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2.3 Other Publications

Nondestructive Testing Handbook, Volume 1, "Leak Testing," 1982, American Society for Nondestructive
Testing, Columbus, OH 43228.

J. W. Marr, Leakage Testing Handbook, 1968, NASA Cr-952, Jet Propulsion Laboratory, National
Aeronautics and Space Administration, Washington, DC.

N. I. Sax, Dangerous Properties of Industrial Methods, 2nd Edition, 1963, Reinhold Publishing Corp., New
York, NY.

J. W. Perry, Chemical Engineering Handbook, 3rd Edition, 1950, McGraw-Hill Book Co., New York, NY.

Metals Handbook, 8th Edition, Volume 11, 1976, pp. 260-270, American Society for Metals, Metals Park,
OH 44073.

ASME Boiler and Pressure Vessel Code, latest addenda, American Society for Mechanical Engineers,
New York, NY.

Qualificgtion and Certification of Personnel, Recommended Practice SNT-TC-1A,~Supfdlement G (Leak
Testing), American Society for Nondestructive Testing, Columbus, OH 43228.

R. J. Roehrs, Leak Testing of Welded Vessels, 2nd Annual Symposium oniNendestryictive Testing of
Welfls, sponsored by IITRI, Chicago, IL, 1967.

3. General—Lgakage testing is a form of nondestructive testing capable offdetermining the gxistence of leak
sites and, upder proper conditions, measuring the quantity of material passing through these|sites. The word
leak means [the hole through which fluid (liquid or gas) passes in either'a pressurized or evpcuated system,
while leakade is the term used to connote the mass flow of fluid régardless of the size of th¢ leak. Leakage
rate is the duantity of fluid per unit time that flows through the‘leak at a given temperature|as a result of a
specified preéssure difference across the leak. The ASTM accepted unit of leakage rate i§ standard cubic
centimeters jper second (std. cm®/s), frequently referred to as atmosphere cubic centimeters per second (atm.
cm®/s). The Sl terminology is Pascal cubic meters persecond (Pa m3/s). (1 Pa M3s = 10 atm. cm®/s,
approximatejly.)

There is no ¢ontainer in which a differential pressure exists (either pressurized or vacuum) thaf does not leak to
some exten]. Absolute leak tightness is an<absolute impossibility. Any container must, therefore, have a
maximum lgdakage rate specified. In considering the leakage rate that can be tolerated, gne must decide
whether the[rate represents the total Jeakage from the system or the maximum leakage from a single leak.
Additional fpctors to be considered “include shelf life, product contained, toxicity, legal requirements,
consequencks of excessive leakage, cost of product, cost of testing, and customer requirgments. Once a
leakage ratd has been specified then a leak test procedure describing the operating and test ¢onditions needs
. Since leakage.rate relates pressure, volume, and time, more than one set of pfocedural values
can yield th¢ same leakage\rate. In general, the pressure used should reflect pressures thgt the item would
see in servide, however, this is not a requirement. In some isolated cases, using markedly different pressures
can cause leaks to_pass grossly different rates of fluid due to elastic deformation of the itgm being tested.
Regardless pf theltype of leakage testing being done, safety considerations for the personnel performing these
tests must b a paramount consideration.
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4.1

4.2

4.3

43.1

4.3.2

Principles—There are eight or more primary methods which may be employed to detect, locate, and/or
measure leakage. The following paragraphs identify these methods and describe their principles, as well as
their capabilities and limitations.

Mass Loss and Pressure Change—These are two related methods. Traditionally, these are used for sizable
leakage rates, and provide no information as to the leak site. Mass loss is calculated on the basis of change in
mass at two times; accordingly, extremely accurate weighing is a requirement of this method. Pressure
change methods operate in a similar fashion, except that a change in pressure is the signaling mechanism.
Pressure change systems usually measure change of the gaseous systems. Since pressure is temperature
dependent, the temperature of the system must either remain constant or be compensated for by use of ideal
gas laws. Mass loss and pressure change methods, using most techniques, are time consuming and thus are
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cleaning of the parts after use and care in their application so as not to create false signals. In addition, one
may experience occasional difficulty in tracing large leakages to their source due to liquid spread.

GASEOUS TRACERS—Gaseous tracers are gases which color indicating media, thereby denoting the location
of a leak. The most widely used gas for this application is ammonia. Indicating media for ammonia gas are:

1. Phenolphthalein which turns from clear to pink.
2. Bromocresol purple which turns from a yellow-green to purple.
3. Bromothymol blue, which turns from yellow to blue.

Carbon dioxide gas can be used for leak testing with an indicating medium of sodium carbonate and
phenolphthalein in an agar-agar solution. This bright red indicator will turn white at a leak site.
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4.4

There is another medium, which is much less widely used, due to the inherent danger of its chemicals.
Pressurizing a component with ammonia and then allowing hydrogen chloride to be brought near, will
produce a white cloud of ammonium chloride vapor which is clearly visible. These gases are highly corrosive

and dangerous to human tissue.

consideration for the safety of the personnel performing the test.

Extreme care and a high level of ventilation are needed, as well as

There is little difference in the level of sensitivity for gaseous tracers when compared to liquid tracers; both
are typically at 1073 std. cm3/s. Rates as low as 10 ® std. cm3/s have been reported for gaseous tracers.
Primary among their advantages is their low cost of operation since no instrumentation is needed.
Disadvantages are that some gases could corrode the test object, be hazardous to personnel, require
cleanup, and clog leaks.
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When used (usually for welds in large vessels) adjacent testing locations must be overlapped to assure full

coverage.

The advantages of bubble testing lie in its simplicity, cost, and relative sensitivity. Disadvantages include the
need for cleanup, the fact that fine leaks may not be detected due to a lack of time, the possibility of clogging,
and finally that bubble testing is a visual inspection, and as such, bubble testing is limited by the performance
of an operator.
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4.5

4.6

Thermal Conductivity Leak Testing—These methods have a minimum leakage rate detectability of 10" std.
cm/s. They are based on the principle that certain gases have a markedly different thermal conductivity when
compared to air. Equipment for this method consists of two heated filaments in a bridge circuit. One filament
is cooled by air and the other by the test gas. Any differences unbalance the bridge and can be related to
leakage. The two gases with the greatest difference in thermal conductivity are hydrogen and helium. Most
thermal conductivity leak testing is done with argon, CO,, neon, or R-12 (freon). Advantages include cost of
equipment, reduced sensitivity to contaminants in the ambient atmosphere than other instrumented leak
detectors, and simplicity of operation. Disadvantages include the limited gases which can be used.

Halogen-Based Leak Detectors—These use a halogen gas as the pressurizing medium and may take
several forms, including the halide torch, the heated anode detector, and the electron capture detector. The
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elemental hplogens as a detector gas. Halogen leak detector tests are conducted using a chlorinated,
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it unusable ih a flammable environment,.and there is a need to recalibrate the unit regularly as the calibration
changes with use.

The electror] capture leak test method uses a non-electron capturing gas (argon or nitrogen) @s a background
gas. The elgctron capture test 'gas is ionized producing tritium. In operation, the halogens difawn through the
sensor reduge the ion content'which produces a current. This current is proportional to the amount of halogen.
Electron capture is frequently used with sulphur hexafluoride as a tracer. Sensitivities of 10 10 std. ecmS/s or
better have [been achieved. Advantages include very good calibration sensitivity, the absepce of a heated
element, andl non-preduction of toxic or corrosive gases. Cost is the primary disadvantage of this sytem.

One of the ost sensitive types of leakage testing equipment is the mass spectrometer. leakage rates of
101 std. ¢ llqllb are—achievabtetndertdeatconditions—This method—sthemost=accurate—torm for vacuum
testing. A mass spectrometer operates on the principle of sorting gaseous ions with respect to their molecular
weight. In a helium mass spectrometer, baffles with slits allow He* ions to pass through to the detector while
all other ions are blocked. The number of He* ions which arrive at the collector per unit time is a measure of
the leakage rate. Rates are typically displayed on a calibrated meter. As in any tracer gas system, care should
be exercised to keep false signals from being sensed and displayed as leakage. Grease, oil, rubber, and other
materials can act as storage reservoirs for helium.

Sensitivity is usually considered to be the greatest advantage of the mass spectrometer, also the fact that it is
not affected by background contamination (other than He) is a great asset. Using helium provides inherent
safety when compared with other gases which are toxic.

Cost is the greatest disadvantage of the mass spectrometer; however, many thousands are currently in use.
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Applications—Any attempt to list the more common products evaluated by these test methods would be
cumbersome and fail to serve the user. Briefly, any product containing a pressure different from atmospheric
can be leak tested. The decision to leak test or not to leak test should be based on economic considerations
and applicable legal requirements.

With the capability to sense leakage rates to 10" 11 std. cm?/s, there is no reasonable leakage rate that cannot
be detected using available leakage testing technology.

Table 1 is presented to give the reader a better understanding of leakage rates.

TABLE 1—COMPARISON OF LEAKAGE RATES

Leakage Rate Approximate Time to Fill
(Std. cm3/s) 1cmd 1in3

1071 10s 3.min
1072 2 min 27 min
10°3 17 min 4h
1074 3h 2 days
10°° 28 h 19 days
10°6 12 days 6 months
1077 4 months 5 years
1078 3 yeafs 52 years
10°° 32 years 520 years
10°10 320 years 5200 years
10- 11 3200 years 52 000 years

Y]

REPARED BY THE SAE DIVISION 25—NONDESTRUCTIVE TEST METHODS
OF THE SAE IRON AND STEEL TECHNICAL COMMITTEE
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