INTERNATIONAL
STANDARD

ISO
1709

Third edition
2018-02

Nuclear energy — Fissile mater
— Principles of criticality safety
storing, handling and-processin
Energie nucléaire — Matiéres fissiles — Principes de siir

lors des opérations d'entrepdsage, de manutention et de
oeuvre du procédé

ials
7 In
4

pte-criticité
mise en

ISO

Reference number

1709:2018(E)

©1S0 2018


https://standardsiso.com/api/?name=fe1c64e15a7de78f4cb827e26d389937

ISO 1709:2018(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2018

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=fe1c64e15a7de78f4cb827e26d389937

ISO 1709:2018(E)

Contents Page
FOT@WONM ... oottt iv
1 S0P ... 1
2 L0 @ 4 T T AT = = W) 4 L X 1
3 Terms AN AEFINETIONIS ...t st 1
4 PIOCEAUITES.........oooooooooeeeeeeeeeeeeeeeeeeeeeee oo et 3
4.1 (TS 0 U= o= S .3
42 Rpcpnncihi]ify .3
4.3 Equipment design....... .3
4.4  Criticality assessment .3
4.5 Written procedures...... .3
4.6 ReVIEW Of PrOCEAUTES. ..o QQ) ............... 4
4.7 Processing VIOlationS..............ooss (\ ....................................................... 4
4.8 TTAINIIE e 4
5 Technical Criteria ...
5.1 General.......ccccooccc,
5.2 Methods of control...
5.3 Achievement of control............
5.4 Factors affecting criticality ...
54.1 General. ..o
5.4.2 IMLASS oo
54.3 Geometry..
544 Volume...

5.4.5 Concentration....
5.4.6 Moderation

5.4.7
5.4.8  Physical and che% (0) 1 00 USRS
54.9 Density........ T —

5.4.10 Enrichmen
5411 Reﬂecti(m :
5.4.12 Intera

5.4.13

5.5 Possible

5.6 Bases

5.7 Mar CIItiCALITY SABLY ..o

5.8 D SErAtION Of SALETY ...oooco e
6 Equi TIE COMEIOL ...ttt 8
7 Bkkrlal COMETOL .ottt 8
8 ﬁisnatch and receiptof material ... ] 8
9 MONILOTING Of PIOCEAUIES ......oooooo ettt 8

10 Need for an emergency plan and criticality alarm

BIDIIOGIAPILY ... 9

© 1S0 2018 - All rights reserved iii


https://standardsiso.com/api/?name=fe1c64e15a7de78f4cb827e26d389937

ISO 1709:2

018(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
ical standardization.
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Nuclear energy — Fissile materials — Principles of
criticality safety in storing, handling and processing
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This document spec1f1es the basic pr1nc1ples and llmltatlons whlch govern operatlons with fissile
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pment of operatlng controls wh11e prov1d1ng guldance for the assessment of
ment, and operations. It does not cover specific quality assurance requirentents
ment or operational procedures.

locument does not deal with the issues associated with administrative cfiteria relati
hlity safety. These issues are covered by ISO 14943. It does not cover the effects of
r materials, unless the material properties affect nuclear criticality safety.

criteria apply to operations with fissile materials outside-nuclear reactors bu
aries of nuclear establishments. They are concerned with the limitations which arg
tions because of the properties of these materials which\permit them to support 1
ons. These principles apply to quantities of fissile nuglides in which nuclear critica
Fed to be established.

locument can also be applied to the transport of.fissile materials outside the boundar
ishments.

ormative references

bllowing documents are referred\to’in the text in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

(53, Nuclear energy — Performance and testing requirements for criticality detection and g

1 320, Nuclear criticality safety — Emergency preparedness and response

erms anddefinitions
e purposes of this document, the following terms and definitions apply.

nd I1EC maintain terminological databases for use in standardization at the following

and for the
procedures,
or details of

ng to nuclear
radiation on

[ within the
b imposed on
uclear chain
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their content
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ents) applies.

tlarm systems

addresses:

31

[SO Online browsing platform: available at https://Www.iS0.0rg/obp

IEC Electropedia: available at http://www.electropedia.org/

critical
having an effective neutron multiplication factor equal to unity

3.2

double batching
unintended increase in the quantity of a material that is controlled for Nuclear Criticality Safety such
that twice the intended quantity is present

Note 1 to entry: This typically applies to processes involving discrete quantities of material.
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3.3

fissile material
material, other than natural or depleted uranium, that is capable of sustaining a thermal neutron chain

reaction

3.4

fissile nuclide
nuclide capable of undergoing fission by interaction with neutrons of any energy

3.5

credible abnormal conditions

identified fat

toan

unsafe situaf

3.6

neutron abgorber
h which neutrons interact significantly by reactions resulting in their/disappeararce as
free particle$

material wit

3.7
neutron lea
neutrons lea

Note 1 to entr)

3.8
nuclear cha
series of nuc

39

nuclear crit
release of ern
reaction

3.10

nuclear crit
protection a
accident and

3.11

nuclear crit
technically r
criticality sa

3.12

Its and /or circumstances outside of the normal envelope of operations that may lea
ion

kage
ying a fissile system boundary such that they no longer interact with that system

: For an array of fissile units, neutron leakage from one unit mdy or may not interact with othe

n reaction

jcality accident
ergy as a result of inadvertently.producing a self-sustaining or divergent nuclear

jcality safety
bainst the consequeneesof a nuclear criticality accident, preferably by prevention
responses to such aceidents should they occur

jcality risk asséssment
pviewed analysis that establishes the technical bases, limits, and controls for the ni
fety of.a'given operation

units.

lear reactions in which one of the agents necessary to the series is itself produced by the
same reactions

chain

bf the

iclear

defence-in-depth

hierarchical deployment of different levels of diverse equipment and procedures (known as barriers) to
prevent the escalation of faults to a hazardous condition

[SOURCE: IAEA Safety Glossary 2007 Edition, modified — The definition has been modified.]

3.13

over batching
unintended increase in the quantity of a material that is controlled for Nuclear Criticality Safety such
that one or more extra discrete quantities are present
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3.14

criticality safety control

mechanism which provides a high level of assurance that the probability of occurrence of a critical
excursion is acceptably low

Note 1 to entry: An engineered feature (active or passive) or administrative requirement that establishes

constraints on the range of values that process parameters can assume with a given reliability (i.e. failure
frequency), thereby, providing a barrier to a criticality accident.

4 Procedures

4.1 |General

The eprly recognition of the special hazards associated with fissile materials has 1éd to thie application
of formal control practices based on principles of nuclear criticality safety. Diligent and donscientious
appli¢ation of these principles has produced an accident record which compares favourably with
comnpon industrial accidents. Continuation and improvement of this generally favourable record should
have the cooperation of all those involved in operations.

4.2 |Responsibility

Opergtional responsibility for nuclear criticality safety shall/bé clearly defined and shpll belong to
operdtions management throughout the normal chain of command.

4.3 |Equipment design

Safety shall, to a practicable extent, be taken into account when designing operating equipment, for
example, by restrictions on vessel geometry-~The early incorporation of nuclear criticality safety
consiglerations into plant and equipment design provides economic benefits. Process anlld equipment
desigh identified as important for nucleattcriticality safety may require approval by thq appropriate
nuclepr criticality safety authority.

4.4 |Criticality assessment

4.4.1| Anuclear criticality safety assessment is required for all operations and facilities ungler the Scope
unlesf it can be shown itlisnot required through reasons of quantity and/or form of fissile material. Such
reasohing shall include“consideration of all credible abnormal conditions. The reasoning thay be based
on comparison withnestablished criteria (for example safely subcritical mass or enrichnjent of fissile
matetial).

4.4.2| Thernuclear criticality safety assessment shall consider all normal and crediljle abnormal
conditiphs: Process management shall assist in determining such abnormal conditions. The|process shall
be re ‘_inirnr‘l tao remain subcritical with an :\pprnprinhﬂ m:\rgin under such rnnr‘]ifinnc, butl it should be
recognized that additional assessment may be required before attempting to recover from the abnormal
condition.

4.5 Written procedures

Written procedures shall govern all operations involving fissile material in excess of those threshold
quantities requiring nuclear criticality safety assessment. Copies of applicable written procedures
should be posted up or available in operating areas.

© ISO 2018 - All rights reserved 3
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4.6 Review of procedures

The assessment of criticality safety aspects of written procedures shall be performed by persons skilled
and familiar with nuclear criticality safety practices and processing operations. These persons should,
to a practicable extent, be administratively independent of operations.

4.7 Processing violations

Processing violations and unusual occurrences shall be reported, analysed, and considered for possible
improvements in nuclear criticality safety practices.

4.8 Training

4.8.1 Trairling of processing operators shall include nuclear criticality safety. The extent,of training
shall providg confidence that the operator can conduct activities without undue risk te~himself, His co-
workers or the facility.

4.8.2 Supefvisors shall be sufficiently knowledgeable to provide guidance to dperators concerning the
safety of opefations.

5 Technikal criteria
5.1 Genenal

5.1.1 The potential for criticality depends upon:

a) the nucl¢ar properties of the fissile material;

b) the masg of fissile material present and its distribution within the system being assessed;
c) the masg and distribution of all other materials associated with the fissile material.

In the preparation of nuclear criticality safety assessments, it is generally assumed that only |those
substances commonly encountered in nature and in construction materials, or usually associated with
operations, will be mixed with or(located near fissile materials.

5.2 Methods of control

Criticality sqfety control(s) in any operation are based upon any one or a combination of the factors
affecting critficality discussed in 5.4.

5.3 Achieyement of control

5.3.1 The control of nuclear criticality safety by such methods as those indicated in 5.4 can be
achieved by:

a) equipment design;
b) use of process control systems with associated instrumentation;

c) administrative control of operations.

5.3.2 Where practicable, the maintenance of control shall depend on safety provided by the
equipment, or instrumentation, rather than on administrative control. It is recognized that some reliance
on administrative control is inherent in any operation. Where controls are based on equipment, passive
safety design should be considered in preference to active safety systems (for example a favourable

4 © ISO 2018 - All rights reserved
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geometry vessel is preferable to a non-favourable geometry vessel that is instead controlled by
monitoring and control of fissile concentration).

5.4 Factors affecting criticality

5.4.1 General

All relevant factors shall be considered singly and in appropriate combination for both normal
operations and abnormal conditions assessed for a comprehensive assessment of nuclear criticality
safety. A combination of those factors could lead to necessary complex optimization of critical values.
The factors are given in 5.4.2 t0 5.4.13

5.4.2] Mass

Criticplity safety control can be provided by control of the mass of fissile miaterial present in an
operdtion.

5.4.3|] Geometry

Critic|
neutr
slabs

plity safety control can be provided by the use of processing dor)storage vessels thaf]
pn leakage (e.g. by limitation of the dimensions or shape of\6perational equipment),
of a suitable shape can be very reliable safety designs<{Consideration shall be give
changes in geometry by faults such as leaks/ruptures ofiwvessels and pipework, or ynintentional
transfers of fissile solutions to unfavourable geometry vessels. Consideration shall alsq be given to
potential vessel dimension changes such as (but not limitéd by) over-pressurization, bulging/distortion
or coifrosion.

have a large
Cylinders or
n to possible

5.4.4| Volume

y of material
or tank, or a

By lin
prese

hiting the available space for a fissjlé-material to occupy or by limiting the quantit
nt, criticality safety control may-bé-achieved. Examples such as a limited size vessel

limit

5.4.5

The g
Concd
relatq

o the volume of a solution presentin a process are a means of defining a volume cont

Concentration

uantity of fissile mdterial per unit volume can be a means of nuclear criticality sg
ntration is a factorormost commonly associated with fissile solutions. This factor is
d to the factop-ef-moderation since in many cases solutions of fissile material are v

rol.

fety control.
often closely
Fith effective

modejrators.

5.4.6] Moderation

The p y reduce the
mass s substances
are the most common moderators present in the storage, handling and processing of fissile material,
and all credible combinations shall be considered.

resence of neutron-moderating material mixed with fissile material can substantial

5.4.7 Neutron absorbers

5.4.7.1 The presence of appropriate neutron absorbers can be an effective means of criticality safety
control, noting the reliance on neutron absorbers requires assurance of their continued presence.
Equipment and processes can conform to the requirements of nuclear criticality safety by using neutron
absorbing materials, such as cadmium and boron, provided available data confirm that their suitability
and their presence can be assured. Where practicable, the incorporation of solid neutron absorbers as
permanent, integral parts of equipment is more desirable than the use of neutron absorbers in solution,
because of the processing controls required to demonstrate the continued presence of dissolved
absorbers.
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5.4.7.2 Neutron-absorbing materials are most effective for neutrons of thermal energy. Care shall be
exercised to ensure that their effectiveness is not seriously reduced in normal or credible abnormal
conditions, which might change the conditions into one characterized by neutrons of intermediate or
high energy.

5.4.8 Physical and chemical form

The chemical nature of a fissile material can affect its properties with respect to criticality safety
(e.g. metal verses oxide). The physical form can also affect its criticality safety properties (e.g. solid or
liquid).

5.4.9 Density

Reduction in| density of a single unit, with no other change in material properties, will reduee neutron
multiplication due to increased neutron leakage. It is important to distinguish between this factor
(more commpnly applied to solids) and concentration (more commonly applied to liquid-solutions|).

5.4.10 Enrichment

The proportion of a fissile nuclide to that of all nuclides in an element (fissilegnion-fissile and fissio1
has a direct pffect on the criticality safety properties of a fissile material. Greater fissile enrichi
usually result in lower critical parameters (a reduced subcriticalymargin), and hence cont

hable)
ments
rol of

enrichment

NOTE Th
of elements or
such a way, th|
safety, but it
application.

5.4.11 Reflq

5.4.11.1 Thq
may be simp
neutron refl
sufficient to

water is a liq

5.4.11.2 Ho

ay be used as a means to maintain nuclear criticality.safety.

e term enrichment is occasionally used to describe the proportion of fissile nuclide(s) in a m|
compounds (for example mixed oxides of plutoniumand uranium). When a material is descri
e property of enrichment may still be used in the sanfe manner above to control nuclear crit|
s noted that care should be taken in ensuringrconsistency of definitions of enrichment

pction

lified by the application of-beunding reflection condition. In some cases the most eff]
ector encountered in handling and in processing fissile material is water of thig
yield maximum neutren multiplication. This is particularly relevant as for most pro
liid and is hence mebil€ and can envelop vessels, containers of fissile material etc.

vever, careful ‘consideration shall be given to systems where significant thicknes

other commg@n structural-or shielding materials (for example concrete, steel, lead), which may be

effective neu
credible, any|

fron refléctors than water, may be present. In systems where thick water is not consi
material surrounding the fissile material may need to be considered as a neutron ref]

For some sitTations, the reflection provided by personnel may be important.

ixture
bed in
icality
n any

b most appropriate conditions to represent neutron reflection shall be considered, anld this

ective
kness
esses

bes of
more
dered
ector.

5.4.12 Interaction

Consideration shall be given to neutron interaction between units when at least two units containing
fissile material are present. It is possible to reduce neutron interaction either by spacing units, and/or
absorbing materials between units, or by some combination of these methods. Conversely, moderating
materials between units can increase neutron interaction and care should be taken in consideration of
materials that may exist or intrude by some fault condition between the fissile units.

5.4.13 Temperature

Temperature will affect physical parameters such as density and volume and this is taken into account
associated with those factors. It is important to also consider the temperature effect on nuclear cross-
sections if it is relevant to the system that is being analysed for nuclear criticality safety.

© ISO 2018 - All rights reserved
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5.5 Possible abnormalities

The effect of the occurrence of credible abnormal conditions shall be considered in the assessment of
safety. These include, but are not limited to such factors as:

a) loss or introduction of moderating material into or between units of fissile material: for example,
evaporation, precipitation, dilution and flooding;

b) introduction of neutron-reflecting material near units of fissile material;

c) change in shape of fissile material due to such occurrences as vessel leakage or breakage;

d) change T operating conditionsfor exampte, tossof ftow, precipitation, excessivejevaporation,
vjolation of mass or volume limits;

e) change in conditions of neutron interaction: for example, collapse or overturn of.lequigment;

f) lgss of neutron absorber, or reduction in absorber effectiveness as a result'ofmoderat¢r loss;

g) dpuble batching, or over batching to the extent that the equipment _does not precjude such an
ofcurrence;

h) afcumulation of material in an undesired location; this could be as'a result of mis-routipg or leakage
of fissile material, or materials that affect nuclear criticality.safety (e.g. moderators, r¢flectors);

i) materials affecting criticality safety (fissile or non-fissile) found in unexpected Ipcations, for
ekample solvent arising in a vessel normally containingonly aqueous solution;

j)  transfer of material to an undesired or unexpected location (for example from a favurable to an
unfavourable geometry tank for a fissile solution). Note this may be caused by directly|(for example
by a pump transferring fissile solution via a\distributor that is set incorrectly) or indifectly, say by
chemical action (for example an incorrectacidity transfers a fissile solution to a solvent phase in a
splvent extraction process, where thessolution is intended to remain in the aqueous pHase).

5.6 |Bases of assessment

Whergver possible, the determingtion of nuclear criticality safety limits shall be established on bases

derived directly from experiments. In the absence of directly applicable experimental mg¢asurements,

whicl} is a common situation, the results of calculations are acceptable, provided they gre shown to
be ac¢eptably accurate with nationally or internationally recognized experimental data r¢lating to the
validgtion of nucleap-¢Fiticality safety computer codes or hand calculation methods.

5.7 [Margin-ef criticality safety

In all|detetminations of nuclear criticality safety, the margin of safety shall be commensurate with

f its vfiolation, and
calculations

are performed to demonstrate nuclear criticality safety, the calculated results shall be subjected to a
margin of subcriticality sufficient to demonstrate that the system will be subcritical when taking into
account any bias and uncertainty associated with the calculation.

5.8 Demonstration of safety

5.8.1 There are various methodologies used in assessing nuclear criticality safety. Any method shall
demonstrate suitable and sufficient defence-in-depth to prevent a nuclear criticality accident.

5.8.2 Operations should, in general, incorporate sufficient safety features so that two unlikely,
independent, concurrent changes must occur in the conditions originally specified as essential to nuclear
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