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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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proee Hsed—te—deve j reRt—an itended i rer—fatatenance are
described in the ISO/IEC Directives, Part 1. In parti ded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techniical Barriers to Trade (TBT) see the following
URL{www.iso.org/iso/foreword.html.

This|document was prepared by Technical Comittee ISO/TC 85, Nuclear energy, nuclear technologies,
and nadiological protection, Subcommittee SG-5, Nuclear installations, processes and technologies.

This|second edition cancels and replacesthe first edition (ISO 12807:1996), which has been technically
reviged.

In this document, the word “shall”‘denotes a requirement; the word “should” denotes a recommmendation;
and the word “may” denotes(permission, neither a requirement nor a recommendation{ Imperative
statgments also denote requiréments. To conform with this document, all operations shall bg performed
in acpordance with its requirements, but not necessarily with its recommendations.

The words “can”, “could” and “might” denote possibility rather than permission.

The word “will’:dénotes that an event is certain to occur rather than a requirement.

© ISO 2018 - All rights reserved v
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Introduction

The International Atomic Energy Agency (IAEA) Regulations for the Safe Transport of Radioactive
Material specify permitted release of radioactivity under normal and accident conditions of transport,
in terms of activity per unit of time, for Type B(U), Type B(M) and Type C packages used to transport
radioactive materials. Generally, it is not practical to measure activity release directly. The usual

method used is to relate activity release to non-radioactive
procedures are available. The appropriate procedure will
to a specific package.

The regulat
These activ
radioactive

material carried within a containment system.

In general, it is not feasible to demonstrate that the activity release limits are not exceeded by d
ht of activity release. In practice, the most common method to prove thata contain
ides adequate containment is to carry out an equivalent gas leakage rate tést.

measureme
system proy

ty release limits can be expressed in maximum permissible activity release rates{oj

fluid leakage, for which several leakages test
depend on its sensitivity and its application

the

irect
ment

Vi
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Safe transport of radioactive materials — Leakage testing

on

packages

1 Scope

This document spec1f1es gas leakage test criteria and test methods for demonstratlng that packages
used

This

carrij

This

other
radig
competent authority.

This
equi
univ
auth

It sh
metH

Whil
requ
to es
and 1

This
regu

design verification;

preshipment verification;

periodic verification;

labrication verification;

maintenance verification.

document describes a method for relating permissible activity release of the radioact
ed within a containment system to equivalent gas,leakage rates under specified tesf
approach is called gas leakage test methodology."However, in this document it is rec

methodologies might be acceptable, provided that they demonstrate that any re
active contents will not exceed the regulatory requirements, and subject to agreem

document provides both overall andidetailed guidance on the complex relationships
Falent gas leakage test and a permissible activity release rate. Whereas the overall
brsally agreed upon, the use of the detailed guidance shall be agreed upon with th
brity during the Type B(U), Iype B(M) or Type C packages certification process.

puld be noted that, for(a;given package, demonstration of compliance is not limited
odology.

fe this document@ees not require particular gas leakage test procedures, it does prese
rements for ahy)test that is to be used. It is the responsibility of the package designer
timate or defermine the maximum permissible release rate of radioactivity to the e
o select appropriate leakage test procedures that have adequate sensitivity.

doeumrent pertains specifically to Type B(U), Type B(M) or Type C packages fof

ents defined
Radioactive

ive contents
conditions.
gnized that
lease of the
bnt with the

between an
guidance is
b competent

to a single

nt minimum
br consignor
nvironment

which the

afery containment requirements are specified explicitly.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

International Atomic Energy Agency (IAEA). Regulations for the Safe Transport of Radioactive Material

3 Terms and definitions

For the purposes of this document, the terms and definitions given in the International Atomic Energy
Agency (IAEA), Regulations for the Safe Transport of Radioactive Material and the following apply.

© ISO

2018 - All rights reserved
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

31

[SO Online browsing platform: available at https://www.iso.org/obp

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

activity release rate
loss of radioactive contents per unit time through leaks or permeable walls of a containment system

3.2

blockage mechanism

mechanism
blockage of

3.3

competent
any nationa
with the Inf]
Material and

3.4

by which radioactive material might be retained within a containment systemcdy
potential leakage paths by solid or liquid material

authority

or international authority designated or recognized as such for any purpose in conne
ernational Atomic Energy Agency (IAEA) Regulations for the Safe Transport of Radiod
| other applicable regulations

containment system

assembly of

3.5
gas leakage

components of the packaging intended to retain the radieactive material during trans

test methodology

method of specifying a gas leakage test which relates permissible activity release rates of the radiod

contents ca
conditions

3.6

leak

any unwant
contents

3.7
leakage
transfer of 4

Note 1 to ent

3.8

leakage rate

quantity of §

Note 1 to ent

Fried within a containment system to equivalent gas leakage rates under specified

ed opening or openings throughra containment system that could permit the escape

material from the cdntainment system to the environment through a leak or leaks

Fy: See also perméation (3.14).

olid particCles, liquids or gases passing through leaks per unit time

e to

ction
ctive

port

ctive

test

f the

ry: The term leakage rate can refer to the radioactive material (gas, liquid, solid or any mixt

these)ortot

he test fluid

lrre of

Note 2 to entry: The dimensions of the rate of solid leakage are mass divided by time. The dimensions of the
rate of liquid leakage can be mass divided by time or volume divided by time. The dimensions of the rate of gas
leakage are the product of pressure and volume (this is a mass-like unit) divided by time at a known temperature.

3.9
leaktight

general term indicating that a containment system meets the required level of containment for
particular contents

Note 1 to entry: See Clause 8 in Annex E.

© ISO 2018 - All rights reserved
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3.10

medium

any fluid, which might or might not be radioactive itself, which could carry radioactive material through
aleak or leaks

3.11

molecular flow

flow of gas through a leak under conditions such that the mean free path is greater that the largest
dimension of a transverse section of the leak

Note 1 to entry: The rate of molecular flow depends on the partial pressure gradient.

3.12
pacKage
packpging together with its radioactive contents as presented for transport

3.13
pacKkaging
asseimbly of components necessary to enclose the radioactive contents completely

3.14
permeation
passage of a fluid through a solid permeable barrier (even if thereare no leaks) by adsorptign-diffusion-
desofption mechanisms

Note |l to entry: Permeation should not be considered as a release of activity unless the fluid itself is radioactive.
In this document, permeation is applied only to gases.

3.15
permeation rate
quantity of gases passing through permeable walls per unit time

Note |l to entry: The permeation rate depends'en the partial pressure gradient.

3.16
qualjitative
referjs to leakage test procedures'which detect the presence of a leak but do not measure leakage rate or
total|leakage

3.17
quantitative
leakgge test proceédures which measure total leakage rate(s) from a containment system or from
parts of it

3.18| Sensitivity

3.18{1
sensitivity of a leakage detector

minimum usable response of the detector to tracer fluid leakage, that is, the leakage rate that will
produce a repeatable change in the detector reading

3.18.2
sensitivity of a leakage test procedure
minimum detectable leakage rate that the test procedure is capable of detecting

© ISO 2018 - All rights reserved 3
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3.19

standardized leakage rate

SLR

leakage rate, evaluated under known conditions, normalized to the flow of dry air at reference conditions
of upstream pressure 1,013 x 105 Pa, downstream pressure 0,0 Pa and temperature of 298 K (25 °C)

Note 1 to entry: The units for standardized leakage rate are written as Pa-m3-s-1 SLR.

3.20

standardized helium leakage rate
SHeLR

helium leakage —e% . HOWHR—COR SO he o e
reference conditions of upstream pressure 1,013 x 105 Pa, downstream pressure 0,0 Pa and tempebature
of 298 K (25°C)

Note 1 to ently: The units for standardized helium leakage rate are written as Pa-m3:s-1 (SHeLR).

3.21
test gas or {racer gas
gas that is used to detect leakage or measure leakage rates

3.22
viscous flow
continuous flow of gas through a leak under conditions such that the'mean free path is very small in
comparison|with the smallest dimension of a transverse section ofithe leak

Note 1 to entry: This flow may be either laminar or turbulent. Viscoug’flow depends upon total pressure graflient.

4 Symbols and units

The following symbols and units are used in this degument.

Symbol Definition Unit
Aj Activity of radionuclide i Bq
Az Quantity (activity) of radioactive material, other than special-form radioac- Bq

tive material, as defined in the applicable documents listed in the Interna-
tional Atomic Energy Ageficy (IAEA) Regulations for the Safe Transport of
Radioactive Material

A A2 value of radionuclide i Bq

a Capillary length/leakage hole length m

C Average activity per unit volume; the symbol is used to simplify Figure 1 and Bgq:m-3
represents the use of either Cp or Cy

Ca Average activity per unit volume of the medium that could escape from the Bgq:m-3
containment system under accident conditions of transport

CN Average activity per unit volume of the medium that could escape from the Bg-m=3
containment system under normal conditions of transport

D Capillary diameter/leakage hole diameter m

D Maximum permissible diameter; the symbol is used to simplify Figure 1 and m
represents the use of either Dp or Dy

Da Maximum permissible equivalent capillary leak diameter under accident m
conditions of transport

Dg Bubble diameter m

DN Maximum permissible equivalent capillary leak diameter under normal m
conditions of transport

FCia Release fraction of radionuclide i from the radioactive contents into the con- —

tainment system under accident conditions of transport

4 © ISO 2018 - All rights reserved
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Symbol Definition Unit

FCin Release fraction of radionuclide i from the radioactive contents into the con- —
tainment system under normal conditions of transport

FEip Fraction of radionuclide i which is available for release from the containment —
system into the environment under accident conditions of transport

FEiN Fraction of radionuclide i which is available for release from the containment —
system into the environment under normal conditions of transport

g Acceleration due to gravity g=981m:s2

go Constant go=1kgmN-1.s-2

H Fest-duration S

h Liquid height m

L Volumetric leakage rate m3.s-1

L Maximum permissible volumetric leakage rate; the symbol is used to m3.s-1
simplify Figure 1 and represents the use of either La or Ly

La Maximum permissible volumetric leakage rate of the medium at pressure pa, m3.s-1
under accident conditions of transport

LN Maximum permissible volumetric leakage rate of the medium atpressure py, m3.s-1
under normal conditions of transport

M Relative molecular mass kig-mol-1

M; Relative molecular mass of component i Kkig-mol-1

Mmis Relative molecular mass of mixture Kkig-mol-1

bA Containment system pressure under accident conditions of transport Pa

PN Containment system pressure under normakconditions of transport Pa

Pd Downstream pressure Pa

Di Partial pressure of one componenti of gas mixture Pa

Pmix Total pressure of gas mixture Pa

Ds Reference pressure ps=1,p13 x 105 Pa

Pt Partial pressure of tracer gas Pa

Pu Upstream pressure Pa

p1 Gas pressure at start’of test Pa

b2 Gas pressure at'end of test Pa

Q Leakage rate Pa-m3-s-1

QsLR] Standardized leakage rate; the symbol is used to simplify Figure 1 and Pj-m3-s-1
represents the use of either Qa(sLRr) or ON(SLR)

Qa The'permissible leakage rate of the medium under accident conditions of Pa-m3.s-1
transport and is calculated from La

QA(SLR) The permissible standardized leakage rate (SLR) under accident conditions Pa-m3.s-1
of transport

Qm Leakage rate for molecular flow Pa:m3-s-1

Qmix Leakage rate for gas mixture Pa-m3-s-1

On The permissible leakage rate of the medium under normal conditions of Pa-m3.s-1
transport and is calculated from Ly

ON(SLR) The permissible standardized leakage rate (SLR) under normal conditions of Pa:m3.s-1
transport

Qp Permeation rate Pa:m3-s-1

QTpa The permissible test leakage rate of the tracer or test gas that is related to Pa:m3.s-1
accident conditions of transport at the design verification stage and is deter-
mined from Qa(sLR)

© IS0 2018 - All rights reserved 5
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Symbol Definition Unit

QTDN The permissible test leakage rate of the tracer or test gas that is related to Pa:m3:s-1
normal conditions of transport at the design verification stage and is deter-
mined from Qn(sLRr)

QtF The permissible test leakage rate of the tracer gas at the fabrication verifica- Pa:m3:s-1
tion stage

Qt™ The permissible test leakage rate of the tracer gas at the maintenance verifi- Pa:m3:s-1
cation stage

Qtp The permissible test leakage rate of the tracer gas at the periodic Pa:m3:s-1
verification stage

Qts The permissible test leakage rate of the tracer gas at the preshipment Pa:m3-sy]
vérification stage

Qv Leakage rate for viscous flow Pa-m3-s-1

R Universal gas constant R £8,31 ] mol{ K-1

R Maximum permissible activity release rate; the symbol is used to simplify Bg-s-1
Figure 1 and represents the use of either R or Ry

Ra Maximum permissible activity release rate of the contents under accident Bg-s-1
conditions of transport

RN Maximum permissible activity release rate of the contents undermormal Bg-s-1
conditions of transport

RG Maximum permissible activity release rate of the gas contents; the symbol is Bq-s-1
used to simplify Figure 1 and represents the use of either RGx or RGN

RGp Maximum permissible activity release rate of the gas gantents under acci- Bq:s-1
dent conditions of transport after allowing for permieation

RGN Maximum permissible activity release rate of theigas contents under normal Bq:s1
conditions of transport after allowing for permeation

Rlip Releasable activity of radionuclide i under@ccident conditions of transport Bq

RIiN Releasable activity of radionuclide i under normal conditions of transport Bq

RIT Total releasable activity for all radiohuclides; the symbol is used to simplify Bq
Figure 1 and represents the use of &ither RITp or RITN

RITp Total releasable activity for.dllradionuclides under accident conditions of Bq
transport

RITN Total releasable activity, for all radionuclides under normal conditions of Bq
transport

RP Activity release rabe due to permeation; the symbol is used to simplify Bg-s1
Figure 1 andsepresents the use of either RPa or RPN

RPp Activity release rate due to permeation under accident conditions of transport Bg-s-1

RPN Activity.release rate due to permeation under normal conditions of transport Bq:s—1

S Ledkdge rate sensitivity Pa:m3:s-1

SHeLR Standardized helium leakage rate Pa-m3:s-1 SHELR

SLR Standardized leakage rate Pa-m3-s-1 SLR

T Fluid absolute temperature K

To Reference temperature To=298K

T1 Gas temperature at start of test K

T Gas temperature at end of test K

u Velocity m-s-1
Gas volume m3

Va Volume of medium under accident conditions of transport m3

%N Volume of medium under normal conditions of transport m3

u Dynamic viscosity of fluid Pa:s

6 © ISO 2018 - All rights reserved
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Symbol Definition Unit

Ui Viscosity of component i Pa-s

Hmix Viscosity of mixture Pa:s

v Bubble-generation rate s-1

p Density kg m-3

Pg Gas density kg m-3

o1 Liquid density kg m-3

o Liquid surface tension N m-1

5 Regulatory requirements
5.1 | Relevant regulations
See 3.1 in Annex E for further information on relevant regulations.
5.2 | Regulatory containment requirements
See 5.2 in Annex E for further information on the Type B(U), TypeB(M) or Type C packages ¢ontainment
requjrements.
6 Procedure for meeting the requirements of this document
6.1 | General
Compliance with package containment requiréments may be demonstrated either by measurement
of the radioactive-contents release rate or*hy other methods. This document shows how the package
containment requirements can be demaonstrated by an equivalent gas leakage test. All m¢asured test
leakage rates shall be correlated tocthe potential release of the contained material by performance
of telsts on prototypes or models, reference to previous demonstrations, calculations pr reasoned
arguments.

This|{document is based on the/following premises.

a) The radioactive material which could be released from the package could be in any one or any
¢ombination of the)following forms:

+ liquid;

1 gas;

1 solid;

— liquids with solids in suspension;

— particulate solids in a gas (aerosols).

The maximum permissible activity release rate can be expressed in terms of a maximum
permissible leak diameter when the physical form and properties of the radioactive contents are
taken into account.

b) The assumption of steady-state condition is an appropriate approximation.

c) Gas leakage test procedure can be used to measure gas flow rates. These rates can be related
mathematically to the diameter of a single straight capillary which in most cases is considered to
conservatively represent a leak or leaks.

© ISO 2018 - All rights reserved 7
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d) Gas leakage test procedures can be used to demonstrate compliance with regulatory containment
requirements when the diameter of the single straight capillary associated with the leakage test
from 6.1 c) is equal to or smaller than the maximum permissible leak diameter from 6.1 a).

For activity release, or retention considerations, according to this document, the phenomena of viscous
flow, molecular flow, permeation and blockage should be considered.

6.2 Quali

ty management system

A management system, based on international, national or other standards, shall be established
and implemented. To ensure the consistent quality of the activities described in this document, the

implementa

See 6.2 in Al
6.3 Proce

6.3.1 Gen

Using the flq
in the flow d

Steps1to 8
to leakage o
the leakage

Because the
of these, it i
of the radioz

Figure 1 ha

fion of ISO 9001:2015 is advised.

hnex E for further information on the regulatory requirements on the management sy

rdure

eral

w chart in Figure 1 as a guide, the procedure below shall be used. The text within eacl
hart indicates the result of the particular step.

in Figure 1 pertain to containment of the radioactive comntents, while Steps 10 to 12 pe
f a test gas. Step 9 is a reference step which links containment of the radioactive conter
pf a test gas.

releasable radioactive material might be in the form of gas, liquid or solid, or a combin
necessary to follow the appropriate part of the procedure below, as applicable to the
\ctive material, to obtain the permissible standardized leakage rates.

b been prepared for the general case. [h'Some cases, it is not necessary to complete a

steps, for e
of radioacti
reiterative

steps in Fi

ample, in the case of a single radienuclide in liquid form. In other cases, such as a mi:

e materials that are in differefit,forms, it might be necessary to repeat some stepq
ashion. However, for any of these cases it will be necessary to complete the approp
re 1 for both normal and ageident conditions of transport.

tem.

h box

rtain
1ts to

htion
form

I the
cture

in a
riate
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STEP
1 Radioactive contents, 4;
2 Releasable activity, Ry
'
3 Permissible activity - releasable rate, R
Solid Liquid Gas
- 4 Permissible activity - releasable rate, RP
—
[
s
S
[S)
O
g 5 Permissible activity - releasable rate due to leakage
B RG=R-RP
3]
I
2
o
I
~ 6 - Activity per unit volume, &
7 Maximum permissible medium volumetric leakage rate, L
8 . Maximum permissible equivalent capillary-leak diameter, D
p q pillary
9 Permissible standardized leakage rate, Qg; g
10 Permissible test leakage rate for each verification stage
Design Fabrication Preshipment Periodic Maintepance
Qrpa QN Qrr Qrs Qrp Qry
] 11 Select appropriate test method
o0
)
7 l
)
= 12 Perform test

Figure 1 — Flow chart for gas leakage test methodology

6.3.2 Determination of permissible activity release rates

The inventory of the releasable radioactive contents shall be identified and the releasable contents shall
be compared to the regulatory containment requirements. See Steps 1 to 3 in Figure 1 and Clause 7.

© ISO 2018 - All rights reserved 9
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6.3.3 Determination of standardized leakage rates

The permissible activity release rates shall be converted to equivalent standardized leakage rates.
See Steps 4 to 9 in Figure 1 and Clause 8.

6.3.4 Determination of permissible test leakage rates for each verification stage

The appropriate gas leakage rates shall be determined for the design, fabrication, preshipment, periodic
and maintenance verification stages. See Step 10 in Figure 1 and 9.2.

6.3.5 Selection of appropriate test methods

The approp
periodic and

6.3.6 Per

The require
Clause 10.

7 Determination of permissible activity release rates

Permissible
accident con

7.1 Step

This gives a
for each rad
and solids. A

When it is
shall be esti

7.2 Step

In some ca

| maintenance verification stages. See Step 11 in Figure 1 and 9.2.

formance of test and record of results

activity release rates shall be determined by following Steps 1 to 3 for both norma
ditions of transport.

L: List the radioactive contents, 4;

h inventory of the radioactive contents and includes the activity and physical character
onuclide. It could be necessary to consider the contents as separate phases, i.e. liquids, §
lerosols can be considered as gases. Ein€ particles in solution can be considered as a lig

mpractical to determine actual padioactive contents, the bounding radioactive con
mated by the user and shall he‘acceptable to the competent authority.

2: Determine the total releasable activity, RIT

Kes, the radioactive)Contents might be contained by more than one container if

containmen
situation. T

L system. An irradiated fuel rod assembly in a transport packaging is an example o
en, for eithernormal or accident conditions of transport, only a fraction of the radioa

d tests shall be performed and the results shall be recorded. See Step 12 in Figure 1

contents might be released from the innermost container into the containment system FC;y, FCiA
of this fractfion, only another fraction may be available for release from the containment syste
the environment, FEn, FE;p. The numerical value of any release fraction will depend on the sp
radionuclid¢ and, if the radioactive contents consist of a mixture of radionuclides, many release fra
values could résult. Also, release fraction values for normal conditions of transport might differ

Fiate gas leakage test methods shall be selected for the design, fabrication, preshiprlnent,

and

and

stics
rases
uid.

tents

1 the
' this
ctive
and,
m to
peific
ction
from

those for accident conditions of transport, even for the same radionuclide.

The releasable fractions depend upon such factors as:

a) the chemical and physical forms of the materials within the containment system, for normal and
accident conditions of transport;

b) the possible release modes, such as permeation of gases, mobility of aerosols or particulates,
reactions with water or other materials present in the system, and solubility;

c) the maximum temperature, pressure, vibration, mechanical strains or distortions, and the like, to
which the contained material would be subjected for normal and accident conditions of transport.
These shall be determined by the performance of tests on prototypes or models, by reference to
previous demonstrations, calculations, or a reasoned argument.
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Where a release fraction cannot be quantified, a value of 1,0 shall be assumed. The values of the release
fractions normally require agreement with the competent authority.

For normal conditions of transport, the releasable activity of radionuclide i, RI;x, in becquerels, is:

and for the total inventory

Similarly, for accident conditions of transport, the releasable activity of radionuclidg i, Rl;s, in
becqperels is:

and flor the total inventory

7.3 | Step 3: Determine the maximum permissible activity release rates, R

The dlata from Steps 1 and 2 identify the radionuclides that could be released from the packdge and their
physijcal form. Then, for any radionuclide, the A value shall be established or, in the case pf mixtures,
an equivalent Ay value shall be used (see paragraph 405 1in the 2012 Edition of the International Atomic
Energy Agency (IAEA) Regulations for the Safe Transport of Radioactive Material). Next, the regulatory
containment requirements shall be calculated.&s indicated in E.5.2. At this stage, the ¢ontainment
requjrements will be given in units of activity per hour or activity in a period of one week. Because gas
leakage test rates are normally given in units:of flow per second, it is necessary to convert the time units
of the regulatory containment requiremeénts to seconds for compatibility reasons. In thls document
it is pssumed that leakage occurs at a,uniform rate over the regulatory time period (1 }f for normal
condjfitions of transport/1 week for accident conditions of transport). Other time-averaging methods
may be used, provided they aretaccepted by the competent authority. When all the above factors have
been|taken into account, the permissible activity release rates will have been determined.

8 Determinationof standardized leakage rates

8.1 | General

Stanflardized:\léakage rates shall be determined by following Steps 4 to 9 for both normal and accident
condjfitions.of transport.

In solmecases, wherethe standardized ]n:\](:l(n:k rates are l"ﬂ]afl‘lﬂ]‘l ]nur the relevant r‘nmnpfﬂnt authorlty
may permit the use of a specified rather than a calculated value for the standardized leakage rate. Also,
where the standardized leakage rates are relatively high, the relevant competent authority may agree
that leakage tests are inappropriate and unnecessary or may permit the use of a specified rather than a
calculated value for the standardized leakage rate. See Clause 8 in Annex E.

In this clause, the method for determining the standardized leakage rate (from which the test leakage
rate can be determined) is detailed for all the leakage mechanisms. The procedure followed in Steps 4
to 9 shall establish maximum permissible standardized leakage rates which are numerically equivalent
to the appropriate regulatory containment requirements.

A knowledge of the radioactive contents, their properties and of the containment system of the
packaging is essential in order to carry out the requirements of Steps 4 to 9.
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8.2 Step 4: Determine the activity release rate due to permeation, RP

For a radioactive gas, determine the release rate of activity due to permeation. See B.13.

8.3 Step 5: Determine the maximum permissible activity release rate due to leakage, RG

When the contents include a radioactive gas, deduct the release rate due to permeation, as determined
in Step 4, from the regulatory containment requirement which was determined in Step 3.

If RG < 0, the package does not meet the regulatory requirement.

If the pressytet

transport, a
to laminar f

8.4 Step(

The activity
the environ|
respectively
inventory t
environme

For a mediu

RI
CN = —

For a mediu

. _H
ATy

8.5 Step
medium, [

When the d
from Step 6
the medium
operating pj

For normal
L, in cubic

r per unit volume in the medium that could escape from the containment syste
ment shall be designated as Cy and Ca for normal and accident-cenditions of tran

VN

minant comp

tivity can only be released by permeation and molecular flow (if predo
ow) driven by the partial pressures of radioactive substances.

. Values of Cy and Cp depend upon the activity of each radionuclide and the fracti
at is available for release to the containment cavity and then(available for release t
t.

m volume of Vy, C, in becquerels per cubic metre (Bq:m=%), is determined as follows:

'N

m volume of Vy, Ca, in becquerels per cubiciétre (Bq:m-3), is determined as follows:

A

3\

/: Determine the maximum permissible volumetric leakage rate of the

hita from Step 3, or Step 5 if permeation shall be taken into account, are divided by the
the data for Step.7Zresults. This gives the maximum permissible volumetric flow r4g
that could escap® from the package due to a leak. At this stage, the medium will be
essure and temperature conditions.

Conditions of transport, the maximum permissible volumetric leakage rate for the med
metresper second (m3-s-1), shall be determined from the following equation:

h: Determine the activity per unit volume of the containment system medium, C

m to
bport
bn of
b the

data
te of
at its

lium,

Ly

_Ry

_CN

For accident conditions of transport, the maximum permissible volumetric leakage rate for the medium,
La, in cubic metres per second (m3-s-1), shall be determined from the following equation:

Li=
A CA

_Ry

8.6 Step 8: Determine the maximum permissible equivalent capillary leak diameter, D

For liquids, the volumetric flow rate from Step 7 can be converted to a diameter for a single leak using

the Poiseuille’s law [Formula (B.7]].

12
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For gases and aerosols, the volumetric leakage rates, Ly and Lp, from Step 7 shall be converted to
permissible leakage rates, Qn and Qa, in pascals cubic metres per second (Pa:m3:s-1), by using the
following equations:

QON=LNXDy
Qa=LaXpy

For gas and aerosol leakage rates, a diameter for a single leak may be calculated using the Knudsen’law

[Formula (B.1)].

For
of t
throt
in Aq
the c

8.7

Whe
valug
rate

If thd
pres
pres
if mq
radid
to zeg
pres
and 4

Stan
Dp s
mate

The nost restrictive value of Qa(sLRr) shall be assessed to determine if this value needs to bg

restr
Simi
madg{

The
used

Ejolids, including particulates, and some liquids, it might be possible, by assessing the chs
e radioactive material, such as particle size or fluid viscosity, to establish a-limiti

1gh which the radioactive material will not flow and hence, by this blockage mechanism|
nex E], there will be no activity release. The use of this blockage mechanjsin shall be
ompetent authority.

Step 9: Determine the permissible standardized leakagerate, Qsi.r

e the maximum permissible equivalent capillary leak diameter’has been determined i
b of this diameter may be used in Formula (B.1) to determinéthe permissible standard
[see examples in D.3, D.10, D.11 and D.13).

total pressure in the containment system is lower than'the external one (for instance
bure in the containment system is lower than the external one, and if QspRr is such that
bure remains lower than the external one during the whole transport (see example
lecular flow is the predominant mode, onlytmolecular flow driven by the partial |
active substances needs to be regarded. For¢his, the first summand of Formula (B.1) g
ro. In the second summand, the properties of the radioactive substances (molecular 1
sure) shall be used. This assessment shall be performed for each relevant radioactiy
he results shall be combined.

1all be used to determine Qagsir) and Dy shall be used to determine Qn(sLRr). Where thq
rial is in more than one form, values of Da, Qa(sLr), DN and @n(sLRr) shall be determined f¢

ictive to account fof-the activity releases in the other forms.

arly, the mogt réstrictive value of Qn(sLr) shall be assessed to determine if this value
P more restrictive to account for the activity releases in the other forms.

bove determinations and assessments will result in the values of Qa(sLr) and QN(sLR)
inS8tep 10.

racteristics
hg diameter
[see 6.1 CDh)
accepted by

in Step 8, the

zed leakage

if the initial
the internal
n D.15) and
bressures of
hould be set
hass, partial
e substance

lardized leakage rates shall be determined for both normal and accident conditions ¢f transport,

radioactive
r each form.
made more

needs to be

that shall be

9 Containment-system verification requirements

9.1

Containment-system verification stages

9.1.1 General

Compliance with package containment requirements shall be demonstrated by verification procedures
at the design, fabrication, preshipment, periodic and maintenance stages. It is necessary to establish a
set of test requirements for each test stage.

Verification procedures shall demonstrate that all the regulatory containment requirements will be
satisfied for both normal and accident conditions of transport. Therefore, leakage tests are only part
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of the verification procedures. It will be necessary to establish a set of procedures acceptable to the
competent authority for the different verification stages.

Assembly shall be performed in accordance with a written quality assurance procedure that includes a
checklist for verifying that all parts of the containment system comply with the applicable requirements,

are in place,

9.1.2 Des

and are properly secured.

ign verification

Design verification procedures shall demonstrate that the package design meets all the regulatory
containment requirements for both normal and accident conditions of transport.

The packag
permissible

ng shall be tested to show that it has a leakage rate less than or equal to the maxi
test leakage rates Qrpn and QTpa.

The maximi@im permissible test leakage rates shall be Qrpn and Qtpa for tests relatingté norma

accident cof
pressure) w
the measure

See 9.1.2 in |

9.1.3 Fab

Fabrication

1ditions, respectively. When tests are carried out at conditions (such as,témperaturg
hich are different from the normal and accident conditions, it will be ne¢esSary to show
d leakage rates are relevant and representative.

Annex E for further information on regulatory references.

rication verification

verification procedures shall demonstrate that gachr packaging of a given desi

fabricated ip such a way that the regulatory containment requirements will be satisfied for both ng

and acciden
the packagil

The packag
permissible
seals, closui]
evidence ca

The maxim
Where the {
as appropri
would not I4

of transport.

See 9.1.3 in |

9.1.4 Pre

F conditions of transport, assuming the package.iscorrectly assembled before shipmen
1g is correctly maintained.

ng shall be tested to show that it has a léakage rate less than or equal to the maxi
test leakage rate Qtp. The entire containment boundary, including base material, W
es, valves, rupture disks, or other boundary elements shall be tested, except those for y
L be given that the leakage rate is‘negligible.

im permissible test leakage.rate, QtF, shall be the more restrictive of Qtpn and

est conditions differ frommthe worst case conditions for normal and accident condi
hte, test leakage rates §hall be chosen such that the tests demonstrate that the pag
ak more than the maximum permissible leakage rates for normal and accident condi

Annex E for futther information on regulatory references.

shipmerit verification

Preshipmen|

contents arg leaded, the package is assembled and the packaging is maintained so that, during tran

vérification procedures shall demonstrate that, before each shipment, and after

muim

| and
and
that

P is
rmal
It and

mum
elds,
rhich

)TDA-
kions
kage
kions

the
bport

and in any conditions (normal and accident]), regulatory containment requirements will be fulf

illed.

For this purpose, the procedures shall verify that the package has been properly assembled and the
packaging is correctly maintained, and that the containment function has been established.

Preshipment verification shall show that the packaging has a leakage rate less than or equal to the
maximum permissible test leakage rate, Qrs.

The maximum permissible test leakage rate, Qs, shall be the more restrictive of Qrpy and Qtpa.
Where the test conditions differ from the worst case conditions for normal and accident conditions
as appropriate, test leakage rates shall be chosen such that the tests demonstrate that the package
would not leak more than the maximum permissible leakage rates for normal and accident conditions
of transport.

See Clause 8 in Annex E for further information on exception.
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See 9.1.4 in Annex E for further information on regulatory references.

9.1.5 Periodic verification

Periodic verification procedures shall demonstrate that all packaging built to an approved design shall
continue to comply with the regulatory containment requirement, even after repeated use.

The packaging shall be tested to show that it has a leakage rate less than or equal to the maximum
permissible test leakage rate, Qtp. Because of the possible difficulties with disassembly of component
parts, the extent of the containment and the number of seals to be tested, the numerical value for Qtp
shall be accepted by the competent authority.

The time between periodic tests shall be acceptable to the competent authority.

See 9.1.5 in Annex E for further information on regulatory references.

9.1.4 Maintenance verification

Mairftenance verification procedures shall demonstrate that any mainten@arce, repair, or replacement of
components has not degraded the containment system.

Maintenance verification shall be performed prior to returning a/paekage to service to show that it has
a leakage rate less than or equal to the maximum permissible rate'Qrwm.

Maintenance verification tests need only to be performed.for the affected area or joint|and can be
combined with the preshipment verification.

See 9.1.6 in Annex E for further information on regulatory references.
9.2 | Verification requirements

9.2.1 General

The appropriate permissible test leakage rate for each verification stage, as described in[9.1, shall be
determined in order to demonstrate that the containment system satisfies the regulatory ¢ontainment
requfrements and appropriate.test methods shall be selected.

9.2.21 Step 10: Determine permissible test leakage rate for each verification stage, Q1pa, @b,
Qtr, Prs, Qrp and Q1M

The results from{Ste€p 9, as appropriate, shall be taken into account in specifying the permissible test
leakage rates,

Qa(sir) should be considered to determine Qrpa and Qn(sLRr) should be considered to detefmine Qrpn.
For (g5, @rs, Qrp and @1y, the more restrictive value of Qa(sLr) and @n(sLr) should be consifered.

Similarly, the more restrictive value of the permissible standardized leakage rates, calculated for both
normal and accident conditions of transport, shall be established for determining the appropriate
permissible test leakage rate in Step 10.

See B.2 and Clause 8 in Annex E for further information on the determination of standardized
leakage rates and on the consideration of various test conditions (i.e. different tracer gases, operating
temperatures and pressures during measurement).

9.2.3 Step 11: Select appropriate test methods

For each permissible test leakage rate established in Step 10 (design, fabrication, preshipment, periodic
or maintenance), select an appropriate test method and specify suitable test procedures.

Table A.1 lists some suitable test procedures.
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10 Leakage test procedure requirements

10.1 General

All leakage tests shall be performed in accordance with a written quality-assurance program. Tests
shall be performed in order to ensure that the leakage test requirements are met. If, during any
fabrication, preshipment or verification test, it is found that the actual leakage rate is greater than the

maximum permissible, actions shall be taken to reduce the leakage rate to the acceptable level.

10.2 Step 12: Perform tests and record results

The success
requiremen
in 10.3 and ]

10.3 Test 4

The sensitiy
or performd
permissible

Considerati
example, th|
Table A.2) 4
shall be adj
can be varig
Leakage tes
sensitive th

ful completion of this step will demonstrate compliance with the regulatory contain
Ls. Minimum requirements for any gas leakage test procedure that is to be used ar€'speq
10.4.

ensitivity

rity of each leakage test procedure, as determined by reference-te_applicable liter4
nce of tests, shall be considered adequate when it is less than or€qual to one-half g
test leakage rate for the tracer gas, as determined in Step 10 in(9.2.2.

n shall be given to the leakage test procedures as they.are applied to the test item
e gas pressure drop test (test A.3.1, Table A.2) and.gas pressure rise test (test 4
re dependent on the gas volume under test, and thérefore the sensitivity of these
sted (for volume as well as time). In many cases, the sensitivity of a leakage test procg
bd extensively by changing volume, pressure, temperature, mixture composition, or
[ procedures performed under well-controlledylaboratory conditions will normally be
in the same procedures under field conditipis.

10.4 Test procedure requirements

10.4.1 Genleral

Leakage tes
system, sh{
containmen

Allowable tg
satisfy the r

The tests sh
tracer gas a

Any necessg

t procedures shall be compatible with the test item, and, when applied to the contain
Il have sufficient sensitivity to demonstrate compliance with test requirement
[-system verification(

pst leakage rateS-and test sensitivities shall be determined from activity release ra]
equirements for/containment-system verification.

all be desighed to preclude false acceptance. This might include assuring the presenc
nd a driving force (pressure difference).

ry.safety precautions shall be implemented.

ment
ified

hture
f the

. For
tests
dure
fime.
more

ment
5 for

es to

b of a

Leakage test procedures shall be established and reviewed by personnel qualified according to ISO 9712
or equivalent standard. All leakage tests shall be performed by qualified operators. Operators should

be qualified

according to ISO 9712 or equivalent standard.

10.4.2 Testing

The user shall be responsible for verifying that the selected procedure is relevant to particular
situations and that the test is applied correctly.

Testing shal

16

| be performed in accordance with 10.4.1, as applicable, and shall be documented.
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Annex A
(informative)

Preferred leakage test methods

General

Ther
meth
in th
of s\
infon

It is

situation. Often, this annex will not provide enough detail and therefore the user s

addit
proc

Leak
requ

Prac
and 1

Detal
reley

Thes
be c3

prop
meth
locat

The
Tabld
itisi

A2

A.2.

e are numerous text books and submitted papers related to the complex subject of\léa
ods. Some of these are listed in the Bibliography. The purpose of this annex is\to as
e selection of appropriate test procedures. Consequently, this annex gives 4 concise
itable leakage test methods, their range of sensitivity, their advantagesjand lim
mation about safety-related considerations.

'he user's responsibility to specify a detailed test procedure that is\appropriate to t

ional information from other sources. It is also the user's responsibility to ensure {
edure is applied correctly.

age test procedures that are not listed in this documentmay be used if they meet t}
rements of this document and are acceptable to thecompetent authority:.

fical leakage testing techniques for measuring theleaktightness of packages have beg
ests appropriate to packages for radioactive materials identified and recommended fq

jled procedures have been developed for the recommended methods, with emphasis o
ant to particular types of container.

e methods and their nominal sensitivity are listed in Table A.1. For most, the actual sen
Iculated for each application since it is a function of pressure, time, volume, temperat
erties. The methods have beenclassified in Table A.1 and in the text under quantitative an
ods. The quantitative metheds provide measurements of total leakage. The qualitat

recommended metheds of leakage testing are listed, with diagrammatic repres
A.2. The table sumnmarizes the test method, nominal sensitivity and applicability of e
ntended to beiséd as a guide when choosing a test method for a particular container.

Comments and precautions

kage testing
5ist the user
description
tations and

e particular
ould obtain
hat the test

le minimum

n reviewed,
I use.

h the factors

sitivity shall
ure: and gas
d qualitative
ve methods

e discrete leaks. If possible;the qualitative methods should be checked using calibrated leaks.

entation, in
ach method,

| CRisks of explosion

For test items with high design pressure or large gas volumes, or both, take precautions against risks
of explosion. For large gas volumes, even modest gas pressures can be hazardous. Either reduce the
pressure to a known safe value or fill the test item with a liquid or solid, so that only a small gas volume
remains for testing. It might be better to hydrostatically proof-test the item to help ensure safety. When
aliquid is used, be certain that it cannot interfere with the leakage test.

Tests may be conducted at pressures and temperatures other than those used during operation, if
the effects of the difference on containment system geometry and performance are negligible, or if
operating conditions do not give sufficient pressure difference for meaningful results. Leakage flow
direction during testing should be the same as during operation; flow in the reverse direction shall be
justified.
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Table A.1 — Leakage test sensitivities

Nominal test sensitivity
Subclause Test method
Pa-m3-s-1 SLR
Quantitative methods
A3.1 Gas pressure drop 10-2to 10-6a
A.3.2 Gas pressure rise 10-2to 10-6a
A.3.3 Gas filled envelope (gas detector) 10-4to 10-10
A.3.4 Evacuated envelope (gas detector) 10-4to 10-9
A.3.F Evacuated envetope (Withr back pressurtzation) T0—+to 10~
o O
Qualitative methods N
A4l Gas bubble techniques 10—4}@)
A4} Bubble test 1’\((%\ ’
A4.B Tracer gas (sniffer technique) 1( 0107
A4d4 Tracer gas (spray method) (\1(}‘4 to 10-7
a  Sensitivitly depends upon volume, pressure, time, gas properties and temperature stabil l%
b Higher r¢liable sensitivities can be achieved by the use of calibrated leaks to ¢ the test equipment anfl the
technique usdd.
¢ Gas bubble techniques include hot water bubble, vacuum bubble and pressur@@avity bubble methods.
N\
N
Table A.2 — Summary of leaka&e}tests
Qs
Corresponding subclause \\\S\ Illustration
A.3 Quantitative methods =

A.3.1 Gasy

The method
measuring t
versely prop

The method
where the si
and the prin

Nominal test

N

involves pressurizing the test item, or i e}%ace, and
e pressure drop. The sensitivity of th thod is in-
ortional to the test volume. \

ressure drop

is particularly useful for testing.double O-ring seals,
hall interspace volume mak method most sensitive
ary seal of the cavity sha be broken.

sensitivity: 10-2 Pa-m3-§-1 to 10-6 Pa-m3-s-1 SLR.

Pressure

A.3.2 Gasy

The method
measuring a

The method
can also be y

N
. >y
ressure rise

involves ev %ting the test cavity to 103 Pa, or less, and
pressur during a specified test period.

app Qﬁ test items with pressure tap connections, but

inversely prap

s%m‘ testing double O-ring seals. Test sensitivity is

tional to the test volume

Nominal test sensitivity: 102 Pa-m3-s-1 to 10-6 Pa-m3-s-1 SLR.

N Vacuum
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Corresponding subclause

Illustration

A.3.3 Gasfilled envelope (gas detector)

The method involves evacuating the test item connected to a gas
detector and placing the item in an envelope filled with a test gas
(usually helium or halogen compound).

The method is suitable for large test items which have a replaceable
seal. Where several seals are used (e.g. a double O-ring closure), the
procedure can be applied to each seal in turn.

Nomjattestsensitivity to—+Pam3s o to— o PamSs+StR—

Vacuum

| Detector I

A.3.f+ Evacuated envelope (gas detector)

The method involves pressurizing the test item with test gas (usually
heliym or halogen) while placed in a vacuum chamber connected to a
gas detector.

The method is ideal for small test items which have a replaceable
seal.|Where several seals are used (e.g. a double O-ring closure), the
procedure can be applied to each seal in turn.

Nomjinal test sensitivity: 10-4 Pa-m3-s-1 to 10-9 Pa-m3-s-1 SLR. Q<
N\

/\’ ,Vacuum
S

Detector

A.3.5 Evacuated envelope (with back pressurization) ¢ )

The method involves externally pressurizing the testi r}'m an

envelope of the test gas (usually helium) for a certai e, and
subsequently transferring the test item to an evac:.@ted envelope
conrlected to a gas detector. \O

The method is ideal for welded capsules fno@h'he very small up to
the ljmit of the pressurizing chamber.

The Internal void volume of the tesi&ém should be atleast 10 mm3.

This[method can be used in labo
procedure should be carefully

Nomjinal test sensitivity:@F’am&s-1 to 10-9 Pa-m3-s-1 SLR.
Q%\
&
Y

ry or in manufacturing. The
ated and carried out.

Vacuum

| Detector I

Tracer gas

>

4 [Qual itive methods

4. ﬁl‘ Hot water bubble

>

The method involves submerging the test item in hot water, which
raises the internal pressure. A leak is indicated by a stream of bubbles.

This method applies to welded capsules and small test items, usually
without pressure tap connections. It can be used in the field without
sophisticated equipment.

Nominal maximum test sensitivity: 10-4 Pa-m3.s-1 SLR.

NOTE This method is also a quantitative method but should not be

used as such.

o
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Table A.2 (continued)

Corresponding subclause Illustration
A.4.1.4.2 Vacuum bubble Vacuum

The method involves producing a vacuum above the liquid in which
the test item is submerged. A leak is indicated by a stream of bubbles.

The method is suitable for welded capsules and small resealable
items. The method can be used for sources or containers with void
volumes greater than 10 mm3. The size of the test item is limited
only by the size of vacuum vessel.

Nominal tes{sensitivityr to—+Pam3stStR:
A.4.1.4.3 Pressurized cavity bubble

The method|involves pressurizing the test item, and immersing it in
water, glycol or isopropyl alcohol. A leak is indicated by a stream of
bubbles.

This method applies to welded capsules, containers with pressure
tap connectipns, or where the pressure required within the cavity
can be obtaihed by the vaporization of solid carbon dioxide.

Nominal test sensitivity: 10-4 Pa-m3-s-1 SLR.

NOTE This method is also a quantitative method but should not be
used as such|

A.4.2 Bubble test

\Y
IR
The method finvolves pressurizing the test item, and coating the sur&;
face with a l¢ak detection liquid film. A leak is indicated by a bubbls Pressure

on the surfage. @ =
This method applies to containers with pressure tap conne@s%ns.
The required pressure within the cavity can be obtaing\@y the va-
porization of solid carbon dioxide crystals. N
Nominal test sensitivity: 10-4 Pa-m3-s-1 SLR. C)\\O
N

A.4.3 Tracer gas (sniffer technique) &‘
The method jnvolves pressurizing the @t item with the test gas

(usually helifim or halogen compou@.‘A leak is detected by moving a
probe (conngcted to gas detecto@ross areas that are likely to leak.

The method|is best used on@ test items where the area of poten-
tial leak (e.g|a weld or se learly visible. Some facility shall be
available for pressur1§?@v1th gas) the inside of the weld or seal.

Nominal tesf sen51 10-4 Pa-m3-s-1 to 10-7 Pa-m3-s-1 SLR.

b Vacuu
A.4.4 Trac @l\ (spray method) acuum

The method involves evacuating a test item connected to a gas detec-
3 i etector
tor and spraying the test gas (usually helium or halogen compound)

over the surface.

The method can be used for testing partially finished vessels pro-
vided that one side of a potential leak can be evacuated and the other
side is easily accessible with a supply of test gas.

Nominal test sensitivity: 10 -4 Pa-m3:s-1 to 10-7 Pa-m3-s-1 SLR.

A.2.2 Tracer materials

Tracer materials shall be clean and free of contaminants that might affect test results. Care shall be
taken to ensure that a known representative tracer mixture reaches the boundary being tested. Ensure
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that there are no adverse reactions that would affect either the containment system contents or the
leakage testing properties of the tracer.

A.2.3 Leakage rates

For some of the bubble tests, individual leakage rates as small as 10-7 Pa-m3-s-1 SLR can be detected
under favourable laboratory conditions at a pressure difference of 105 Pa. However, test capabilities are
reduced by problems such as poor visibility due to inadequate lighting, test object configuration, bath
turbulence, gas solubility, operator inattention, leak clogging by liquids, limited time of application, and
the possibility that there could be a multitude of leaks too small to be detected that collectively exceed
the maximum allowable leakage rate. Tracer gas pressure shall overcome the hydrostatic head of the
liqui¢gl bath and surface tension effects.

The pubble test has additional problems, such as ensuring simultaneous coverage-over the complete
area(to be tested and recognizing the effects of ambient relative humidity andAemperature. Bubble
tests/should not be used for quantitative measurements.

For these reasons, the total leakage rate is considered to be 10-4 Pa-m3:s-I\SLR when no|bubbles are
obsefved, unless the particular situation can be verified to have a higher(sensitivity.

A.2.4 Avoid wetting the test item

For lpaks expected to be smaller than 10-7 Pa-m3-s-1 SLR, wefting of the test item before|the leakage
test §hould be avoided whenever possible. When wetting cannot be avoided, the test item shall be dried
thorgughly before the test.

A.2.5 Partial pressure

The partial pressure of tracer gas in the test mixture should be at least 10 % of the total pressure and
shalllbe known. A correction factor for the partial pressure percentage shall be used. See Forjmula (B.13).

A.2.6 Vacuum conditions

Wheh normal operations are with positive pressure, consideration shall be given to the ehaviour of
the containment boundary, closure; and seal while testing under vacuum conditions.

A.2.7 Performing leakage test

All ldakage tests shall.be-performed by qualified operators.

A.3 | Quantitative methods

A.3.1 Gaspressure drop

4 A 1z AL L £31 41 3
A.3. L. 1L APPIIL4dDIIIlY U1 UIT IHITUIVU

This procedure is used with items having pressure tap connections. The test volume can be the
container volume or the small interspace volume associated with a double O-ring seal.

A.3.1.2 Leakage rate indication

The total leakage rate is indicated by a pressure drop from a known initial pressure, over a given period
of time. If the test duration is long, corrections may be required to take into account changes in ambient
temperature and pressure.
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A.3.1.3 Test sensitivity

The sensitivity depends mainly upon the test volume, test duration, and the accuracy to which the
pressure and temperature can be measured. With large volumes, the technique is relatively insensitive,
but with small interspace volumes and accurate instrumentation, sensitivities of 10-6 Pa-m3-s-1 SLR
can be achieved. It should be noted that the total volume includes the volume associated with the

container pl

us the volume associated with the measuring instrumentation.

The actual test procedure sensitivity should be calculated taking into consideration Formula (B.12).

A3.14 Te

Pressurize
temperatursg

st method

'he test volume to its specified test pressure and measure the change of pressurg
e within the test volume during a specified time period. To calculate the total leakage

the maximum test volume shall be established accurately, including the volume of the test '€quip

and the extr

Pressure mgd
These devic

eme positions of the seals in their groove.

pasurements should be accurate within 1 %, or less, of full scale of the"'méasuring dey
bs shall have arange between 1,5 and 4 times the specified test presstre. Test objects s}

be at or nedr thermal equilibrium before the measurement is taken, otherwise’errors in determ

the average

A.3.1.5 Ad

temperatures might hide leakage effects.

vantages and disadvantages

The equipmient used to carry out the test could also have demountable seals, therefore the resu
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Pa:m3-s-1 S
influence on
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connectiong
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A.3.2 Gas

e the leakage rate across all the seals (test equipment plus vessel). Hence, the procd
In overestimate of the vessel leakage. If the testSensitivity required is in the order of
LR, the leaktightness of the seals and connections of the test equipment could hay
the sensitivity of the test.

of the test equipment shall be broketrand later resealed.

re will increase the test sensitivity, but there are disadvantages. The O-rings could 1
est thus giving unreliable results. High pressure could bypass the seals and create a ha

l take place at isotherinal conditions, if at all possible, as temperature changes le
ng pressure changes(
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olume is ptessurized, care shall be taken to ensure that the vessel will not be danger
failure due to gas pressurization can be “explosive” and extremely hazardous.
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10-6
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dure is used in test work (e.g. testing-before and after drop tests), at least one of the

move
zard.

hd to
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A.3.2.1 Applicability of the method

This procedure is similar to the gas pressure-drop test and applies to test items with pressure tap
connections. It has the advantage of being less affected by temperature changes than the pressure

drop metho

d.

A.3.2.2 Leakage rate indication

The total leakage rate is indicated by a pressure rise from a known initial pressure, over a given period
of time. If the test duration is long, corrections may be required to take into account changes in ambient
temperature and pressure.
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A.3.2.3 Test sensitivity

The sensitivity depends mainly upon the test volume, test duration, and the accuracy to which pressure
and temperature can be measured. The method can be used to measure leakage rates down to
10-6 Pa-m3-s-1 SLR.

The actual test procedure sensitivity may be calculated taking into account Formula (B.12). However, it
should be noted that subscripts 1 and 2 shall be interchanged.

A.3.2.4 Test method

Evac i i > i > e the change
of pressure and temperature within the test volume during a specified time period. Special| care should
be taken to avoid the risk of ice formation at low pressure leading to clogging of the pkessure device. To
calcylate the total leakage rate, the maximum test volume shall be established accurately, including the
voluine of the test equipment and the extreme positions of the seals in their grogve.

Pressure measurements should be accurate within 1 %, or less, of full scalé\of the measuring devices.
Thesge devices shall have a range between 1,5 and 4 times the specified test pressure. Tesks should be
carried out where possible in isothermal conditions. Small temperatute variations can lpad to large
pressure variations.

A.3.2.5 Advantages and disadvantages

One problem with this method is outgassing (the release of gases from the surfaces of the test item
when the item is evacuated). Keeping the test item clean and dry will minimize outgagsing, which
obscpres leakage rate measurements.

The equipment used to carry out the test normally requires further seals apart from the seals being
testdd. The results of the test give the leakage Tate across all the seals. Hence, the procedute could give
an oyerestimate of the leakage rate of the vessel seals. At higher sensitivities, the leaktighfness of test
equipment seals could have an influencecon the sensitivity of the test.

A.3.2.6 Hazards
The hazards are those assocjated with vacuum equipment.
A.3.3 Gas filled envelope (gas detector)

A.3.3.1 Applicability of the method

The procedure'js carried out in containers which can be surrounded by an envelope filled with tracer
gas. Wherevonly a single flange joint is being tested, it might be possible to reduce the envelope size to
just énclose the flange area. Common tracer gases used are helium and halogen compound gas.

A.3.3.2 Leakage rate indication

The total leakage rate is measured by a gas detector which measures the concentration of gas in the
container.

A.3.3.3 Test sensitivity

The sensitivity depends upon the gas used, the pressure difference, and the method of detection. For
halogen gas systems, using gases such as sulfur hexafluoride (SFg), sensitivities of 10-4 Pa-m3:s-1 to
10-7 Pa-m3-s-1 SLR are achievable. With helium, a mass spectrometer could typically detect leaks with
a leakage rate of 104 Pa-m3-s-1 to 10-10 Pa-m3-s-1 SLR.
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A.3.3.4 Test method

Attach a vacuum system equipped with a detector head to the vessel or interspace connection.
Determine response time using a calibrated leak or by allowing a small amount of the tracer into the
loosened fitting or valve.

Fill the envelope with the tracer gas and monitor the response of the detector.

A.3.3.5 Advantages and disadvantages

The partial pressure of the tracer gas in the envelope should be at least 10 % of the total gas pressure

T RITowWTT:

and shouldrI

Halogen conppound gas should only be used with stainless steel systems after it has been determined that
the selected|halogen will not cause detrimental corrosion in the stainless steel by intergranular attack.
Halogen leakage testing requires a work space that is free from smoke (such as toba¢co smoke) and
other possiljle sources of halogen vapour (such as a leak in a building refrigeration system).

A.3.3.6 Hazards

Do not use gositive ions in halogen-leak detectors in a combustible or explosive atmosphere.

Halogen compound gas in the proximity of high temperatures could” break down into highly [toxic
compounds]{ Some halogen compound gases themselves could betoxic so that test areas shall be well
ventilated.

Particular care shall be exercised when operating high-pressuire gas cylinders.

A.3.4 Evafuated envelope (gas detector)

A.3.4.1 Applicability of the method

This method involves pressurizing the container with tracer gas, and subsequently placing the contpiner
in an evacugted envelope connected to a tracer-gas detection system. Where only a flange joint is ﬁeing
tested, it might be possible to reduce the'envelope size to just enclose the flange area. Again, if a dpuble
O-ring seal |oint is used, the tracerigas detector can be fitted into a vacuum system connected tp the
space betwegen the two O-rings.

Common trgcer gases used dre helium and halogen compound gas.

A.3.4.2 Leakage rate indication

The leakage rate.is measured by a gas detector which measures the concentration of gas in the
evacuated ehvelope or interspace.

A3.43 Te

st sensitivity

The sensitivity depends upon the gas used, the pressure difference and the method of detection. For
halogen gas systems, using gases such as sulfur hexafluoride (SFg), sensitivities of 10-4 Pa-m3:s-1 to
10-7 Pa-m3-s-1 SLR are achievable. With helium, a mass spectrometer could typically detect leaks with
aleakage rate of 104 Pa-m3-s-1 to 10-9 Pa-m3-s-1 SLR are possible.

A.3.4.4 Test method

Pressurize the container with the tracer gas to the test pressure. Evacuate the envelope surrounding
the container or, if testing a flange with double O-rings, evacuate the interspace, and monitor the
response of the monitor fitted in the vacuum systems.
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If the container cannot be filled with tracer gas, the test item can be placed in a suitable chamber and
externally pressurized with the tracer gas for a certain time. The external pressure should then be
reduced and the item transferred to the envelope prior to evacuation.

NOTE1  This method is only used with items which are able to withstand the high external pressure.

A.3.4.5 Advantages and disadvantages
The partial pressure of the tracer gas in the container should be at least 10 % of the total pressure.

Halogen compround gas should only be used with stainless steel systems after it has been determined that

h 1 dearrcd] 1 1 4 L oderas s | - - 4] R | 4 1.1 s k
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Halogen leakage testing requires a work space that is free from smoke (such as tobaceo|smoke) and
other possible sources of halogen vapour (such as leak in a building refrigeration system).

Pernjeation can affect the results and should be considered in their subsequentanalysis.

A.3.4.6 Hazards
Do npt use positive ions in halogen-leak detectors in a combustible oftexplosive atmosphere.

Halogen compound gas in the proximity of high temperatures‘could break down into fighly toxic
compounds. Some halogen compound gases themselves could be toxic so that test areas ghall be well
ventilated.

Partjcular care shall be exercised when operating high{pressure gas cylinders.

A.3.5 Evacuated envelope with helium back pressurization

A.3.3.1 Applicability of the method

Thisprocedure applies to test items without pressure taps and sealed sources that cannot be filled with
helium during final closure. The items-shall be able to withstand the selected external presqure without
damgge. When sophisticated mass.spectrometers are used, gases other than helium can bejused.

A.3.3.2 Leakage rate indication

A mass-spectrometer ledk detector (MSLD) measures leakage rates.

A.3.3.3 Test sensitivity

The gensitivity(10-7 Pa-m3:s-1 to 10-9 Pa-m3-s-1 SLR) depends upon the machine. It also d¢pends upon
the rpte ofpuitgassing of helium from the outer surface of the test item.

A3 g4 T, 3 ol o
e Yo My o ICOU IIITLIIUU

The test item is placed in a suitable chamber and externally pressurized with helium for a certain time.
A typical value is 3 x 106 Pa for 1 h. Relieve the pressure and immediately transfer the item to a vacuum
chamber connected to an MSLD, then evacuate to operating pressure. Operate the MSLD according to
the manufacturer's instructions. In this procedure, the helium enters the test item through any existing
leak and is detected subsequently when the test item is placed in a vacuum and the helium flows from
the leak.

A.3.5.5 Advantages and disadvantages

This procedure is very useful for testing several small samples at a time, provided they can all be tested
for leakage quickly in the evacuation chamber.

© IS0 2018 - All rights reserved 25


https://standardsiso.com/api/?name=51456b5f11d206b5149730bc627ec2b2

ISO 12807:2018(E)

When the samples are delicate, it is possible to use a lower gas pressure for a longer period of time.

Permeation can affect the results and should be considered in their subsequent analysis.

A.3.5.6 Hazards

As the back pressure chamber is under very high pressure, it is necessary to use specially designed
equipment. Operators shall be fully trained and made aware of the hazards involved.

A.4 Qualitative methods

A.4.1 Gas|bubble techniques

A.4.1.1 Applicability of the method

This procedpre applies to small items usually without pressure tap connections, which-shall be of g size
allowing them to be conveniently lifted in and out of a tank permitting close obseryation of the liqyiid.
The method can be used with test items having pressure tap connections,-or where the required
pressure diffference can be obtained by:

a) vaporizption of solid CO; crystals, liquid N3 or refrigerant liquid;

b) use of ajvacuum over the liquid in the tank;

c) use of hptliquid in the tank.

A.4.1.2 Leakindication

Individual l¢aks are indicated by gas bubble stream$sthrough the test liquid.

A.4.1.3 Test sensitivity

The test giyes a qualitative result, withnan absence of bubbles through the test liquid indicatjng a
leakage ratd in the range of 10-4 Pa-n(3-s-1 SLR.

Various liqujids, such as water, varigus alcohols, mineral oil, silicone oil, glycol can be used in conjunftion
with various tracer gases to obtain improved sensitivity.

A.4.1.4 Test method

A.4.1.4.1 Hot waterbubble

Immerse thg test item at room temperature in water at 90 °C. Submerge the test item, or featufre to
be tested, in-a-Suitable-tan h-that-itiscovered-b e mm-of-waterand-search-for-biibble

streams.

The duration of the test shall be long enough for the test item and its gas volume to be heated by the
water. The time that the item should remain in the water shall be determined by a calculation or test.

Air bubbles could stream for a few seconds and then cease. Such streams could be caused by gas trapped
on the exterior of the test item and do not necessarily indicate a leak.

A.4.1.4.2 Vacuum bubble

Immerse the test item in a bath of liquid. Evacuate the space above the liquid to a suitable pressure,
typically 104 Pa and search for bubble streams. The immersion liquid should possess a low surface
tension and a low vapour pressure and should be easily removable from the test item after the test.
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Atmospheric air adheres to the surface of the test item, and could, under evacuation, form air bubbles
which could stream for a few seconds and then cease. Such streams do not necessary indicate a leak.

A.4.1.4.3 Pressurized cavity bubble method

Pressurize the test item with tracer gas to its specified test pressure for at least 15 min. This pressure
can be provided by a pressure tap connection or by the use of solid CO; crystals. When an internal
pressure is to be generated, the vaporization of, for example, 2 kg of solid CO crystals per cubic metre
of cavity volume will produce an increase in pressure of 105 Pa.

With the item still pressurized, immerse the potential leaking area in a liquid bath and search for bubble
stredms. Air bubbles could stream for a few seconds, and then cease. Such streams could Qe caused by
gas trapped on the exterior of the test item and do not necessarily indicate a leak.

A.4.1.5 Advantages and disadvantages

This|method applies generally to small containers and welded capsules that can be converfiently lifted
in and out of a suitable tank.

Air gould be trapped in seals and on surfaces and could give rise to Spurious bubbles whjch could be
confyised with true leakage.

With the vacuum bubble technique, air could be entrained in-the test liquid and it might He necessary
to eyacuate the liquid for some time before leakage testing<The evacuation time depends upon the
liquid volume.

If thq testis repeated, there is a possibility that the leakage holes could have become clogged with liquid.

A.4.1.6 Hazards
Conslideration shall be given to the risk of pressurization causing rupture of the test item.

Wheh generating pressure by means 0f"'CO; crystals, care shall be taken not to exceed|the correct
amount of COz needed to produce the'required internal pressure.

Care|shall be taken when handling CO; crystals which could cause “cold” burns.
If alcohols are used there is\adanger of fire.

Safety spectacles or a-shield shall be used to protect the operator and others from the possjible rupture
of the liquid contairer:

A.4.2 Bubble'test

A.4.2.1 A Applicability of the method

This method applies to containers with pressure tap connections, or where the pressure required
within the cavity could be obtained by the vaporization of solid CO; crystals.

A.4.2.2 Leakindication

Individual leaks are indicated by gas bubbles forming in a leak detection liquid that has been brushed
over the outer surface of the test item.

A.4.2.3 Test sensitivity

The test gives a qualitative result, with an absence of bubbles through the leak detection liquid film
indicating a leakage rate of less than 10-4 Pa-m3-s-1 SLR. Sensitivity could be increased by increasing
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the test pressure. If possible, the method should be checked by using a calibrated leak corresponding to
the sensitivity required for the containment.

A.4.2.4 Test method

Pressurize the test item to its specified test pressure for at least 15 min. Then, with the test item still
pressurized, coat or brush all possible leakage areas with a leak detection liquid solution, and search
for bubbles.

To be effective, the solution shall bridge all potential leakage areas or joints. Commercial leak detection
solutions with low surface tensions are available. The affected areas should be cleaned after the test.

When an internal pressure is to be generated, the vaporization of, for example, 2 kg of solid CO.ctyjstals
per cubic m¢tre of cavity volume will produce an increase in pressure of 105 Pa.

A.4.2.5 Advantages and disadvantages

This method is similar to the pressurized cavity bubble test but is not restricted by the size or mgss of
the containgr.

Where sealg are not readily accessible, or joint gaps are such that they cannot be bridged or flopded,
this method/ becomes unreliable.

A.4.2.6 Hazards
Consideratipn shall be given to the risk of pressurization causing rupture of the test item.

When generating pressure by means of COy crystals, cate shall be taken not to exceed the cofrect
amount of CO7 crystals needed to produce the required internal pressure.

Care shall be taken when handling CO; crystals which could cause “cold” burns.
A.4.3 Trager gas (sniffer technique)

A.4.3.1 Agpplicability of the method

This procedpre is best used on large-containers or sources where the area of potential leak, for example
a weld or sepl, is clearly visible~A-facility shall be available for supplying tracer gas to the open sides of
the seal and|a detector device'shall be placed on the other side.

Typical tracer gases are Helitm and halogen gases.

A.4.3.2 Lefakindication

Aleakis indiicated by a detector which measures the concentration of any released tracer gas.

A.4.3.3 Test sensitivity

The sensitivity depends upon the tracer gas used, the pressure difference, and the particular detector.
For halogen compound gas systems, using gas such as sulfur hexafluoride (SFg), sensitivities of 10-4
Pa:m3:s-1to 10-7 Pa-m3-s-1 SLR are achievable. With helium, a mass spectrometer could typically detect
leaks with a leakage rate of 10-4 Pa-m3:s-1 to 10-9 Pa-m3-s-1 SLR.

A.4.3.4 Test method
Operate the detector according to the manufacturer's instructions. Pressurize the test item or flange

with tracer gas up to the test pressure and “sniff” the potential leakage areas. The “sniffer” should be
held close to the surface (<1 mm away) and moved not faster than 20 mm-s-1.
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Prior to starting, the “sniffer” should be checked with a calibrated leak.

A.4.3.5 Advantages and disadvantages

Because the “sniffer” detects individual leaks, it cannot be used to quantify the total leakage rate of a
container.

Halogen compound gas should only be used with stainless steel systems, after it has been determined that
the selected halogen will not cause detrimental corrosion in the stainless steel by intergranular attack.

Halogen-leakage testing requires a work space that is free from smoke (such as tobacco smoke) and

h £1 1 L 1 1 ) - 1 alala . s b Y
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The partial pressure of the tracer gas in the test mixture should be at least 10 % of the'total pressure
and ghall be known.

A.4.3.6 Hazards
Do npt use positive ions in halide-torch-leak detectors in a combustible ot explosive atmosphere.

Halogen compound gas in the proximity of high temperatures could break down into fighly toxic
compounds. Some halogen compound gases themselves could be toxic so that test areas ghall be well
ventilated.

Partjcular care shall be exercised when operating high-pressure gas cylinders.

A.4.4 Tracer gas (spray method)

A.4.4.1 Applicability of the method

This|procedure is most suitable for large centainers where the area of a potential leak, fqr example a
weld|or seal, is clearly visible. Some facilities shall be available for supplying tracer gas to the area and a
deteg¢tor device to the remote side of the'weld or flange.

Typi¢al tracer gases are helium anid halogen gases.

A.4.4.2 Leakage-rate indications

The leakage rate is measured by a gas detector which measures the concentration of tracer| gas.

A.4.4.3 Test sensitivity

The s$ensitiyity/depends upon the tracer gas used, the pressure difference, and the particular detector.
With halogen compound gas such as sulfur hexafluoride (SFg), sensitivities of 10-4 Pa-m3-s-1 to

10-7[Pa:m3-s-1 SLR can be measured. With helium, a mass spectrometer could typically fdetect leaks
withla ]pql(:\gp rate of 10-4 Pa-m3.s=1 t0 10-9 Pa.m3.s-1 SL.R

A.4.4.4 Test method

Evacuate the test item or joint interspace with a vacuum pump and operate the gas detector according
to the manufacturer's instructions. Determine the response time by spraying a small quantity of tracer
gas into a known leak, such as a partially opened valve or loosened fitting, or by using a calibrated leak,
and note the time required for the detector to respond.

Isolate the known leak and spray potential leakage areas with tracer gas. Spray each area for a period
longer than the response time and monitor the gas detector response.
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A.4.4.5 Advantages and disadvantages

Because the spray method detects individual leaks, it cannot be used to quantify the total leakage rate
of a container.

Halogen compound gas should only be used with stainless steel systems, after it has been determined that
the selected halogen will not cause detrimental corrosion in the stainless steel by intergranular attack.

Halogen-leakage testing requires a work space that is free from smoke (such as tobacco smoke) and
other sources of halogen vapour (such as a leak in a building refrigeration system).

A.4.4.6 Hazards

Particular care shall be exercised when operating high-pressure gas cylinders.
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Annex B
(informative)

Methods of calculation

General

annex summarizes basic data and equations concerning methods of calculation.

ked examples are given in Annex D to illustrate how the calculation methods ganbe ap

Gas leakage

eakage may occur by gas flow, which is described in this clause, or by permeati
ibed in B.13.

pas flow rate through small leaks depends on the fluid and“thermodynamic propertig
hcteristics of the leakage path and flow regime. Pressure is a fluid property; pressuy
e driving force for leakage. For this annex, a single*straight circular tube (a capill
to model the leakage path or paths. For the rangé of leakage referred to in this dg
Pa:m3:s-1 to 1 Pa:m3-s-1) the modified Knudsen equation for transitional flow [Fol
uately calculates the flow rate, Q, in pascals ¢utbic metres per second (Pa-m3-s-1).

22
puzpd)ﬁ/z_“\/ljwjli—a(pu—pd)

ula (B.1) is valid for a single gas. Equivalent properties are required for a mixture of g4

_m D4(
128 y-a

first part of this equatien_represents the viscous laminar flow component, Qy whic
Poiseuille's law for laminar flow and the second part represents the molecular flow
thich is derived fromKnudsen's law for free molecular flow.

ula (B.1) may beapplied to the viscous laminar flow regime only, the molecular flow re
ransition flopw-régime. For predominating laminar flow, the calculated contribution fq
becomes.-negligible, and similarly for predominating molecular flow, the calculated
minar flow becomes negligible.

plied to this

n, which is

s of the gas,
e difference
ary) will be
cument (i.e.

'mula (B.1)]

(B.1)

1ses, see B.4.

h is derived
component,

bime only or
r molecular
rontribution

Inex B gives the derivation of Formula (B.1), the justification for its use and the limitatiolns of its use.

Correlation between gas leakage rates in different conditions

Correlations between various conditions can be made using Formula (B.1). The capillary diameter can
be calculated from the known conditions. The leakage rate in other conditions is found by using the
calculated diameter.
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For the special case where the different conditions are both in the pure laminar flow regime, the
relationship between the leakage rates, Qx and Qy, in pascals cubic metres per second (Pa-m3-s-1), of

gases x and y, respectively, is the following:

1y (p121 _pé )x

0, =0, —2x (B.2)
Hx (pﬁ —pﬁ)
y
Similarly, for the pure molecular flow regime:
QX:Qy\/TXMV X(pu_pd)v B3)

B.4 Mixture of gases
For a perfect gas mixture of n components, mixture properties for total pressure p, in pascals (Pa), and
viscosity u, In pascals seconds (Pa-s), [in the first part of Formula (B.1)] can be derived as follows:
n
-y
s
Pk
Hmix= 37— [B.5)
i*1 pmix
The term QD: [in the second part of Equation (B.1)], in pascals kilograms to the power -0,5 moles to
M
the power 0[5 (Pa-kg-0.5-mol0.5) can be as follows:
p 2": pi
1
— =) — (B.6)
(\/M ]nix i=1 \/Mi
B.5 Correlation to standard conditions

To allow lea
rates at starj

Usual stand
a down stre
can be state
these stand

kage rates measured(@tyvarious conditions to be compared, it is useful to refer to the leg
dard conditions.

hrd conditions'are dry air at 298 K (25 °C) with an upstream pressure of 1,013 x 105 P
hm pressure.of 0,0 Pa. The standard unit of leakage rate is Pa:m3-s-1 SLR. Any given lea
d in terms)of the standard conditions by using Formula (B.2) or (B.3). The leakage rJ
ird conditions is defined in this document as the standardized leak rate (SLR).

kage

h and
kage
te at

B.6 Liqu

dteakage

Liquid leakage will be laminar at low flow rates and turbulent at high flow rates. Because of the hole
sizes involved, only laminar flow is considered. Liquid-leakage rate, L, in cubic metres per second

(m3-s-1) is derived from Poiseuille's law and is given by the following equation:
n ., D
L=—"— x = - B.7
12 u-a (pu Pq ) ( )
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B.7 Correlation between liquid-leakage rates at different conditions

The correlation between a measured leakage rate, Ly, and an equivalent leakage rate, Ly, in cubic metres

per second (m3-s-1), is given by the following equation:
uy, V(P —Pa)
Lx=Ly Ty pte mdx (B.8)
My J(Pu=Pa),
B.8 Correlation between gas and liquid leakage rates
For a[system containing radioactive liquid, the maximum permissible equivalent capillarylepk diameter,
D, injmetres (m), is determined from Formula (B.7). This value of D is then substituted.in Formula (B.1)
to ddtermine the equivalent gas leakage rate.

B.9

An a
aero
resu
from
parti
relea
the s
leakd

B.1() Correlation between gas and aerosol leakage rates

The

geonpetric particle diameter be known.

The
limit|
that

The
equiy
B.1]

The
valid

Aerosol leakage

bol formed in a package is likely to be non-uniform in both space and time. Particle sug
t of forces randomly applied to the system; settling is a continuous process that remoy
the aerosol and reduces the quantity available for releas€«Release (removal) of thg
cles is caused by particle entrainment in the escaping fluid. Analytical predictiol
se is difficult because of uncertainty in aerosol characteristics, entrainment and sett
ystem and in escape through a leakage path. Consequently, an equation that describg
ige rate cannot be provided.

use of the following correlation requires that the partial distribution as mass fra

Correlation equates a maximum“permissible equivalent capillary diameter, D, in met
ing geometric diameter for_the particles. A limiting geometric diameter shall be de
the total activity of all the particles that could be released will be restricted to permis

value of the limiting geometric diameter is then substituted in Formula (B.1) to de
Falent gas leakage. fate.
| Precautions in the use of correlations

correlations in B.3, B.5, B.7, B.8 and B.10 shall be used with caution. Firstly, the cort
provided the flow regime effects are properly considered. Secondly, they account fi

temp]

efature and pressure on leaking fluids but not on leakage path geometry. For example

perosol is a suspension of particles such as solid powder in a gaseous medium. The pature of an

pension is a
Fes particles
e suspended
h of aerosol
ling, both in
s an aerosol

'tion versus

res (m), to a
termined so
bible levels.

termine the

elations are
br effects of
,if a system

norn

I1 ~ - 41 e . C L | 1 P W | 131 ] A W
dIly OpPTIdits dl prossulrc p, LT TTSUIL UL dIT dIT"ICdRd4dgTC LESL dU U, 1 WUUIU DT UUUDLUIU

test conditions, the system would be subject to less strain.

B.12 Surface tension

because, at

In bubble test methods, bubbles will not be emitted unless the internal pressure of the bubble exceeds
the sum of the atmospheric pressure above the liquid, the gravitational pressure level of the liquid, and
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the pressure level due to surface tension. The internal pressure of the bubble, py, in pascals (Pa), that is
required to overcome surface tension can be estimated from the following Formula (B.9):

20
Pu>Pat (B.9)

Two other parameters shall be considered in bubble testing: bubble diameter, Dg, in metres (m), and
bubble generation rate, v, in seconds to the power minus one (s-1). These parameters can be estimated

as follows:

6L
v=——r

nD3

B.13 Permeation

Permeation
desorption

radioactive.
level. In this

If a contain
a problem
Typically, hd
every 1,0 x
factor in lea

a)
b)
‘)

complef
use atr

if the n|
materia
permiss
sufficiel

The exampl

B.14 Leak
The leakage

[ com-bination, tempenature, and pressure difference is 50 % or less of the maxi

is the passage of a fluid through a solid barrier (which has no leaks) by adsorption-diffuyl
processes. It should not be considered as a leakage or a rélease unless the fluid its
If this is the case, the container boundary shall reducesthe permeation to an accep,
document, permeation is applied only to gases.

ment system includes organic material, such as glastomeric O-rings, permeation cg
Vhen a leakage test procedure is being used to.femonstrate that the system is leak
lium has a nominal permeation coefficient of 5 x 10-7 m3:s-1 per cm of O-ring expose
105 Pa of pressure difference. Some methods for reducing the effects of permeability
kage rates are:

e the leakage test before permeation:reaches a significant level;
hcer/seal material combination that either reduces or delays permeation;

pminal steady-state permeation rate (obtainable from the manufacturer) for the tr

ible leakage rate, themominal value may be subtracted from the measured leakage r
it time was allowed-for the value to reach steady-state before the measurements were 1

s in D.8 providesfurther guidance in the calculation of gas permeation.

age testfor pressure drop and pressure rise

rate\Q, in pascals cubic metres per second (Pa-m3-s-1), for the pressure-drop test is de

B.10)

B.11)

sion-
elf is

table

n be
ight.
d, for
as a

hcer/
mum
qte if
hade.

Fived

from the pe

Hect gas law rp]qfinnchipc

When the temperature of the gas volume V changes from temperature Tq to T2 during a leakage test,

the leakage

VT,

=

rate, Q, normalized to the gas reference temperature, Ty, is the following:

m

b1 P2
Iy T,

Formula (B.12) applies when the laminar flow is assumed to be predominant.

Formula (B.12) is applicable to the pressure rise test when subscripts 1 and 2 are interchanged.

34
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B.15 Correction for tracer-gas partial pressure

If a tracer gas is contained in a mixture, the measured leakage rate, Q, in pascals cubic metres per
second (Pa:m3:s-1) resulting from a procedure that measures only the tracer (such as using a mass
spectrometer leak detector) shall be corrected:

P j (B.13)

Q:QmiXL P,

B.16 Sensitivity of leakage test procedure

In acpordance with 10.3, the sensitivity of the leakage test procedure to be used shall bé-equal to or less
than|one-half the maximum permissible leakage rate for the tracer fluid.
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(informative)

Conversion tables

The coefficients of conversion for diverse units are given in Tables C.1 to C.3.

Table C.1 — Pressure units

bara Pa atm torrb inH20 Ibf-in-2 kgf-cn—2
N-m-2 (standard)

1 bar = 1 1,00 x 105 | 9,87 x10-1 | 7,50 x 102 | 4,01 x 102 | 1,45 x @Ot 1,02
1 Pa = | 1,00 x 10-5 1 9,87 x10-6 | 7,50 x 106 | 4,01 x 10-3 | 1,45% 10-5 | 1,02 x]0-5
1 atm = 1,01 1,01 x 105 1 7,60 x 102 | 4,07 x 102 |-1,47 x 101 1,03
1 torr =1133%x10-3 | 1,33 x102 | 1,32x10-3 1 535x 10 N1,93 x10-2 | 1,36 x 10-3
11inH0 =1249%x10-3| 2,49x102 | 2,46 x10-3 1,87 1 3,61 x10-2 | 2,54 x [LO-3
1 Ibf-in~2 =|689x102| 689x103 | 680x10-2 | 517 x101 | 2,77 x 101 1 7,03 x 10-2
1kgffem=2 | =]981x10-1| 9,81x104 | 9,68 x10-1 | 7,36 x102 |3,94 x 102 | 1,42 x 101 1
a  1dyne-cpi=2 = 106 bar.
b 1 mmHg # 1 torr.

Table C.2 — Volumetric flow units

cm3-s-1 m3-s-1 m3*min-1 m3-h-1 litre-s-1 ft3-minf-1
1cm3.s-1  |= 1 1,00 x 10-6 6,00 x 10-5 3,60 x 10-3 1,00 x 10-3 2,12 x 1p-3
1m3.s-1 = 1,00 x 106 1 6,00 x 101 3,60 x 103 1,00 x 103 2,12 x 1|O3
1 m3-min-1 |= 1,67 x 104 1,67 x 1032 1 6,00 x 101 1,67 x 101 3,53 x 101
1 m3-h-1 = 2,78 x 102 2,78.X10-4 1,67 x 10-2 1 2,78 x 10-1 5,89 x 1p-1
11s-1 = 1,00 x 103 100x 103 6,00 x 10-2 3,60 1 2,12
1 ft3min-1 |= 4,72 x 102 472 x 10-4 2,83 x 10-2 1,60 4,72 x 10-1 1

Table C.3 — Flow-rate units

bar:cm3.s-1 Pa-m3-s-1 torr-litre-s-1 Lusec atm-cm3-s~1 | atm-ft3+h-1
1bar-cm3-sf = 1 1,00 x 10-1 7,50 x 10-1 7,50 x 102 9,87 x 10-1 1,25 x 101
1 Pa:m3-s-1 = 1,00 x 101 1 7,50 7,50 x 103 9,87 1,25
(watt)
1 torr-litre:s-1 = 1,33 1,33 x 10-1 1 1,00 x 103 1,32 1,67 x 10-1
1 Lusec = | 1,33x10-3 1,33 x 104 1,00 x 10-3 1 1,32 x 103 1,67 x 10-4
1atm-cm3-s1 = 1,01 1,01 x 10-1 7,60 x 10-1 7,60 x 102 1 1,27 x 10-1
1 atm-ft3-h-1 = 797 797 x 10-1 5,98 5,98 x 103 7,87 1
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Worked examples

D.1 General

The ¢xamples given in this annex are hypothetical: their purpose is to illustrate the prin€iples that are
contjined in this document. Their applicability to actual shipments should be subjected to review.

The $ymbols used in this annex are the same as those used in Clause 4, unless otherwise mgntioned.

List pf worked examples:

D.2 Test leakage rates for dry spent fuel flask
D

D.3 Test leakage rates for wet spent fuel flask

D.4 Pressure rise test on closure fitted with double O-rinig seals

D.5 Pressure drop test on closure fitted with double O-ring seals

D.6 Comparison between pressure rise and pressure drop tests

D.7 Determination of an unknown test volunte for the pressure rise or pressure drop tgst
D.8 Gas permeation

D.9 Aerosol leakage

D.10 Correlation between gas-and liquid leakage rates

D.11 Correlation between.Jéeakage rates for different gases

D.12| Sensitivity of ga9bubble immersion test

D.13 Containment for tritiated water

D.14| Containment of liquids using double containment taking radiolysis into account

D.15| Containment of dry spent fuel flask with the sub-atmospheric pressure method

D.2 Testleakage rates for dry spent fuel flask

D.2.1 General

This example illustrates the use of the gas leakage test methodology for normal conditions of transport
of spent fuel, to determine the maximum permissible volumetric leakage rate for normal conditions.
The spent fuel package carries 7 PWR fuel bundles and has a cavity with a free volume of 2,32 m3.

The following considerations are exemplary and the hypotheses taken on the inventory behaviour
should not be considered as binding.

The steps and their sequence are defined in Figure 1.
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D.2.2 Step1

The spent fuel has 35 MWd/kgU burnup and has been cooled for five years prior to shipment. There
are nine radionuclides of concern for release, as listed in Table D.1 with their activities for a single fuel

assembly.

D.2.3 Step 2

It is assumed that 3 % of the spent fuel rods fail under normal conditions of transport. The release
fractions listed in Table D.1 are based on measured release fractions from tests for each radionuclide of
concern for the 3 % failed fuel rods. The release fraction for the crud is assumed to be one. For solids,

only airbor:]:e fraction 1s considered to be releasable from the cavity and into the environment| The
releasable imventory for each radionuclide is listed in Table D.1.
D.2.4 Step 3
The regulatory containment requirements are determined by calculating an equiyalent Ay for the
releasable radionuclides. The equivalent Ay is determined from Table D.1 as follows:
1
Azeq 7
Az
1
= =2,66TBq
0,376
Table D.1 +— Dominant radionuclides and their limits for-a-single PWR fuel assembly cooled for
five years, under normal conditions of transport
Radionuclide | Activity Release Airborne.]\“ Releasable Activity Ay Fi/A2i
fraction fraction activity fraction Apj
TBq to cavity TBq Fi TBq | TBq!
60Co 7,81 x 10-1 1,0 1% 10-1 7,81 x 10-2 993 x10-2 |4 x10-1|2,48 x|10-1
85Kr 770 x 10 | 3 x10-1x 0,03 1,0 6,93 x 10-1 8,81 x10-1 | 1x 101 |8,81 x[10-2
106Ru 2,88 x 102 | 2 x 10-5 0,03 1,0 1,73 x10-4 2,20 x10-4 |2 x10-1| 1,10 x[10-3
134Cs 9,62 x 102 | 2x10-%x0,03 1,0 5,77 x 10-3 7,34 x 10-3 |7 x 10-1| 1,05 x|10-2
137Cs 1,60 x 103 | 2 »10-4 x 0,03 1,0 9,60 x 10-3 1,22 x 102 |6 x 10-1| 2,03 x|10-2
238pu 5,22 x10 |@2%»10-5x0,03 | 1x10-1 3,13 x 10-6 4,0 x10-6 |1x10-3|3,98 x|10-3
239pu 6,18 2x10-5x0,03 | 1x10-1 3,71 x 10-7 4,7 x10-7 |1x10-3|4,71 x[10-4
240py 7,62 2x10-5x0,03 | 1x10-1 4,57 x 10-7 58x10-7 |1x10-3|5,81 x|10-4
241py 2;03%103 | 2x10-5%x 0,03 | 1x10-1 1,22 x 104 1,5x10-4 |6 x10-2|2,58 x|10-3
Total 0,787 0,376
NOTE  For thesake of simplicity, the factor 10 which is considered regarding the A, value for 85Kr (see E.5.2) is not taken
into account: it is conservative not to use it and does not significantly modify the results of the calculations.

The maximum permissible activity release rate, Ry, under normal conditions of transport, is therefore:

_ -6
Ry —AZeq x10°X

3600

=7,39x1071°TBq-s !
D.2.5 Steps4and>5

These steps

38

do not apply because permeation is not considered in this example.
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D.2.6 Step 6

The average activity per unit volume under normal conditions of transport, Cy, is determined from the

free volume of the cavity and contents (7 PWR assemblies) to be:

_7XRly
VN

_7x0,787

2,32
where VN = 2,32 m3.

Cn

=2,37TBq-m~>

D.2.J Step7

The naximum permissible volumetric leakage rate Ly, is therefore:

R
Iy = % =3,11x1070m? 57!
&Y

D.3 | Test leakage rates for wet spent fuel flask

D.3.1 General

In this example, a water-cooled spent fuel package iseonsidered and the maximum |permissible
relegse rates that are required are determined. The €xample includes calculations to determine the
stanglardized leakage rate (SLR) for the required leakage test.

to ensure that the radioactive release is notgreater than the regulatory limits, not only uhder normal

Spe?{ fuels are transported in a large package. Prior to shipment, the package shall be tested for leakage
condiitions of transport but also under accident conditions of transport.

The steps and their sequence are defitied in Figure 1.

D.3.2 Steps1and6

The package cavity will contain the spent fuel and be filled with water from the storage ppol in which
radigactive materials have-been dissolved.

This package is assuiied to have no fuel failures, not only under normal conditions of transjport but also
under accident cefiditions of transport.

Any radioactive material leakage during transportation is assumed to have the following gomposition,
which is based on that of the fission products in the spent fuel.

| Hadionuclide Activity pT(‘al;‘ $:;1_t3v01ume Cj ”1{113221 Ci/Az;

Sr-90 1,39 x 10-3 0,3 4,63 x 10-3
Ru-106 4,67 x 10-3 0,2 2,34 x10-3
Cs-134 1,81 x 10-3 0,7 2,59 x 10-3
Cs-137 1,96 x 10-3 0,6 3,25 x 10-3
Ce-144 7,85 x 10-3 0,2 3,93 x 10-3
Total 1,77 x 10-2 — 7,31 x 10-2
D.3.3 Step 2

Here, the release fractions FEja and FEjN are assumed to be 1,0. The release fractions FCia and FCjy have
been taken into account in the determination of the activities per unit volume that are given in Step 1.
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D.3.4 Step 3

The Az equivalent, Azeq, of the package cavity water is found as follows:
p = G
2eq B S PPN
Y(Ci [ Ay)

For the radionuclides listed in Step 1:

1,77 x 1072

AZeq 7 21 an=2
7,9 L TU
50,24 TBq

Accordingly] the values of Ry under normal conditions of transport and of Rp under accident|conditions
of transpor{are as follows:

Ay, x107°
Ry _J%a” 7"
3600
=§,7x10 11 TBq-s™*
A
Ry _ | "2eq
1x24x3 600
=4,0x10" TBq-s !
D.3.5 Step 6

Proceed vertically downward under “Liquid” in Figure 1:\The activity per unit volume is that given in
Step 1 abovg.

Cp=Cy|= 1,77x1072 TBq-m 3

D.3.6 Step 7
R
Ly —_N
Cy
4,7 x 10711
LN =
1,77 x 1072
=3,80x102m3 571
R
Ly —_A
Cy
4,0 x 1077
Ly =
1,77 x 10”2

=2,26x10°m3.s71
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D.3.7 Step 8
See B.6 to calculate the leak diameter:
i D4
L:— X — —
128 Li-a (pu pd)

The conditions of temperature and pressure and the physical properties of the package under normal
and accident conditions of transport are as follows:

Conditions of temperatures and pressure Normal Accident

and the physical properties conditions conditipns
Temperature, T (K) 380 480
Inside pressure of the package, py (Pa) 4,32 x 105 2,99 x 106
Outsfide pressure of the package, pq (Pa) 2,50 x 104 1,013 x [LO5
Viscosity of the water, u (Pa-s) 2,66 x 10-4 1,27 x 1p-4
Lealage hole length, a (m) 1,2 x 102 1,2 x 10-2
For:

In=3,80 x 10-9 m3-s-1

~

N=3,32x10"5m

For:

I~

A=2,26 x 10-5m3-s-1

OA=1,48 x 10-4m

D.3.8 Step9

Dy id smaller than Dj. thereforg, Q is determined from Dy. Use Formula (B.1) to determine Qsi.r. For air,
detefmine Qy:

du = 1,013 x 105 Pa

q=0,0 Pa

=

U =185 x 10-5 Pa:s

a=12x%x10—2m
DN=3,3%x10-5m

Substituting:

Qv=69 x10-4Pa-m3-s-1

For air, determine Q:

R=8,31]-mol-1.K-1
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T=298K

M,ir =0,

029 kg-mol-1

pu=1,013 x 105 Pa

pd=0,0

a=1,2 x

Pa

102 m

Dn=3,8

Substituting:

Qm = 212

Therefore:

QsLr=7

x 10-5m

x 10-5 Pa-m3-s-1

3 x 10-4 Pa-m3-s-1 SLR

D.3.9 Step 10

On the basis
SO as to mee

Q:7}3><

D.4 Pres

D.4.1 Gen

The purpos
g0/no-go pr
the gas volu
highly sensi
procedure f
the overall {

test operator.

of the result of Step 9, test leakage rates at respective stages, Qtp, Qtr Qs and QTp af
t the following standardized conditions:

10-4 Pa-m3-s-1 SLR

sure rise test on closure fitted with double O-ring seals

eral

eshipment leakage test method. The advantage of the double O-ring seal concept is
me under testcan be small. This minimizes the test duration and eliminates the nee
Live detection’equipment. If a test procedure for gas pressure rise is used, rather than
br gas pressure drop, the effects of test gas temperature changes can be minimized.
implicity of the test procedure means that little training is required to qualify the lea

e set

e of this example is-to/illustrate how the double O-ring seal concept can provide a simple

that
d for
h test
Also,
kage

A package i

closed using a flanged connection. This connection incorporates two elastomeric O-

ings

with a leakage test port between the two O-rings. For this example, assume that the required sensitivity
of the preshipment leakage test is 10-4 Pa-m3-s-1 SLR and that the gas volume under test is 1,5 x 10-5 m3.

The steps and their sequence are defined in Figure 1.

D.4.2 Step 11

Select the test procedure for gas pressure rise from Table A.1.

42
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Test leakage rate: Qts = 10-4 Pa:m3:s-1
Test volume: 1,5 % 10-5m3
Specify initial pressure: 25000 Pa

Specify maximum pressure rise: 10 000 Pa
Specify test duration: 1800s

It is necessary to use Formula (B.12) to check that the specified conditions will satisfy the required test

1 kf gayxata fortbha givzan toct ool o
ea q 6\' ITAUALC TUL LIIC slV\'ll LLOULU VUIUIILIU,.

Substitute:

=1,5x10-5m3

H=1800s
2 = 25000 Pa
d1=35000 Pa

Assu[::e: To=298 K

Assume: T1=T2 =Ty
-5
0 =122 1073500025 000)
1800

=8,3x10 " Pa-m> s
The standardized leakage rate is determined using Formula (B.2).

For the reference conditions:

HusLr = 1,013 x 105 Pa
HasLr = 0,0 Pa

For the test conditions

Mu =4,013 x 105 Pa

pd =30 000 Pa (average value between the values at the beginning and at the end of the test)

The viscosity u of the gas is the same for the reference conditions (uspr) and the test conditions (u) as
the temperature is the same.

2 2
(PuSLR _pdSLR)

u
Qsir =0 X TR
Hsir Py —Pd

Qsr =9,1x10°Pa-m3.s71 SLR
This result shows that the specified test conditions satisfy the required test leakage rate.
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llustrate the effect of test gas temperature changes, assume that:

To =T =298K

T1=293K

o = L5 107°x298 (35000 25000
1800 293 298

=8,8x10°Pa-m3 .5~}

The standar

QsLr=9

This result {

Caution: th|

dized leakage rate is determined using Formula (B.2).
7 x 10-5 Pa-m3's-1 SLR

hows that gas temperature changes during the test will have little effectontest sensit

is result is not always true, see worked example in D.6. If the (gas test volume

1,5 x 10-3 m3 rather than 1,5 x 10-5 m3, either the test duration shall be«iniéreased to 50 h o

permissible
sensitivity. ]
test gas may

1

)

pressure rise shall be decreased to 100 Pa in order to maintaih the same test procs
{owever, if the permissible pressure rise is to be decreased, any temperature changes ¢

b X 107> x 298 (25100 25000

Q

=8,]
The standarn

QsL,r=8

But for T =

1

)

Q

1800

be significant, as indicated below.
298 298 ]

810> Pa-m> -s7!

dized leakage rate is determined using Forniula (B.2).
9 x 10-5 Pa-m3:s-1 SLR

T>=298Kand T1 =293 K:

b X 1073 x 298 (25 10025 000

=41
The standar

QsLr = 4

|

110~ Pa-m?>+s
dized leakagesate'is determined using Formula (B.2).

7 x 10-4 Pa'm3-s-1 SLR

1800 293 298

D.5 Pres

ivity.

were
I the
dure
fthe

sure drop test on closure fitted with double O-ring seals

D.5.1 General

This example illustrates the use of the pressure drop method for leakage testing of a containment vessel

closure fitte

d with a double O-ring seal having a relatively small interspace volume.

The example also indicates the sensitivity of the pressure drop method to temperature changes.

The test method is simple and can use any pressure indicator, but it benefits from the use of pressure
transducers and associated electronics which are more sensitive than other pressure indicators
and give a digital read-out of pressure. Such transducers can also be incorporated in automated
(computerized) data acquisition equipment which can be programmed to calculate leakage rates

including co

44

mpensation for temperature effects and calculation of standardized leakage rate.
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This example is based on leakage testing of the containment vessel of an actual package which has a
flange-type lid closure fitted with a double O-ring seal (2200 mm) and a pressure sensor capable of
measuring pressure with an accuracy of 0,1 %.

The pass criterion for the test is that the leakage rate should be less than 1,0 x 10-5 Pa-m3-s-1 SLR.

D.5.2 Test data

Interspace volume: V=5,0x 10-6 m3
Ambient pressure: pa=1,013 x 105 Pa
Interjnal pressure of containment vessel: pa=1,013 x 105 Pa
Initial pressure: p1=2,0 x 105 Pa
Test duration: H =10 min

Temjperature of containment vessel and test gas:  T1 =36 °C (309 K, asstimed to be constgnt during
the test)

NOTE 3 In this example, the cavity of the containment vessel is at‘ambient pressure and therefore the
dowrjstream pressure is ambient pressure.

D.5.83 Test results
Presgure at end of test: p2=1,996 x 105 Pa

Pressure drop: p1-p2 =0,004 x 103Pa

D.5.4 Determination of leakage rate
The leakage rate is determined using Eefmula (B.12).
(d=3,3x10-6Pa-m3-s-1

D.5.5 Determination of standardized leakage rate

The $tandardized leakage rate (SLR) is determined using Formula (B.2) which is applicable to laminar
flow leakage (which-isfapplicable in most practical situations).

The gubscript yrefers to the test conditions:

Huy = 1,998'x 105 Pa (mean)

4= 1013 x 105 Pg
—e
y = 1,89 x 10-5 Pa-s (for air at 309 K)

The subscript x refers to the SLR conditions:

Pux=1,013 x 105 Pa

pdx=0,0 Pa
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Ux = 1,85 x 10-5 Pa-s (for air at 298 K)

The standar

Qstr=1,

dized leakage rate for the above test is determined using Formula (B.2).
1 x 10-6 Pa-m3-s-1 SLR

This leakage rate is lower than the pass criteria by an order of magnitude 10.

D.5.6 Effect of temperature change

The effect o
is no leakag
solely due t
change fronj

For the cal
T1=36°C (3

QsLr=0
From this, i

O-ring seal
rate is insig

noted that, for a test carried out over a short period of time, it is likely that the temperature will ch

by less thar]
ambient ten

D.6 Comj
The purpos

the gas pres
based on thq

VT,

=4

Conditions f|

TEMpETature change can DE SEen Dy Tepeating the above catculations, assuming that
e and that the pressure of the air, in the interspace volume of the double O-ring seal)ch4
b an undetected temperature drop of 0,5 °C (from 309 K) which would cause-a pre;
p1to pz =308,5/309 x p1 = 1,996 76 x 105 Pa (a pressure change of 324 Pa).

09 K) is assumed to be constant during the test (i.e. T2 = 309 K).

95 x 106 Pa-m3-s-1 SLR

[ is seen that a 0,5 °C change in the temperature of the airifi the interspace of the d
ivould indicate an apparent leakage of 0,95 x 10-6 Pa-m33s+1 SLR. This “apparent” lea

0,5 °C because of the thermal inertia of the containment vessel: this applies even 1
perature were to change by a few degrees.
parison between pressure rise and pressure drop tests

e of this example is to illustrate the;advantage of the gas pressure rise test compar
sure drop test when uncertainties\in measurement are taken into account. The analy

b use of Formula (B.12).

&_& Pa.m3 .s_l
T

or the gas pressure-drop test:

105 s

Culation of the leakage rate, the temperature of the containment vessel and test

here
nges
sure

gas

uble
kage

hificant for this example, for which the pass criteria is ;0 x 10-5 Pa-m3-s-1 SLR. It shoulld be

ange
f the

bd to
Sis is

V=1m3
H=1,728 x
To=298K

p1=1,0x 106 Pa

p2=09995
Ty =293 K
Ty =293 K

Ep=+5Pa
x 106 Pa Ep= +5 Pa
ET=%0,1K

ET=%0,1K

Ep and ET represent the uncertainty measurements for pressure and temperature, respectively
(Eprepresents an accuracy of 0,000 5 %).

Conditions for the gas pressure rise test:
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m3

H=1728x105s

To=298K

p1 =10 Pa Ep=+5Pa
p2 =510 Pa Ep=+5Pa
T1=293K Er=%0,1K
T, =P93K Er=%0,1K

The fincertainty Ep represents an accuracy of 1 %.

For t
pres

VN

First

(

Next|

VN

whet|

Also

Ve

Whe
Subs

he purposes of this example, V, Tp and H are assumed to be constant for eitherthe pres
bure rise tests. Formula (B.12) can then be simplified to:

—c| Pz_P1
T. T
2 1
L VT
H
solve for Q without considering the measurementancertainty. Substituting:

)=1,706xC

rewrite the equation to include the ungértainty measurements:

+E -E
)D=C[p1 P pz p]

T\-E; T,+E;
e Qp refers to the pressurgedrop test.

by interchanging the-subscripts 1 and 2:

R=C\ T F T, 4E
2~Ep T +E7
e Qr reférs'to the pressure drop test.

Fituting the given test conditions:

sure drop or

Q = 4 070« C
D 159-79XC

Qg =—1,741xC

The overall percentage uncertainty due to Ep and E7 would be as follows.

For the pressure drop test:

Ep =|(@-0p)/q|

approximately 140 %.
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sure rise test:

-Qr)/ Q|

approximately 2 %.

It can be concluded that, although the pressure drop test is carried out with a pressure gauge with a

very high ac

curacy (0,000 5 %), the pressure rise test gives a better result.

D.7 Determination of an unknown test volume for the pressure rise or pressure

drop test

D.7.1 Gen

The purposg
pressure dr
is based on

Prepare the

D.7.2 Pro
Open valve

Close valve

Evacuate volume 1 or pressurize it by injecting gas.

Close valve
Open valve

Determine |

eral

e of this example is to illustrate how the test equipment that is used for thepressure rise or
bp test can be used to determine the magnitude of an unknown test volume. The principle
Boyle's Law for gases. This example is applicable for constant temperature conditions ¢nly.

measurement as shown in Figure D.1.

cedure
| and determine pressure po.

| and open valve 2.

P and determine pressure p1.
| and determine pressure p;.

(> by using the following equations.

p x V=constant
(p1-po] x V1= (p2-po) x (Vi 4 V2)
(p1-po) x V1= (p2 - B0)¥Vi+(p2-po) x V2
(p1 = po) x V1 —(p2’- po) x V1 = (p2 = po) * V2
V1 x [(p14p0) - (p2 - po)l = (p2 - po) x V2
Vi x (p1-po—-p2+po) =(p2-po) x V2
Vix(p1-p2) =(p2-po) x V2
v, = V1x(P1=P2)

(P2—po)
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v,
Po 1
1)
2
Vi
bo P2 3
b1
4
5
Key
1  ynknown volume
2 yalvel
3 Kknown volume
4 yalve 2
5 dasin/out
V1 known volume

V2 volume to be determined

Do i{itial pressure in Vq and V; (valve 1 open, valve 2 closed)

p1 pressure in V1 after V1 has been pressurized or evacuated (valves 1 and 2 closed)
p2 final pressure in V7 aid}2 (valve 1 open, valve 2 closed)

Figure D.1 — Diagram for the calculation of an unknown test volume

D.8 | Gasipermeation

D.8.1 General

These examples illustrate the analytical methods for determining gas permeation rates through
elastomeric materials. Permeation implies solubility of a gas in a permeable material and diffusion of
this gas through this material.

The coefficient of permeation, P, in square metres per second (m2-s-1), is determined from the following
equation:
P=SxDC

where
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S isthe coefficient of solubility, in cubic metres of gas per cubic metre of material, at reference
pressure and temperature;

DC is the diffusion coefficient, in square metres per second (m2-s-1).

Any steady-state permeation rate of a gas, Qp, in pascals cubic metres per second (Pa-m3:s-1), through

an elastome

ric material can be described by the following equation:

A
Qp= P><7><Ap
where
P is the coefficient of permeation, in square metres per second (m?2-s-1);

A ist
1 ist
Ap ist

For O-rings,
account twd

a) compre

b) the nor
equatio

QP=PX

Permeation
equations:

DC=Cp,

where

Cp and

he area of the permeable material normal to the gas flow, in square metres,{m?);
he thickness of the permeable material, in metres;

he partial pressure difference of the gas across I, in pascals.

counter-acting simplifications:
ksion of the O-ring reduces the area and extends the thickness of the permeable mater

-square cross-section reduces the effective thi¢kness of the permeable material,
h approximately can be reduced to:

L x Ap

and diffusion coefficients depend on-thermal activation energies described by the follo

'p are,constant factors, in square metres per second (m2-s-1);

Epand j

because A = L x [ (where L is the O-ring length and [ is the cord diameter) and taking

into

al;

this

wing

'p-are thermal activation energies for permeation and diffusion, respectively in joules

per

R
T

mole (J-mol-1);
is the universal gas constant, in joules per mole per kelvin (J-mol-1-K-1);

is the absolute temperature of the permeable material, in kelvins.

D.8.2 Example 1: activity release by permeation (Krypton)

A significant radioactive fission gas in irradiated fuel which could be released from defective fuel pins
into the flask void and then permeate through elastomeric seals to the environment is 85Kr.

50
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Typical examples of permeation coefficients for krypton (see Reference [5]) are:

P(23°C=296K) Ep P(T)

mz-s—l k].mol—l mz.s—l
. 10 1060
Silicone rubber 9,5 x 10 8,8 3,4><10_8 e
Fluorocarbon rubber 5,0 x 10-13 55,7 6700

3,410 > xe

NOTE

The effect of ageing of elastomer on the permeation characteristics needs to be taken into account.

The
3731

A sil

therg
pern

¢

The 4
the a

At 37

partial pressure of 85Kr in the flask void is estimated to become 100 Pa at the gas.t
K (100 °C).

cone rubber O-ring at a temperature of 373 K (100 °C) with dimensions 1 000.fnm x
fore a sealing length of L =1 (1 000 + 10) mm = 3,2 m at 100 °C would allow a’steady-st
leation rate of:

p=PxLxAp
=2,0 x 109 m2-s-1 x 3,2 m x 100 Pa
= 6,4 x 10-7 Pa:m3:s-1 (at 373 K)

ctivity per mole of 85Kris 1,234 x 1015 Bq-mol-1,{sing the ideal gas law, at 273 Kand 1,
ctivity per unit volume of 85Kr is 5,51 x 1016 Bg-m-3.

3 Kand 1,013 x 105 Pa, itis: 4,03 x 1016 Bgy'm-3 or 3,98 x 1011 Bg:m-3-Pa-1.

In thiis example, 85Kr is considered as the dominant part of a mixture with other radioa

gase
or 2,
Ener]

The |
d

whic|

Chan

5. Consequently, under normal conditions of transport, an activity release limit of 10-6
B x 104 Bqg-s~1 shall be applied ($eé paragraph 659 in the 2012 Edition of the Internati
by Agency (IAEA) Regulations. for the Safe Transport of Radioactive Material).

xrypton permeation rate-is-therefore:

p=6,4x 10-7 Pa-m3-s-1 x 3,98 x 1011 Bq:m~3-Pa-1
=2,55x105Bg-s1>10-6 x 10 A2 x h-1

h is notacceptable.

ging. 'to a fluorocarbon rubber (e.g. Viton) with the same dimensions

emperature

10 mm and
ate krypton

13 x 105 Pa,

ctive fission
x 10 A2 x h-1
onal Atomic

and with

P (31

3 K) =54 x10-11m2.g-1 (cpp data qhmm) leadsto a l(rypfnn permeation rate of:

Qp=54x10"11m2:s-1 x 3,2 m x 100 Pa x 3,98 x 1011 Bg:m-3-Pa-1

=6,88 x 103 Bq:s~1 < 10-6 x 10 A2 x h-1

which is acceptable.
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D.8.3 Example 2: Test gas permeation (helium)

Typical examples of diffusion and permeation coefficients for helium (see Reference [5] in the
Bibliography) are:

DC(T) P(T)
m?2.s-1 m2-s-1
g5 1160 1965
Silicone rubber 3,3><10_7><e__T 1,9><10_7><e__T
2770 3625
Fluorocarbon rubber 6651070 wor 3541070 v om

A= A=

1 1

Firstly, conj
1000 mm x

Qp (He, {
Qp (He, f
Qp (He, f

All these cal
For any exa
compound fj

In the case
pressure is
detected at
permeation

Qp ()=
where

t

Qp
I

is
is
is

DC st

idering steady-state permeation through an O-ring of which the dimensionsqare {
10 mm, but with AP =1,013 x 105 Pa.

ilicone rubber, 23 °C) = 2,5 x 10-10 m2-s-1 x 3,2 m x 105 Pa = 8,0 x 10-5> Paam3s-1
luorocarbon rubber, 23 °C) = 1,7 x 10-11 m2:s-1 x 3,2 m x 105 Pa = 5,4 x 10-6 Pa-m3-s-1
luorocarbon rubber, 107 °C) = 2,5 x 1010 m2.s-1 x 3,2 m x 105 Ra = 8,0 x 10-5 Pa-m3-s

culations give only rough orders of magnitude but may.prove to be helpful for any estinj
't design assessment, measured values of P for each¢gas through each individual elast
br the full range of temperatures of interest shall be,available.

of helium-leakage testing, with a time of application of pressure t = 0, a certain hg
applied to one side of a test region and, ifdéhere are no leak paths, no helium wou
the other side. In the case of any permeable barriers, such as elastomeric O-rings
rate rises with time, starting with infinitely small values, according to the equation:

12
xe 4DCt

Qp 2
\JnDCt

he time after application of helium pressure, in seconds;
he steady-state permeation rate, in pascals cubic metres per second (Pa-m3-s-1);
he thickness of the barrier (equal to the O-ring cord diameter), in metres;

he diffusion coefficient, in square metres per second (m2-s-1).

igain

=

ates.
pmer

lium
d be
, the

d i +o N + ]2 N2 whan O (A e agia ]l N1Q

P (0)

This equatier—is

approaches

N ic ol 0
OTT 15— vala up- tU- DG T T = U,0 vy CIt P (v approsTIaccry v, 7 P

Qp continuously with time.

Using the O-rings mentioned above and performing a helium leakage test at ambient temperature, we
can make the following estimates:

With DC (He, silicone rubber, 23 °C) = 6,6 x 10-9 m2-s-1, ] = 10-2 m and after t = 15 min:

DC x t x

[-2 approximately 0,06

Q'p (silicone, 15 min) approximately 0,07 Qp (silicone)
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pproximately 5,5 x 10-6 Pa-m3-s-1

that is, about the steady-state helium permeation rate through a fluorocarbon O-ring with the same

dime

With

nsions.

DC (He, fluorocarbon rubber, 23 °C) = 5,7 x 10-10 m2-s-1, [ = 10-2 m and after t = 1,5 h:

Q'p (fluorocarbon, 1,5 h) approximately 0,002 Qp (fluorocarbon)

a

pproximately 1 x 10-8 Pa-m3-s-1

whic

This
pern

coefflicients and thick seals, and by performing speedy measurements. For practical hel

testi
diffu

prop
For f

D.9

The
leakd

The
mate

The 4
per |

of PO, (atomic mass of oxygentis‘16). So the mass leakage rate of PuO; shall be less

1,35

In th
of 24

massg

D.9.

If th
over

h is the level of technical leaktightness (See Clause 8 in Annex E).

typical example shows that helium leakage test results will not be affected by
jeation effects if the term DC x t x [-2 is kept small, using elastomeric materials with 1

hg, precautions are mainly necessary if silicone O-rings have begn installed. Perr
sion rates of helium through other commonly used elastomeric-seal materials li}
ylene (EPDM), polychloroprene or nitrile rubbers are similar to those for fluorocarbon

irther information on permeation, see Reference [5].

Aerosol leakage

purpose of this example is to compare the rel€éase of particulate solids in a gas W
jge rates.

regulations state that a package subjectedto specific tests shall restrict the loss of]
rials to a value of 10-6 x A per hour for‘fnormal conditions of transport.

2 value for 240Pu is 1 x 10-3 TBg,s0-its release from any container shall be less than 1
our. The activity per unit mass @f240Pu is about 8,4 TBq-kg-1, which is equivalent to

x 10-10 kg per hour.

is example, let a containér have a suspended aerosol concentration of 108 particles per
DPuO; with a massdnedian diameter of 2 x 10-6 m and a density of 1,15 x 104 kg.m-3.
of each particlefassuming they are non-porous spheres, is about 4,8 x 10-14 kg.

I Case No,1

bre is @a-single breach of the seal having a leakage rate of 10-6 Pa-m3:s-1 SLR wif

volu

pressure of 105 Pa, and there is negligible attenuation of aerosol within the leakage p:

overlapping
w diffusion
jum-leakage
neation and
te ethylene-
rubber.

rith test-gas

radioactive

x 10-9 TBq
/4 TBq-kg-1
than about

cubic metre
The average

h a driving
ith, then the

etric leakage rate will be 10-11 m3-s-1 which, assuming unbiased sampling of the ag

brosol in the

leak,

corresponds to about 4 particles per hour or a mass leakKage rate or £ X 10-13 Kg-h

orders of magnitude below the limit allowed).

D.9.2 Case No 2

1 (i.e. three

If the above conditions and assumptions are retained, but for a single breach of the seal with a leakage
rate 10-3 Pa-m3:s-1 SLR, then the volumetric leakage rate will be 10-8 m3:s-1 or about 3 600 particles
per hour. This corresponds to a mass leakage rate of 2 x 10-10 kg-h-1 (i.e. approximately twice the limit
allowed).

However, if aerosol particles with a mass median diameter of 7 x 10-6 m are generated within the
container (the same number concentration as before), the mass of each particle, assuming they are non-
porous spheres, will be about 2,1 x 10-12 kg.
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Applying this criterion to Case No. 1 above, with a leakage rate of 10-6 Pa-m3-s-1 SLR, the expected
aerosol leakage rate of 4 particles per hour is equivalent to a mass leakage rate of about 8 x 10-12 kg-h-1
(i.e. one order of magnitude below the limit allowed).

Applying the same criterion to Case No. 2, with a leakage rate of 10-3 Pa-m3-s-1 SLR, the expected aerosol
leakage rate of 3 600 particles per hour is equivalent to a mass leakage rate of about 8 x 10-9 kg-h-1 (i.e.
two orders of magnitude over the limit allowed).

D.10Correlation between gas and liquid leakage rates

D.10.1 Ger

The purpos;
may require
can help to §

h |
Cldl

elect leakage test procedures.

e of this example is to show that the determination of the inventory of radioactive\contents
careful consideration. The example also shows how the standardized leakagelrate (SLR)

The contaipment system is a vessel that contains 200 ml of solution containing 555 THq of

molybdenuy
technitium-
transport.

The steps a

1d their sequence are defined in Figure 1.

D.10.2 Step 1

Figure D.2 s
because the

radionuclides have relatively short half-life values.

D.10.3 Step 2

Assume tha

[ the release fractions, FC; and FEj, have values of 1,0.

D.10.4 Step 3

In this exani

The activitid

Mo-99:

Tc-99 m:

[-132:

ple, consider that the timeis-equal to 5 h.

s are the following:

527 TBG A2=0,6 TBq
207TBq A2 =4,0 TBq

8 TBq A2=0,4TBq
742 TBq

n-99 (half-life 66 h) and 35 TBq of iodine-132 (half-life 2,3 h). Molgbdenum-99 decajys to
D9m (half-life 6,0 h). Determine the standardized leakage rate undep accident conditigns of

hows the inventory of the radionuclides as a function of time. This information is signifficant

The equivalent value of A, for the mixture is:

4

Appg =ttt
o Z(Ai/AZi)

527+207+8

T527/0,6+207/4,0+8/0,4
~0,781 Thq

Rp =Aze

54

q (in one week) = 1,29 x 10-6 TBq-s-1
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Mo-99

1000 | /
/ Tc-99m

|

P

<P
T

10
[-132

Key
X ime, h

Y hctivity, TBq
Figure D:2,— Time activity histories for Mo-99, Tc-99 m and 1-132
D.1Q.5Step 6

Becapse the total activity of the contents is 742 TBq and the volume is 200 ml, or 2,0 x 10-4 m3:

da = 3;71'x 106 TBg-m-3

D.10.6 Step 7

Lp=3,48 x 10-13 m3.s-1

D.10.7 Step 8
To determine an equivalent air-flow rate, see B.8 to determine the hole diameter Da.
Assume:

pu= 2,026 x 105 Pa

pda=1,013 x 105 Pa
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a=5%x10-3m
u=5x10-4Pa-s
La=3,48 x 10-13 m3.s5-1

Thus,
Da=4,33x10-6m

D.10.8 Step 9
Determine the standardized leakage rate from Formula (B.1).

Assume:

Dp=4,3B x10-6 m

pu = 1,013 x 105 Pa (SLR conditions for air)
pd = 0,0 Pa absolute (SLR conditions for air)
a=5x103m

u =1,85|x 10-5 Pa-s (for air at 298K)

T =298 K (SLR conditions for air)

M = 0,029 kg-mol-1

Then
Qa(SLR) F 4,8 x 1077 + 2,0 x10-7

(viscous) «(molecular)

= 6,8 x 107 Pa-m3-s-1 SLR

NOTE This result indicates that a transition flow regime exists, i.e. a combination of viscous and molecular
flow modes.

D.10.9 Step 10

If the gas leakage test methodology is used, the result from Step 9 indicates that a quantitative
helium-leakage test procedure would be suitable, see Table A.1. This approach would be acceptable to
demonstrate design verification.

However, to demonstrate preshipment verification, the blockage of any leaks by the liquid contents
should be considered. There are two reasons for this. Firstly, it is impractical to conduct a helium-
leakage test on the containment system after it has been filled with the liquid radioactive contents.
Secondly, it can be demonstrated (this will not be done in this example) that the viscosity of the liquid
contents will block a single leak for which Q has a value of about 10-6 Pa-m3:s-1 SLR. Therefore, for
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preshipment verification, it would be possible and practical to complete a gas pressure rise test on the
containment system closure.

D.11 Correlation between leakage rates for different gases

D.11.1 General

The purpose of this example is to illustrate how the leakage rates of different gases, including mixtures

of ga

;‘:‘““ y e cumaw = Fa-cortEatn o SAS2
tracqr gas will be a mixture of 50 % helium and 50 % air and the test method will bg't

enve

ses, can be correlated.

tH SOUZ0O

ope (gas detector), see Table A.2. Determine the permissible leakage rate of_the 't

normal conditions of transport. Assume that all gas flows are purely molecular. Assume thaf
per ynit volume of the tritium gas is 8,772 x 104 TBq-m~3 at standard conditions(

The

essel is sealed with metallic O-rings. Thus, permeation of tritium through the vess

been|determined to be negligible.

The $teps and their sequence are defined in Figure 1.

D.11.2 Step 1

The radioactive content is tritium gas and the total activity:s 1,85 x 1015 Bq.

D.11.3 Step 2

Assul

me that the release fractions, FC; and FE;, haye'values of 1,0.

D.11.4 Step 3

A, =40TBq

AN =1,11 x 10-8 TBq-s1

D.11.5Steps 4 and 5

Thes|

to bg negligible.

D.11.6 Step'6

The activity per unit volume of the medium is:

Cn :8,772><104(

© ISO

105 Pa. The
e evacuated
acer gas for
the activity

el walls has

e steps may be emitted because permeation of tritium through the vessel walls has been considered

2,026x10°
1,013x10°

=1,754x10° TBq- m~> (at operating conditions)

2018 - All rights reserved
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D.11.7 Step 7
R
Cn
=6,33x10" ¥ m- 3571 (at operating conditions)

For gases, leakage is the product of pressure times volume divided by time. Therefore, Ly may be
converted to Qy as follows:

On = (2,026 x 105) (6,33 x 10-14)

=12

D.11.8 Step 8

Dy could be

D.11.9 Step 9

Because onl

To convert
tritium gas.

Since Ty = Ty

=0,

For tritium:

M, =0,0
Qy =QN

For air

My=0,0

Qx= QN(

B x 10-8 Pa-m3-s-1 (for tritium at operating conditions)

determined by using Formula (B.1), but in this case the calculation is uhnecessary.

y molecular flow is to be considered, @n(sLr) can be correlated-directly to Qn by Formula[ B.3)
the

[0 air at standard conditions, let x represent any gas stch’ as air and let y represe

Formula (B.3) reduces to:

My X(pu_pd)x
MX (pu_pd)y

D6 kg-mol-1

P9 kg-mol-1

SLR)

Then:

QN(SLR) = 0,455XQN X

(Pu—pa),
(Pu—Pd)y

In this formula, py and pq actually refer to the partial pressures of gases x and y.

For air:

(pu-pa)x=1,013x105-0,0
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=1,013 x 105 Pa

For tritium:

(pu-pd)y=2,026 x 105-0

Then

=2,026 x 105 Pa

¢

Howgver, if the total pressures had been used, then:

i.e. a$ before, but

and

D.11%
The {

=

First

Letx|
redu

(pu — pd)x = 1,013 x 105 Pa

(pu - pd)y = 2,026 x 105 - 1,013 x 105

N(SLR) = 2,9 x 109 Pa-m3-s-1 SLR

=1,013 x 105 Pa

N(SLR) = 5,8 x 10-9 Pa-m3-s-1 SLR

10 Step 10
racer gas is a mixture of 50 % helivm and 50 % air. For the test:

u = 1,013 x 105 Pa for helium
= 1,013 x 105 Pa for-air
q=0Pa

compare€ the leakage of helium to QN(sLR)-

repregentair and y represent helium. Use Formula (B.3) and assume that Ty = T}. Since Fq
Ces-Lo:

7:2018(E)

rmula (B.3)

M

Qx:QyX _y

M

X

Qx=2,91 x 10-9 Pa-m3-s-1 SLR

My, =0,004 kg-mol-1

© ISO
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My = 0,029 kg-mol-1

Then:

Qy = 7,84 x 10-9 Pa-m3-s-1 SHeLR

To determine the permissible test leakage rate, Qtpn, for the mixture, two factors shall be applied to Q.
Firstly, Qy shall be reduced by the factor:

to account f

Secondly, thlis document requires that the sensitivity of the leakage test procedure shall'be one-h

the maximu|

Therefore:

QDN

D.12Sens

The purposs
by pressure

The closurg
pressurized|
ethylene glyj

Assume tha
leakis 1,0 x

Compare th
g=981

go =1 k¢

p1=103

pr the fact that, during the test, only the helium component of the mixture will be dete]

m allowable leakage rate.

1

1
o X=X
5 1,37
=2,86x107° Pa-m?>-s ™!
tivity of gas bubble immersion test

e of this example is to show how bubble generation can be affected by different liquid
differences across a leak.

of a containment system is subjected-to a gas bubble test. The containment syste
to 2,0 x 105 Pa with air. The immersion depth is 0,1 m and the liquid may be either wat
col.

[ there is a single leak withsa\diameter of 3 x 10-5 m and that the air-leakage rate froy
10-4 Pa-m3-s-1 under opetating conditions and at 25 °C.

e bubble diameter and bubble generation rates for the two immersion liquids:

m-s—2
r. m.N-1.572

kg/m-3 (for water)

cted.
alf of

b and

m is
eror

n the

p1=1,125 x 103 kg.m-3 (for ethylene glycol)

pg = 1,184 kg.m~3 (for air at 25 °C)

0=72x

60

10-2 N-m-1 (for water in contact with air)
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0 =4,8 x 10-2 N-m-1 (for ethylene glycol in contact with air)

First, see B.12 to show that the internal pressure of the bubble will overcome the surface tension of
the liquid.

pu= 2,0 x 105 Pa

For water, an immersion depth of 0,1 m generates a pressure head of 0,009 8 x 105 Pa.

Then

Ha = 1,013 x 105 + 0,009 8 x 105
=1,023 x 105 Pa

For water in contact with air:

ad=72x10-2N-m-1

D=3x10-5m
Then,
-2
pa +2% —1,023x10% 12 22X10
D -5
3 x 10

=1,07x10° Pa

This|result is less than py, and therefore bubbles will be generated. A similar conclusion regsults for the
ethylene glycol.

Next} use Formula (B.10) to estimate the bubble diameter.
Therkfore, for water:

Dp=1,10x10-3m
g = 6,97 x 10-10y113

and, for ethylene glycol:
Dp =1,10 x 10-3 m

VB =4,08 x 10-10 m3

Finally, use Formula (B.11) to estimate the generation rates of the bubbles.
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To determine L, in cubic metres per second (m3-s-1), use the relationship:

Q=pxL

where p is the pressure of the air at the exit point of the leak.

P=pq=1,023 x 105 Pa
Then,

L ppxe=

1}023x10°
=9,775x10710 m3 .71

and

v = 1,4 stl (for water)

v = 2,4 sf1 (for ethylene glycol)

These resul

than for w

s indicate that, for the ethylene glycol, the bubbles will be'about 15 % smaller in dian
er, but the generation rate will be 70 % greater. Thus, a gas bubble test using eth]

glycol would be superior to a test using water.

One proced
glycol bath.

v=220 3

This result d

D.13 Cont

D.13.1 Gen

This exampl
but a differg
packaging d
procedure f

A package ¢
water with

re that is commonly used with ethylene glycol‘is-to evacuate the space above the eth)
[n this case, the calculations give:

-1

hows that the sensitivity of the testprocedure has been increased by a factor of about

hinment for tritiated water

eral

e illustrates thedise of the gas leakage test methodology for normal conditions of tran
nt methodology/for accident conditions of transport. This example also illustrates tha
esign and e radioactive contents can influence the selection of a suitable leakage
br preshipment verification.

pnsistS of an outer protective packaging and a drum that contains 200 | of tritiated h
hiactivity per unit volume of 1,25 TBq-1-1 The drum has two standard openings of 5(

heter
ylene

ylene

100.

bport
t the
test

eavy
mm

diameter. S

ecify suitabte teakage tests for desigm verificatiomand preshiprment verification:

The steps and their sequence are defined in Figure 1.

NOTE 6

example D.14).

D.13.2Step 1

Pressure rise due to radiolysis of the tritium and permeation of the tritium is neglected (see

The radioactive contents are tritiated heavy water and the total activity is 200 x 1,25 = 250 TBq. The
containment system is the drum and the medium is the tritiated heavy water.
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D.13.3 Step 2

Assume that the release fractions, FC; and FE;, have values of 1,0.

D.13.4 Step 3
Az =40 TBq (for tritium)

RN =1,11 x 10-8 TBq-s~1

IS0 12807:2018(E)

Ra=6,061 x 107> Tbq-s™

D.13.5Step 6
The activity per unit volume of the medium is:

(n =Ca=1,25TBqg:l-1

=1,25 x 103 TBg'm-3

D.13.6 Step 7
R
Iy ==X
Cn
=8,89x1071% m3 .57t
R
1, =-42
Ca
=5,29x1078 m3.s71
D.13.7 Step 8

Unddr normal conditions of\transport only, Ly for the tritiated heavy water can be conyerted to an

equiyalent air-flow rate by the method given in B.8. First, determine Dy.

Assume:

HAu = 1,083 x:10° Pa (due to the head of heavy water)

4 =4,013 x 105 Pa

=

u=1,2x10-3 Pa-s

The thickness of the drum wall, a, which is assumed to be the same as the capillary length, is

a=1,6x10-3m

Therefore,

Dn=1,78x10-5m

© ISO 2018 - All rights reserved
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D.13.8 Step 9
Under normal conditions of transport only, determine the standardized leakage rate from Formula (B.1).
Assume:

pu=1,013 x 105 Pa
pd = 0,0 Pa

Dy = 1,78-36=>m

u =1,85x 10-5 Pa-s (for air)
a=1,6x10-3m

T=298K
M = 0,029 kg-mol-1

Therefore:

ON(SLR) F 4,3 x 104 + 4,4 x 10-5
(viscous) (molecular)
=|4,7 x 10-4 Pa-m3-s-1 SLR

NOTE This result indicates that the viscous flow mode predominates.

D.13.9 Step 10

See the last ftatement given inStep 9.

D.13.10 Step 11
To select anjappropriate test method for design verification, refer to Table A.1.

Methods thdt usethalogen or helium gas could be selected but they are too sophisticated.

The choice is therefore to the gas pressure drop, or gas pressure rise, since a quantitative methfod is
required.

Under normal conditions of transport only, the containment requirement is A x 10-6 TBq-h-1
or 40 x 10-6 TBq-h-1. During the tests, the drum will be filled with ordinary water to simulate the
radioactive contents. Because it is impractical to conduct a gas leakage test when the drum is full of
water, the following procedure will be specified:

a) fill the drum with ordinary water;
b) prepare the package for shipment;
c) conduct the tests for normal conditions of transport;

d) drill an extraneous hole in the drum lid;
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e) drain the water from the drum;

f) vacuum-dry the drum;

g)

complete a gas pressure-drop test.

See B.14 to determine a suitable test duration H, and values of p1 and p; in order to fulfill Step 8.

D.13.11

Step 12

Under accident conditions of transport only, the containment requirement is A, or 40 TBq, in one week.

This
beca
This

To s
radid
and {

represents 16 % of the package contents, or 35 kg. In this case, Qa(sLr) need not pe
1se a simple mass-loss measurement would suffice to demonstrate compliance with'tlre
is an example of the use of another methodology.

blect an appropriate test method for preshipment verification, the pagkaging des
active contents will affect the choice of method. Once the drum is filled wiith tritiated
he 50 mm closures are installed, there will be no access to the interior of the drum.

test methods in Table A.1 are suitable.

determined
regulations.

gn and the
heavy water
None of the

The following alternative methodology will be used:

Before the drum is filled, complete a gas bubble test by pressurizing the drum internally with air and
rotafing the drum in a water bath.

The |gas bubble test, rather than the gas pressure-drop test is preferred because th¢ latter test

proc
Load|
Instd

Placd
asen

D.14
intag

D.14
This

Type]
radid

bdure is time consuming,.
the drum with its radioactive contents.
11 the drum closures in accordance with-the check-list procedures.

the drum in an enclosure and sample an air flow with a tritium monitor. The tritium
sitivity which can easily detect the-regulatory limit of 40 x 10-6 TBq-h-1.

I Containment of liquids using double containment and taking radic
account

.1 General

example illustrates one method of complying with the containment requirements for
B(M) or-1ype C package carrying radioactive contents in liquid form. It takes into
lysis ofliquids, which results in gas generation and pressurization which increases the |

monitor has

lysis

h Type B(U),
account the
eakage rate.

ontainment

kage provided with a double containment system composed of inner and outer

A /\

fontainment

The seals of the inner containment vessel ensure that the leakage into the space between the inner and
outer containment vessels that may occur in one year is small. The absorbent material between the
inner and outer containment vessels prevents the small leakage of liquid from the inner containment
vessel from reaching the seals of the outer containment vessel: there can therefore be no leakage from
the outer containment vessel, provided that a sufficient quantity of absorbent material is present.

D.14.2 Containment system

Figure D.3 provides a typical example of a double containment system. The dimensisons which are
considered in this example are provided in the table below.
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Key o)
1 seals Q<<
2 outer coptainer Q
. A\
3  absorbent material s\Q
4 inner coptainer %]
)
Figure D.3 — Containment system
AI@‘
R
Dimensions Oqt?);{eontainer Inner containers
External diameter (m) (‘,\\V 0,15 0,11
Exté¢rnal length (m) N 0,20 0,17
Cavity diameter (m) (\v‘ 0,13 0,10
Cayity length (m) ()v 0,18 0,15
Cavlty volume m3)  ~\} 2,4 x 10-3 1,2 x 10-3
=
D.14.3 Retention of li&@%containers
In order to demonst ?’t’hat, in the event of leakage from the inner containment vessel, liquid confents
will be retained wi the outer containment vessel, it is necessary to determine:
a) theratg c@txéeneration due to radiolysis;

b) the pressure drive which causes any leakage;
c) the quantity of liquid which could escape from the inner containment vessel in 1 year;
d) the quantity of absorbent required to retain any liquid within the outer containement vessel.

For the purpose of this example, it is assumed that the internal pressurization of the inner container is
due solely to radiolysis.

Assumptions for this example:
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Leakage rate =1x10-6 Pa'm3:s-1 SLR
Decay power =0,1W
Atmospheric pressure = 1,013 x 105 Pa (absolute)

Gas generation constant for the solution G =1 x 103 molecules.MeV-1

The temperature of the contents does not vary significantly from the ambient temperature.

Liquid contents consist of an aqueous solution.

That|the above conditions exist for a period of one year.

D.14.4 Determination of the rate of gas generation due to radiolysis

The gas generation rate due to radiolysis, vg, in moles per second (mol-s-1), can be-determinled using the

following formula:

Vg =DP x G x k x Nog~1

wherte

DP is the decay power (= 0,1 W);

¢ is the gas generation constant (= 1 x 103 molecules.MeV-1);
k isa conversion factor (= 6,24 x 1012 MeV.J-1);

No is Avogadro's number (= 6,02 x 1023 melecules-mol-1).

The gas generation rate is therefore:

Vg = 1,04 x 10-2 mol-s-1

D.14.5 Determination of the’pressure within the inner containment vessel

Assujming that the gas generated by radiolysis is released from the primary container (wh
the l{quid contents) inte the free volume within the inner containment vessel, the pressur

inner container will increase with time as follows:

g(t) = pc +.px

wherte

ich contains
e within the

p(t) istheinternal pressure within the containment vessel at time t, in pascals;

Pc is the initial pressure within the containment;

It is assumed to be the atmospheric pressure p, (= 1,013 x 105 Pa).

Pr is the pressure rise due to radiolysis, in pascals;

Pr=VgxthxTcXVc_1
t is the duration of radiolysis, in seconds;
Tc is the initial temperature within the containment vessel (= 298 K);

Ve is the free volume of the containment vessel (= 0,7 x 10-3 m3).
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