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IS0 (the international Organization for Standardization) is a worldwide fed- 
eration of national standards bodies (IS0 member bodies). The work of 
preparing international Standards is normally carried out through IS0 
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 vvork. IS0 
collaborates closely with the International Electrotechnical Commission 
(IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

International Standard IS0 12807 was prepared by Technical Committee 
lSO/TC 85, Nuclear energy, Subcommittee SC 5, Nuclear fuel technology. 

Annexes A to F of this International Standard are for information only. 
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Introduction 

The International Atomic Energy Agency (IAEA) Safety Series No. 6, 
Regulations for the Safe Transport of Radioactive Material (reference [I ] 
in annex F) specify permitted release of radioactivity under normal and 
accidental conditions of transport, in terms of activity per unit of time, for 
Type B packaging 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 fluid leakage, for which several 
leakage test procedures are available. The appropriate procedure will de- 
pend on its sensitivity and its application to a specific package. 

This International Standard specifies gas leakage test criteria and test 
methods for demonstrating that packages used to transport radioactive 
materials comply with the package containment requirements defined in 
reference [ I] of annex F for: 

- design verification, 

fabrication verification, 

- preshipment verification, 

periodic verification. 

The regulations specify permissible activity release for normal and acci- 
dental conditions of transport. These activity release limits can be ex- 
pressed in maximum permissible activity release rates for the radioactive 
material carried within a containment system. 

In general, it is not feasible to demonstrate that the activity release limits 
are not exceeded by direct measurement of activity release. In practice, 
the most common method to prove that a containment system provides 
adequate containment is to carry out an equivalent gas leakage rate test. 
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INTERNATIONAL STANDARD o IS0 IS0 12807:1996(E) 

Safe transport of radioactive materials - Leakage testing 
on packages 

1 Scope 

This International Standard describes a method for relating permissible activity release rates of the radioactive 
contents carried within a containment system to equivalent gas leakage rates under specified test conditions. This 
approach is called gas leakage test methodology. However, in this International Standard it is recognized that other 
methodologies might be acceptable. 

When other methodologies are to be used, it shall be shown that the methodology demonstrates that any release 
of the radioactive contents will not exceed the regulatory requirements. The use of any alternative methodology 
shall be by agreement with the competent authority. 

This International Standard provides both overall and detailed guidance on the complex relationships between an 
equivalent gas leakage test and a permissible activity release rate. Whereas the overall guidance is universally 
agreed upon, the use of the detailed guidance shall be agreed upon with the competent authority during the Type B 
package certification process. 

It should be noted that, for a given package, demonstration of compliance is not limited to a single methodology. 

While this International Standard does not require particular gas leakage test procedures, it does present minimum 
requirements for any test that is to be used. It is the responsibility of the package designer or consignor to estimate 
or determine the maximum permissible release rate of radioactivity to the environment and to select appropriate 
leakage test procedures that have adequate sensitivity. 

This International Standard pertains specifically to Type B packages for which the regulatory containment require- 
ments are specified explicitly. 

2 Definitions, symbols and units 

2.1 Definitions 

Terms defined in this International Standard have the same meaning as those used in the applicable documents 
mentioned in clause 3. However, some of these definitions have been adapted particularly for the purpose of this 
International Standard and might not conform to those in other publications. 

2.1.1 accidental conditions of transport: Conditions used in the applicable documents listed in clause 3. 

2.1.2 activity release rate: Loss of radioactive contents per unit time through leaks or permeable walls of a con- 
tainment system. 
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IS0 12807:1996(E) 0 IS0 

2.1.3 A,: Quantity (activity) of radioactive material, other than special-form radioactive material, as defined in the 
applicable documents listed in clause 3. 

2.1.4 blockage mechanism: Mechanism by which radioactive material might be retained within a containment 
system due to blockage of potential leakage paths by solid or liquid material. 

2.1.5 competent authority: Any national or international authority designated or recognized as such for any 
purpose in connection with the International Atomic Energy Agency’s Regulations for the Safe Transport of Radio- 
active Material (reference [I] in annex F). 

2.1.6 containment system: Assembly of components of the packaging intended to retain the radioactive material 
during transport. 

2.1.7 gas leakage test methodology: Method of specifying a gas leakage test which relates permissible 
activity release rates of the radioactive contents carried within a containment system to equivalent gas leakage 
rates under specified test conditions. 

2.1.8 leak: Any unwanted opening or openings through a containment system that could permit the escape of the 
contents. 

2.1.9 leakage: Transfer of a material from the containment system to the environment through a leak or leaks. 
See also permeation (2.1 .I 7). 

2.1.10 leakage rate: Quantity of solid particles, liquids or gases passing through leaks per unit time. 

The term leakage rate can refer to the radioactive material (gas, liquid, solid or any mixture of these) or to the test 
fluid. 

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. 

2.1.11 leaktight: General term indicating that a containment system meets the required level of containment for 
particular contents. See clause E.6. 

2.1.12 medium: Any fluid, which might or might not be radioactive itself, which could carry radioactive material 
through a leak or leaks. 

2.1.13 molecular flow: The flow of gas through a leak under conditions such that the mean free path is greater 
than the largest dimension of a transverse section of the leak. The rate of molecular flow depends on the partial 
pressure gradient. 

2.1.14 normal conditions of transport: Conditions used in the applicable documents listed in clause 3. 

2.1.15 package: Packaging together with its radioactive contents as presented for transport. 

2.1.16 packaging: Assembly of components necessary to enclose the radioactive contents completely. 
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2.1.17 permeation: Passage of a fluid through a solid permeable barrier (even if there are no leaks) by adsorption- 
diffusion-desorption mechanisms. Permeation should not be considered as a release of activity unless the fluid 
itself is radioactive. In this International Standard, permeation is applied only to gases. 

2.1.18 permeation rate: Quantity of gases passing through permeable walls per unit time. The permeation rate 
depends on the partial pressure gradient. 

21.19 qualitative: Refers to leakage test procedures which detect the presence of a leak but do not measure 
leakage rate or total leakage. 

2.1.20 quantitative: Leakage test procedures which measure total leakage rate(s) from a containment system or 
from parts of it. 

2.1.21 sensitivity 

2.1.21.1 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. 

2.1.21.2 sensitivity of a leakage test procedure: Minimum detectable leakage rate that the test procedure is 
capable of detecting. 

2.1.22 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 Pa and temperature 
of 298 K (25 OC). The units for standardized leakage rate are written as Pa.rn3.s1 SLR. 

2.1.23 standardized helium leakage rate (SHeLR): Helium leakage rate, evaluated under known conditions, 
normalized to the flow of dry helium at reference conditions of upstream pressure I,01 3 x 105 Pa, downstream 
pressure 0 Pa and temperature of 298 K (25 “C). The units for standardized helium leakage rate are written as 
Pa-m%-1 SHeLR. 

2.1.24 test gas or tracer gas: Gas that is used to detect leakage or measure leakage rates. 

2.1.25 Type B package: Package that is designed to meet the criteria given in the applicable documents listed in 
clause 3. 

2.1.26 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 of the leak. This flow may be either 
laminar or turbulent. Viscous flow depends upon total pressure gradient. 

2.2 Symbols and units 

The following symbols and units are used in this International Standard (also see clause B.2 in annex B). 

Symbol Definition Unit 

A2 Quantity (activity) of radioactive material, other than special-form radioactive Bq 
material, as defined in the applicable documents listed in clause 3 

c Average activity per unit volume; the symbol is used to simplify figure 1 and rep- Bq.m-3 
resents the use of either CA or CN 
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Symbol 

FCiA 

FCiN 

FEiA 

FEiN 

Ii 

L 

PA 

PN 

QSLR 

QA 

QA(SLR) 

QN 

QN(SLR) 

&DA 

Definition 

Average activity per unit volume of the medium that could escape from the con- 
tainment system under accidental conditions of transport 

Average activity per unit volume of the medium that could escape from the con- 
tainment system under normal conditions of transport 

Maximum permissible diameter; the sy 
resents the use of either DA or DN 

Maximum permissible equivalent capill 
ditions of transport 

nbol is used to simplify figure 1 and rep- 

ary leak diameter under accidental con- 

Maximum permissible equivalent capillary leak diameter under normal conditions 
of transport 

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

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

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

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

Activity of radionuclide i 

Maximum permissible volumetric leakage rate; the symbol is used to simplify 
figure 1 and represents the use of either LA or LN 

Maximum permissible volumetric leakage rate of the medium at pressure PA, 
under accidental conditions of transport 

Maximum permissible volumetric leakage rate of the medium at pressure pN, m3.s-1 

ntal conditions of transport 

under normal conditions of transport 

Containment system pressure under accide 

Containment system pressure under norma 

Standardized leakage rate; the symbol is 

I conditions of transport 

used to simplify figure 1 and rep- 
resents the use of either QA(SLR) or QN(SLR) 

The permissible leakage rate of the medium under accidental conditions of 
transport and is calculated from LA 

The permissible standardized leakage rate (SLR) under accidental conditions of 
transport 

The permissible leakage rate of the medium under normal conditions of trans- 
port and is calculated from LN 

The permissible standardized leakage rate (SLR) under normal conditions of 
transport 

The permissible test leakage rate of the tracer or test gas that is related to acci- 
dental conditions of transport at the design verification stage and is determined 
from QA(SLR) 

Unit 

Bq-m-3 

Bq.m-3 

m 

m 

m 

Bq 
m3.s-1 

m3.s-1 

Pa 

Pa 

Pa.m3s1 

Pa.rn3.s1 

Pa.m3s1 

Pa.m3s1 

Pa.rn3.s1 

Pa.m3s-l 
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Symbol 

QTDN 

QTF 

QTS 

QTP 

RG 

RGA 

RGN 

R1iA 

R1iN 

RIT 

RITA 

RzTN 

RP 

RPA 

RPN 

SHeLR 

SLR 

VA 

VN 

Definition 

The permissible test leakage rate of the tracer or test gas that is related to nor- 
mal conditions of transport at the design verification stage and is determined 
from QN(SLR) 

The permissible test leakage rate of the tracer gas at the fabrication verification 
stage 

The permissible test leakage rate of the tracer gas at the preshipment verifi- 
cation stage 

The permissible test leakage rate of the tracer gas at the periodic verification 
stage 

lify figure 1 Maximum permissible activity release rate; the symbol is used to simp 
and represents the use of either RA or RN 

Maximum permissible activity release rate of the contents under 
conditions of transport 

accidental Bqs-1 

Maximum permissible activity release rate of the contents under normal con- 
ditions of transport 

Maximum permissible activity release rate of the gas contents; the symbol is 
used to simplify figure 1 and represents the use of either RGA or RGN 

Maximum permissible activity release rate of the gas contents under accidenta 
conditions of transport after allowing for permeation 

Maximum permissible activity release rate of the gas contents under norma 
conditions of transport after allowing for permeation 

Releasable activity of radionuclide i under accidental conditions of transport 

Releasable activity of radionuclide i under normal conditions of transport 

Total releasable activity for all radionuclides; the symbol is used to simplify figure 1 
and represents the use of either RZTA or RZTN 

Total releasable activity for all radionuclides under accidental conditions of trans- 
port 

Total releasable activity for all radionuclides under normal conditions of transport 

Activity release rate due to permeation; the symbol is used to simplify figure 1 
and represents the use of either RPA or RPN 

Activity release rate due to permeation under accidental conditions of transport 

Activity release rate due to permeation under normal conditions of transport 

Standardized helium leakage rate 

Standardized leakage rate 

Medium volume under accidental conditions of transport 

Medium volume under normal conditions of transport 

Unit 

Pa~m3.s1 

Pa.rn3.s1 

Pa.m%-I 

Pa.rn3.s1 

Bq-s-l 

Bqs-1 

Bqs-1 

Bqs-1 

Bqs-1 

Bq 

Bq 

Bq 

Bq 

Bq 

Bq s . -1 

Bqs-1 

Bqs-1 

Pa.rn3.s1 SHeLR 

Pa.rn3.s1 SLR 

ms 

m3 
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3 Regulatory requirements 

3.1 General 

The word “shall” denotes a requirement; the word “should” denotes a recommendation; and the word “may” de- 
notes permission, neither a requirement nor a recommendation. Imperative statements also denote requirements. 
To conform with this International Standard, all operations shall be performed in accordance with its requirements, 
but not necessarily with its recommendations. 

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

The word “will” denotes that an event is certain to occur rather than a requirement. 

3.2 Relevant regulations 

The main applicable document is IAEA Safety Series No. 6, Regulations for the Safe Transport of Radioactive 
Material, 1985 Edition (as amended 1990) (reference [I ] in annex F). The following sections are particularly relevant: 

1) Section I, paragraphs 110, 121, 132, 134, 135, 142 and 147. 

2) Section II, paragraph 209. 

3) Section Ill, paragraphs 301 to 306 and 313. 

4) Section IV, paragraphs 401 and 402. 

5) Section V, paragraphs 543, 548 and 556. 

6) Section VI, paragraphs 601, 602, 614 to 624 and 626 to 629. 

Explanatory and advisory material is provided in Safety Series No. 7 and No. 37 (references [2] and [3] in annex F) 
(see also annex E). 

Other relevant national or international regulations should also be considered to ensure that any differences with 
the IAEA regulations are taken into account. 

3.3 Regulatory containment requirements 

The Type B package containment requirements are given in table 1. 

Table 1 - Containment requirements for Type B packages 

Condition 

Normal conditions of transport 

Accidental conditions of transport 

Containment requirement 

A2 x IO-6 per hour 

IO A2 in one week for *5Kr 

A2 in one week for all other radionuclides 

Values of A, are specified in table 1, or are determined in accordance to paragraphs 302 and 303 and table 2 of ref- 
erence [I] in annex F for individual radionuclides, and in paragraphs 304 and 548 for mixtures of radionuclides. 

For the calculation of values of A, for mixtures of radionuclides, the assumptions made for the releasable radio- 
active material shall be acceptable to the competent authority. 
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4 Procedure for meeting the requirements of this International Standard 

4.1 General 

Compliance with package containment requirements may be demonstrated either by measurement of the radioac- 
tive-contents release rate of by other methods. This International Standard shows how the package containment 
requirements can be demonstrated by an equivalent gas leakage test. All measured test leakage rates shall be cor- 
related to the potential release of the contained material by performance of tests on prototypes or models, refer- 
ence to previous demonstrations, calculations or reasoned arguments. 

This International Standard is based on the following premises. 

a) The radioactive material 
the following forms: 

which could be released from the package could be in any one or any combination of 

- liquid, 

- gas, 
- 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) 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 

c) Gas leakage test procedures can be used to demonstrate compliance with regulatory containment require- 
ments when the diameter of the single straight capillary associated with the leakage test from 4.1 b) is equal 
to or smaller than the maximum permissible leak diameter from 4.1 a). 

In this International Standard it 
more of the 

is recognized that the activity release, or the absence of activity release (leaktight), 
ca n occur in one or following ways: 

- viscous flow, 

- molecular flow, 

- permeation, 

- blockage. 

4.2 Procedure 

Using the flow chart in figure 1 as a guide, the procedure below shall be used. The text within each box in the flow 
chart indicates the result of the particular step. 

Steps 1 to 8 in figure 1 pertain to containment of the radioactive contents, while Steps 10 to 12 pertain to leakage 
of a test gas. Step 9 is a reference step which links containment of the radioactive contents to the leakage of a test 
gas. 

Because the releasable radioactive material might be in the form of gas, liquid or solid, or a combination of these, 
it is necessary to follow the appropriate part of the procedure below, as applicable to the form of the radioactive 
material, to obtain the permissible standardized leakage rates. 

Figure 1 has been prepared for the general case. In some cases, it does not need to be necessary to complete all 
the steps, for example, in the case of a single radionuclide in liquid form. In other cases, such as a mixture of radio- 
active materials that are in different forms, it might be necessary to repeat some steps in a reiterative fashion. 
However, for any of these cases it will be necessary to complete the appropriate steps in figure 1 for both normal 
and accidental conditions of transport. 
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STEP 
1 

2 

3 

4 Permeation activity-release rate, RP 

ul c 
c 
aJ t c 5 
0 
U 

: .- 
t 

iii 0 6 

e 

A? 

I 
? 

Permissible activity-release rate due to leakage, 
RG = R - RP 

--I Activity per unit volume, C 

I Maximum permissible medium volumetric leakage rate, L I 

8 ~1 Maximum permissible equivalent capillary-leak diameter, D 1 

Solid 

r Radioactive contents, li I 

r Releasable activity, RIT 

I 

Liquid 

Permissible activity-release rate, R 

Gas 
I 

--------_---__-------~~~-~~~~------- ---- --------_--________________ 
T 

9 Permissible standardized leakage rate, Q (SLR) 

10 

--------------------------------------------------- 

Permissible test leakage rate for each verification stage 
, \ 

Design Fabrication Preshipment Periodic 
OTOA, QTDN OTF QTS OTP 

11 I Select appropriate test method 

12 Perform test 

Figure 1 - Flow chart for gas leakage test methodology 

42.1 Determination of permissible activity release rates 

The inventory of the releasable radioactive contents shall be identified and the releasable contents shall be com- 
pared to the regulatory containment requirements. See Steps 1 to 3 in figure 1 and clause 5. 

4.22 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 6. 

4.2.3 Determination of permissible test leakage rates for each verification stage 

The appropriate gas leakage rates shall be determined for the design, fabrication, preshipment and periodic verifi- 
cation stages. See Step 10 in figure 1 and clause 7.2. 
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4.2.4 Selection of appropriate test methods 

The appropriate gas leakage test methods shall be selected for the design, fabrication, preshipment and periodic 
verification stages. See Step 11 in figure 1 and clause 7.2. 

4.2.5 Performance of tests and record of results 

The required tests shall be performed and the results shall be recorded. See Step 12 in figure 1 and clause 8. 

5 Determination of permissible activity release rates 

Permissible activity release rates shall be determined by following Steps 1 to 3 for both normal and accidental 
conditions of transport. 

5.1 Step 1: List the radioactive contents, Ii 

This gives an inventory of the radioactive contents and includes the activity and physical characteristics for each 
radionuclide. It could be necessary to consider the contents as separate phases, i.e. liquids, gases and solids. 
Aerosols can be considered as gases. Fine particles in solution can be considered as a liquid. 

5.2 Step 2: Determine the total releasable activity, RZT 

In some cases, the radioactive contents might be contained by more than one container in the containment sys- 
tem. An irradiated fuel rod assembly in a transport packaging is an example of this situation. Then, for either normal 
or accidental conditions of transport, only a fraction of the radioactive contents might be released from the inner- 
most container into the containment system FCiN, FCiA and, of this fraction, only another fraction may be available 
for release from the containment system to the environment, FEiN, FE,*. The numerical value of any release frac- 
tion will depend on the specific radionuclide and, if the radioactive contents consist of a mixture of radionuclides, 
many release fraction values could result. Also, release fraction values for normal conditions of transport might dif- 
fer from those for accidental conditions of transport, even for the same radionuclide. 

The releasable fractions depend upon such factors as: 

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

2) 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; 

3) the maximum temperature, pressure, vibration, mechanical strains or distortions, and the like, to which the 
contained material would be subjected for normal and accidental conditions of transport. These shall be de- 
termined by the performance of tests on prototypes or models, by reference to previous demonstrations, cal- 
culations, or a reasoned argument. 

Where a release fraction ca nnot be quantified, a value of I,0 shall be assumed. 
normally require agreement with the competent author ity. 

The values of the release fractions 

For normal conditions of transport, the releasable activity of radionuclide i, RIiN, in becquerels, is: 

RziN = FCiN X FEiN X Ii . . . (1) 

and for the total inventory 

RITN = c RIiN . . . 
i 

(2) 

9 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 12

80
7:1

99
6

https://standardsiso.com/api/?name=99037341f29684829cef4d1d3e364ecc


IS0 12807:1996(E) 0 IS0 

Similarly, for accidental conditions of transport, the releasable activity of radionuclide i, RIiA, in becquerels, is: 

R1iA = FCi A X FEiA X Ii . . n (3) 

and for the total inventory 

RITA = c RIiA . . . (4) 
i 

53 . Step 3: Determine the maximum permissible activity release rates, 41 

The data from Steps 1 and 2 identify the radionuclides that could be released from the package. Then, for any 
radionuclide, the A, value shall be established or, in the case of mixtures, an equivalent A, value shall be used (see 
reference [I] in annex F, paragraph 304). Next, the regulatory containment requirements shall be calculated as indi- 
cated in table 1. At this stage, the containment requirements 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 requirements to seconds for compatibility reasons. In this 
International Standard it is assumed that leakage occurs at a uniform rate over the regulatory time period (I h for 
normal conditions of transport/l week for accidental conditions of transport). Other time-averaging methods may 
be used, provided they are accepted by the competent authority. When all the above factors have been taken into 
account, the permissible activity release rates will have been determined. 

6 Determination of standardized leakage rates 

6.1 General 

Standardized leakage rates shall be determined by following Steps 4 to 9 for both normal and accidental conditions 
of transport. 

In some cases, where the standardized leakage rates are relatively low, the relevant competent authority 
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 standard- 
ized leakage rate. See clause E.6. 

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. 

When it is impractical to determine actual radioactive contents, the bounding radioactive contents shall be esti- 
mated by the user and shall be acceptable to the competent authority. 

6.2 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 clause B .I4 in annex B. 

63 . 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. 
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6.4 Step 6: Determine the activity per unit volume of the containment system medium, C 

The activity in the medium that could escape from the containment system to the environment shall be designated 
as CN and CA for normal and accidental conditions of transport respectively. Values of CN and CA depend upon the 
activity of each radionuclide and the fraction of inventory that is available for release to the containment cavity and 
then available for release to the environment. 

For a medium volume of VN, C,,,, in becquerels per cubic metre (Bq-m-3), is determined as follows: 

CN 
= RITh/ 

VN 

For a medium volume of VA, CA, in becquerels per cubic metre (Bq.m-s), is determined as follows: 

. . . (5) 

. . . (6) 

6.5 Step 7: Determine the maximum permissible volumetric leakage rate of the medium, ,!, 

When the data from Step 3, or Step 5 if permeation must be taken into account, are divided by the data from 
Step 6, the data for Step 7 results. This gives the maximum permissible volumetric flow rate of the medium that 
could escape from the package due to a leak. At this stage, the medium will be at its operating pressure and tem- 
perature conditions. 

For normal conditions of transport, the maximum permissible volumetric leakage rate for the medium, &, in cubic 
metres per second (m3.sI), shall be determined from the following equation: 

LN 
RN =- 
CN 

. . . (7) 

For accidental conditions of transport, the maximum permissible volumetric leakage rate for the medium, LA, in 
cubic metres per second (mss-I), shall be determined from the following equation: 

LA 
RA =- 
CA 

6.6 Step 8: Determine the maximum permissible equiva lent capi llary leak diameter, D 

. . . (8) 

For liquids, the volumetric flow rate from Step 7 can be converted to a diameter for a single leak using 
equation (B.7) in annex B. 

For gases and aerosols, the volumetric leakage rates, LN and LA, from Step 7 shall be converted to permissible 
leakage rates, QN and QA, in pascals cubic metres per second (Pa.rn3.sI), by using the following equations: 

QN=LNXPN . . . (9) 

QA = LA X PA . . . (10) 

For gas and aerosol leakage rates, a diameter for a single leak may be calculated using equation (B.l) in annex B. 

For solids, including particulates, and some liquids, it might be possible, by assessing the characteristics of the 
radioactive material, such as particle size or fluid viscosity, to establish a limiting diameter through which the radio- 
active material will not flow and hence, by this blockage mechanism, there will be no activity release. The use of 
this blockage mechanism shall be accepted by the competent authority. 
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6.7 Step 9: Determine the permissible standardized leakage rate, QsLR 

Where the maximum permissible equivalent capillary leak diameter has been determined in Step 8, the value of 
this diameter may be used in equation (B.l) of annex B to determine the permissible standardized leakage rate (see 
examples in clauses D.3, D.10, D.1 1 and D.13 in annex D). 

Standardized leakage rates shall be determined for both normal and accidental conditions of transport; DA shall be 
used to determine QA(SLRj and DN shall be used to determine QNcsiRj. Where the radioactive material is in more 
than one form, values of DA, QA(SLRj, DN and QN(sLR) shall be determined for each form. 

The most restrictive value of eA(SLR) shall be assessed to determine if this value needs to be made more restrictive 
to account for the activity releases in the other forms. 

Similarly, the most restrictive value of QN(sLRj shall be assessed to determine if this value needs to be made more 
restrictive to account for the activity releases in the other forms. 

The above determinations and assessments will result in the values of QA(SLRj and QNisLRj that shall be used in 
Step 10. 

7 Containment-system verification requirements 

7.1 Containment-system verification stages 

7.1.1 General 

Compliance with package containment requirements shall be demonstrated by verification procedures at the 
design, fabrication, preshipment and periodic 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 accidental conditions of transport. Therefore, leakage tests are only part of the verification procedures. 
It will be necessary to establish a set of procedures acceptable to the competent authority for the different verifi- 
cation 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, and are 
properly secured. 

7.1.2 Design verification 

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

The packaging shall be tested to show that it has a leakage rate less than or equa I to the maximum permissible test 
leakage rates QTDN and QTDA. 

The maximum permissible test leakage rates shall be QTnN and QTDA for tests relating to normal and accidental 
conditions, respectively. When tests are carried out at conditions (such as tempe rature and pressure) which are dif- 
ferent from the normal and accidental conditions, it will be necessary to show that the measured leakage rates are 

-r IAEA Safety Series No. 6, Regulations for the Safe Tr C 

amended 1990) (reference [I] in annex F) 

relevant and representative. 

Regulatory references: 

Section II, paragraph 209, 
Section V, paragraphs 528, 543, 548 and 556, 
Section VI, paragraph 617 
(see also paragraphs 601, 602, 614 to 624, 626 to 629 

insport of Radioactive Material, 1985 Edition (as 
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7.1.3 Fabrication verification 

Fabrication verification procedures shall demonstrate that each packaging of a given design is fabricated in such a 
way that the regulatory containment requirements will be satisfied for both normal and accidental conditions of 
transport, assuming the package is correctly assembled before shipment and the packaging is correctly maintained. 

The packaging shall be tested to show that it has a leakage rate less than or equal to the maximum permissible test 
leakage rate QTF. 

The maximum permissible test leakage rate, QTF, shall be the more restrictive of QTDN and QTDA. Where the test 
conditions differ from the worst case conditions for normal and accidental 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 accidental conditions of transport. 

Regulatory references: 

IAEA Safety Series No. 6, Regulations for the Safe Transport of Radioactive Material, 1985 Edition (as 
amended 1990) (reference [I] in annex F) 

Section II, paragraph 209, 
Section IV, paragraph 401 (a). 

7.1.4 Preshipment verification 

Preshipment verification procedures shall demonstrate that, before each shipment, the package is assembled 
and the packaging is maintained so that, during transport and in any conditions (normal and accidental), regulatory 
containment requirements will be fulfilled. 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 estab- 
lished. 

The packaging shall be tested to show that it has a leakage rate less than or equal to the maximum permissible test 
leakage rate, QTs. Normally, the maximum permissible test leakage rate, QTS, shall be the test leakage rate deter- 
mined for fabrication verification, QTF, under the conditions chosen for the fabrication verification leakage tests. 

Depending on specific features of the design and/or the fabrication and periodic verifications, the relevant com- 
petent authority might permit an assembly verification procedure followed by a less stringent leakage test offering 
equivalent confidence in meeting the design conditions. 

Regulatory references: 

IAEA Safety Series No. 6, Regulations for the Safe Transport of Radioactive Material, 1985 Edition (as 
amended 1990) (reference [I ] in annex F) 

Section II, paragraph 209, 
Section IV, paragraph 402(d). 

7.1.5 Periodic verification 

Periodic verifi cation procedures shal 
comply with t he reg ulatory containm e 

demonstrate that all packa ging built to an 
nt requireme nt, even after repeated use. 

approved design shall continue to 

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

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

Regulatory references: 

IAEA Safety Series No. 6, Regulations for the Safe Transport of Radioactive Material, 1985 Edition (as 
amended 1990) (reference [ I] in annex F) 

Section II, paragraph 209. 
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7.2 Verification requirements 

7.2.1 General 

The appropriate permissible test leakage rate for each verification stage, as described in clause 7.1, shall be de- 
termined in order to demonstrate that the containment system satisfies the regulatory containment requirements 
and appropriate test methods shall be selected. 

7.2.2 Step 10: Determine permissible test leakage rate for each verification stage QTDA, QTDN, QTF, QTS 
and QTP 

The results from Step 9, as appropriate, shall be taken into account in specifying the permissible test leakage rates. 

QA(SLRj shall be used to determine Q-,-DA and QN(sLR) shall be used to determine QTDN. For Qp, QTS and QTp, the 
more restrictive value of QA(SLRj and QN(SLRj shall be used. 

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

7.2.3 Step 11: Select appropriate test methods 

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

Table A.1 in annex A of this International Standard lists some suitable test procedures. 

8 Leakage test procedure requirements 

8.1 General 

All leakage tests shall be performed in accordance with a written quality-assurance program. Tests shall be 
performed which ensure that the leakage test requirements are met. If, during any fabrication, preshipment or veri- 
fication 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. 

8.2 Step 12: Perform tests and record results 

The successful completion of this step will demonstrate compliance with the regulatory containment requirements. 
Minimum requirements for any gas leakage test procedure that is to be used are specified in 8.3 and 8.4. 

8.3 Test sensitivity 

The sensitivity of each leakage test procedure, as determined by reference to applicable literature or performance 
of tests, shall be considered adequate when it is less than or equal to one-half of the permissible test leakage rate 
for the tracer gas, as determined in Step 10 in 7.2.2. 

Consideration shall be given to the leakage test procedures as they are applied to the test item. For example, the 
gas pressure drop test (test A.3.1, table A.2 in annex A) and gas pressure rise test (test A.3.2, table A.2 in annex A) 
are dependent on the gas volume under test, and therefore the sensitivity of these tests shall be adjusted (for 
volume as well as time). In many cases, the sensitivity of a leakage test procedure can be varied extensively 
by changing volume, pressure, temperature, mixture composition, or time. Leakage test procedures performed 
under well-controlled, laboratory conditions will normally be more sensitive than the same procedures under field 
conditions. 
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8.4 Test procedure requirements 

8.4.1 General 

Leakage test procedures shall be compatible with the test item, and, when applied to the containment system, 
shall have sufficient sensitivity to demonstrate compliance with test requirements for containment-system verifi- 
cation. 

Allowable test leakage rates and test sensitivities shall be determined from activity release rates to satisfy the 
requirements for containment-system verification. 

The tests shall be designed to preclude false acceptance. This might include assuring the presence of a tracer gas 
and a driving force (pressure difference). 

Any necessary safety precautions shall be implemented. 

All leakage tests shall be performed by qualified operators. 

8.4.2 Testing 

The user shall be responsibl 
the test is applied correctly. 

e for verifying that the selected procedure is relevant to particular situations and that 

Testing shall be performed in accordance with 8.4.1, as applicable, and shall be documented. 

15 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 12

80
7:1

99
6

https://standardsiso.com/api/?name=99037341f29684829cef4d1d3e364ecc


IS0 12807:1996(E) 

Annex A 
(informative) 

Preferred leakage test methods 

A.1 Scope 

There are numerous text books and submitted papers related to the complex subject of leakage testing methods. 
Some of these are listed in annex F. The purpose of this annex is to assist the user in the selection of appropriate 
test procedures. Consequently, this annex gives a concise description of suitable leakage test methods, their range 
of sensitivity, their advantages and limitations and information about safety-related considerations. 

It is the user’s responsibility to specify a detailed test procedure that is appropriate to the particular situation. 
Often, this annex will not provide enough detail and therefore the user should obtain additional information from 
other sources. It is also the user’s responsibility to ensure that the test procedure is applied correctly. 

Leakage test procedures that are not listed in this International Standard may be used if they meet the minimum 
requirements of this International Standard and are acceptable to the competent authority. 

Practical leakage testing techniques for measuring the leaktightness of packages have been reviewed, and tests 
appropriate to packages for radioactive materials identified and recommended for use. 

Detailed procedures have been 
to particular types of container. 

developed for the recommended methods, with emphasis on the factors relevant 

These methods and their nominal sensitivity are listed in table A-1;. For mo.sP,. the, actu:a-I sensitivity~ will hsave to be 
calculated for each application since it is a function of pressure, time, volume, tem.perature: and gas prop,erfi,es. The 
methods have been classified in table A.1 and in the text under quantitative and qualitative method%. The quanti- 
tative methods provide measurements of total leakage. The qualitative methods locate discrete leaks. If possible, 
the qualitative methods should be checked using calibrated leaks. 

The recommended methods of leakage testing are listed, with diagrammatic representation, in table A.2. The table 
summarizes the test method, nominal sensitivity and applicability of each method, it is intended to be used as a 
guide when choosing a test method for a particular container. 

A.2 Comments and precautions 

A.2.1 Risks 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 best 
to hydrostatically proof-test the item to help ensure safety. When a liquid 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. 

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 that there are no adverse 
reactions that would affect either the containment system contents or the leakage testing properties of the tracer. 
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Subclause Test method Nominal test sensitivity 
Pa.mss--1 SLR 

* 

A.3.1 

A.3.2 

A.3.3 

A.3.4 

A-3.5 

A.4.1 

A.4.2 

A.4.3 

A.4.4 

Quantitative methods 

Gas pressure drop 

Gas pressure rise 

Gas filled envelope (gas detector) 

Evacuated envelope (gas detector) 

Evacuated envelope (with back pressurization) 

Qualitative methods 

Gas bubble techniques 

Soap bubble 

Tracer gas (sniffer technique) 

Tracer gas (spray method) 

1 o-2 to 1 o-6 * 

1 O-2 to 1 o-6 * 

1 o-4 to 1 o-9 

1 o-4 to 1 O-9 

1 o-4 to 1 O-9 

1 o-4 ** *** 

1 o-4 ** 

1 o-4 to 1 o-7 

1 o-4 to 1 o-7 

Sensitivity depends upon volume, pressure, time, gas properties and temperature stability. 
** Higher reliable sensitivities can be achieved by the use of calibrated leaks to check the test equipment and the technique used. 
*** Gas bubble techniques include hot water bubble, vacuum bubble and pressurized cavity bubble methods. 

Table A.2 - Summary of leakage tests 

Corresponding subclause 

A.3 Quantitative tests 

A.3.1 Gas pressure drop 

The method involves pressurizing the test item cavity, or interspace, and measur- 
ing the pressure drop. The sensitivity of the method is inversely proportional to 
the test volume. 

The method is particularly useful for testing double O-ring seals, where the small 
interspace volume makes the method most sensitive, and the primary seal of the 
cavity does not have to be broken. 

Nominal test sensitivity: 1 O-2 Pa.m%-1 to 1 O-6 Pa.rn3.s1 SLR. 

A.3.2 Gas pressure rise 

The method involves evacuating the test cavity to 103 Pa, or less, and measuring 
a pressure rise during a specified test period. 

The method applies to test items with pressure tap connections, but can also be 
used for testing double O-ring seals. The test sensitivity is inversely proportional 
to the test volume. 

Nominal test sensitivity: 10 -2 Pa~mss-1 to 10-s Pa.mss-1 SLR. 

Illustration 

/ 4 Pressure 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
~.*.*...*.*.*.*.......*.*.‘.*.*.*.*.*............ .~.~.,.*.,.m.~.~.*.*.*.~.m.~.~. . . . . . . . . . . . . . . . . . . . . ...*... . . . . . . . . . . . . .m.*.a.a.m.,.m. . . . . . . . . . . . . . 
~.~.~.~.~.~.~.~.~.=.~.~.*.*.=.*.*.’.~.~.~.~.~.=.~ 
*.*.*.*.*.*.*.*.*.*.=...........*.*.*.*.*.*...*.* 
..*.......*.....=.=.......‘.*.*.’.*...*...*.*.=.. .*.~.,.~.~.~.~.~.~.~.~.~.~.~. . . . . . . . . . . . . . . . . . . . . 
. . . . . ...*.=.*.*.*.*.*.*.*...=.*.*.*.*.*.*.*.*.*.* .~.m.~.,.,.~.~.~.~.~.~.~.m.~.~.~. . . . . . . . . . . . . . . . . .~.m.m.m.~.*.~.~.~.~.~.~.~. . . . . . . . . . . . . . . . . . . . . . . 
*...=.*.*...*.*.*.*...=...*.*.*.*.*.*.*.*.*.*.*.* 

~ 

..‘.*.....=.=.*.*.=.*.*.‘.*.=.........*.=...*.*.* 
*.....=...*.*.*.*.*.*.*.*...*.=.*.*.*.*...*.*.*.* 
*.=.......=...=.=.=.=.*.*...=.*.*.*.=.=.......*.. .~.~.~.~.~.m.*.~.~.~.~.~.*.e.m.e. . . . . . . . . . . . . . . . . 
*.*.=.~.~.~.~.~.*.‘.*.~.~.~.=.~.~.~.*.~.~.*.’.*.. 
*.~.*.~.*.*.*.......*...*.*.~.*.*...............~ 
=.=.=.=.*.*...*.=.=.....=.=.=.....*.*...*...*.*.* 
~.~.~.~.*.~.~.~.~.~.‘.~.~.*.~.‘.~.*.~.~.*.’.~.~.* 
=...=.=.=.*.*...=.=.=.*.*...*.*.*.*.*.....=.*...* 
. ...*...*.*.*.*.*...*.*.*...*.*.*.*.........*.*.. ...~.*.*.~.~.~.~.m.~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..e.*.~.~.~.*.~.m.~.~.*.~. . . . . . . . . . . . . . . . . . . . . . . 
~.~.*.=.=.~.~.*.~.*.~.*.*.*.~.~.~.*.=.=.~.~.~.~.* 
*.........*...*.*.*...*.....*.*.*.*.*.*...*.*.*.* 
. ...*.*.*.*.*.....=.*.=.*...=.=.....*.=.*.....=.. 
*.*.*...*.=...=.=.=...*...*.*.*.*.....*...=...... 

r’ m Vacuum 
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Corresponding subclause Illustration 

A.3.3 Gas filled 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. 

Nominal test sensitivity: 1 O-4 Pa.rn3.s1 to 10-a Pa.rn3.s1 SLR. 

A.3.4 Evacuated envelope (gas detector) 

The method involves pressurizing the test item with test gas (usually helium or 
halogen) whilst 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 ap- 
plied to each seal in turn. 

Nominal test sensitivity: 1 O-4 Pa.ms-s-l to 1 O-9 Pa-m%-1 SLR. 

A.32 Evacuated envelope (with back pressurization) 

The method involves externally pressurizing the test item in an envelope of the 
test gas (usually helium) for a certain time, and subsequently transferring the test 
item to an evacuated envelope connected to a gas detector. 

The method is ideal for welded capsules from the very small up to the limit of the 
pressurizing chamber. 

The internal void volume of the test item should be at least 10 mm? 

Considering the cost of the equipment and the care with which the procedure 
shall be carried out, this method can only be used in a laboratory. 

Nominal test sensitivity: 1 O-4 Pa-m%-1 to 1 O-9 Pa-m%-1 SLR. 

A.4.1.4.1 Hot water bubble 

The method involves submerging the test item in hot water, which raises the in- 
ternal 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. 
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Corresponding subclause Illustration 

A.4.1.4.2 Vacuum bubble 

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. 

Vacuum 

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 mm? The size of the test item is limited only by the size of vacuum vessel. 

Nominal test sensitivity: 1 O-4 Pa.mss-1 SLR. 

A.4.1.4.3 Pressurized cavity bubble 

The method involves pressurizing the test item, and immersing 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 connec- 
tions, or where the pressure required within the cavity can be obtained by the 
vaporization of solid carbon dioxide. 

Nominal test sensitivity: 1 O-4 Pa.rn3.s1 SLR. 

A.4.2 Soap bubble 

The method involves pressurizing the test item, and coating the surface with a 
soap film. A leak is indicated by a soap bubble on the surface. 

(7J 

Pressure 

This method applies to containers with pressure tap connections. The required 
pressure within the cavity can be obtained by the vaporization of solid carbon 
dioxide crystals. 

Nominal test sensitivity: 1 O-4 Pa.m%-1 SLR. 

A.4.3 Tracer gas (sniffer technique) 
Detector 

The method involves pressurizing the test item with the test gas (usually helium 
or halogen compound). A leak is detected by moving a probe (connected to gas 
detector) across areas that are likely to leak. 

The method is best used on large test items where the area of potential leak (e.g. 
a weld or seal) is clearly visible. There must be some facility for pressurizing (with 
test gas) the inside of the weld or seal. 

Nominal test sensitivity: 1 O-4 Pa.rn3.s1 to 1 O-7 Pa.rn3.s1 SLR. 

e 
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A.3 Quantitative methods 

A.3.1 Gas pressure drop 

A.3.1.1 Applicability of the method 

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

IS0 12807:1996(E) 

The test volume can be the container volume 

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 have to be made for changes in ambient temperature and pressure. 

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 IO-6 Pa.rn3.sl SLR can be achieved. It should be noted that 
the total volume includes the volume associated with the container plus the volume associated with the measuring 
instrumentation. 

The actual test procedure sensitivity should be calculated from equation (B.12) in annex B. 

A.3.1.4 Test method 

Pressurize the test volume to its specified test pressure and measure the change of pressure and temperature 
within the test volume during a specified time period. To calculate the total leakage rate, the test volume shall be 
known accurately. 

Pressure measurements should be accurate within 1 %, or less, of full scale of the measuring devices. These de- 
vices shall have a range between I,5 and 4 times the specified test pressure. Test objects should be at or near 
thermal equilibrium before the measurement is taken, otherwise errors in determining the average temperatures 
might hide leakage effects. 

A.3.1.5 Advantages and disadvantages 

The equipment used to carry out the test could also have demountable seals, therefore the results of the test give 
the leakage rate across all the seals (test equipment plus vessel). Hence, the procedure could give an overestimate 
of the vessel leakage. If the test sensitivity required is in the order of IO-6 Pa.rn3.s1 SLR, the leaktightness of the 
seals and connections of the test equipment could have an influence on the sensitivity of the test. 

If the procedure is used in test work (e.g. testing before and after drop tests), at least one of the connections of the 
test equipment will have to be broken and later resealed. 

High pressure will increase the test sensitivity, but there are disadvantages. The O-rings could move during the test 
thus giving unreliable results. High pressure could bypass the seals and create a hazard. 

Tests should take place at isothermal conditions, if at all possible, as temperature changes lead to corresponding 
pressure changes. 

A.3.1.6 Hazards 

As the test volume is pressurized, care shall be taken to ensure that the vessel will not be dangerously stressed, as 
failure due to gas pressurization can be “explosive” and extremely hazardous. 
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A.3.2 Gas pressure rise 

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 method. 

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 might have to be made for changes in ambient temperature and pressure. 

A.3.2.3 Test sensitivity 

The sensitivity depends mainly upon the test volume, test duration, and the accuracy to which pressure and tem- 
perature can be measured. The method can be used to measure leakage rates down to IO-6 Pa.rn3.s1 SLR. 

The actual test procedure sensitivity may be calculated from equation (B.12) in annex B. However, it should be 
noted that subscripts 1 and 2 shall be interchanged. 

A.3.2.4 Test method 

Evacuate the test item to a suitable pressure, typically IO* Pa and measure the change of pressure and tempera- 
ture within the test volume during a specified time period. To calculate the total leakage rate, the test volume shall 
be known accurately. 

Pressure measurements should be accurate within 1 %, or less, of full scale of the measuring devices. These 
devices shall have a range between I,5 and 4 times the specified test pressure. Tests should be carried out where 
possible in isothermal conditions. Small temperature variations can lead 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 outgassing, which obscures leakage rate 
measurements. 

The equipment used to carry out the test normally requires further seals apart from the seals being tested. The 
results of the test gives the leakage rate across all the seals. Hence, the procedure could give an overestimate of 
the leakage rate of the vessel seals. At higher sensitivities, the leaktightness of test equipment seals could have an 
influence on the sensitivity of the test. 

A.3.2.6 Hazards 

The hazards are those associated with vacuum equipment. 

A.3.3 Gas filled envelope (gas detector) 

A.3.3.1 Applicability of the method 

The procedure is carried out in containers which can be surrounded by an envelope filled with tracer gas. Where 
only a single flange joint is being tested, it might be possible to reduce the envelope size to just enclose 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. 
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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 dichlorodifluoromethane (Freon-12, R-12) sulfur hexafluoride (SF6) or 
perchloromethylene, sensitivities of 1 O-4 Pa-mss-1 to 1 O-7 Pa-mss- 1 SLR are achievable. With helium, a mass 
spectrometer could typically detect leaks with a leakage rate of IO-4 Pa.rn3.s1 to IO-9 Pa.rn3.s1 SLR 
(3 x 1 O-4 Pa.rn3.s1 to 3 x 1 O-9 Pa.rn3.sl SHeLR). 

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 

This method shall be carried out by qualified operators. 

The partial 
be known. 

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

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

Halogen le akage testing re quires a work space that is free from smoke 
sources of halogen vapour (such as a leak in a buildi ng refr ‘igerat ion sys 

(such as tobacco smoke) and other possible 
tern). 

A.3.3.6 Hazards 

Do not use positive 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 be toxic so that test areas must be well ventilated. 

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

A.3.4 Evacuated envelope (gas detector) 

A.3.4.1 Applicability of the method 

This method involves pressurizing the container with tracer gas, and subsequently placing the container in an 
evacuated envelope connected to a tracer-gas detection system. Where only a flange joint is being tested, it might 
be possible to reduce the envelope size to just enclose the flange area. Again, if a double O-ring seal joint is used, 
the tracer gas detector can be fitted into a vacuum system connected to the space between the two O-rings. 

Common tracer gases used are helium and halogen compound gas. 

A.3.4.2 Leakage rate indication 

The leakage rate is measured by a gas detector 
velope or interspace. 

A.3.4.3 Test sensitivity 

which measures the concentration of gas in the evacuated en- 

The sensitivity depends upon the gas used, the pressure difference and the method of detection. For halogen gas 
systems, using gases such as dichlorodifluoromethane (R-l 2), sulfur hexafluoride (SF,) or perchloromethylene 
sensitivities of 1 O-4 Pa.rn3.sI to 1 O-7 Pa.m3s- 1 SLR are achievable. With helium, a mass spectrometer 
could typically detect leaks with a leakage rate of lO-4 Pa.m3s- 1 to IO-9 Pa.mss-1 SLR (3 x IO-4 Pa.mss-1 
to 3 x 1 O-9 Pa.rn3.s1 SHeLR) are possible. 
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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. 

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 (typical value is 3,0 x 106 Pa for 1 h). The external pressure should 
then be reduced and the item transferred to the envelope prior to evacuation. 

NOTE 1 This method should only be used with items which are able to withstand the high external pressure. 

A.3.4.5 Advantages and disadvantages 

This method shall be carried out by qualified operators. 

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

Halogen compound gas should only be used with stainless steel systems after it has been determined that the se- 
lected 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 possible 
sources of halogen vapour (such as a leak in a building refrigeration system). 

A.3.4.6 Hazards 

Do not use positive 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 be toxic so that test areas must be well ventilated. 

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

A.3.5 Evacuated envelope with helium back pressurization 

A.3.5.1 Applicability of the method 

This procedure 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 pressure without damage. When 
sophisticated mass spectrometers are used, gases other than helium can be used. 

A.3.5.2 Leakage rate indication 

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

A.3.5.3 Test sensitivity 

The sensitivity [ 1 O-7 Paomss- 1 to IO-9 Pa.mss-1 SLR (3 x lO-7 Pa.m3s-l to 3 x 1 O-9 Paomss-l SHeLR)] depends 
upon the machine. It also depends upon the rate of outgassing of helium from the outer surface of the test item. 

A.3.5.4 Test method 

The test item is placed in a suitable chamber and externally pressurized with helium for a certain time. A typical 
value is 3,0 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 sub- 
sequently when the test item is placed in a vacuum and the helium flows from the leak. 
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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. 

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

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 procedure applies to small items usually without pressure tap connections, which shall be of a size allowing 
them to be conveniently lifted in and out of a tank permitting close observation of the liquid. 

The method can be used 
ence can be obta ined by 

with test items having pressure tap connections, or where the required pressure differ- 

a) vaporization of solid CO2 crystals, liquid N, or refrigerant liquid; 

b) use of a vacuum over the liquid in the tank; 

d use of hot liquid in the tank. 

A.4.1.2 Leak indication 

Individual leaks are indicated by gas bubble streams through the test liquid. 

A.4.1.3 Test sensitivity 

The test gives a qualitative result, with an absence of bubbles through the test liquid indicating a leakage rate of 
IO-4 Pa-m%-1 to 1 O-7 Pa.mss-1 SLR depending upon the liquid used. 

Various liquids, such as water, various alcohols, mineral oil, silicone oil, glycol can be used in conjunction with vari- 
ous tracer gases to obtain improved sensitivity. 

A.4.1.4 Test method 

A.4.1.4.1 Hot water bubble 

Immerse the test item at room temperature in water at 90 OC. Submerge the test item, or feature to be tested, in a 
suitable tank such that it is covered by at least 50 mm of water and search for bubble 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. 
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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 press- 
ure and should be easily removable from the test item after the test. 

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 gen- 
erated, 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 streams. 
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. 

19.4.1.5 Advantages and disadvantages 

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

Air could be trapped in seals and on surfaces and could give rise to spurious bubbles which could be confused with 
true leakage. 

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

If the test has to be repeated, there is a possibility that the leakage holes could have become clogged with liquid. 

A.4.1.6 Hazards 

Consideration shall be given to the risk of pressurization causing rupture of the test item. 

When generating pressure by means of CO, crystals, care shall be taken not to exceed the correct amount of CO, 
needed to produce the required internal pressure. 

Care shall be taken when handling CO2 crystals which could cause “cold” burns. 

If alcohols are used there is a danger of fire. 

Safety spectacles or a shield shall be used to protect the operator and others from the possible rupture of the liquid 
container. 

A.4.2 Soap bubble 

A.4.2.1 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 CO2 crystals. 

A.4.2.2 Leak indication 

Individual leaks are indicated by gas bubbles forming in a liquid soap solution or other commercial liquid that has 
been brushed over the outer surface of the test item. 
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A.4.2.3 Test sensitivity 

The test gives a qualitative result, with an absence of bubbles through the soap indicating a leakage rate of less 
than 1 O-4 Pa.rn3.s1 SLR. Sensitivity could be increased by increasing 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 liquid soap solution, and search for bubbles. 

To be effective, the solution shall bridge all potential leakage areas or joints. Commercial soap 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, crystals per cubic 
metre 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 p 
tainer. 

ressurized cavity bubbie test but is not restricted by the size or mass of the con- 

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

A.4.2.6 Hazards 

Consideration shall be given to the risk of pressurization causing rupture of the test item. 

When g enerating press ure by mea ns of CO, crystals, care shall be 
crysta Is needed to prod uce the req uired internal press ure. 

taken not to exceed the correct amount of CO2 

Care shall be taken when handling CO2 crystals which could cause “cold” burns. 

A.4.3 Tracer gas (sniffer technique) 

A.4.3.1 Applicability of the method 

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

Typical tracer gases are helium and halogen gases. 

A.4.3.2 Leak indication 

A leak is indicated 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 dichlorodifluoromethane (R-12), sulfur hexafluoride (SF,) or 
perchloromethylene, sensitivities of 1 O-4 Paom3s- 1 to IO-7 Paomss-l SLR are achievable. With helium, a mass 
spectrometer could typically detect leaks with a leakage rate of 1 O-4 Pa-m%-1 to IO-9 Pa.rn3.s1 SLR 
(3 x 1O-4 Pa.mss-1 to 3 x IO-9 Pa*mss-1 SHeLR). 
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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 mms-I. 

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. 

The operation of the leak detectors requires a qualified operator. 

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). 

The partial pressure of the tracer gas in the test mixture should be at least 10 % of the total pressure and must be 
known. 

A.4.3.6 Hazards 

Do not use positive ions in halide-torch-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 be toxic so that test areas must be well ventilated. 

Particular care must be exercised when operating high-pressure gas cylinders. 

A.4.4 Tracer gas (spray method) 

8.4.4.1 Applicability of the method 

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

Typical tracer gases are helium and 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 sensitivity depends upon the tracer gas used, the pressure difference, and the particular detector. With 
halogen compound gas such as dichlorodifluoromethane (Freon 12, R-12), sulfur hexafluoride (SF,) or per- 
chloromethylene, sensitivities of IO-4 Pa.mss-l to 1 O-7 Pa.m3s-l SLR can be measured. With helium, a mass 
spectrometer could typically detect leaks with a leakage rate of 1 O-4 Pa.rn3.s1 to 10-s Pa.rn3.s1 SLR 
(3 x 1O-4 Paems. s-l to 3 x 1 O-9 P a.rn3.s1 SHeLR). 

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. 
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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. 

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 con- 
tainer. 

The operation of the leak detectors requires a qualified operator. 

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 must be exercised when operating high-pressure gas cylinders. 

29 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 12

80
7:1

99
6

https://standardsiso.com/api/?name=99037341f29684829cef4d1d3e364ecc


IS0 12807:1996(E) 

Annex B 
(informative) 

B.1 Scope 

Methods of calculation 

This annex summarizes basic data and equations concerning methods of calculation. 

Worked examples are given in annex D to illustrate how the calculation methods can be applied to this International 
Standard. 

8.2 Symbols and units 

Unless otherwise stated, symbols and units used in this International Standard are given in 2.2 and also defined as 
follows. 

Capillary length/leakage hole length 

Capillary diameter/leakage hole diameter 

Bubble diameter 

Acceleration due to gravity 

go = 1 kg-m-N-Is-2 

Volumetric leakage rate 

Relative molecular mass 

Relative molecular mass of component i 

Relative molecular mass of mixture 

Downstream pressure 

Partial pressure of one component i of gas mixture 

Total pressure of gas mixture 

Standard pressure ps = 1,013x105 Pa 
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Symbol 

h 

PI 

p2 

Q 

Q m 

Q mix 

Q P 

Q V 

R 

S 

T 

TO 

TI 

T2 

U 

V 

V 

P 

P i 

Pmix 

P 

pg 

PI 

0 

Definition 

Upstream pressure 

Gas pressure at start of test 

Gas pressure at end of test 

Leakage rate 

Leakage rate for molecular flow 

Leakage rate for gas mixture 

Permeation rate 

Leakage rate for viscous flow 

Universal gas constant 

Leakage rate sensitivity 

Fluid absolute temperature 

Reference temperature 

Gas temperature at start of test 

Gas temperature at end of test 

Velocity 

Gas volume 

Bubble-generation rate 

Dynamic viscosity of fluid 

Viscosity of component i 

Viscosity of mixture 

Density 

Gas density 

Liquid density 

Liquid surface tension 

Unit 

Pa 

Pa 

Pa 

Pa.m%-I 

PaSmss-l 

Pa*mss-1 

Pa.mss-I 

Pa.mss-1 

R = 8,31 J.mol-loK-l 

Pa-m%-I 

K 

To = 298 K 

K 

K 

ms-1 

ms 

- S’ 

Pas 

Pas 

Pas 

kg-m-s 

kg-m-3 

kg-m-3 

N-m-1 

B.3 Gas leakage 

Gas leakage may occur by gas flow, which is described in this clause, or by permeation, which is described in 
clause B. 14. 

The gas flow rate through small leaks depends on the fluid and thermodynamic properties of the gas, charac- 
teristics of the leakage path and flow regime. Pressure is a fluid property; pressure difference is the driving force 
for leakage. For this annex, a single straight circular tube (a capillary) will be used to model the leakage path or 
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paths. For the range of leakage referred to in this International Standard (i.e. IO-8 Pa.m3s1 to 1 Pa.rn3.sI) the 
modified Knudsen equation for transitional flow [equation (B.l)] adequately calculates the flow rate, Q, in pascals 
cubic metres per second (Pa.m%-I). 

D4 D3 
Q=O,Ol23-(P*-Pd2)+l,Z04- 

p-a u a 
. . . (B.1) 

Equation (B.1) is valid for a single gas. Equivalent properties are required for this equation to apply to a mixture of 
gas, see clause B.5. 

The first part of this equation represents the viscous laminar flow component, Qv, which is derived from 
Poiseuille’s law for laminar flow and the second part represents the molecular flow component, Qm, which is 
derived from Knudsen’s law for free molecular flow. 

Equation (B.l) may be applied to the viscous laminar flow regime only, the molecular flow regime only or the 
transition flow regime. For predominating laminar flow, the calculated contribution for molecular flow becomes 
negligible, and similarly for predominating molecular flow, the calculated contribution for laminar flow becomes 
negligible. 

Clause E-B.3 in annex E gives the derivation of equation (B.l), the justification for its use and the limitations of its 
use. 

B.4 Correlation between gas leakage rates in different conditions 

Correlations between various conditions can be made using equation (B.l). The capillary diameter can be calculated 
from the known conditions. The leakage rate in other conditions is found by using the calculated diameter. 

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.m3s1), of gases x and y, respect- 
ively, is the following: 

Qx = Qy Iuy x Ipu 
2 2 

- Pd lx 

k (p,* - pd*) Y 

. . . 

Similarly, for the pure molecular flow regime: 

d TxMy 
Qx = 12, - 

II- 

x h - Pd)x 

Ty”x h - Pd)y 
. . . 

B.5 Mixture of gases 

For a perfect gas mixture of n components, mixture properties for total pressure p, in 
in pascals seconds (Pas), [in the first part of equation (B.l)] can be derived as follows: 

(B.2) 

(B.3) 

pascals (Pa), and viscosity p, 

n 

Pmix = c Pi 
i=I 

pmix = 
n Pipi c 

i=I Pmix 
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The term p 
J- 

[in the second part of equation (B.l)], in pascals kilograms to the power -0,5 moles to the power 
M 

0,5 (Pa.kg--o15~molQ5) can be calculated as follows: 

- n Pi 
c - ,/F mix i=I 

B.6 Correlation to standard conditions 

To allow leakage rates 
standard conditions. 

measured at various conditions to be compared, it is useful to refer to the leakage rates at 

. . . u3.a 

Usual standard conditions are dry air at 298 K (25 “C) with an upstream pressure of 1,013 x 105 Pa and a down- 
stream pressure of 0,O Pa. The standard unit of leakage rate is Pa.m%- 1 SLR. Any given leakage can be stated in 
terms of the standard conditions by using equation (B.2) or (B.3). The leakage rate at these standard conditions is 
defined in this International Standard as the standardized leak rate (SLR). 

B.7 Liquid leakage 

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 (mss-1) is derived from 
Poiseuille’s law and is given by the following equation: 

L=Lx D4 
-bu- Pd) 128 pa 

. . . (B.7) 

8.8 Correlation between liquid-leakage rates at different conditions 

The correlation between a measured leakage rate, L,, and an equivalent leakage rate, L,, in cubic metres per sec- 
ond (mss-I), is given by the following equation: 

. . . (B.8) 

B.9 Correlation between gas and liquid leakage rates 

For a system containing radioactive liquid, the maximum permissible equivalent capillary leak diameter, D, in 
metres (m), is determined from equation (B.7). This value of D is then substituted in equation (B.l) to determine the 
equivalent gas leakage rate. 

B.10 Aerosol leakage 

An aerosol is a suspension of particles such as solid powder in a gaseous medium. The nature of an aerosol formed 
in a package is likely to be non-uniform in both space and time. Particle suspension is a result of forces randomly 
applied to the system; settling is a continuous process that removes particles from the aerosol and reduces the 
quantity available for release. Release (removal) of the suspended particles is caused by particle entrainment in the 
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escaping fluid. Analytical prediction of aerosol release is difficult because of uncertainty in aerosol characteristics, 
entrainment and settling, both in the system and in escape through a leakage path. Consequently, an equation that 
describes an aerosol leakage rate cannot be provided. 

The use of the following correlation requires that the partial distribution as mass fraction versus geometric particle 
diameter be known. 

The correlation equates a maximum permissible equivalent capillary diameter, D, in metres (m), to a limiting 
geometric diameter for the particles. A limiting geometric diameter shall be determined so that the total activity of 
all the particles that could be released will be restricted to permissible levels. 

The value of the limiting geometric dia 
leakage rate. 

meter IS then substituted in equation (&.I) to determine the equivalent gas 

B.12 Precautions in the use of csrrel ations 

The correlations in clauses B.4, B.6, B.8, B.9 and B.11 must be used with caution. Firstly, the correlations are valid 
provided the flow regime effects are properly considered. Secondly, they account for effects of temperature and 
pressure on leaking fluids but not on leakage path geometry. For example, if a system normally operates at press- 
ure p, the result of an air-leakage test at 0,lp would be doubtful because, at test conditions, the system would be 
subject to less strain. Generally, the correlations apply when pressure and temperature conditions for both fluids 
are the same and when the conditions do not affect leakage-path geometry significantly. 

8.13 Surface tension 

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 the pressure level due 
to surface tension. The internal pressure of the bubble, pu, in pascals (Pa), that is required to overcome surface 
tension can be estimated from the following equation: 

20 
Pu > Pd + 7 . . . (B.9) 

Two other parameters sh all be considered in bubble testing: bubble diameter, D,, in metres (m), and bubble gen- 
eration rate, V, in seconds to the power minus one (s- I). Thes e parameters can be esti mated a s follows: 

- - 
[ 

6DcFg 

sob, - Ps, 

6L 
V =- 

3 z-DB 

B.14 Permeation 

1 
l/3 

. . . (B.10) 

. . . (B.ll) 

Permeation is the passage of a fluid through a solid barrier (which has no leaks) by adsorption-diffusion-desorption 
processes It should not be considered as a leakage or a release unless the fluid itself is radioactive. If this is the 
case, the container boundary shall reduce the permeation to an acceptable level. In this International Standard, 
permeation is applied only to gases. 
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If a containment system includes organic material, such as elastomeric O-rings, permeation can be a problem when 
a leakage test procedure is being used to demonstrate that the system is leaktight. Typically, helium has a nominal 
permeation coefficient of 5 x 1 O-7 rnss-1 per cm of O-ring exposed, for every 1 ,013 x 105 Pa of pressure differ- 
ence. Some methods for reducing the effects of permeability as a factor in leakage rates are: 

a) complete the leakage test before permeation reaches a significant level; 

b) use a tracer/seal material combination that either reduces or delays permeation; 

cl if the nominal steady-state permeation rate (obtainable from the manufacturer) for the tracer/material com- 
bination, temperature, and pressure difference is 50 % or less of the maximum permissible leakage rate, the 
nominal value may be subtracted from the measured leakage rate if sufficient time was allowed for the value 
to reach steady-state before the measurements were made. 

The example in clause D.8 provides further guidance in the calculation of gas permeation. 

B.15 Leakage test for pressure drop and pressure rise 

The leakage rate Q, in pascals cubic metres per second (Pa.m3&), for the pressure-drop test is derived from the 
perfect gas law relationships. 

When the temperature of the gas volume Vchanges 
rate, Q, normalized to the gas reference temperature, 

from temperature Tl to T2 during a leakage test, the leakage 
To, is the following: 

Q 
VT0 Pl P2 =- --- 

( 1 H Tl T2 
. . . (B.12) 

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

B.16 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.rn3.s1) 
resulting from a procedure that measures only the tracer (such as using a mass spectrometer leak detector) shall 
be corrected: 

. . . (B.13) 

B.17 Sensitivity of leakage test procedure 

In accordance with 8.1, the sensitivity of the leakage test procedure to be used shall be equal to or less than one- 
half the maximum permissible leakage rate for the tracer fluid. 
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Annex 6 
(informative) 

Conversion tables 

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

Table C.l - Pressure units at 273 K QO “C) 

Pa 
(N-m-2) 

atm 
(standard) ton inH20 molecule.m-3 bar Ibf-in-2 kgfcm-* 

2,65 x 1025 

2,65 x 1020 

2,68 x 1025 

3,54x 1022 

6,60 x 1022 

I,83 x1024 

2,60 x 1025 

lbar = 

1 Pa = 1 ,oo x 1 O-05 

I,01 

I,33 x IO-03 

2,49 x IO-03 

6,89 x IO-02 

9,81 x IO-01 

latm = 

1 torr = 

linH20 = 

1 Ibf.in-2 = 

1 kgf *cm-2 

1 molecule 
.m-3 = 

1 dyne-cm-2 = IO-6 bar 
1 mmHg = 1 torr 

Table C.2 - Volumetric flow units 

cm%-1 m3.s-1 ms.min-1 fts.min-1 

1 cm3.s-1 = 

1 m3.s-1 = 

1 m3.min-1 = 

1 m3.h-1 = 

1 litres-1 = 
1 fts.min-1 = 

6,00 x 1 O-05 

6,00 x 1001 

212 x IO-03 

2,12x 1003 

3,53 x 1001 

5,89 x 1 O-01 

2,12 

1 

1 ,oo x IO06 1 

I,67 x 1004 

2,78 x 1002 

1 ,oo x 1003 

4,72 x 1002 

I,67 x 1 O-02 

2,78 x 1 O-04 

1 ,oo x 1003 

4,72 x 1 O-04 

1 

I,67 x 1 O-02 

6,00 x 1 O-02 

2,83 x 1 O-02 

Table C.3 - Flow-rate units at 273 K (0 “C) 

barcmss-1 Pa.rn3.s1 Lusec atmcmss-1 atm.fts.h-1 torrlitres-1 molecule& 

1 ,oo x 1 O-01 

1 

I,33 x 1 O-01 

I,33 x 1 O-04 

I,01 x IO-01 

7,97 x 1 O-01 

3,77 x 1 o-21 

7,50 x 1 O-01 

7,50 

1 

1 ,oo x 1 O-03 

7,60 x 1 O-01 

5,98 

2,83 x 1 O-20 

7,50 x 1002 

7,50 x 1003 

I,00 x 1003 

1 

7,60 x 1002 

5,98 x 1003 

2,83 x 1 O-1' 

9,87 x 1 O-01 

9,87 

I,32 

I,32 x 1 O-03 

1 

7,87 

3,72 x 1 O-20 

2,65 x 1019 

2,65 x 1020 

3,54 x 1019 

3,54 x 1016 

2,69 x 1019 

2,ll x 1020 

1 

1 bar-cm%-1 = 

1 Pa.rn3.s1 (watt) = 

1 torrlitres-1 = 

1 Lusec - - 

1 atmcmss-1 = 

1 atm.fts.h-1 = 

1 molecules-1 = 

I,25 x 1 O-01 

I,25 

I,67 x 1 O-01 

I,67 x 1 O-04 

I,27 x 1 O-01 

1 

4,732 x 1 O-21 
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Annex D 
(informative) 

Worked examples 

D. 1 General 

The examples given in this annex are hypothetical: their purpose is to illustrate the principles that are contained in 
this International Standard. Their applicability to actual shipments should be subjected to review. 

The symbols used in this annex are the same as those used in 2.2 and clause B.2 in annex B. 

List of worked examples 

D2 . 

D3 . 

04 . 

05 . 

06 . 

D7 . 

D8 . 

DS . 

D.10 

D.11 

0.12 

D.13 

D.14 

Test leakage rates for dry spent fuel flask 

Test leakage rates for wet spent fuel flask 

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

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

Comparison between pressure rise and pressure drop tests 

Determination of an unknown test volume for the pressure rise or pressure drop test 

Gas permeation 

Aerosol leakage 

Correlation between gas and liquid leakage rates 

Correlation between leakage rates for different gases 

Sensitivity of gas bubble immersion test 

Containment for tritiated water 

Containment of liquids using double containment taking radiolysis into account 

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

0.2.1 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 ms. 

See figure 1. 

D.2.2 Step 1 

The spent fuel has 35 MW-day/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.l 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 transport conditions. The release fractions listed in 
table D.l are based on measured release fractions from tests for each radionuclide of concern for the 3 % failed 
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fuel rods. The release fraction for the crud is assumed to be one. For solids, only airborne fraction is considered to 
be releasable from the cavity and into the environment. The releasable inventory for each radionuclide is listed in 
table D.1 . 

D.2.4 Step 3 

The regulatory containment requirements are determined by calculating an equivalent A2 for the releasable radio- 
nuclides. The equivalent A, is determined from table D.l as follows: 

A2eq = 
1 

c 
&A 

A2i 

1 - - - = 2,62 TBq 
0,381 

Table D.l - Dominant radionuclides and their limits for a single PWR fuel assembly cooled for five years, 
under normal transport conditions 

Radionuclide 

85Kr 7,70 x 10 3 x IO-' x 0,03 IJO 6,93 x 1 O-1 8,82 x IO-' 8,82 x IO-2 
106Ru 2,88 x 102 2 x 10-5x 0,03 LO I,73 x IO-4 2,30 x IO-4 1,15x10-3 
134Cs 9,62 x 102 2 x 10-4x 0,03 LO 5,77 x IO-3 7,36 x IO-4 I,47 x IO-3 
13'Cs I,60 x 103 2 x 10-4x 0,03 LO 9,60 x 1 O-3 I,22 x IO-3 2,44x IO-3 
238Pu 5,22 x 10 2 x 10-5x 0,03 1 x10-J 3,13x10-6 4,2 x IO-6 2,l x IO-2 
239Pu 6,18 2 x 10-5x 0,03 1 x 1 o-1 3,71 x IO-' 4,0 x IO-' 2,0 x IO-3 
24OPu 7,62 2 x 10-5x 0,03 1 x 1 o-1 4,47 x IO-' 4,0 x IO-' 2,0 x IO-3 
24'Pu 2,03 x 103 2 x IO-5 x 0,03 1 x 1 o-1 I,22 x IO-4 I,6 x IO-4 I,6 x IO-2 

Total 0,784 0,381 

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

RN 
1 = Azeq x 1 O-6 x - 

3 600 

= 7,28 x 1 O-10 TBqs-1 

0.2.5 Steps 4 and 5 

These steps do not apply because permeation does not apply to this example. 

D.2.6 Step 6 

The average activity per unit volume under normal conditions of transport, cN, is determined from the free volume 
of the cavity and contents (seven PWR assemblies) to be: 

CN = 
7 X RITN 

VN 

7 x 0,784 - - 
2,32 

= 2,37 TBq.m-3 
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where VN = 2,32 m? 

D.2.7 Step 7 

The maximum permissible volumetric leakage rate, LN, is therefore: 

LN =~=3O~xl~-~Om3s-l . 

CN 
I 

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

D.3.1 General 

In this example, a water-cooled spent-fuel package is considered and the maximum permissible release rates that 
are required are determined. The example includes calculations to determine the standardized leakage rate (SLR) 
for the required leakage test. 

Spent fuels are transported in a large package. Prior to shipment, the package must be tested for leakage to ensure 
that the radioactive release is not greater than the regulatory limits, not only under normal conditions of transport 
but also under accidental conditions of transport. 

See figure 1. 

D.3.2 Steps 1 and 6 

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

This package is assumed to have no fuel failures, not only under normal conditions of transport but also under acci- 
dental conditions of transport. 

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

Radionuclide Activity per unit volume 
TBq*m-3 

A2i 
TBq 

Sr-90 I,39 x 1 o-3 011 
Ru-106 4,67 x 1 O-3 02 I 
cs-134 I,81 x IO-3 05 I 
cs-137 I,96 x 1 O-3 05 I 
cs-144 7,85 x IO-3 02 I . . . . . . 

Total 3,70 x 1 o-2 

Although the activity per unit volume of storage pool water is actually low, the activity per unit volume of package 
cavity water is assumed here to be 3,7 x IO-2 TBq.m-3, which allows a sufficient margin for possible variations of 
the radionuclides. 

D.3.3 Step 2 

Here, the release fractions FEiA and FEiN are assumed to be 1 ,O. The release fractions FCiA and FCiN 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 A2 equivalent, Azeq, of the package cavity water is found as follows: 

Azeq = 
c Ai 

c (Ai lA2i) 

For the major radionuclides listed in Step 1: 

Azeq = 
1,76~10-~ 

8,40~10-~ 

= 0,21 TBq 

For the complete inventory of radionuclides: 

Azeq = 0,23 TBq 

Accordingly, the values of RN under normal conditions of transport and of RA under accidental conditions of trans- 
port are as follows: 

RN = 
Azeq x 1O-6 

3600 

= 6,39 x IO-” TBq. s-l 

RA = Azeq 
7x24~3600 

= 3,80 x 1 O-7 TBq. s-l 

D.3.5 Step 6 

Proceed vertically downward under “Liquid,, in figure 1. The activity per unit volume is that given in Step 1 above. 

CA = CN = 3,7 x 1 OS2 TBq- rns3 

D.3.6 Step 7 

LN = 
6,39 x IO-" 

3,7x1o-2 

=I 73x10-’ m3sW1 I 

LA = 
3,80~10-~ 

3,70 x1o-2 

= I,03 x 1 Ow5 m3sV1 

40 
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D.3.7 Step 8 

Refer to clause B.7 to calculate the leak diameter: 

L=Lx D4 
- (Pu - pd) 

128 ,ua 

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

Conditions of temperature and pressure Normal 
and the physical properties conditions 

Accidental 
conditions 

Temperature, T (K) 
Inside pressure of the package, pu (Pa) 
Outside pressure of the package, Pd (Pa) 
Viscosity of the water, p (Pas) 
Length of leak hole, a (m) 

380 480 
4,32 x 105 2,99 x 106 
2,50x 104 I,01 x 105 
2,66x IO-4 I,27 x IO-4 
I,2 x IO-2 1,2x IO-2 

For . . 

LN = I,73 x 1 O-9 mss-l 

DN = 2,75 x IO-5 m 

For . . 

LA = I,03 x 1 O-5 m3s-l 

DA = 1,22x 1O-4 m 

D.3.8 Step 9 

DN is smaller than DA; therefore, Q is determined from DN. Use equation (B.l) to determine QsLR. 

For air, determine Qv: 

Pu =1,013x10-5 Pa 

Pd = 0,O Pa 

P = 1,85x IO-5 Pas 

a = 1,20x IO-2 m 

DN = 2,75 x IO-5 m 

Substituting: 

Q - 3,19 x 1 O-4 Pa.rn3.s1 v - 

For air, determine Qm: 

R = 8,31 J.mol.K-1 

T = 298 K 

%r = 0,029 kg.mol-1 

Pu =1,013x105 Pa 

Pd = 0,O Pa 

a = 1,20x IO-2m 

DN = 2,75 x IO-5 m 

41 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 12

80
7:1

99
6

https://standardsiso.com/api/?name=99037341f29684829cef4d1d3e364ecc


IS0 12807:1996( 

Substituting: 

Q t-n = 2,ll x 

Therefore: 

El 

1 O-5 Pa.m%-l 

QSLR= 3,4 x 1 O-4 Pa.m3s-l SLR 

D.3.9 step 40 

On the basis of the result of Step 9, test leakage rates at respective stages, QTD, QTF, QTs and QTP are set so as to 
meet the following standardized conditions: 

Q = 3,4 x 1 O-4 Pa.rn3.s1 SLR 

D.4 Pressure rise test on closure fitted with double 

D.4.1 General 

The purpose of this example is to illustrate how the double O-ring seal concept can provide a simple go/no-go 
preshipment leakage test method. The advantage of the double O-ring seal concept is that the gas volume under 
test can be small. This minimizes the test duration and eliminates the need for highly sensitive detection equip- 
ment. If a test procedure for gas pressure rise is used, rather than a test procedure for gas pressure drop, the 
effects of test gas temperature changes can be minimized. Also, the overall simplicity of the test procedure means 
that little training is required to qualify the leakage test operator. 

A package is closed using a flanged connection. This connection incorporates two elastomeric O-rings with a leak- 
age test port between the two O-rings. For this example, assume that the required sensitivity of the preshipment 
leakage test is I O-4 Pa-m%-1 SLR and that the gas volume under test is I,5 x 1 O-5 m? 

See figure 1. 

D.4.2 Step 11 

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

Test leakage rate: QTS = 1 O-4 PaWm3s-l 

Test volume: I,5 x 1 O-5 m3 

Specify initial pressure: 25000 Pa 

Specify maximum pressure rise: 10 000 Pa 

Specify test duration: 1800s 

It is necessary to use equation (B.12) of clause B.15 to check that the specified conditions will satisfy the required 
test leakage rate for the given test volume. 

Substitute: 

V = 1,5x IO-5rns 

M = 1800s 

p2= 25000 Pa 

pl= 35000 Pa 

Assume: To = 298 K 

Assume: 7j = T2 = To 
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Q 
I,5 x 1o-5 - - 

1800 
(35000-25000) 

=8,3 x10w5 Pa-m3X1 

The standardized leakage rate is determined using equation (B.2) in clause B.4. 

QsLR = 9,l x 1 O-5 Paomss-l SLR 

This result shows that the specified test conditions satisfy the required test leakage rate. 

In order to illustrate the effect of test gas temperature changes, assume that: 

TO = T2 = 298 K 

T, = 293 K 

Q 
1,5~1O-~x298 25000 - - --- 

1800 298 

=8,83 x10D5 Pa-m3d 

The standardized leakage rate is determined using equation (8.2) in clause B.4. 

QsLR = 9,l x 1 O-5 Pa.rn3.s1 SLR 

This result shows that gas temperature changes during the test will have little effect on test sensitivity. Caution: 
this result is not always true, see worked example in clause D.6. If the gas test volume were I,5 x IO-3 m3 rather 
than I,5 x IO-5 m3, either the test duration must be increased to 50 h or the permissible pressure rise must be 
decreased to 100 Pa in order to maintain the same test procedure sensitivity. However, if the permissible pressure 
rise is to be decreased, any temperature changes of the test gas may be significant, as indicated below. 

Q 1,5x1O-3x298 - - ( --- 25100 25000 
1800 298 298 

=8,3 x 10m5 Pa.m3s-’ 

The standardized leakage rate is determined using equation (B.2) of clause B.4. 

QsLR= 8,8 x IO-5 Paomss-l SLR 

but for To = T2 = 298 K and T,, = 293 K: 

Q 1,5~1O-~x298 - - 
1800 

( --- 25100 25000 
293 298 

=4,4 x 10B4 Paem3s-’ 

The standardized leakage rate is determined using equation (B.2) of clause 8.4. 

QsLR = 4,7 x 1 O-4 Pa.rn3.s1 SLR 

D.5 Pressure 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 
fitted with a double O-ring seal having a relatively small interspace volume. 
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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 compensation for temperature effects and calcu- 
lation of standardized leakage rate. 

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 (0 200 mm) and a pressure sensor capable of measuring pressure with 
an accuracy of 0,l %. 

The pass criterion for the test is that the leakage rate should be less than 1 ,O x 1 O-5 Pa.rn3.s1 SLR. 

D.5.2 Test data 

Interspace volume: V=5Ox104m3 I 

Ambient pressure: Pa = I,0 x 105 Pa 

Internal pressure of containment vessel: pa = I,0 x 1 O5 Pa 

Initial pressure: p, = 2,0x 105 Pa 

Test duration: H = 10 min 

Temperature of containment vessel 
and test gas: T, = 36 OC (309 K, assumed to be constant during the test) 

NOTE 2 In this example, the 
is ambient pressure. 

cavity of the containment vessel is at ambient pressure and therefore the downstream pressure 

0.5.3 Test results 

Pressure at end of test: p2 = 1,996x 105 Pa 

Pressure drop: PI -P2 = 0,004 x 105 Pa 

D.5.4 Determination of leakage rate 

The leakage rate is determined using equation (B.12) in clause B.15. 

Q = 3,2 x IO-6 Pa.mss-1 

D.5.5 Determination of standardized leakage rate 

The standardized leakage rate (SLR) is determined using equation (B.2) in clause B.4 which is applicable to laminar 
flow leakage (which is applicable in most practical situations). 

The subscript y refers to the test conditions: 

pU,=1,998x105Pa 

pdy 
= 1,0x 105Pa 

py = I,89 x 1 O-5 Pas 

(mean) 

(for air at 309 K) 

The subscript x refers to the SLR conditions: 

pux = 1,013x105 Pa 

Pdx = 0,O Pa 

P x = 1,84x10-5 Pas (for air at 298 K) 
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The standardized leakage rate for the above test is determined using equation (B.2) in clause B.4. 

QsLR= I,13 x 10-6 Palm%-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 of temperature change can be seen by repeating the above calculations, assuming that there is no 
leakage and that the pressure of the air, in the interspace volume of the double O-ring seal, changes solely due 
to an undetected temperature drop of 0,5 OC (from 309 K) which would cause a pressure change from p1 to 
p2 = 308,5 / 309 x p, = 1,996 76 x IO-5 Pa (a pressure change of 324 Pa). 

For the calculation of the leakage rate, the temperature of the containment vessel and test gas Tl = 36 OC (309 K) 
is assumed to be constant during the test (i.e. T2 = 309 K). 

QsLR= 0,91 x IO-6 Pa.ms.sl SLR 

From this, it is seen that a 0,5 OC change in the temperature of the air in the interspace of the double O-ring seal 
would indicate an apparent leakage of 0,91 x 1O-6 Pa.m3s- 1 SLR. This “apparent” leakage rate is insignificant for 
this example, for which the pass criteria is I,0 x 10 -5 Paomss-l SLR. It should be noted that, for a test carried out 
over a short period of time, it is likely that the temperature will change by less than 0,5 OC because of the thermal 
inertia of the containment vessel: this applies even if the ambient temperature were to change by a few degrees. 

D.6 Comparison between pressure rise and pressure drop tests 

The purpose of this example is to illustrate the advantage of the gas pressure rise test compared to the gas press- 
ure drop test when uncertainties in measurement are taken into account. The analysis is based on the use of 
equation (B.12). 

Q VT0 PI P2 =- --- 

( 1 H T1 T2 
Pa-m+-I 

Conditions for the gas pressure drop test: 

V=lm3 

H= 1,728x10~s 

To= 298 K 

PI = 1,0x lOsPa 

p2=0,9995x106Pa 

T1 = 293 K 

T2= 293 K 

Ep = + 5 Pa 

Ep = 215 Pa 

E,=+O,l K 

E,=fO,l K 

I$., and E, represent the uncertainty measurements for pressure and temperature, respectively (I$ represents an 
accuracy of 0,000 5 %). 

Conditions for the gas pressure drop test: 

V=lm3 

H= 1,728xlO~s 

To=298 K 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 12

80
7:1

99
6

https://standardsiso.com/api/?name=99037341f29684829cef4d1d3e364ecc


IS0 12807:1996(E) 

PI = IOPa EP =+55Pa 

p2 = 510 Pa EL) =+5Pa 

T, = 293 K E,=fO,l K 

T2 = 293 K E, = + 0,l K 

The uncertainty Ep represents an accuracy of 1 %. 

For the purposes of this example, V, To and H are assumed to be constant for either the pressure drop or pressure 
rise tests. Equation (B.12) can then be simplified to: 

P2 PI Q=c --- 

( 1 T2 Tl 

VT0 c=- 
H 

First, solve for Q without considering the measurement uncertainty. Substituting: 

Q=l,706xC 

Next I rewrite the equat ion to includ e the uncertainty measurements: 

QD =c 
PI +Ep -- 
T1-ET 

P2 - Ep 

T2+ ET 

where QD refers to the pressure drop test. 

Also, by interchanging the subscripts 1 and 2: 

QR 
P2+ q? PI -qJ --- 
T2-ET Tl+ET 

where QR refers to the pressure rise test. 

Substituting the given test conditions: 

QD=4,07OXC 

QR =-1,741xc 

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

For the pressure drop test: 

=I40 % 

For the pressure rise test: 

= 2 % 

It can be concluded that, although the pressure drop test is carried out with a pressure gauge with a very high 
accuracy (0,000 5 %), the pressure rise test gives a better result. 
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D.7 Determination of an unknown test volume for the pressure rise or pressure drop 
test 

D.7.1 General 

The purpose of this example is to illustrate how the test equipment that is used for the pressure rise or pressure 
drop test can be used to determine the magnitude of an unknown test volume. The principle is based on Boyle’s 
Law for gases. This example is applicable for constant temperature conditions only. 

Prepare the measurement as shown in figure D.I. 

D.7.2 Procedure 

Open valve 1 and determine pressure po. 

Close valve 1 and open valve 2. 

Evacuate volume 1 or pressurize it by injecting gas. 

Close valve 2 and determine pressure pl. 

Open valve 1 and determine pressureP2. 

Determine V2 by using the following equations. 

p x V = constant 

(p, - po) x v, = (p2 - po) x w, + v2) 

(p1 - PO) x v, = (p2 - po) x v, + (p2 - po) x v2 

(Pl - PO) x Vl - (P2 - PO) x VI = (p2 -PO) x v2 

v, x HP’ - po) - (p2 - PO)1 = Ip2 - po) x v2 

Vl x [PI - PO - P2 + PO] = (P2 - PO) x v2 

v, x [p, -&I = (p2-po) x v2 

v2 = 
vl x (PI -P2) 

(P2-PO) 

D.8 Gas permeation 

D.8.1 General 

These examples illustrate the analytical methods for determining gas permeation rates through elastomeric ma- 
terials. 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=SxD 

where 

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

D is the diffusion coefficient, in square metres per second (rn2.s1). 
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v2 

PO Unknownvolume 

P2 

. 

Valve 1 

PO P2 Known volume 

PI 

Valve 2 

Gasin/out 

VI = known volume 
V2 = volume to be determined 
PO = initial pressure in VI and V2 (valve 1 open, valve 2 closed) 
Pl = pressure in VI after VI has been pressurized or evacuated (valves 1 and 2 closed) 
P2 = final pressure in VI and V2 (valve 1 open, valve 2 closed) 

Figure D.l - Diagram for the calculation of an unknown test volume 

Any steady-state permeation rate of a gas, Qp, in pascals cubic metres per second (Pa.m%-I), through an elas- 
tomeric material can be described by the following equation: 

Qp=Px 
A 
IXAP 

where 

P is the coefficient of permeation, in square metres per second (rn2.s1); 

A is the area of the permeable material normal to the gas flow, in square metres (m2); 

1 is the thickness of the permeable material, in metres; 

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

For O-rings this equation approximately can be reduced to: 

Q,,=PxLxAp 

where L is the O-ring length, in metres. 

Because A = L x 2 (where I is the cord diameter) and taking into account two counter-acting simplifications: 

a) compression of the O-ring reduces the area and extends the thickness of the permeable material; 

b) the non-square cross-section reduces the effective thickness of the permeable material. 
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Permeation and diffusion coefficients depend on thermal activation energies described by the following equations: 

EP -- 

P=CpXe RT 

ED -- 

D=CDxe RT 

where 

Cp and CD are constant factors, in square metres per second (m*s-1); 

EP and ED are thermal activation energies for permeation and diffusion, respectively in joules per mole 
(J.mol-I); 

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

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

D.8.2 Example 1: Activity release by permeation (krypton) 

The dominating radioactive fission gas *5Kr from irradiated fuel could be released from defective fuel pins into the 
cask void and then permeate through elastomeric seals to the environment. 

Typical examples of permeation coefficients for krypton (see reference [I 61 in annex F) are: 

P (23 OC = 296 K) 
m*.s-1 

EP 
kJ.mol-1 

f’(T) 
m*.s-1 

1060 
Silicone rubber 

-- 
9,5 x IO-10 88 l 3,4 X 1 O-* X e * 

Fluorocarbon rubber 5,0 x IO-l3 55,7 
6700 -- 

3,4X10B3X e * 

The partial pressure of *5Kr in the cask void is estimated to become 100 Pa at the gas temperature 423 K (150 OC). 

A silicone rubber O-ring at a temperature of 373 K (100 “C) with dimensions 1 000 mm x 10 mm and therefore 
a sealing length of L = n x (1 000 + IO) mm = 3,2 m at 100 OC would allow a steady-state krypton permeation rate 
of: 

Qp=PxLxAp 

= 2,0 x IO-9 m*s-1 x 3,2 m x 100 Pa 

= 6,4 x 1 O-7 Pa=mss-1 (at 296 K) 

NOTE 3 Because in this case P has been derived from calibration of and measurements with a mass spectrometer at ambient 
temperature, the calculation above leads directly to permeation rates at ambient temperature. 

Activity per unit volume of *5Kr is 1 234 x lOI5 Bq.mol-1 = I 5,05 x lOI6 Bq.m-3 (at 0 OC and 101,325 Pa) 
= 5 I 0 x 1011 Bqgm-soPa-l (at 296 K) . 

The krypton permeation rate is therefore: 

10A2 
Qp = 6,4 x IO-7 Pa.mss-1 x 5,0 x 1011 Bq.m-ss-l x - 

3600s 
X- 

1014Bq ‘Ih 

= 11,5x 10-6x lOA,x h-1 > 10-6x 10A2x h-l 

which is not acceptable. 
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NOTE 4 Because 85Kr is the dominant part of a mixture with other radioactive fission gases, for example with some tritium, 
an activity release limit of 1 O-6 x 1 OA2 x h-1 for 85Kr has to be applied (see reference [I], paragraph 548). 

Changing to a fluorocarbon rubber (e.g. Viton) with the same dimensions and with P (100 “C) = 5,3 x 1 O-l1 m*.s-1 
(see data above) leads to a krypton permeation rate of: 

QP = 
5,3 x IO-” m2X1 

20 x 10-gm241 
x II,5 x 1 O-6 x 1 OA, x h-l 

I 

=0,3x10-6x10A2xh-1 

which is acceptable. 

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

Typical examples of diffusion and permeation coefficients for helium (see reference [I 61 in annex F) are: 

D(T) f’(T) 
m*.s-I m*.s-1 

Silicone rubber 

Fluorocarbon rubber 

1160 1 965 -- -- 
3,3x 1O-7x e * 1,9x 1O-7x e T 

2 770 3 625 -- -- 
6,6x IO-6x e T 3,5x 10-b e T 

Firstly, considering steady-state permeation through an O-ring of which the dimensions are again 1 000 mm x 10 mm, 
but with Ap = 1,013 x 105 Pa. 

Qp (He, silicone rubber, 23 OC) = 2,s x 1 O-10 m*.s-1 x 3,2 m x 105 Pa = 8,0 x 1 O-5 Pa.m3.s1 

Qp (He, fluorocarbon rubber, 23 OC) = I,7 x 1 O-1” rn*& x 3,2 m x 105 Pa = 5,4 x 10~~ Pa.m3s-l 

Qp (He, fluorocarbon rubber, 107 “C) = 2,s x I O-10 m*.s-1 x 3,2 m x 105 Pa = 8,0 x 1 O-5 Pa.m3.s1 

All these calculations give only rough orders of magnitude but may prove to be helpful for any estimates. For any 
exact design assessment, measured values of p for each gas through each individual elastomer compound for the 
full range of temperatures of interest must be available. 

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

l2 -- 

Qb(t)=QpxLe 4Dt 

II- xDt 

where 

t is the time after application of helium pressure, in seconds; 

Qp is the steady-state permeation rate, in pascals cubic metres per second (Pa.m3.s1); 

1 is the thickness of the barrier (equal to the O-ring cord diameter), in metres; 

D is the diffusion coefficient, in square metres per second (m*.s?. 

This equation is valid up to D x t x Z-* < 0 3 when Qb(t) = 0,9 x Qp and then Q’p(t) approaches 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: 
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With D (He, silicone rubber, 23 OC) = 6,6 x 1 O-9 m*s-1, I = 1 O-2 m and after t = 15 min: 

D x tx Z-2 = 0,06 

Qb (silicone, 15 min) = 0,07 Qp (silicone) 

z 5,5 x IO-6 Pa.rn3.s1 

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

With D (He, fluorocarbon rubber, 23 “C) = 5,7 x IO-10 m2s-1, I = 1 O-2 m and after t = I,5 h: 

Q’p (fluorocarbon, I,5 h) = 0,002 Qp (fluorocarbon) 

= 1 ,I O-8 Pa.rn3.s1 

which is the level of technical leaktightness. (See E.6 in annex E.) 

This typical example shows that helium leakage test results will not be affected by overlapping permeation effects 
if the term D x t x Z-2 is kept small, using elastomeric materials with low diffusion coefficients and thick seals, and 
by performing speedy measurements. For practical helium-leakage testing, precautions are mainly necessary if 
silicone O-rings have been installed. Permeation and diffusion rates of helium through other commonly used elas- 
tomeric seal materials like ethylene-propylene (EPDM), neoprene or nitrile rubbers are similar to those for fluoro- 
carbon rubber. 

For further information on permeation, see reference [ 161 in annex F. 

D.9 Aerosol leakage 

The purpose of this example is to compare the release of particulate solids in a gas with test-gas leakage rates. 

The regulations state that a package subjected to specific tests must restrict the loss of radioac 
value of 1 O-6 x A2 per hou r for normal conditions of transport. 

tive materials to a 

The A2 value for *4oPu is 2 x 1 O-4 TBq, so its release from any container must be less than 2 x 1 O-10 TBq per hour. 
The activity per unit volume of *4oPu is about 8,4 TBq.kg-1, which is equivalent to 7,4 TBq.kg-1 of PuO, (atomic 
mass of oxygen is 16). So the mass leakage rate of Pu02 must be less than about 2,7 x IO-II kg per hour. 

In this example, let a container have a suspended aerosol concentration of IO* particles per cubic metre of *40Pu02 
with a mass median diameter of 2 x 1 O-6 m and a density of 1 ,I 5 x 1 O4 kg-m- ? The average mass of each particle, 
assuming they are non-porous spheres, is about 4,8 x IO-l4 kg. 

D.9.1 Case No. 1 

If there is a single breach of the seal having a leakage rate of IO-6 Pa-m%- 1 SLR with a driving overpressure of 
105 Pa and there is negligible attenuation of aerosol within the leakage path, then the volumetric leakage rate will 
be IO-i1 mS.s--I which, assuming unbiased sampling of the aerosol in the leak, corresponds to about 4 particles per 
hour or a mass leakage rate of 2 x IO- 13 kg-h-1 (i e. two orders of magnitude below the limit allowed). . 

D.9.2 Case No. 2 

If the above conditions and assumptions are retained, but for a single breach of the seal with a leakage rate 
10-s Pa.mss-1 SLR then the volumetric leakage rate will be 1 O-8 rn3.s1 or about 3 600 particles per hour. This cor- 
responds to a mass/leakage rate of 2 x IO-lo kg-h-l (i.e. an order of magnitude over the limit allowed). 

However, if aerosol particles with a mass median diameter of 7 x IO-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,l x 1 O-12 kg. 
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Applying this criterion to Case No. 1 above, with a leakage rate of 1O-6 Pa.m3s1 SLR, the expected aerosol 
leakage rate of 4 particles per hour is equivalent to a mass leakage rate of about 8 x IO-12 kg-h-’ (i.e. close to the 
limit allowed). 

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

D.10 Correlation between gas and liquid leakage rates 

D.lO.l General 

The purpose of this example is to show that the determination of the inventory of radioactive contents may require 
careful consideration. The example also shows how the standardized leakage rate (SLR) can help to select leakage 
test procedures. 

The containment system is a vessel that contains 200 ml of solution containing 555 TBq of molybdenum-99 
(half-life 66 h) and 35 TBq of iodine-132 (half-life 2,3 h). Molybdenum-99 decays to technitium-99m (half-life 6,0 h). 
Determine the standardized leakage rate under accidental conditions of transport. 

See figure 1. 

D.lO.2 Step 1 

Figure D.2 shows the inventory of the radionuclides as a function of time. This information is significant because 
the radionuclides have relatively short half-life values. 

D.lO.3 Step 2 

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

D.lO.4 Step 3 

In this example, consider that the time is equal to 5 h. 

The activities are the following: 

M o-99: 527 TBq A2 = 0,5 TBq 
Tc-99m: 207 TBq A2 = 8,0 TBq 
l-l 32: 8 TBq A2 = 0,4 TBq 

742 TBq 

The equivalent value of A2 for the mixture is: 

c Ai 
A2eq = 

c (Ai IA2i) 

527+207+8 - - 
527/0,5+207/8,0+8/0,4 

= 0,675 TBq 

RA = A2eq (in one week) 

= 1 ,I 2 x 1 O-6 TBqs-’ 
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Figure D.2 - Time activity histories for Mo-99, Tc-99m and l-132 

D.10.5 Step 6 

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

CA = 3,7l x 106 TBq.m-3 

D.10.6 Step 7 

LA = 3,02 x 1 O-13 rn3.s1 

D.10.7 Step 8 

To determine an equivalent air-flow rate, refer to clause B.9 in annex B to determine the hole diameter DA. 
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Assume: 

Pu = 2,026 x IO5 Pa 

Pd = 1,013 x 105 Pa 

a =5x IO-3m 

P = 5 x 1 O-4 Pas 

LA = 3,02 X lo-l3 m3-S-' 

Thus, 

DA= 4,I7 X IO-6 m 

D.lO.8 Step 9 

Determine the standardized leakage rate from equation (B.l). 

Assume: 

DA= 4,17 x IO-6 m 

Pu = 1,013xlO5Pa (SLR conditions for air) 

Pd = 0,O Pa absolute (SLR conditions for air) 

a = 5 x IO-3 m 

P = 1,85x IO-5 Pa.s (for air) 

T = 298 K 

M = 0,029 kg.mol-1 

Then, 

QA(SLR) = 4,13 x IO-7 + I,80 x 10B7 

(viscous) (molecular) 

= 593 x IO-7 Pa.mG-1 SLR 

NOTE 5 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.I. 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 con- 
sidered. 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 IO-6 Paom3.s-l SLR. Therefore, for preshipment verification, it would be possible and practical to complete a 
gas pressure rise test on the containment system closure. 

D.ll Correlation between leakage rates for different gases 

D.11 .I General 

The purpose of this example is to illustrate how the leakage rates of different gases, including mixtures of gases, 
can be correlated. 
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The containment system is a vessel that contains 1 850 TBq of tritium gas at 2,026 x 105 Pa. The tracer gas will be 
a mixture of 50 % helium and 50 % air and the test method will be the evacuated envelope (gas detector), see 
table A.2. Determine the permissible leakage rate of the tracer gas for normal conditions of transport. Assume that 
all gas flows are purely molecular. Assume that the activity per unit volume of the tritium gas is 8,772 x 104 TBq.m-3 
at standard conditions. 

Permeation of tritium through the vessel walls has been determined to be negligible. 

See figure 1. 

D.11.2 Step 1 

The radioactive content is tritium gas and the total activity is 1 850 TBq. 

D.ll.3 Step 2 

Assume that the release fractions, FCi and FE,, have values of 1 ,O. 

D.ll.4 Step 3 

A, = 40 TBq 

R, = 1 ,I 1 x 1 O-8 TBqs-’ 

D.ll.5 Steps 4 and 5 

These steps may be omitted because permeation of tritium through the vessel walls has been considered to be 
negligible. 

D.11.6 Step 6 

The activity per unit volume of the medium is: 

CN=8,772x10 

= 1,754 x 105 TBq.m-3 (at operating conditions) 

D.ll.7 Step 7 

= 6,33 x 1 O-14 mss-’ (at operating conditions) 

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

QN = (2,026 X 10')(6,33 X 10~'~) 

= I,28 x 1 O-8 Pa.mas-’ (for tritium, at operating conditions) 
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D.11.8 Step 8 

DN could be determined by using equation (B.l), but in this case the calculation is unnecessary. 

D.11.9 Step 9 

Because only molecular flow is to be considered, QNisL RI can be correlated directly to QN by equation (B.3). 

To convert to air at standard conditions, let x represent any gas such as air and let y represent the tritium gas. 

Since TX = r,, equation (B.3) reduces to: 

M 
Qx= Q, M' x h-Pd)x 

X h-Pd)y 

For tritium: 

MY = 0,006 kg.mol-1 

Q, = QN 

For air: 

MX = 0,029 kg.mol-1 

Qx = QN(SLR) 

Then: 

QN(SLR) = 0,455 X QN X 
bu - Pd)x 

bu- Pd)? 

ln this equation, pu and pd actually refer to the partial pressures of gases x and y. 

For air: 

bu - Pd)x = 1,013x 105-O 

= 1,013x105 Pa 

For tritium: 

(pu -p& = 2,026 x lo5 - 0 

= 2,026x 105 Pa 

Then: 

QN(sLR) = 2,91 X 10m9 Pa.m3s1 SLR 

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

bu - Pd)x = 1,013x105 Pa 

i.e. as before, but 

(pu -p& = 2,026 x 105- 1,013 x IO5 

= 1,013x105 Pa 

and 

QN(sLR) = 5,82 x 1 O-9 Pa.rn3.s1 SLR 
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D.ll.10 Step 10 

The tracer gas is a mixture of 50 % helium and 50 % air. For the test: 

pu = 1,013 x 105 Pa for helium 

pu = 1,013 x 1 O5 Pa for air 

pd = 0 Pa 

First, compare the leakage of helium to QN(sLR)* 

Let x represent air and y represent helium. Use equation (B.3) and assume that TX = Ty. Since equation (B.3) 
reduces to: 

Q, = 2,91 x IO-9 Paomss-l SLR 

M.Y = 0,004 kg*mol-1 

MX = 0,029 kg.mol-1 

Then: 

Qey = 7,84 x IO-9 Pa-mss-1 SHeLR 

To determine the permissible 
shall be reduced by the factor 

test leakage rate, QT~N, for the mixture, two factors shall be applied to Qy. Firstly, QY 

lr MX f=l+- 
II- MY 

= I,37 

to account for the fact that, during the test, only the helium component of the mixture will be detected. Secondly, 
this International Standard requires that the sensitivity of the leakage test procedure must be one-half of the maxi- 
mum allowable leakage rate. 

Therefore: 

1 1 
QTDN = Qy X-X--- 

2 I,37 

= 286 x 1 O-9 Pa.m3s-l 

D.12 Sensitivity of gas bubble immersion test 

The purpose of this example is to show how bubble generation can be affected by different liquids and by pressure 
differences across a leak. 

The closure of a containment system is subjected to a gas bubble test. The containment system is pressurized to 
2,O x 105 Pa with air. The immersion depth is 0,l m and the liquid may be either water or ethylene glycol. 

Assume that there is a single leak with a diameter of 3 x 1 O-5 m and that the air-leakage rate from the leak is 
1 ,O x 1 O-4 Pa-mss-1 under operating conditions and at 25 OC. 
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Compare the bubble diameter and bubble generation rates for the two immersion liquids. 

g = 9,81 ms-* 

80 = 1 kg-m-N-l-s-* 

PI = 103 kg.m-3 (for water) 

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

pg = 1,184 kg.m-3 (for air at 25 “C) 

0 = 7,2 x IO-2 N-m-1 (for water in contact with air) 

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

First, refer to clause B.13 to show that the internal pressure of the bubble will overcome the surface tension of the 
liquid. 

p,=Z,OxlO5Pa 

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

Then, 

&j=1,013X105+0,0098x105 

= 1,023x105 Pa 

For water in contact with air: 

CT = 7,2 x IO-2 N-m-1 

D=3x10-5m 

Then, 

20 
Pd + y =1,023x105+2 

7,2x10-* 

3x1o-5 

= I,07 x 105 Pa 

This result is less than pU and therefore bubbles will be generated. A similar conclusion results for the ethylene glycol. 

Next, use equation (B.10) to estimate the bubble diameter. 

Therefore, for water: 

DB=l,lO~lO-~m 

VB = 6,97 x IO-10 m3 

and, for ethylene glycol: 

DB = I,01 x IO-3 m 

VB = 4,08 x IO-10 m3 

Finally, use equation (B.11) to estimate the generation rates of the bubbles. 

To determine L, in cubic metres per second (mss-I), use the relationship: 

Q=pxL 

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

P = ?+j = 1,023 x 105 Pa 
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Then, 

L= 
1 ,o x 1 o-4 

1,023 x IO5 

= 9,775 x 1 O-10 m+-l 

and 

v = I,4 s-l (for water) 

v = 2,4 s-1 (for ethylene glycol) 

These results indicate that, for the ethylene glycol, the bubbles will be about 15 % smaller in diameter than for 
water, but the generation rate will be 70 % greater. Thus, a gas bubble test using ethylene glycol would be superior 
to a test using water. 

One procedure that is commonly used with ethylene glycol is to evacuate the space above the ethylene glycol 
bath. In this case, the calculations give: 

v = 220 s-1 

This result shows that the sensitivity of the test procedure has been increased by a factor of about 100. 

D.13 Containment for tritiated water 

D.13.1 General 

This example illustrates the use of the gas leakage test methodology for normal conditions of transport but a dif- 
ferent methodology for accidental conditions of transport. This example also illustrates that the packaging design 
and the radioactive contents can influence the selection of a suitable leakage test procedure for preshipment verifi- 
cation. 

A package consists of an outer protective packaging and a drum that contains 200 litres of tritiated heavy water 
with an activity per unit volume of I,25 TBq.l- 1. The drum has two standard 50 mm openings. Specify suitable 
leakage tests for design verification and preshipment verification. 

See figure 1. 

D.13.2 Step 1 

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

0.13.3 Step 2 

Assume that the release fractions, FCi and FITi, have values of 1 ,O. 

D.13.4 Step 3 

A2 = 40 TBq (for tritiated heavy water) 

RN = 1 ,I 1 x 1 O-8 TBqs-1 

RA = 6,61 x 1 O-5 TBqs-1 
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D.13.5 Step 4 

The activity per unit volume of the medium is: 

CN = c* = I,25 TBq-I-1 

= I,25 x 103 TBq.m-3 

D.13.6 Step 5 

= 8,89 x 1 O-l* m3s-l 

= 5,29 x 1 O-9 rns+ 

D.13.7 Step 6 

Under normal conditions of transport only, LN for the tritiated heavy water can be converted to an equivalent 
air-flow rate by the method given in clause B.9 of annex B. First, determine DN. 

Assume: 

Pu = 1,083 x 105 Pa (due to the head of heavy water) 

Pd = 1,013 x 105 Pa 

P = I,2 x IO-3 Pas 

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

a = 1,6x IO-3m 

Therefore, 

DN= I,78 x 1O-5 m 

0.13.8 Step 7 

Under normal conditions of transport only, determine the standardized leakage rate from equation (B.l). 

Assume: 

Pu = 1,013 x 105 Pa 

Pd = 0,O Pa 

DN= 1,78x IO-5m 

P = I,85 x 1 O-5 Pas (for air) 

a = 1,6x IO-3 m 

T = 298 K 

M = 0,029 kg.mol-1 

Therefore: 

QNtSLR) = 4,24 X 1 O-4 + 4,36 X 1 O-5 

(viscous) (molecular) 

= 4,68 x IO-4 Pa.mss-l SLR 

NOTE 6 This result indicates that the viscous flow mode predominates. 
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D.13.9 Step 8 

See the last statement given in Step 9. 

D.13.10 Step 9 

To select an appropriate test method for design verification, refer to table A.1 . 

Methods that use halogen 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 method is required. 

Under normal conditions of transport only, the containment requirement is A2 x 1 O-6 or 40 x 1 O-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; 

d conduct the tests for normal conditions of transport; 

d) drill an extraneous hole in the drum lid; 

e) drain the water from the drum; 

f) vacuum-dry the drum; 

g) complete a gas pressure-drop test. 

Refer to clause B.15 of annex B, to determine a suitable test duration, H, and values of p1 and p2 in order to fulfill 
Step 8. 

D.13.11 Step 10 

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

This represents 16 % of the package contents, or 35 kg. In this case, QA(SLR) need not be determined because a 
simple mass-loss measurement would suffice to demonstrate compliance with the regulations. This is an example 
of the use of another methodology. 

To select an appropriate test method for preshipment verification, the packaging design and the radioactive con- 
tents will affect the choice of method. Once the drum is filled with tritiated heavy water and the 50 mm closures 
are installed, there will be no access to the interior of the drum. None of the test methods in table A.1 are suitable. 

The following alternative methodology will be used: 

Before the drum is fil 
drum in a water bath. 

led, complete a gas bubble test by pressurizing the drum internally with air and rotating the 

The gas bubble test, rather than the gas pressure-drop test is preferred because the latter test procedure is time 
consumrng. 

Load the drum with its radioactive contents. 

Install the drum closures in accordance with the check-list procedures. 

Place the drum in an enclosure and sample an air flow with a tritium monitor. The tritium monitor has a sensitivity 
which can easily detect the regulatory limit of 40 x 1O-6 TBq4r1. 
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