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F3 Fluorine Free Foam
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MMS Modified Military Specification Nozzle (Mil-F-24385)
PFC PerFluoroChemical
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PFOS PerFluoroOctaneSulphonate
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1.0

INTRODUCTION AND SCOPE OF WORK

Resource Protection International (RPI) was commissioned to witness this series of
Fluorine Free Foam (F3) fire tests in May 2012 at the Falck Nutec Training Centre
in Esbjerg, Denmark. The tests were sponsored by Dynax Corporation, a member
of the Fire Fighting Foam Coalition (FFFC), with logistical support from Dafo-
Fomtec and Denmark Fire Laboratories (DFL). The tests were undertaken during
the week 7 to 11 May 2012. Those present from the three organisations were:

Mr Mitch Hubert Dynax Corporation;
Dr Jan-Erik Jonsson Dafo Fomtec AB;
Dr Barbara Chisholm Resource Protection International.

RPI is uniquely positioned, as LASTFIRE coordinators, to provide third party
witnessing services for this series of tests. Dr Barbara Chisholm is a nominated
member of the LASTFIRE foam test team, and members of RPI also sit on the
NFPA and EN foam committees and the LASTFIRE Steering Panel.

A full support team from Fomtec and DFL were also present to set-up each of the
tests and clean up between. In addition a technician from the Falck training centre
was on hand at all times to provide additional support. The hard work of each
member in helping to achieve so many fire tests in a short period was invaluable.

The tests were being independently conducted to compare the fire performance of
different fluorine free foam concentrates. The intention was that these tests would
be conducted using the same equipment, personnel and site conditions to provide a
good comparison. In addition to performing the tests using the standard UNI 86
nozzle, a modification to air aspirating foam test nozzle as described in Mil-F-
24385 (US Military Specification for AFFF) was employed. This Modified
Military Specification (MMS) nozzle had been developed to simulate the type of
foam quality potentially encountered by some Airport Rescue and FireFighting
(ARFF) Services and Municipal Fire Brigades around the world.

This report is provided to present a record of the tests undertaken and the results.
As an independent witness of these tests it is not within RPI’s scope, on this
occasion, to provide any interpretation or draw any conclusions from the results
of this limited series of tests using fluorine free foam concentrates. Consequently
this report should not be regarded as an endorsement of any of the foam
concentrates by RPI or the LASTFIRE group.

It should be noted that this series of fire tests were carried out on manufacturers’
batches. As with all foam concentrate testing, RPI recommend that to obtain a
true indication of performance a randomly selected sample of each batch to be
delivered to a particular facility shall be tested to the appropriate standard to
confirm that the concentrate provided meets the specific performance based
requirements of a procurement specification.

RPI Ref: P1177 2 JULY 2012
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2.0 TEST EQUIPMENT

2.1 Apparatus
The test apparatus used was as specified in the various standards.

Table 1: Standards Referenced

Document Number Document Title

Fixed Extinguishing Media — Foam Concentrates — Part 4:
EN 1568-3:2008 Specification for low expansion foam concentrates for surface
application to water-immiscible liquids

Fixed Extinguishing Media — Foam Concentrates — Part 4:
EN 1568-4:2008 Specification for low expansion foam concentrates for surface
application to water-miscible liquids

Airport Services Manual Part 1 Rescue and Fire Fighting 3™

ICAO Level B Fire Test Edition: 1990 Chapter 8, Fire Test Method

For the EN 1568-3 and ICAO B tests a 2.44 m diameter test pan was used with a
surface area of approximately 4.5 m*. The pan depth was 200 mm.

For the EN 1568-4 tests a 1.48 m diameter test pan was used with a depth of 150
mm. This pan provides a surface area of approximately 1.73 m’.

All tests used a burnback pot of 300 mm diameter and 250 mm high.

The test area was protected on three sides by plywood panels to demarcate the fire
test area and provide a shield to minimise any wind effects.

Photograph 1: Fire Test Area

RPI Ref: P1177 3 JULY 2012
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The nozzle was mounted horizontally in the test stand. The stand was positioned
during each test and moved only to ensure that the foam stream was applied as
appropriate for the test procedure. That is:

e EN 1568-3:
0 Forceful application 1 m from the tray edge furthest from the
nozzle;
0 Gentle application  central on the backboard 0.5 m above the fuel
level;
e EN1568-4:
0 Central on the backboard 0.5 m above the fuel level,
. ICAO Level B:
0 Centre of test pan.

Photograph 2: Foam Nozzle Support Stand
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FLUORINE FREE FOAM (F3) FIRE TESTS, ESBJERG, DENMARK

Photograph 4: Pre-Mix Vessels and Pump Skid

The pump skid, shown in the photograph above, had an integral electronic flow
meter and pressure gauge. The calibration of the pump was checked each day using

RPI Ref: P1177 5 JULY 2012
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a graduated container and stop watch. This indicated that the flow meter was
accurate at the required flow rate — 11.4 Ipm.

Foam concentrate was weighed using electronic scales to ensure accurate
proportioning — no account of specific gravity was taken. The pre-mix was then
mixed using the electric pump to recirculate within the vessel. In each case potable
water was provided by Falck Nutec in the IBC above the premix vessel. This was
removed and re-filled as necessary.

2.2 Foam Concentrate
This series of tests was undertaken using five different F3 concentrates provided by
four foam manufacturers for these tests. The table below identifies the details taken
from the containers provided. Photographs of each container are provided in
Appendix B.
Table 2: Fluorine Free Foam Concentrates Provided For Fire Tests
MANUFACTURER FOAM BATCH DATE OF
MANUFACTURE
Solberg Re-healing Foam RF6 110930 30-09-2011
Dr Sthamer Moussol F-F 3/6 73727 10-2011
Solberg Re-healing Foam RF3 110906 06-09-2011
Fomtec Enviro 3x3 Plus For Tests 02-05-2012
Bioex Ecopol 00309 03-2012
A 0.5 litre sample of each fluorine free foam concentrate used was taken from the
container by RPI. These samples were then sealed by RPI and taken to UK for
forwarding for laboratory analysis. Photographs of the sealed samples are provided
in Appendix B of this report.
Data taken from the manufacturers datasheets — provided in Appendix C —
regarding foam quality and approvals is identified in Table 3 and 4 below.
Table 3: Fluorine Free Foam Quality — Manufacturers Data
MANUFACTURER FOAM EXPANSION | 25% DRAINAGE
TIME (minutes)
Solberg Re-healing Foam RF6 81020 5to 15
Dr Sthamer Moussol F-F 3/6 6to 15 6 to 15 (50%)
Solberg Re-healing Foam RF3 81020 5to 15
Fomtec Enviro 3x3 Plus
Bioex Ecopol 8 @ 3% 15 @ 3%
9@ 6% 30 @ 6%
RPI Ref: P1177 6 JULY 2012
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2.3

Table 4: Fluorine Free Foam Concentrate Approvals — Manufacturers Data

MANUFACTURER FOAM EN 1568 ICAO
Solberg Re-healing Foam RF6 Part 3 approval Meets ICAO level B
Dr Sthamer Moussol F-F 3/6 Part 3 — I1IB / I1ID Meets ICAO level B
Part4 —1A/IB
Solberg Re-healing Foam RF3 Part 3 approval Meets ICAO — B
Fomtec Enviro 3x3 Plus
Bioex Ecopol Complies with
Part 3 — I1IB
Part4 - TA

The Fomtec Enviro 3x3 Plus foam concentrate is currently under further
development and thus no published data was available at the time of the tests.

Nozzles

Two nozzle types were used for these tests. The first set of each test was
undertaken using the foam making nozzle identified in EN 1568-3 & 4: G.1.3 and
in figures G3 & G4. This nozzle, commonly called the UNI 86 nozzle as specified
in BS-ISO 7203-1 and ICAO Doc. 9137-AN/898, is a straight stream, air aspirating
nozzle. This is designed to provide a flow rate of 11.4 Ipm at a nozzle pressure of
6.3 bar. This flow rate represents an application rate of approximately:

e  2.53 Ipm/m’ for the 2.44 m diameter pan; and
o 6.59 Ipm/m” for the 1.48 m diameter pan.

The second set of tests were carried out using a modification of the nozzle
described in Mil-F-24385. Mil —F-24385 is the standard used by the US Military to
qualify AFFF for use by both US and NATO Armed Forces. This air aspirated
nozzle is designed to provide a foam flow rate of 2 US gpm (7.57 Ipm) at an inlet
pressure of 100 psi (6.9 bar). The modification made to this standard nozzle was to
change the internal orifice plates and tip fittings to provide 11.4 Ipm at an inlet
pressure of approximately 40 psi (2.76 bar). The intention of the use of this nozzle
was to replicate more closely the type of foam quality thought to be achieved by the
most typically used Fire Brigade equipment around the world. A photograph of
this nozzle is provided below.

RPI Ref: P1177 7 JULY 2012
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Photograph 5: MMS Nozzle In Stand

It should be noted that whilst this nozzle did produce a foam of approximately half
the expansion as that produced by the standard UNI 86 nozzle (as intended), the
MMS nozzle is not to any official specification having been modified specifically
for this series of tests.

RPI Ref: P1177 8 JULY 2012
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3.0 FIRE TESTS

A full list of the fire tests carried out during the week of 7 to 11 May 2012 is

provided in Table 5 below.

Table 5: Full List of Tests Undertaken

TEST NO | % FUEL APPLICATION | NOZZLE
Solberg - Re-healing foam — RF6

1 6% Heptane Forceful UNI 86
2 Heptane Gentle UNI 86
3 Jet Al Forceful UNI 86
4 Jet Al Forceful MMS

5 Heptane Forceful MMS

6 Heptane Gentle MMS
Dr Sthamer - Moussol FF 3/6

7 3% Heptane Forceful UNI 86
8 Heptane Gentle UNI 86
9 Jet Al Forceful UNI 86
10 Jet Al Forceful MMS
11 Heptane Forceful MMS
12 Heptane Gentle MMS
13 6% IPA Gentle UNI 86
14 Acetone Gentle UNI 86
Solberg - Re-healing foam — RF3

15 3% Heptane Forceful UNI 86
16 Heptane Gentle UNI 86
17 Heptane Forceful MMS
18 Heptane Gentle MMS
Fomtec - Enviro 3x3 Plus

19 3% Heptane Forceful UNI 86
20 Heptane Gentle UNI 86
21 Heptane Forceful MMS
22 Heptane Gentle MMS
23 IPA Gentle UNI 86
24 Acetone Gentle UNI 86
25 IPA Gentle MMS
Bioex - Ecopol

26 3% Heptane Gentle UNI 86
27 Heptane Gentle MMS

RPI Ref: P1177
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TEST NO | % FUEL APPLICATION | NOZZLE

28 6% IPA Gentle UNI 86

29 Acetone Gentle UNI 86

30 IPA Gentle MMS

Solberg - Re-healing foam RF6

31 6% Heptane Forceful UNI 86

32 Heptane Gentle UNI 86

33 Heptane Forceful MMS

34 Heptane Gentle MMS

Solberg - Re-healing foam RF3

35 3% Jet Al Forceful UNI 86

36 Jet Al Forceful MMS

Bioex - Ecopol

37 3% Jet Al Forceful UNI 86

Fomtec — Enviro 3x3 Plus

38 3% Jet Al Forceful UNI 86
Of these tests:

. Tests 1 to 14 inclusive were undertaken on 8 May 2012;
O Sunny intervals, dry, gusty wind at times;

o Tests 15 to 30 inclusive were undertaken on 9 May 2012;
0 Opvercast, still, slight drizzle in morning;

e  Tests 31 to 38 inclusive were undertaken on 10 May 2012 (afternoon);
0 Opvercast, rain spells, light wind; becoming dry with gusty wind.

Table 6 provides the temperatures recorded for each test: - air, fuel and premix.

RPI Ref: P1177
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Table 6: Test Temperatures

TEST DATE AIR TEMP. FUEL PREMIX
NO °C TEMP. °C TEMP. °C
1 8-May 12.5 7.6 9.9
2 12.5 7.6 9.9
3 14.7 8.7 10.5
4 12.6 10.2 8.9
5 11.4 12.1 11.2
6 11.4 12.1 11.2
7 8-May 10.5 11.5 12.2
8 10.5 11.5 12.2
9 10.6 13.5 14.2
10 12.1 14.4 13.7
11 14.7 11.1 12.4
12 14.7 11.1 12.4
13 15.1 14.2 11.9
14 15.1 14.2 11.9
15 9-May 12.3 11.3 11.4
16 12.3 11.3 11.4
17 14.8 11.5 12.3
18 14.9 11.5 12.3
19 9-May 14.6 11.5 12.6
20 14.6 11.5 12.6
21 16.5 14.8 14.3
22 16.5 14.8 14.3
23 14.7 14.5 14.7
24 14.7 14.5 14.7
25 16.4 14.6 14.7
26 9-May 14.8 14.6 14.2
27 14.2 14.3 14.1
28 13.9 13.7 14.0
29 13.9 13.7 14.0
30 13.2 133 12.9
31 10-May 14.9 11.8 12.5
32 14.9 11.8 12.5
33 14.5 11.5 12.9
34 14.5 11.5 12.9
35 10-May 14.5 12.9 11.4
36 14.5 12.9 11.4
37 10-May 14.4 12.9 11.4
38 10-May 14.4 12.9 11.4
RPI Ref: P1177 11 JULY 2012
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All tests were fully documented and recorded on video. One video camera ran for
the full length of each test providing an overview of the full test. A second video
camera was then used to focus on the foam blanket after the pre-burn period and
specifically for the burnback period.

Test numbers 31 to 34 inclusive were essentially repeats of tests 1, 2, 5 and 6.
These were repeated to see if it was possible to identify if the weather conditions on
the Tuesday (dry with sunny spells and gusty winds at times) had substantially
affected the tests.

3.1 Fire Tests To EN 1568-3

These tests were performed following the test methodology provided in Appendix
H of EN 1568-3: Fire extinguishing media — Foam concentrates; Part 3:
Specification for low expansion foam concentrates for surface application to water-
immiscible liquids. In each case the foam solution was prepared using potable
water with heptane as the fuel.
In line with the recommendations of Annex H, screens had been erected around the
test area. Additional wind-screens were provided, as required, during the burnback
period.
For each test sheet the following parameters were recorded:

° Location;

o Foam concentrate;

o Air temperature;

o Fuel temperature;

e  Foam solution temperature.
As this series of tests was intended to provide a comparison of fluorine free foam
concentrates rather than to provide a formal classification of each product, only two
tests were undertaken for each. For each foam concentrate a forceful application
fire test was done followed by a gentle application; this was undertaken for the UNI
86 nozzle and the MMS nozzle. The table below identifies the test procedures
followed in each case.

Table 7: Fire Test Procedure — EN 1568-3
Fire Test Procedure Forceful Application Gentle Application
(seconds / minutes) (seconds / minutes)

Pre-burn Time 60/1 60/1
Foam Application 180/3 300/5
Burnback Wait Period 300/5 300/5
For each test the following times were recorded:

° 90% control;

° 99% control;

° extinction; and

o 25% burnback.

RPI Ref: P1177 12 JULY 2012
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For each pair of tests the foam quality was also tested to record expansion and 25%
drainage time. In each case foam samples were collected by RPI, with assistance
from Dynax, with RPI carrying out the calculations as verification of foam quality.

Table 8: Foam Quality Analysis For Fire Tests to EN 1568-3

TEST NO NOZZLE EXPANSION 25% PREMIX
DRAINAGE CONC.

SOLBERG RF6

1 UNI 86 9.25 25’ 16” 6%

5 MMS 4.6 10° 25~ 6%

31 UNI 86 8.8 18> 25” 6%

33 MMS 5.03 9’ 33” 6%

DR STHAMER - MOUSSOL FF 3/6

7 UNI 86 9.3 16> 577 3%

11 MMS 4.5 6’ 04” 3%

SOLBERG - RF3

15 UNI 86 8.5 21732 3%

17 MMS 4.2 18> 28” 3%

FOMTEC - ENVIRO 3x3 PLUS

19 UNI 86 8.7 197 11”7 3%

21 MMS 5.1 15° 34> 3%

BIOEX - ECOPOL

26 UNI 86 8.7 18> 04 3%

27 MMS 4.4 57 58” 3%

The results of these tests are recorded in Table 9 below. The results have been
normalised so that control and extinction times relate to the start of foam
application and 25% burnback times relate to the lighting of the burnback pot.

It should also be noted here that whilst Fomtec scored the majority of these tests in
agreement with RPI and under their supervision, tests 19 and 21 (Fomtec foam) and
tests 31 and 33 were scored directly by RPI.

RPI Ref: P1177
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Table 9: Results From Fire Tests To EN 1568-3

TEST NO | NOZZLE 90% 99% EXTINCTION | 25% CLASS
CONTROL | CONTROL BURNBACK
SOLBERG - RF6
1-F UNI 86 0’ 45» 17257 None N/A Fail
2-G UNI 86 0> 35~ 1’ 00” None N/A Fail
5-F MMS 0’ 45> 1’20~ None N/A Fail
6-G MMS 1’ 00” 1”40~ None N/A Fail
DR STHAMER - MOUSSOL FF 3/6
7-F UNI 86 0’ 50~ 110”7 None N/A Fail
8-G UNI 86 0> 40~ 1’ 20” None N/A Fail
11-F MMS 0’ 55” DNA None N/A Fail
12-G MMS 1’00~ 1’ 45> None N/A Fail
SOLBERG - RF3
15-F UNI 86 0> 45~ 1’ 20” 1’49~ 6’ 00” *
16-G UNI 86 0’ 35” 1’ 20” 217 24’ 307 1B
17-F MMS 0’ 40~ 3200~ None N/A *
18-G MMS 0> 45~ 1’55~ 4’ 05” 23’ 30” 1B
FOMTEC - ENVIRO 3x3 PLUS
19-F UNI 86 0> 40~ 1’15 2°09” 5’ 55” *
20-G UNI 86 0’ 35” 1’ 05” 1”40~ 21° 50~ 1B
21-F MMS 0’ 50~ DNA None N/A *
22-G MMS 0’ 45» 1’ 30” 2’507 12’ 45” IIc
BIOEX - ECOPOL
26-G UNI 86 0’ 45” 1’25~ 2°08” 17’ 00” I1IB
27-G MMS 1’257 2107 None (10’ 40”) Fail
SOLBERG - RF6
31-F UNI 86 0’25~ 1’ 00” None N/A Fail
32-G UNI 86 0’35 1’ 00” None N/A Fail
33-F MMS 0’ 40~ 2’507 None N/A *
34-G MMS 0’ 55~ 1’15 3> 40” 13’ 00” c
In Table 9:,

e F = forceful application;

G = gentle application;

DNA = did not achieve;

DNE = did not extinguish;

* = test continued with gentle application to determine burnback resistance performance level.

Whilst it was not the intention of this series of tests to formally classify the foam
concentrates used, where possible a potential classification has been identified from

RPI Ref: P1177 14 JULY 2012
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3.2

these results. This classification is based on the requirements of EN 1568-3 as
summarised in the table below.

Table 10: Classification of Foam Concentrates To EN 1568-3

Extinguishing
Performance
Class

Burnback
Resistance
Level

Gentle Application

Forceful Application

Extinction
Time <

Burnback
Time <

Extinction
Time <

Burnback
Time <

| Not Applicable 10

5 15
5 10
5 5

Not
Applicable

I Not Applicable 10

15
10
5

Not
Applicable

EEN SN N B > B VS I B VS T B VS T B OS]

111 15 Not Applicable
10

5

gjlo|wm|g|ja|w|(>|O0O|O|®T| >

[, I BV, T BV, B BV, B BV B V)

Fire Tests To EN 1568-4

These tests were performed following the test methodology provided in Appendix
H of EN 1568-4: Fire extinguishing media — Foam concentrates; Part 4:
Specification for low expansion foam concentrates for surface application to water-
miscible liquids. In each case the foam solution was prepared using potable water

with isopropanol (IPA) or acetone as the fuel. The fuel used for each test is
identified in Table 12.

In line with the recommendations of Annex H, screens had been erected around the
test area. Additional wind-screens were provided, as required, during the burnback
period.

For each test sheet the following parameters were recorded:
° Location;
e  Foam concentrate;
o Air temperature;
. Fuel temperature;
o Foam solution temperature.

As this series of tests was intended to provide a comparison of fluorine free foam
concentrates rather than to provide a formal classification of each product, only two
tests were undertaken for each. For each foam concentrate a forceful application
fire test was done followed by a gentle application; this was undertaken for the UNI
86 nozzle and the MMS nozzle. The table below identifies the test procedures
followed in each case.

RPI Ref: P1177 15
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Table 11: Fire Test Procedure — EN 1568-4

Fire Test Procedure Gentle Application Gentle Application
Class I Class 11
(seconds / minutes) (seconds / minutes)
Pre-burn Time 120/2
Foam Application 180/3 300/5
Wait After Foam Application 300/5

For each test the following times were recorded:

° 90% control;
° 99% control;
° extinction; and

° 25% burnback.

For each pair of tests the foam quality was also tested to record expansion and 25%
drainage time. In each case foam samples were collected by RPI, with assistance
from Dynax, with RPI carrying out the calculations as verification of foam quality.

Table 12: Foam Quality Analysis For Fire Tests to EN 1568-4

TEST NO NOZZLE EXPANSION 25% PREMIX
DRAINAGE CONC.

SOLBERG RF6 — not applicable

DR STHAMER - MOUSSOL FF 3/6

13 UNI 86 9.1 45 30”7 6%

SOLBERG — RF3 — not applicable

FOMTEC - ENVIRO 3x3 PLUS

23 UNI 86 8.2 19’227 3%

25 MMS 5.0 16> 15” 3%

BIOEX - ECOPOL

28 UNI 86 8.1 44> 27 6%

30 MMS 4.9 21’57 6%

The results of these tests are recorded in Table 13 below. The results have been
normalised so that control and extinction times relate to the start of foam
application and 25% burnback times relate to the lighting of the burnback pot.

It should also be noted here that whilst Fomtec scored the majority of these tests in
agreement with RPI and under their supervision, tests 23, 24 and 25 (Fomtec foam)

were scored directly by RPI.
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Table 13: Results From Fire Tests To EN 1568-4

TEST NO NOZZLE | 90% 99% EXTINCTION | 25% CLASS
CONTROL | CONTROL BURNBACK

SOLBERG - RF6 — not applicable

DR STHAMER - MOUSSOL FF 3/6 @ 6%

13-IPA UNI 86 DNA DNA None N/A Fail

14-ACETONE | UNI 86 1’15 1’35~ 2’157 12° 15~ IB

SOLBERG - RF3 — not applicable

FOMTEC - ENVIRO 3x3 PLUS

23-IPA UNI 86 1’25~ 1’55~ 2’ 06” 15’15~ 1A

24-ACETONE | UNI 86 025~ 0’ 45~ 1’ 04” 16> 55” IA

25-1PA MMS 1’ 45~ 2’10~ 2’577 15”307 1A

BIOEX - ECOPOL - 6%

28-1PA UNI 86 1’ 507 2’257 3’007 845~ IC

29-ACETONE | UNI 86 0’307 0’ 45~ 1’12~ 19’ 00~ 1A

30-IPA MMS DNA DNA None N/A Fail

In Table 13:,

e F = forceful application;
G = gentle application;
DNA = did not achieve;
DNE = did not extinguish;

Whilst it was not the intention of this series of tests to formally classify the foam
concentrates used, where possible a potential classification has been identified from

these results.
summarised in the table below.

Table 14: Classification of Foam Concentrates To EN 1568-4

Extinguishing Burnback Gentle Application
Perfcoi';g:nce ReIsJi::Iz;;lce EXt.inction Bu.rnback
Time < Time <

I A 3 15

B 3 10

C 3 5

I A 5 15

B 5 10

C 5 5

This classification is based on the requirements of EN 1568-4 as
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3.3

Fire Tests To ICAO Level B

These tests were performed following the test methodology provided in ICAO
Airport Services Manual Part 1 Rescue and Fire Fighting 3™ Edition: 190 Chapter
8, Fire Test Method. In each case the foam solution was prepared using potable
water with Jet A-1 (Gropasol D40) as the fuel.

In line with the EN tests undertaken, screens had been erected around the test area.
Additional wind-screens were provided, as required, during the burnback period.

For each test sheet the following parameters were recorded:

Location;

Foam concentrate;

Air temperature;

Fuel temperature;

Foam solution temperature.

As this series of tests was intended to provide a comparison of fluorine free foam
concentrates rather than to provide a formal classification of each product, two tests
were undertaken for each. For each foam concentrate a fire test was carried out
using the UNI 86 nozzle. The MMS nozzle was also used with the Solberg foams
and Dr Sthamer. The table below identifies the test procedure followed in each
case.

Table 15: Fire Test Procedure — ICAO Level B

Forceful Application

Fire Test Procedure ol )

Pre-burn Time 60/1

Foam Application 120/2
Wait After Foam Application 120/2

For each test the following times were recorded:

90% control;
99% control;
extinction; and
25% burnback.

For each test the foam quality was also tested to record expansion and 25%
drainage time. In each case foam samples were collected by RPI, with assistance
from Dynax, with RPI carrying out the calculations as verification of foam quality.

RPI Ref: P1177 18 JULY 2012
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Table 16: Foam Quality Analysis For Fire Tests To ICAO B

TEST NO NOZZLE EXPANSION 25% PREMIX
DRAINAGE CONC.

SOLBERG - RFé6

3 UNI 86 9.64 18> 26” 6%

4 MMS 4.8 10° 56” 6%

DR STHAMER - MOUSSOL FF 3/6

9 UNI 86 10.2 15°07” 3%

10 MMS 4.93 57357 3%

SOLBERG - RF3

35 UNI 86 9.6 16> 16 3%

36 MMS 4.5 18> 38” 3%

FOMTEC - ENVIRO 3x3 PLUS

38 UNI 86 8.5 22> 57 3%

BIOEX - ECOPOL

37 UNI 86 7.4 172007 3%

The results of these tests are recorded in Table 17 below. The results have been
normalised so that control and extinction time relate to the start of the foam
application and 25% burnback times relate to the lighting of the burnback pot.

It should be noted here that the Solberg RF6 and Dr Sthamer Moussol FF 3/6 tests
were scored by Fomtec in agreement with RPI and under their supervision, the
remainder of the tests were scored directly by RPI.

Whilst it was not the intention of this series of tests to formally classify the foam
concentrates used, where possible a potential classification has been identified from
these results. This classification is based on the requirements for ICAO Level B
performance, summarised as:

Extinguishing time
25% burnback time

<60 seconds and
>5 minutes

RPI Ref: P1177
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Table 17: Results From Fire Tests To ICAO Level B

TEST NOZZLE | 90% 99% EXTINCTION | 25% PASS /

NO CONTROL | CONTROL BURNBACK | FAIL

SOLBERG - RF6

3 UNI 86 0’ 35” 0’ 45~ None N/A Fail

4 MMS 0’30~ 0’45~ 1’ 58~ (6> 457) Fail

DR STHAMER - MOUSSOL FF 3/6

9 UNI 86 0’ 407 0’ 45~ 1’24 (77 50) Fail

10 MMS 0’35~ 0’55~ None N/A Fail

SOLBERG - RF3

35 UNI 86 0’50~ 1’ 05~ 2> 00~ (8°307”) Fail

36 MMS 0’ 50~ 1’ 45~ None N/A Fail

FOMTEC - ENVIRO 3x3 PLUS

38 UNI 86 0’55~ 1’ 05~ 1’ 40” (97 50”) Fail

BIOEX - ECOPOL

37 UNI 86 0’ 40~ 0’55~ 1’ 50” (8°057”) Fail
RPI Ref: P1177 20 JULY 2012
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4.0

4.1

4.2

LABORATORY ANAYLSIS OF FOAM CONCENTRATE SAMPLES

F3 SAMPLE ANALYSES
On return to the UK the sealed 0.5 1 F3 samples were each split into two by RPIL.

One set of samples was sent to:

Intertek USA, Inc. d/b/a QTI

291 Route 22 East

Salem Industrial Park, Bldg #5

Whitehouse, NJ 08888
This set was for %F analyses. The test methodology for this suite of tests is
provided in Appendix D.

The second set of samples was sent to:

AXYS Analytical Services Ltd.

2045 Mills Road West

Sidney, British Columbia

Canada V8L 5X2
This set was for perfluorochemical (PFC) analyses by MLA-060. This suite of tests
looks for perfluorooctanesulphonate (PFOS) and perfluorooctanoic acid (PFOA),
amongst other PFCs.

F3 ANALYSES RESULTS

The results of these analyses are provided within Appendix D. These results
confirm that the five foam concentrates used for this series of tests were fluorine
free to the detectable limits of the analyses.
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APPENDIX A

PHOTOGRAPHS:

FIRE TESTS
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Typical Fire at 90% Control

Typical Fire at 99% Control
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14:03.48

Typical Fire at 25% Burnback Re-Involvement

Typical Example of Persistent Edge Flickers

RPI Ref: P1177 24 JULY 2012
FINAL



FLUORINE FREE FOAM (F3) FIRE TESTS, ESBJERG, DENMARK

APPENDIX B

PHOTOGRAPHS:

FOAM CONCENTRATE CONTAINERS
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Sealed Foam Concentrate Samples
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APPENDIX C

FOAM CONCENTRATE DATASHEETS
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The following foam concentrate datasheets have been taken from the manufacturers
web site, printed and then scanned. Thus it is assumed that these will provide the
most current information available at the time of the tests.

Note that as the Fomtec Enviro 3x3 Plus foam concentrate was still being developed
at the time of these tests no datasheet was available to include at this point.
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RE-HEALING FOAM™ RF6 6% -5°C %
RE-HEALING FOAM™
by SOLBERG
™
RE-HEALING FOAM™ RF6 6%
RE-HEALING FOAM™ RF& is a  results. The compatibility with mose  respeet bo loberotory conmral of physi-
new environmentally benipn, syathetic  powders provides he possibiity 10 ot cal parameders as well as the finished
foam voncenirate used w effectively exs ek 3 Dimonsional fires. Not only can foam’s fire performenee, A Cerdfean
tinguish hydmearhon fires at 6%, [tie  [thevsed in case of fice Gebling but also of dnadysis (Cod) s issucd with cvery
u reul FEEP, AFFF, FITP-AR and AR-  for covering af a liquid spill 1o prevenr  batch,
AFFF abternative withowl Muonssurfac-  re-grition and il can also be wsed o
[ands or simanohalop=ns ingredisnts minimise smell ncoavenience, due to For gqueslions aboul mixing of other
the excellent vipour sappressing capa-  fomn concentrates with RE-HEALING
Tor maximum scourity of fire fighters  Bililics, FOAM™ RFB6 vur techinical staff are ot
the product possesses cacellonl burn- vour dispogal. Genzeally when applicd
bk charsetoristics due to it re-healing O Class *A” fires il will improve extin- o & fee the produet can be mised with
capabilities of o rapidly resalive foae  poishment in case of deep scated fires. cther similar foam T¥pes But not in me-
hlanket. dium or loag e storage
Duality seeurity
Mot commenly available fogm aspiiat and enviroonmental cure. Tepether with the fast extmguishmant
ing equipment as well as non aspirating Al products manufactured at Solberg  this product gives the mamimum protze-
equipment. including staadard speinkler  Scandinavian  are  theroughly  gual- o e the envirnment as peasihle.
heads, zan be wsed 1o oktain maximem ity contralled before release, Bath with
PROPERTIES
Vistal: Brown ri-Tisw o Foam expansion doponding o
ligyeic water pressire and [ype of gguineil:
Specific gravity (250 C): 1,055 kgl vary low axpansion: between 1.5 anc 4
L fow expansion: between 8and 20
i Bl 8.0 medium expEisian; etwean 20 and 50
Wiscosihe Paeudoplastic liguid hicrh expansiog: up o 500
Frast resisiznca; Product hias a freszing 2545 drainage time: = &min BlLS min
gtrebch skarting at 20 C [Hheprenalimng o wale! prassuns
Minimum usa femp: inC AT Dy e O DR Er)

: = et Froouct gesargnios: 1 rs when stored
Maxirnum starage temp; 2 H08 O i B uj:.!-;ina.l Yace
Sediments: L) Salt, frash and brackish water can be wsed,

RE-HEALING FOAM™ RF& has £A 1568 part 3 approvad and meets 8040 leved "0 regadations and cen be shipped in 20

litre pals, 200 Bire dnirs or 1000 litre containers. Far laege amounts bulk delivery [s also possible,

SOLBERG SCANTHNAVLAN A5

Oilsvollstranda, M-5948 Sasbow Bnen NORWAY f—

Pricgns; +47 5534 97 Ol

P +47 56 3¢ 57 01 SULBERG

E-mail: Infaiisd sarmtanrs. ot

Internal:  werw salheroioams. o SHHH]HA.'.I.tH

PIENG, BF5-1 issus date 21-1-Z2010
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Product information |07.08

MOUSSOL-FF 3/6

Universal alcohol resistant fluorine free fire extinguishing foam concentrate

Description

MOUSSOL-FF 3/6 is an alcohol-resistant MOUSSOL-FF 3/6 has very good foaming
fluoring free fire extinguishing foam properties and can be used as medium
concenlirate. expansion foam as well. On palar

It is based on special surface active agenls,  hydrocarbons, the palymer film formed
polymer film formers, co-surfactants as well as  effeclively prevents deslruction of the foam.
foam stabilisers and antifreezing compounds

which are partiaily made of re-growing raw

materiale.

Properties

MOUSSOL-FF 3/6 is a pseudopiastic producl
which is stable against both polar (watar-
miscible) and non-polar hydrocarbons as well
as mixtures of the two.

Aecommanded induction rale: 3% on nan-palar hydrocarbons
€% on palar and nighly polar products

Form expansion depending on foam scuipmant, waler pressure and inguchon ratg
low expansion foam G to15 limas
madium exparsion [oam 16 100 times
Foam siabiity H0 % waler drainzge lime dapending on foam equipment, waler pressure and
induetian rafe
lowe expangion loam = 30 minules
medivm expansion loam 5 - 10 minulas
Drenaity 1.04 # 0.02 kpd
Froa! resistance 5
pH value 6575
Sediment content nane
Visoosity Thixatrope liguid
Enviranmental accepiability MOUSSOL-FF 3/ Is physiologically harmiess and easlly blodegradable,
Speclal notes MOUSSOL-FF 376 ia not detrimental to health, provided it is used for the intended

purpose. Fire extinguishing exercises and 18s1s may have fo be coordinated with
the local authorities.

When persons are sprayed with foam, please bear in mind tnat thay will nol be

able 1o breathe while covered with foam. For further information users are asked
1o refer 1o the safely dala sheel.

Physical properties and technical data

G

Dr.STHAMER
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Iﬂ?.nal Product information

MOUSSOL-FF 3/6

Universal alcohol resistant fluorine free fire extinguishing foam concentrate

Application

MOUSSOL-FF 3/6 is used with all mobiles
equipment and lixed foam systems for
generating low and medium expansion
foam, especiaily for fighting fires of foam-
destroying products, e.g. alconols,
ketones, esters, ale. The induction rate is
3% for fires of non-polar and 6% lor lires
of polar, foam-dastroying hydrocarbons,

Spilled chemicals should be covered by
foam 1o prevent emissions. The foam
blanket suppresses the evaporation o the
liguic and prevents a possible igrition,

To achieve an ogtimal exlinguishing
success, fires of polar liquids =houid be
extinguished by using gentle application
methads, £.0. goose necks.

A pump supported induction may be
advisable. Besides tap waler MOUSS0L-
FF 3/6 can alsc be used with sea and
brackish water as well as with treated
inchistrial water,

Compatibility

with other foaming agents

For immediate usage MOUSSOL-FF 3/6 can be
mixed wilh other equivalent foaming agents,
independent of the mixing ratio. Existing stocks
ol MOUSSOL-FF 3/6 must not be mixed with
ather products.

Compatibility with

other fire extinguishing foams
MOUSSOL-FF 3/6 foams are compatible with all
other readily expanded fire extinguishing foams,

Compatibility with powder
MOUSSOL-FF 3/6 is suitable for the combinad
use with foam compatible powders.

Storage

MOUSSOL-FF 3/6 can be stored for long
perinds of time In the sealed original containers
and in corrosion-resistant plastic or stainless
steel tarks. High lemperalures up to +50°C do
not affect the guality; neither does temporary
freezing at temperatures below the specied
frost resistance limit.

Approval

MOUSSOL-FF 3/6 is officially approved for class
A+ B lires including low and med um expansion
foam applications for polar and non-polar
solvent lires according 1o DIN EN 1568 Parts 1,
3, and 4,

Aporoval No.; SP-32/08 ~.r
Pedormance class:  [IIBAND EN1568-2 =
|ASIE EM156E-4 ¢
5
T
t
£
| R R
s Dr.STHAMER = 2 & :
Ligbigsliafe § « 0-22113 Hamburg NIEdE'I'IElEEIJ"Ig Pirna E
Telefon +494073 61 G50 KEnigateiner Strafe 5+ C-01796 Pirma =
Telefax +40 4073 61 B 60 Telefon 493501 /52 40 06, <8 44 84 -
E-Mail: in‘od@sthames.com Teletax +49 35071 / 45 44 85 E
Inte-net: htlpirsthamer.com F-Wmil jlarher@st name: com £
{.boessen@@ethamer com "
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et

RE-HEALING FOAM™ RE3 3% -5°C %

RE-HEALING FOAM™

by SOBERG

RE-HEALING FOAM™ RF3 is a
jew envirominena ly kenicn, svathetic
foam soncentrate used to effectively ex-
tisguizh hydeocarkon fres el 2% Ui
areal FEER AFPEE, FEEP-AZ and AR-
AFFF alternavive withour flucrosur- fac-
iz or orgenohalngens inpradi-ents.

Foi maximum securisy of Are fighters
the product possesses exeetlenl -
Buck characiensics due o its re-healing
capabilities of a rasidly resealing foam
lanked

Mot commonly peatlable fam aspirat

inge sguipment 23 well a5 non aspirating
eyuipmenl, including standard sprinkler
ngads, can be wsed to obtuin maximum

PROPERTIES
\iswal:

Hryuld
Specific gravily (25°C) 1,05 ko/l
gH2E ) 2,0

Viscosity

Frost resislamce:

Iimimunt usa tamp: 200
HMaxiunt starage termp: < 500 C
Sediments! nona
Spreaaing coafficlent: > 3 mMfm

Rrmain non-nawtanlan

Psegapiastic Hguld

Product has & freezing
stretch starting at -27 C

RE-HEALING FOAM™ RF3

resulis. The compotibility with mose
powders provides the possibility o at-
ik 3 Dhmnensional Nres. Mot ealy can
it b wgd o gase of fire fighting bur alao
for covering of a liquid spill to prevent
re-igmition and il can also be used Lo
minimize smell incenvenience, dee 1o
the excellent vapour suppressing capa-

Tsilitics, Om Class "A&7 fircs it will im-

prowee extinguizhment in case of deep
seated fives.

Chaulity security

and environmental care.

AL products manufactured at Sclbeng
Scandinavian  wre  lhoroughly  gual-
i confrolled before release. Thoth with
respecl W by coontiol of physi-

3%

cEl parameters as well as the tinished
foam’s fire porformance.

A Cerificoie of Amalusis [CoAd) is issued
with every balch., For questions abour
mixing of ather fnam concentrates with
RE-HEALING FOAM™ RF3 our
technical staff are at vour disposal. Gen-
erally when applied ' ¢ fire the product
can be mives with other similar foam
l}-JJL".a. Huwesar e foamt conczintrats
shonld not be mixed with other brands
of concentrate. Tagether with the fast
exfinguishment Lhis product pives Lthe
mrasimum prodestion W the environ=
et ag poasisle,

Fgam sxpansion dapensiig on

water pressure and type of egulpment:

vely low expansion:
low expamsion
medivrn expansion:
Tl pxpartsion:

25% dralnage nime:
{oepanding an water pressue

betwesan 1.5 and 4
bebween & and 20
hetwean 20 and 50
up o 500

* 5 min zill L5 min

and fHepe of aglipirent sad)

FPraduct guaraniae,

10 wears when stored
In arginzl pac<age

Sair, fresh and hracksh water can be wsed,

RE-HEALING FOAM™ RF3 has £V /564 pavr 3 approvel wnd meets /OAC 8 repadarionsand can be shipped an 20 litre pails,
200 litre diums or LO0G litre contoiners. For Yarge amounts hilk delivery (s also poszible.

SOLEZRG SCAaNTHMAVIAN A%
Disvallctrazda, N-3018 Sebieage KORWAY

2haneg; 47 b 34 B ol
Tax 47 55 M 9y a4

=rril: Il salle rgfosms, oo
Interel  wandsalbamfaams.com

=

SOLBERG

SCANDINAVIAN

PICMG. RF3-1 issue date 21-1-2014

1339H5 123Na0dd
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ECOPOL

-

-

FLUOROCOMPOUND FREE FOAM AR CONCENTRATE

DESCRIPTION FH‘I’SI!’.M'EIAT._A
Ervironment-fricndly, ECOPOL is ke real alternative to Appearance green gel )
traditionals foom concenirates. This  synthetic  FFF sperfie gravity at 20°C 1.06 £ 0.02 Kgfdnm
|Fluaroeormigour iz-Free Fnarn:l AR foom eancentrate, of pH at 20°C fa+1.0
e peneration, Is Eased on the wombination  aof WYiscosity® et 20°C 1300 mPa.s
hydrophilic natural palymers and surfactants resistant to Viscosity™ at -10°C 1600 mPa.s
contaminatiaon, Sediments < 1%
ECOPOL is pseudoplast '© - its viscosity decreases when [T15 Surface tenglonat 2 5 2542 mi/m
agitated. This property authorizes s use cven at low Free2ing point - 16°C
temparature and low pressure, Temperature ot use = A0PC§ + 5070

Foaming power : ECOPOL is usable st Luw, Wediam " Wiscarnelef Brookiial! s spladie 84, 50 rom

and High Expansicn

The foaming base of EDOPOL 5 exclusively made fram FOAR '1'-"."‘”1""
copra fatty acids, a natural re-growing resource,

Fuel fires : CCOPOL is efficient on hydrocarban fires Concentration of use at 3 %
and polar solvents fires, ECOPOL is approved as & 3%3 anc Low Expansior ne
2 3%&, cnebling to select the concentration of use al 3% ar Drainage time 25 % 15 minutes
&% depending oh the prasortioning system cheosen. medium Expansion &0t
ECOPOL has peen successiully tested on numeraus fires, High Expansian s0o*
such  3s  acetone,  methznal,  izoproganol,  THE,
diethylethar, taluene, ethylacetate... Concentration of use at & %
ECOPOL can kesp ils waler Sor a very long perios, This Lt bupansinn a=
nurstanding property makes it highly efficient on palai Orainage time 15 % 30 minates
salvants fires Medium Expanzion 130"

: * Fogyn s ks dene HE e
Environment ; ECOPOL is harmbess for envirenment ok g UKL e e

and total'y biodegradable
ECOROL is totally Huorine-free,

=

PERFORMAMNCES B APPLICATIONS

ECOPOL carplies wtn standards
EM 1568-1 = FM T568-2 ® EN 1568-3 | ¢lass HIA = EM 15684 : class |4
il Industry - Lastfire certilicate
Mawy ¢ Sureau Veritas certficate

ECOPOH ran be used with tap water, sea water and brackish water at 3% on hydrocarbon firss anc of 3 at 5% an palar
solvents fires,
It 15 sultanle wita all kind of known equiament,

WARRANTY 8 SERVICES
ELOPOL has a 10 years wairanty in i original packag'ng end at starage temperatures -30°C/+80°C.

Qur Ouality Control Labo-atory offers its analytical expertise P10 4H.
safety Data and Ervironment Data are svailable upon reguest © contact @ hic-exfr

bio 4.9 vy bio _

2.1, La Pebile Qliviére TECHMICAL DATA

SO7T0 MONTROTIIER Srancs = TEL - +33 (04 74 70 23 81 Date - 23/04,/09 43
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APPENDIX D

F3 ANALYSIS AND RESULTS
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ELEMENTAL ANALYSIS METHODOLOGY BY INTERTEK

Analysis: Fluorine
Turn Around Time: 1 Day

Sample Requirements:

Theoretic Sample

al Range Size
(%) (mg)
1-5 10-20
5-15 3-5
>15 1-3

Note: This analysis is suitable for samples containing >0.05% fluorine. Samples
requiring lower limits of detection must use ion chromatography.

Accuracy: + 0.3% Absolute
Compatible Sample Types: Solids, Liquids, Oils
Incompatible Samples Types: Gases

Interferences: This method alleviates most of the common interferences found in
classical techniques such as colormetric titrations. However, the presence of

anions of aluminum, boron, silicon, and iron in concentrations of more than 5 times
the concentration of fluoride may result in low fluorine values due to complexation.

Analysis Technique: lon Specific Electrode

Sample Preparation: The sample is accurately weighed and transferred to a bed
of mannitol wrapped in an ashless filter paper. The sample is combusted in an
oxygen combustion flask containing 100 ml of TISAB Il where the covalently
bound fluorine is converted to fluoride. The sample is set aside for 20 minutes.

Method Summary: Fluorine in organic materials is determined by transferring the
guench solution to a sample beaker which is then analyzed potentiometrically by
an ion specific electrode using a single known addition technique. The system
must be checked with an NIST traceable organic standard, which contains
fluorine, prior to sample analysis. The standard must check to within +0.3%
absolute. %F is calculated based on the sample weight, solution volume and
fluoride concentration.
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RESULTS FROM TOTAL %F ANALYSES BY INTERTEK

Intertek

Analytical Report
Repart Numiber 62202

Report Status: Final
Barbara Chisholm
Resource Protection Intemational
Walker House, George St
Aylesbury,, Bucks HP20 2HU
Sample: BIOEX ECOPOL 3%
F
< 0.05
< 0.05
Sample: DR STHAMER- MOUSS0L F-F 36
F
< 0.05
< 0.05
Sample: FOMTEC ENVIRO-3X3 PLUS
F
< 0.05
= 0.05
Sample: SOLBERG-RF3 3%
F
= 0.05
= 0.05
Sample: SOLBERT-RFE 8%
F
= 0.05
= 0.05
Eample analysis performed by ion specific eleckrods.

Limit of detection by this procedure is 0.05%.

Page 1 of1
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REPORT FROM PERFLUORINATED ORGANICS ANALYSES BY AXYS

whitsl, axysanalytical.com

0 A XYS Ays Analytica 2065 WAk Floaed Weat TEL 20205000 FAX 25065598100
Sewvices. Lid vy By SA Ny hical cour

SIDNEY, BRITISH COUUMELS, CAMADS VEL D0

AXYS Client No.: 4711
Client Address: Dynax Corporation
79 Westchester Ave.

Found Ridge, NY, Us, 10578

The AXYS contact for these data is Kirsten Anderson.

o fis
'Dmx@
Page 1ol
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woar anysanalytical.com

BATCH SUMMARY

Batch ID: WEA0E1T Date:  28-Jurn-2012
Analysis Type: Perflucrinated Organic Matrix Type:
ALQ surfactant
BATCH MAKEUP
Contract; 4711 Blank:
Samples: WE40317-101
L18058-1 SOLBERG- RFE 6%
L180558-2 DR STHAMER- MOUSSOL F-F 38
L18058-3 SOLBERG- RF3 3%
L18058-4 FOMTEC ENVIRD 33 PLUS
L18058.5 BIOEX ECOPOL 3%
Reference or Spike:
WE40317-102
Duplicate:
Comments:

Resubmission, July 3 2012

The POF repart has been revised 1o omit Form 25, QA report forms, and
acereditation information. Mo other changes to the reparts have been made.

1. Data are not blank corrected.

2. The recavery of some “C-labelled quaniification standards in samples did not mest the
method criteria; these compounds are flagged with a . As the isotope dilution method
of quantification preduces data that are recovery corrected, the slight variances from the
mathod acceptance criteria are deemed not to affect the quantification of thess analytes.
Percent sumogate recoveries are used a5 general method performancs indicator only.
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FLUORINE FREE FOAM (F3) FIRE TESTS, ESBJERG, DENMARK

whw Bxysanalytical.com

AYS METHOD MLA-DED Rev 10 CLIENT SAMPLE NO.

Eorm 14 SOLBERG- RFG 6%
Sample Collactian;
PERFLUDRINATED DRGANICS ANALYSIS REPORT 08-May-2012
A0S ANALYTICAL SERVICES
2045 MILLE RO SIDNEY, B C., CAMADS,
WaL I3 TEL {2500 6552200 FAX (250) 625-5811
Contract No,; 4Mm Lab Sample 1.0, L1805s1
Matrix; A0 SURFACTANT Sample Size: hoxdg
Sample Receipt Date: 11-Jun-2012 Initial Calibration Date: 1EkJun-2012
Extraction Date: 1B-dun-2012 Instrument |D: LT MEMS
Analysis Date: 20-2un-2012 Thma; Ceus 22 Column ID; Ciams
Extract Volums [uL]: A000 Sample Data Filename: FC2G_220 &: &2
Injection Volume jul): 15 Blank Data Filename: FCAE_220 S 50
Diletion Factar: L Cal Ver. Daba Filename: FC2G 220543
Concantration Linita: nyg

THis page i3 P of & WS fepor Tt Conlans nieemalon necessany I acredilabon (onplande
Resls g complian! with NELAP accraiation escribe in ihe intal mporl. Sample resulls redatn onky 10 he sampls et

COMPOUND LABE FLAG | CONE. REPORTING RETENTION
FOUND LIMIT {RL}? TIME
FFB& 1 2230
PFPah, 1 2230L)
PFHxA 1] 22.30L)
PFHpA L 22.30L)
PFOA [ 2230
PFHA u 22340
PFOA L 22.30L)
PFUnA K 22.30L)
PFOoA u 22341
PFBS L 4470
PFHxS L 44.70L)
PFOS u 4470
PFOSA u 22340

(1) Whene sppicable, custom lab Rogs bave been wsed an this repart, U = nol detoched o RL
(21 Reporting Limit (Code) 5 = sample datection limil; M = method deaction limit; L = kwest calibraftion keval aquivalent, O = contract definesd limit.

Thersa data are validated and reponad a5 acourata and in accond with AXYS Anahytical W'ﬂ'.'&ﬁ Ligl 15002 comphant qually ssIrance procasses
Skaned: Jason MackEenzle

Foor Axys Loremal Use Ondy [ X5L Teasplate: FC-FarmLA wsl: Creared 19-Jus- 2002 14:20:36; Application: ML Trasfener-1 1217
Reepent Filervine: FFC_FC_LC_PFOA_LLENSE-|_Feonld FLOG_J20852 EMI472750 banl Wiskgreip: TGAIGLT, Disiga 0 1340 ]

"
D)

o - . _— . Fage 3 of 9

Page | of | (WG40317 - PFC_FC_LC_PFOA_L18058-1 FormlA_FC2G_ 220852 ST1472750 html)
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FLUORINE FREE FOAM (F3) FIRE TESTS, ESBJERG, DENMARK

whw Bxysanalytical.com

AYS METHOD MLA-DED Rev 10 CLIENT SAMPLE NO.

DR STHAMER- MOUESO0L F-F

Form 14 W6
Sample Collection:

PERFLUORIMATED ORGANICS ANALYSIS REPORT DE-May-2013
AXYS ANALYTICAL SERVICES
245 MILLE RD. SIDNEY, B.C., TAMADS,
WaL Gx3 TEL {2504 6555300 FAX (350) B55-5811
Contract No.: 471 Lai Sample 1.0.: L8058z
Matrin: AQ SURFACTANT Samipls Size: DO2igg
Sample Receipt Date: 11-0un-2012 Initial Calibration Date: 18-Jun-2012
Extraction Date: 15-Jun-2112 Instrumsens |D; LG MEMS
Analysis Date: 20-3un-2012 Tame:; 0610008 Calumn D C1BMS
Extract Violums [uL]: 4000 Sample Data Filenams: FCXG_220 &: 53
Injection Velurme (ul): 15 Blank Data Filenarma: FC2E_230 550
Drilution Factar: A Cal Ver. Data Filename: FC2G_2M0 5. 43
Concentration Units: nya

Thiss page b puart of & botal repoit that contains nfrrmation nescessary fer accraditation compliance
Fesuls are complian with NELAP acorsdiation described in the lotal report. Sampls resuils relale onky o the sample jesisd

COMFOUND LAE FLAG' CONC. REPCRTING RETENTION
FOUND: LINMIT {RLY TIME
PEBA 1] 224541
PFPef u 28]
PFHxA u 2%
PEHRA U 280
FFOA u 228iL)
FFHA u 28
FFDA u w4 S)
PFUnA u 254l
PFDOaf u 28iL)
FFBS u 455 L)
PFHxS U 455
FFOS u 45.8(L)
PFOGA u 2284

(1) 'Where appicable, custom kb lags have besn wsed an Shis report, U = nol debsched &t RL
[2) Repoiting Limil (Code) 5 = samphe deteclion limil, B = melbod deection limit, L = owest cabbraion kevel equivalent, O = coniract defined limit

Thasa data are volidated and repoded as aoomste ond in accord with AXYS Anabytical ‘-‘n'\rms Lid 15017025 comphan! qualty pssuranoe processes
Signed: Jason MacKenzie

Fisi Ay hidedid Uie Oudy [ NEL Tespliee: FO-Fanml A sal; Created 18-Jia- 2002 LE 1036 Agplicitisn. XML Todicfieser-1. L2 17
Repait Flequame: PRC_FC_LC_PFOMA_LLEDSE-D FeamlA FCMG 120551 SI14TI73] hanl: Wiekgmop: WEDSLT, Deiga ID: 1340 ]

"
D)

o - . _— . Fage d of 3
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FLUORINE FREE FOAM (F3) FIRE TESTS, ESBJERG, DENMARK

whw Bxysanalytical.com

AYS METHOD MLA-DED Rev 10 CLIENT SAMPLE NO.

Eorm 14 SOLBERG- RF3 ¥
Sample Collactian;
PERFLUDRINATED DRGANICS ANALYSIS REPORT 03-Mary-2012
A0S ANALYTICAL SERVICES
2045 MILLE RO SIDNEY, B C., CAMADS,
WaL I3 TEL {2500 6552200 FAX (250) 625-5811
Contract No,; 4Mm Lab Sample 1.0, L1805s-2
Matrix; A0 SURFACTANT Sample Size: hOMeg
Sample Receipt Date: 11-Jun-2012 Initial Calibration Date: 1EkJun-2012
Extraction Date: 1B-dun-2012 Instrument |D: LT MEMS
Analysis Date: 20-2un-2012 Tma; 0626200 Column ID; Ciams
Extract Volums [uL]: A000 Sample Data Filename: FC2G_220 &: 54
Injection Volume jul): 15 Blank Data Filename: FCAE_220 S 50
Diletion Factar: L Cal Ver. Daba Filename: FC2G 220543
Concantration Linita: nyg

THis page i3 P of & WS fepor Tt Conlans nieemalon necessany I acredilabon (onplande
Resls g complian! with NELAP accraiation escribe in ihe intal mporl. Sample resulls redatn onky 10 he sampls et

COMPOUND LABE FLAG | CONE. REPORTING RETENTION
FOUND LIMIT {RL}? TIME
FFB& 1 24.0(L)
PFPah, 1 24.00L)
PFHxA 1] 24.0L)
PFHpA L 24.00L)
PFOA [ 24.00L)
PFHA u 2404L)
PFOA L 24001
PFUnA K 24.00L)
PFOoA u 240L)
PFBS L 44.14L)
PFHxS L 48.14L)
PFOS u 48140
PFOSA u 2404L)

(1) Whene sppicable, custom lab Rogs bave been wsed an this repart, U = nol detoched o RL
(21 Reporting Limit (Code) 5 = sample datection limil; M = method deaction limit; L = kwest calibraftion keval aquivalent, O = contract definesd limit.

Thersa data are validated and reponad a5 acourata and in accond with AXYS Anahytical W'ﬂ'.'&ﬁ Ligl 15002 comphant qually ssIrance procasses
Skaned: Jason MackEenzle

For Axys Loremal Use Ondy [ X5L Teasplate: FC-FarmLA wsl: Creared: 19-Jus- 2002 14:20:36; Application: ML Trasfener-1 1217
Reepent Filervne: FFC_FC_LC_PFOA_LLENSE-3_Feonld FLOG_ 120854 EM1472752 hanl Wiskpreip: WGAIGLT, Disiga 00 1340 ]

"
D)

o - . _— . Fage 5of 9
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FLUORINE FREE FOAM (F3) FIRE TESTS, ESBJERG, DENMARK

whw Bxysanalytical.com

AXYS METHOD MLADED Rev 10 CLIENT SAMPLE NO.
Eorm 1A FOMTEC ENVIRO 33 PLUS
Sample Collaction:
FERFLUORINATED ORGANICS ANALYSIS REPORT 05-May.2042

A0S ANALYTICAL SERVICES
2045 MLLE RD | SIONEY, B O, CAMADA,
WaL I¥2 TEL {2300 6555300 FAX (250} B25-5811

Contract Ho.; 4m Lab Sample 1.0 L4
Matrix: M SURFACTANT Sample Size: 02 g
Sample Receipt Date: 11-Jun-2012 Initial Calibration Date: 1EkJun-2012
Exiraction Dale: 1B-Jun-2012 Ingdrument ID; LT MSMS
Anatysis Date: 20-Jun-2012 Tima; 064338 Column ID; C18Ms

Extract Volums [uL]: A000 Sample Data Filename: FC2G_220 &: 55
Injection Volume jul): 15 Blank Data Filename: FCAE_220 S 50
Dilwtion Factor: i Cal. Ver. Data Filename: FC2G 230 5:43
Concantration Linita: nyg

THis page i3 P of & WS fepor Tt Conlans nieemalon necessany I acredilabon (onplande
Resls g complian! with NELAP accraiation escribe in ihe intal mporl. Sample resulls redatn onky 10 he sampls et

COMPOUND LABE FLAG | CONE. REPORTING RETENTION
FOUND LIMIT {RL}? TIME
FFB& 1 23.8(L)
PFPah, 1 23BiL)
PFHxA 1] 238i0L)
PFHpA L 23.%0L)
PFOA [ 238(L)
PFHA u 23541
PFOA L 23.8iL)
PFUnA K 23.%(L)
PFOoA u 2354L)
PFBS L 47 5L
PFHxS L 4T.8i0L)
PFOS u 475000
PFOSA u 23541

(1) Whene sppicable, custom lab Rogs bave been wsed an this repart, U = nol detoched o RL
(21 Reporting Limit (Code) 5 = sample datection limil; M = method deaction limit; L = kwest calibraftion keval aquivalent, O = contract definesd limit.

Thersa data are validated and reponad a5 acourata and in accond with AXYS Anahytical W'ﬂ'.'&ﬁ Ligl 15002 comphant qually ssIrance procasses
Skaned: Jason MackEenzle

For Axys Loremal Use Ondy [ X5L Teasplate: FC-FarmLA wsl: Creared 19-Jus- 2002 14:20:36; Application: ML Trasfener-1 12 17
Reepent Filervine: FFC_FC_LC_PFOA_LLENSE Feould FLOG_ 120855 S1472753 banl Wiskpreip: TGAIGLT, Disiga 0 1340 ]

"
D)

o - . _— . Fage &of 9
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FLUORINE FREE FOAM (F3) FIRE TESTS, ESBJERG, DENMARK

whw Bxysanalytical.com

AYS METHOD MLA-DED Rev 10 CLIENT SAMPLE NO.

BIDEX ECOPOL 3%

Form 14
Sample Collactian;

PERFLUDRINATED DRGANICS ANALYSIS REPORT 09-May-2012
A0S ANALYTICAL SERVICES
2045 MILLE RO SIDNEY, B C., CAMADS,
WaL I3 TEL {2500 6552200 FAX (250) 625-5811
Contract No,; 4Mm Lab Sample 1.0, L1805s-5
Matrix; A0 SURFACTANT Sample Size: nOxXEg
Sample Receipt Date: 11-Jun-2012 Initial Calibration Date: 1EkJun-2012
Extraction Date: 1B-dun-2012 Instrument |D: LT MEMS
Analysis Date: 20-2un-2012 Tma; 0F 00033 Column ID; Ciams
Extract Volums [uL]: A000 Sample Data Filename: FC2G_220 &: 56
Injection Volume jul): 15 Blank Data Filename: FCAE_220 S 50
Diletion Factar: L Cal Ver. Daba Filename: FC2G 220543
Concantration Linita: nyg

THis page i3 P of & WS fepor Tt Conlans nieemalon necessany I acredilabon (onplande
Resls g complian! with NELAP accraiation escribe in ihe intal mporl. Sample resulls redatn onky 10 he sampls et

COMPOUND LABE FLAG | CONE. REPORTING RETENTION
FOUND LIMIT {RL}? TIME
FFB& 1 226(L)
PFPah, 1 22E(L)
PFHxA 1] 2264L)
PFHpA L 22.60L)
PFOA [ 226(L)
PFHA u 22E4L)
PFOA L Z260L)
PFUnA K 226(L)
PFOoA u 2Z2E4L)
PFBS L 45.14L)
PFHxS L 45.14L)
PFOS u 45140
PFOSA u 2254L)

(1) Whene sppicable, custom lab Rogs bave been wsed an this repart, U = nol detoched o RL
(21 Reporting Limit (Code) 5 = sample datection limil; M = method deaction limit; L = kwest calibraftion keval aquivalent, O = contract definesd limit.

Thersa data are validated and reponad a5 acourata and in accond with AXYS Anahytical W'ﬂ'.'&ﬁ Ligl 15002 comphant qually ssIrance procasses
Skaned: Jason MackEenzle

For Axys loremal Use Ondy [ X5L Teasplate: FC-FarmLA wsl: Creared 19-Jua- 2002 14:20:36; Application: ML Trasfener-1 1217
Reepent Filervine: FFC_FC_LC_PFOA_LLENSE-5_Feould FLOG_ 20856 S1472734 banl Wiskgreip: TGAIGLT, Disigm 00 1340 ]

"
D)

o - . _— . Fage T of 9
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FLUORINE FREE FOAM (F3) FIRE TESTS, ESBJERG, DENMARK

W Exysanalytical.com
AXYS METHOD MLA-D8 Rev 10 ELIENT SAMPLE NO.
Form 14 Lab Blank

PERFLUDRIM Il Sample Collactian;
L ATED DRGANICS ANALYEIS REPOR M aetla
A0S ANALYTICAL SERVICES

LR SRS PN Pt “**

Contract Ho.; 4m Lab Sample 1.0 WA M
Matrix: MOUEDLS Sample Size: 020 g
Sample Receipt Date: HiA Initial Calibration Date: 1EkJun-2012
Exiraction Dale: 1B-Jun-2012 Ingdrument ID; LT MSMS
Anatysis Date: 20-Jun-2012 Tima; Qi 159042 Column ID; C18Ms

Extract Volums [uL]: A000 Sample Data Filename: FC2G_220 &: 50
Injection Volume jul): 15 Blank Data Filename: FCAE_220 S 50
Dilwtion Factor: i Cal. Ver. Data Filename: FC2G 230 5:43
Concantration Linita: nyg

THis page i3 P of & WS fepor Tt Conlans nieemalon necessany I acredilabon (onplande
Resls g complian! with NELAP accraiation escribe in ihe intal mporl. Sample resulls redatn onky 10 he sampls et

COMPOUND LABE FLAG | CONE. REPORTING RETENTION
FOUND LIMIT {RL}? TIME
FFB& 1 25.0L)
PFPah, 1 25.00L)
PFHxA 1] 2501
PFHpA L 2uiL)
PFOA [ 25.00L)
PFHA u 2504L)
PFOA L 2501
PFUnA K 25.0L)
PFOoA u 250L)
PFBS L S00L)
PFHxS L S0EL)
PFOS u SO0
PFOSA u 2504L)

(1) Whene sppicable, custom lab Rogs bave been wsed an this repart, U = nol detoched o RL
(21 Reporting Limit (Code) 5 = sample datection limil; M = method deaction limit; L = kwest calibraftion keval aquivalent, O = contract definesd limit.

Thersa data are validated and reponad a5 acourata and in accond with AXYS Anahytical W'ﬂ'.'&ﬁ Ligl 15002 comphant qually ssIrance procasses
Skaned: Jason MackEenzle

Foor Axys Loremal Use Ondy [ X5L Teasplate: FC-FarmLA wl: Crearsd 19-Jus- 2002 14:20:36; Application: 1ML Trafener-L 1217
Roepuent Filewiene: FFC_FC_ L _WG40G1T-L0|_FenmlA_FCI0_I0S50 SI1471746 bivd. Wislgrony: WG-031 T, Design [0 124D )

e

F BofS
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FLUORINE FREE FOAM (F3) FIRE TESTS, ESBJERG, DENMARK

whw Bxysanalytical.com

AXYS METHOD MLA-OED Rew 10
Farm 84
PERFLUORINATED ORGAMICS DNGOING PRECISION AND RECOVERY [OFR)
AXYS ANALYTICAL SERVICES

2045 MILLS RD. SIDNEY, B G, CANADS
WaL G2 TEL {2500 6555200 FAX (350) B55-5811

Contract No.. 4T Lab Sample LD W07 102
Matrix: AQUEDLS Initial Calibration Date: 19-Jun-2012
Extraction Date: 18- Jun-2012 Instrument |D: LC MSMS
Anatysis Date: 20-Jun-2012 Time:; (4:12 26 Column ID; ClaMs

Extract Vaolums [ul): A0 GFR Data Filename: FC2G_220 &: 46
Injection Vedume (ul): 15 Blank Data Filenama: FC2G_230 550
Dilwtian Factar: LI Cal Ver, Data Fllaname: FL2G_230 543

ALL CONCENTRATIONS REPORTED ON THIS FORM ARE CONCENTRATIONS IN EXTRACT, BASED ©N 4 1 mL EXTRACT YOLUME,

CONC,

LAB 5PIKE COMC. FOUND RETENTICN
COMPOUND FLaG! {mpmL) ingimL) % RECOVERY TIME
PFEA 00 05 101 514
PEPeA, 200 1 E a0 558
PFHxA 00 187 03 6 623
PFHpA 200 177 B33 645
PEOA 00 04 102 Ef]
PFNA 00 04 102 pf ]
PFDA 00 L] 105 B
PFUnA 200 04 102 837
PFDOA 00 05 104 15
FFES 400 |2 055 630
PFHxS 400 351 BTY T2
PFOS 400 02 100 8:21
FFOSA 00 188 o8 1 05

[1)'Whera appicable, cusiom kab Hags have besn esed an Shis mpot

Thasa data are validated and reporded as acoumte and in accord with AXYS Anabytical Services Lid 15017025 complant qualty assurmnos prooasses
Signed: Jason Mackenzie

Thase pages are part of @ karger report that may contsn irdamation necassany for full data avaluaion. Results reported relata only to the sample testad

Far Axys Tnbrrod Uie Oy [ X51 Template: FC-FormSA sol; Crrated 18-he-2002 161036 Agplicabion: XML Tramforme-1 1317
Repen Flemens: PFC_FC_LC_FFOA_WEH0GIT-100_FormdA_SII47I780 s, Werkgroup: WG40317; Dewga I0: 1349 ]

"
D)
I S . Page 5 of §
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