
p r i c e s . The second volume contains s imi la r informa­
tion on chemical compounds labelled with carbon 14, 
t r i t ium, iodine 131, phosphorus 43 and sulphur 35. 

Heal th , Safety and Safeguards 

Widespread international concern over the pos­
sible dangers to health and safety inherent in the 
peaceful uses of atomic energy has led the Agency to 
take an increasingly active role in the efforts to min­
imize these dangers . For example, as indicated 
e a r l i e r , r e s e a r c h cont rac ts supported by the Agency 
have been largely concentrated in this field. In addi­
tion, the Agency continued i ts work in the drafting of 
regulat ions, the issue of guides and the evaluation of 
specific haza rds . Duringthe period under review the 
Agency drafted regulat ions on the safe t r anspor t of 
radioact ive ma te r i a l s and ci rculated them to Member 
States for comment . 

In October 1959, the Agency completed i ts f irst 
evaluation for a Member State of the safety of an indi­
vidual r e a c t o r , t h i sbe ing the Swiss r e s e a r c h r eac to r , 
DIORIT. Several further reques t s and enquir ies for 
such evaluations were received. vVork began during 
the repor t period on a manual on the safe operation of 
c r i t i ca l a s sembl i e s and r e s e a r c h r e a c t o r s . 

The legal problems presented by radiation hazards 
also received attention. With the aid of a panel of ex­
per t a d v i s e r s , the Agency drafted and submitted to 
Member States for comment a Draft Convention on 
Minimum International Standards regarding Civil Lia­
bility for Nuclear Damage. A re la ted panel, dealing 

Some 150 r e s e a r c h r e a c t o r s a re at present oper­
ating in approximately 25 countr ies and many more a re 
being constructed and planned for operation in the near 
future. In addition, there a re many c r i t i ca l assembl ie s 
or z e ro power r e a c t o r s in var ious pa r t s of the world. 

Some countr ies have accumulated considerable ex­
per ience in the operation of these r e a c t o r s and have in 
the p rocess developed safe p rac t i ce s . On the other 
hand, other countr ies which have recent ly acquired, or 
will soon acquire , such r e a c t o r s do not have sufficient 
background of experience with them to have developed 
full knowledge regarding their safe operation. 

In this situation, the International Atomic Energy 
Agency has considered that it would be useful to make 
available to all its Member States a set of recom­
mendations on the safe operation of these reactors, 
based on the accumulated experience and best prac­
t ices . 

with liability for nuclear propelled ships , began its 
work in March. 

On the subject of safeguards to prevent diversion 
of nuclear ma te r i a l s from peaceful to mil i tary u s e s , 
the repor t says: 

"Some of the questions of an adminis t ra t ive and 
political cha rac te r with which the Agency has to deal in 
this part of i ts work a re as novel as nuclear technology 
itself and involve long-standing concepts of in terna­
tional re la t ions and sovereignty. P r o g r e s s is t he re ­
fore inevitably slow and uncertain. Although divergen­
c ies of opinion pe r s i s t , the Board has been able to give 
provisional approval to a set of principles and p roce ­
dures for safeguards to be applied in connection with 
the Agency's own operat ions , and also to projects it 
a s s i s t s and those to which it is invited by Member 
States to apply safeguards. The Board is submitting 
these principles and procedures to the General Con­
ference for i ts consideration at i ts fourth regular 
sess ion. " 

A Look Ahead 

The Board of Governors ' repor t has this comment 
about the direction of IAEA act ivi t ies: 

"The Board expects that the Agency' s operat ions in 
the coming year will continue in the main along the 
l ines now establ ished, with some expansion par t icu­
lar ly in the domain of technical ass i s tance and scien­
tific information and support. This expansion will 
however depend part ly on the willingness of Member 
States voluntarily to make available g rea te r r e s o u r c e s 
for the Agency's p rog rams of direct a s s i s t ance . " 

The Director General accordingly nominated a 
Pane Ion Safe Operation of Cr i t ica l Assemblies and Re­
sea rch Reactors to ass i s t the Agency's Secre ta r ia t in 
drafting such recommendat ions. The group, which 
held its f i rs t meeting at IAEA's Vienna headquar te r s 
las t February and a second meeting in July, was com­
posed of the following exper t s : 

D. W. Jefferson-Loveday, United Kingdom, 
Chairman 
J. Aleksandrowicz, Poland 
R. Mello Cabri ta , Portugal (first meeting only) 
Dr. R. P . de Figueiredo, Portugal (second 
meeting only) 
S. G. Kaufmann, USA 
N. Lakshmanachar, India (second meeting only) 
N. B. Prasad, India (first meeting only) 
E.O. Rexin, Argentina 
S. Suguri, Japan 
J. F. Tcherniline, USSR 

SAFE OPERATION OF CRITICAL ASSEMBLIES 
AND RESEARCH REACTORS 
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Panel of experts on the safe operation of research 
reactors and critical assemblies, meeting at IAEA 

headquarters in Vienna 

During the first meeting the Panel reviewed the 
general form and principal contents of aproposed man­
ual prepared by the Secretariat, and made various sug­
gestions regarding it. 

These suggestions were incorporated in a second 
draft which was then resubmitted to the Panel at the 
second meeting. From these meetings came an agreed 
draft manual which, when finally approved, is expected 
to be published as a document in IAEA's Safety Series. 

Scope of the Manual 

The draft manual contains seven main sections. 
The first is an Introduction setting forth the purpose, 
scope and limitations of the manual, as well as certain 
definitions. The next section contains suggestions on 
the safety of design, instrumentation, construction and 
operation of critical assemblies. A similar section on 
research reactors follows, but with less emphasis on 
design and construction. The remaining four sections 
contain recommendations on personnel qualifications 
and training; the organization and functioning of safety 
committees; documentation required for safety; and 
procedures to be followed in emergencies. 

There are also three appendices. Appendix 1 is a 
selected list of references. Appendix 2 contains typical 
examples of some of the administrative orders and in­
structions advocated in the manual. Appendix 3 is a 
suggested course of study associated with the section 
on personnel qualifications and training. 

The introduction makes it clear that the manual is 
intended to be particularly useful "to those users who 
have no direct access toother collected sources of in­
formation", including administrative authorities as 
well as scientists and technicians. It is not, however, 
"a set of rules or a code of practice" so much as "a 
series of recommendations which must be interpreted 
with scientific judgment in their application to any par­
ticular problem". 

The research reactors to which the draft manual 
applies are primarily "small and medium sized re ­
search reactors which are mainly used by physicists". 
High flux reactors used for large scale engineering 
experiments are not covered, nor are reactors of the 
type used in fast kinetic experiments. 

The draft manual also deliberately excludes ques­
tions regarding the location and containment of react­
ors, stating that practices on these matters vary 
widely among States and that much work remains to be 
done before international recommendations can be 
produced. 

Also outside the scope of the manual are the sub­
jects of permissible levels of radiation exposure for 
personnel, and the details of radiological protection. 

Critical Assemblies - Design 

The draft manual lists certain essential dangers 
inherent in critical assemblies which are not found in 
research reactors. These are "the element of uncer­
tainty of the critical parameters, the large excess r e ­
activities which may be possible and the frequent direct 
access to fuel elements". 

Accordingly, a first problem in the safe design of 
critical assemblies is to ensure that reactivity addi­
tions and the rates at which reactivity is added do not 
exceed safe limits. In these respects the draft manual 
suggests certain values which should not be exceeded. 

The designer must also ensure that the assembly 
can be shut down under all circumstances. To accom­
plish this, the manual recommends that there be at 
least two systems of independently operated shut-down 
devices. It suggests also the amount of reactivity each 
group of devices should control and their maximum 
time of operation. 

It is stated that the main items of equipment which 
govern the operation of a critical assembly should be 
designed on a "failure to safety" philosophy. This 
means, for example, that should any essential in­
coming supply of electricity, compressed air or water 
be interrupted at any time during the operation of the 
assembly, the interruption itself will automatically 
trigger a safe shut down of the assembly. The same 
result should follow failure of any equipment if such 
failure could result in dangerous conditions. 

Without giving elaborate instructions, the draft 
manual makes it clear that the designer must consider 
a fairly large number of additional factors in order to 
achieve a safe design. Among the factors mentioned 
are control mechanisms, speed of withdrawal of safe­
ty rods, interlock systems, coefficients of reactivity, 
shielding, materials of construction, and ventilation. 

In addition, the designer is asked to study the pos­
sible consequences of an accident and to consider, if 
it is not too costly, the incorporation of special fea­
tures to restore or dispose of equipment following such 
an event. 

The section on the design of critical assemblies 
concludes with this advice: 
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"At the conclusion of the design it must be critically 
reviewed to ensure that no hazards remain and also that 
no additional hazards have been created by a portion of 
the design itself". 

Critical Assemblies - Instrumentation 

Instrumentation is required in a critical assembly 
to supply information on the operating conditions inside 
the assembly. The basic means employed is a detector 
located in the core, from which information is trans­
mitted to the control desk. On the basis of this in­
formation actions to control operating conditions can 
be taken either by the operator or automatically by con­
trol devices. 

The manual recommends that two independent in­
strument channels should be used to convey certain 
vital measurements, and provision should be made, 
preferably by "fail-safe" design features, for shut 
down of the assembly if any part of the basic control in­
strumentation is not working properly. A list of situa­
tions which should activate such a shut-down is given. 

A system of interlock circuitry connecting signals 
received through the control instrumentation to the 
central system is recommended as a means of ensuring 
that operating steps are taken in proper sequence. 
Such interlocks must ensure, forexample, that no re ­
activity can be added to the assembly unless safety rods 
are withdrawn. Cut-outs of interlocks may be needed 
to permit the assembly to be operated under special 
conditions, but their number should be minimized and 
very strict procedures employed to prevent dangerous 
situations. 

Suggestions are made regarding basic instruments 
needed for the purpose of radiological protection. 
These are applicable to both critical assemblies and 
research reactors. 

Critical Assemblies - Operation 
The draft manual lays great stress on proper staff 

organization and procedures. It states: "Experience 
to date has shown that most reactor accidents have been 
the result either of lack of written procedures or of 
failure to carry such procedures out". Accordingly, 
written procedures and instructions for each member 
of the operating team are strongly recommended. Staff 
members should know the instructions applicable not 
only to themselves but also to those superior and sub­
ordinate to them. 

Further procedural recommendations include a log 
book in which all significant events are recorded, and 
prominently displayed "core certificates" to acquaint 
personnel with the state of the assembly at all times 
and the operations which may be performed with it in 
that state. These core certificates are described in 
some detail, along with procedures for their use. 

A form of organization recommended is one in 
which responsibilities are very clearly divided. The 
functions of operators and experimenters should be 
separated, with operators having the final authority on 
matters of safety. 

The manual urges that prior to initial start-up 
thorough testing of equipment be carried out. Further 
tests and checks are recommended before each day's 
operation. These should be performed according to 
detailed check lists. 

For an approach to criticality or for assembly 
start-up the manual urges that a neutron source be 
always used unless there is sufficient spontaneous 
neutron generation. 

Special caution is advised for the first approach to 
criticality with any new lattice. The different steps 
involved in this process are described and the number 
and identity of persons who should agree to basic deci­
sions or be present during specified parts of the opera­
tion are given. 

Routine maintenance should be performed on strict 
schedules and be recorded, along with any faults found 
or corrected, in a log book. 

Research Reactors 
The draft manual takes note of a danger inherent in 

research reactors, but not usually in critical assem­
blies, namely "accidental release of fission products 
during an excursion, since generally the integrated 
flux will be much greater". 

The manual contains much less detail on the design 
of research reactors than on the design of critical as­
semblies. The reason given is as follows: "The design 
and construction of a research reactor is necessarily a 
complex procedure requiring a large and highly ex­
perienced design organization, together with well 
developed manufacturing facilities. The details of 
design and construction of research reactors are felt, 
therefore, to be beyond the scope of this manual. 
General principles to be followed in design are given, 
however. 

The manual states that, since research reactors 
can achieve considerable size, it is important to take 
precautions against severe accidents which might 
affect the surrounding area. Such a possibility can be 
greatly reduced by ensuring that the reactivity avail­
able within the system is less than that required to 
cause an accident which might rupture the fuel clad­
ding. 

A further recommendation is that there should be 
a minimum of two safety systems either of which must 
be capable of shutting down the reactor under all cir­
cumstances. 

External dangers, such as from fire, crashingair-
craft and earthquakes, should not be overlooked in the 
design of research reactors, particularly the shield­
ing. 

The manual urges that provision be made for ade­
quate cooling at all times, for the safe removal and 
storage of fuel elements, for the storage and sub­
sequent disposal of any radioactive reactor wastes, 
and for shielding adequate to protect the surroundings. 

Recommendations given on instrumentation for re­
search reactors are in the main similar to those given 
for critical assemblies. 
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Operating procedures and organization recom­
mended for research reactors in general follow those 
recommended for critical assemblies. An important 
difference is that, for research reactors, the manual 
urges the use of separate teams for operation and for 
experimental use. The need to prevent unsuitable mat­
erial from being inserted into the reactor for irradia­
tion and the potential hazards involved in refuelling and 
in start-up after refuelling are discussed. 

The manual contains a brief section dealing with 
the design of experiments in research reactors and 
with the design and manufacture of equipment for such 
experiments. The recommendations in this section 
deal with problems similar to those considered in sec­
tions on the reactors themselves. 

Personnel Qualifications and Training 

Consistent with the draft manual's emphasis on the 
importance of human factors in achieving safe opera­
tion of reactors is a section devoted to the qualifica­
tions, experience and training desirable for reactor 
personnel. 

The inculcation of discipline in the strict observ­
ance of instructions is emphasized as an object of the 
training period to ward off any complacency that may 
arise from the fact that accidents occur very rarely. 

The manual recommends prior training in reactor 
technology and, if possible, in reactor operation for 
senior staff members. If facilities for such training do 
not exist in the country concerned, it should be ar­
ranged elsewhere either through an international 
organization or through agreements with other States. 
In the case of research reactors, a period of orienta­
tion by the supplier is desirable. 

The manual recommends that minimum health, 
education and experience requirements be established 
for staff at various levels. A short course of on-site 
training is recommended for junior staff and the de­
sirable content of such training is indicated. A more 
complete reactor training course is suggested as 
another possibility, and a syllabus for such a course, 
involving 95 hours of lectures, is presented in Ap­
pendix 3. Periodic emergency exercises and examina­
tions on matters related to safety are suggested for 
all staff. 

Safety Committees 
A further manifestation of the draft manual's 

emphasis on administrative matters is the devotion of 
a major section to recommendations regarding estab­
lishment and operation of safety committees. The pur­
pose is to make available to the director of the estab­
lishment the independent scrutiny and advice of a group 
of people skilled in the arts on which reactor safety 
depends. 

While the function of the committees is stated to be 
advisory and not regulatory, it is emphasized that ob­
taining their advice at various stages in the process of 
building and utilizing a nuclear installation should be 
obligatory. The stages at which obtaining committee 

advice is recommended include conception, design, 
inactive testing, commissioning, utilization, at peri­
odical intervals after commissioning, and any time 
when significant modifications are made. 

Besides reviewing technical aspects of design, 
manufacture, and commissioning of installations, the 
committee may also be asked to examine operating 
procedures, training standards and staff organization 
and selection. 

While it will not be obligatory to follow the advice 
given, it is expected that proposers will alter any plan 
which the committee disapproves. If they did not do 
so, the committee would withhold its clearance certif­
icate which enables the proposers to proceed without 
further reference to the director of the establishment. 

It is suggested that, even in the smallest estab­
lishment, there should be an establishment safety 
committee, appointed by the director of the establish­
ment, and an operations review sub-committee ap­
pointed by the establishment safety committee for each 
research reactor or critical assembly within the 
establishment. 

It is recommended that members devote only part 
of their time to committee work except that in a larger 
establishment a full-time secretary may be justified. 
It is also recommended that members should not be 
directly connected with the matters they review. 

A minimum of four members, representing di­
verse skills, is recommended for both establishment 
safety committees and operating sub-committees. 
Circumstances may require larger committees with 
additional skills. The use of members from other 
establishments and, indeed, other countries, is r e ­
commended to provide diverse experience, and it is 
suggested that international organizations be called on 
for help if recruiting difficulties are encountered. 

Under the manual's proposals, the essential 
operation of establishment safety committees is based 
on two documents. One is a safety report which pro­
posers submittothe committee. The other is a clear­
ance certificate which the committee issues stating 
that in their opinion the proposal is safe provided that 
it is operated in the manner laid down in the safety re ­
port. This certificate is included in a final copy of the 
safety report which incorporates the committee's sug­
gestions and is distributed to all interested people. 
The clearance certificate is to be valid for a limited 
period - one year is suggested - after which time the 
safety report, brought fully up to date, must be re-sub­
mitted for a new appraisal. 

Operations review sub-committees act in their 
narrower fields of interest in generally the same man­
ner as establishment safety committees. Their meet­
ings need to be more frequent, however, and in the case 
of small projects they can register their approval with 
less formality and documentation. 

Safety Documents 
The documents referred to in the section on safety 

committees are considered at length in the next part of 
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the draft manual. Circumstances requiring safety re­
ports and the timing of their presentation are reviewed. 
Recommendations are made as to the topics which 
should be covered in the safety reports. These provide 
an exhaustive description of the project, including its 
physics, engineering and administrative aspects. 

An example is also given of a critical assembly 
core certificate, referred to above as a device to ac­
quaint all personnel with the current condition of the 
assembly. 

Emergency Procedure 

The concluding part of the draft manual deals with 
plans which should be made to cope with any accidents 
which may arise. Possible accidents are divided ac­
cording to severity into three classes - local incidents, 
site emergencies, and public emergencies - each of 
which calls for a different type of planning. 

Local incidents are considered to be those in­
volving only a limited number of personnel, most likely 
being confined to one room or a small part of a 
building. 

Site emergencies would involve some release of 
radiation to the surroundings of the reactor but not 
beyond the area under control by the establishment. 

A public emergency would involve release or threat 
of release of undesirable amounts of radioactive mat­
erials outside the confines of the establishment. 

The program of work for 1961 which the Inter­
national Atomic Energy Agency's Board of Governors 
has presented to the Agency's General Conference for 
final approval provides for steady amplification of its 
work in technical assistance to specific projects, 
training of scientific personnel and scientific 
research. These activities and certain others are 
of special interest to those areas of the world that 
are less advanced in the utilization of atomic energy. 
This is in accord with the Agency's Statute which 
requires that it bear in mind "the special needs of the 
under-developed areas of the world". At the same 
time, the Board indicated that the 1961 program 
"provides for activities intended to create a basis for 
general progress in the safe utilization of atomic 
energy for peaceful purposes which is of concern to 
all Member States. Thus the delay in the advent of 
generally economic nuclear power is used to build up 
the necessary technological infrastructure in the less-
developed countries and to establish an international 
frameworkof norms and regulations which an orderly 
and safe development of widespread nuclear industries 
will require. " 

Some highlights of the 1961 program arepresented 
below. 

In preparing for both local incidents and site emer­
gencies it is essential to designate clearly in advance 
the persons who will be responsible and their precise 
tasks. The manual makes various suggestions along 
these lines. Means and lines of communications must 
also be clearly established. 

A public emergency will involve participation and 
control by public authorities, but the site emergency 
staff must be prepared to deal with it in its initial 
stages. Radiation monitoring would become partic­
ularly crucial at such times and the manual specifies 
the equipment which should be provided for this func­
tion and suggests procedures which should be followed. 

It also suggests arrangements which should be 
worked out in advance with public authorities. 

Conclusion 

The procedures proposed by the manual for achiev­
ing safety in critical assemblies and research reactors 
are thorough and leave very little to chance. Indeed, 
prospective reactor owners or operators may be 
somewhat surprised at how much should be done. It 
must be stressed, however, that similar procedures 
to those outlined have been evolved in many Member 
States as a result of experience, that they have been 
shown to function with little interference to the ex­
perimental programs, and that their use has contrib­
uted to the remarkably good safety record which crit­
ical assemblies and research reactors have achieved. 

1961 PROGRAM 
Technical Assistance 

The Agency has followed a policy of sending 
missions of experts to Member States which are in a 
relatively early stage in the development of atomic 
energy for peaceful purposes in order to make broad 
initial assessments of requirements and potentialities. 
It is expected that there will be two more such missions 
in 1961, one to survey the situation of newly independ­
ent countries in Africa and the other to visit countries 
in Latin America which are establishing atomic energy 
operations for the first time. 

Except for these two areas, the need for prelim­
inary missions appears largely to have been met, and 
emphasis in technical assistance work has begun to 
shift towards the support of specific projects in 
Member States. Accordingly, it is expected that in 
1961 there will be more experts in the field for more 
man-months than in 1960. 

Requests for scientific and technical supplies and 
equipment as an integral part of technical assistance 
projects have increased considerably during 1960 and 
are expected to increase further in 1961. 

It is also anticipated "that the Agency will be 
increasingly concerned with the supply of fissionable 
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