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Pressure Test Procedures
The purpose of this standard specification is to specify the procedures to be followed when pressure testing vessels, packaged units and piping on site.

BSEN 378-2 Refrigeration System and Heat Pumps Part 2 Para. 9.1.1 requires that all components of a refrigeration system shall be strength pressure tested and tested for tightness and the result documented prior to being put into operation for the first time.

1.0
General
The specification  covers site strength and tightness pressure testing on site installed pipework.

Prior to the tests, steps shall be taken to ensure the safety of people and to minimise risk to property.

Where possible, previously strength tested vessels, piping and sensitive instrumentation will  be isolated from test pressures.

System safety pressure relief valves venting to atmosphere will not be fitted for the tests and their connections will be blanked.


Termination points and other open orifices will be blanked or plugged where required.

"Soapy bubble" trace solution will be used during the tightness test.

For all pressure testing, the system under test shall be isolated from the source of pressure after the test pressure has been reached.

A pressure test safety valve of adequate size shall be installed to prevent significant over-pressure.

When pressure testing on site a pressure test manifold may be used.

For visual examination, a 350 Lux minimum light intensity is preferred.

Any reduction in pressure during the strength or tightness test holding periods, any visual leakage or any permanent deformation shall be cause for rejection.  Note that the pressure will rise or fall approximately 0.34% for every 10K rise or fall (respectively) in temperature during the test “holding period”.

Where called for, official third party inspection authority test witnessing will be conducted by  an authorised inspector.

Some customers may have specific test requirements.   Where these requirements differ from those specified in this document, reference should be made to at Technical Department.

There may be occasions when it is difficult to pressure test e.g. repairs to a system where the isolating valves are suspect. Jobs like this require their own method statement, risk assessments and consultation with the Technical Department.  Decisions not to pressure test shall only be made by the Technical Department who shall advise on alternative procedures (e.g. 100% radiography may be required).

Refer to Appendix A for a matrix on the approved type of pressure test to conduct and competency requirements for the operations group.

 
The Technical Department must be consulted before pressure testing repaired equipment or used plant.

2.0
References

The pressure test procedures referred to in this specification take into account the requirements of:
· Standard Specification - Pressure Test Certification of Systems

· HSE Guidance Note GS4 - Safety in Pressure Testing

· BSEN378 Refrigeration systems and heat pumps – Safety and environmental requirements in the design, construction testing, marking and documentation

· Method Statement  OFN Strength and Tightness Testing of Site Assembled Systems

· System Pressure Test Record Standard Form

· System Pressure Test Certificate Standard Form

3.0 Consumables and Equipment

3.1
Pressure Test  Medium
The strength test shall be carried out using oxygen free nitrogen (OFN) (if some other fluid is being proposed please consult with the Technical Department).

In the case of OFN engineers should check the cylinder label and the cylinder colour coding to ensure that it contains OFN.  If neither are legible then the cylinder shall not be used.

The tightness test on all primary refrigerant circuits shall be carried out using oxygen free nitrogen (OFN).   

In general, Standard Specifications call for the use of oxygen free nitrogen for all testing.  The presence of air can give rise to two problems.  Firstly, there is a chance that moisture will condense out of the air and into the system.  Secondly, the presence of both air and oil in the system could lead to an explosion. However, in certain circumstances the test medium may be commercial nitrogen or another inert gas. In this case and if the system has been in operation and there is oil contamination, reference must be made to a Technical Department.

Note, OFN pressure shall never to be applied except through an approved pressure regulator.

3.2     Regulators 
 
Single stage regulation is cheaper and suitable for most Refrigeration work. Two stage regulators may be required for close control.
 
Regulators have relief valves fitted.  These must never be removed or tampered with.
 
For all refrigerant systems, excluding CO2 systems, a 40 Bar (G) outlet regulator will be typical as standard. This is to ensure that the outlet pressure of the regulator can never be significantly higher than the strength test pressure.
 
For the case of pressure testing on CO2 systems a higher pressure rated regulator (say 70 Bar (G) or 100 Bar (G) outlet) will be required.

The pressure regulator outlet pressure limit ensures that the system is charged in a controlled fashion. If the system volume is of a size where it will take a considerable length of time to reach strength test pressure consideration should be given to charging from multiple sources. Never tamper with a regulator to increase its outlet pressure.
 
BOC cylinders are available with 230 Bar (G) and 300 Bar (G) pressures.  

Regulators for use on 230 Bar (G) cylinders are not suitable for 300 Bar (G) cylinders.

The pressure adjuster on the regulator shall always be unwound to its minimum position before fitting the regulator to the cylinder (or other pressure source) shall always be unwound and the cylinder valve shall never be opened without double checking that the adjuster is fully unwound. This will stop gas flowing through the regulator possibly before all is ready.

 
Pressure testing of secondary refrigerant circuits which are using water, glycol or brine is treated as a special case.

For this special case and where the pipes are long, hydraulic pressure testing of the pipelines with water is acceptable.  Oil cooler glycol circuits and underfloor heater mat circuits fall into this category.

3.2.1 Approved Equipment

Regulators

	Manufacturer
	Pressure Inlet
	Pressure Outlet

	Gas-Arc GA 1500 100 Bar c/w Nevoc fittings or factory approved equivalent
	300 Bar
	100 Bar

	Gas-Arc GA 600 M/S 40 Bar c/w Nevoc fittings or factory approved equivalent
	300 Bar
	40 Bar

	Lincoln H1088 40 Bar
	230 Bar
	40 Bar

	Esab M600 40 Bar
	230 Bar
	40 Bar


3.3 Pressure Testing Charging Hoses

Some care is needed when selecting the pressure test charging hose.  

The preferred hose shall be 210ST Polyflex (2308N-04V00) thermoplastic hose assembly  (with an allowable pressure of 700 Bar(G)) c/w ¼” BSP female swivel both ends and stainless steel swaged ends. This hose comes with a pressure test certificate and can be supplied in various lengths. 

Alternatively 6mm OD/4mm ID stainless steel tubing (with an allowable pressure of 416 Bar (G)) with M6 stainless steel EO unions (with an allowable pressure of 315 Bar (G)) may be used.

The refrigerant charging hose detailed in SS147 can be used for pressure testing but its allowable pressure limit prevents its use on CO2 systems.

3.3.1  
Approved Equipment

          
Pressure Test Hoses

Only the following hoses are approved for pressure testing:
	Description
	For Use Up To

	6mm o.d./4mm i.d. stainless steel tube with M6 stainless steel EO unions both ends
	180.0 Bar (G)

	¼” NB Hydraline FX AS, SS  anti-static, black PTFE tube with 304 stainless steel braid c/w 6mm o.d. standpipes with M6 stainless steel EO unions both ends. Stainless steel swaged ends
	88.0 Bar (G)

	½” NB Hydraline FX AS, SS  anti-static, black PTFE tube with 304 stainless steel braid c/w 6mm o.d. standpipes with M6 stainless steel EO unions both ends. Stainless steel swaged ends
	56.0 Bar (G)

	210ST Polyflex (2308N-04V00) thermoplastic hose assembly c/w ¼” BSP female swivel both ends. Stainless steel swaged ends. Outer cover pin-pricked for gas service
	180.0 Bar (G)


3.4     Calibrated Gauge
A calibrated gauge with current calibration certificate shall be used.  The pressure gauge used during the pressure tests should be within 20% to 80% of its range at the test pressure so the pressure is in the central part of the gauge, i.e. it shall have the dial graduated over a range of about double the intended maximum pressure.

           Pressure gauges shall be re-calibrated on a 6 monthly basis.  

3.4.1  Approved Equipment

          Gauges

	Manufacturer

	Smail


3.5     Pressure Test Manifold

When pressure testing site pipework a pressure test manifold may be used.   
           The manifold was introduced to:

· Enable two parts of a system to be tested simultaneously

· Vent a part of the system

· Allow connection of a pressure gauge

· Allow connection of a pressure test relief valve (for example on a small system we

         may choose to fit a CVP relief valve)

3.6      Pressure Relief Valve


For site OFN pressure tests a pressure test relief valve shall always be mounted on the 
system being tested (or fit a CVP-HP or CVP-XP relief valve on a manifold).

A pressure test relief valve (or manifold with CVP-HP or CVP-XP on small systems) is required for both strength and tightness testing.

The pressure relief valve shall be mounted near to the point at which the charging line is connected with the minimum possible number  of valves between it and the pressure test gas charging point.  There must be no more than one stop valve between the charging valve and the relief valve. The relief valve shall be set between 1.15 and 1.30 times the system maximum allowable pressure for  standard strength test at 1.1 times the maximum allowable pressure.  If the strength test pressure is 1.43 times the maximum allowable pressure the relief valve shall be set at 1.5 times the system MAP.  For higher strength test pressures the pressure test pressure relief valve setting shall be agreed with the Technical Department.  

The pressure test manifold may have a CVP-HP or CVP-XP fitted. This is useful for testing small volumes, however due to the location of the CVP, charging gas too quickly will cause the relief valve to lift. The relief valve needs to be pre-set (prior to use) to 10% above the specified strength test pressure.  The CVP-XP is required when strength testing above 28 Bar (G) is required.

Large systems can be tested in stages although forward planning is necessary to ensure bosses are welded in appropriate places. These bosses can subsequently be plugged (and  insulated over if required).
 
              The BiS valve is normally used on CO2 systems.   Re-calibration isn’t normally carried out.  The valves should be replaced if they become damaged or after 5 years.

The equipment and arrangement described allows the pressure test gas supply pressure in the charging line to be above the system allowable pressure so that the pressure can be brought up to test pressure in a reasonable time using a normal size of charging line.

              The outlet pressure of the pressure source regulator dictates the allowable pressure of the

              charging line and the person carrying out the pressure tests must ensure that the charging line is fit for the purpose.

3.6.1    Approved Equipment

            Relief Valves

	Manufacturer
	Pressure Setting
	Code No.

	BiS Valves
	10 Bar
	S25N-10B

	Dean & Wood
	16.2 Bar
	1775CE

	Dean & Wood
	20.5 Bar
	1776CE

	Dean & Wood
	24.13 Bar
	1777CE

	Dean & Wood
	27.58 Bar
	1778CE

	HRP
	31.0 Bar
	295988

	BiS Valves
	27.58 – 110.32 Bar
	RL25-G-1.6K

	BiS Valves
	68.95 – 551.58 Bar
	RL25-G-6K

	Danfoss CVP-XP
	25 – 52 Bar
	027B0080

	Danfoss CVP-HP
	4 – 28 Bar
	027B1161


4.0
Pressurising the System and Test Pressures
4.1
Pressurising the System

 
Before pressurising it is important to check that:

	· 
	Compression type fittings (e.g. TC pockets) are tight and undamaged

	· 
	The pipe work being tested has no valves in the closed position

	· 
	Where there are check valves the system is being pressurised on both sides and insert equalisation lines where required

	· 
	The pressure testing charging line is located in the correct place and that it is secured (e.g. with metal tie wraps) to prevent it flailing about (in the event that it comes apart) 




Eye protection shall be worn throughout the pressure testing procedure.

Pressurisation shall be carried out in a controlled fashion at all times and the pressure    applied gradually  Note - pipework seeing pressure for the first time is in fact being “strength pressure tested” from the moment gas is first introduced.   

When open to the system, the pressure source shall not be left unattended.
 
During initial pressurisation of the system up to strength test pressure and until the pressure is reduced to tightness test pressure, at least two people shall be in attendance.
  
The system shall never be approached if the pressure is greater than 10% of the allowable pressure unless the pressure has been reduced by at least 10% from the previous highest pressure.
Never attempt to tighten anything (e.g. screwed fittings) with the system under pressure. Always isolate and blow down.
 
A strength test shall be held for a minimum of five minutes. Never approach the system during this time.
 

OFN shall not be vented into a closed space where it could become an asphyxiation 
hazard.

4.2
Test Pressures
The values of test pressures to be used shall be marked on the relevant drawings/certificates.

4.2.1
Pipework Test Pressure


British Standard BSEN378-2 Safety and environmental requirements for refrigerating systems and heat pumps specifies that the system strength test pressure shall be in accordance with existing standards and that the tightness test pressure shall be less than or equal to 1.0 x the allowable pressure.


For pipework, the test pressure to prove mechanical strength shall be at 1.1 x the allowable pressure when non destructive testing (NDT) has been carried out e.g. steel piping systems or 1.43 x the allowable pressure for copper piping systems when no non destructive testing (NDT) has been carried out.   The tightness test pressure shall be 1.0 x the allowable pressure. 


For 17.0 Bar (G), 20.7 Bar (G), 24.8 Bar (G), 40.0 Bar (G), 52.0 Bar (G), 65.0 Bar (G) and 75.0 Bar (G) allowable pressures, the pipework test pressures are:

	
	Pressure Bar (G)

	Allowable Pressure
	17.0
	20.7
	24.8
	40.0
	52.0
	65.0
	75.0

	Strength Test Pressure 1.1
	18.7
	22.8
	27.3
	44.0
	57.2
	71.5
	82.5

	Strength Test Pressure 1.43
	24.3
	29.6
	35.5
	57.2
	74.4
	93.0
	107.3

	Tightness Test Pressure
	17.0
	20.7
	24.8
	40.0
	52.0
	65.0
	75.0



The system allowable pressure determines the relief device setting.

5.4
Site Pipework
5.4.1 Site Pipework OFN Strength Test

The strength test shall be carried out PRIOR to the tightness pressure test.  The pressure test shall be carried out using OFN applied through an approved pressure reducing valve.


A Method Statement is required and the instructions shall be followed.

A pressure test safety valve of adequate size shall be installed to prevent significant over pressure.  The pressure relief valve should be mounted on a pressure vessel and the pressure test gas should be introduced into that vessel without any stop valves between the charging point and relief valve position.  If this is not possible any valve between the gas charging point and the relief valve shall be gagged open.

Pressure vessels and components (e.g. compressors, condensers, evaporators, etc) which have been strength tested previously need not be subjected to a further strength test (but see 5.4.2).

System pressure relief devices shall be removed and openings capped or plugged before strength and tightness pressure tests.  Where possible, previously tested pressure vessels shall be valved off and opened to atmosphere.  (Reference may be made to the Institute of Refrigeration Safety Code for Refrigerating Systems).

Where pressure testing against closed valves to protect a neighbouring section with a lower allowable pressure from the higher strength pressure, then the low pressure side shall have vent valves left open to ensure the pressure can not build up due to a passing valve.

Where pressure testing against closed valves which are isolating from a refrigerant charge part of the system, a double block and bleed arrangement shall be pre-arranged to prevent test medium being forced past a leaking valve into the charged part of the system.  If this is not possible, consult a Technical Department.

  The area must be evacuated of all personnel.  This means:

· Outside the building

· Behind a brick wall or similar so that there is no line of sight to the condensers, outside pipe work or other components being pressurised


   If it is not possible to comply, by “out of hours” working or similar, then please      
   consult a Technical Department.

Pressure shall be raised gradually.  An initial examination may be made at low pressure, provided the gas pressure does not exceed 10% of the allowable pressure. Thereafter pressure shall again be raised gradually.

The strength test procedure may be interrupted if leaks need attention.  In general, and at any stage in the procedure, repairs to leaks shall not be carried out unless the pipework system has been subjected to a pressure at least 10% higher than the pressure proposed for the checking for leaks.  Repairs must only be carried out with that section vented to atmosphere.

Thereafter the pressure will be increased in stages until the strength test pressure is reached.  After the strength test pressure is reached, the pipework shall be isolated from the pressure source and held for a minimum of 5 minutes.


There should be no appreciable drop in pressure during this time. 

5.4.2      Site Pipework OFN Tightness Test

Following the strength test, the pressure in the system shall be reduced to the tightness test pressure and held there for a minimum of 30 minutes.  There should be no appreciable drop in pressure during this time.  A tightness inspection test shall be carried out with a "soapy bubble" trace solution.

The complete system (including components which have been previously strength tested) shall be tested for tightness.  Components previously tested in the factory shall be re-tested on site to ensure leaks have not developed at mechanical joints during transportation and positioning.

The Method Statement instructions shall be followed.

The pressure will then be reduced by venting the OFN to atmosphere.

5.4.2 Site Pipework Hydraulic Strength Test

Pressure testing of refrigerant circuits which are designed for water, glycol or brine are treated as special cases and where pipes are long a hydraulic test of the pipelines with water is acceptable.

The strength test shall be carried out using water (or some other liquid approved by a Technical Department).

During the filling process, care shall be taken to remove as much trapped air as possible from the system.

The pressure will be applied using a hydraulic pump.

Pressure shall be raised gradually.  An initial examination may be made at low pressure (say 10% of the specified test pressure).  Pressure shall be gradually increased to a value 50% of the specified test pressure.  Thereafter the pressure will be increased in stages of approximately 10% of the specified test pressure until the test pressure is reached.   After the strength test pressure is reached, the pipework shall be isolated from the pressure source and held for a minimum of 5 minutes.  There shall be no appreciable drop in pressure during this time.

The pressure shall then be reduced by venting from a top connection (where possible).

5.5 Tightness Checking of Packaged Units on Site

Package units that have been strength and tightness tested and are delivered from a factory (but not charged with refrigerant) shall be tightness checked on site to ensure non permanent joints such as flanges and screwed fittings have not developed leaks due to movement during transport or craneage.  In this case the tightness check pressure shall be between 4 Bar (G) (or lower if the design pressure is lower) and the factory tightness test pressure.  This is intended to allow utilisation of pressure test gas from another part of the site installed system and 4 Bar (G) is high enough to find all likely leaks but is complementary to the factory tightness test. It shall not be used instead of the factory tightness test and all new pipe work etc shall be tested to the tightness test pressure specified on the Diagram of Connections. 

6.0 Documentation

            The following documents give further information.

	Document
	Details

	Risk assessment
 
	Tightness pressure testing of packaged unit piping, site pipe work & pre- fabricated pipe and component assemblies

	Certification


	Pressure test certification of systems

	HSE Guidance Note GS4
	Safety in pressure testing

	Method Statement
	Generic pressure testing method statement


 
Control measures for information:
· All pressure vessels will previously have been hydraulically strength tested to a much higher pressure 
· Approved weld procedures 
· Approved welders 
· Percentage NDT 
· Managers are responsible for ensuring staff is competent to carry out pressure testing. 
 
Generic risk assessment and method statement documents are available in the reference library but site specific risk assessments and method statements may be required.

            The following will be produced as a result of pressure tests.

6.1 Packaged Unit Pipework

·   Systems Pressure Test Certificate and Leak Certification 

·   Test Pressure Gauge Calibration Certificate

6.2 Site Pipework

·   Record of Systems Pressure Test, clearly identifying extent of test 

·   Systems Pressure Test Certificate

·   Test Pressure Gauge Calibration Certificate.
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