear reactors, Under-
standably, insurance executives are troubled with
the thought of a run-away reactor contaminating
tens of thousands of homes, automobiles and other
valuable property, and the possibility of one com-
pany being faced with a multitude of individual per-
sonal damage suits totalling perhaps ten to one-
hundred million dollars.

Purely from an administrative point of view, it
would be extremely helpful to have had one or mare
nmajor reactor fatlures, if only to have some frame
of reference with respect to the frequency of acei-
dents and extent of the damage involved. Where
would our insurance rates and our safety codes for
conventional power plants be if we had yet to ex-
perience our first boiler failure?

Differentiation should be made between the prob-
ability of loss which largely determines the insurance
rate and the possibilify of loss which is a maximum
catastrophic loss for which an insurance company
might be heid liable. In neither of these categories is
there actvarial or statistical experience, and rates
must be set jargely on the basis of the maximum
amount of liability that might be involved. In many
respects the situation parallels closely that of \\'riting
lIlSllI‘ﬂHC{: o the ﬁ-rst Colnlnerclal alrlmers

In this valley of uncertainty, it is hefpful to point
out the record of the several dozen operating reac-
tors and critical assemblies in this country. The
Hanford recactors have been in operation almost
twelve years with no more maintenance than would
be expected for a pionecring-type reactor. The
Canadian  NRX  reactor failure is probably the
severest to date, and yet even here the reactor has
since been put hack into operation at increased
power. On¢ other case involved the planned failure of
the experimental boiling-water reactor experiment.
Here, in the course of a scientific investigation, it
was necessary to determine the parameters of a
reactor involving extremely high rates of control-rod
withdrawal and tremendous surges in power, The
experimental data obtained should he of considerable
assistance in determining the boundary conditions in
the design of this particular type reactor, It is to he
hoped that additional experiments will he carried out
so that more of these plamted failures willi be made
to take place, and that from these data the rudiments
of a nuclear reactor safety-code can be set down on
paper. Eventually there way be established for reac-
tor safcty, an organization whicli might be the
counterpart of the National Underwriters Lahora-
tory.

These operating experiences, some of them with
reactors working at full capacity, yield at least two
points on the curve in terms of possible failure per
miilion reactor-hours. Because “two” 15 a very smali
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number statistically, it is difficult to place much faith
in any extended extrapolation of this record and
yet it must, of necessity, form the baseline in our
consideration ol reactor hazards.

The Engineering Test Reactor, as well as the
Materials Test Reactor, will continue to furnish
much valuable information regarding metallurgical
properties under the influence of liigh intensities of
radiation. Facilities now under construction at the
National Reactor Test Station at Arco, Idabo, in-
clude provision for transient-testing and safety de-
terminations for wvarious types of reactors. Other
research elsewhere includes development of safety
“fuses” for reactor cores. Meanwhile, within the
next five years there may be from ten to twenty uni-
versity-type rescarch reactors located in various parts
of the United States. The safcty records in their
operation should do much to influence the adminis-
trative thinking in terms of power reactors.

Undoubtedly, improvements will be made. For
example, the Swimming Pool Reactor displayed at
the Geneva Conference possesses a complately auto-
matic start-up and power-level comtrol system. By
contrast, it may be recalled rather humorously that
the first commercial electrical distribution system
consisted of bare copper wires laid in a wooden
trench.

The Atomic Energy Commission has recently
granted security clearances to a committee of top

insurance executives to study the general problem of
insuring industrial power reactors. As a result of
detailed technical conferences with Commission and
other personnel and of visits to operating installa-
tions, this Committee may be in a position to make
sotme specific recomniendations.§

During the next few years, perhaps some form of
government assistance may be necessary to help
carry the risk of any catastrophic damages. As a
precedent, an organization similar to the War Dam-
age Corporation, as established by the US Govern-
ment during World War II, or assignment of such
responsibility to a present organization, for example
the AEC, might be among the solutions considered.

It is Delieved that in time the insurance industry
will solve the problems of insuring reactor operations
against all types of hazards in the same manner that
it solved analogouts problems of air and railroad
transportation.

SUMMARY

The industrial application of atomic energy offers
many new and chalienging administrative problems.
None of these is insurmountable; they can be and
must be put into their proper perspective in order
that atomic encrgy may rightfully take its place in
the world economy.

§ The repart of this Committee will be published shortly.



Problems in the Legal and Administrative Control of « Progruﬁ
for Distribution of Radioisotopes

By Stephen P. Cobb, Jr.* USA

Radioactive isctopes can be of immeasurahle hene-
fit to science and technology. Their potentialities
were known early in the 20th century through the
use of naturally-occurring radivactive materials. The
scope of their usefulness broadened in the 1930°s
when it was learned that elements throughout the
pertodic table could be made radioactive through the
use of high energy accelerators. Then after World
War IT and the development of nuclear reactors, the
availability of radiosctopes increased tremendously,
with a corresponding decrease in cost. Since then it
has bLeen possilble to explore more completely the
full scope of radivisotope usefulness.

Although radiation can be extremely useful, it is
also potentialiy harmful if not controlled. During the
early years following the isolation of radhun few con-
trols were maintained, There were abuses in the
handling of radium which led to deaths in subse-
quent vears, with symptoms strongly pointing to
radium poisoning. Many curative powers were at-
tributed to radium by unserupulous persons anxious
only to cxploit the material. Some efforts were un-
dertaken in the early 1920°s to curb unrestricted
meclical uwse of radinm through standardization of
sucli uses. The eforts to acquaint people with the
potential hazards of radiation and to limit the use of
racdiation emitters were worthwhile, However, the
groups studying the hazards from radiation could
only make recommendations for the protection of
public health and safety; they had no authority to
enforee their decisions. Nevertheless, their work was
important and has continied; data assembled by
«committees of experts in the feld of radiation pro-
tection currently is forming the basis for various
types of health and safety regulations,

It was believed necessary in the United States at
the time the Atomie Energy Act of 1946 was drafted
to provide certain legal controls over the distribution
-of radioisotopes, byproducts of uranium reactors. The
fact that these isotopes would, in all probability, be
available in mnuch larger quantities and at lower costs
than heretofore made some type of control ail the
more necessary.

The type of controls set up and exercised by the
United States may not be applicahle to radioisotope

* United States Atomic Energy Commission, Oak Ridge,
“Tennessee, .
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distribution programs in every country. The kine
and extent of programs will vary considerably de
pending upon such factors as, to name only a few
(1) the legal basis for control of an atomic energ:
program; (2) the scope of isotope utilization, fo
example, whether the materials will be limited t¢
medicine and research or whether they will be usec
industrially as well; and (3) the guantities of ma-
terials to be used, The following discussion of the
program carried out by the US will serve to outline
some of the problems and a wicthod of handiing them

LEGAL BASIS FOR CONTROL

The basis under which the Atemic Energy Com-
misston controls the distribution of radioisotopes is
the Atomic Energy Act. The original Act of 194€
and the 1934 amendment both contain express pro-
visions concerning distribution of “byproduct ma-
terials,” as the radioisotopes are called, The 1954
Act states that byproduct materials may be furnished
* .. . for research or development purposes, for
medical therapy, industrial uses, agricultural uses,
or such other useful applications as may be de-
veloped.”! At the same time, the Act recognizes
the dangers involved in handling radiation emitters,
for it also states that the Commission “shall not per-
mit distribution of any byproduct material . . . anc
shall recall or order the recall of anmy distributed
material from any licensee who is not equipped to
observe or fails to observe such safety standards to
protect heafth as may be established by the Com-
mission. . . .1

Thus, a specific act was passed to set up controls
over nuclear energy applications and a specific Com-
mission cstablished to carry them out. This might
not be necessary in zll countries; in fact, some coun-
tries have delegated the authority .for radiation pro-
teetion and inspection to existing groups, both within
and outside of the Government. During the early
days of radiation utilization, much of this inspection
was done on a voluntary basis. However, as the
amount of radioactive substances has increased in
various countries, either through import or through
construction and operation of reactors, voluntary
radiation inspection is being replaced by regulatory
controls,

Although it would be possible to establish volun-
tary standards, it is unlikely that any enterprise
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involving potentially hazardous matertals, such as
radiation emitters, can continue to operate success-
fully on a voluntary basis. In fact, the experience
of US Government apencies, such as the Federal
Food and Drug Administration and Federal Trade
Commission, has indicated that an agency can not
expect 100 per cent voluntary compliance with mini-
mum safety standards.

One means of compulsory control is through is-
suance of reguiations which implement basic controt
laws, and which may be broad or specific as the
situation requires. The US AEC has issued certain
regulations governing the possession, use, transfer,
and disposal of radinisotopes. Other regulations out-
lining minimum health and safety standards will be
published in the future. The currently published
regulations outline procedurcs to be followed when
obtaining a license to use the materials; criteria for
necessary training and experience before a license
can be issued; the type nf records to be kept, ete,
Although this type of regulation may not be neces-
sary for limited programs, US experience has indi-
cated that it is desirable to publish all criteria of
training, experience, equipment, facilities necessary
for obtaining radioisotopes. In this way all persons
can determine what the requirements are; further-
more, these requirements wiil be applicable to all.

A very important type of regulation, and at the
game time a2 difficult one to formulate, is a set of
health and safety standards. The AEC has been
delegated this authority under the Act and is in the
process of drafting such standards. In compiling
these regulations, great reliance has been placed on
the recommendations of the National Committec on
Radiation Protection, whose members in turn are
associated with the International Commission on
Radiological Protection. Thus, advantage is taken
“of the recommendations of experts in the field from
all over the world, who have been concerned with
radiation protection standards for many years. The
International Commissinn on Radiolegical Protec-
tion has in general, endeavored to base its recom-
mendations on fundamentals in simpte and concise
terms, which can be translated into regulatory
language.

As in the case of licensing regulations, health and
safcty standards which are published can serve to
irdicate to all the standards which muost be met. 1f
later experience in the field of radiological safety
warrants amending the regulations, this can be done
without undue difficulty. It must not be assumed that
a piven set of standards will exist without modifica-
tion for a long period of time especially in the
rapidly expanding field of radioisotope utilization
and protection.

Even though the emphasis has been placed on
regulations, it is not intended to discount the real
value of recommendations of the National Commit-
tee on Radiation Protection and the International
Commission on Radiological Protection. As indi-
cated previously, these recommendations form the

basis for fegulations. Also for those interested in
mnore detailed information as to the Dbasis for the
recommendations, it may be found in handbooks
prepared Ly the NCRP and distributed Ly the
National Bureau of Standards. Any country con-
templating a set of regulations ar codes would find
these handbooks uscful as starting peints in drait-
ing such codes.

ADMIMNISTRATIVE CONTROLS

The US ALC established an organizational group
within the Conmission 1o handle the radioizotope
distribution program. This group, the Isotopes Divi-
sion, has had several functions: (1) production
control—coordination of isotope production to insurc
that the desired types and quantities of materials
are available from the wvarious reactors throughout
the country ; (2) distribution control—administration
of a licensing program, with the establishment of
basic criteria of training and experience suflicient
to permit wide, yet safe, utilization in scientific re-
search, medicine, industry and other fclds; (3) in-
spection and visitation—evaluation of users’ facilities
plus consultation on radiclogical saicty; (4) promo-
tion—cducation in safe radiological practices, assist-
ance in establishment of training courses in radio-
isotope utilization, and preparation and delivery of
articles, talks, ctc., on isotope utilization.

A group such as the Isotopes Division inay be a
more formal organization than all countries would
need. The functions of the division might be spread
among individual groups. However, in all proba-
bility these functions will necd to be undertaken in
varying degrees in any radioisotope program. In the
US, the Isotopes Division has served a useful func-
tion as a central group for coordination of licensing
and regulatory activities and as a center for spread-
ing of information rclative to radioisotope utilization.
Such centralization has merit, particularly at the
beginning of a program. As the program expands,
however, and trained users increase in number the
need for cootinued centralization tends to decrease.

COOPERATION WITH OTHER GOYERNMENT
AGENCIES

Although the Atomic Eoergy Cormnission is the
principal group controlling radioisotope distribution,
other Government agencies are concerned with dif-
fereot phases of the program. For example, trans-
port of radioisotopes across state lines must conforn
to regulations of the Interstate Commerce Commis-
sion or the Postal Department; inclusion of radio-
isolopes in foods or drugs, even for experimental
purposes, comes within the scope of the Federal
Food, Drug and Cosmetic Act; a function of the
US Public Health Service for a number of years
has been radiclogical health activities. The AEC has
cooperated with these other agencies to work out
mutually satisfactory arrangements in connection
with radioisotope distribution and utilization.
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Other groups in the US are obligated by law to
protect the health of the public. For example, the
US Public Heaith Service has been concerned for
a number of years with protection of people from
the harmful cfects of radiation., LEven afier the
jormation of the Atomic Energy Commission, the
Public Health Service retained this interest. It has
cooperated with the AEC in conducting studies on
decontamination of waters contaminated with radio-
activity, prablums associated with the disposal of
radicactive wastes, cvaluating hazards associated with
the wide variety of radioisotopes available from
nuclenr reactors, surveying the dangers associated
with other types of radiation-emitters, such as X-ray
machines and particle accelerators. The Public
Health Service is also vitally interested in the de-
velopment of sound radiological safety programs in
the various states in the United States. In this Iatter
regard, it has set wp programs under which state
and local health officials can acquire basic knowledge
of radiation and radiation protection. The ALC co-
operates and assists in these programs by providing
personnel for lectures and demonstrations.

A public health problem which becomes more im-

portant as the amount of radioactivity in use becomes
larger is that of waste disposal. In general, there
are two mcthods of controlling wastes: (1) concen-
tration and storage and (2) dilution and dispersal.
Disposal may be acconmiplished as follows: (1) short-
lived radioactive liquids may be controlled by stor-
ing them until they have decayed to a safe level
and/or by dilution with water; (2) long-lived radio-
active liquids may be controlled by concentration
or evaporation to the solid state after which they
may be stored or buried; (3} gaseous and airborne
materials may be controlled by filtration and dilution
with air; {4} solid radioactive and contaminatec
materials may be disposed of by burial in the soil nr
disposal in the ocean under conirolled conditions.
" The extent to which special facilities need to bLe
set up will depend npoun the size of the isotope pro-
grami. To a medical program, for example, which is
primarily a diagnostic one, waste-disposal problems
may be insignificant, since the amounts of material
nsed will be verv small and usually of short-life.
Ordinary waste disposal facilities may he satisfactory
in such cases. For a program involving therapy and
larger number of patients, special halding tanks for
liquid wastes may be necessary,

The waste-disposal problem is such an important
one that the National Conmnittee on Radiation Fro-
tection has compiled four handhooks on the subject
and is currently preparing two additional ones. The
matter of disposal of radioactive wastes should be
carefully considered Ly any group initiating an iso-
topes program.

As in other instances cliscussed throughout this
paper, exactly similar prablems probably will not be
faced by all countries engaging in radioisotope pro-
grams, However, many countries have found it de-

strable, at least in the beginning to delegate authority
for review and/or control of radioisotope programs
to public hiealth and sanitation groups. These groups
doubtless would face gencral problems similar to
those under review by the AEC and the Food and
Drug Administration, especially if the isotope pro-
grams are devoted priinarily to the field of medicine.
The US has found it practical to work out such
problcins through a comnmittee organization; other
countries may or may not wish to adopt the same
procedure. Scientific personnel trained in radiation
problems could assist [Public Health groups or Public
Health officials could receive training themselves;
either procedure would appear to be sound practice
regardless of the size of a radioisotope program,

TRAINING AND EDUCATION

Before any radioisotope program can expand, it
is essential that there be at least a small group of
well-trained persons available. Such 2 group can
serve as a nuclcus for spreading basic knowledge of
isotope techniques, thus permitting an increasing ex-
pansion it wutilization.

When the program for distributing reactor-pro-
duced radigisotopes began in the United States, there
were relatively few people in the country who had
expetience in bandling radiation emitters. One of the
important tasks of the AEC was to encourage the
establishment of training courses to increase the
number of persons qualified to use isotopes.

There was set up in Oak Ridge, Tennessee, a
special training course specifically devoted to radio-
isotope techniques. It is a laboratory lecture course
designed to cover fundamental concepts and tech-
niques involved in handling radioactive materials.
Completion of this course or others like it would
gencrally qualify a person to handle tracer quan-
tities of isotopes for research and development ac-
tivities. Such a course does not, nor is it intended
to, qualify someone for a particular, specialized use
of isotopes. Rather it is just the first step in ae-
quainting people with the problems involved in
handling radioisotopes, and therein lies its value.

A uext step in training for particular uses of
isotopes wsually involves more specialized training,
obtained through “on-the-job” experience with a
group using isotopes in the particular manner of
interest. Little, :f any, formalized training courses
are available for specialization, aithough some ined-
ical courses, for example, are Lring started in some
locations. More and more basic training courses may
well become part of established curricula in colleges
and universities as interest in isotopes continues
to grow.

The need for education and training has been rec-
ogtiized everywhere that isotopes are used. Some
countries aside from the US, with advanced nuclear
energy progranis, have set up similar training courses
for their own natinnals and for natiomals of other
countries as well. For those countries just beginning






Administration Problems in Radiation Protection

in New York State

By I. R. Tabershaw* and M. Kleinfeld,T USA

The development of control techniques for chem-
1cal, physical or infectious hazards in industry follows
certain fundamental medical and engineering prin-
ciples which are modified in accord with the partic-
ular properties of the agent. The control of the
hazard from ionizing radiation is no exception. For
several vears, various agencies in New York Slate
have worked with radiation control and while no
definitive program bas Dbeen established, progress
has been made in defining the special technical and
administrative factors. The purpose of this paper
is two-fold: {1 to develop the lasis for the deci-
sions which are currently heing taken and (2) to
describe the administrative probiems, DBecause of
New York State's size, its industrial development
and its well organized health and safcty agencies,
most of the factors which have arisen can be con-
sidercd representative of other jurisdictions.

The following principles have guided us in forinu-
lating our administrative controls:

CONTROL MUST BE FLEXIBLE

The use of radiation is growing and its boundaries
have as vet not been defined. Preventive methods
must be clastic and allow for expansion lLoth in
nuinbher and in type of all kinds of encapsulated or
"loose radioactive materials and radiation equijpment
and machines. To date, the principal uses and haz-
ards are still in the medical and allied professions
{physicians, dentists, veterinarians, etc.) but the
industrial applications arc extreinely widespread and
expanding. Ilustrative of this growth are the number
and type of radiation sources in New York State
where there are more than 1500 industrial estab-
Tishments with a potential radiation hazard.

There are about 750 shoe fluoroscopes, some 125
industrial radiographic installations and at least 25
X-ray diffraction units. We have on record 400
tadium-bearing static eliminators installed in various
plants. The polonium-type static eliminator is also
widely used, but the number manufactured and dis-
tributed is not available to us. The number of plants
wusing cobalt-60 or sealed radium for radiography is

* Director, Division of Industrial Hygiene, New York State
Tepartment of Labor.

t Chief, Medical Unit, Division of [odustrial Hygiene, New
York State Department of Labor,
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vnknown, but a minimum estimate would be 123, In
wany installations, the original sources are being
replaced by those of larger size. Miscellanenus ioniz-
ing emisstons from high voltage instruments such
as electron microscopes and accelerators total at
least 15. T'here are two radium-processing plants in
the state and 20 more are associated with dial paint-
ing but no definite figures can be established as to
the intermediate and ultimate users of these radium
dials. The hazard from the usc of isotopes in industry
such as bcta-ray thickness gauges or as tracers in
processing, tesearch, etc,, are estimated in the sev-
eral hundreds. There are still apparatuses which may
praduce stray radiation but these have not yet been
adequately defined, such as theatrc or projection TV
tubes. This enumeration excludes the potential haz-
ard from power reactors and the associated opera-
tions of such installations.

Such variations in energy sources, sizes, and es-
tablishments demands code rules wiich are Aexible
and recsponsive to change. The concept of flexibility
is best expressed by placing the emphasis on “per-
formance”” rather than on “specification” in the codes
controliing the radiation hazard. Since radiation is
casily detected and measured if the potential sources
are known, specific control techniques need not be
itemized as they can be individually tailored and
epplied. It is recognized that a “periormance” code
is miore difficult to enforce, bhut the chief aim at this
time is education, not enforcement.

ALL [ONIZING RADIATION IS POTENTIALLY HARMFUL

While certain maximum ailowahble standards are
needed, no amount of radiation should he permitted
if methods are available to eliminate it. The stand-
ards as dctermined by the National Committee on
Radiation Protection and other scientific bodies suf-
fice as bLench marks far engineering control. Gen-
erally, the most restrictive criteria should be used
provided it is possible to achieve them from an en-
gineering and economic standpoint., This principle
scems extreme if taken literally, as everybody can-
not be fully protected. We cannot create an abso-
lutely safe environment any more than we ¢an a
biologically sterile one. Radiation, however, is pe-
culiar in that therc is a cumulative effect. Chronic
radiation is no different than acute radiation except
that the end point is delaved. There is increasing
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where control of wvarious hazards is allocated to
the different state agencies depending upon their
jurisdiction, stafl and function.

There is no sound reason for considering ionizing
radifation as particularly different. A separate agency
would create duplication, confusion and loss of time.
It is the common complaint of industry that there
is an endless parade of governmental inspectars rep-
resentitlg diffcrent and even the same state agency,
each interested in a minute aspect of their work,
Dealing with each agency is expensive, time con-
suming and tedious, Safety inspectors looking for
only radiation hazards would add to this burden
without increasing efficiency. A commission of ex-
perts in an advisory or consultative capacity may
serve a useful function but the prime responsibility
should be given to the functioning state agencies.
Penace-time progress can be achieved only as the
general public becomes familiar with radiation. This
maxim also applies to the various branches of the
state governmcent which have to learn about radia-
tion and incorporate its handiing into their present
functions. A specialized training program for in-
spuction personnc! in the regulatory agencies will
dispel many of the misconceptions concerning radi-
ation hazards. Firtherimore, they offer a realistic
means for eflective control methods.

The administrative probleins encountered by the
various state agencies concerned with radiation safety
are currently Leing evaluated and discussed. There
is expectation that there will be more extensive use
of atomic energy as a result of technological advances
and the stimulus provided by the US Atomic Energy
Act of 1954, Safety regulations must be adopted by
the states to achieve the high standards set by the
Federal atomic establislunents. Radiation safety is
expensive and if it is not subsidized by government,
we can expect industrial managements to use all
devices that save money, Rules, therefore, must be
promulgated so that the ignorant or unscrupulous
do not beneft at the expense of the public and the
worker. Education should be the matn approach, but
some regulatory discipline is also necessary.

In New York State, the major hurden for radia-
tion safety fails upon the Health and Labor De-
partments and both have taken steps toward the
adoption of safety regulations. Regulation 1G of
Chapter 16 of the New York State Sanitary Code
concerns itself entirely with radiation. This code
was scheduled to go into effect July 1, 1955 but its
effective date has been indefnitely postponed. Public
hearings have been held on radiation code rtule
No. 38 of the Board of Standards and Appeals of
the New York State Labor Department and mod-
ifications are currently heing made. No date has as
yet Lecn set for further hearings but it is expected
that the code will be adopted some time during 1955,

It is worth pointing out that there is a basic dif-
ference in the approach between the two Depart-
ments. The Labor Department i1s more of a regula-

tory agency than the Health Department. In this
instance, however, the Labor Deparlinent recognizes
that in the case of radiation, education is more im-
portant than specific control measures. Its code also
stresses “performance”, i.e., the aitainment of es-
tablished criteria rather than rigid design techniques
for each individual radiation source or for each
industrial use. There is no basic diffcrence between
the two codes, except for the delinition of jurisdic-
tion currently being negotiated. Decisions affecting
these matters wiil depend upon legal interpretation
as well as on the ability of each Department to carry
out the work in terms of time, staff, equipment and
geography.

Jurisdiction and responsibility of each depariment
are legally established. The Labor Department is
responsible for all harmiul exposures to factory
workers. All enviromnental radiological problems
and all willful exposure of humans to radiation arc
the prime concern of the Health Department, There
are, however, a number of “gray” areas in which
both departinents have a comumnon interest which are
worth describing:

l. Veterinarion Clinics

Veterinarian clinics may be considered allied to
the medical profession but the workers and tech-
nicians arc employees and should be afforded pro-
tection under the Labor Law. The extent of this
protection has not been clarified in occupations of
this kind. The Labor Department is not concerned
with the self-emiployed professional such as the
veterinarians themselves,

[I. Edvcational Institutions

Educational institutions hire “mechanics”, working
men' and “laborers” who are defned as covered
employees by the Labor Law., On the other hand,
educational institutions ordinarily do not come under
the “places” covered hy this law. In an engineering
institution, the nature of the problems are such that
the experiences of the Labor Department could be
more effectively applied than those of the Health
Department. The converse may be truc in an in-
stitution which carries out medical studies.

lIl. Research Laboratories

Rescarch lahoratories are either private, commer-
cial or attached to a large industry. Jurisdiction by
either Department swould have to be evaluated on
the hasis of the type of work and the ownership.

I¥. Transportoiion

Employees engaged in the transportation industry
are nonimally not covered by the health and safety
provisions of cither the Labor Law or Public Health
Law and Loth departments might have a legitimate
interest in various phases of this activity. Jurisdic-
tion might well belong to the Division of Safety of
the executive branch or the Interstate Commerce
Commission if the carrier operates in more than
one state.






REGULATIONS ON RADIATION PROTECTION IN NEW YORK STATE 49

portant that all be informed by proper means;
labels, sipnals, ete., where radiation is present. Since
radiation can be measured and controlled, ne damage
to humans is anticipated and unjustified complaints
can be denied through scientific evidence,

There are many other administrative details which
have not been satisfactorily defined. Experience,
however, wili be the only teacher and in a year fol-
towing the adoption of a code, definitive answers
shoulk! be available for many of these questions.
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decree of August 25, 1952, then in the Public Health
Cude by the decree of October 3, 1933, chapter 2,
title 3, book 5, articles 631 ¢t al.).

This law, as well as the decree of May 3, 1954,
which defined the conditions of its application, con-
stitutes, at the present time, the main basis of the
regulations applicable to the artificial radicelements
in France. These texts, which repeal the decree of
July 30, 1949, set up regulations applicable to the
preparation, import, export, utilization, sale, pos-
session and distribution of artificiat radioelements,
They also set up an interministerial committee in
charge of submitiing opinions on the matters relating
to these radicelements.

This Committce consists of: a representative of
each one of the six ministries interested; a repre-
sentative of the Institute National d'Hygiéne; a
representative of the Centre Nationa! de la Re-
cherche Scientifique; and two representatives of
the Commissariat 4 'Energie Atomique.

This Cammittee is presided over by Mr. de Lavit,
Conscilier d'Etat; the vice president is AMr. Gold-
schmidt, C.E.A. Director of Foreign Affairs, and a
Department head of the CE.A., Mr. Fisher, wheo
has been appointed its permanent secretary, as a
nonvoting member,

The Interministerial Comuission, at its plenary
sessions, formulates its opisions or proposals per-
taining to all questions of a general order having
to do with the preparation or application of regu-
jations applicable to the artificial radioclements, and
particularly : the preparation, import and processing
of artificial radioelements, in any and all forms; the
general conditions applicable to the calibration, pos-
session, transportation, sale, distribution of, and
trade in, these products; the general conditions
of utilization of the artificial radioelements, and the
measures of protection against the effects of their
‘radiation; the general rules according to which
advertisements can be done, it being specified that
any and all publicity bearing on the use of artificial
radioelements or products which contain them in
human or veterinary medicine is prohibited, except
as meant for physicians, veterinarians or pharmacists,
with due regard for the provisions in force.

This Comnittee is made up of two sections which
must give an opinion on the preparation, import,
export, transfer and conditions of utilization specifi-
cally applicable to the artificial radioclements; the
first section reviews the applications bearing on
human bivlogy or therapeutic applications, the second
those bearing on the other applications.

Accordingly, the preparation, import and export
hy any physical person or legal eéntity other than
the C.E.A., and the transfer by anybody of artificial
radicelements or products which contain them, for
applications in human biology or therapeutics, are
subject to the previous authorization of the Minister
of Public Health and Population, after hearing the
first section.

For all applications other than those described
alove, the preparation, import, and export of the
artificial radivelements or products which contain
them by any physical person or legal entity other
than the CE.A. are subject to the authorization of
the Alinister of National Education when the instal-
lation which prepares or uses them is placed under
his jurisdiction; in all other cases, this authorization
is piven by the Prime Minister,

The decisions pertaining to authorizations are
taken after hearing the second section of the com-
mission.

The C.E.A. may transfer, for purpases other than
those bearing on human biology or on therapeutic
applications, the artificial radicelements which it
holds, following a favorable opinion by the sccond
section of the Committee.

Transfer by all other holiders will Le authorized
by the Prime Minister or by the National Educa-
tion Minister, as the case may be, following an
opinion of the second section of the Committee.

In each and every case, whether the artificial
radioclenients are destined for human biology and
for therapeutic applications or not, the specific con-
ditions under which they must be used have to
confornt with the peneral regulations pertaining to
artificial radioelements; bnt, in the case of inad-
equacies or insufficiency in those regulations, these
conditions of utilization are set at the time of each
individual authorization by the authority having
jurisdiction to authorize the transfer, after hearing
the first or the second section of the Committee,
according to the case.

In order to make the procedure simpler in the
numerous cases in which there is no particular dif-
ficulty, the Interministerial Committee and its sec-
tions may delegate their authority to two of their
members, whoe will jointly examine the ordinary
requests,

The authorizations are personal, but the holders
may he allowed to transfer the products which they
hold to other users. Penal sanctions are provided
{fines and imprisonment) for all the infractions
bearing on the preparation, import, export and
utilization of the artificial radioelements. In addi-
tion, the beneficiaries of individual authorizations
are subject to permanent control bearing on the
processing, keeping and transporting of the artificial
racioelements, as well as on the supervision of their
use and vertfication of current inventories.

Finally, the adding of artificial radicelements, or
products containing them, to foodstuffs, articles of
hypiene and the so-called beauty products, is pro-
hibited.

B. TRANSFORTATION OF ARTIFICIAL
RADIOELEMENTS

The regulations applicahle to the transportation
of artificial radioelements are in constant develop-
ment, and various projects are under way in order
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to harmonize the present provisions with interna-
tional recommendations.
At the present time, we must distinguish between:

I. The Provisiens Having to Do with Transportation

a. Railrood and Rood Transportation,
River Transporiotion

The radioactive substances belong to group 41-420
of the fourth category of toxic materials, which are
among the dangerous and foul materials, Transpor-
tatton of such materials is regulated by decistons
taken by the Alinister of Public Works, Transport
and Tourism, after hearing the Committee on Trans-
portation of Dangerous and Foul Materials, created
by the decree of Febroary 27, 1941,

A decision of April 15, 1945 approved the regu-
lation applicable tu transportation of the dangerous
and foul materials by railroad, road and river, This
text was later modified by a certain number of deci-
sions which appeared in the official gazette,

The packages containing radioactive substances
must include lead shielding and a double wal! for
the purpose of creating an insulated area around
the dangerous radiation zone.

The container for the radinm or madioactive prod-
uct shall e kept in iead shielding, the thickness of
which shall be no less than: 10 millimeters when
there are no more than 100 milligrams of radiuem
or a quantity of another radioelement of eguivalent
activity : 20 millimeters when there are Dbetween
100 and 300 milligrams of radium; 30 millimeters,
when there are between JO0 milligrams and 1 gm of
raditm ; and 50 millimeters when there is over 1 gm
and up to 3 gm of radium.

This lead shielding must be placed inside a double
walled wooden case, so built that the two walls are
assembled. Both must be of sufficient thickness for
the unit to he perfectly resistant, the thickness of
the walls cannat be under 10 miilimeters, and the
space hetween them is to be filled with some suitable
material {sawdust, excelsior), the thickness of this
fitlting being at least: 10 centimeters when there are
no more than 100 milhgrams of radium; 20 centi-
meters when there are from 100 to 300 ymilligrams
of radium ; 25 centimeters when there are 300 milli-
grams to 1 gm of radium; and 35 centimeters when
there is more than 1 gm of radium.j

The parcels which contain 3 gm of radium, or
more of a quantity of another radioelement having
an activity equivalent to that of 3 gm of radium,
are acceptable only if the shipping manifest is ac-
companied with an authorization delivered by the
Minister after hearing the npinion of the Committee
on the Transportation of Dangerous and Foul Ma-
terials. This authorization is to specify the packaging
requirements.

$ In the case of cubic shaped parcels, the above rules mean
outside dimensions of at least: 26 cm for less than 100 milli-

grams; 48 cm between 100 and 300 milligrams; &0 cm be-
tween 300 milligrams and 1 gm; and 84 cmn for more than

1gr

The parcels which contain artificial radioelements
must carry, in very plain sight, some red labels with
a death’s head on a white hackground, with the in-
scription: “Radioactive material, do not stand near
this parcel”.

b. Transportation by the Post Office Administration

According to decree WNo, 2337 of Aupust 27, 1943
and the current regulations, the maximum quantity
of radicactive materials which can be shipped, with
a statement of its value, is 100 milligrams of radium
or 100 millicuries of another radioelenient.

The soutce must be housed in a lead shield having
a minimum thickness of 2 e, placed at the center
nf a cubic parcel having sides 30 em long. A white
label on a Dlue background showing “radioactive
materials” must he affixed to the case.

¢. Airplane Transportation

There are no special regulations for transportation
by airplane, but the international rules (essentially

Table |
. i Duration
Aiments caused by X.rays, maturel or artificial vadioactroe o,
substances, or any other rovpuscle emitters Compensa.

tion

Serinns progressive anemia of the hypoplastic or 3 vears
aplastic type

Siight progressive ancmia of the hypoplastic or 1 year
aplastic type

Leukopenia attended by meutropenin 1 vear
Leukoses ar levkemnid conditions 3 years
Hemorrhagic syndrome 1 year
Blepharitis or conjunctivitis’ 7 days
Keratitis 1 year
Cataract 5 vears
Acete or chironie lesions of the skin and mucosae 10 years
Radionecrosis of the hone 3 years
Boste sarcomn 15 years
Droncho-pulmonary cancer due to inlmlation 10 years

Work which may cause the ailments

All work exposing 1he subject to the action of X-rays,
natural or artificial radioactive substances, or to any
uther corpuscle emitters, in particular :

Extraction and processing of radioactive muteriais
Processing of radioactive substances

FPreparation of radicactive chemicals am¢! pharma-
ceuticals

Preparation znd application of radium-bearing fumi-
nescent producis

Research or measurements on radicactive substances
and X-rays in the laboratories—manufacture of equip-
ment for radium therapy and X-ray equipment

Work which exroses the warkers to radiation in the
hospitals, clinies, dispensaries, medical offces, dental
and radiological clinics, private hospitals and anti-
cancer centers. Work in aft the indusiries or busi-
nesses which use X-rays, radioactive substances, and/
or substances or devices which emit the radiations
listed above
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those of the Interstate Commerce Commission) are
customarily followed.

1. The maximum quantity transported is <2000
millicuries of radium, or its equivalent of another
radioelement.

2. The intensity of the doses of gamma rays at
one meter of the parcel mnust not exceed 10 milli-
roentgens per hour, or a meutron flux having an
equivalent biological effect.

3. Intensity of the radiation must be less than
200 milliroentgens per hour at the surface of the
parcel.

4, The inside package is a metai container, lead
sealed ; for liguid substances, a water and gas tight
container made of thick glass must be used and a
material that can absorD everything in the event
of a leak must be placed inside the shielding,

5. The stiff and resistant outer parcel must be
at least four inehes along its smallest dimension.

6. A label “Radioactive material” must be show-
ing on the box.

Il. Special Rules Applicable to the Customs Duties and
Administrative Formelities for the Import of
Artificial Radioelements

1. The Wational Center of Scientific Research
obtained, in March 1949, of the General Direction
of the Customs and Excise Taxes, permission to
withdraw shipments of scientific equipment and

chemical products, provisionally without any imn-
port license, provided this document be produced
within two months of taking it out of the customs,
This method also was valid for the isotopes.

2. By a decision of the Minister of Finanee and
Economical Affairs, taken on May 23, 1951, the
impart customs duties were waived for natural and
artificial radioelements appearing under numbers
360A and 360 B of the customs schedules.

3. In addition, in a notice to the importers of
products originating in and coming from countries
which are members of the European Economic Co-
operation Organization, dated Januvary 7, 1933, all
quantitative restrictions were waived for the huport
of the products designated in a table appended to
the present paper, in which the artificial radicele-
ments under 360 B, the ongin of which is from
the countries of the Q.E.C. or their overscas terri-
tories.

itf, Occupational Diseases

Since the issuance of the decree of December 31,
1946, modified on December 9, 1950, the aflections
brought about by X-rays, naturaily radioactive sub-
stances or artificially racioactive substances, or any
other corpuscle emitters, are classified among occu-
pational discases.

‘Table I sums up the present regulations.
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power plant, for example. The degree of hazard is
related to reactor type, design and construction; the
location of the reactor in relation to people and
property ;s and the caliber and attitude of both man-
agement and operating personnel.

During normal operation of a reactor there are
few problems that seriously bother informed insur-
ance underwriters. The impasse is reached in con-
sidering a major reactor failure and its effects not
only on the rezctor and operating personnel but also
oh areas surrounding the plant. Such an accident
may impose on the managemecnt of the company
operating the plant a liability of extecnsive propor-
tions, The serious problems arise from possible
large and unpredictable losses under the general
heading of public liability. A serious accident could
involve injury and death to people living and work-
ing in the area around the reactor operation as well
as contamination of structures in the vicinity. In-
dustry appears to feel that such losses could be ex-
tremely large. Insurance against this type of loss is
provided under policies which specify limits of lia-
bility which the insurer is willing to accept. These
limits are related to 1nany factors, but in any event
are, at the present time, considerably less than those
which industry appears to want.

THE REACTOR

There have been many reactors operated during
the past few years by several different countries.
They have compiled excellent safety records. There
has been only one reported reactor failure and the
principal damage in this case was to the installation
itself, The entire cost of this accident was borne by
the government operating the reactor. Under private
operation, it would have been the responsibility of
the operating company.

During the first few years of the period when
many groups are involved in reactor development,
the possibility of accidents will be greatest. This is
because much of the developmient wili be experi-
mental and there are many unknowns in several
phases of the reactor field. As knowledge and ex-
perience are gained, the risk will decrease.

Under private operation, then, many factors must
be considered in evaluating the possibility of loss
and potential cost of indemnification for damage.
These criteria must be applied to each reactor unit
separately. They include: use to which the reactor is
to be put; reactor type and design; location ; amount
of containment; quality of supcrvision and operating
personnel ; safety program and inspection,

Reactor Use

At this stage of the program, privately built re-
actars in the United States will prabably be used
for either research, testing of matcrials or produc-
tion of power. The degree of risk will depend in
purt upon the use to he made of a given reactor.

Most research reactors contemplated at the pres-
ent time are to be built by univetsities and other

research organizations for the joint purposes of un-
dertaking nuclear research and training personnel in
reactor design and operation. Such reactors will
probably be relatively small. Because of the nature
of their use they will, of course, be designed for
extreme flexibility. In addition, they will be used
by large numbers of people, many of whom will
have had no previous reactor experience. The safety
of such reactors will depend more upon the quality
and integrity of supervision than it will on design.
Thetefore it iz imperative that reaclors of this type
should either be located far away from populated
areas or they should be completely contained.

Tt is fairly obvious that remote location is a deter-
rent to effective use of the equipment. In a univer-
sity, for example, it is essential that the installation
be located in a place which is reasonably convenient
for students’ use, It thus becomes obvious that for a
reactor of this type, effective containment is necessary.

In addition to universities it is also contemplated
that sorne hospitals will be interested in having small
reactors located on their premises for medical re-
scarch and, possibly, therapy. As in the case of
university research reactors, supervision of opera-
tion of these units must be of the highest quality.
In addition, because of their location, a medical unit
should also be designed for complete containment,

Because of the small size of research reactors, the
amount of damage and contamination resulting from
a reactor failure would be limited. The naturc of
the operations and the relatively large numbers of
people who might be working with them, however,
increases the possibility of incidents occurring. Thus
from an insurance standpoint reactors of this type
will probably be scrutinized with great care.

It is entirely probable that under the program of
reactor development by private industry in the
United States, some companies will be interested in
the production and operation of materials festing
reaciors to assist industry in its reactor development
program. Therc is at the present time no available in-
formation on private reactors of this type. If they
should be proposed, they will have to be examined
individually in the light of the various factors which
will be discussed below.

By far the greatest amount of interest today has
been in the development of muclear reactors for
power purposcs. Several designs have been proposed
and several companies or groups of compantes will
design and build such plants. In spite of the fact
that these are to be full-scale reactors operated for
the purpose of producing power, the entire program
can be considered as being experimental in nature,’
This is because many different kinds of reactors are
to be built and operated with a view to determining
the kinds of reactors which are most practical and
most econgmical for power production.

Such reactors will be considerably less flexibje
than research reactors and will probably be operated
at more uniform powert levels. In addition, the super-
vision and staff will be more stable and will be limited
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viously, in the case of government operations any
payments for such losses will come from public
funds. Private industry, particularly in the United
States, is desitous of having complete insurance cov-
erage to protect itself against all financial loss which
can be related in any way to reactor operations.

injury to Employees

Injury to employees working on reactors or con-
tingent equipment is paid for in the United States
under a system known as Workmen's Compensation,
The basic concept of compensation for injury while
at work is almost universal. [t varies only in mecha-
nism of administration.

As far as reactor operations are concerned it seems
to be the general consensus of opinion that Work-
men’s Compensation insurance imposes no prohlems
that cannot be solved. It is possible to estimate maxi-
mum potential loss in that a specific number of em-
ployees will generally be involved. Limits of liabil-
ity are established by law in the United States and
many other countries.

Charges for this kind of insurance coverage are
usually related to the amount of payroll and are
based on accident experience. Since there is no ex-
perience from private operation of nuclear reactors
it will be necessary to establish rates on the basis
of experience within the Atomic Erergy Comrmnis-
sion together with an estimate of the added risk of
widely expanded operations among a relatively in-
experienced group.

In the nornal operation of a reactor there are
few hazards which cannot be evaluated with some
accuracy. It should e possible to establish a reason-
able base insurance charge for the reactor operation
related to its basic use. This might mcan one rate for
power plants, another for materials testing reactors
and a third for research reactors, In addition, therc
will probably he an added cost related to potential
‘radiation exposures during normal operation. Con-
sideration wiil also be given in rating to a possible
catastrophe in the event of reactor failure.

Damaoge to Facilities

A second important area of indemnification is re-
lated to any damage which can occur to the reactor
unit and its ancillary equipment, the building in
which # 15 housed and associated structures, Such
damage could occur as a result of fire, equipment
failure or of breakdown of reactor components. As in
the case of injury to employees there is no serious
problem about limits of lizbility. The exact value
of all of this equipment and buildings will be known
and their cost of replacement will be subject to
accurate estimates., This, then, will determine the
amount of insurance protection which would be re-
quired to cover damage or loss of any or all of the
reactor facilities.

The question of rates will be relaied to reactor
design, to materials and construction of the reactor
unit, types of construction of the bnildings involved

as well as fire protection facilities, The cost of in-
surance of this type will, of necessity, be higher
than normal rates for damage to equipment and
facilities because of the added possibility of radio-
active contamination. This is becanse the cost of
decontamination can be extremely high.

Injury or Damage to the Public

The most serious problem and one which is going
to be most difficult to solve is that related to in-
demnification for injury or damage which may be
done outside the reactor facility. If one assumes the
worst possible kipd of an accident it is conceivable
that under proper conditions large amounts of ra-
dicactive material could be spread over a wide area
outside the reactor. Radiation levels could reach
intensities sufficient to produce injury and death to
the exposed people and eould produce serious con-
tamination of the surrounding structures. It is fairly
obvious, then, that in a conpested region, the cost
of such damage could be extremely high. It is diffi-
cult to predict, in the light of our present knowl-
edge, exactly how high this cost would be. This is
why industries in the United States desire to have
limits of Hability insurance of this nature high
enough to protect their entire corporate resources,

From the standpoint of the private insurer there
are definite limitations on the amount of risk which
can be assumed on any individual enterprise. Even
by pooling a world-wide insurance capacity it may
not he possible at this time to provide general la-
bility insurance protection in the amounts now be-
ing asked by industry. It is possible only to make
an educated guess as to how much liability protec-
tion is actnally necessary. It now appears as though
the insurance industry is reaching the point of heing
willing to provide all types of insurance for most
private reactor operation within the range of limnits
now available for industrial operations of all types.
Beyond this, other arrangements will be necessary.

Business Interruptions

In the case of a reactor for the production of
power another possible contingency is that of a lia-
bility for failure to produce power which is essen-
tial for other operations. In other words, if a re-
actor breakdown resulted in a loss of power produc-
tion which caused customers utilizing such power
to shat down their operations, they might be en-
titled to some type of indemnification for their loss
of husiness. In the case of a major accident with
attendant long-term shut-down such losses could
also be extremely high, particularly if several in-,
dustrial customers were involved.

This kind of situation, however, should not de-
velop ta very serious proportions during the next
few years since most projected power plants will
merely supply power to a grid system and their
shut-down consequently would not result in a com-
plcte power Ioss for any particular area. In any areas
where a nuclear power plant is the sole source of
power this could be a difficult problem.






Workmen’s Compensation Aspects |
of the Peaceful Uses of Atomic Energy

By Bruce A. Greene,* USA

The growing use of atomic energy for peaceful
purposes has intensified the need for adequate pro-
visions in workmen’s compensation laws to afford
the workers full protection in the event of an in-
jury duc to exposure to the hazards created by
atomic energy. Many of the problems which are
anticipated under the workmen's compensation laws
in the field of atomic energy are similar to those
which already exist in other industries such as
chemical manufacturing. However, the lack of any
adequate experience to date with atomic energy cases
makes it difficult to determine whether the same
standards recommended for occupational discascs
in other industries will apply to industries utiliz-
ing atomic energy. The purpose of this paper, there-
fore, is to raise some basic questions regarding work-
men’s compensation probiems which it is antici-
pated may arise in the field of atomic energy and
to suggest the answers, wherever possible.

FULL COYERAGE OF OCCUPATIONAL DISEASES
SHOULD BE RECOMMENDED TO PROTECT
SUCH WORKERS

In general, two methods of providing coverage for
occupational diseases arc followed under the work-
men’s compensation laws in this country. QOne
‘method is called the schedule type of coverage where-
by only those diseases listed under the schedule in
the law are covered. The other is the full coverage
type of provision under which all diseases are cov-
ered, usually by making the definition of the term
“injury” broad enough to include any known dis-
cases and any further unknown diseases resulting
from employment conditions. The definition recom-
mended by the United States Department of Labor
for this purpose reads as follows:

“Injury means mental or physieal harm to an em-
ployece arising out of employment, including such
disease or infection as arises out of such employ-
ment.”

More than half of the laws in this country now
provide full coverage. This includes those States
where the schedule type of coverage method was fol-
lowed originally but full coverage has becn obtained
subsequently by adding to the list of diseases cov-
ered a provision such as “any and all occupational
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diseases” or “all other occupational diseases.” Pro-
tection to workers who are injured on the job due
to a radiation hazard is afforded also by a number
of the States with schedule coverage which spe-
cifically include diseases due to exposure to radio-
active substances and materials.

The experience in the United States indicates that,
in order to give the worker adequate protection, full
coverage of occupational diseases sheuld be pro-
vided either through the definition of the term “in-
jury” or by adding a catch-all provision to the
schedule of diseases. A specific list, no matter how
complete when compiled, can never keep pace with
the new diseases that emerge, because of the lag
between recognition of the discase and requisite legis-
lative action,

UNLIMITED MEDICAL AID SHOULD BE GRANTED TO
THE WORKER WITHOUT REGARD TO THE PERIOD OF
TIME REQUIRED OR COST INVOLVED

One of the most important provisions of work-
men's compensation laws relates to the extent to
which the worker is entitled to medical and hospital
care in cvent of an injury while on the job. Most
of the workmen’s compensation faws in the United
States provide for unfimited medical aid. Examples
have been cited where the medical cost has been
over $100,000 in a single case which the employer or
his insurance carrier have paid. In some of the
States, the unlimited medical benefits are granted
specifically by statute. In other States, the statutes
may prescribe medical aid subject to & certain maxi-
mum cost or period of time but give the workmen’s
compensation agency authority to extend the benefits
for such time or amount as it may consider necessary.
It is assumed that in such States injured workers
would penerally receive the benefit of full protec-
tion apainst the cost of medical care.

About one-third of our laws still [imit the cost of
medical aid or the period of time in which it may be’
given or include both types of limitations. In such
States, however, it is not uncommon for the em-
ployer or insurance carrier to provide medical care
over and beyond the legal requirements. Most em-
ployers recogmize that the best medical care reduces
costs by lessening the period during which such care
is needed, and in many eases, lessening the depree of
permanent disability suffered by the worker,
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of the State where the plant is located. Under an
arrangement between the Federal government and
the private contractor who operates the plant, the
private contractor is reimbursed by the Federal
government for the full cost of workmen’s compen-
sation protection. The usual type of workmen’s com-
pensation insurance system has not been followed,
therefore, in such plants as a means of protecting
the employer against any claims which may arise
due to radiation diseascs.

With the extension of the use of atomic energy
for peaceful uses, and particularly the installation of
atomic reactors, a study s needed to determine
whether private insurance carriers, state funds, or
self-insurers will be willing and able to handle ra-
diation hazards or whether some other system such
as a special government reinsurance fund, or other
type of fund can be designed to meet this prob-
lem. The employer should have available to him at
reasonable rates some method of insuring hiinself
against the uncertainty of the radiation hazards and
the large scale destruction which might result from
one accident,

One of the niost difficult insurance problems which
will require careful study and may involve special
insurance arrangements is in regard to radiation in-
juries which may occur to employces as a result of
their employment in a plant located in the vicinity
of a plant utilizing atomic energy. The application
of third party linbility procedures under workmen's
compensation laws in such cases will require study
a5 to the extent to which a special government in-
surance plan or other system may be needed to cover
such contingencies.

SHOULD ANY 5SPECIAL METHODS OR TECHNIQUES

FOR ADMINISTRATION OF CASES INVOLYING ATOMIC

ENERGY DISEASES BE RECOMMENDED, SUCH AS
SPECIAL BOARDS?

The Wisconsin compensation authorities, who
have had the longest cxperience in this country with
the operation of full coverage for occupational dis-
ease, state that the settlement of occupational disease
claims is no more difficult than adjudication of acci-
dental injury cases and that no special administra-
tive machinery is needed. Ncevertheless, in some
states the administration of the occupational disease
provisions has been handicapped by the establish-
ment of elaborate procedures and arrangements, such
as medical honrds, for settling occupational disease
claims. The primary purpose of such machinery was
to safeguard against any abuses of the coverage of
occupational diseases.

Whether radiation diseases would require any spe-
cial administrative methods or techniques is a ques-
tion which should be studied. A Subcommittce on
Industrial Relations of the American College of Sur-
geons did recommend in 1954 that “panels of im-
partial medically qualified experts should be estab-
lished within the compensation svstems” to assist
the compensation agencies in the performance of their

duties. The decision of these medical panels would
be advisory only and the final dectsion would be
made by the head of the workmen's compensation
agency. A panel, for example, on radiation diseases
might be very useful in determining the relation-
ship of the disease and employment in contested
cases. It might aiso be of preat assistance to the
medica! director of the workmen's compensation
agency in supervising the adequacy of medical care
and the necd [or medical rehabilitation of workers
injured due to exposure to radiation hazards.

THE AMOUNT OF COMPENSATION BENEFITS SHOULD
BE THE SAME FOR RADIATION DISEASES AS FOR
OTHER INDUSTRIAL INJURIES

Under the workmen’s compensation laws in the
United States, the benefits for disability in case of
occupational diseases are usnally the same as for
accidental injuries except with respect to silicosis,
ashestosis, or other dust diseases, Because of the fear
of a heavy compensation cost for dust diseases, some
state workmen's compensation laws have placed spe-
cial limitations on the benefits payable in such cases.
However, the trend in recent years has been to re-
move such limitations and to treat all occupational
diseases in the same manner as other injuries. The
experience of A munber of States has indicated that
there is no valid reason why compensation for occu-
pational diseases should De different than for other
industrial injuries.

SHOULD SECOND-INJURY FUND PROVYISIONS BE

EXPANDED TO COVER WORKERS WHO ARE SUF-

FERING FROM RADIATION DISEASES TO FACILITATE
THEIR RE-EMPLOYMENT?

Workers who are suflering from radiation dis-
cases but who may not lLe totally disabled may find
difficulty in obtaining a jobh, Employers. may hesi-
tate to employ such disabled workers for fear of
being liable for a heavy workmen's compensation
cost if they should suffer further injury. To teet
such problems, second-injury funds have been estal-
lished under most of our state workmen’s compen-
sation laws so that when a second-injury occurs the
enployer has to pay only for the last injury, the re-
mainder of the award being paid from the fund.
The disabled worker receives full benefits for the
disaldiity resulting from the comhined injuries.

Most of our second-injury fund provisions are
limited at the present time to the loss of an arm,
leg, eye, or other member of the hody. Considera-
tion should be given 1o broadening the coverage of
such funds to include any type of permanent dis-
ability. This type of provision would faciiitate the
empioyment of workers disabled because of radiation
disease and would help to prevent pressure on such
workers to waive their right to compensation in the
event of a second injury. Such waivers are now
restricted or prohibited in most jurisdictions.

The method of financing the second-injury fund
differs in the various state laws. The funds are






Industrial Training Aspects

of the Peaceful Uses of Atomic Energy

By Fred W. Erhard,* USA

The progress being made in the production and
application of a varicty of radicactive materials has
provided new research tcchniques for the sciences
and new application that wiil possibly affect many
areas of activity. With 2 more adequate and more
versatile supply of radioactive material, uses will be
expanded in its known applications, where the past
limitation has been the expense or scarcity of ma-
terial or equipment. In addition, the many new ap-
plications being developed that will affect, directly
or indirectly, every phase of the economy indicates
that there will be a growing demand for training.

New developments depend upon the existing
knowledge and skill available in the application and
use of the avaitable equipment and the experimental
designs of new equipment which often involves new
applications of materials and, in some instances, the
development of new materials. The development of
new applications and methods in many instances is
limited by the availability of personnel with the
knowledge and skill required for the safe handling
of the material and its application.

One of the limitations in expanding the use of
atomic cnergy will be the availability of skilled per-
sonnel in research and in application of new devcl-
opments. This makcs it necessary to consider the
training needed with adequate provisions for identify-
ing and executing the training to expand existing
applications and to develop and operate new facilities.

The research and development of radioactive ma-
terials and their applications have created a team ef
scientists, cngineers, and practitioners in the fields
of agriculture, medicine, and industry. These teams,
in their specific fields, are providing the talent needed
to bridge the gap between scientific discoveries and
practical application. The scientists are, in many in-
stances, selected because of their specialized knowl-
edge in agriculture, medicine, or an industrial spe-
cialty. The engineer, operator, and craftsmen are
required to have a broad training in their field with
a high degree of competency. In addition, training
is provided in those areas of the work which are
peculiar to the production and use of radioactive
materials.

The training that is offered at this time is, with
few exceptions, organized to provide the additional
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knowledge and experience for personnel who have
completed training in one of the scicnces or as an
engineer. In addition, other training has becn con-
ducted that provides the information needed and
develops the skills that will be used in varied as-
signments in the production of fissionable materials
and the installation and maintenance of equipment.
Skilled personnel in the operation of chemical plants,
skilled construction and maintenance crafismen are
selected because of their versatility and competency
in a related industry or in a specific craft.

A cadre of skilled operators from chemical plants
was selected to start one operation. While this group
was familiar with most of the equipment that was
to be used, they had to learn a new process and
new application of the available equipment, 2s well
as new equipment which had to be developed. In
providing this training, it was necessary to estah-
lish exacting standards of performance and safety
and health practices that are essential for their own
protection, as well as their fellow workers. It is
estimated that ninety per cent of the jobs are coun-
terparts of those found in private industry. Ten per
cent of the jobs represent those areas of activity, in
a plant producing fissionable material, that are pe-
culiar to the aperation. These jobs are in the special
hazardous department, which is responsible for pro-
tective devices, thickness of shields and piacement
of shields to control radiation, also laboratory tech-
nicians who check all incoming materials and those
shipped, and production operators preparing isotopes
for shipment. Another activity known as Health
Physics wotks with medical and biologicat scicn-
tists in the determination of the amount of radiation
which is safe to subject personnel. They also ex-
amine all Tocalities to determine the radiation level
and check some jobs to determine the dosage the
individual has been subjected to. A Health and
Medical program is staffed by industrial and medical |
doctors and nurses and is responsible for conducting
physical examinations at regufar intervals and med-
ical services for the work force.

TRAINING ACTIVITIES

The original training conducted when atomic
plants were being constructed consisted of the train-
ing needed by selected personnel experienced in re-
lated industties ot with basic scientific hackgrounds
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of graduate work in connection with an estallished
operation. The objective is to provide an education
by practical application of basic fundamentals 10
technical problems encountered in industry. The ad-
vanced study is in the fields of chemical engineering.

INSTITUTE OF NUCLEAR STUDIES

The Oak Ridge Institute of Nuclear Studies is
sponsdred by twenty-nine colleges and universities
in the South and Southwest section of the United
States. The Institute has a Board of Directors of
nine members selected from the cooperating univer-
sities and a resident staff nf seven,

The Institute is a non-profit educational corpora-
tion chartered under the laws of the State of Tennes-
see to canduct a program of research and training in
the Nuclear Sciences. The Institute operates under
a contract with the Atomic Energy Commission
through which all of its programs are carried out and
financed. It likewise maintains a number of formal
agreements with the Commission’s industrial and
other contractors in Oak Ridge, which permits the
usc of research and training facilities in programs of
interest to the universities.

PROGRAMS OF THE INSTITUTE:

Research Participation Pragram
“Through this program, university scientists par-
ticipate in the Oak Ridge research program for
periods of three mounths or longer. In addition to as-
sisting with the atomic energy research program,
they return to their university with new ideas and
techniques for the research program there and a
fresh viewpoint for _teaching.”
Radioisotope Training Program
“Radioisctopes, or so-called ‘tracer atotns,’ have
been called the most important research tool to be
developed since the invention of the microscope.
- In Oak Ridge-—world center of radioisotope train-
ing and production—the Institute has trained more
than 800 scientists from universities, medical schools,
and industrial rescarch organizations from through-
out this country and from many forcign countries
in the safe and efficicnt use of this new research
tool.”

Oak Ridge Groduote Program

“Selected graduate students from any university
in the country may carry out their research for the
doctaral degree in the sciences in the splendid re-
search laboratories of Oak Ridge. Limited oppor-
tunities also exist for master’s degree candidates.”

Cancer Research Program

“The Institute is conducting a long-range study
of the effects of atomic energy materials on cancer,
utilizing a 30-bed hospital and laboratory unit. This
is a joint program with the Southern medical schools.

i This section taken from Bulietin dated November, 1951,
of "Oak Ridge Institute of Nuclear Studies, inc.”

Patients are admitted for treatment only through a
medical school.”

AEC Fellowship Pragram

“Several hundred AEC-sponsored predoctoral and
postdoctoral fellowships in the physical, biolopical,
and medical sciences are being administered by the
Institute for the current academic year. These fei-
lowships are inlended to encourage the training of
scientists along lines of interest to the nation's atomnic
energy program. Research under these fellowships
is carried out in the university of the student's
choice.”

Rodiologic-u! Physics Fellowship Pragram

“This is another AEC fellowship program for the
specialized traiming of personnel to guard against
the hazards of radiation on the atomic energy project,
in medical schools, hospitals and other installations
using radiations or radicactive materials.”’

Traveling Lecture Program

“The outstanding scientific staff of Oak Ridge is
one of the South’s major resources. Arrangements
are made whereby these scientists lecture, conduct
seminars, and otherwise take part in activities on
university campuses.”

Summer Sympasio

“The Institute and the Oak Ridge National Lah-
oraiory sponsor each summer a two-weeks sympo-
sium for university teachers in some fieid related to
the atomic energy program. One of the recent sym-
posia was in nucleat engineering.”

Resident Gradvuaote Program

“This is a program conducted by the University
of Tennessee through a sub-contract with the Insti-
tute as a service to Oak Ridge employees of the
Commission and its contractors. Through this pro-
gram, Oak Ridge research workers may continue
their formal education by attending graduate school
at niglt and on Saturdays.”

American Museum of Atomic Energy

“An impressive array of artifacts, exhibits, and
other materials concerning the atomic energy pro-
gram is accumulating. The American Museum of
Atomic Energy is the custodian of many of these
materials. It is operated by the Institute as a pub-
lic service. In addition to the Museum at Oak Ridge,
the Institute provides traveiing exhihits for state
fairs, scientific meetings, and similar activities.”

OPERATOR AND CRAFT TRAINING .

The training of process operators and skilled
craftsmen will have to be considered from the view-
point of the production of radicactive material and
industrial applications of these materals. In dealing
with both these areas, it will be necessary to deal
with experiences to date while considering develop-
ments and future projections that will create jobs or
affect existing jobs, thus creating a need for training.
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are first assigned to the maintenance shops and are
not permitted to work in the plant. As the appren-
tice progresses in his training in the shops and is
considered sufficiently advanced, he is assigned to
selected jobs in the plant to work under the diree-
tion of a eraftsman.

The related trade and technical knowledge deals
with those phases of the training that can best be
given through more formal arrangements away from
the job. Usually this phase of the training is sched-
uled for four to six hours a week in two class
periods during regular working hours. Related train-
ing is conducted throughout the period of appren-
ticeship. The related instruction portion of the train-
ing is organized so it progresses with the job skill
training schedule in the plant. The objective is to
take advantage of the interest factor in providing
technical troining needed by the apprentice in his
daily work, Since it is generally required that an
apprentice must be a high school graduate, all of
the off-job instruction is directed toward meeting
the needs of the craft and its application in the
industry.

Apprentices are trained in all of the construc-
tion and metal trades. The work of some of these
trades is the same as that found in other industrial
activities. In those trades that produce and main-
tain the equipment, there is a need for additional
treining that is peculiar to the operation. In one
atomic energy plant, apprentices are being trained
in the following trades: Auto Mechanie, Carpenter,
Electrician, Instrument Mechanic, Leadburner, Ma-
chinist, Painter, Millwright, Pipefitter, and Sheet
Metal Worker.

FUTURE TRAINING

New developments and new applications of radio-
acttve materials will be accompanied by the training
required in industry. There witl be a period of transi-
" tion hetween research and development and indus-
trial use. Industry will use this period to simplify
and master the technical problems that have to be
dealt with effectively before extensive industrial
applications become 2 reality. The training needed
will be of short duration, providing the individual is
competent in the gencral field of endeavor and only
has to master a few new techniques. The use of iso-
topes as tracer elements in agriculture, medicine,
and industry is one example where skilled techni-
cians have been provided new avenues of research
and applications that have been limited in the past.

Industrial uses of isotopes in radiography, thick-
ness gauges, ionization, acceleration of chemical re-
actions, cold sterilization, flow rate measurement,
detection of leaks in pressure vessels and others,
all represent specific applications that will be han-
dled hy skilled personnel who will require training
in these new methods. This type of training will be
a requirement for each new development and will
e continued until such time as it is made a part of
the preparatory training for the occupation.

The mechanical trades recognize the impact that
growth of atomic activities will have and are study-
ing how it will affect their trades, The Boiler-
makers, Pipefiters, and Electricians® Unions have a
staff assignment with the responsibility of keeping
abreast of this activity, so they will be prepared to
advise their membership on the training needed to
do this work.

The Boilermakers’ Union has, in one industriat
center, conducted some training for their members
that deals with the skills and relfated technical ma-
terial they need to make and install heat exchangers
that use atomic energy as a source of heat. This
craft union has a full time representative studying
the training necds for this type of equipment. Their
first job is to identify the skills involved, the stand-
ards of performance required for such exacting
work, new tools and equipment to be used, and the
processes developed to fabricate new materials. As
the requirements for this craft training are defined
and the training material is organized, plans are
being made to conduct this training away irom the
job as preparatory to actual job experience when
demands increase. This development will also bhe-
come a part of the regular training for apprentices
as soon as it can be made available,

As the demands increase on the erafts for skilled
personnel to work on atomic installations in indus-
try, management and labor will ceoperate in identi-
fying the tratning needed and in arranging for the
development of new job skills in the present work
force. This training will be conducted on the job,
supplemented by such preparatory training and re-
lated technical instruction as is needed to prepare
the individual to work in this new phase of the
craft's activity.

SUMMARY

The use of atomic energy in industry will progress
in proportion to the available skilled personnel who
are equipped to make the mew applications and
methods. The training will be 2 gradual develop-
ment in step with the progress being made in in-
dustry. New activities will be started with experi-
enced personnel in key jobs who will he responsible
for the training of the work force.

All of the training will be organized to provide
the theoretical training which wiil be combined with
practical experience where the individual will dem-
onstrate his competency to handle radioactive ma-
terial. The standards of training and the competency
of the individual, because of the hazards involved,
will be carefully evaluated in connection with the
licensing provisions of the US Atomic Energy
Commission.

The rtesearch and development work, which is
well established and will be expanded as industrial
activities increase, will depend upon the training pro-
vided by the universities in their regular science
and engineering courses and the cooperative ar-






Boiler Safety Codes for Power Reactors

By E."C. Miller,* USA

Many new problems in materials application and
design result from the requirements of nuclear power
reactors. Existing boiler safety codes do not in all
cases cover these novel requirements. Establishment
of specific codes with adequate enpineering design
standards 1o insure safety in reactor performancc,
requires recognition of ail the problems involved plus
further research atmed at the solution of these prob-
lems. The purpose of this paper is to present some
of these problems, not to suggest the solutions,
which will ultimately come from code-writing bodies.

In the United States and in the Dominion of
Canada, the ASME Boiler and Pressure Vessel
Code is the safety standard generally accepted by
industry, insurance companies, and state, provincial,
aud municipal regulatory bodies. This code, which
was developed by the Boiler Code Committee of
the American Socicty of Mechanical Engineers, will,
in all probability, serve as the framework for an
industrial power reactor safety code. Other agencies
whose codes and specifications may contribute to the
safcty standards for a2 complete reactor system in-
clude the American Society for Testing Materials,
the American Standards Association Code for Pres-
sure Piping, the American Welding Society, vari-
ous industry standardizing groups, the Atomic En-
ergy Commission and other federal agencies.

Major factors which contribute to the unusual
problems of rcactor design and safety include the
frequent use of unconventional structural materials
selected because of specific nuclear properties, the
need for large diameter pressure vessels, the paos-
sibility of damage to structural materials through
radiation effects, the difficulty of periodic inspection
of a radioactive engineering system, and the need
for leak-tight minimum maintenance systems. These
unusual factors, which are more or less peculiar 1o
nuclear power systems, have resulted in some of
the problems listed below. These problems have been
recognized in the course of providing metallurgical
engineering service—including the approximation of
code equivalent safety standards—to an organization
actively engaged in the design and construction of a
nuclear power reactor. '

Reactor systems may involve the use of relatively
unconventional materials, both metallic and non-
metallic, whose choices are dictated by specific nu-
clear requirements. Examples of these are: zir-
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contum, uranium, thorium, beryllium and hafnium,
plus alloys and compounds developed from them.
Considerable nuclear and mechanical property data
have been accumulated regarding these materials,
and specifications may have been prepared for their
use in reactor system applications which do not re-
quire them to hold pressure or contribute appre-
ciably to the structural integrity of the system.
There is, however, a probability that some reactor
types may make substantial structural as well as
muclear demands upon some of these materials. In
such event, Code approval will require that me-
chanical property data be adequate to establish
permissible design values and that approved stand-
ard materials’ specifications ensure that the required
properties are met consistently and reproducibly.
Test data are required over the entire range of po-
tential operating temperatures, covering short-time
tensile strength, elongation and reduction of area;
creep and bend testing; and elastic moduli, Pois-
son's ratios, thermal conductivities and thermal ex-
pansion cocfficients. The anisotropy of the noncubic
crystal structures of some of these materials, and
preferred orientation resulting from mechanical work-
ing, may produce marked and variable directionality
in the mechanical and physical properties which will
have to be taken into account in establishing design
criteria. Also, the properties of severil of these
metals are profoundly influenced by minute quanti-
ties of contaminants—particularly tbe interstitial
elements: carbon, hydrogen, oxygen, and nitrogen.
Properties of several of these materials are subject
to further modifications through metaliographic
changes resulting from allotropic transformations oc-
curring during thermal cycling in fabrication,

The nature of the circulating coolant or fuel may
make it necessary to keep tbe volume of the circu-
lating Ruid at A minimum for reasons of invesiment
in high cost coolants or the hazards associated with
handling Iarge quantities of coolants or fuels. These
hazards include criticality, radioactivity, toxicity and
inflammability. High heat transfer rates may have to
be effected through thick sections of materials with
jow thermal conductivity whose selection has been
dictated by nuclear requirements, corrosion resist-
ance, or high temperature mechanical strength. It
may be necessary to remove substantial quantities
of heat generated inside vessel walls or structural
components by radiation. These factors contribute
to high thermal gradients and high thermal stresses,
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But time is short, and the public health seivices
must fulfill their obligations before—as might soon
happen-~general exposure to background radiation
reaches levels from which there is no return,

This lack of sufficient numerical data on back-
ground radiation and its effects on the world's popu-
lation may open the way to the two extremc courses
of excessive caution and undue laxity. Both are
equally dangerous.

The public health services must now attemipt to
profit from our present knowledge, which is based
on the experience acquired by the nuclear energy
industry during the last ten years. They must not be
accused of hindering the development of nuclear
power and thus seeking to deprive the world of its
benefits; on the contrary, there must be positive and
constructive co-operation now, between the public
health administrators and the specialists respomsibie
for the technical development of nuelear power. Such
co-operation catt only be advantageous in every way.
The industrial experience of the past has shown
that the public health problems which have been
foreseen and attended to ahead of time have proved
less costly than those discovered toe late.

In the paper before you, an attempt has been made
to indicate briefly the principal aspects of the pub-
lic health problem, the scope of which T have en-
deavoured to define. One of these is a human aspect,
and is concerned with professional training. It is
essential that responsible public health officers should
acquire a scientific knowledge of the problems of
nucicar energy so that they may collaborate use-
fully with engineers and physicists in studying pro-
tection against radiation and make the engineers and
physicists realize how important these health ques-
tions are.

It is also important that public health officers
should be able to keep pace with the constant prog-

. ress in the study of nuclear energy; to conable them to
do so, an effort should be made to sort out from
the vast and daily growing body -of literature those
findings which are of importance for public health.

As T have already intimated, the task of the public
health services would be lightened considerably by
the provision of adequate protection in new installa-
tions at the start, and for this reason celiaboration
tust, I repeat, begin at the early design stage. This
involves an important problem of co-ordination.

Ancther and equally important matter of interest
to the public health services will be the siting of
nuclear energy plants. There again, a problem of
co-ordination is involved.

At the moment the problem of the protection of
the meighbouring communities is deait with by the
technical stafls of the plants themselves. When these
plants become more numerous, this protection will
clearly have to be the responsibility of the public
health authorities in most cases. Codes of practice will
have to be worked out with the plant technicians and
must be of an eminently practical mature if they are

to be effective. This applies to the problem of efllu-
ents, whether liquid or gaseous, or in the form of
racioactive dusts; und also to the serious problem
of the elimination of waste, especially long-lived
highiy radioactive waste,

In this connexion, no doubt, a problem will arise
which goes beyond national boundaries. It would
seem that, in order to avoid the dispersal of such
waste in a manner which would cause an unac-
ceptable spread of radioactivity over the surface of
the globe, some kind of international agreement wiil
be necessary to determine waste-disposal sites.

I shall not dwell on these technical aspects of the
problem, for they are deait with in the body of the
document hefore you, and my present purpose is not
to repeat the suhstance of that document, but to
give you a broad outline of it.

I come now to the public health programme which
the World Health Organization advocates. It is in
the form of a very general programme of work
which, we think, could logically be carried out par
fassu with the development of nuclear power. This
programme is not intended to be all-inclusive and
would certainly be subject to modification in the
light of review by technically competent bodies such
as the International Commission on Radielogical
Protection.

The intention is to create a starting point for dis-
cussion in the hope of stimulating action in the right
direction. The following items among others might
be included in such a programme:

First of all, the training of puhlic health personnel.
That, if you will forgive the repetition, is one of the
immediate important requirements, sinhce, if their
views are to command respect, public health person-
nel must receive adequate training. The World
Health Organization attaches particular importance
to this problem, and has studied ways and means
of adapting its methods and general professional
training programme to the requirements of the new
field of study. By the grant of fellowships, as-
sistance to educational institutions, the organization
of demonstration projects, the assignment of visit-
ing professors and lastly, the exchange of scientific
information, the World Health Orpanization wiil
be able to help Governments which desire such help
hoth in supplementing the scientific training of doc-
tors and their assistants in the use of radioisotopes,
whether for diagnosis or treatment, and in provid-
ing the necessary specialized training for the public
health officers, public health engineers, industrial
health doetors and biophysicists who will have an
increasingly important part to play in protection
against radiation. WHO has dealt with this part of
its programme in a paper on education and training
(P/779, Session 24, Val. 16, these Proceedings),
which will not be presented orally, but interested
delegations may refer to it.

In the second place, the programme should include
the dissemination of pertinent public health infar-
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very tricky matter indeed, and it is still under discus-
sion in the United Kingdom, It is not possible to
say at this stage just what degree of actual inspee-
tion will be required before permission is granted
to use lonising radiations. Personally, I would hope
that in the majority of cases we might be satished
if we were assured that the organization which is
planning to use ionising radiations has the necessary
knowledge about the radiation hazards and will carry
out the necessary reasures advocated in the codes.
I therefore think that it is fair to sum up at this
stage by saying that we have to feel our way in
regard to licensing,

Mrs. P. Camuer (Turkey): I should like to ask
Mr. Tujioka which department takes care of the
blood counts of the working people. Is it a Depart-
ment of Health Physics? And how often do they
check the blood counts of the workers? Are there
any differential counts made, and are any shifts to
the left in the blood count taken into account? Fur-
ther, I should like to know whether there is any
compensation for scientific and technical personnel:
are they included among the working men, and are
there any special salaries for scientific and technical
personnel exposed to radiation hazards?

Mr. Fuyroka (Japan): I am in charge of the
establishment of the law as a member of the related
commnittee and therefore I read the paper. But here
is Mr. Tsuzuki, who is a specialist in medicine, and
he can answer this medical question better than I.

Mr. Tsvzukr (Japan): The first question is:
“How often are blood counts made te suppiement
the hcalth physics check, and by what department
are differcntial counts made?” My answer is that the
biood count will be made twice hy the health physi-
cist belonging to that organization, and at that time
the differential count should also be made.

As to the second question, the answer is that they

* can have the same annual leave.
" The third question was whether there is compen-
sation for scientihc and technical personnel. The
answer is that we do have such a regulation for the
scientific and technical personnel also.

Mrs. Cameer {Turkey): I would like to know
irom Mr. Dorolle whether radioactive courses in
muds for rheumatism and arthritis patients will also
be controlled. Many patients go to these muds with-
cut having special indications for their treatment,
and it may be tbat women with fibroids in the uterus

may have haemorrhages due to this treatment, These
muds used to be considered inoffensive, but I think
we should now consider whether they should be
under radiation protection.

Mr. DororLe (WHQ) : I must confess that Mrs.
Cambel’s question finds me somewhat at a loss.
We have so far dealt here only with the question of
artificial radiation, excluding completely the prob-
lem of natural radiations, especiaily when used for
therapeutic purposes. I do not know of any examples
of special rules for the use of radioactive waters
and muds. It seems to me, at any rate from what we
know of national regulations, that none of them
has dealt with this problem, which seems in all cases
to be one of clinical practice and therapeutic indi-
cation and has never been considered from the point
of view of protection against radiation.

That is all T can say in reply to the question
raised. We should, however, be glad to obtain in-
formation outside the Conference, if this would he
of service to the delegation of Turkey,

Mr. V. Orriz (! Salvador): I think that one of
the most difficult problems is what to do with radio-
active reactor waste. Since this waste will have to
be buried or dispersed in the depths of the sea,
contamination problems affecting fish will undoubt-
edly arise. How will this situation be dealt with? I
address this question to the reprasentative of WHO.

Mr. DororLe (WHO): I am greatly flattered to
be asked such a question, for it is essentially a tech-
nical question which certainly deserves the most
careful study. It is being studied in a number of
countries and will undoubtedly be the subject of
international studies.

The question of the disposal of waste by hurying
it at sea is an important problem with bearings on
ecology in general, on the question of fisheries, and,
both directly and indirectly, on the question of the
protection of human life. When we said just now in
presenting our paper that there would have o be
somne kind of international agreement on sites for
the disposal of long-lived highly radioactive waste,
we certainly had in mind the hazard which the indis-
criminate dumping of highly radioactive material into
the sea might present.

That is certainly a problem of international con-
cern to which particular attention will have to be
given.












The Safety of Nuclear Reactors

By C;-Rogers McCullough,* Mark M. Mills,T and Edward Teller,i USA

REACTOR TECHNOLOGY

In any new field of technology, it is important to
investigate, quantitatively if possible, as many fea-
tures of the field as scem pertinent for human wel-
fare. Nuclear rcactor technology is such a field, and
no one looks to it with hope for many material
benefits for mankind. Among thcse benefits are the
possibility of electric power gencration, propulsion
by nuclear energy, and the utilization of reactors as
rescarch tools in many branches of science and
medicinc,

Along with a long list of possible attractive fca-
tures of reactors, there are, unfortunately, certain
dangerous characteristics. The Advisory Committee
on Reactor Safeguards {see Appendix) has the re-
sponsibility of looking at the hazards connected with
muclear reactors, The members of this committee are
exceedingly anxious to see rapid and fruitiul devel-
opment of reactor technology, but because of the
nature of the hazards involved, and because they
have been specifically requested to look at hazard
problems, they feel it inportant that no undue risks
be taken in the development of nuclear reactors.

REACTOR SAFETY

Imnmediately, when one attempts to evaluyate re-
actor hazards, there is ecncountcred the necessity {or
' attempting to define the notion of reactor safety, and
what this notion shali include, Of course, absolute
safety is not possible and what is really meant in
connection with reactor hazards is the mintmization
of hazards until one has an acceptable calculated risk.

The operation of nuclear reactors appears safe
and it is, in fact, deceptively safe. A nuclear reactor
will not run away unless a nunber of serious mis-
takes of planning and operation should be committed.
It is, however, impossible to conduct extensive op-
crations over a long time without occasional occur-
rences of such mistakes. We have been cxceedingly
lucky so far that nobody has as yet been killed by a
runaway veacfor. It is not possible to count on in-
definite continuation of such good luck,

One of the current difficulties in cvaluating reactor
hazards is this lack of expericnce with reactor acci-
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dents. So far, there have been essentially no reactor
accidents leading to serious consequences, For this
reason, statistical information about reactor accidents,
although all favorable, does not suffice to give useful
statistical information of the type necded by insur-
ance companies, for example, in evaluating the nature
of hazards. In other words, to determine what is an
acceptable risk, a certain amount of judgment, de-
tailed technical evaluation of a given reactor, and
caution must be employed.

With all the inherent safeguards that can Le put
into a reactor, there is still no fool-proof system. Any
system can be defeated by a great enough fool, The
real danger occurs when a false sense of security
causes a relaxation of cantion.t

Froblems of reliability, adequate control, adeguate
supcrvision, must all be included. It is convenient to
look upon the concepts of reactor safety in the fol-
lowing ways:

One important concept is the division of safety
problems into on-site and off-site problems. The on-
site problems have to do with the protection of
reactor operating personnel and other people who
may be at the reactor site in order to make use of it,
and the protection of the economic investment in the
reactor facility. Off-site problems have to do with
the protection of the general public, or persons who
are not more or less directly connected with the op-
eration of the reactor. One way to minimize off-site
hazards is simply to locate the reactor at a remote
and unpopulated place, In terms of reactor utiliza-
tion and economics, this solution is often unsatisfac-
tory. The economic utilization of electric power
generated by reactors, for example, nearly always
requires that the reactor be located reasonably close
to potential users of this power. This means that for
ccanomic reasons the reactor should be located near
populous, industrial areas.

Substantial moral and cthical problems are in-
volved in connection with reactor hazards. On-site
personnel, like persons working in other industries,
knowingly and willingly submit themselves to what-
ever hazards are associated with working near a
reactor because of salary requirements, spectal work-
ing conditions, or personal interest,

For off-site peaple, on the other hand, who have
no knowledge or interest in the operation of the re-
actor, it seems that prevention of danger to their
persons or damage to their property is a mandatory
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moral obligation in the operation of a reactor. This
problem is more severe than in the case of dangerous
chemical or explosives plants, because the radioactiv-
ity contained in a reactor can constitute a hazard to a
wide area if it escapes from a machine and becomes
dispersed.® This public hazard has been one of the
main concerns of the Advisory Committee on Re-
actor Safeguards.

From another point of view, the safety of a nuclear
reactor can be said to depend upon two things: The
intrinsic built-in stability and reliability of the ma-
chine, and administrative control of the machine and
its operation. For example, the reactivity may de-
crease rapidly with increasing temperature. In this
case, it may be practically impossible to exceed some
safe limit in temperature. This intrinsic stability is
very desirable. In fact, one may say that a machine
with large intrinsic stability can be so stable, be-
cause of fundamenial physical characteristics, that
only a Maxwell demon can make it wmisbehave, An
ordinary machine, which depends on the operation of
the control system to set its power level, can be upset
by a mere gremlin! One would like to minimize the
dependence upon administrative control for safe
operation of a reactor. However, as a matter of prac-
tical fact, most reactors will nearly always require
a certain dependence upon administrative control for
safe and reliable operation. This means that prob-
lems arise connected with the loading and unloading
of fuel, the startup and shutdewn of the reactor,
proper manipulation of controls, and adequate ac-
counting for all materials made radioactive by the re-
actor, including both intentionally irradiated material
and any radioactive effluent associated with the oper-
ation. Thus the norinal, as weil as the abnorma! oper-
ation and behavior of the reactor must he carefully
considerecl. It is clear that a reactor which in normnal
operation is wetl run and under complete and precise
control is much less likely to behave in an ahnormal
fashion leading to a serious accident.

THE CONTAINED RADIOACTIVITY

The most serious continuing hazard associated with
nuclear reactors is due to the large amount of radio-
activity which they contain. Large reactors may
contain hundreds of pounds of radioactive fission
products which correspond to many tons of radium
in conventional radicactive measure. Not all of these
fission products are as hazardous as radium, but
nearty all of them contribute substantially to the
hazard® There are two ways in which the hazard
of contained fssion products may be minimized: One
is to remove fission products during the operation of
the reactor in such a way as to maintain 2 minimum
concentration of such mnaterial in the machine. This
continuous removal of fission products requires some
type of fiuid fuel, either liquid or gaseous, in order
to continue cleanup operations on the fuel during the
operation of the machine, The other way to minimize
the hazard is to minimize the possibility of the escape

of these fission products from the machine, The po-
tential ability of a reactor to run away makes it
possible for this radioactive material to escape to the
surrounding areas. The hazard is crudely analogous
to conducting both explosive and virulent poison
production under the same roof.*

Until really safe nuclear machines of the future
become availahle, we have ta construct our reactors
with extreme circumspection and we must continue
to operate them with the same caution after ten years
of safe running as on the very first day when they
were started up.!

In order to emphasize the characteristic of the
special hazard due to radioactive materials in the
reactor, a list of tolerances is presented in Table L%
Although there has been a substantial effort in the
assessment of the effects of radiation on biological
systems, particularly systcms resembling people,
there is still a great deal to be learned® However,
even allowing for considerable error in the quantita-
tive assessment of this problem, it is still evident from
Table 1 that radioactive poisons are more hazardous
than chemical poisons by a factor of something like
10 to 10°. This is such an enormous factor that radio-
active poisons essentially must be considered a quali-
tative new kind of problem. Furthenmore, this implics

Table 1.* Comparison of Texic Substonees in Air*
{concentration in mg/m?3)

R::fo

Substance Tolerance 4 "Fatal dese™ § r{:?:-ra;’:c

Chemicol Poisons
Chlorine 290 290% 100
Arsine 0.169 800¢ 50060
Beryllium 1.5 % 10 2 ?
Radicactive Paikeng*®

U= {insol) 1890 ¢ 107 1600 5 10 10,000
Pu*™ 32 % 10+ 2% 10" 10,000
Sr™ 13w 10 1.3 x 10°* 10,000

*It should be remembered that industrial poisons are
usually in many ton quantities, whereas radioactive poisons
are in 100-kilogram quantities.

t “Tolerance” for chemical poisons is defined as the max-
imum talerable level for 8 hours per day exposure, In the
case of radioactive poisons tolerance is the maximum level
which can be tolerated every day for 8 hours equivalent to
0.043 rem per day.

t “Fatal Dose"” in the case of chemical poisons is defined
as the "rapidly fatal” dosec when the given concentration in
air is inhaled for 30 minutes to one hour. In the case of ra-
divactive material this means about 50% suarvival if the
dose is acquired quite rapidly, for example, over a minute or
perhaps during an 8-haur day. This is equivalent to about
400 rem.tt

TAdopted at meeting of the American Conference of
Governmental and Industrial Hygienists in Atlantic City,
N. J., in April 1951,

§ Industrial Hygienc and Toxicology, Frank H. Patty,
Editor, Interscience Publichers, Inc., 1949,

** Maximum Permissible Amounts of Radioisotopes in
the Human Body and Maximuam Permissible Concentrations
in Air and Water, Handbool 52, National Bureau of Stand-
ards, March 20, 1953,

1+ The Effects of Atomic Weapons, US Government
Printing OfMlice, Revised September 1950,
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that the.problem of keeping radicactive materials
within the reactor and preventing the spread of radio-
active materials over populous areas is very serious.

In Table II there is a summary of delayed heat
production and the corresponding radioactivity from
fission products. For a machine of 250,000-kw heat
power (60,000-kw electric power), something like
300 mijlion curies of activity remains at the end of
one day after shutdown, This corresponds to 300 tons
of radium in terms of radioactivity. The sheer quan-
tity of radioactivity is enormous.

Operation of this reactor for one year produces
about 100 kilograms of fission products. On the basis
of 107 mg/em3 this can contaminate 10% cubic kilo-
meters of air to tolerance. Said another way, a layer
of air one km deep covering an area 1000 km on a
side could be brought to tolerance level.

Another feature of radioactive poisons is that a
lethal level is not detectable by human senses. Fur-
thermore, very serious injury may not be detected for
some years after exposure?

ESCAPE OF RADIOACTIVITY

The way in which reactors can malfunction and
lead to the escape of fission products may be classi-
fied as follows: (1) a super-critical nuclear excursion
or nuclear runaway; (2) melt-down of reactor com-
ponents, even with the chain reaction shut down,
because of the delaycd heat produced by the radio-
active fission products; and {3) possible exothermic
chemical reactions among the components of the re-
actor itself. The latter, although it is clearly not
present if the machine is operating normally, may be
initiated by a runaway nuclear chain reaction or by
delayed heat melting.

These problems will be discussed in more detail
below. The first two are uniqie to nuclear reactors
as comparcd to other power sources, and have no true
- analogue in other arcas of technology. They are dis-
cussed in some detail, for research reactors,® and
nuclear power plants elsewhere,

THE PROBLEM OF NUCLEAR RUNAWAY

An outstanding characteristic of nuclear reactors
is their potential ability to achieve extremely high
power levels in a short time if adequate control of
the machine is lost. A typical nuclear runaway acci-
dent may start and be over in times appreciably less
than a second. In this respect they are different from
any other large-scale machines, and it is this ex-
tremely short time that makes it quite important that
automatic control and safety systems be available, be
reliable, and be relatively rapid in their operation.

Another feature of a possible nuclear runaway is
that it does not scem to he very violent. A comparison
between a nuclear reactor and an atomic bomnb is very
misleading and certainly not to the point. From a
aumber of studies of possible reactor accidents of
this type, it must be concluded that even though re-
actor accidents could happen quite rapidly in terms

Table 1l. Delayed Heat Power and Radioactivity™
; after Normol Shutdown
Activity leoel from a
previous sieady hrat proer of:
Time ofter 360 kw 250,008 hw
Tt dram aritwiiy af; achviiyds:
Frrs [ curies .. cHHES
10 10sec 12,9 21 10" 11,000 1.8 » 10*
e 1.7 min 8.0 1.3 % 10¢ 6800 1.1 % W
L 16,7 min 5.2 8.4 ¥ 10¢ 4300 70 » 10
{1y 28 hr a3 53 10¢ 2700 44 x 0¥
10 28 hr 2.0 3.3 ¢ 10¢ 1700 28 % 100

* The radioactivity figures are for fission products only
{da mot include radioactive fuels or components). It is as-
sumed that the mean decay event corresponds to 1.0 Mev
in converting from kw to curies.

of human reaction times and conventional external
emergency human actions, nevertheless, a nuclear
reactor is a very sluggish device and does not pro-
duce a nuclear explosion even remotely approximat-
ing that of an atomic homb. Indeed, for the large
thermal reactors, nothing like an explosion really
occurs. For very fast reactors with a non-thermal
neutron spectrum and heavily loaded with enriched
uranium, it (loes appear possible to have an accident
which is fast enough so that portions of the machine
may be propelled with velocities of a few meters per
second. This again does not resemble an atornic bomb
explosion, or even the explosion of ordinary chemical
explosives; rather it is simiiar to the events that
might occur in an automobile accident. Therefore a
nuclear runaway, in itself, does not represent a seri-
ous hazard to off-site people,

However, as pointed out above, a nuclear runaway
can serve to do two things: It may disrupt the struc-
ture of the reactor sufficiently so that radioactive
poisons may escape, or it may lead to .exothermie
chemical reactions between different components of
the reactor core, and a chemical explosion of con-
siderable violence. Indeed, for certain types of reactor
stritctures, it would appear that the chemical reaction
that might follow a nuclear runaway would produce
substantiallty greater energy and violence than the
runaway which preceded it

In order to make some of these notions more quan-
titative, it is convenient to talk about the rising period
of a nuclear reactor. A nuclear reactor which is super-
critical increases in power level by a factor of ¢ at each
interval of time corresponding to the so-called e-fold-
ing time. In turn, the e-foiding time is related to the
intrinsic neutron generation time of the reactor, and,
the degrce of supereriticality, by the so-called in-hour
eyuation. In Fig. I, a number of curves are shown
connecting the rising period of the reactor with its
excess reactivity, ic., the fraction of excess meu-
trons produced in one generation. The e-folding
times shown in the figtire are relatively long. This
is due to the delayed ncutrons, As you all know,
the fission event produces certain fission products
which, in turn, after pericds ranging up to 80 seconds,
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uranium and allow it to mix intimately with the
water, In this case the thermodynamic potential indi-
cates that an cxothermic chemical reaction can take
place. Whether or not such a reaction would be rapid
and violent is not clearly known. In this case one has
1o deal with the chemical kinetics of a heterogene-
ously reacting chemieal system {among other things
the prgbable degree of dispersion of the uranium into
the water is not known). Presumably, the rate will
depend upon the intrinsic molecular kinetic process
in the conventional chemica! sense, but it will also
depend upon the degree of dispersion of the uranium
into the water, the rate at which reacting molecules
can diffuse through the uranium oxide layer that
would he formed between the uranium and the water,
and the degree of turbulent mixing and scrubbing of
the two reactants against each other. This latter ef-
fect might be generated hy the reaction itself, This is
clearly a complex problem and a great deal more
needs to be learned. However, one can say this: If
an exothermic reaction of this type goes to cowmple-
tion, the resulting energy release will nearly always
be substantially greater than the energy generated in
a preceding nuclear runaway. Thus it is important to
determine the possible chemical reactions. A substan-
tial increase in reactor safety can be achieved by the
elimination of possible reacting components in the
reactor structure.

SAFE DESIGNS

[t secms worth while to summarize the preceding
discussion with a few remarks concerning the ap-
proach to safe reactor designs. First of all, it is desir-
able to provide a Jarge negative reactivity coefficient.
This can usually be achieved by thermal coupling of
the fuel elements to those portions of the reactor
which give a substantial reduction to the neutron
multiplication when heated. For example, in the case
- of enriched, water-inoderated reactors, ctose thermal
contact between the fuel elements and the moderated
water can lead to enough heating and vaporization
of the water to reduce the water density in the cvent
of a nuclear runaway, and shut down the reactor
Lefore serious damage is done. Successful tests of
this sort have heen made.}® A design of this sort must
be thought through carefully in order to make sure
that enough heat transfer surface is available and
rapid enough heat flow will take place to shut down a
machine during an accident.

The contro! system must be carefully designed so
that in the event of too high a power level, too high a
rate of rise of power level, a serious reduction in
coolant flow, or any major failure of fuel clements,
the reactor will shut down in a tinie interval small
enough 1o minimize damage. All potentially danger-
ous failures should be monitored by instruments and
control channels leading to shut-down or “scram.”
These monitors and channels should be at least in
duplicate, independent of each other, and preferably
of different types. In addition, particular care should

be taken that a failure cannot put the controls oui of
operation.

In order to prevent a delayed heat accident, it is
important that enough natural convection heat trans-
fer can take place in the overheated core to dispose
of the delayed heat, perhaps just into the ground.
Tven if the structure is damaged, one must try to
keep the temperature lower than that temperature
which would start a substantial pressure rise in the
reactor structure. In that case, the fission products
may be kept inside the reactor shield. This means
that some coolant contained in the core should have
a large surface to which it can transfer heat by natu-
ral convection or by beiling convection, and that this
degree of cooling should be sufficient to keep the bulk
of all volatile materials below their boiling points. It
may be remarked that boiling heat transfer is known
to be especially efficient, so that in any event there
will tend to be a ceiling put on the temperature rise
at about the boiling temperature of the original cool-
ant employed. This in turn implies that by appro-
priate construction oue may limit the pressure inside
the shicld to a few atmospheres, Thus it may bLe
rather casy to make sure that the fission products are
kept inside the shield.

Finally, the problemn of chemical reaction among
reactor components can often be mintmized, For cx-
ample, already-reacted components might be used in
some cases. Uranium oxide rather than uraniumn
metal in an air- or water-cooled reactor may serve
as an example,

The other general conclusion that the Safeguard
Committee has come to is that explosive hazard in
reactor accidents is minor, at least for people not at
the reactor site. Indeed, for many reactors, it appears
unlikely that there will be much mechanical violence
external to the reactor shicld. For this reason, a gas-
tight building, or a moderately gas-tight building
which may confine the fission products during a cool-
ing period and from which the fission products are
exhausted into scrubbers and out a high stack, may
serve to prevent the spread of fission products fol-
lowing a reactor accideut. For somne reactors the
confitung building will have 1o be a2 gas-tight pres-
sure vessel. Safe-design procedures represent an im-
portant field of nuclear reactor development.

ADMINISTRATIVE CONTROL

Although good administrative control of the re-
actor does not lead to the same degree of confidence
in the good hechavior of the machine that intrinsic
gremiin-iree built-in  stability does, nevertheless,
good administrative contrel does enhance the safety
and reliability of reactor operation. Indeed, good ad-
ministrative control is mandatory for those people
who have an economic stake in the reactor. From the
point of view of public hazard, careful reactor opera-
tion and maintenance makes it very much less likely
that there will be a reactor accident.
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humanity. We believe that useful electric power in
large quantities can be generated by nnclear reactors.
It is our concern that rapid progress shall be made
but that enough caution be observed so that no catas-
trophic event will delay the fruoition of reactor devel-
opment.

APPENDIX. THE ADVISORY COMMITTEE ON REACTOR
SAFEGUARDS TO THE UNITED STATES ATOMIC
ENERGY COMMISSION

The Advisory Committee on Reactor Safeguards
was formed by combining the Reactor Safeguard
Committee and the Industrial Committee on Reactor
Location Problems. At this time members are: M.
Benedict, Massachusetts Institute of Technology;
H. Brooks, Harvard University; W. P, Conner, Jr,,
Hercules Powder Company; R. L. Doan, Phillips
Petroleum Company; H. Friedell, Western Reserve
University; 1. B. Johns, Monsanto Chemical Com-
pany; C. R. McCullough, Chairman, ACRS; M. M.
Mills, University of California Radiation Lahoratory;
K. R. Osborn, Allied Chemnical and Dye Corporation;
D. A. Rogers, Allied Chemical and Dye Corporation ;
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Experimental Determinations of the Self-Regulation and
Safety of Operating Water-Moderated Reactors

By J. R. Dietrich,* USA

INTRODUCTION

One of the important characteristics of a nuclear
reactor is the degree of hazard which it creates in the
surrounding area. If the usefulness of reactors, either
for research or for power production, is to be ex-
ploited effectively, the hazard must be minimized,
since isolation of the reactor commpromises its utility
and increases its cost. It is, therefore, important to
find means for evaluating the hazards of specific
reactors and methods of improving the safety of re-
actors in general.

The ultimate question in an evaluation of reactor
safety is the question of what will happen if the
reactor is inadvertently made supercritical and al-
lowed to “run away” without any artificial limita-
-tion of its power. For, although safety devices which
impose artificial limitations will certainly be pro-
vided for in the reactor dcsign, the possibility of
their failure as well as the consequences of their
finite speed of operation must be recognized.

In general it can be said that the reactivity of a
reactor will be related to its power level ance the
power has become sufficiently high to cause signifi-
cant changes in the temperatures of the reactor parts.
At moderate power levels this dependence can be
such as to cause the reactivity either to decrease or
to increase with power level, depending on the de-

* Argonne National Laboratory. Including work by C. C.
Bigelow—Pratt and Whitney Aircraft Corp, R. A. Cam-
eron—Argoune National Laboratery, B, C. Cerutti—Argonne
National Laboratory. R. E. Coté—Pratt and W hitney Air-
craft Corp., W, R. Davis—University of Washington, J. J.
Dickson—Argonne Nationai Laboratory, J. K. Dietrich—
Argonne National Laboratary, J. A, Harrer—Argonne Na-
tional Laboratory, R. Q. Haroldsen—Argonne Natjiona! Lab-
aratory, P. R. Kasten—Oak Ridge Nationazl Eaboratory,
L. D. P. King—Los Alamos Scientific Laboratory, N. L.
Krisberg—US Atomic Energy Commission, 3. C.  Layman
—Argonne National Laboratory, H, V., Lichtenberger—
Argonne National Laberatory, VW. €. Lipinski-~Argonne
National Laboratory, R. M. Lyon—Oak Ridge National Labo-
ratory, M. Novick—Argonne National Laboratory, V. K.
Paré—Qak Ridge National Laboratory, R. .. Ramp—Ar-
gonne Natiomal Laboratory, W. M. Sandstrom—University
of Washington, R. J. Schiltz—Argonne National Laboratory,
O. A. Schulze—Argonne National Laboratory, A. R. Snider
—~California Rescarch and Development Co., G, H. Stone-
hocker—Argonne National Laboratory, J. A, Thie—Argonne
National Laboratery, A. J. Ulrich—Argonne National Labo-
ratory, 3. Untermyer—Argonne National Laboratory, S. Vis-
rer—Oak Ridge National Laboratory, G. K. Whitham—
Argonne National Laboratory, C. Zabel—Tos Alamos Scien-
tific Laboratery, W, H. Zinn—Argonne National Laboratory,
and C. B. Zitek—Commonwealth-Edison Company.
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sign of the specific reactor, but eventually at some
power level any runaway reaector will become sub-
critical, through some degree of disassembly of it-
self if not by other means (Fig. 1). The safety
question has to do with how violent the energy re-
lease becomes hefore the eventual shutdown is
achieved.

The more important ways by which increasing
power can cause a reactor to lose reactivity are by
expansion of the fuel, by heating and expansion of
the moderator, and, if strong resonance absorbers
are present, by Doppler broadening of the reso-
nances. In many cases the unknowns in the magni-
tudes of the applicable effects and in their speeds of
operation make safety evaluations quite uncertain,

The most straightforward way of evaluating the
unknown aspects of the reactor shutdown process is
by observing experimental runaways of actual re-
actors. Some experiments of this kind ou two reac-
tor types which have particularly favorable power:
limitation characteristics, the solid-fuel, water-mod-
erated reactor and the water-moderated homogeneous
reactor, are reported here. In addition to the instru-
mental measurements reported here, motion picture
records, which add materially to the information
on the safety characteristics of the reactors, are
available,

Homogeneous reactors can, in pgeneral, be mace
to have negative temiperature coefficients of reac-
tivity, The negative coefficient results primariby from
thermal expansion of the fuel solution, which de-
creases not only the (ensity of the moderator, but that
of the fuel as well. The coefficient is quite large for
small reactors with high ncutron leakage. Further-
more, since the heat of fission is liberated directly
in the fuel solution, the action of the negative co-
efficient is very rapid, and insofar as such reactors
can limit their power by temperature coefficient
alone, they can be expected to be quite effectively
protected against destructive rumaways.

The solid-fuel water-moderated reactor may pet
a certain degree of power limitation from the Doppler
coefficient if it contains a Jarge fraction of U2®. Be-
yond this, power limitation comes from tlie modera-
tor temperature coefficient and expulsion of mod-
erator from the reactor core by the formation of steam
at the hot fuel element surfaces. The bulk tempera-
ture of the moderator does not change rapidly enough
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sec. The relation between excess reaclivity and
asymptotic reactor period is given by curve ¢, Fig. 3.
The deficiency in delayed neutron fraction results
irom the circulation of the fuel solution. The re-
actor was pressurized to a pressure of 1000 psi.

It reactivity 1s added to such a reactor according
to some law of time variation, k:(t), resulting in a
period which is short compared to the residence
time of the fuel solufion in the reactor, then the law
which expresses the variation of reactivity with time
is simply

MO =kt b)) +C [P0

where C is a characteristic constant of the reactor
which includes the heat capacity and the (negative)
temperature coelhicient of reactivity, and P{r) is
the instantaneous reactor power. This equation must,
of course, be coupled with the usual differential
equations characteristie of the kinetics of the neutron
chain reaction to specify the variation of reactor
power with time. If the power increase is fast enough
that the compressibility of the fuel solution 1s im-
portant, still further relations must be included to
describe the dynamics of the system. Kasten has
treated these considerations at some length® Re-
gardless of thc complications which may occur in
specific rcactors, the safely experiments which have
been made indicate that the fundamental situation is
reasonably well understood.

The reactor used for the cxperiments was not
provided with special means for increasing reac-
tivity rapidly, and hence the experimental situations
were those relatively complex ones which would be
characteristic of practical reactor accidents. Reac-
tivity was increased experimentally by several meth-
ods: withdrawal of a weak control rod; increase of
fuel concentration; raising of the reflector level;

rapid cooling of the circulating fuel; and pumping
of precooled fuel solution into the reactor proper.
The latter method gave the largest and fastest re-
activity changes, and the results obtained by it are
the ones reproduced here,

The experiments were made by stopping the cir-
culating pump (Fig. 2), cooling the fuel solution
in the hcat exchanger to about 100°C, and then re-
starting the pump to inject the cooled solution
rapidly into the reactor ecore, which had heen main-
tained at a temperature of ahout 180°C. The severity
of the experiment was adjusted by adjusting the
initial power level of the reactor before the cold
solution was injected. Figure 4 shows the measured
power variations for two different initial power
levels. Naturally, the lower initial level allows the
greater increase in reactivity hefore the reactor be-
pins to shut itself down and results in the higher
maximum power, The temporar}' PO\\-"C" decfcase
immediately after the pump starts is a result of the
initial loss of delayed neutron emitters as the old fuel
solution is displaced Dy the necw.

This type of power transient can be characterized
by specifying both the rate of addition of reactivity
by the inflow of cold solution and the mintmum re-
actor period reached during the transient. Figure 5
contains a set of theoretical curves giving the max-
imum power reached as a function of the minimum
period reached during the transient, with rate of
reactivity addition as the parameter. The experi-
mental results are plotted in the same figure, with
the rate of reactivity addition indicated hy each. In
view of the relatively complex experimental condi-
tions, the agrecment with theory is satisfactory.
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The experiments indicated, further, that for the
conditions tested the reactor would settle down to
steady operation after the transient. The power
level would then be determined simply by the rate
of heat removal from the heat exchanger: the re-
actor power would be self-regulating via the tem-
perature coefficient of reactivity.

The Supo reactor differs from the Homogeneous
Reactor Experiment in that its fuel solution is not
circulated ; heat is removed by a cooling coil in the
reactor vesscl. Furthermore, the reactor vessel is
not completely full of solution. The temperature
coefficient is nevertheless strongly negative: about
= 0.024% k,, per degree C. The reactor has been
"described by King!

"The safety experiments were made in connection
with an investigation of boiling operation of the
reactor. The teactor was operated at powers of sev-
cral kilowatts as a boiler, and the power under this
condition fuctuated, but was self-regulating. Sudden
reactivity additions up to about 0.4% k., were made,
under conditions of both boiling and non-heoiling
operation. In both cases the reactor power was self-
lmiting, but the excursion was terminated more
rapidly under hoiling conditions. The experiments
indicated that there is no very long time dclay in
the formation of sieam buhbles in a homogcneous
reactor once the solution has reached saturation
temperature. Once this is known, it is to be ex-
pected that steam would be by far the more effective
shutdown apent for long-period powecr excursions
at atmospheric pressure. For whereas about 5000
calories of hecat are required to produce 1 cm?® of
effective void in liquid water by thermal expansion,
only about 0.3 calorie is required to evaporatc suf-
ficient water to produce 1 cm® of steam at atmos-

pheric pressure. It is by no means evident, however,
that the samec situation would hold for very short
period transients or at very high pressure,

EXPERIMENTS ON SOLID FUEL REACTORS

In the experiments made with solid-fuel, water-
moderated reactors the expulsion of water by steam
formatien was the important process in transient
limitation of the power. Since a quantitative theory
of the process has not been developed, it is necessary
to present the results and the experimental condi-
tions in some detail.

The experiments were made in two different re-
acters which were also used for investigation of the
steady-state characteristics of boiling reactors. The
pertinent differences between the two reactors lay in
their core characteristics. These differences will be
described, but differences in the mechanical details
of the two reactors will be ignored.

Description of the Reactors

Figure 6 is a cutaway drawing of the first re-
actor, which was constructed outside and which was
operated remotely from a control station half a mile
away., The rcactor tank was contained in a larger
shield tank of ten-foot diameter which was sunk
part-way into the ground and had earth piled around
it for additional shielding. Adjacent to the shield
tank was a pit with concrete walls in which was
installed equipment for filling and emptying the re-
actor and shield tanks, and for preheating the water
in the reactor tank. The reactor tanmk, four feet in
diameter and about thirtcen feet high, contained the
reactor core, which consisted of an adjustable num-
ber of plate-lype fuel clements held at the bottom
by a supporting grid and at the top by a removable
cover grid.

In operation the reactor tank was filled with water
to a height of three to {our and one-half feet above
the top of the core; this water constituted the re-
flector, moderator, and coolant, The shield tank was
filled with water only when the reactor was shut
down.

The reactor contained five cadmium control rods
which were operated by drive mechanisms located
in the rectangular housing above the shield tank.
The connection from the mechanism to the rods
was through spring-loaded magnetic couplings. These
couplings could be relcased in unison or individ-
vally, allowing the rods to drop frecly downward
under the acceleration of the springs plus gravity.
When released, the center control rod dropped out
of the reactor core to apply the excess reactivity
uscd for the experiments. The other four rods when
released dropped into the reactor core to terminate
the experiments, Each rod traversed the length of
the core in about 0.2 sec.

The fuel elements were made of aluminume-clad,
aluminum-uranium alloy plates, of 60 mils total
thickness, fastened into aluminum side plates to
make boxes roughly 3 inches square. Figure 7 is a
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the reactor power had tisen high enough to pro-
duce significant thermal ecffects. The power was
allowed to continue to rise wntil the formation of
steam1 in the reaclor core reduced the reactivity
helow criticality and caused the power to fall to a
low value. After it was evident that the power had
been safely limited by the formation of steam, the
remaining four control rods were dropped into the
reactor to terminate the experiment, referred to as
a power excursion. By proper adjustment of the
number of fuel elements in the reactor core and of
the positions of the four outer control rods, the re-
actor could be made critical with the center control
rod inserted to any desired degree in the core. The
magnitude of excess rcactivity applied by ejection
of the center rod could thus be adjusted at will.
Figure @ is a reproduction of a typical chart from
the snultichannel magnetic oscillograph which re-
corded the data on the experiments. In this case the
applied excess reactivity was 1.4% kg, and re-
actor T was used. The neutron flux (proportional
to reactor power} was recorded over about three
decades by threc different neuiron-sensitive ion
chambers working through logarithmic amplifiers. The
stable reactor period {+) is indicated hy the three
ion chamber records as 00096, 0.0107, and 00109
sccond, respectively. The ternperature of one of the
fuel plates, which was sttuated at roughly the high-
est flux position in the core, is recorded by two
fast-response thermocouples. Both of the couples
were [ocated near the position of maximum neutron
flux; one was installed on the surface of the plate,
the other at its ceniral plane. There is little dii-
ference hetween the two temperatures, because of
the high thermal conductivity of the thin plate,
The jon chamhers, which were calibrated in terms
of absolute power by thermal methods, indicate that
the reactor power reached a maximum value of 220
" megawatts Dhefore the formation of steam checked
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Table 1. Comparison of Reactars | and i
Reactar T Reactor 11
. volume aluminum in core
Ratio, wolume water in core 0.626 0.422
U™ content per fuel element 1386 gm 93.4 gm
or
1573 gm

Number of fuei plates per
element 15 10

Plate spacing {belween

center lines) 0177 inch 0.324inch
Measured reactivity joss with
temperature incredse
80°F to 200°F 0.829 ko 0459 koo™
BO°F to 280°F 1.93% ko 0.76% ko™
BO°F to 420°F - 135790 Eure®
Calculated loss of reactivity
caused by replacement of
10% of cote water by
sicam, at 200°F 24% ket L0 kers™

Effective pentron lifetime (/*) 6.5 3 10® sec 7.5 x 10 sec?

* These values apply to the case in which the reactor is
loaded only with fuel clements of low uranium content.

the rise. Further generation of steam reduced the
reactivity below the critical value, and caused the
power to decrease very rapidly to a value of about
0.2 mepawatt,

Once the initial power excursion has been checked
by boiling in the reactor the specific power variation
depends both quantitatively and qualitatively upon
the amount of excess reactivity to which the reactar
was initially subjected, and upon the buik tempera-
ture of the reactor water. Figure 10 contains trac-

.ngs.from excursion. records for reactor I-sumilar to

those of Fig. 9, but of longer duration. They sum-
marize the typical behavior of the reactor for various
amounts of applied excess reactivity when the re-
actor water is injtially at saturation temperature.
When the excess reactivity applied is low, corre-
sponding to a reactor period of about 0.03 sec or
longer, the reactor power after the initial surge
scttles down to a refatively steady wvalue in the
neighborhood of half a megawatt (top curve,
Fig. 10}). For this type of excursion the self-regu-
lating characteristic of the reactor operates rapidly
enough to stabilize the power at a steady value
characteristic of the amount of applied excess re-
activity, After the power has reached this steady
value, further reactivity could, of course, be applied,
and the reactor would continue to operate stably in
steady Doiling at a higher power. )

If the excess reactivity which is applied by ejec-
tion of the control rod exceeds that corresponding
to a period of 0.02 or 0.03 sec, the initial power
excursion 18 foliowed by a series of qualitatively
similar excursions of smaller amplitude, which occur
at intervals of about 1 sec (second curve, Fig, 10).
The amplitudes of the successive excursions, al-
though they vary in an irregular manner, have no
sustained tendency to increase or decrease. This
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sions other plates were responsible for the first
formation of steam, since power hegan to decrease
befure plate temperature reached saturation.

Effects of Several Varlables on Power, Energy
and Fuel Plote Temperature

Both the total nuclear energy liberation and the
maximum fuel plate temperature reached during a
power excursion depend upon the amount of excess
reactivity involved in the excursion. In the {ollowing
presentation, the reciprocal of the stable reactor
period is used to characterize the excess reactivity.
The relation between the two is given in Fig. 3. In
Fig. 13 the total energyf Eberated by the power

1 Throughout the section on selid fuel reactors the term
energy will be used to refer (o the prompt fission energy which
is converted to heat in the fuel plates. The total energy release,
including delayed emission and energy converted ta heat
directly in the reactor water, is about 15% higher, A consistent
definition is uscd for reactor power. By the totai energy of &
power excursion is meant the encrgy libcration up to the time
of the first minimum in reactor power.
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excursion and the maximum {fuel plate surface tem-
peralure are plotted as functions of the reciprocal
period for the case in which the reactor water was
at saturation temperature before the excursion be-
gan. The shapes of the two curves are quite similar;
in fact, the maximum fuel plate temperature risc is
roughly proportional to the energy of the excursion
for all periods shorter than about (.03 sec, and the
peak temperature corresponds to the temporary
storage in the fuel plate of 60 to 70 per cent of the
total energy of the excursion.

The energy liberation and maximum fuel plate
temperature for the condition in which the reactor
was initially at room: temperature are given, for
reactor I, in Fig. 14, The plotted temperature is the
maximum ahove saturation tempcrature at aimos-
pheric pressure rather than the total temperaturc
rise. The fuel plate temperature is somewhat higher
{and the energy release is much higher) for a given
reactor period than in the case of saturated reactor

water, '
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rated condition could be investigated. The power
excursions were run with the reactor tank com-
pletely closed. In no case did the pressure in the
steam spacc above the reactor water rise by more
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and ai'mospheric pressure; (b} right, reacter water ot room temperature and atmesphatlc pressure

than about 5 psi as a result of an excursion. The
effect of pressurization is to decrease both the energy
released in an excursion of given period and the max-
imum temperature rise of the fuel plates {Fig. 17).
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different reactor Il transients of about the same
period are reproduced along with the fuel-plate tem-
perature records. The power curves have been an-
Aalyzed to yield the variation of reactivity with time,
The differences in magnitude of the power and tew-
perature variations with subcooling and with pres-
sure are striking, but it is interesting to note also
the reactivity variations. At atmospheric pressure
and saturation temperature the reactor shuts itself
down by more than 8% kg In the subcooled con-
dition the degree of subcriticality achieved is con-
siderably less, and the recovery to criticality is

rapid, no doubt because of condensation of the steam,
At 300 psi the degree of shutdown is again smali,
evidently because of the relatively low heat storage
in the fuel plates. The recovery to criticality is, how-
ever, quite slow. A striking characteristic in all
cases is the small fraction of the total reactivity
change which suffices to stop the initial power rise.
As is to be expected theoretically, this is equal to
the initial prompt excess reactivity.

The limitation of power in fast transients is one
aspect of the self-regulating behavior of reactors with
strong negative power coefficients of reactivity. Ex-
perience with the solid-fuel hoiling reactors (eg.,
Fig. 10) has shown that the self-regulation is nor-
mally stable but that a type of instalality (chugging)
can result if the reactor is subjected to sufficiently
large reactivity variations. Fortunately, even under
chugging conditions the power is limited and does
not reach a dangerous level, It is no doubt true for
all self-regulated reactors that for some amplitude
of reactivity excitation the characteristic rates of
change of power are too rapid for the self-regulating
process to maintain control, and instability will re-
sult. In the boiling reactors it is believed that the
rate of cscape of steam from the core, rather than
the rate of formation of steam, represents the linit-
ing time constant in the regulating process. Conse-
quently, in subecooled bailing operation, where steam
can leave by condensation, the range of stability is
increased (Fig. 11). In any casc, however, the range
of stable self-regulation of the reactors investigated
is more than adequate for practical use and probably
exceeds that which can be attained practically with
artificial control systems.
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Radiological Hazards from an Escape of Fission Products
and the Implications in Power Reactor Location

By W. G. Marley and T. M. Fry,* UK

The possible consequences of a large scale release
of radioactivity from a nuclear reactor in the event
of accident has long been recognised as an important
tactor in the development of nuclear power. The
problem has become more pressing with the rise in
total power and with the very high heat ratings in
some of the designs now envisaged. The selection of
suitable sites for nuclear power plants calls for an
assessment of the radiological hazards from an es-
cape of radioactivity and for the satisfactory limita-
tion of the quantities of activity which might be
released in the event of accident.

Direct experience has fortunately not yet shown
the extent of the radiobiological effects of a massive
release of radioactivity from a nuclear reactor. In the
reactor incidents which have been reported so far the
releases to the atmospherc and the consequential
radiological effects have been trivial. Reliance must
therefore be placed on theoretical estimates, though
realistic caleulation is difficult in view of the large
number of imponderable factors. The validity of the
results may be judged by applying similar reasoning
to other hazardous materials for which long experi-
ence is available. An attempt has therefore been made
to estimate the hazard ranges of a relcase of activity
and to compare these with industrial experience in the
large scale handling of the toxic gascs, chlorine and
phosgene (COCI,)}.

BIOLOGICAL IMPORTANCE OF YARIOUS RADIATION
LEVELS UNDER ACCIDENT CONDITIONS

Levels have now been agreed mtern"ltu:mall}r1 for
the permissible contamination of air and drinking
water for consumption over a lifetime by persons
exposed occupationally to radioactivity and safety
factors have been introduced in evaluating these fig-
ures to ensure that no detectable injury will result.
For the present purpose, however, it is required to
know the levels, appropriate to a single emergency, at
which definite injury is likely or at which drastic
action, such as evacuation to avoid such injury, must
be taken. The exposures envisaged would only occur
in event of a majer accident, and such events must
necessarily for economic reasons be extremely rare.

* Atomic Energy Rescarch Establishment, Harwell, Eng-
land.
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A cloud of radioactivity released to the atmos-
sphere may be effective biologically in two ways:
first, by direct biological effects of beta and gamma
radiation and inhalation of the activity during pas-
sage of the cloud; and secondly, by indirect biological
effects due to deposition of the activity o to crops,
herbage, drinking water sources and ground.

Direct Biological Effects from the Cloud

It is unlikely that evasive action could be organised
to avoid the direct effects of the radioactivity on per-
sons in the open during passage of the cloud. The
degree of injury sustained would depend on the dura-
tion and intensity of exposure and an exposure
integral of 10 curie-sec/m? is taken to represent the
limit of hazard and to be acceptable in an emergency.
This exposure would result in: 5 r of total body
radiation ; 50 rep of beta radiation to the lung in the
first day; 3 millicuries inhated (quoted at 24 hours) ;
600 microcuries inhaled and retained for several days ;
12 microcuries of Sr? retained ; and 0.15 microcuries
of 5r® retained.

The combined effects of these would probably be
broadly comparable to that of a single dose of 25 r of
gamma radiation alone, which would produce no
detectable injury other than temporary slight tlood
changes. In making these asscssments it has been
assumed that exposure occurred within minutes of the
accident, but the quantities of activity quoted arc
those which would be measured 24 hours after the
release. On the same basis it is estimated that an
exposure of 400 curie-sec/m® would produce injury
which in most cases would prove fatal.

Indirect Biological Efects of Ground Deposition

Since the deposition on crops, herbage, water and
ground would take some time to become effective,
there would be a strong case for the cvacuation of
persons in the potential danger area and-the important
issue is the emergency permissible level of ground
contamination for continued normal habitation. Con-
sidering first the hazard of the gamma radiation from
the deposited material, a dose of 25 r accumulated
within three weeks is considered the maximum per-
missible in an emergency : this implies a total dose of
60 r in three months if the activity were to subside
only by radicactive decay. Allowing for some shield-
ing duc to the roughness of the ground and due to
house walls for persons generally in buildings, the
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~ ganuna radiation dose alone would thus not necessi-
tate evacuation for fission product contamination
Lelow 0.05 curie/in®.

Normal habitation, however, also involves the risk
from ingesting the depaosited activity and particularly
the bone-seeking isotopes. For this risk the limit of
hazard is taken to be roughly equivalent to that of the
ingestion of 120 microcuries of Sr® alone. The basis
of the-calculation is briefly: (1) the permissible dose
to the hone over the decay period to be 80 r, believed
equivalent to an instantaneous daose of 25 r; (2) 60
per cent ahsorption and deposition in bone; and (3) a
safety factor of 5 to allow for uneven distribution in
the bone (a factor shown to be necessary by Liological
experiments). This estimate agrees broadly with that
by Morgan and Ford? when allowance is made for
different uptake fractions assumed. The Sr®% will
always be accompanied by Sr?0-Y®0, Balt0-T a0 and
other bone-seeking isotopes. When allowance is made
for the dase from these, the proportions of which
would depend upon the duration of the irradiation,
the emergency permissible ingestion level becomes
about 30 pc Srf® together with the other associated
bone-seeking activities {including about 0.3 pc of Sr9
which has been considered acceptable). If the iodine
isotopes are ingested in the same proportion there
will also be considerable irradiation of the thyroid
but this is considered acceptable in emergency since
this organ is very insensitive.

The following crilcria are therefore suggested for
considerations of siting and the possible need for
evacuation of members of the general public in the
event of a nuclear reactor accident :

1. The exposure to gamma radiation should be
limited to not more than 25 r in three weeksand 60 r
in three months.

2. The inhalation or ingestion, due to continued
occupation of a contaminated area, should not excced

. 30 uc of Sr#. This level atlows for the other associated
bone-seeking fisston products.

3. The accumulation in the body of long-lived
activity, such as Sr%, should not be allowed to build
up to a value exceeding the recommended peace-time
permissible bady burden for occupational exposure
(1 uc for Sr*¢ and 0.04 uc for Pu®?}, since, if greatly
exceeded, the activity would probably lead to serious
incapacity in later life.

It is to be noted that these levels are the same as
those accepted in the UK for use in connection with
the control of emergency contamination of water
supplies in Civil Defence,

Limiting Levels of Fission-Product
Contamination for Continued Haobitation

The limiting degree of hazard from possible inges-
tion may be reached, in nornal living in a rural com-
munity, at a contamination level of 10 curies/m*
measured at one day. The consumption of contam-
inated crops would contribute much of the hazard, on
the assumption that a man cats in one day brassica,
lettuce, eic. from about 0.05 m* of ground, that half

the activity is removed by washing and that the con-
sumption continues for 40 days, after which the leaves
are ciean as a result of new prowth or continued
washing by rain. At this level also the limiting level
for a child, playing on the ground, would be reached
on the assumption that a child actually ingests the
contamination from 0.1 m? of ground before the
activity is removed or fixed by natural proccsses.

The long-term, ingestion hazard from the build-up
of activity in crops is estimated from the work of the
University of California {(Los Angeles) School of
Medicine,® from which it appcars that the edible parts
of plants take up ‘5r% fron: contaminated soil so that
the content per gram dry weight is about ihe same as
that in the ground. The build-up of activity would
thus be about limiting from contamination at the level
of 10-2 curies/m?® of the mixed fssion products, meas-
ured at one day. At this Ievel also it appears that open
sources of drinking water would be contaminated to
about limiting emergency ingestion levels, but in
practice, there would be processes operating which
would greatly clean up the drinking water, Temporary
contamination of milk by Sr3 may extend to zones
where the fission product level is as low as 10
curies/m?, as a result of the wide area of herbage
grazed cach day by a cow: supervision of the popula-
tion would be needed down to this level in order to
confirm that the basic tolerances were not being ex-
ceeded.

As a result of this brief analysis it appears that the
action shown in Table T would have to be taken at
the various levels of ground contamination stated, in
order to prevent excessive exposure. It should be
emphasized that the criteria adopted are fairly real-
istic and as far as can be seen do not contain signifi-
cant hidden safety factors,

THE SPREAD OF ACTIVITY FOLLOWING A REACTOR
ACCIDENT '

There is no satisfactory direct evidence of the
spread of activity following a reactor accident. For
the estimation of direct hazard from the cloud calcu-
lations have been based on Sutton’s theory of diffu-
sion for a ground level source with no thermal lift
and yield values for the hazard ranges shown in the
first two items of Table I for releases of the order
of 1 megawatt of reactor power. Calculations of the
possible maximum deposition of activity under condi-
tions of fair weather or rain have been made by
Chamberlain,* based on a study of the deposition of
particles by turbulent diffusion in the atmosphere and
also of the wash-out of particles Ly rain drops, using
a theory by Langmuir. Assumptions are made con-
cerning the particle size which are a priert likely hut
which afso give the maximum cdeposition at a few
kilamnetres and in this sense the contamination levels
calculated are the maximum likely,

The maximum range downwind, R, to which vari-
ous levels of ground contamination may be expected
to extend is roughly proportional to the square root
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metres downwind. These consequences are consistent
with theoretical predictions. The number of casualties
was so small only because the gas passed over an al-
most uninhabited area. It should be noted that the
senses give little warning of phosgene, for an atmos-
phere with a musty smeli, but in no way unpleasant
to breathe, can prove fatal.

Chlorine was at one time cunsidered se difficult o
handle that it was transported and used in the {orm
of bleaching powder, Tor 25 years phosgene was
widely feared as an instrument of warfare. Despite
the Hamburg disaster and a {ew others on the same
scale, phosgene and chlorine are not regarded as so
dangerous that they must be kept far from cities. In
many densely populated areas, there are tanks each
containing enough liquefied gas to kill hundreds and
even thousands if it escaped. Reliance is placed on
sound engineering for the safe custedy of these mate-
rials. That this is justified is shown by the Report of
the Chief Inspector of Factories for Great Britain
for 1950, which records ecnly three deaths due to
chlorine passing and one due to phosgene in the
twelve previous years.

The preceding discussion gives no indication of the
probability of an actual release of radioactivity from
an atomic energy installation, but this is just as im-
portant as an assessment of the effects. The possible
sequence of events leading to the release of activity
from a reactor has, for instance, been considered by
Hurwitz.? The engineering problems of nuclear re-
actors are more complex than those of the saie stor-
age of liquefied gas. Moreover, the parallel between
accidents involving chemical and radioactive poisons
breaks down in regard to persistent effects. Most
chemical poisons can be neutralised and disappear
quite rapidly cven if no counter-measures are taken
but radioactivity cannet be neutralised and it is un-
certain how much could be achieved in decontamina-
tion. A reactor disaster, though it would not cause
more casualties than an accident in a chemieal plant,

might interfere, for a much longer time, with the live-
lihood and homes of those living in the neighbour-
hood. There are other differences between the two
cases and it may be argued that a higher standard of
safety is required for nuclear reactors than for toxic
chemicals. It is especially important to avoid the set-
back which a major disaster at an early stage would
impose on the atomic energy industry.

Accidents must necessarily be infrequent and, so
iong as they do not involve the release of more than
a few tenths of a megawatt equivalent of fission prod-
ucts, remote siting of reactors should be unnecessary,
It is considered thdt this degree of containment can
be maintained by adhierence to sound principles in the
design, construction and operation of nuclear plant.
It is therefore concluded that the satisfactory siting
of high-power reactors with suitable engineering
safeguards will not present an insuperable problem
in the develepment of nuclear power.
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Figure 2. Ralalive hazard for ingestion of fission product miztures

cloud that would rise to an elevation of several thou-
sand feet and then travel downwind and disperse, In
the other case, failure of the reactor coolant supply
is visualized to lead to eventual melting of fuel efe-
ments and' vaporization of fission products by the
self-heating of the fission products. In this more
leisurely process there 1s a much lower rate of heat
production ; a lower temperature cloud which would
tend to travel close to ground level would result. An
essentially simnilar picture would apply to a reactor
consumed by fire,

In any of these models, it may be assumed that a
portion of the primary escaping fission products will
be retained in the reactor building structure. Only
the fraction that escapes into the atmosphere gen-

_erates an environmental hazard. What this release
coeflicient may be is best computed locally for each
case. In the figures and tables:

Power level equivalent to F.P, relcase == (Actual
Power Level) X (Release Cocfhicient)

In the limit, for a unit with a protective envelope
of assured integrity, the release coefficient is zero,
the equivalent power level is zero and environmental
hazard does not occur. This is the real expeeted situa-
tion ; however these data permit potential damage to
Le assessed for such pessimistic asstunptions asa 1%
or 10% leak from such a structure. Similarly, they
may be applied to protective systems depending on
jarge filters.

CONTAMINATION LEVELS

The concentrations of fission products downwind
will also be dependent upon the mcteorclogical con-
ditions and the surrounding terrain. Estimates of the
spread for several cases were made by the use of
Sutton's theory of turbulent diffusion.? Basic as-

sumptions applied to the travel of the cloud over a
level plain are given in Table 1.

Calculations on other conditions have shown varia-
tions in detail and pattern but little difference in
over-ail damage estimates. A decrease in concentra-
tion additional to that by turbulemt diffusion was
computed using an empirical deposition constant
equivalent to a settling rate of the material in the
cloud of 2.8 cm per second.

The areas involved were ecomputed on the basis of
damage levels. These limits are given in Tabie IL

The distance at which lethal or damaging condi-
tions would occut is strongly dependent upon both
the time and elevation of release and the meteorolog-
ical conditions. Present estimates indicate lethal con-
ditions only within the immediate vicinity of the
reactor for full escape from a 100,000 kw reactor
and at distances of the order of 10-50 miles for
reactors in the miflions of kilowatts range.

Access to land downwind will be limited for a
period of time because of radiation levels from the

Table |.  Assumptions Used in Calculation
Siom Slow
\ release veleare
Fapid release srutral  inverpion
neutral atmosphere atmosphers gitmesphers

25% - 100 meters
259 - 500 meters
25% - 1000 meters
25% - 2000 meters

Instantancous

ﬁeight of release 70 meters 70 meters

Time of release

Angle covered by
wing during

10 hours 10 hours

refease 45 deg M deg
Wind speed 100 meters-5.2 m/sec Sm/see 5 m/sce
500 meters-5.7 m/sec
1000 meters-6.4 m/sec
2000 meters-7.2 m/sec
Toble 1. Damage Limits
Failout
Efect Timid Resulting condition al baundary
Lethal 190350 ¢ full body*
plus 800-1200 rads to lung-10 days
plus 150250 rem to bone-10 days
Significant 60-250 r full body*
injury to plus 200-300 rads to fung-10 days
humans plus 30-70 rew to bone-10 days
Land unusable Smg/ft* Dose rale falls to 300 mr/week
for 5 years in 5 yeats
Land nnusable 2mc/ft* Dose rate falls to 300 mr/weck
for 2 years in 2 years ,
Temporary 0.5 me/it* Gamma dose of 50 r in first year
evacuation (30 r in 2 months; 40 r in
& months)
Crops 0.1 me/ft* 5 X 10 uc 5r%/gram of vegeta-
confiscated tiont

* 20-30% from cloud passagc: remainder from exposure
to contaminated ground for 2-5 hr

4+ Limit computed assuming ingestion of crop by humans
for one year.
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It was assumed that property contaminated to
greater than 2 me/ft® would be purchased outright at
market value while property contaminated to 0.5-2
mc/ft> would cost about 10% of the market value for
rental or decontamination. Crops on land contam-
inated between 0.1 and 0.5 uic/ft* were assumed pur-
chased for the first ycar with no allowance for later
- crops. A closer hreakdown was not felt to be war-
ranted in view of other uncertainties in the estimates.
Figure 4 illustrates one series of average property
damages expected for a reactor located in these three
areas,

In order to illustrate the variation in contributions
to the assumed damages, 2 breakdown by areas is
given in Table IV for full release from several power
reactors.

In addition it is estimated that for very largc re-
leases damage to humans could be extensive. As an
example, for full release from a 1,000,000 kw reactor
between 200 and 500 people could he killed in a region
of population density of 200-500 people per square
mile with perhaps 3000-5000 exposed to possibly
damaging levels even with fairly prompt evaluation.

It may secm surprising that the estimated damage
in Fig. 4 and Table IV is greater for a rich agricul-
tural region than for an industrial area, This devel-
ops from the mode of averaging census values over
a whole state. For a specific heavily industrialized
zone, the property damage could be considerably
higher.

To give proper perspective to these data, one must
reiterate that the prabability of a major rcactor acci-

Table V. Composition of Properly Damage Estimates
{millions of dollars)

Category 16,009 ke 100,68 ke 1080800 kw
Industrial area - Middle
- Atiantic States
.- Purchase - TRural 0.2 7 50
Urban 1.2 30 380
Rent 04 10 70
Crops 11 9% 210
Total i3 160 710
Agricultural area -
Midwest States
Purchase - Rural 05 20 170
Urban 0.7 30 270
Rent 04 10 60
Crops 20 160 450
Total 22 . 220 930
Agricultural area-Far
West States
Putchase — Rural 0.1 4 35
Urban 0.2 7 50
Rent 0.1 2 12
Crops 5 43 100
Total § 56 200

10, 600

IDUSTRIAL _AREA -

MITWEST
AQRICULYURAL ARFEAS

>

1,000

DOLLARS}

N
N

1ag ///

v

10

AVERACE DAMAGES {MILLIONS OF

1wt 10° 10° 17
POWER LEVEL EQUIVALENT TQ F.P. RELEASE (KILOWATT3}

Figure 4. Estimated average damages from relense of fission pradien

dent, although currently indeterminate, is obviously
vanishingly small, and that the essential integrity of
protective envelopes can be assured from conventional
engineering data. The results should in no way be
interpreted as a deterrent to the advancement of com-
mercial power reactor technology. They do indicate
the need for high standards of engineering and opera-
tion in all cases. More importantly, they show the
high value of protective systems that are not quite
perfect, Thus, for an actual power level of 100,000 kw
and a protective system with a release coefficient of
0.01, the equivalent power level of 1000 kw is below
the range in which it is relevant to compute estimated
average environmental hazards. Over the small areas
then involved, it is possible to apply decontamination
mcthods that would be impracticable for the hypo-
thetical large-scalc disasters. The real damage in this
case would therefore be even lower than is found by
a plausible extrapotlation of Fig. 4. This perhaps pos-
sible disaster is well within the range of disaster dam-
age experienced from time to time in older industries.
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sumptions, Luckow e! al.™ assumed uniform concen-
tration in a cloud travelling along the ground, whose
dimensions were determined by Suiton's diffusion
formula. Absorption and scattering of the gamma
tays by the air were neglected, leading to largely
pessimistic results. Taylor of the Westinghouse Elec-
tric Corporation® obtained the spatially integrated
dose rate from the cloud at the moment when it is
centered over the receptor. The distribution of mate-
rial in space was given by Sutton’s formula. Taylor
then multiplied this dose rate by a time of passage
determined from Sutton's formmla and the wind
speed. Multiple scattering of the gamma rays was
ignored. Fitzgerald ¢ af. at the Knolls Atomic Power
Laboratory of the General Electric Company® carried
out the space and time integrations for a cloud passing
along the ground, without change in clond size during
irradiation, and without considering multiple scatter-
ing or decay during the time of exposure. Waterfield
of the General Electric Company? carried out a com-
plete numerical space-time integration for elevated as
well as surface clouds, still, however, assuming simpie
cxponential absnrption and holding decay constant
during passage of the cloud. He also presented a
decay-integral correction factor for the case f(¢)} =
131 which tends to improve the accuracy consider-
ably at intermediate, but not at small { <7 300 meters)
distances. Gamertsfelder of thie same laboratory has
carried Waterfield’s work further by including the
dose buildup effect due to multiple scattering, but has
not included the effects of non-linear decay during
passage of the cloud, His results are quite satisfactory
for distances greater than a few hundred meters from
the point of origin.

In the present development the only restrictive
assumptions arc that the cloud particles all travel
with approximately the mean wind speed during
irradiation of the receptor, and that the turbuience
responsible for the cloud spread is isotropic. As in
all previous treatments, the dosage calculated for the
average gatmma photon energy is assumed to approx-
imnate the integrated effect of the actual gamma en-
ergy spectrum.

The resulting mwethod does not depend upon any
particular form of the diffusion law as long as it gives
a Gaussian distrihution of concentration with respect
to distance from the cloud center. Results can be read-
ily obtained for a wide variety of assumed meteoro-
logical conditions and for heights of rise up to 500 m.
The initial source may be taken either as a point or as
a puffl of finite size. The computation method employs
a nomogram whose maximum error is believed to Le
about = 20%%.

MATHEMATICAL STATEMENT CF THE GENERAL CLOUD
GAMMA DOSAGE PROBLEM

The conventional unit of gamma ray dosage is the
roentgen.’® Onc roentgen is equivalent to 83 ergs or
524 > 107 Mev (million electric volts) of energy
absorbed per gram of matter. The dosage received in

an infinitesimally smail time interval d¢ in a small
volume of matter is thus
s O dt

ob = 5.24 3> 10T Mev gm™! roentgen™!

(1}

where D — dosage (roentgens), gm = mass absorp-
tion coeflicient for gamma radiation (m%gm), & =
gamma energy flux per unit area into the outer sur-
tface of the receiving volume {Mev sec™ m-*), and ¢
— time {sec).

Note that the dimensions of the receiving volume
must be mucl less than {ump )~* where p is the density
of the absorbing medium (gm m™?) for Equation 1 to
be applicable. Now un is nearly the same for both air
and tissuc for a given gamma photon energy.l! The
linear absorption coefficient pu, (M1} is equal to gmp .
Thus p,/p for air can be substituted for p. to obtain
the dosage in either air or tissue. At elevations near
sea level, p is approximately 1.29 % 10?7 gm m-3, so
that the total gamma dosage received in the small sta-
tionary receptor during passage of a cloud of fission
products is

ia po/p @
6.8 > 10" Mev m—3 roentgen'lj; ®dt (2)

where p,=sea level air density=1.29 X 103 gm-m™.

D=

In the remainder of this paper p,/p will be assumed
to be approximately unity. For high altitudes (greater
than about 2 km above sea level) the computed dosage
must be multiplied by this factor in order to preserve
the accuracy of the method,

One curie of radioactivity is equivalent to 3.7 X
10" disintegrations/sec. Therefore each element of
the cloud emits pamma energy at the rate 3.7 ¢ 10'0
disintegrations sec™! curie™? x . E dV, where y, is the
concentration of radioactivity (curie m=®), E is the
gamma photon energy (Mev per disintegration) and
4V is the cloud volume element. If the space between
the emitting volume element and the receptor is com-
pltely empty, the part of the flux received at the sur-
face of the receptor from this volume element is:

xedV 3.7 X 10'® dis sec! curie™ x.E 4V
1 T = ‘ )
(3

where yp = concentration in encrgy emission units
{Mev sec™! m~%) r = distance betwecen the emitting
element and the receptor {m)

d® =

In an absorbing but non-scattering medium an ex-
ponential absorption facter is introduced :
_ XE & e
do = 4ar? )
If only the direct ray is considered (e.g., if the beam
were collimated), the effect of scattering also is to
attenuate the radiation exponentially so that

XE 8—”‘"11 + &) rdV

db =— - (3)
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where p, is the lnear scattering coefficient (nr?),
Finally, if the scattered radiation which reaches the
receptor {rom all directions is included, the flux be-
comes
—ur ;
_ Byp ¢ “., dfﬂ (6)
4r®

where & = multiple scattering buildup factor, a fune-
tion of ur and E, and g = p4 -} p,, the total absorp-
tion-scattering coefficient (m-1),

In Table I, values of B are given for a range of
values of pr and Ji. These values of B were calculated
by Goldstein and Wilkins, Jr. of Nuclear Develop-
ment Associated, Inc.? by numerical solution of the
complicated integro-differential equation of energy
transfer for pamma ray scattering.

For the range 0.5 to 2 Mev & cau be approximately
represented by the three-terms series:

(ur}?

Beltur+—pmy ()

This formula is used in the suhsequent calculations,

An exponential formula for approximating B has heen
developed by Taylor.®

Thie attenuation function & {r) is here defined as:

(8}

The “mean free path’ A, is defined as 1/, It is seen
that for E of the order of 1 Mev, when r < <, ((#)
== 1/r*. That is, absorption and scattering can be
neglected when the source and receptor are very close
togethier.

The total flux of energy from each element of the
clowd is:

de

B ew

Gir)= g

G(ry

4y = (9)

xedl”

The concentration factor yg is the product of the total
source strength Qx and a diffusion function x repre-
senting the relative spatial distribution. The source
strength, in turn, can be expressed as the product of
an initial soutrce strength (}o and a decay {unction
f(1}, such that Qg = Qo when t = 0, i.e., at the
moment of release of the cloud. Then

40 = 0, (NG (Px(£aet)izdydz  (10)

where x =— distance horizontally downwind froin the
center of the cloud {m}; v = distance horizontally
across wind from the x-axis (m), and & = height
above the ground (m),

The diffusion function x (x, ¥, 2, ¢) is, in general
assuming no deposition on the ground) :
TENIE X
75+ 55)

fr— )
[r ot + o ot ] ‘.
x{xmet) = 3

i
T T T

(11)

where /i = height of the eenter of the cloud ahove
ground (m), ez, oy, 0. = cloud size parameters for
the downwind, crosswind and vertical directions,
respectively (m). The parameters o, o, and n. de-
pend upon the initial size and travel time of the puff
and upon the spectrum and intensity of turbulent dif-
fusion. Roberts'® treated the case where the cocffi-
cients of turbulent diffusion in the r, ¥, and z direc-
tions are considered to be constant. Taylor™ showed
the dependence of the diffusion upon the statistical.
properties of the atmospheric turbulence. Sutton!?
has solved the equations of diffusion by assuming for
the Lagrangian autocorrelation function of the turbu-
lent velocity components a mathematical form which
behaves in a plansible manner, Sutton’s solution, with
paramieters determined empirically, has been rela-
tively successful in predicting concentrations of at-
mosplhieric  contaminants from  known sources.
Frenkiel** has given more general methods for eal-
culating the rate of spread of the cloud by means of
observations of atmospheric turbulence. For the
present purposes however the experience shich has
been gained in the choice of parameters in Sutton's
and Roberts’ formulas provides sufficient accuracy in
relation to the uncertainties of the source strength and
conditions of exposure, Rolerts’ and Sutton's methods.
of obtaining o,, o, and a. for the cloud resulting from
an instantaneous point source are summarized in

Table II.

Table Il.  Exprestiens for ¢.%, ¢,2 and o.°
Roberts® Sutton*

ﬂ'.. ZKJ CI" ( 5t ) =

5, 2Kt C AT

o 2Kt S

*Ka, Ky, K. = constant diffusion coefhicients (m?® sec™),
¢ = ttme clapsed since release (sec), C., €y, ¢ = virtual
diffusion coefficients {m™*), 1 = mean wind specd or speed.
of movement of the center of the cloud (m sec™®), # — sta-
bility index (dimensionless).

In determining the intensity of gamma radiation
from the entire cloud, the anisotropy of the turbulence:
can ordinarily be expected to have a second-order

Table I. Multiple-Scattering Buildup Faetar B
EfMcuv) ar =g F§ 2 L 7 p{] 13 20
0.255 1 3.09 7.14 230 729 166 456 o2
0.5 1 2.52 5.14 14.3 388 776 178 kX2
1.0 1 2.13 371 7.68 162 271 50.4 822
2.0 1 1.B3 2,77 458 8406 124 19.5 27.7
30 1 169 2.42 39 6.23 8.63 128 17.0
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of the “equivalent point-source height’’ was con-
structed (Fig. 2). The coordinates are ¢ and /', with
curves as comstant values of actual cloud height A.
The “equivalent point-source height” graph and
the “unit point-source dosage” graph were combined
intc a nomogram for computing the actual unit-source
dosage, given the cloud-size parameter and height .
© Alignment-iype nomograms were added to permit the
computation of ¢ by either Sutton’s or Roherts’ for-
mula, and to multiply the unit-source dosage by the
actual source strength. The complete nomogram, with
instructions for its use, is contained in reference 6.
When ¢ exceeds 2000 m the dosage can be com-
puted on the assumption of approximate radiative
equilibrium. The formula for a receptor at the ground
is then:

{4.8 > 108 Mev/Mw-sec) Qg (it/d) 12t ¢727e"
(6.8 x 10'¢ Mev/m?® roentgen) = # o2
(17}

However, in this case as well as that of &t > 500 m
a power excursion of at least 2000 Mw-sec would be
required to produce a dosage as large as 1 roentgen
anywhere on the ground.

A few intercsting features of Fig. 2 can he pointed
out. For example, elevated clouds behave essentially
as point sources as long as ¢ < /i/5. The maximum
dosage, or minimum equivalent point-source height
for a cioud of given strength and height occurs when
o is about 3 h/4. When ¢ increases beyond about 2F,
the cloud height has no further effect on the dosage.

In order to show the range of values to be ex-
pected under a plausible variety of metcorological
conditions, dosages have been computed by means of
the nomograms for the cases given in Table IV,

Computations were carried out in each case except
“trapping’’ both for an initial peint source and for an
initial volume source for which the value of « at the
origin was taken as ap = 10 4 0.3%. This rate of cloud
spread corresponds roughly to that given by Sutton’s
hot puff formulal? with C = 0.6. The “trapping” case
was designed to approximate a situation in which dif-
fusion is confined to the downward direction {(as by
an inversion)} and horizontal spread is also confined
(as by a valley). To give a maximum dosage at each
distance, ¢ was held constant at 0.75 & and the com-
puted dosages were doubled to account for downward
reflection by an inversion. Selected results are shown
in Fig. 3.

When h — O the initial point source gives signifi-
cantly larger dosages at small distances than docs the

D=
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Figure 2. Equivolent point-source height for cloud at height h{m}

initial volume source. The dosages increase with
increasing atmospheric stability at all distances. Dos-
ages exceeding 1 r/Mw-sec are confined to the closest
100 m except in stable conditions with very small
initial volumes. The strong wind case {not shown)
gives dosages slightly higher than the neutral case.

The clevated sources shaw less variability of the
dosage with the meteorological variables. Trapping,
of course, always gives the highest dosages. Of the
other cases, the stable case results in the highest
dosages at great distances while the strong-wind case
is worse at intermediate heights and distances, At
greater heights instability, with more rapid down-
ward spread of the cloud, results in the highest
dosages at small and intermediate distances, except
for trapping.

Table IY. Meteorological Parameters for Sample Cases

C(mn/2} a{mfsec)

Case n h =1 0 200 80 [il 50 240 igd
Neutral 0.25 0.20 015 0.10 0.08 3 L3 7 9
Stabte 0.50 0.05 0.03 0.02 17171 1 3 [ 9
Unstable 0.20 0.50 0.20 0.15 0.10 7 10 12 13
Sirong wind  0.25 0.20 015 0.10 0.08 15 22 K] kL1
Trapping —_— = 075h — 5 7 9
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Figure 4. Unit point source gamma dotoge dus to steady pewer produds, received of distancs d (m} down-

wind fram finitial source with wind speed v [m/sec} shown as herirental displatement from 1 m/isec line

The unit point-source dosages for this case were
computed and graphed (Fig. 4).The curves for con-
stant distance & are drawn for a wind speed of 1
m/sec. The dosage now decreases with increasing
wind speed at ali distances. The wind speed is intro-
duced as a horizontal displacement indicated hy the
spacing between the sloping wind speed lines. A
nomogram for computing cloud gamma dosages for
the steady-power case has been constructed by sub-
stituting the graph of Fig. 4 for Fig. 1 in the power-
excursion nomogram. The steady-power nomogram
with instructions is also contained in reference 6.

GAMMA DOSAGE DUE TO CLOUDS OF ARBITRARY
RADIQISOTOPES

The dashed curved marked “KC” in Fig. 4 is in-
cluded to permit computation of the gamma dosage
due to the passage of a cloud of any specific radio-

isotope whose ganuna energy is of the order of 0.5
to | Mev and whose hakf-life is large compared to the
cloud passage time (say 10 o/f). This curve gives
the point scurce dosage due to 1 kilocurie of an isotope
emitting a gamma photon of 0.7 Mcev energy and
passing at the height /4 with the speed } m/sec. This
dosage should be multiplied by

Qi E ~o8usdiar

07 n (19)
where (; = the initial source strength (kilocuries),
E = gamma photon energy (Mev), and T° = half-
life (sec).

The “KC™ curve can also be used in this same
manner for continuous source problems. Substitution
of the emission rate 4(;/dt in ke/hr for O yields the
gamma dose rate dD/d¢ in r/hr.
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CONCLUSION

With the solution of the cloud gamma dosage prob-
lem, the nuclear reactor engincer now has a set of
tools for amalyzing the environmental consequences
of hypothetical accidents. Whiie imperfect, these
tocls are believed to be comparable in precision to
those which are available for analyzing the possible
failures of the reactor assemblies thermselves.
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Radiological Monitoring of a Nuclear Releuse

By Percy Griffiths, Clavde W. Sill and Mack Wilhelmsen,* USA

At the National Reactor Testing Station in the
State of Idaho, a network of radiation detection and
sample collection devices is gperated on a continu-
ous basis in order to provide complete radiological
control of local operations. Particular emphasis is
placed upon downwind locations from all operating
instaliations. Types of radiation monitoring devices
at present in use are: continuous air monitors,
gamma scintillation seanners, particle collectors and
fali-out collectors. In addition to physical obser-
vation of meters and recorders utilized with certain
of these devices, radiochemical and radioautographic
analyses arc performed.

Personnel of the warious health physics groups
support the established radiation monitoring net-
work. In the event of 2 mishap at any of the ex-
peritnental sites, or when the nature of experimenta-
tion is such that hazardous conditions could develop,
these persons are alerted. In some extreme cases,
personncel and cquipmeot are based in close prox-
imity to the work in progress.

During the summer of 1953 and spring of 1954,
experiments were conducted by Argonne National
Laboratory utilizing a small remotely-operated,
water-cooled and moderated reactor. During an in-
tential short period excursion on July 22, 1954, a
violent release of energy occurred which destroyed
the reacior corc and some assoeinted equipment. As
this possibility had been anticipated, all precautions
had been {aken to minimize any resultant hazard.
Five mobile radiation-monitoring teams were based
around the reactor arca at distances greater than
800 meters. Highway barricades werc readied for
closure of traveled roads should the necessity arise.
All nperational and observation personnel were based
at the control area, a distance of 800 meters from
the reactor. In addition all travel had becn restricted
within this distance (Fig. 1).

Tinmediately following the short excursion, a
column of dark grev smcke and dust was observed
Liowing out through the top of the reactor to a
height of approximately 25 meters. A short, sharp
explosion was heard, followed by ‘a slight shock
wave, felt at the control arca. At this time the con-
trol mechanism, tower, and various other objects

* UUS Atomic Energy Commission. Prepared by Percy Grif~
fiths, Claude W. Sill; including work by Health & Safely
Division, Idaho Operations QOffice, US Atomic Energy Com-
mission and US Weather Bureau.
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were blown into the air, then fell off 1o the sides of
the earth dike shielding the reactor. Following the
initial emission the cloud drifted slowly toward the
southwest at a speed of about § kilometers per hour,
At a distance of approximately 1.2 kilometers, the
cloud began to rise in a thermal, and at an elevation
of about 300 meters above the ground gradually
diffused until it was no longer visible.

Simultaneously with the release several portable
radiation detection instruments located 800 meters
from the reactor indicated short radiation exposure
rates bevond the limit of the range of the instrumients
being used at this time, or an exposure rate greater
than 500 mr per hour. Subsequent development and
interpretation of X-ray film indicated a total dosage
of approximately 50 mr at 440 meters, and 30 mr
at 580 meters.

Within a few minutes of the release all mohile
teams began monitoring downwind from the reactor
taking readings 1 meter above ground level. Fifteen
minutes after the release the maximum measurement
was 6 mr per hour at 1.6 kilometers from the reactor;
25 minutes after the release 2.0 mr per hour at 3.2
kilometers. Meteorological data indicated that the
cloud travelled to the southwest for approximately
1 hour at a spced of about 8 kilometers per hour.
The wind then reversed as the temperaturé distribu-
tion in the lower layers of the air changed from
inversion tn lapse, and the cloud travelled toward
the northwest at speeds up to 10 kilometers per
hour (Fig. 2). This trajectnry was econfirmed when
an increase of radiation amounting to 6 times the
prevailing background was detected by a continuous
air monitoring device located 13 kilometers from the
point where the wind shift had occurred 3 hours
earlier. Stations ranging from & to 110 kilometers
further downwind did not indicate any radiation
as a consequence of the experiment.

The only indication of radiocactive fallout was
obtained from direct readings of the pround follow-
ing the cloud passage to the southwest up to a dis-
tance of 3.2 kilomcters from the reactor. The max-
imum was determined at a distance of 1.6 kilometers
where the readings were 6 mr per hour at 1 hour
after the release, 0.5 mr per hour at 6 hours, and
0.05 mr per hour at 26 hours.

Within the first hour it was cstahlished that there
was no radiation hazard to anyone outside the 800
metcr perimeter as a result of the experiment. Radi-
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Figure 3. (left} Survey of contaminated area taken ot ground lavel. (Right) Survey of contaminated area taken at ¥ meler abave groved

mechanism had tilted as it broke loose from the
platform, forming an approximate 45 degree angle.
Fuel elements and associated debris were deflected
toward the south by the obstruction. The entire
*affected area was later covered with a layer of gravel
to a mintmum depth of 15 centimeters which reduced
the radiation dosege rate to less than 5 mr per
hour,

Because the reactor was remotely operated with
an established safety distance of 800 meters, no
hazard to operating personnel or to others at the
testing station was present. The entire experiment
was accomplished with no radiation exposure to
personmel above permissible levels. A similar release
involving a directly operated reactor of similar size
would undoubtedly subject personpel within the

immediate vicinity to radiation exposures and air-
borne contaminants of serious magnitude unless ade-
quate shielding and associated safeguards comprised
part of the installation. '

It would appear that, in design criteria for similar
experimental reactors, that provision should be made
to control the direction of debris blowing out as a
consequence of a release such as occurred in this
instance. Entry and cleanup would be facilitated and
the possibility of contaminating expensive equipment
and property minimized.

The health physics function in respect to this ex-
periment was primarily personnel protection, Un-
fortunately, expenditure for scientific data had not
been considered. As a result, much information of
value to nuclear science was not obtained.



Prospective Uses of Atomic Energy
from the Viewpoint of Radiology

By F. Hercik, Czechoslovakia

The use of atomic energy for peaceful purposes
confronts us with very important problems. In a
relatively short period of time the level of radiation,
which is of certain importance in man’s life, will
increase. Until now man, as well as all other living
organisms, has been subjected to the action of cosmic
rays, earth’s radioactivity, action of radicactive mat-
ter contained in air and water, and action of radio-
active potassium within his body. There is no doubt
that living organismis have adapted themselves to
this radiation. I do not propose to discuss the part
that this radiation may have played in the phylo-
genetic development of organisms; however, there
is no doubt that the basic doses of radiation from
the abovc sources have conditioned and are continu-
ously conditioning the existence of all living things.
The total radiation dose received by a person in the
course of one year from the above sources is about
0.1 r. According to our present day knowledge of
these hazards, the amount is so small that it should
not be of any significance.

The prohlem witl assume a very difficrent aspcct
when the sources of atomic energy become more
numerons. There is no doubt that this will cause
an increase in the dose, both as a result of external
radiation from various sources, which, in one way or
another, will work themselves into subterranean
waters, will increase the quantity of radioactive mat-
ter present in drinking water. It appears that the
problem of the increase of natural radioactivity in
drinking water will become one of the most serious
ones which require a solution. Furthermore, some
attention will have to be given to the problem of the
external radiation arising as a result of the use of
radioactive sources in their most varied technological
forms. Here, the most important thing will be some
form of protection against radiation which will be
not only conveniently realizable technically but also
economiczlly feasible.

In order properly to evaluate the radiation hazard,
the question of the permissible doses will have to
be subject to revision. In my opinion, two sorts of
errors are comuenitted at this point, On the one hand,
the permissible dose is unduly lowerced on the basis
of experimental facts obtained with test subjects
phylogenetically far removed from man. In this

Criginal language: Russian,
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category, for instance, belongs the generalization of
data obtained by tests on plant cells or on several
forms of animal life such as Drosephila. It seems
to me that here, the error is made by all thosc who
forget that the human body is regulated, to a great
extent, by neuro-humoral mechanisms, as a result of
which, most probably, the recovery reactions are
much more extensive than in simple biological sub-
jects. Moreover, Darlington’s and Koller’s experi-
ments have shown to us that, even in subjects taken
in the plant worid, there is a repair of chromosome
damage after irradiation. The cells that have been
damaged do not multiply, hut are replaced by healthy
cells which continue to multiply. The more active
the tissue, the more it is in accordance with Lacas-
sagne’s rule, sensitlive to irradiation; but also the
more vigorously do the recuperating processes take
place. In the highest types of mammals, as in man,
each cell evidently is controlled, in some way, by a
neuro-htimoral regulation. As an example of this,
we might mention the central control of cell perme-
ability, and adjustment of the fluid balance in the
body. Thus, we are well entitled to assume that,
following irradiation, the recovery processes in the
human body are centraily controlled, and that they
are probably equipped to repair more serious damage
than would the simpler organisms. On the other
hand, a similar error is often committed by those
who, falling into the other extreme, propose to in-
crease the permissible doses unduly, without factual
information.

I think that the effect of irradiation on the whole
of the organism must be evaluated on the basis of
the maturc of functional integration. Plants, in most
instances, have humoral integration, while animals
have various degrees of neuro-humoral regulation.
The neural component continues to increase, as the
highest phylogenetic forms are reached.

It must further be barne in mind that it is im-
possible to assume that, in biological objects of any
degree of complexity, the effect of irradiation on any
biological function is continuous, in other words,
that the changes brought about by small doses will
only increase quantitatively as the doses are in-
creased. In fact, depending on the size of the dose,
the changes are gualitatively different. For a given
biological object, small doses cause a set of reactions
whose nature is entirely different from those caused
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" by large doses. It is also known that partial irradia-
tion of an organism calls forth changes which are
different from those due to general irradiation. In
view of all this it is necessary to verify the doses
which have heretofore been considered permissible;
this in turn involves the necessity of explaining the
basic radicbiological processes arising in the irradi-
ated organism. In particular, it is necessary to ex-
plain, én the one hand, the primary effect of irradia-
tion on living matter, and, on the other hand, the
processes whose development takes place as a second-
ary effect.

In this connection, it must he admitted that, al-
though experimental work has been going on for
more than 50 years, our knowledge of the effects
of irradiation on the living organisms is still insuf-
ficient. This applies even to our knowledge of the
primary process. 1 do not propose to deal here
with the advantages and shortcomings of the target
theory and radical hypothesis. I should only like to
stress that, even during the interaction of hard radia-
tion photons with matter, not only does ionization
take place, as is usually assumed, hut also atom ex-
citation. It is known that one haif the energy of the
hard X-rays is dissipated in the form of atom ex-
citation, from which it follows that, in these cases,
a portion of the radiant energy changes into an
effect similar or identical to the effect of uitra-violet
radiation. In other words, X-rays, and in all likcli-
hood also, other forms of penetrating radiation, ex-
hibit not only an ionization effect, hut also an effect
of the excitational fype which, in turn, creates
changes in the chemical forces which bind the atoms
of a molecule. Both these processes can be noticed
during an experiment, and it is thus possihle to in-
vestigate the value of each of the two components.
Possibly, this new standpoint will have an effect on
the explanation of primary processes taking place in

living matter following penetrating irradiation.

At the present time, there is no doubt that the
primary processes in irradiated lving matter pri-
marily affect the nucleo-proteins. Here, the effects
of irradiation are discontinuous, as I have already
indicated above: i.e., the effects of the sniall irradia-
tion doses are different from those of the medium
and large doses. Irradiation acts primarily on nucleo-
protein metabolism, I submit that small irradiation
doses only bring about a deviation of nucleo-protein
metabolism, of a form which results in the creation
of a protein forcign to the body, to which the organ-
ism can react by forming some protective material,
leading fo the creation of a protective barrier around
this foreign protein. In the case of an incomplete
blockade, this can be of a carcinogenic nature, or
cause some other undesirable effect. A large dose
leads to the slowing down of the nucleo-protein
metabolism, which is evidenced by the lowering of
the phosphorus exchange rate in the nucleic acids.
The latter action is connected with full blocking of
the nucleic acid exchange. Still larger doses lead to

deamination and dephosphorylation of the proteins,
and thus to their degradation. Thus, different doses
of irradiation most probably cause qualitatively dif-
ferent processes in the organism, which call forth
changes of differing macroscopic appearance,

On the basis of the above, it becomes clear that
the action of the protective material must also be
analyzed discontinuously. It is quite legitimate to
assume that the material which is biocking the action
af small irradiation doses must have properties com-
pletely different from those of the substances which
must block the reaction to large frradiation doses.
For this reason,.in the search for protective ma-
terials, one must turn mainly to the scarch and
identification of the protective material of the or-
ganism itsclf, since irradiation of a low intcnsity
undouhtedly is a biological factor which existed even
in ancient times, probably in much larger quantities
than now. It is possible that some organisms have
a regulating apparatus which permits them to block
the effect of irradiation doses stronger than the
normal level of adaptation of the organism. In this
regulating apparatus, an important part is played
by anti-radiation material generated by the organism,
whose identification ean play a large part in pro-
tecting against irradiation. All of this leads us to
the important question which we touched upon at
the beginning of this report; namely, to the question
of regenerative action.

On the basis of the radiological experiments which
we have heen carrving out, it was established that
living tissue is capahle of overcoming the cffects of
irradiation, especially if the whole system participates
in this process. Unfortunately, no data from the
Jiterature bearing on this question can be quoted for
lack of time. I think i is sufficient to mention that
the time faetor, which is so significant for the thera-
peutic uses of irradiation, is based on the regencra-
tive actions which are known to us. Some geneticists,
basing themselves on experiments earried out, most
often with Drosophila, less frequently with mice, ex-
press the opinion that, under the influence of irradia-
tion, there is irreparable disruption of the chromo-
somes, mainly in the form of a mutation of geres
which may show up only in future generations. One
must remember that there are no experiments on
people to which one could possibly refer; further,
that these conclusions, drawn in most cases on the
strength of experiments with the lowest forms of
life, have been bodily applied to people; and finally,
and perhaps most importantly, that all of the con-
clusions arise from the mechanistic gene concept,
which assumes the existence of a special germ mat-
ter, isolated from the rest of the body, which has
changeless ability to pass on from generation to
generation, and which is not subject to any infiuence,
either on the part of the system, or of the environ-
ment. Even the basis of this concept is incorrect,
since it denies the plasticity and adaptability of live
beings. T think that this concept is harmful in its
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very social results; which, for instance, becomes
clear from the conclusions of several geneticists who
state that mutation and chromosome breakage due
to irradiation may be attended by a lowering of the
ahility to conceive. Since, in the opinion of thesc
geneticists, undesirable mutations may arise from
irradiation, and social institutions permit those mu-
tants to remain alive, they consider it more proper
to lower the fertility of the people. Permit me in
this connection to quote the words of geneticist
Darlington: “In general, it may be said that general
irradiation of humanity (should such be possible)
sufficiently strong to decrease the rate at which peo-
ple are inultiplying, may in these times be considered
desirable.” It seems that a more crass example can-
not be found, which would show the mistakenmness
of the mechanistic hypothesis in relation to society.
Also, in the field of inheritable changes caused by
irradiation, we must carry out research of such
nature as to be applicable to people with a high de-
gree of probability.

From all of the above, it becomes clear that the
permissible doses must again be subject to a review.
I assume that all of us are agreed that the most
harmful radiation, for the human body, is that con-
sisting of sudden doses of penetrating radiation re-
sulting from accidents, or generated by tests with
nuclear weapons. Biologists, united in the Inter-
national Union of Biologists, at a conference which
took place in Rome in April of this year, unani-
mously passed a resolution calling for the discon-
tinuvance of all types of atomic and hydrogen bombs,
since, due to these tests, the level of radicactive radi-
ation is increased, which constitutes a danger that
may cause serious damage to mankind. We feel that
our meeting should add the warning voice of the
biologists, by means of a resolution to be passed
here. We are gathered to seek new avenues for the
peaceful use of atomic energy, and therefore we can-
not be insensitive to the harmful use of atomic
energy for military purposes; on the contrary, we
must strongly come out against such harmful use,
and pursue our protest to the very limits.
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The Cuamaan: I strongly suspect that the rea-
son why the Secretariat and the Prestident suggested
that T might be Chairman of this session is that we
had one occasion at Chalk River on which we de-
cided that we should evacuate the site temporarily.
This was a matter of reactor safety. We did not
suffer any injury from that incident. We believe that
the question of reactor safety and the siting of power
reactors is one which, although deserving serious
attention, will be taken in our stride in the further
developinent towards nuclear power generation.

Mr. C. R. McCuLLouctt (USA) presented paper
P/B53.

Mr. J. R. Dietricn (USA) presented paper
P/481.

Mr. W. G. MarLey (UK) presented paper
P/3%4.

DISCUSSION OF P/853, P/483, ond P/2%4

The Cuamman: The first question, from Sir
John Cockroft (UK), is addressed to Mr. Mc-
Cullough and reads: “What kind of fuses are being
developed for reactor safeguard?”’

Mr. McCuvLroucu (USA): A number of types
are being studied. These mainly depend upon a neu-
tron potson which is compressed and which can be
released when the power level of the reactor gets
above a eertain point. The release mechanism is
dependent upon heating by the neuiron flux. When
this release oceurs, the gas expands. This poisons the
reactor and reduces reactivity.

The CRAIRKAN; The next question is addressed
to Mr. Marley by Mr, K. Z. Morgan (USA) and it
reads: “Have you considered the advantages of
short fuel cycling such as might be practical with a
homogeneous reactor ?”

Mr. Martey (UK): We have piven qualitative
consideration to short fuel cycles. The advantage of
short fuel cycles in respect to the hazards of de-
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position is only realized if you can shorten the fuel
cycle to an extremely short period. Moderate reduc-
tion of the irradiation period reduces the hazards
only very slightly in respect of most of the com-
stituents apart from strontium-90 which, of course,
is reduced in proportion to the irradiation time, If,
however, one reduces drastically the irradiation time
the deposition problem becomes negligible and the
irradiation from the cloud is perhaps the limiting
factor.

The Cuairman: The next question is from Mr.
M. J. Lavigne of Canada, addressed to Mr, Diet-
rich: “In the reactor excursion in which fue! plates
were melted, was there any evidence of chemieal
reaction of aluminium and water?"”

Mr. Dietric {USA) : There was uo conclusive
evidence. T can pive the following observations
which have some bearing on this question, The de-
structive effects seemed to be entirely consistent
with the amount of nuclear energy liberated, and 1t
does not seem necessary to postulate any chemical
release of energy in order to explain the effects.
Secondly, T might say that certainly most of the
fuel was left in the immediate vicinity of the re-
actor. This was established by radioactive surveys
after the accident. No large fraction of the aluminum
reacted and blew away. At least, if it did it left its
fuel content behind, There did seem to he aluminum
oxide on the particles that were found on