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FO REW O RD

The increasing development and production of certain  types of 
radioisotopic power generators has indicated the need for in ter
nationally acceptable recommendations to be formulated governing 
the health and safety aspects of their construction and use. A c
cordingly, a Joint IAEA/ENEA Working Group was set up in 1966 
with the task of studying the health and safety problems associated  
with such devices. The Working Group met twice, in April and 
D ecem ber 1967, and prepared a draft guide to the safe design, 
construction and use of radioisotopic power generators.

This draft guide was circulated in September 1968 to IAEA and 
ENEA Member States for consideration, and the comments that 
w ere subsequently received have formed the basis of a re-exam ination  
of the draft text in June 1969 by a joint IAEA/ENEA group of con
sultants set up by the two Agencies to bring the draft guide to its 
final form .

This guide is intended to facilitate the establishment of an 
adequate standard of safety in the design, construction, installation  
and use of radioisotopic power generators, and in their ultimate 
disposal. The immediate requirement is considered to be in re la 
tion to those generators which are in an advanced state of develop
ment and production and which are designed for use on land and on 
o r under the sea. The guide deals mainly with radioisotopic power 
generators in the power range from about one hundred milliwatts 
to some hundred w atts. However, competent national authorities 
may adapt these guidelines to generators outside this power range. 
It has been decided at this stage to exclude consideration of m inia
ture generators for medical use, in watches and in other devices 
available to the general public. G enerators for use in space have 
also been excluded.

The tests set out in Appendices I and II were taken or adapted 
from the IAEA Transport Regulations, there being an advantage in 
that these regulations have already been accepted internationally 
and have for some y ears been applied successfully. The recom 
mended tests are prim arily  intended to ensure safety in accident 
conditions. To this extent therefore they provide a m argin of safety 
in relation to norm al operating conditions.
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1. INTRODUCTION
There are many situations where the provision of electrical  

power is required at a comparatively low energy level but on a 
continuous supply basis, particularly so in areas which are remote 
o r riot easily accessible. The use of conventional means to supply 
that power, and any need for their subsequent renewal, may entail 
expensive and difficult operations including transport under adverse 
conditions. The radioisotopic power generator is of particular 
prom ise for use in such situations since it can provide a steady 
power supply over long periods of time such as would be unattainable 
using conventional power sources.

Most radioisotopic power generators use relatively large amounts 
of radioactive m aterials as their source of energy and in such 
quantities as to be potentially very hazardous. It is therefore essen 
tial that adequate safety standards be prepared and met so as to 
ensure that the exposure of individuals and the population at large, 
under normal operating and accident conditions, will be as far below 
the internationally accepted dose limits [1, 2] as can be readily 
achievable. ,

Since these generators are power units which may be used in 
industries and public services by people not necessarily  skilled in 
working with radioactive m aterials, it follows that, to the highest 
practicable degree, they must possess inherent safety features.

Isotopic power generators may be sited in situations where 
particular problems of radiation safety control arise  and where they 
may be exposed to severe environmental conditions o r to accidents. 
In addition, they will, in the m ajority of cases, have to be recovered  
and disposed of at the end of their useful lives. It will therefore be 
necessary  for specific proposals for the ultimate storage, re -u se  or 
disposal of generator sources to be made and approved by the ap
propriate competent authority before any installation is carried  out 
and also to ensure that in all these situations and circum stances the 
radiation exposure of the several classes of persons who may be 
involved are kept within acceptable lim its. Rules designed to 
achieve the required control already exist in the appropriate IAEA 
and ENEA publications [1, 2 ] ,

It is, however, in the p ractical methods of achieving such 
control that differences may arise  in individual countries and guidance 
will be required. Since the generators will be transported across  
international boundaries arid may be sited in international areas , it 
is clearly  desirable to have internationally agreed health and safety 
standards in their design, construction, installation and use. M ore
over, such standards would assist in their com m ercial exploitation.
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A relevant example of internationally agreed standards which 
implement basic radiation safety rules is the "Regulations for the 
Safe Transport of Radioactive M aterials" prepared by the IAEA and 
which govern and. greatly facilitate the international movement of 
radioactive m aterials [3],

International control problems, sim ilar to'those in the transport 
of radioactive m aterials, will arise in the development and use of 
isotopic pow er'generators. An isotopic power generator, like a 
package of radioactive m aterial, must be.so designed as to provide 
effective shielding and containment of the radioactive m aterial 
enclosed therein, and in some cases to provide for the disposal of 
waste heat.

At this early  stage in the development of these generators it is 
not possible to achieve standards with the degree o,r detail contained 
in the Transport Regulations. It is in any case likely to be necessary, 
at least in the foreseeable future, for u sers to make special sub
m issions to secure safety approval.for generators, either for in
dividual application o r for a. series of s im ila r.applications.

There are, however, a number of features in the design, 
construction and installation of these generators, which make it 
feasible to establish certain guidelines on an international basis.
This Guide delineates the basic safety goals to be sought in the 
establishment of the general design cr ite ria  for specific, generators 
o r classes of generators, It is anticipated that adherence to this 
Guide will facilitate approval for the use of generators in countries 
other than those in which,they were designed and manufactured.

Three important assumptions have been made in the preparation  
of the. Guide:
(i) That, since the technology of radioisotopic power generators, is

still at an early  stage of. development, it will be n ecessary  to 
revise the Guide in due course to take account of technical . 
advances : . ; . .

(ii) .That the design and application of all radioisotopic power
■ generators covered by the Guide should be approved by the 

appropriate competent national authority .
(iii) That these generators will be constructed in authorized prem ises 

and therefore under properly controlled conditions.
The .Guide dries not include recommendations for workers 

employed in the construction, installation, maintenance and use of 
isotopic powered generators, as.adequate regulations for this purpose 
already-exist elsew here.- The Guide is not intended to supersede any 
local regulations or other legal requirem ents.

Although the-number-of radioisotopic power generators at 
present in use,1 and falling within the scope of this.Guide, is com
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This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



paratively sm all and well documented, the situation may arise  where 
the number of installations, particularly in international areas, 
becomes such as to make it desirable for some system of in ter
national registration to be established and appropriate international 
competent authorities to be designated.

Experience in obtaining competent authority approval for 
projects in related fields indicates the value of doing so on the basis 
of a complete analysis in the form of a safety assessm ent. This 
will describe the proposed application o r series of sim ilar appli
cations, in term s of the environment in which the isotopic power 
generator is considered to be satisfactory, and its ability to meet 
the requirem ents of the Guide. A suggested layout for such a safety 
assessm ent is given in Appendix III to this document.

2. GUIDE TO THE SAFE DESIGN, CONSTRUCTION AND USE OF
RADIOISOTOPIC POWER GENERATORS FOR CERTAIN LAND
AND SEA APPLICATIONS

This Guide relates to devices, subsequently referred  to as 
generators, which convert energy released by radioactive tran s
formations of unstable atoms intoother forms of energy. Basically, 
such generators com prise a capsule containing the radioisotopic 
fuel, an energy-conversion system (therm oelectric, thermionic or, 
thermodynamic) and in some instances biological shielding designed 
to absorb part of the ionizing radiation emitted by the source.

2 . 1 .  Scope ' '

The Guide applies to generators which are designed for use at 
defined locations on land and on o r under the sea. It is not intended 
at this stage to apply to generators capable of being carried  on or 
used at close proximity to the person (e. g.  certain medical equip
ment o r watches) o r to generators designed for use in space-. •

2 . 2 .  Explanation of term s ■

F o r  the. purpose of this Guide the following term s have the: 
meanings indicated. '

2 . 2 . 1 .  Radioisotopic fuel, , :>

The radioactive m aterial used as the energy .source of the 
generator.

11

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



2 .2 .2 .,  Capsule
The fuel envelope designed so as to prevent any dispersion of the 

contained radioactive m aterial.

2 . 2 . 3 .  Fuel capsule housing

That structure which retains the radioactive fuel capsule in its 
co rre ct position. This may sometim es house o r form an integral 
part of the radiation shielding. ;

2 . 2 . 4 .  G enerator housing

That structure which contains the fuel capsule housing and the 
essential features for the production of e lectric  power. The same 
structure will normally house the radiation shielding when the latter  
is required. ,

2 . 2 . 5 .  Quality control

Actions n ecessary  to provide reasonable confidence that quality 
and,safety standards demonstrated for a prototype are maintained 
in production devices.

2 . 3 .  Radioisotopic generators intended for use on land or on the sea

2 . 3 . 1 .  Principles of design

(i) Encapsulation

The capsule shall be designed so as to remain sealed and leak 
proof; resisting corrosive action, impact, vibration, external 
p ressu re, tem perature, and such long-term  effects as radiation 
damage and increasing internal pressure, under all operational and 
accident conditions, for a period of time as required by the planned 
mission life plus an adequate safety margin. Adequate margins of 
safety may be determined by the half-life of the radioactive fuel and 
other safety conditions. If, in addition, the form of the radionuclide 
guarantees non-dispersibility (e. g.  the chemical compound is in
soluble in w ater o r its leachability is very low), this would in some 
circum stances constitute a supplementary safety feature,particularly  
for use in aqueous environments. The capsule should comply with 
the standards of the tests set out in Appendix I, including those for 
vibration and corrosion where these are appropriate for the appli
cation in question.
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(ii) Shielding
The design of generators shall provide for sufficient, shielding 

to ensure the safety both of w orkers engaged in the installation, 
repair and maintenance of the generator and its ancillary equipment, 
and of m em bers of the public. , . . .  ,

(iii) Fuel capsule housing

The capsule shall be enclosed in a housing of such strength and 
integrity as to prevent loss of the capsule under all foreseeable  
circum stances (including vibration and corrosion where these arise), 
having regard to the fact that any subsequent replacem ent of the 
capsule may result in the original housing being used for greatly  
extended periods. _

If the capsule housing also serves to provide all or a substantial 
part of the protective shielding, it shall under the sam e conditions as 
above, prevent'any loss of shielding efficiency.

The capsule housing should meet the test conditions set out in 
Appendix II.

In certain  types of unit, the capsule housing and generator 
housing are inseparable. In such cases, the tests specified in 
Appendix II should apply to the generator housing.

If the shielding is to be provided by an external structure  
( e. g.  a concrete building), it must be demonstrated that such a 
structure is able to withstand, without loss of shielding effect, 
conditions at least equivalent to those arising in the tests set out 
in Appendix II.

2 . 3 . 2 .  Site requirem ents ' .

The following factors should be taken into account in selecting  
the site and designing the installation:
(i) Site hazards such as fire, earthquake, severe storm s at sea, 

flooding and accidental impact
(ii) R ecovery in normal and in accident conditions
(iii) N ecessity for and feasibility of restrictin g  public access
(iv) Prevention of loss, theft o r unauthorized entry.

2 . 3 . 3 .  General physical security

The following precautions should be. observed:
(i) The fuel capsule housing must effectively prevent unauthorized 

(or uncontrolled) access to the fuel,capsule. . . ,
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(ii) Where there is a restricted  area in o r around'the installation, 
entry by unauthorized persons must be effectively prevented

(iii) A warning-of danger must be displayed prominently outside the 
entrance to the' restricted  area

(iv) W orkers concerned with the installation, repair and maintenance 
of generators must receive instructions concerning the different 
hazards involved and the precautions to be observed.

2 . 3 . 4 .  Radiological protection .

(i) The radiation dose rate at positions accessible to the general 
public shall be kept as low as is readily achievable. It should 
not be possible for any member of the public to be exposed to 
radiation doses in excess of the appropriate maximum p erm is
sible levels, as given in the Agencies' publications [1, 2 ] .

(ii) Where a restricted  area exists, there must be a notice im 
mediately visible on entry, indicating the presence of a source 
of radiation..

(iii) W orkers concerned with the installation, repair and maintenance 
of generators shall be considered as occupationally exposed to 
radiation and shall receive appropriate instructions.

2 . 4 .  Radioisotopic generators intended for use under the sea

2 . 4 . 1 .  Principles of design

(ij General

The design of generator intended for use under the sea shall 
comply with all the requirem ents set out in paragraph 2. 3 above 
except that the fuel capsule housing shall not be required to satisfy  
the therm al test specified in Appendix II.

(iij Resistance to corrosion

The m aterials used in the construction of the capsule and of the 
fuel capsule housing :shall be resistant to corrosion by seaw ater to . 
the extent required by the planned mission life plus a safety margin  
to allow for operational or accidental contingencies and for’possible 
recovery  of the capsule.

Where, in exceptional cases, a generator is not intended to be 
recovered, the integrity of the fuel capsule housing must be main
tained for such period as may be agreed=by the appropriate competent
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authority. This period will be determined on the basis of a hazard 
assessm ent.

2 . 4 . 2 .  Siting and physical security

All necessary  precautions should be taken, in particular when 
the generator is installed on the continental shelf, to prevent in
advertent removal or damage or unacceptable hazard to the marine 
environment!

2 . 5 .  Siting in international w aters

It is recognized that at present there is no international' ag ree
ment o r convention in force to regulate the siting of radioisotopic • 
generators in international w aters. Where such cases arise , th ere 
fore, the responsibility of authorizing the use of Such installations 
falls under the jurisdiction of the appropriate national competent 
authority. This authorization should be based on a hazard a ss e ss 
ment made after careful consideration of all relevant factors, 
following the recommendations contained in this Guide,’ so as to 
avoid infringement of the interests of other countries.

2 . 6 .  Safety assessm ent

Before installation of a generator the u ser shall prepare a 
safety assessm ent to demonstrate the safety of the proposed appli
cation and in particular that all the requirements set out in the Guide 
have been m et. The assessm ent should be submitted for approval 
to the appropriate competent authority. . . ,

A suggested format for such a submission is given in 
Appendix III.

2 . 7 .  Approval

The formal approval for installation and use issued by the 
competent authority should specify, inter alia, the person o r body 
responsible'for the installation, recovery, replacement or ultimate 
disposal of the generator: ! '' •■■■. ' ■.  , ■

The validity of the approval issued by the competent authority 
should be limited in duration, the period of validity being specified in 
each individual'case: by reference to experience already acquired 
with the type of g en erato rin  question. In the case of prototypes 
the period of'validity1 should be-short enough-!to involve no risk -and 
before agreeing to renewal, the competent authority should consider
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further experimental data obtained concurrently by the manufacturer 
from models o r test-p ieces mounted in conditions resembling as 
closely as possible those to which the generator is being exposed.

2 . 8 .  E x terio r marking

The outer surface of the generator should be plainly marked by 
any process durably resistant to any chemical, therm al and m echa
nical effects which the generator may encounter, as follows:
(i) "Radioactive"
(ii) The basic trefoil symbol indicating the presence of ionizing 

radiation, in accordance with ISO standards
(iii) Nature and activity of the principal radioactive contents at date 

of loading
(iv) Such additional inscriptions in the English language o r symbols 

as may be required to indicate, in a manner understandable to 
all concerned, the magnitude or particular nature of the radi
ation hazard, the precautions to be taken and whom to inform in th 
the event of the generator being accidentally removed from its 
operational site

(v) Name and address of the manufacturer
(vi) Y ear of installation
(vii) Identification numbers of the generator and equipment.

2 . 9 .  Transport

Transport movements of the charged generator and/or the fuel 
should be undertaken in accordance with the IAEA Regulations for 
the Safe Transport of Radioactive M aterials [3],

2 . 10 .  Disposal after use

The radioactive fuel capsule shall be recovered whenever 
practicable. Plans for the recovery  or replacem ent of the radio
active fuel capsule at the end of its  useful life shall be specified by 
the u ser before installation of the generator. The u sers should 
also be responsible to the competent authority for arranging for the 
safe recovery, storage and/or disposal of the radioactive fuel.

The competent authority should take the appropriate m easures 
to ensure the safe recovery  or disposal of the generator if, for any 
reason, the person o r body designated is unable to meet this r e 
sponsibility when the time com es.
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2 .11 . T ests
The m anufacturer and the user must always dem onstrate, by 

means of appropriate' tests , that the complete unit is able to meet all 
special environmental conditions likely to be met throughout the 
envisaged period of service, plus a certain  safety m argin. Since 
this period may be lengthy and the unit may be left unattended, 
p articular attention should be paid to the compatibility of the capsule 
and fuel and to the long-term  effects associated with vibration, 
corrosion, radiation damage and creep. In view of the diversity  
of environmental and operating conditions that can be foreseen, it is 
not possible in this Guide to suggest tests which can validly cover 
all circum stances. It is for the competent national authority to lay 
down specifications and tests such as will afford the n ecessary  
degree of safety appropriate to the particular conditions of use.

The tests described in Appendices I and II are, however, 
sufficiently general in ch aracter to ensure that the capsule and 
capsule housing will retain their integrity under the conditions in 
which they are used. The standards of perform ance laid down for 
these tests should be regarded as minimum standards, and the 
competent national authorities should demand higher standards of 
perform ance if, in their opinion, the conditions in which the 
generator is to be used so require.

2 . 12 .  Quality control

The m anufacturer of a generator should be responsible for 
implementing a quality control program  adequate to ensure that the 
quality and safety features of the final product do not differ signifi
cantly from those demonstrated in prototypes submitted for approval 
by the competent authority.

R E F E R E N C E S

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Basic Safety Standards for Radiation Protection, 
Safety Series N o . 9, IAEA, Vienna (1967).

[2] EUROPEAN NUCLEAR ENERGY AGENCY, Radiation Protection Norms, ENEA, Paris (1968).
[3] INTERNATIONAL ATOMIC ENERGY AGENCY, Regulations for the Safe Transport of 

Radioactive Materials, Safety Series N o.6 , IAEA, Vienna (1967).
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APPENDIX I

CAPSULE TESTS

1. GENERAL

1. 1.  The tests  described in paragraphs 2. 1 - 2 .6  inclusive shall 
be applied to samples o r prototypes of capsules constructed as for 
use in a generator except that their radioactive content may be simu
lated by inactive m aterial of the same o r sim ilar nature. This 
implies that, subsequent to satisfactory conclusion of the tests , full 
inspection will be carried  out during the production of capsules forJ 
operational use to ensure that the standards achieved by the samples 
o r prototypes are maintained.

In addition, every loaded capsule shall be subjected to the 
leakage test indicated in paragraph 2 :6  prior to installation in a 
generator.

1 ; 2 .  The capsule shall be subjected to each of the tests indi
cated in section 2 below, including those for corrosion and vibration 
where appropriate for the particular application.

1. 3.  If the tests do not require to be carried  out at a particular 
tem perature, then they should be done at the operating tem perature  
if this is practicable.

1. 4.  The tests shall be carried  out in such a way as to ensure 
that the sample capsule suffers maximum damage.

1 . 5.  After each of the tests, the capsule shall be'shown to 
have retained its original leak-tightness within the accuracy of the 
chosen method.

1 . 6 .  A different sample o r prototype capsule may be used for 
each of the tests except in the case of that indicated in paragraph 2.6.

2.  TEST METHODS

2. 1 .  Impact test

The capsule shall fall on to the target from a height of 9 m etres. 
The target shall be a flat, horizontal surface of such a character
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that any increase in its resistance to displacement or deformation 
upon impact by the capsule would not significantly increase the 
damage to the capsule [See also Appendix II, paragraph 2.2 ( c)(ii)].

2 . 2 .  P ercussion  test

The capsule shall be placed on a sheet of leadw hichis supported 
by a smooth solid surface and struck by the flat face of a steel billet 
so as to produce an impact equivalent to that resulting from the, free  
fall of 7 kilograms through 1 m etre. The flat face of the billet shall 
be 2 .5  centim etres in diam eter with the edges rounded off to a 
radius of not less than 3 m illim etres. The lead* of hardness 
number 3 .5  to 4. 5 on the Brinell scale and not m ore than 25 m illi
m etres thick, shall cover an area  g reater than that covered by the 
capsule. A fresh surface of lead shall be used in each test.

2 . 3 .  Therm al test

The capsule shall be heated to a tem perature of 800°C and it 
shall be held at that tem perature for a period of 30 minutes before 
being allowed to cool1.

2 . 4 .  Therm al shock test

The capsule shall be heated to its maximum operating tem pera
ture and then plunged in w ater at zero tem perature where it shall be 
left for 10 minutes.

2 . 5 .  P ressu re  test

The capsule shall be shown to be able to re s is t an external 
p ressure of 1000 bars, i. e. 10s Newtons per square m etre.

2 . 6 .  Leakage test

This test relates to the requirem ents of paragraph 1. 5.
Any commonly accepted leakage test may be used, provided it 

is of a sensitivity comparable with the detection of leakage of 
10"4 (STP) cm 3/s e c .  If this degree of leakage can be detected the 
test requirem ents will not have been met.

2 . 7 .  Other tests ‘

F o r  certain  applications, corrosion, vibration/ irradiation and 
creep, tests may be specified by the competent1 authority.
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APPENDIX II

1. GENERAL

The following tests shall be applied to samples or prototypes of 
a particu lar generator design and shall be carried  out at the operating 
tem perature to the extent that this is practicable. This implies that, 
subsequent to the satisfactory conclusion of the tests, full inspection  
will be carried  out during the production of generators for operational 
use to ensure that the standards achieved by the samples o r proto
types are maintained. The tests need not be carried  out if it can be 
shown, by methods of calculation o r model techniques, that the 
requirem ents of the tests could be met.

F o r  the purposes of the tests the fuel capsule housing must 
contain the actual or simulated operating components (including the 
capsule) of the generator.

The fuel capsule housing shall be subjected to the cumulative 
effects of the m echanical tests indicated in 2 below and the therm al 
test indicated in 3 below in that order.

2. MECHANICAL TEST

2. 1 .  The test shall consist of two drops on to a target. The order  
in which a fuel capsule housing is subjected to the two drops shall be 
such that on completion of the mechanical test the housing will have 
suffered such damage as will expose it to the maximum effect in the 
therm al test which follows.

2 . 2 .  F o r  Drop I

(a) The housing shall fall on to the target so as to suffer the 
maximum damagei

(b) The height of fall measured from the lowest point of the housing 
to the upper surface of the target shall be 9 m

(c) (i) the target shall be a flat horizontal surface of such a 
ch aracter that any increase o r decrease in its resistance to 
displacement or deformation upon impact by the housing would 
not significantly increase the damage to the fuel capsule housing

(ii) a target of this type may be provided by a steel plate at the 
upper surface of a block of concrete of m ass at least 10 tim es  
that of any housing that is to be dropped on to it. The block

FU EL CAPSULE HOUSING TESTS

2 0

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



should be set on firm soil and the steel plate on its upper 
surface should be at least 1. 25 cm thick and wet-floated on to 
the concrete so as to be in intimate contact with the latter.

2 . 3 .  F o r  Drop II

(a) The housing shall fall on to the target so as to suffer the 
maximum damage

(b) The height of fall measured from, the lowest point of the housing
to the upper surface of the target shall be 1 m

(c) The target shall be the upper end of a solid mild steel bar of
c ircu lar section, 15 cm ± 0 . 5  cm in diam eter. The target 
surface shall be flat and horizontal with its edges rounded off 
to a radius of not m ore than 6 mm. The bar shall be rigidly 
mounted perpendicularly on the foundation described in 
2. 2(c) ( i i )  above, and shall be 20 cm long unless a longer bar 
would cause .greater damage; in that case, a bar of sufficient 
length as to cause maximum damage shall be used.

3. THERMAL TEST

Any therm al test may be considered as satisfactory  provided 
that the capsule housing is exposed to a therm al radiation environ
ment of 800°C for 30 minutes with an emissivity. coefficient of 0. 9,  
assuming the surfaces of the capsule housing have an absorption 
coefficient of 0. 8.

4.  EXTERNAL PRESSURE TEST

The capsule housing shall maintain its integrity at the normal 
operating p ressu res plus a safety margin to allow for operational 
o r accidental contingencies. This may be demonstrated by methods 
of calculation or model techniques.

5. OTHER TESTS

Under certain conditions, corrosion, vibration, irradiation and 
creep tests may be specified by the competent authority.

6. RADIATION SAFETY

Following each of the tests described above there must be no ' 
loss of the radioactive fuel from the capsule. The fuel capsule 
housing must retain sufficient of its radiation shielding properties
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to ensure that the radiation level at 1 m from its surface does not 
exceed 1000 mR/ h,  had the housing contained sufficient irid iu m -192 
to produce 10 mR/ h at 1 m from the surface of the housing, before 
being subjected to the tests .

appendix m

SUGGESTED FORMAT OF SAFETY ASSESSMENT 
FOR SUBMISSION TO THE COMPETENT AUTHORITY

F o r  safety assessm ent requirem ents, the type of information 
and extent of detail required may vary substantially with the site and 
type of generator to be used, as well as the availability or otherwise 
of past experience.

The suggested safety assessm ent format as given in (A') may 
serve the purpose when a prototype is under consideration. Similarly 
it may serve if the environment presents special problems for which 
no past experience exists.

Alternatively, in relation to a generator for which experience is 
available, a shortened version, as suggested in (B), maybe adequate.

Technical information given in the safety assessm ent report 
should be regarded as proprietary and should not be disclosed to 
other m anufacturers.

(A) SUGGESTED FORMAT AND CONTENTS OF A SAFETY  
ASSESSMENT REPORT FOR SUBMISSION TO THE 
COMPETENT AUTHORITY 
(for prototypes and special environments)

1. Report format

The form at of the safety assessm ent report should include the 
following as well as any additional information that is pertinent.

1. 1.  Introduction and summary (optional)
1. 2.  Description of the radioactive fuel
1 . 3.  Description of the radioactive fuel capsule
1. 4.  Description of the generator
1. 5.  Description of the proposed Ipplication
1. 6.  Accident and hazard analysis • -
1. 7 .  Maintenance
1. 8.  Responsibility

2 2

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



1. 9.  Test program .
1. 10.  Ultimate disposal > .
1. 11.  Special information

2. Report contents

The following minimum Information should be included in the
safety assessm ent report:

2 . 1 .  Introduction and summary

2 . 1 . 1 .  A concise description of the radioisotopic power generator, 
of the proposed application, of the basic safety philosophy and of 
the design cr ite ria  and principles.

2 . 2 .  Description of the radioactive fuel

2 . 2 . 1 .  L ist relevant physical, chemical and nuclear properties of 
the radioactive fuel, including atomic number and weight, 
density, chem ical composition, melting and boiling points, 
specific heat, specific activity and power, stability to tem pera
ture and p ressu re ; phase changes and oxidation states.

2 . 3 .  Description of the radioactive fuel capsule

2 . 3 . 1 .  A description of the design of the fuel capsule with related  
drawings, fuel loading and position, method of capsule closure, 
and a summary of previous experience (if any) in the use of such 
capsule designs o r m aterials.

2 . 3 . 2 .  A listing of the relevant m etallurgical properties of capsule 
m aterials, such as tensile strength, creep properties, etc.

2 . 3 . 3 .  An estim ate of the effects of fuel-capsule interaction.

2 . 4 .  Description of the generator

2 . 4 .  1. A description of the generator, auxiliary equipment and the 
operating features which contribute to its safety, together with 
all related drawings.

2 . 4 . 2 .  A complete description of the shield, including m ateria l and 
methods employed to achieve adequate shielding. ;
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2 . 4 . 3 .  Operating p aram eters, i . e .  fuel tem perature, e lectrical 
output, radiation profiles, etc.

2 . 5 .  Description of the proposed application

2 . 5 . 1 .  A description of the proposed application, the number of 
generators to be manufactured and the operational life 
expectancy.

2 . 5 . 2 .  A description of the site, the number of generators to be 
installed and the means of securing them at the site.

2 . 6 .  Accident and hazard analysis

2 . 6 . 1 .  An analysis of the probability and consequences of an 
accident; a detailed description of such an accident and of the 
hazardous conditions which might occur at the site or sites  
where the generator is to be installed. Accidents considered 
should include, for example: im m ersion in w ater, burying in 
soil, impacting on an unyielding surface, extrem e conditions of 
tem perature and pressure as well as a combination of high 
tem perature and internal pressure which might result from a 
prolonged fire enveloping a generator after many years of 
operation.

2 . 6 . 2 .  This analysis should include causes and effects, as w ell.as 
steps taken to reduce any serious consequences.

2 . 7 .  Maintenance

2 . 7 . 1 .  A description of the nature and frequency of any routine 
operational maintenance required including special shielding 
procedures needed during such maintenance.

2 . 8 .  Responsibility

2 . 8 . 1 .  Designation of the person or body to be responsible for the
construction, installation, maintenance, recovery and/or 
ultimate disposal of the generator. ' ■

2 . 9 .  Test program

2. 9 .  1. A statem ent.of the objectives and scope of the test program  
required to verify the safety ch aracteristics of the generator,
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including the reasons for the tests selected and the limiting . 
param eters for each test.

2 . 9 . 2 .  A description of tests performed on finished capsules, both 
fuelled and unfuelled. This description should include the 
number of capsules tested, types of tests and results. ,

2 . 10 .  Quality, control program  ,

2. 10. 1. A description of the quality control program  used in the 
manufacturing of the fuel capsules and relevant components of 
the generator. This program  might include dimensional 
verification, surface inspection, weld crite ria , etc..

2 . 11 .  Ultimate disposal

2 . 1 1 . 1 .  A description and analysis of the method to be followed 
for the recovery  and/or ultimate disposal of the generator.

2 . 12 .  Special information

2. 12. 1. All studies and information not adequately detailed in the 
foregoing text should be reported as appendices. It is.expected  
that only the minimum of information n ecessary  for the safety 
assessm ent will be prepared 'as separate, re p o rts .

2 . 1 2 . 2 .  Some possible topics that might be considered in the . 
appendices include analysis of the internal pressure, shielding 
and hydrostatic p ressu re , impact calculations, spreading and 
inhalation of radioactive and contaminated m aterials.

2 . 1 2 . 3 . ,  Any special studies or supporting information cited by 
reference in the text of the report.

2. 12. 4.  A bibliography of references citing any m aterial not 
previously made available.

2 . 12 .  5. A table of conterits and an’index in the case of a multi- 
volume report.

2 . 12 . 6 .  M anufacturer's estim ated endurance tim es for principal 
components.

2 . 1 2 . 7 .  Drawings, maps, diagram s, e t c . , to assist in the 
description of the overall generator design.
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(B) SUGGESTED FORMAT AND CONTENTS OF A SAFETY  
ASSESSMENT REPORT FOR SUBMISSION TO THE 
COMPETENT AUTHORITY 
(shortened version)

1. Application

General description of the purposes for which the radioisotopic 
power generator is to be used and proposals for its ultimate 
disposal. , :

2. Description of the, radioisotopic power generator unit

(i) Detailed description of the design of the capsule and its radio
active fuel content including all the relevant drawings

(ii) Such detailed description of the capsule housing, shielding, fuel 
and auxiliary equipment as may be necessary  to make an 
adequate safety assessm ent

(iii) Methods employed to achieve adequate shielding.

3. Siting . '

(i) Description of the site or sites for which the design of generator 
is intended

(ii) Description of'any structure which will be erected to house or  
support the-generator.

4. Maintenance

Description of the nature and frequency of the maintenance 
operations envisaged.

5. Responsibility

Designation of the person o r body to be responsible for the 
construction, installation, maintenance, recovery or ultimate dis
posal of the generator.

6. Hazards analysis

(i) A review of the probability and nature of accidents which could 
occur at the site or sites where the generator is to be installed;
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(ii) Analysis of the safety of the generator in the conditions postu
lated in 6. (i) above with specific reference to containment of the 
radioactive fuel, maintenance of adequate shielding and recovery.

7. Standards of safety

Records and results of the tests carried  out on the capsule and 
capsule housing, together with a demonstration of the ability of the 
complete unit to meet any special environmental conditions for 
which tests are not specified in this Guide.

8. Quality control

Statement of the procedures proposed by the manufacturer to 
ensure that the quality and safety features of the final product do 
not differ significantly from those demonstrated in the prototype.

9. Disposal

Proposals for the ultimate recovery or disposal of the 
generator.
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