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GUIDELINES FOR TESTING FIXED AQUEOUS FILM FORMING FIRE SUPPRESSION SYSTEMS
Introduction

1. These guidelines are for the testing of fixed aqueous film forming foam (AFFF) monitor, overhead deluge, and pop-up sprinkler fire suppression systems in Defence hangars. They cover the following two distinct areas:
a. commissioning tests, and

b. periodic in-service testing.
2. The National Fire Protection Association (NFPA) Standard No 11 ‘Low Expansion Foam and Combined Agent Systems’ is the internationally and locally acknowledged standard relevant to the work concerned. These guidelines endorse and supplement the general testing provisions included in NFPA Standard 11. In the event of conflict between the requirements of NFPA Standard 11 and those set out in these guidelines, the latter shall prevail.
3. Appendix 1 gives information on significant factors a designer should be aware of to maximise system reliability.
General requirements related to testing

4. Where foam generation is necessary AFFF concentrate shall be used and be of the same type and manufacture as that currently supplied to Defence on period contract. Different types and brands of concentrates may be incompatible and are not to be mixed. Substituting low-cost detergents for AFFF concentrates is not acceptable.
5. For reasons of economy, the duration of foam generation in the course of testing should be minimised. However, before any samples of foam solution discharged from installations are collected for examination, the concentration of the discharged AFFF solution should be allowed to stabilise.
Note
The time required for stabilisation will be influenced by system and equipment details, but can be expected to be in the order of 5–10 seconds for sprinklers, again depending upon the proximity of the discharge point to the inductor.
6. Full details of commissioning tests and periodic in-service testing, and of associated testing procedures should be documented for each individual project according to the specific arrangement and features of the particular system. The documentation should include the test requirements of NFPA Standard 11 and should also comply with the provisions for commissioning test requirements of NFPA Standard 11 and should also comply with the provisions for commissioning tests and periodic in-service testing set out in these Guidelines.
7. Following completion of tests involving generation and discharge of foam solution, each monitor or sprinkler zone should be flushed only with water to remove any foam solution residue.
8. Testing of monitors, sprinklers, and complete systems with water only and with foam should be arranged and sequenced in full cognisance of the capacity of any waste disposal system to which the site may be connected, and of the particular project site provisions for the disposal of waste AFFF solutions.
Commissioning tests
9. For the purpose of these guidelines, commissioning tests includes the final test of the complete system to demonstrate its correct operation and performance prior to acceptance plus all component checks, adjustments, preliminary tests, etc necessary prior to the final test.
10. For the purpose of these guidelines, commissioning tests includes the final test of the complete system to demonstrate its correct operation and performance prior to acceptance plus all component checks, adjustments, preliminary tests, etc necessary prior to the final test.
11. In addition, the system logic should be deliberately and extensively challenged to identify any weaknesses which could result in inadvertant discharge or affect the reliability of the system to operate when required. A commissioning check list is in appendix 2.
12. Flow and pressure testing of individual monitors or sprinkler zones and of the complete system should be carried out with water only.
13. Coarse adjustment of the operation of monitors, including angle of elevation and angle of oscillation, and testing for proper operation of pop-up sprinklers, spray distribution patterns and discharge height, should also be done with water only.
14. Final performance testing of systems should be carried out with foam, and with the maximum number of monitors or sprinkler zones that would be required to operate simultaneously.
15. The duration of simultaneous final testing with foam should be sufficient for verification of the integrated functioning and operational performance of the complete system including the foam delivery pattern, foam distribution and quality of the foam generated.
Note

Experience to date indicates that final testing with foam extending over a two-minute period is quite sufficient to prove system capability, and to deliver sufficient quantities of foam for a sample to be representative of average foam quality over the design discharge period.
16. The quality of foam produced by each system or zone should be checked by collecting representative samples of foam during final testing with foam, to determine the:
a. percentage of AFFF concentrate in the foam solution,

b. foam expansion,

c. foam drainage rate, and

d. aqueous film forming capability.
17. In analysing the foam samples collected, the methods and apparatus described in NFPA Standard 11, to include the annexes of the code, shall be used.
18. Where component testing is to form part of future periodic in-service testing (see paragraph 4.) flow and pressure readings should be taken for such components so that the through life performance of the system can be compared with that at the time of commissioning.
Periodic in-service testing
19. Arrangements are made with the holder of the current Department of Defence AFFF period contract to perform laboratory testing of foam concentrate and foam solution samples taken as indicated below.
20. Annually, samples of the contents of AFFF concentrate supply tanks should be checked for contamination and deterioration of the concentrate. The normal procedure would be to forward the concentrate samples to the supplier for laboratory tests to verify foam and film quality. Any AFFF concentrate found deficient in quality should be replaced immediately.
21. Annual tests using water only should verify the hydraulic performance, integrity and operation of complete systems. Checks should include monitor oscillation and pop-up movement during simultaneous discharge from the maximum number of monitors, or correct distribution patterns from the maximum number of sprinkler zones, that are scheduled to work together. Note that foam distribution, expansion, drainage rate and film forming capability once established by initial tests are then a function of the proportioning, there being no adjustments to what is essentially a static system.

22. Where complete system testing will cause major inconvenience to work programs, a means of annual component testing to simulate total system operation should be devised.
Note
Component testing may be in the form of discharging water through the by-pass outlet, and inspection of individual components. Individual pop-up sprinklers may be tested annually with a spring balance, dismantled and cleaned. This procedure should be discussed in detail with the manufacturer.
23. Annual tests should also be carried out in order to verify correct foam proportioning. Where actual discharge tests cannot be performed through the monitors or sprinklers then discharge of AFFF solution through the test valve, bypassing the monitors or sprinklers would be acceptable. Samples of the solution should be collected for analysis.
24. Irrespective of arrangements made for annual testing, a full foam discharge test similar to final testing at commissioning should be performed at intervals not exceeding five years. An example of a five year check list and report is in appendix 3.
25. The timing and sequencing of in-service testing with water only and with foam should be coordinated to suit operational requirements.
26. Results of periodic in-service tests should be recorded and compared with those taken during commissioning tests to determine if there has been any deterioration in system performance.
27. More frequent testing of some system components, such as pumpsets, may be required by relevant Australian Standards or as recommended by the manufacturers.
Storage, collection, treatment and disposal of aqueous film forming foam and aqueous film forming foam wastewater
28. Adequate storage, collection, containment, treatment and disposal systems shall be provided to ensure that AFFF and AFFF wastewater are prevented from entering on or off-site stormwater systems, water courses, groundwater, or soil.
29. Surfaces and equipment that have come into contact with AFFF and/or AFFF wastewater shall be thoroughly washed down to remove all AFFF residues.
30. Collected AFFF and AFFF wastewater shall be stored in a tank or pond before disposal. The tank or pond shall have impervious linings/walls and shall be suitably sized to accommodate anticipated maximum AFFF wastewater flows, rainfall events and system breakdowns. Overflow from the tank/pond shall be prevented from entering on or off-site stormwater systems, watercourses, groundwater, or soil. Open collection tanks/ponds shall be made inaccessible to fauna.
31. Prior to disposal, AFFF wastewater shall be passed through a fuel/oil separator to ensure that no fuel/oil is contained in disposed wastewater.
32. AFFF and AFFF wastewater containing perfluorooctanyl sulfonate (PFOS)/perfluorooctanoic acid (PFOA) shall only be disposed of by evaporation or by an appropriately licensed waste disposal contractor. However, AFFF not containing PFOS/PFOA can be disposed of in a sewage treatment plant in accordance with paragraph 34.
33. Evaporation of AFFF wastewater shall be undertaken in tanks and ponds of type and size complying with paragraph 30. Any residual waste shall be disposed of by a licensed waste disposal contractor and access by fauna to open evaporation tanks/ponds shall be prevented.
34. Where AFFF not containing PFOS/PFOA is involved, and since the foam can seriously impair the operation of sewage treatment plants, the appropriate procedures and discharge rates of AFFF wastewater shall be established in consultation with the sewage treatment plant contractor.
35. AFFF concentrate shall be stored in a bunded and roofed area where AFFF is prevented from entering on or off-site stormwater systems, water courses, groundwater or soil. Packing and storage shall be as recommended by the manufacturer and all containers shall be clearly labelled and free from leaks.

36. In addition to meeting the requirements of the preceeding paragraphs, the storage, collection, treatment and disposal of AFFF and AFFF waste shall comply with all relevant State/Territory legislation. Handling procedures, precautions for use and first aid procedures shall be in accordance with the MSDS.
37. Empty AFFF containers shall not be used for other purposes and shall be stored on site prior to collection by an appropriately licensed waste disposal contractor. The collection method used shall ensure that there is no leakage of AFFF residues to on or off-site stormwater systems, water courses, groundwater or soil.
Annexes: 
A. Significant design factors
B. Test regime—aqueous film forming foam dual system
C. Five yearly foam test of aqueous film forming foam pop–up systems
SIGNIFICANT DESIGN FACTORS
Introduction

1. This annex describes some of the more important features which need to be taken into account in the design and documentation of foam suppression systems for Defence aircraft hangars.
2. System design must comply with the requirements of chapter 8—‘Aircraft hangars—fire safety’ and should aim at simplicity and inherent reliability with minimum needs for monitoring and periodic testing/maintenance of components.
3. Selection of components needs to be critically examined to ensure their suitability for the particular installation to provide an optimum level of reliability.
4. Where appropriate, components should meet the relevant requirements of Australian standards and where such standards are not available, recognised overseas standards and/or authorities (eg National Fire Protection Association, Underwriters Laboratories Inc) should be nominated.
5. The foam system should be designed as an independent system capable of manual operation. Interconnection with fire indicator panels and/or central computerised systems should be restricted to monitoring only except where automatic operation is required in which case the initiating signal would originate from the relevant Fire Indicator Panel.
6. Labelling and instruction should be simple and explicit to enable quick and sure response by operators in an emergency.
7. Location of controls, main valves etc needs to be considered to provide maximum protection from day-to-day activities, from the environment and effects of heat from a fire within the hangar while at the same time maintaining ready access for operation.
8. Careful attention should be paid to the need for periodic in-service testing, eg where by pass facilities are necessary to provisions should be incorporated.
TEST REGIME—AQUEOUS FILM FORMING FOAM DUAL SYSTEMS

	S = Smoke detector (Side A of Dual Systems)

	F = Flame detector (Side B of Dual Systems)

	Test 1: Smoke detectors operates dual system(a)

	S1 + S2 + S3 + S4 = Foam Enable(b) = No 
	Foam disable = No

	then test with

	+ F1 = YES 
	Foam Enable = YES 
	Foam Disable = NO 

	+ F2 = YES 
	Foam Enable = YES 
	Foam Disable = NO

	+ F3 = YES 
	Foam Enable = YES 
	Foam Disable = NO 

	+ F4 = YES 
	Foam Enable = YES 
	Foam Disable = NO

	+ F5 = YES 
	Foam Enable = YES 
	Foam Disable = NO

	Test 2: Flame detector operates dual system:

	F1+ F2 + F3 + F4 
	= Foam Enable = No 
	Foam disable = No

	then test with

	+ S1= YES 
	Foam Enable = YES 
	Foam Disable = NO

	+ S2= YES 
	Foam Enable = YES 
	Foam Disable = NO

	+ S3= YES 
	Foam Enable = YES 
	Foam Disable = NO

	+ S4= YES 
	Foam Enable = YES 
	Foam Disable = NO 

	Test 3: Flame detector + smoke detector operates dual system:

	F1 + S1 = YES 
	F1 + S2 = YES

	F2 + S1 = YES
	F2 + S2 = YES

	F3 + S1 = YES 
	F3 + S2 = YES

	F4 + S1 = YES 
	F4 + S2 = YES

	F5 + S1 = YES 
	F5 + S2 = YES

	F1 + S3 = YES
	F1 + S4 = YES

	F2 + S3 = YES
	F2 + S4 = YES

	F3 + S3 = YES
	F3 + S4 = YES

	F4 + S3 = YES 
	F4 + S4 = YES

	F5 + S3 = YES 
	F5 + S4 = YES

	Test 4: Manual operation:

	Fire Indicator Panel Foam switch to Foam enable 
	Foam manual start(c)  
	= YES

	
	BGA (if installed) 
	= YES

	Fire Indicator Panel Foam switch to Foam disable
	Foam manual start 
	= YES

	
	BGA (if installed) 
	= YES

	Key switch to manual on FIP 
	= NO (Manual operation of suppression at FIP not required)


	On completion of test:

	Download FIP data log to determine which detectors have operated dual system and to determine any spurious operation of functions not associated with the dual system initiation. 


Notes
(a)
Where VESDA reference detector is installed, test with other VESDA and IR detectors.
(b)
Foam system enable/disable switch at FIP.

(c)
Suppression system manual start switches located in control stations on aircraft hangar floor.
FIVE YEARLY FOAM TEST OF AQUEOUS FILM FORMING FOAM 
POP–UP SYSTEMS
References:
A.
DEF(AUST) 5706—Foam, Liquid, Fire Extinguishing, Aqueous Film Forming Foam (AFFF), 6 Per Cent Concentrate
B.
National Fire Protection Association of America (NFPA) 11—Standard for Low Expansion Foam

C.
National Fire Protection Association of America (NFPA) 409—Aircraft Hangars
38. The aqueous film forming foam (AFFF) foam suppression system in Facility ____ is to be tested on (date) as required by the references.
39. This testing is to be carried out by the Infrastructure Division___________Comprehensive Maintenance Contractor, __________and their subcontractor, _________.
40. The objectives of the test are:
c. To confirm the suppression and detection systems correct operation and performance.

d. To determine the quality of foam produced in each foam fire zone.

e. The results are to include:

(1)
Percentage of AFFF concentrate in the foam solution.
(2)
Foam expansion ratio.
(3)
Foam 25 per cent drainage rate.
(4)
Aqueous film forming capability.
41. A schedule of works for the conduct of this test is attached (enclosure 1).
Appendix: 
1.
Schedule of works

2.
Hangar zone plan
SCHEDULE OF WORKS
By date
	Task 
	Action by

	Remove all equipment from within zone ___.
	tenant

	Protect equipment, airframes and floor outlets etc, unable to be moved with plastic sheet or similar.
	tenant

	Qty x 200 L drums of Aqueous Film Forming Foam (AFFF) to be identified. 
	CMS Contractor

	Service and test foam drum pump. 
	CMS Contractor

	Date—(day prior)

	Load AFFF drums. 
	CMS Contractor

	Date (date of test)

	Test to commence at (time) hr

	Task 
	Action by

	PRIOR TO TEST

	Confirm test area clear of equipment and immovable equipment protected from agent ingress.
	CMS Contractor

	Block outlet of apron stormwater drain to prevent solution entering stormwater drains. (Not applicable if auto diversion valving installed.)
	CMS Contractor

	Ensure main hangar doors are fully open. 
	CMS Contractor

	Prepare fire indicator panel and fire suppression system for test by:

	–
	isolating hangar floor power isolator relay in plant room (if required). 
	CMS Contractor

	–
	isolate EWIS and ac plant shutdown at fire indicator panel. (Note: do not isolate EWIS during dual system alarm test.) 
	CMS Contractor

	–
	isolate AFFF zone not in test to prevent accidental operation.
	CMS Contractor

	–
	close roof smoke vents in test zone. 
	CMS Contractor

	Supply 1 x test fire tray, avtur and primer fuel. 
	CMS Contractor

	TEST PROCEDURE

	Dual System Alarm Test (Note: water only)

	Close foam valves all systems. 
	CMS Contractor

	Close water valves to system not in test. 
	CMS Contractor

	Initiate test fire zone. 
	CMS Contractor

	Observe alert alarm and pop-up operation in test zone. (Record deployment of pop-up on report enclosed in enclosure 2.)
	CMS Contractor

	Shutdown fire zone in operation. 
	CMS Contractor


	FOAM TEST

	Open foam valves in test zones. 
	CMS Contractor

	Set up test equipment in test zone. 
	CMS Contractor

	Operate the manual foam control start of test zone. 
	CMS Contractor

	Confirm booster pump start. 
	CMS Contractor

	Observe foam operation until full foam application is established and stabilised. 
	(approx 15–20 seconds)

	Collect foam samples for foam quality tests. (Note: contractors to provide all collection and test vessels.)
	CMS Contractor

	Shutdown foam system. 
	CMS Contractor

	Close foam compound valve. 
	CMS Contractor

	Flush all systems of residual AFFF. 
	CMS Contractor

	Flush all pop-ups until clear. 
	CMS Contractor

	Open foam system drains and flush system reticulation.
	CMS Contractor

	Wash out hangar until clear of foam. 
	CMS Contractor

	Shutdown booster pump.
	CMS Contractor

	Replenish AFFF concentrate. 
	CMS Contractor

	Reset Pop-up and replace covers. 
	CMS Contractor

	Reset hangar floor electrical shutdown relay. 
	CMS Contractor

	Reset and normalise all Fire Indicator Panel (FIP), alarm system and suppression system functions prior to departure. 
	CMS Contractor

	POST TEST REQUIREMENTS

	Monitor flow of AFFF/water solution into base sewer or collection pits. 
	CMS Contractor

	Down load FIP data log to confirm operation from dual circuits responsive to different fire phenomena.
	CMS Contractor 
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