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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-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for voting. ‘Publication 3

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 85, Nucleaf)energy, nuclear technologies|
rotection, Subcommittee SC 5, Nuclear fuel cycle.
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oduction

This International Standard provides specifications to establish process and equipment limits for controlling
the nuclear criticality hazard (e.g. choice of process monitoring modes, choice of equipment geometry) in

facilit

The

ies (outside of nuclear reactors) involving mixed uranium-plutonium oxide (MOX) fuel.

riticality risk far this type of fuel results from the presence of the fissile nuclides 239py; 241

Pu and 235U,

and f
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fom other fissionable nuclides, such as 242Pu, 240Pu and 238U, more or less neutron absorbi

ystems considered are uniform and homogeneous mixtures, moderated and reflected b
etries concerned are single units of spheres, cylinders and slabs. A limited number of img
heter values are then selected.

lly, regarding the field of MOX fuel, there are insufficient directly representative experi
ers for establishing the bias between calculations and measurements. Therefore,
arison is done to conservatively estimate critical values for different fissile material specifica

use the use of calculation codes can be associated with different nuclear libraries, th
arison is extended to the results obtained with the most common nuclear data libraries.

equently, this International Standard provides reference«critical values for the safety parame
b values are determined by inter-code comparisons with an acceptable accuracy and are d
t calculated critical values of the selected safety ‘parameters. These values will help nuc
y assessors during their analysis to make technical prescriptions for criticality risk preve
ction purposes.
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Nuclear criticality safety — Critical values for homogeneous
plutonium-uranium oxide fuel mixtures outside of reactors

1 $cope

This
multi

basefl on an inter-code comparison of calculated critical values.
It is gpplicable to operations with unirradiated mixed uranium-plutonium oxide (MOX) outside nucl

A clapsical validation approach for these systems is difficult because of thepaucity of critical ex
MOX]fuel.

Varigus reference systems, in terms of isotopic compositions, thicknesses of water reflection, an
oxidg are evaluated by different combinations of calculation €edes and nuclear data libraries
calculation schemes, see Annex B).

The

calculation schemes and accepted as credible.

The

2

The

refergnces, only the edition Cited applies. For undated references, the latest edition of th

docu

ISO 921, Nuclear energy,~— Vocabulary

ISO

procgssing

3

Fort

4

4.1

411

Tefms and definitions

International Standard specifies common reference critical values (of which the  effeq
lication factor, ky is equal to 1) for homogeneous water-moderated plutoniumsuranium o

ritical values defined in this International Standard.are the lowest of those calculated by €

alues in this International Standard are reference values and not absolute critical values.

Normative references
following referenced documents are indispensable for the application of this documen

ment (including any amendments) applies.

709, Nuclear. energy — Fissile materials — Principles of criticality safety in storing, |

tive neutron
ide mixtures

ear reactors.

beriments for

I densities of
(i.e. different

ach of these

t. For dated
b referenced

handling and

he purposes of this document, the terms and definitions given in ISO 921 apply.

Reference systems concerned by this International Standard
Reference fissile media

Description

The reference fissile media are homogeneous and uniform mixtures of uranium and plutonium dioxides in

wate

r.
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4.1.2 Plutonium content

The plutonium content in the mixture, wp,, expressed as a percentage mass fraction, is defined by
Equation (1):

mp
Wpy = ————— (1
my +mpy

where

mp, is the mass, in grams, of plutonium in the mixture;

my  is|the mass, in grams, of uranium in the mixture.
Plutonium cgntents used in the reference fissile media are:
a) wp, =340 %;
b) wp,=14,5 %.
4.1.3 Oxide density ranges
Two ranges ¢f oxide (UO, + PuO,) density, expressed in grams per cubie centimetre, are considered:
— up to 3,50 g/cm3, if the plutonium content is 35,0 % mass fragfion;

— up to 11[{03 g/cm3, if the plutonium content is 12,5 % mags fraction.

NOTE THe latter density is the theoretical dry density forthis specific isotopic MOX composition.
4.1.4 Isotopic composition

4141 Notation

In this subclduse, the following notation_is used:

My, is the mass, in.grams, of isotope i of uranium;
My total is the mass, in grams, of uranium;
m, is the'mass, in grams, of isotope i of plutonium;
‘Pu
ic tha macc in Aaramec af nbitaniiim
mPu,totaI otHeH A SS - grarhS O protoriuts

414.2 Uranium
The uranium composition considered corresponds to natural uranium:

Ma3s, /mU,totaI =0,718 %
Ma38, I'my total = 99,282 %

NOTE The fissile systems with depleted uranium are bounded by the natural uranium systems considered in this
International Standard.

2 © 1S0O 2011 — All rights reserved
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41.4.3 Plutonium

Three plutonium compositions, PO, P5 and P20, are considered:

c) composition PO is defined by:

m239Pu /mpu’tota| = 100,000 %

d) composition P5 is defined by:

4.1.5

The
com

4.2

Two

Moag [mp, oo =95,000 %
Pu g
240, I mpy total = 5,000 %

omposition P20 is defined by:

" 240p, | MPutotal = 20,000 %
241p, | M2s0p, =R1=11/17
242p, [ M241p, =R2 =111

" 239p, I mpy total =1~ M240p,, I mpy total = Maa1p,, /m240pu ~ Mag2p, /m241pu

=1=ma4p, ! Mpu total = (M240p,, /PPy total X R1) = (2405, / Mpy total X R4 X

Resulting fissile media

R>)

Six reference fissile media resulting from these physical and chemical forms and from these isotopic

ositions are presented in Annex A«

Moderation conditions
vater moderation degrees-are considered:

limited moderation\corresponding to a water mass fraction less than or equal to 3,0 %,
Fquation (2):

mMH,0
2 <3%

WH o.F
2 m m m
Hzo PuO 2 uo 2

vhere

according to

(2)

my,o is the mass, in grams, of water in the mixture;
mpyo, is the mass, in grams, of plutonium dioxide in the mixture;

myo, is the mass, in grams, of uranium dioxide in the mixture.

NOTE This degree of moderation is selected because MOX fuel is usually fabricated from mixtures of nearly dry
powder and hydrogenated additives.

b) optimum moderation (minimal critical values obtained whatever the moderator-to-fuel ratio is).

©I1SO

2011 — All rights reserved
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These moderations are considered homogeneous in the fissile medium.

The mixture of MOX and water leads to a decrease in the MOX density from the theoretical density (full crystal
dry density) as the water content increases in the mixture. For each mixture of MOX and water, the sum of
their volume fractions (actual density divided by theoretical density) is unity.

In the case of a MOX density up to 3,50 g/cm3, an initial void fraction is defined by this maximal density
divided by the theoretical MOX density. The initial void fraction then allows a certain water content in the
mixture with a constant MOX density. A further increase in the water content leads to a decrease in the MOX

density. For each mixture of MOX and water, the sum of their volume fractions and the void fraction is unity.

4.3 Geonijetrical models

Critical values are given for the three following simple geometries of the fissile material:

— sphere;

— infinite I¢ngth cylinder;

— infinite section slab.

4.4 Refle¢ting conditions

The critical yalues are given for a 2,5 cm and a 30,0 cm water reflector. The water reflector is close-fitting
around the figsile material, with a free boundary beyond the reflector:

5 Critical values

5.1 Presentation of the results

Annex C (forfa 30 cm water reflection) and Annex'D (for a 2,5 cm water reflection) specify the lowest valyes of
critical dimepsions for a sphere, an infinite length cylinder, and an infinite section slab. These dritical
dimensions gre the radius, in centimetresand the volume, in litres, of the sphere, the diameter, in centinfetres,
of the infinitg] cylinder, and the thickness, In' centimetres, of the infinite slab geometry. The critical volumeg of a
sphere is thel minimal critical volume whatever the credible fissile material geometry is.

Annex E (for|la 30 cm water reflection) and Annex F (for a 2,5 cm water reflection) specify the lowest valdes of
the critical parameters for the three reference geometries, in terms of mass, in kilograms, of actinide (U and
Pu) for a sphere, linear density, in grams per centimetre, of actinide for a cylinder, and surface density, in
grams per cgntimetre squared, of actinide for a slab geometry.

Each of thege results is the lowest value resulting from the comparison of 12 to 17 values calculated with
different calqulation routes among those given in Annex B. For each value, at least four different computer
codes and faurdifferent data libraries were used.

NOTE 1
a temperature

NOTE 2

of 293 K.

notably lower than the critical values in Annexes C to F for MOX with natural uranium.

5.2 Requi

5.21

rements

Clause 4 shall compare their own critical values with the critical values presented in Annexes C to F.

All the computational results are extracted from References [1] to [7]. These calculations were performed with

The results from References [1] to [7] show that the critical values for MOX with depleted uranium are not

Nuclear criticality safety assessors preparing specifications relative to fissile systems described in

© 1S0O 2011 — All rights reserved
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5.2.2 In the absence of technical arguments, the nuclear criticality safety assessors shall use the lowest
values between their own critical values and the critical values presented in Annexes C to F. Otherwise, they
shall justify the use of higher values by safety margin considerations.

5.2.3 The nuclear criticality safety assessors shall interpret any discrepancy observed between the results
of their own calculation code and the results of this International Standard.
6 Subcritical limits and margin of safety

Subcritical limits and a margin of safety shall be determined in accordance with 1ISO 1709. The margin of
safetf/ shall take into account the Tack of applicable experiments and the interpretafion required.in]5.2.3.

© 1S0O 2011 — All rights reserved 5
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Annex A
(informative)

Reference fissile media

Mass fraction of Isotopic composition Isotopic composition of plutoniume
plutoniuma MOX of uraniumb Plutonium P P P
den5|ty - r-nm.nneifinn 9/ mass fraction
Wpy 7o mass fraction designation
% gl/cm3 235 238 239py | 240py | 241Py/240Py | 242py/241PU
PO 100 | — — —
35,0 <3,5 0,718 99,282 P5 95 5 A2 —
P20 d (20,00 ™MN7 111
PO 100 | < — —
12,5 <11,03 0,718 99,282 P5 95 5 — —
P20 &\ [ 20,00 1117 111
a See 4.1
b See 4.1.42.
c See 4.1.43.

d  The mas{

fraction of 239Pu is the complement to make up to 100 %.

© 1S0O 2011 — All rights reserved
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Annex B
(informative)

Criticality schemes used for the calculations

B.1 Types of calculation scheme

The ¢alculations of critical values are carried out using criticality codes or packages and group-wise or point-
wise huclear data libraries. Two main types of calculation scheme are used:

— deterministic calculation schemes directly giving critical values by iteration of a discrete ord|nate method
o solve the equation of neutron transport;

— ¢alculation schemes using the Monte-Carlo method to solve the equation of neutron transgort — critical
alues are then obtained by interpolation with the effective multiplication-factor.

B.2 |List of codes and libraries used

The [calculation schemes listed in Table B.1 were used to\prepare this International Stanglard. All the
calculation specifications specified in Clause 4 were not evaluated with all these calculatipn schemes.
However, for each specification, at least four different computer codes and four different data l|braries were
used

© 1S0O 2011 — All rights reserved 7
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Table B.1 — Schemes used for calculation of criticality

. Cross- Number of Angular .
Computation Code . Scattering
Computer code section energy quadrature .
method module . . matrix
library groups matrix
. . CEA93-V4 a
APOLLO2 Discrete ordinate | SN-Normes (JEF2.2) 172 S8 P3
. . CEA93-V6
APOLLO2 Discrete ordinate | SN-Normes (JEF2.2) 172 S16 P3
SCALE 4.4a Discrete ordinate ),(rS\QDEy,IPYI\\A ENDF/B-V 238 8532 P5
{SSASH
. . XSDRNPM
4 -
SCALE 4.4a Discrete ordinate (CSASI) ENDF/B-V 238 S8 P5
. . XSDRNPM
SCALE 5.(1 Discrete ordinate (CSAS1X) ENDF/B-VI 238 S16-64 P5
. . XSDRNPM
SCALE 5.1 Discrete ordinate (CSAS1X) ENDF/B-V 238 S16-64 P5
APOLLOZ - CEA93-V4
MORET4 Monte-Carlo — (JEF2.2) 172 — —
TRIPOLI ¢ Monte-Carlo — JEF2.2 — — —
MCNP 4( Monte-Carlo — JENDL 3.2 - — —
MCNP5 R.140 Monte-Carlo — ENDF/B-VII.O = — —
MCNP5 R.140 Monte-Carlo — ENDF/B-VI — — —
MCNP5 R.140 Monte-Carlo — ENDF/B:\. — — —
MCNP5 R.140 Monte-Carlo — JENDE 3.3 — — —
MCNP5 R.140 Monte-Carlo — JENDL 3.2 — — —
MCNP5 R.140 Monte-Carlo — JEFF 3.1 — — —
MCNP5 R.140 Monte-Carlo — JEF2.2 — — —
MONK 8k Monte-Carlo ~— JEF2.2 — — —
MONK 8k Monte-Carlo — ENDF/B-VI — — —
MONK 8k Monte-Carlg — JENDL 3.2 — — —
@  Heavy nudlei from CEA93-V4(ibrary are of P1 order.

© 1S0O 2011 — All rights reserved
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Annex C
(normative)

Critical dimensions for a water reflection of 30 cm

Plutonium Water mass fraction, WH,0 < 3% Optimal water content
mass MOX
frahl;v“n JEIIaiiy Plutonium - -
-~ composition Sphere Cylinder Slab Sphere Cyllndel' Slab
designation®
/om?3 Radius | Volume | Diameter | Thickness | Radius | Volume [ Diametdr | Thickness
° 9 cm I cm cm cm I cm cm
PO 27,4 86,1 35,1 13,4 12,9 9,0 16,7 6,1
3p,0 <3,5 P5 29,6 108 38,7 15,8 14,3 12,2 18,9 7.8
P20 31,4 129 41,3 17,6 16,9 20,2 22,8 10,2
PO 21,5 41,6 28,9 12,5 14,3 12,2 18,8 7,7
12,5 <11,03 P5 24,9 64,6 34,2 16,0 15,7 16,2 21,1 9,2
P20 27,3 85,2 38,0 18,9 18,8 27,8 25,6 12,0
a  $eed.1.2.

b $ee 4.1.4.3 and Annex A.

© 1S0O 2011 — All rights reserved 9
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Annex D

(normative)

Critical dimensions for a water reflection of 2,5 cm

Plutonium Water mass fraction, wy, o <3 % Optimal water content
mass MOX
fractiona de"aiiy Plutonium
Wey composition Sphere Cylinder Slab Sphere Cylinder Slib
designation®
o /om?3 Radius | Volume | Diameter | Thickness | Radius | Volume | Diameter | Thickiness
° 9 cm | cm cm cm | cm cm
PO 354 185 49,5 25,8 14,8 13,5 20,6 10(4
35,0 <3,5 P5 37,4 219 52,7 27,9 16,3 18,1 22,9 1119
P20 38,8 244 54,8 29,3 18,9 2872 26,9 14{5
PO 25,2 67,0 36,3 20,3 16,2 17,8 22,8 1119
12,5 11,03 P5 28,8 100 41,9 24,0 Ny 23,2 25,1 1313
P20 31,2 127 45,6 26,5 20,9 38,2 29,8 1613
a  Seed.1.2.
b See4.1.4. and Annex A.

10
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