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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out

through ISO

technical committees. Each member body interested in a subject for which a technical

committee has been established has the right to be represented on that committee. International

organization

s, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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ights identified during the development of the document will be in the Introduction and/or

t of patent declarations received. www.iso.org/patents

me used in this document is information given for the convenience of users and dogs not
endorsement.

ination on the meaning of ISO specific terms and <expressions related to conformity
as well as information about ISO's adherence to the WTO principles in the Technical
rade (TBT) see the following URL: Foreword - Supplementary information

ent was prepared by Technical Committee ISO/TC 85, Nuclear technology, nyclear
and radiological protection, Subcommittee'SC 6, Reactor technology.
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Introduction

Hot helium leak testing can realize more reliable leak tightness assessment than the conventional cold
helium leak testing for components that run at elevated temperatures. It gives the total leakage rate of
a component at its operating temperature and pressure, and could greatly reduce its operational leak
risk.

© IS0 2023 - All rights reserved v
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Reactor technology — Nuclear fusion reactors — Hot
helium leak testing method for high temperature pressure-
bearing components in nuclear fusion reactors

1 Scope

This
comp

gas ldak detector and high-pressure helium gas or the gas mixture flowing out afithe c

trace
leaka
comp
condi

This

operdting conditions in nuclear fusion reactors, which operate at elevated temperatures
high yacuum environment down to 10-¢ Pa and with inner flowing-coolant at operating f
also dpplicable to the overall leak tightness test of welds in.other metallic components an
that dould be evacuated and pressurized, such as pressurized tanks, pipes and valves in |

aeros

2 Normative references

The fpllowing documents are referred to in(the text in such a way that some or all of

const|

undated references, the latest edition ofithe referenced document (including any amendmé

[SO9
ISO 2
[SO 2
EN 17

3 1

For tTe purposes of this document, the terms and definitions given in ISO 20484 and t

apply|

document specifies the methods and techniques for leak tightness assessment
pnent at high temperature by measuring its total leakage rates in a vacuum chapmber

" gas during its thermal and pressure cycles at its operating conditions. Thésminimu
be rate can be as low as 1010 Pa-m3/s, depending on the dimension;) external (
exity and materials of the component, and is strongly related to the’tést system
fions.

Hocument is applicable for the hot helium leak test of in-vessél components as p¢

pace and other nuclear reactors.

tutes requirements of this documerit. For dated references, only the edition cited

/12, Non-destructive testing <= Qualification and certification of NDT personnel
D484, Non-destructive testing — Leak testing — Vocabulary
D485:2017, Non-destructive testing — Leak testing — Tracer gas method

79:1999, Non-destructive testing — Leak testing — Criteria for method and technique |

erms and definitions

bf a metallic
with a tracer
pmponent as
m detectable
onfiguration
and the test

r its normal
in an ultra-
ressure. It is
d equipment
ower plants,

their content
applies. For
ents) applies.

belection

he following

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

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

3.1

background noise

I

n

maximum vibration value of the background signal in a specified period

Note 1 to entry: The specified period is usually 5 min.

Note 2 to entry: The large pulse signal appearing occasionally during the test process should be ignored.
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4 Symbols

The symbols and units given in Table 1 apply to this document.

Table 1 — Symbols and units

Symbol Description Unit
c The volume fraction of the helium gas when a helium gas mixture is used for the o
leak test 0
D Systematic error of the leakage rate measurement %
[n nrl(grnnnd naoise D:\.m3/s
Po [he maximum working pressure of a component in operation MPp
Prest Actual helium pressure applied to the component in a helium leak test MPp
0 [he minimum detectable leakage rate of the test facility, named as the minimum Pamp/
a-mp/s
s Hetectable leakage rate of the system
[he standard leakage rate of the reference leak at its calibration condition$, gerti- o
Qo N . . P Pa-mp/s
ied by an authorized metrological verification agency
['he standard leakage rate of the reference leak corrected by a temperature Pamp/
q - o . a-mpe/s
ct Coefficient at the conditions to calibrate the leak test system
Actual total leakage rate of the component referred to its working pressure and Pa-mpP/s
c femperature in operation
R btable background signal in leakage rate measurement,reading from a tracer gas Pa-mp/s
CL eak detector before opening a reference leak for calibration of a leak test system
R btable background signal in leakage rate measurement, reading from the tracer gas Pa-mp/s
L eak detector after closing the reference leak
S btable leak signal in leakage rate, reading friom the tracer gas leak detector after Pa-mpP/s
CL bpening the reference leak for calibration ofthe leak test system
S btable leak signal in leakage rate measurement, reading from the tracer gas leak de- Pa-mpP/s
L fector during high-pressure helium\gas applied to the component in the leak test
Tiest [he elevated test temperature °C
T [he temperature of the refekence leak in its calibration, certified by an authorized oQ
0 netrological verification agéncy
T ['he ambient temperature of the reference leak in the calibration of the leak test o
1 | C
fystem
a ['he temperature ¢oefficient for correcting a reference leak, in the range of 2 % to K1 orpPc
/ %, certified by an authorized metrological verification agency
5 Principles and techniques of detection

5.1 The vacuum box technique for closed objects B.2.1in ISO 20485:2017 partially applies for this hot
helium leak test. The test component shall be evacuated until the pressure is down to less than 100 Pa,
and is then filled with helium tracer gas to its test pressure through a pipe connection to a tracer
gas source. The test pressure should be in the range not higher than its operating pressure when the
pressure gets stable. A pressure difference across its wall is obtained by placing it in a vacuum chamber.
If there are leaks in the test components, the tracer gas or its mixture will flow out of the component
and into the vacuum chamber. All of the leaked and the background tracer gases are collected by a
tracer gas leak detector, either a helium leak detector or a mass spectrometer leak detector (MSLD),

through a vacuum pumping system, and the reading shall be recorded.

© IS0 2023 - All rights reserved
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5.2 Priorto any leak test, the test facility shall be calibrated by a reference leak. The systematic error,
D, calculated by Formula (1), shall be in the range of +20 %. This is taken as a criterion for validation of
the test system:

ScL —ReL —
D:( cL —Rer —dc) 100 % (1)
dcL
where q; is determined by Formula (2):

5.3 |The minimum detectable leakage rate, Q,, of the leak test system shall be checked|according to
the cglibration results. It shall be lower than the actual total leakage, g, of the test Comppnent, which
shall pe calculated by Formula (4) in 5.3.2.

5.3.1| Q,is calculated by Formula (3):

In 3

Q=—c—"—>-—""4cL
(Scr. —ReL)

5.3.2| For calculation of the total leakage rate, q, of the compphént under the working priessure, p,, in
its opleration, Formulae (4) and (5) shall be applied as referting to various testing pressure conditions
when|the leakage rate is not higher than 105> Pa-m3/s. It‘shall be lower than the allowaljle maximum
leakape rate of the component in operation for acceptance.

Wher] the tracer gas pressure in the leak test is the same as the specified operating pressure of the
comppnent or between the two is within a tolerahce of £5 %, the total leakage rate, q, is d¢termined by

Formpla (4):

_Gu=Ry) L

y qcL 4)
(Scr, —Rcy) C

Wher the tracer gas pressure is-more different from the operating pressure of the component, the total
leakage rate, q;, of the companent shall be determined by Formula (5):

R o
I (SCL _RCL) C Prest

Wherpe the effect.of.the downstream pressure (the vacuum pressure) is ignored as it is quite lower than
the upstream pressure (tracer gas pressure, p,..) in the leak test.

(5)

5.4 |EN~1779 applies for the selection of the test conditions, which shall be consistgnt with the
operating conditions of the component, including temperature and pressure. The temperature of
the component under test should not be lower than the maximum temperature of its inner surface
contacting with the working medium or coolant under operation. Otherwise, a temperature correction
shall be made to the total leakage rate of the component in accordance with EN 1779:1999, 7.3.2. In
addition, the component should go through the operating temperature at least once while the leakage
rate reading from the leak detector shall be recorded as reference.

5.5 The high temperature pressure-bearing component will always go from ambient temperature
to its operating conditions in its service. A temperature cycle is essential in the hot helium leak test
to assess its operational leak tightness. Considering possible foreign materials may block the leak in
the test component, pressure cycle at each test temperature is recommended to open the leak. This

©1S0 2023 - All rights reserved 3
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is especially the case for pulse operation components. The whole hot helium leak test process is
schematically shown in Figure 1.

5.5.1 A hot helium leak test goes through a temperature cycle from the ambient temperature to the
specific high temperature, T, and then back to the ambient temperature. The test after cooling could
be performed at a fixed temperature lower than 80 °C with the acceptance criteria from the client. The
heating and cooling rate shall be recorded. At each test temperature, the leakage rate of the component
shall be measured.

5.5.2 Two pressure cycles from atmospheric pressure to the test pressure, p,.. shall be performed
at each test temperature The test pressure shall be as close as pnccih]p tothe operating pressure fthe

component. The leakage rate shall be measured and recorded in the whole process.

5.5.3 Two |or more thermal cycles are recommended conducting for components with joints of
different maferials in a fusion reactor, considering its thermal cycling in operation has‘higher potential
to open leak$ in the joints.

5.5.4 The fest temperature and pressure should be in the tolerance range’of +10 % and 5 %
respectively,| but the test pressure should not be higher than the design pressure of the compgnent,
unless otherpise specified.

5.5.5 The pressurizing rate shall be no more than 0,2 MPa/min foirsafety. For each pressure cycle, the
test pressurg shall be kept for at least 15 min.

T(p)
1 2 3
| | : | |
Dtest : : Drtest I : Drtest :
TR : : Ttest : : TR :
: | | | | p
I | | I /
| | | | |
1 | | 1
| I | | |
| | | | |
| : : | |
I | | I T
| | | | |
| | | |
| | | ! |
t
Key
t history |of the hetltelium leak test
T temperpture
p pressure

Tg ~ ambient temperature
initial helium leak testing
helium leak testing at elevated temperature
final cold helium leak testing

Figure 1 — Schematic diagram showing the historical hot helium leak test process

5.6 In any leakage rate measurements, the high-pressure helium gas shall be kept in contact with the
test component for a duration longer than the response time as specified in 9.2 or 10 min, for whichever
is longer. If the leakage rate measurement takes longer time than expected, the minimum detectable
leakage rate shall be determined again immediately after the measurement.

4 © IS0 2023 - All rights reserved
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5.7 After calibration of the leak test system or when a second leakage rate measurement will be
performed, the residual gas outside the component shall be evacuated. The pumping time shall be
longer than the helium cleanup time as specified in 9.2. It depends on the pumping rate of the system
and should be longer than 10 min.

6 Personnel

Personnel performing testing in accordance with this standard shall be qualified to an appropriate
level in accordance with ISO 9712 or equivalent in the relevant industrial sector.

7 Apparatus
7.1 |General

7.1.1| The hot helium leak testing system consists of at least a vacuum |ghamber cornecting to a
vacuym pumping system, a test component connecting to a vacuum punip)and a high-pre¢ssure tracer
gas spurce, a heating system to heat the test component, a temperatire control and measurement
systen, a reference leak connecting to the vacuum chamber, a gas pressuring system for [the pressure
cycle|and a tracer gas leak detector. It is schematically shown in Eigure 2.

© IS0 2023 - All rights reserved 5
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RL

G2

C(‘i) _ _x_\_ ........

VC

Key

RL, TeC, VC
LD

FP, MP

MP

G1
V6 V2

reference\leak, test component and vacuum chamber; respectively
traceigas leak detector, either a helium leak detector or a MSLD

fore pump set and molecular pump set, respectively

N%
TeC
V8 .
V7 -r --------------- —
EH
V4
FP2
<3
Vi
FP1

G1, G2,G3
V1~Vé6
V7,V8

He

EH

TC

N

vacuum gauges to measure the vacuum pressure in the vacuum system

vacuum valves

two vacuum/pressure valve sets

a high-pressure helium gas or its mixture gas source

electric heater set to heat the component

thermocouples to measure the component and vessel temperatures

safety valve

Figure 2 — Schematic diagram of hot helium leak testing system
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7.1.2 The test system shall show an acceptable leakage rate as checked by the Group A technique in
ISO 20485 with a helium spray gun.

7.1.3 The vacuum chamber, pipes and their connections should be made out of materials compatible
with high vacuum conditions for those used for the leak test of high-vacuum components, such as
stainless steels, various glass, alumina ceramic, Kovar alloy, metal or fluororubber sealing ring.

7.1.4 The high-pressure helium gas applied to the test component shall have a helium concentration
C of more than 99 % in volume fraction for the leak test of high-vacuum components to mitigate surface
oxidation, such as the in-vessel components for nuclear fusion reactors.

7.2 [Test component and vacuum chamber

The t

press
vacuu
comp

7.3

A vac
valve
achie

vacuu
the te

7.4

7.4.1
inert

7.4.2
comp
shall |

thernpal stresses. The-limit can be determined by thermo-mechanical analysis or b

accor
the th
not ey

bst component shall be placed in a vacuum chamber, with its inner channels cennec
uring system and a helium source. A pressure gauge shall be used to méasure and|
m in the chamber, and another pressure gauge to measure the vacuum and pressu
pnent.

The vacuum pumping system

5, depending on the vacuum level to be reached in the vacuum chamber. It should b
Je at least a pressure level of 101 Pa at any test temperature. For the in-vessel conj

e the pressure of the vacuum chamber down tglower than 1 x 10-3 Pa so that the tes
m bake the component at elevated temperatukg to reduce the minimum detectable le
st system.

Heating and temperature control system

The test component can be heated by an electric heater and/or by circulating high
bas flowing through the intefinal cooling passage of the component.

The system shall have’ the function to monitor, record and control the tempef
pnent throughout théleak test procedure. The heating-up and cooling-down rates in
pe controlled within-a specific limit to prevent the component from being damaged by

Hance with heat treatment requirements. For austenitic stainless-steel components
ermal cyeling, the rate can be controlled in a way that its maximum temperature d

rceed 55°0€. In this case, a number of thermal couples shall be mounted on its surface]

ting to a gas
monitor the
re in the test

uum pumping system may consist of turbo-molecular pumps, a fore pump, vacuunp gauges and

> designed to
ponents of a

fusioi(reactor and other components requiring quite low, leakage rate, the pumping systemn is essential
tom

t facility can
akage rate of

temperature

ature of the
temperature
inacceptable
b decided in
to speed up
fference will

7.5

Temperature uniformity requirement

The test component shall be placed in the uniform temperature zone of the vacuum chamber. The test
temperature uniformity in this zone should be compatible with the tolerance range requirement as
specified in 5.5.4.

7.6 Reference leak

A reference leak is also called as a calibrated leak. It shall be connected to the vacuum chamber and
shall be far away from the vacuum pumping sets in order to correctly calibrate the test system and
accurately measure the minimum detectable leakage rate of the entire system. The standard leakage
value of the reference leak shall commensurate with the maximum allowable leakage rate specified for
the test component and shall in any case be chosen in order to demonstrate the minimum detectable
leakage rate of the system is in line with the acceptance criteria from the client.
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Itis suggested to add a fore pump in front of the reference leak. The air in the pipeline shall be evacuated
before opening the reference leak to avoid its impact on the test results.

7.7 Tracer gas leak detector
7.7.1  Either a helium leak detector or a mass spectrometer leak detector can be used.

7.7.2  With its minimum detectable leakage rate, the detector shall be able to detect leaks that are an
order of magnitude lower than the allowable maximum leakage rate of the component to be tested. To
avoid helium accumulation in the ionization chamber of the detector, high pump rate detector should be
used.

7.7.3  Therg shall be no by-pass pumping to the tracer gas leak detector to ensure that'all leaking
helium can gp into and be detected by the detector during leakage rate measurement. Vacuum valyes V1
and V4 in Figdure 2 shall thus be closed during the measurement.

7.7.4 It is pot allowable to use the zero adjustment of the detector during-the entire helium leak
testing.

7.8 Otherlequipment

7.8.1 A callibrated helium concentration detector to monitor thefconcentration of helium in the air”
in the leak tgsting atmosphere or the tracer gas mixture.

7.8.2 A heliium spray gun to locate the leak site of the system or the component to be tested.

7.8.3 A calibrated thermometer to measure the athbient temperature, which is taken as the wqrking
temperature|of a reference leak that is being used-for the calibration of the leak test system.

7.8.4 A calibrated pressure gauge or sensor to measure the pressure of the tracer gas in contgcting
with the conjponent when measuring itsideakage rate.

8 Test component preparation
8.1 Prelirhinary tests before hot helium leak test

8.1.1 The ﬂlot helium leak test shall be performed after a hydro-pressure test and a preliminary cold
helium leak fest ofthe component.

8.1.2 The bhydro-pressure—test—shall-be—copnducted—in—aceor danca i th—the—-desiasn—code—fdr the
A Ty ero-pres teSt+—5Sar—pe—~E tH—e—aeSigh €

essHFe enducted—in—accordance—wi sn—code—f
component. Following the hydro-pressure test, the component shall be thoroughly cleaned, drained and
dried.

8.1.3 The preliminary cold helium leak test shall be conducted at ambient temperature with a hood
test method using Group A technique in ISO 20485:2017, Clause 8. If the leakage rate of the component
is higher than the acceptance criterion, the leak site can be located using the same technique but with
helium gas applied at the component surface by a spraying gun.

8.1.4 The helium concentration in the hood test shall be at least 50 %.

8.1.5 Only those components which pass preliminary tests can be considered to be used in hot helium
leak test.

8 © IS0 2023 - All rights reserved
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Vacuum baking

In any case, if the minimum detectable leakage rate of the system could not meet the
requirements due to component outgassing, a baking of the component should be performed till the
background leakage rate is reduced to an acceptable level. The components shall be baked at 200 °C
to 250 °C for 8 h to 24 h, depending on the material and dimension of the component. The baking shall
be performed at a pressure not higher than 1 x 10-3 Pa for in-vessel components of a fusion reactor.
The temperature increasing and decreasing rates shall not be so high as to damage the component by
unacceptable thermal stress.

as shown in

8.2.2 __This ha](ing process—can be infngrafnﬂ with the hot helium lealk test process
Figurp 1, as part of the first thermal cycle before the test at elevated temperature to shortg
test duration.

9 (alibration

9.1 |General

The gperations and calibrations in 9.2 and 9.3 shall be performed-prior to the helium

meas

14

9.2

The 1
a lon
ISO 2

9.3

The t

irement of a test component when all the conditions below-are reached.

ss than 100 Pa.

he vacuum in the leak test system has been setup and the system has been checke
Cceptable leakage rate as compared to the allowable maximum leakage rate of the tes

he by-pass pumping to the tracer gas leak detector has been closed.

Response and cleanup time méasurements

b path length involving sniall bore tubes. It validates the operation duration of f
D485:2017, 8.2 for determining the response and cleanup time applies for the measuy

Leak detector validation and determination of minimum detectable leak

st system shall be calibrated in accordance with the following procedures. See Figuf

n the overall

leakage rate

he test component is installed in and connected to thé.leak test system and is pumped down to

d to have an
t component.

esponse and cleanup time measurements shall be done for large systems or where there is

he leak test.
ements.

hge rate

e 3.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=1a515ecc8ca6f8e21a78796fb104945f

ISO 4233:2023(E)

(Start system calibration)

Measure the background
leakage rate R, and the
background noise I, of the
system

Open the reference leak
connecting to the vacuum
chamber of the test facility

Measure and record the
ambient temperature T;, the
indication value S¢;, after the

output of the leak detector
gets stable for 10 min.

Requirement A~
Check the not meet Calculate th%
tept system systematic error D,

Requirement meet

Requirement
not meet Check the
test system

Calculate theminimum
detectable leakage rate
sof the test system

Requirement meet

CEnd of system calibration)

Figur'e’3 — Process for Calibration of the test system

9.3.1 Meaqure thethackground leakage rate, R.;, and the background noise, I, of the systerp and
record them|in therecord of the helium leak detector.

To—crt

record the ambient temperature, T}, the indication value, S|, after the output of the leak detector gets
stable for 10 min. Raising signal of the leak detector is not allowed.

9 3 2 O e the reference leak connecting to the vacuum chamher of the tect facility Meacun and
3. penthe reference leak connectin g vacuwm—chamber of the test facility. Measux

9.3.3 Calculate the systematic error, D, by Formulae (1) and (2) according to the recorded T,, R, and
SCL-

9.3.4 Calculate the minimum detectable leakage rate, Q,, of the test system by Formula (3) according
to the recorded Ty, R¢p, Scr, and I,

9.3.5 Whenever there is a change of reference leak, these operations shall be repeated.

10 © IS0 2023 - All rights reserved
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