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Guidelines for Gas Rack Leak Testing

Introduction 

The leak testing methods described in this document are extracted from the following Standards:

1. BS EN13184:2001 Non-Destructive Testing - Leak Testing – Pressure Change Method.

2. ASTM Standard E2024-99. Standard Test Methods using a Thermal Conductivity Detector.

3. ASTM Standard E499-95.  Standard Test Methods for leaks using the Mass Spectrometer Leak Detector in the Detector Probe Mode.

Described Methods:

1. Pressure drop measurement on a device. Can be used for leak rate measurements > 1x10-4 STD cc/s.  This method is best to quantify a total leakage on a device.

2. Leak measurements using a thermal conductivity leak detector on a device that is pressurized and filled with a gas other than Air or N2. This method is useful to locate medium size leaks  (down to 1x10-4 STD cc/s).

3. Leak measurements using a helium mass spectrometer detector with an external sniffer on a device that is pressurized and filled with helium. This method is the most performing and can locate leak rates > 1x10-7 STD cc/s

Leak Rate Units and Reference Conditions

Gas leak rates are usually given in a density independent unit, i.e. either mass flow or volume flow at constant density. In this note, leak flows are given in STD cc/s (standard cm3 per second at atmospheric pressure 1013mbat and 0oC) or bar*cm3/s. To compare leak rates of different test conditions, all rejection leak limits shall be based onto the same reference condition, i.e. a P of 1 bar
.  

Leak Rejection Limits for Gas Modules

The required leak tightness for a gas system is mostly related to the following effects:

· Gas leaking out will also cause impurities  (mostly Air) leaking into a system, which can deteriorate the detector performance. That is of particular importance for the parts of the circuit that can run under pressure. 

· Even relatively small gas losses can be a critical cost factor for expensive gases, like Xe, Ne, CF4 or C2H2F4.

· An uncontrolled gas loss in the experimental area can cause risks for personnel or detectors if flammable, toxic or strongly electro-negative gases are released.  

A leak tightness limit for a sub-unit of a gas system is to be specified individually for each entity and system as it depends on the number of such modules, the operating pressure, and other system specific parameters.  However, for a most gas system modules (or rack) a leak flow < 1*10-3 bar*cm3/s at an overpressure of 1 bar is considered sufficient
.  

Leak Testing using the Pressure Decay Method

The leakage rate on a pressurised and sealed device, determines the total change of pressure over a given period of time. The observed pressure decay can be used to quantify the total leak flow of the device. The sensitivity of this method can be down to 1*10-4 STD cc/s, but it depends strongly on the measurement conditions, i.e. the volume of the device, the accuracy of the pressure measurements and the temperature stability. This method should be used for all final acceptance tests of the gas modules.
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Figure 1 (a) pressure decay method using one pressure measurement (either absolute or relative to atmosphere). (b) Differential method: a leak free reference volume is pressurised at the same time as the test device, and the pressure drop is measured relative to the reference volume.
Two Techniques

Figure 1 shows the set-ups for:

a) The differential or absolute pressure technique

b) Reference volume technique 

Technique (a) is straightforward and self-explanatory. If the pressure reading is relative to atmosphere, the barometric pressure must be recorded to calculate the total pressure of the device.

For technique (b) the pressure in the test device is measured relative to a reference volume that is pressurised to the same pressure. The absolute pressure in the device can be made up from the various readings, i.e. P_device = P_atm + P_relative – P_diff. The reference volume shall be on the same temperature as the test device and its leak rate shall be  < 1*10-8 STD cc/s.  This technique  has the advantage of measuring the pressure drop with much higher accuracy.

Free Volume Measurement 

Prior to the leak test the free gas volume of the test device needs to be measured or calculated. For a gas rack, for example, this can be done by summing up the volumes of all individual pipes and other free volumes that are in the rack. If that is not accurate enough, the volume can be calculated using Equation 1, after having measured the pressure drop across a capillary tube.

Interferences and Calibration:

1. Temperature variations (day night effects, direct sunlight on the device) should be minimized.  For large systems several temperature probes might be necessary.

2. If the pressure reading is relative, the barometric pressure needs to be recorded too. 

3. Permeation of gases through porous walls can influence the measured leak rate, e.g. long Rilsan tubes must be avoided for high precision leak tests. 

4. Deformations of the device under pressure should be excluded. 

5. Condensation of gas (humidity) during the test is to be avoided or needs to be measured and corrected for.    

6. Trapped or poorly accessible volumes as for example wrongly isolated pipe work that is not part of the test device can simulate (or mask) external leaks or can cause longer stabilisation time.

Calculations 

The leak flow can be calculated using Equation 1:

Equation 1
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	Vol
	=:
	Free volume of the device

	Ts
	=:
	273oK temperature at STP conditions

	P0
	=:
	Absolute Pressure at the start (after stabilization time)

	P1
	=:
	Absolute Pressure after time t 

	
	=:
	Temperature at the start in Kelvin

	
	=:
	Temperature after time t in Kelvin

	t
	=:
	Time interval

	
	
	

	
	
	


The leakage can also be expressed as a percentage of loss in pressure or mass:

Equation 2
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For the acceptance test it is important to calculate a minimal time during which no pressure drop is observed before a device can be certified leak tight up to a level specified.  

Equation 3
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	Q_rejection
	=:
	Leak flow rejection limit for the overpressure used in the test.

	P0
	=:
	Absolute Pressure at the start (after stabilization time)

	P
	=:
	Smallest observable pressure change 

	
	=:
	Temperature at the start in Kelvin

	t
	=:
	Time interval


Example: 

A gas rack shall be certified for a reference leak rate of < 10-3 STD cc/s.  The test parameters are as follows: 

· The internal free gas volume of the rack is 10 liters.

· For the test, the rack will be pressurized to 10bara

· The pressure reading has an accuracy of 20 mbar.

· At the start of the test the atmospheric pressure is 970 mbar and the temperature in the laboratory is 22oC

· The leak test is stopped after 14h (next morning), at this moment the temperature in the laboratory is 293K, the barometric pressure is 968mbar and the recorded pressure in the test device 9.840 bara.

Step I: Translate the reference leak rate (for P = 1 bar) into a leak rejection limit at test conditions (P = 10 bara – Patm.) using Equation 4. 
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Step II:  use Equation 3 to estimate the time needed for the test, if temperature and barometric pressure are unaltered.
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Step III: at the end of the test, calculate the effective leak rate under the given experimental conditions using Equation 1:
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which is smaller than the rejection limit, and the rack is therefore accepted.

Step IV: translate the measured leak rate into a leak rate at reference conditions using again Equation 4:
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Test Procedure

Preparation

All internal components (bubblers, pressure sensors, etc.) that cannot withstand the test pressure shall be disconnected. For pressurisation any clean gas can be used. The temperature shall be measured on the test device, and the atmospheric pressure should be recorded at each pressure reading. 

After the test pressure is reached the gas supply is isolated (or disconnected). A stabilisation time of one 1h is recommended for temperature stabilisation. 

The leak rejection limit at reference conditions, e.g. 1*10-3 STD cc/s (at P of 1 bar) should be translated into a rejection limit at the test conditions using Equation 4.  The minimal test period can then be calculated using Equation 3.

Test

At regular intervals the device pressure, the barometric pressure and the temperature(s) are recorded.  To calculate an accurate leakage rate at least 5 data sets, with some measured pressure change are required.  Thus the total test duration will be about:
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For high accuracy tests (in particular for large volumes) more than 20 data sets should be taken enabling a statistical analysis of the results. On the other hand a simple yes/no discrimination can be made with 2-3 data sets. 

Leak Testing using a Thermal Conductivity Leak Detector

The thermal conductivity leak detector can be applied for leak rates > 1*10-4 STD cc/s. The method allows only an approximate quantification of the leak flow, and should be used in particular to locate leaks that were measured with the pressure drop method. This method can also be used for quality control tests on individual connectors or components, but it should normally not be used for the final acceptance test of a gas module.

Filling with Tracer Gas (usually Ar,CO2 or He)

The device to be tested must be filled homogenously with a tracer gas different than air.  For racks with tricky and lengthy pipe-circuits the operator must insure uniform distribution of the tracer gas by either flushing through the pipes or by several subsequent pressurisations of the device. The tracer gas vent should be outdoors or far away from the test area.

To increase the sensitivity of the leak measurement, the applied overpressure should be as high as possible, but at least as big as the future operating pressure. The overpressure must be measured and recorded. 

Interferences and Calibration

Thermal conductivity detectors are sensitive to all gases that have a thermal conductivity different from Air; background gases in the test area can therefore significantly alter the test result. A zero correction of the detector must be done regularly. The test surfaces should be clean, dry and oil-free; contaminants drawn into the leak detector may clog the probe or alter the signal. 

The detector sensitivity shall be checked prior to the leak test, by comparing the detector signal and a leakage rate of a calibrated leak that shall be in the range near 1/10 of the rejection limit.  The detector shall be moved in front of the orifice leak in a distance of not more than 1 mm and moved not faster than 20mm/s. The standard leak shall be scanned several times optimising the go or no go signal by varying the scanning parameters (distance, speed, etc.). 

Test Procedure

· Pressurise device to the test pressure with the tracer gas (as described above).

· Calculate rejection limit for a measured leakage by correcting for the pressure in the test device (Equation 4):  Qlimit = Qstand_limit   (P2 - 1 )/3. 

· Start up leak detector, make zero correction, and check sensitivity on calibrated leak. (detector detection limit < 10 * Qlimit)

· Probe all areas suspected of leaking (connectors, valves, instruments, etc.). The detector shall be held in a distance of 1mm from the surface and moved not faster than 20mm/s.  A positive detector response should be confirmed by moving the detector away from the area and then rescanning the area. If leaks are detected they must be marked for repair.

Leak Testing using a Mass Spectrometer in the Sniffer Mode

The helium mass spectrometer leak detector can be applied for leak rates > 1*10-8 STD cc/s and is by far the most sensitive method described here.  The method should be used in particular to locate small leaks; an approximate quantification of the leak flow can be done if sufficient safety factors (x 10) are used.   The method may not be used if helium is permeating through walls of the device, which can lead to unacceptable helium background in the area. 

This test method can be used for quality control tests on individual connectors or components. 

Filling with Tracer Gas (He)

The device to be tested must be filled homogenously with the tracer gas to more than 90%.  For racks with tricky and lengthy pipe-circuits the operator must insure uniform distribution of the tracer gas by either flushing through the pipes or by several subsequent pressurisations of the device. The helium vent should be outdoor (or far away) from the test area.

In order to increase the sensitivity of the leak measurements the applied overpressure should be as big as possible, but at least as high the future operating pressure. The overpressure should be measured and recorded, and the device to be tested should be disconnected (or separated via by a valve) from the helium supply during the test. This precaution allows detecting bigger leaks straight away by the observed pressure drop and it avoids uncontrolled helium release in the test area.  

Interferences and Calibration

Air contains about 5 ppm of helium, which is continuously drawn in by the sniffer. This background must be “zeroed out” on the detector before the measurement.  Release of helium near the test area, e.g. while filling the device to be tested, should be avoided. If this is doubtful the zero correction of the detector must be done in several meters distance of the test. 

The detector calibration should be checked regularly by comparing the detector signal and a leakage rate of a standard leak.  To do this the sniffer should be held directly in front of the orifice leak in horizontal position in a distance of 1.5  +/- 0.5 mm.  Record minimum and maximum readings.

Test Procedure

· Pressurise test device with helium (as described above)

· Calculate rejection limit for a measured leakage by correcting for the pressure in the test device (Equation 4):  Qmeas = Qstand   (P2 - 1 )/3

· Start up leak detector, proceed zero correction, and check sensitivity on calibrated leak.

· Probe all areas suspected of leaking (connectors, valves, instruments, etc.). The sniffer shall be held in a distance of 1mm from the surface and moved not faster than 20mm/s. If leaks are detected they must be marked. 

· All elements of the test device should be tested in a defined order; zones tested should be identifiable plainly indicating all points of leakage. 

· All leaks must be repaired before the final acceptance test. 

· Purge out the Helium

· Keep a test record with test results; indicate leak critical connections or devices.

Calculation for other Gases and other Pressures

Given real variations in leak geometry or flow regimes, accurate correlations are impossible.  However, quantitative relationships can be used, if sufficient safety factors (typically factor 10) are applied. 

Pressure translations:

The measured leak flow depends on the pressure differential across the flow path. For small leaks one can assume the leak flow to be laminar, and the pressure dependents can be calculated using the Hagen-Poiseuille formula. Increasing the differential pressure across a leak will result in a linearly increased volumetric flow, given that higher pressure increases also the density of the gas, the mass flow (or standard volume flow) translates according to the following formula:

Equation 4
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	Qnew
	=:
	New leak flow in bar*cm3/s

	Qold
	=:
	Old leak flow in bar*cm3/s

	PIN new
	=:
	New pressure inside the device

	POUT new
	=:
	New pressure outside the device

	PIN old
	=:
	Old pressure inside the device

	POUT old
	=:
	Old pressure outside the device


Example:

A leak flow of 1*10-2 STD cc/s was measured in a device at a pressure of 10 bara inside with reference to atmosphere, i.e. 0.970 bar. If the inside pressure is 2 bara the new leak rate will be:
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Gas translations:

Assuming viscous and laminar flow:

Equation 5
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	Qnew
	=:
	New leak flow in bar*cm3/s

	Qold
	=:
	Old leak flow in bar*cm3/s

	new
	=:
	Viscosity of the new gas

	old
	=:
	Viscosity of the old gas


Assuming Molecular leaks (applies for leak rates < 10-5 STD cc/s):
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	mnew
	=:
	Atomic mass of the new gas

	mold
	=:
	Atomic mass of the old gas

	
	
	

	
	
	


� As most of the gas systems work at overpressure with respect to the barometric pressure, we shall consider P_inside = 1 bar + Patmospheric and P_outside = Patmospheric as reference condition.


� This flow rate is equivalent to one bubble every 4 hours on small bubbler (as they are used in the test-beams). 
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