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ESTCP WP20-5373 FLUORINE-FREE FOAM (F3) MILITARY SPECIFICATION 
DEVELOPMENT – FINAL REPORT 

1. INTRODUCTION

The National Defense Authorization Act (NDAA) for fiscal year 2020, section 322, “Replacement of
Fluorinated Aqueous Film-Forming Foam with Fluorine-Free Fire-Fighting Agent,” established the 
requirement to develop and publish a new military specification for fluorine-free firefighting agents for use 
at all military installations no later than January 31, 2023 [1]. As a result of this congressional mandate, the 
Naval Research Laboratory (NRL) Code 6186 submitted a statement of work to the Department of 
Defense’s (DoD’s) Environmental Security and Technology Certification Program (ESTCP) office that 
resulted in the establishment of the ESTCP WP20-5373 “Fluorine-Free Military Specification 
Development” program [2]. The ESTCP WP20-5373 program was executed in two phases: 

1. Collect a comprehensive firefighting performance and chemical/physical properties data set
for the selected commercially available fluorine-free foam products.

2. Conduct a detailed analysis of the collected data to determine the parameters that could be
used to qualify fluorine-free foam firefighting agents for DoD land-based military
applications. Based on this analysis, a draft fluorine-free foam (F3) military specification
(MILSPEC) was prepared for the Naval Sea Systems Command (NAVSEA) to serve as the
starting point for the development/writing process [3].

Prior to the start of the program, several variables were defined to provide the focus of this effort. 
Specifically, since the hazards associated with land-based DoD applications are primarily aircraft rescue 
and firefighting (ARFF) uses, the capabilities of the F3s would be assessed against aviation fuel fires (Jet 
A and JP-8) as well as ethanol-free gasoline used in the AFFF MILSPEC (MIL-PRF-24385F) [4]. It should 
be noted that the aqueous film-forming foam (AFFF) qualification fire testing has used low-flash-point 
(-45 oC (-49 oF)), ethanol-free gasoline-fueled fires, which was specified when shipboard protein foam 
systems were used [5].  

In addition to including new fuels, it was decided that all foam solutions would be prepared using fresh 
water, eliminating the seawater assessments from the draft F3 MILSPEC that are currently included in the 
AFFF MILSPEC. Lastly, the F3 assessments and specification development would only include Type 3 
concentrates (i.e., concentrates that are formulated to be mixed with water at ratios of 3% foam concentrate 
and 97% water).1 

This report summarizes the development and final publication of the F3 MILSPEC for land-based 
applications performed under the ESTCP WP20-5373 program. The process included some iterations to 
account for “lessons learned” along the way. 

Manuscript approved February 6, 2024. 
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2. FLUORINE-FREE FOAM (F3) SELECTION FOR PHASE I TESTING

Jensen Hughes/NRL ESTCP program (WP19-5324) conducted a detailed literature search to identify
the leading commercially available fluorine-free firefighting products [6]. The initial literature search 
identified 25 commercially available fluorine-free products, which were evaluated during initial firefighting 
performance screening tests. The 25 products included both F3s as well as several wetting agents (products 
tested to NFPA 18 [7] versus foam test protocols [8]). 

The initial screening tests consisted of 28 ft2 pan fires produced using both ethanol-free gasoline and 
aviation fuel (either Jet A or JP-8). The foam solutions were mixed at 3% using fresh water and were 
discharged onto the fires at rates of 2 GPM (0.071 gpm/ft2 application rate) and 3 GPM (0.107 gpm/ft2 
applications rate). The screening tests identified five commercially available F3s with superior fire-
extinguishing capabilities as compared to the other products. All five F3s were able to extinguish the 
gasoline fires in less than 60 seconds and the aviation fuel fires in less than 30 seconds, both with foam 
solution flow rates of 2 GPM. These top five products included three Newtonian foam concentrates and 
two non-Newtonian foam concentrates that were selected for the follow-on WP20-5373 Phase I effort.  

3. PHASE I FIREFIGHTING PERFROMANCE TESTS AND RESULTS

The Phase I tests were based on the AFFF MILSPEC and included a full complement of firefighting
performance and chemical and physical property testing defined in the specification. As with the initial 
screening evaluation, these tests were also conducted with aviation fuel (either Jet A or JP-8) in addition to 
ethanol-free gasoline. Parameters such as foam aspiration and preburn time were varied during some of the 
tests.  

The results and preliminary analysis for the top five commercially available F3s have been previously 
documented and distributed to the germane DoD stakeholders via fluorine-free concentrate “Quick Look” 
summaries: SITREP # 1–8 [9–16]. Tables 1–7 provide the summary fire performance data from each 
SITREP. 

NOTE: As the first F3 product tested under the WP20-5373 Phase I fire-testing program, additional 
tests were conducted to enable the NRL fire test team to become more familiar with the appropriate nozzle 
techniques for F3 evaluations. For the remainder of the F3 Phase I testing, the tests proceeded in accordance 
with the approved fire test matrix noted in the WP20-5373 program [2].  
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Table 1—Candidate #1 (Newtonian†) Firefighting Test Results [9, 10] 
 

a) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time (min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)     
2 GPM full strength 59/52/59 8.1 4:57 262 
2 GPM ½ strength 62 7.45 4:49 271 
2 GPM quintuple strength 65 12.9 4:52 128 
3 GPM full strength 50/40 7.3 4:48 244 
3 GPM ½ strength 50 6.5 5:48 322 
28 ft2 (Jet Fuel (JP-8))     
2 GPM full strength 33/30/27 7.2 4:56 365 
2 GPM ½ strength 28 7.2 8:42 319 
2 GPM quintuple strength  31 12.8 4:48 158 
3 GPM full strength 19/20 7.2 5:00 507 
3 GPM ½ strength 21 6.1 9:30 421 

 

b) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time (min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)      
2 GPM full strength 64 8.5 4:21 75 
2 GPM half strength 84 7.8 7:13 54 
28 ft2 (Jet Fuel (JP-8))     
2 GPM full strength 20 8.5 4:21 283 
2 GPM half strength 24 7.8 7:13 292 

 

c) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time (min) 

40 sec 
Summation 

Burnback 
(sec) 

50 ft2 (Ethanol-Free Gasoline)     
2 GPM Full Strength 224 N/A N/A 280 63 
3 GPM Full Strength 120 N/A N/A 340 161 
50 ft2 (Jet Fuel (JP-8))     
2 GPM Full Strength 54 N/A N/A 305 206 
3 GPM Full Strength 30 N/A N/A 365 327 

 

d) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

40 sec 
Summation 

Burnback 
(sec) 

50 ft2 Reduced Aspiration*     
2 GPM (Ethanol-Free 
Gasoline) NC** 5.2 5:00 320 NC** 

2 GPM (Jet Fuel (JP-8)) 53 5.2 5:00 320 207 
28 ft2 Reduced Aspiration*     

2 GPM (Ethanol-Free 
Gasoline) 69 5.2 5:00 N/A 190 

2 GPM (Jet Fuel (JP-8)) 25 5.2 5:00 N/A 310 
*: Reduced aspiration testing is not required in the AFFF MILSPEC. 

 ** Due to the limited stream reach of the reduced aspirated foam flow, firefighting action was stopped at the 300 second 
time frame to mitigate further burn injury to the firefighter. 
†In this instance, Newtonian and non-Newtonian terms are used to describe products that have lower and higher viscosities, 
respectively. 
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Table 2—Candidate #2 (Non-Newtonian) Firefighting Test Results [11] 
 

a) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time (min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)    
2 GPM full strength 59 8.2 42:54 434 
2 GPM ½ strength 61 7.0 8:10 427 
2 GPM quintuple strength 105 N/A N/A 945 
3 GPM quintuple strength 112 N/A N/A 840 
3 GPM full strength 37 7.57 45:59 678 
3 GPM ½ strength 65 6.8 9:34 418 
28 ft2 (Jet Fuel (JP-8))     
2 GPM full strength 24 8.2 42:54 647 
3 GPM full strength 15 7.57 45:59 767 

 

b) 

Fire Test 
PKP Compatibility 

Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time (min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)    
2 GPM full strength 51 8.2 42:54 265 
28 ft2 (Jet Fuel (JP-8))     
2 GPM full strength 24 8.2 42:54 386 

 

c) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

40 sec 
Summation 

Burnback 
(sec) 

50 ft2 (Ethanol-Free Gasoline) 
2 GPM full strength 119 N/A N/A 357 220 
3 GPM full strength N/C* N/A N/A 340 N/C* 
50 ft2 (Jet Fuel (JP-8))     
2 GPM full strength 32 N/A N/A 360 350 
3 GPM full strength 50 N/A N/A 330 303 

NOTE*: N/C (not completed) Final fire extinguishment was not achieved at the 210-second time frame. 
 

d) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

40 sec 
Summation 

Burnback 
(sec) 

50 ft2 Reduced Aspiration*      
2 GPM (ethanol-free 
gasoline) 138 4.95 22:25 290 282 

2 GPM (jet fuel (JP-8)) 58 4.95 22:25 364 383 
28 ft2 Reduced Aspiration*      
2 GPM full strength (ethanol-
free gasoline) 95 4.95 22:25 N/A 617 

2 GPM half strength 
(ethanol-free gasoline 86 4.6 10:12 N/A 375 

2 GPM full strength (jet fuel 
(JP-8)) 27 4.95 22:25 N/A 820 

NOTE*: Reduced aspiration testing is not required in the AFFF MILSPEC. 
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Table 3—Candidate #3 (Non-Newtonian) Firefighting Test Results [12] 
 

a) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)    
2 GPM full strength 53 8.25 30:31 726 
2 GPM ½ strength 49 7.9 38:56 510 
2 GPM quintuple strength 81 N/A N/A 1344 
3 GPM quintuple strength 50 N/A N/A 875 
3 GPM full strength 45 7.2 36:22 1018 
3 GPM ½ strength 57 6.1 34:55 691 
28 ft2 (Jet Fuel (JP-8))     
2 GPM full strength 33 8.25 30:31 690 
3 GPM full strength 22 7.2 36:22 1008 

 

b) 

Fire Test PKP 
Compatibility 

Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)    
2 GPM Full Strength 57 8.25 31:31 412 
28 ft2 (Jet Fuel (JP-8))     
2 GPM Full Strength 25 8.25 31:31 536 

 

c) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

40 sec 
Summation 

Burnback 
(sec) 

50 ft2 (Ethanol-Free Gasoline)     
2 GPM Full Strength 159 N/A N/A 363 320 
3 GPM Full Strength 71 N/A N/A 290 319 
50 ft2 (Jet Fuel (JP-8))     
2 GPM Full Strength 55 N/A N/A 339 376 
3 GPM Full Strength 34 N/A N/A 374 671 

 

d) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

40 sec 
Summation 

Burnback 
(sec) 

50 ft2 Reduced Aspiration*     
2 GPM (Ethanol-Free 
Gasoline) 194 5.4 38:45 280 345 

2 GPM (Jet Fuel (JP-8)) 55 5.4 38:45 333 359 
28 ft2 Reduced Aspiration*     

2 GPM Full Strength 
(Ethanol-Free Gasoline) 56 5.4 38:45 N/A 858 

2 GPM Half Strength 
(Ethanol-Free Gasoline) 87 5.4 38:45 N/A 522 

2 GPM Full Strength (Jet 
Fuel (JP-8)) 25 5.4 38:45 N/A 841 

NOTE*: Reduced aspiration testing is not required in the AFFF MILSPEC 
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Table 4—Candidate #4 (Newtonian) Firefighting Test Results [13] 
 

a) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time (min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)    
2 GPM full strength 57 7.1 3:12 287 
2 GPM ½ strength 106 N/A N/A 124 
2 GPM quintuple 
strength 58 N/A N/A 147 

3 GPM quintuple 
strength 102 N/A N/A 271 

3 GPM full strength 52 7.0 3:07 372 
3 GPM ½ strength 87 N/A N/A 173 
28 ft2 (Jet Fuel (JP-8))     
2 GPM full strength 26 7.1 3:12 350 
3 GPM full strength 18 7.0 3:07 407 

 

b) 

Fire Test PKP 
Compatibility 

Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time (min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)    
2 GPM Full Strength 52 7.1 3:12 70 
28 ft2 (Jet Fuel (JP-8))     
2 GPM Full Strength 22 7.1 3:12 154 

 

c) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time (min) 

40 sec 
Summation 

Burnback 
(sec) 

50 ft2 (Ethanol-Free Gasoline)     
2 GPM Full Strength NE* N/A N/A 339 NC 
3 GPM Full Strength 71 N/A N/A 290 319 
50 ft2 (Jet Fuel (JP-8))     
2 GPM Full Strength 137 N/A N/A 333 140 
3 GPM Full Strength 57 N/A N/A 310 272 

 

d) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time (min) 

40 sec 
Summation 

Burnback 
(sec) 

50 ft2 Reduced Aspiration*     
2 GPM Full Strength 
(Ethanol-Free Gasoline) NC NC NC NC NC 

2 GPM Full Strength (Jet 
Fuel (JP-8)) NC NC NC NC NC 

28 ft2 Reduced Aspiration*     
2 GPM Full Strength 
(Ethanol-Free Gasoline) 103 4.7 3:38 N/A 202 

2 GPM ½ Strength 
(Ethanol-Free Gasoline 

Not 
Extinguished 4.7 3:38 N/A NC 

2 GPM Full Strength (Jet 
Fuel (JP-8)) 30 4.7 3:38 N/A 354 

NOTES*: Reduced aspiration testing is not required in the AFFF MILSPEC. 
Candidate #4 was reformulated during Phase II evaluations. Data in this table is from testing completed on the original 
formulation. 
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Table 5—Candidate #5 (Newtonian) Firefighting Test Results [14] 
 

a) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)    
2 GPM full strength 49 8.51 4:08 244 
2 GPM ½ strength 57 N/A N/A 305 
2 GPM quintuple strength 63 N/A N/A 174 
3 GPM quintuple strength 62 N/A N/A 193 
3 GPM full strength 42 8.06 4:35 285 
3 GPM ½ strength 53 N/A N/A 206 
28 ft2 (Jet A Fuel)     
2 GPM full strength 19 8.51 4:08 357 
3 GPM full strength 15 8.51 4:08 537 

 

b) 

Fire Test 
PKP Compatibility 

Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)    
2 GPM full strength 43 7.3 5:12 110 
28 ft2 (Jet A Fuel)     
2 GPM full strength 30 7.3 5:12 245 

 

c) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

40 sec 
Summation 

Burnback 
(sec) 

50 ft2 (Ethanol-Free Gasoline)     
2 GPM full strength 150 N/A N/A 320 124 
3 GPM full strength 113 N/A N/A 348 138 
50 ft2 (Jet A fuel)      
2 GPM full strength 63 N/A N/A 334 201 
3 GPM full strength 32 N/A N/A 369 294 

 

d) 

Fire Test Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

40 sec 
Summation 

Burnback 
(sec) 

50 ft2 Reduced Aspiration*     
2 GPM full strength 
(Ethanol-free gasoline) 196 5.2 5:10 320 96 

2 GPM full strength (Jet A) 81 5.2 5:10 340 180 
28 ft2 Reduced Aspiration*     

2 GPM full strength 
(Ethanol-free gasoline) 54 5.2 5:10 N/A 273 

2 GPM ½ strength (Ethanol-
free gasoline 67 5.2 5:10 N/A 282 

2 GPM full strength (Jet A)  30 5.2 5:10 N/A 341 
   NOTE*: Reduced aspiration testing is not required in the AFFF MILSPEC 
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Table 6—Aged Newtonian Candidates #1 (a & b) and #2 (c & d) Firefighting Test Results [15] 
 

a) 

Fire Test 
Aged Concentrate 

Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)     
2 GPM full strength fresh water 49 7.6 4:57 294 
2 GPM ½ strength fresh water 57 N/A N/A 325 
3 GPM full strength fresh water 44 7.8 4:55 295 
3 GPM ½ strength fresh water 40 N/A N/A 337 
28 ft2 (Jet A Fuel)     
2 GPM full strength fresh water 28 7.6 4:57 307 
2 GPM ½ strength fresh water 36 N/A N/A 290 

 

b) 

Fire Test 
Aged Concentrate 

Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)     
2 GPM full strength fresh water 53 7.6 4:47 289 
2 GPM ½ strength fresh water 61 N/A N/A 355 
3 GPM full strength fresh water 35 7.4 4:32 290 
3 GPM ½ strength fresh water 42 N/A N/A 387 
28 ft2 (Jet A Fuel)     
2 GPM full strength fresh water 27 7.6 4:47 347 
2 GPM ½ strength fresh water 24 N/A N/A 331 

 

c) 

Fire Test 
Aged Pre-Mixed Solutions 

Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)     
2 GPM full strength fresh water 48 8.3 4:47 312 
2 GPM ½ strength fresh water 49 N/A N/A 336 
3 GPM full strength fresh water 37 8.2 5:08 346 
3 GPM ½ strength fresh water 40 N/A N/A 337 
28 ft2 (Jet A Fuel)     
2 GPM full strength fresh water 24 8.3 4:47 390 
2 GPM ½ strength fresh water 26 N/A N/A 316 

 

d) 

Fire Test 
Aged Pre-Mixed Solutions 

Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)     
2 GPM full strength fresh water 42 7.6 6:20 310 
2 GPM ½ strength fresh water 46 N/A N/A 345 
3 GPM full strength fresh water 34 8.3 7:30 315 
3 GPM ½ strength fresh water 42 N/A N/A 343 
28 ft2 (Jet A Fuel)     
2 GPM full strength fresh water 25 7.6 6:20 374 
2 GPM ½ strength fresh water 26 N/A N/A 300 
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Table 7—Aged Non-Newtonian Candidates #1 (a & b) and #2 (c & d) Firefighting Test Results [16] 
 

a) 

Fire Test 
Aged Concentrate 

Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)     
2 GPM full strength fresh water 46 6.7 29:48 871 
2 GPM ½ strength fresh water 65 N/A N/A 423 
3 GPM full strength fresh water 29 7.0 27:24 1022 
3 GPM ½ strength fresh water 39 N/A N/A 582 
28 ft2 (Jet A Fuel)     
2 GPM full strength fresh water 35 6.7 29:48 823 
2 GPM ½ strength fresh water 44 N/A N/A 380 

 

b) 

Fire Test 
Aged Concentrate 

Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)    
2 GPM full strength fresh water 57 7.4 58:00 495 
2 GPM ½ strength fresh water 54 N/A N/A 362 
3 GPM full strength fresh water 48 6.3 44:44 613 
3 GPM ½ strength fresh water 47 N/A N/A 437 
28 ft2 (Jet A Fuel)     
2 GPM full strength fresh water 36 7.4 58:00 587 
2 GPM ½ strength fresh water 33 N/A N/A 449 

 

c) 

Fire Test 
Aged Pre-Mixed Solution 

Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)     
2 GPM full strength fresh water 42 6.9 17:30 789 
2 GPM ½ strength fresh water 147 N/A N/A 353 
3 GPM full strength fresh water 28 7.1 12:56 952 
3 GPM ½ strength fresh water 108 N/A N/A 407 
28 ft2 (Jet A Fuel)     
2 GPM full strength fresh water 30 6.9 17:30 810 
2 GPM ½ strength fresh water 48 N/A N/A 427 

 

d) 

Fire Test 
Aged Pre-Mixed Solution 

Extinction 
Time (sec) 

Expansion 
Ratio 

Drainage 
Time 
(min) 

Burnback 
(sec) 

28 ft2 (Ethanol-Free Gasoline)    
2 GPM full strength fresh water 57 7.3 57:45 496 
2 GPM ½ strength fresh water 77 N/A N/A 243 
3 GPM full strength fresh water 42 7.7 51:06 630 
3 GPM ½ strength fresh water 54 N/A N/A 399 
28 ft2 (Jet A Fuel)     
2 GPM full strength fresh water 33 7.3 57:45 629 
2 GPM ½ strength fresh water 39 N/A N/A 403 
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4. PHASE I FIREFIGHTING OBSERVATIONS AND FINDINGS 
 

The following list provides a high-level overview of the observations and findings from the Phase I 
firefighting performance testing: 

• The fire extinguishing capabilities of the leading commercially available F3s were less than 
that of MILSPEC AFFFs. Specifically, none of the F3s could meet the AFFF MILSPEC 
fire extinguishing performance requirements as currently written. This finding was not 
surprising since the F3 product surfactants are hydrocarbon-based and not oleophobic, like 
the fluorocarbon-based surfactants found in AFFF, allowing more vapor transport through 
the foam blanket to the fire. 

• It was determined that all five F3s had similar fire extinguishment capabilities against the 
28-ft2 fire tests. 

• The Newtonian F3s had reduced burnback resistance capability for the gasoline-fueled fires 
in comparison to AFFF and the non-Newtonian F3s. However, the burnback resistance of 
the Newtonian F3s products are considered adequate for DoD land-based applications. 

• All five F3s demonstrated consistent fire extinguishing capabilities over the range of 
concentrations from half strength to quintuple strength solutions.  

• All five F3s demonstrated consistent fire extinguishing capabilities with reduced 
aspiration.  

• None of the five F3s showed any signs of degradation in fire extinguishing capability when 
the foam concentrate was aged before use. 

 
The F3 fire performance data provided the baseline for the criteria used in the F3 MILSPEC 

development. The details of these fire performance criteria are discussed later in this report. 
 
5. ANCILLARY VERY IMPORTANT PERSON (VIP) FIRE TEST 

DEMONSTRATIONS 
 
To help maintain transparency and to provide opportunities for the DoD/Congressional stakeholders 

to witness the fire test methodologies and F3 capabilities, two VIP demonstrations were conducted at the 
NRL-CBD fire test facility in the 2020–2021 timeframe. The VIP demonstrations included two 28-ft2 fire 
tests using aviation Jet A fueled fires combatted first with an AFFF from the MIL-PRF-24385F Qualified 
Products List (QPL) and then combatted with a leading commercially available F3 product. The following 
list provides a review of the NRL-CBD VIP Fire Test Demonstration participants and dates: 

 

• NRL-CBD VIP Fire Test Demonstration #1: Hon. Jordan Gillis (assistant secretary of 
defense (Sustainment)), Hon. Charles Williams (assistant secretary of the Navy (ASN) 
energy, installations, and environment (EI&E)), Mr. Paul Cramer (principal deputy 
assistant secretary of defense (sustainment)), Mr. Bryan Maxwell (senior policy adviser to 
Sen. Jeanne Shaheen (D-NH)), Ms. Ariel Marshall (legislative director for  Sen Shaheen), 
Col. Lisa Rennard (senior military assistant, OSD), Lt. Ryan Peyerman (defense fellow for 
Sen. Shaheen), Dr. Herb Nelson (director, DoD SERDP/ESTCP), Lt. Cmdr. Mark Justise 
(military aide to Hon. Charles Williams (ASN EI&E)), Cmdr. Billy Moiles (legislative 
liaison (OSD OLA)), Cmdr. Holly Didawick (legislative counsel (OSD OLA)), 15 October 
2020. 
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• NRL-CBD VIP Fire Test Demonstration #2: Hon. Richard Kidd (DASD (E&ER)),  
Ms. Alexandria Long (director of environment, DASD (E&ER)), Mr. Keith Welch (AFFF 
program manager, DASD (E&ER)), Ms. Karen Colmie (associate general counsel (DoD 
Office of General Counsel)), Dr. Herb Nelson (director, DoD SERDP/ESTCP), Dr. Andrea 
Leeson (deputy director and program manager for environmental restoration, DoD 
SERDP/ESTCP), 06 April 2021. 

 
These NRL-CBD VIP fire test demonstrations helped to further provide the DoD stakeholders with a 

better understanding of the ESTCP WP20-5373 program objectives and the fire test methodologies being 
used to help support the development of the new F3 MILSPEC. 
 
6. PHASE I CHEMICAL AND PHYSICAL PROPERTIES TESTING 

 
The chemical and physical property assessment test results for four of the five selected commercially 

available F3s were provided to the ESTCP program office via an NRL letter report [17]. Tables 8 and 9 
provide a summary of the chemical and physical property and corrosion test results. The fifth product 
(Candidate #4 (Newtonian)) was being reformulated at the time of this study and as a result, was not 
included in this assessment. 

 
Since questions remained regarding viscosity test methodologies and the types of metal materials that 

should be used to better evaluate the corrosivity of the F3s for the DoD land-based applications, follow-on 
viscosity and corrosion testing was completed during Phase II after the parameters were better defined. The 
results for the follow-on viscosity and corrosion tests are provided in section 7.2 (Tables 12–13) of this 
report.  
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Table 8—Chemical and Physical Property Assessment Results and Comparison [17] 
 

Test Candidate #1 
Newtonian 

Candidate #2 
Non-Newtonian 

Candidate #3 
Non-Newtonian 

Candidate #5 
Newtonian 

MIL-PRF-24385 
QPL AFFF 

TYPE 3 
MIL-PRF-24385 

Standard 
Refractive Index 1.3837 1.3880 1.3740 1.3842 1.3693 ≥ 1.3630 
Viscosity cP 25°C 110 12,644 7,659 203 3.52 ≥ 2 
Viscosity cP 5°C 330 15,508 9,171 239 6.70 ≤ 20 
pH 8.60 7.03 7.56 8.50 7.42 7-8.5 
Spreading Coefficient Unaged Solution 
(mN/m) -0.7 -3.3 0.3 -0.6 6.6 ≥ 3 

Spreading Coefficient Aged Concentrate in 
Fresh Water (mN/m) -1.1 -5.7 -2.3 -0.7 6.5 ≥ 3 

Spreading Coefficient Aged Solution (mN/m) 1.5 -2.7 -1.3 1.7 6.3 ≥ 3 
Precipitation Aged 
Concentrate in Fresh Water (vol%) N.O. N.O. N.O. N.O. N.O. ≤ 0.05 vol% 

Precipitation in Aged Solution (vol%) N.O. N.O. N.O. Small Trace 
Not Measurable N.O. ≤ 0.05 vol% 

 N.O. – none observed 
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Table 9—Corrosion and Pitting Test Results and Comparisons [17]  
 

Test Candidate #1 
Newtonian 

Candidate #2 
Non-Newtonian 

Candidate #3 
Non-Newtonian 

Candidate #5 
Newtonian 

MIL-PRF-24385 
QPL AFFF 

TYPE 3 
MIL-PRF-24385 

STANDARD 
1010 Steel  0.17 0.34 0.52 0.12 0.56 < 1.5 
90/20 Cu-Ni  0.13 0.40 0.67 0.09 0.02 < 1.0 
70/30 Ni-Cu  0.004 0.37 0.67 0.004 0.03 < 1.0 
Bronze  9.00 17.8 60.0 7.00 15.50 <100 mg 

Stainless Steel  No pitting Pitting in  
3 of 10 samples No pitting No pitting No pitting No pitting 
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7. PHASE II MILITARY SPECIFICATION DEVELOPMENT PROCESS 
 
The draft revision to MIL-PRF-24385F (DRAFT MIL-PRF-24385G), which was in final review 

phases with NAVSEA, was used as the starting point for the development of the new F3 specification. NRL 
took the lead in developing the initial draft of the F3 MILSPEC by modifying this specification to include 
the parameters and lessons learned from the Phase I testing. Once the original draft was developed, the 
specification development team consisting of NRL, NAVSEA, and Jensen Hughes met numerous times to 
prepare a final draft that could be used to start the formal specification project development process led by 
NAVSEA.  

 
The following sections provide a review of the changes/differences between the developed F3 

MILSPEC, the current AFFF MILSPEC, and the rationale for the changes. 
 
7.1 Firefighting Performance Requirements 
 

The new F3 MILSPEC incorporates the pan fires (28 ft2 and 50 ft2 fires) from the current AFFF 
specification with the following notable changes: 

 

• Since the F3 MILSPEC is focused on land-based ARFF scenarios, most of the 28-ft2 fire 
tests are conducted using Jet A as the fuel. These tests are conducted with full-strength, 
half-strength and double-strength solutions discharged at a rate of 2 GPM. All three fires 
must be extinguished in 30 seconds and provide at least 300 seconds of burnback 
protection.  

• Since land-based proportioning systems are easier to maintain than shipboard systems, the 
AFFF quintuple-strength test requirement was changed to double-strength.  

• There is also a 28-ft2 fire test conducted with ethanol-free gasoline, like the AFFF 
MILSPEC test, but the extinguishment time has been increased from 30 seconds to  
60 seconds. This test serves as a good screening tool to distinguish between higher and 
lower performing F3 products.  

• Purple-K dry chemical (PKP) compatibility is verified using a 28-ft2 fire conducted with 
Jet A and a foam solution flow rate of 2 GPM.  

• A 50-ft2 fire test conducted with Jet A as the fuel and a one-minute preburn time (similar 
to the International Civil Aviation Organization (ICAO) Level B test). This test fire is 
combatted using the discharge nozzle configured to flow at 3 GPM.  

• The AFFF MILSPEC 40-second summation test requirement for the 50-ft2 fire test was 
also replaced with a 75% fire knock down test requirement. Table 10 provides the 
additional Phase II 50-ft2 fire test results used to establish the new 75% fire knock down 
requirement. 
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Table 10—50 ft2 Fire Test Results 
 

50 ft2 Fire Test 
Jet A Fuel 
3 GPM Foam Flow Rate 

Candidate #1 
Newtonian 

Candidate #4* 
Newtonian 

Candidate #5 
Newtonian 

75% Knock Down Seconds 13 14 15 
Extinguishment Time 
Seconds 46 38 42 

*Candidate 4 is the reformulated product used in Phase II testing. 
 

• The stability of the foam concentrates will be assessed by repeating three of the most 
challenging baseline tests with solutions made with aged F3 concentrates. These tests 
include the 28 ft2 Jet A fire test using a full-strength solution, the 28 ft2 gasoline fire test 
using a full-strength solution, and the 28 ft2 Jet A fire test using a half-strength solution.  

• Since many F3 manufacturers do not recommend premixing or storage of premixed 
solutions, the AFFF MILSPEC requirements to conduct tests using aged, premixed 
solutions were removed from the specification.  

• Since the F3 product constituents may vary significantly between manufacturers, the AFFF 
MILSPEC requirements for agent compatibility have also been removed from the F3 
specification.  

 
All of these fire tests are included in the F3 MILSPEC and are listed in Table 11.  
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Table 11—F3 MILSPEC Firefighting Performance Requirements 
 

Test 
Paragraph Intent Solutions Concentration Fuel Type1 

Maximum 
Extinguishing Time 

(seconds) 

Minimum Burnback 
Time (seconds) 

28-ft2 Fire Tests Unaged Products 
4.5.11.1 Capabilities Unaged concentrate Full-strength Jet A 30 300 
4.5.11.12/ 3/ Capabilities Unaged concentrate Full-strength Gasoline 60 240 
4.5.11.12/ 3/ Capabilities Unaged concentrate Half-strength Jet A 30 300 
4.5.11.1 Capabilities Unaged concentrate Double-strength Jet A 30 300 

4.5.8 Dry Chemical 
Compatibility Unaged concentrate Full-strength Jet A 30 240 

50-ft2 Fire Tests Unaged Products 
4.5.11.23/ 4/ Capabilities Unaged concentrate Full-strength Jet A 60 270 

28-ft2 Fire Tests Aged Products 
4.5.9 Stability Aged concentrate Full-strength Gasoline 60 240 
4.5.9 Stability Aged concentrate Full strength Jet A 30 300 
4.5.9 Stability Aged concentrate Half-strength Jet A 30 300 

NOTES: 
1/ Unleaded gasoline in accordance ASTM D4814 that is ethanol-free and Jet A in accordance ASTM D1655 shall be used during testing. 
2/ Fire test required for conformance inspection (see table III). 
3/ Fire tests required for detention of qualification and approval of additional facilities (see table III) 
4/ Products are required to achieve 75% extinguishment within 20 seconds of the start of foam application. 
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7.2 Chemical and Physical Property Requirements 
 

Most of the chemical & physical property requirements were adopted from the legacy AFFF MILSPEC 
with the exceptions noted as follows:  

• Due to concerns associated with the ability to accurately proportion non-Newtonian 
concentrates with existing DoD foam proportioning systems, the decision was made to 
focus on products with lower viscosities for the initial specification development.  

• The glass viscometer used to measure viscosity as part of MILSPEC AFFF testing was 
changed to the Cannon 9721-B17 Viscometer Universal – Size 350, which had an 
improved range for measuring the higher viscosity F3 concentrates. Table 12 lists the 
viscosity measurements made with this new viscometer and were used to help identify the 
F3 viscosity requirement in the specification. 

 
Table 12—Phase II Viscosity Measurement Results 

 
Viscosity 

(Glass 
Viscometer) 

Size 350 – 5oC 

MILSPEC 
AFFF 
Type 3 

Requirement 

Candidate 
#1 

Newtonian 

Candidate 
#4 

Newtonian 

Candidate 
#5 

Newtonian 

MIL-PRF-24385 
QPL AFFF 

Viscosity 
(kinematic) 
centistokes 

< 20 269.0 196.6 29.1 6.7 

*Candidate 4 is the reformulated product used in Phase II testing. 
 

• It was determined that a new metal (i.e., brass) should be added to the F3 MILSPEC general 
corrosion requirements to better account for the materials that may be present in the land-
based DoD foam delivery systems. The Phase II corrosion test data for brass used to 
establish this requirement is summarized in Table 13 for the three leading Newtonian F3s 
products. 

 
Table 13—Phase II Brass Corrosion Test Results 

 

Corrosion 
(10-3 

Inches/Year) 

MILSPEC 
AFFF Type 3 
Requirement 

Candidate 
#1 

Newtonian 

Candidate 
#4 

Newtonian 

Candidate 
#5 

Newtonian 

MIL-PRF-24385 
QPL 

AFFF 
Brass None 0.012 0.012 0.252 0.002 

*Candidate 4 is the reformulated product used in Phase II testing. 
 

• The AFFF MILSPEC requires the use of the killifish (Fundulus heteroclitus) for assessing 
aquatic acute toxicity. A previous study conducted by the U.S. Air Force Research 
Laboratory noted that the use of the fathead minnow may be less expensive and a reliable 
screening method for evaluating the aquatic acute toxicity of AFFF agents [18]. Based on 
this recommendation, it was decided to use the fathead minnow (Pimephales promelas) as 
an acceptable substitute for the future F3 aquatic acute toxicity testing. It is also noted that 
due to the increased hydrocarbon content present in the F3 formulations, the exposure 
concentrations had to be lowered to 6.15, 12.5, 25.0, 50.0 and 100.0 mg/L to achieve the 
requisite 96-hour LC50 measurement. 
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• Whereas the AFFF MILSPEC includes a threshold limit for perfluorooctanic acid (PFOA) 
and perfluorooctane sulfonate (PFOS) chemical compounds in the AFFF formulations, 
Congress included a more expansive requirement for F3 formulations as part of the FY20 
NDAA. The law establishes a maximum, total per- and Polyfluoroalkyl substances (PFAS) 
content of 1 part per billion in the F3s. As a result, the new PFAS content test requirement 
was adopted, in addition to a requirement for manufacture’s certification for no 
intentionally added PFAS. The test uses the DoD/EPA Draft Method 1633, which includes 
testing for up to 40 PFAS chemical compounds [19].  

 
All these chemical and physical requirements have been included in the F3 MILSPEC and are listed 

in Table 14. 
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Table 14—F3 MILSPEC Chemical and Physical Property Requirements 
 

Characteristic Type 3 
Requirement Standard Test 

Paragraph 
Refractive index, minimum 1/ 1.3600 -- 4.5.1 
Viscosity (kinematic), maximum at 5 °C 300 ASTM D445 4.5.2 
Hydrogen-icon concentration (pH)1/ 6.5 to 9.0 ASTM E70 4.5.3 
Surface tension, maximum variation2/ 15% ASTM D1331 4.5.4.1 
Interfacial tension, maximum variation2/ 75% ASTM D1331 4.5.4.2 
Foamability:2/ 
Foam expansion, minimum 7.0 

NFPA 412 
4.5.5 

Foam 25% drainage time, minutes, 
minimum 3.5 4.5.5 

Corrosion rate:3/ 
General  

ASTM G31 

 
Cold-rolled, low carbon steel  
(UNS G10100), milli-inch/year, maximum 1.5 4.5.6 

Brass 
(UNS C46400), milli-inch/year, maximum 1.0 4.5.6 

Bronze 
(UNS C90500), milligrams, maximum 100 4.5.6 

Copper-nickel (90-10) 
(UNS C70600), milli-inch/year, maximum 1.0 4.5.6 
Nickel-copper (70-30) 
(UNS N4400), milli-inch/year, maximum 1.0 4.5.6 
Localized    
Corrosion-resistant steel (CRES) 
(UNS S30400 and S31600) No pits -- 4.5.6 
PFAS content 3/ 
Specific PFAS content Non-detect 4/ EPA Draft Method 1633 4.5.7.2 
Environmental impact: 3/ 
Aquatic acute toxicity, LC50, mg/L, 
minimum 30 ASTM E729 4.5.10.1 

COD, mg/L, maximum 900K Standard Method 5220 5/ 4.5.10.2 
Biodegradability, 𝐵𝐵𝐵𝐵𝐵𝐵20

𝐶𝐶𝐶𝐶𝐶𝐶
 , minimum 0.65 Standard Method 5210 6/ 

Standard Method 5220 5/ 4.5.10.3 

Stratification, visible evidence 7/ 0.10 -- 4.5.12 
Precipitation, percent by volume, 
maximum7/ 0.10 ASTM D1796 4.5.13 

Notes:    
1/  Tests are conducted with unaged and aged concentrates. 
2/  Tests are conducted with: (1) unaged concentrate, full-strength solutions and (2) aged concentrate, full-strength solutions. 
3/  Tests are conducted with unaged concentrates. 
4/  Value below the method detection limit (MDL). 
5/  Standard Methods for the Examination of Water and Wastewater 5220. 
6/  Method C of Standard Methods of the Examination of Water and Wastewater 52310. 
7/  Tests are conducted with aged concentrate. 
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7.3 Additional Health Hazard and Environmental Risk Assessments:  
 

The AFFF MILSPEC does not require a specific health hazard or an environment risk assessment. In 
development of the F3 MILSPEC, there was a consensus that a formal Health Hazard Assessment (HHA) 
and a Developmental Environment, Safety, and Occupational Health Evaluation (DESHE) should be 
included to evaluate potential toxicity of the new MILSPEC F3s. As a result, an HHA will be conducted 
by the Navy and Marine Corps Public Health Center (NMCPHC) and a DESHE will be conducted by the 
Army Public Health Center (APHC) using the data provided to both by the F3 manufacturer when applying 
for F3 qualification testing. 
 
7.4 MILSPEC Firefighting Nozzle Engineering Drawing: 
 

The F3 MILSPEC also includes information regarding an engineering drawing of the discharge nozzle 
used during F3 MILSPEC qualification testing. The nozzle design in the AFFF MILSPEC was modified to 
include the 3 GPM nozzle configuration that is needed for the F3 50 ft2 fire test. NRL, with the assistance 
of the Jensen Hughes Engineering Graphic Design team, produced the new engineering drawing and 
validated the accuracy of the design through a series of comparative fire and foam quality tests conducted 
with both the existing nozzle and the newly designed and fabricated nozzle using both AFFF and F3 
solutions. The results of these validation tests are shown in Table 15. 
 

The validation test results demonstrated that the reengineered spreader tip design had comparable 
performance to the existing Bernz-o-matic spreader tip. The final F3 MILSPEC firefighting nozzle 
engineering design drawing is referenced in the F3 specification and is provided in Appendix B of this 
document. 
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Table 15—F3 MILSPEC Firefighting Nozzle Validation Test Results 

 

Test Nozzle Foam 
Type Fuel Fire 

Size 
Solution 
Strength 

Water 
Type 

Exiting 
Time Burnback(s) Expansion 1 Expansion 2 Drain 1 Drain 2 

1 Legacy Tip AFFF Gas 28 SF 1/2X Salt 33 567 6.37 6.6 5:22 5:30 
2 Machined AFFF Gas 28 SF 1/2X Salt 31 538 5.93 6.51 3:51 3:58 
3 Legacy Tip AFFF Gas 28 SF 1X Fresh 24 582 8.37 8.55 5:46 5:47 
4 Machined AFFF Gas 28 SF 1X Fresh 22 674 7.5 7.41 6:05 6:13 
5 Legacy Tip AFFF Gas 28 SF 1X Salt 23 560 8.74 8.80 5:45 6:03 
6 Machined AFFF Gas 28 SF 1X Salt 21 637 7.14 7.08 6:20 6:20 
7 Legacy Tip AFFF Gas 28 SF 5X Fresh 31 470 9.49 9.40 6:45 7:18 
8 Machined AFFF Gas 28 SF 5X Fresh 28 467 10.2 10.9 6:40 6:38 
9 Legacy Tip F3 Gas 28 SF 1X Fresh 45 248 9.3 9.2 7:07 6:32 
10 Machined F3 Gas 28 SF 1X Fresh 43 252 8.2 8.2 5:44 6:03 
11 Legacy Tip F3 Jet A 28 SF 1X Fresh 27 371 9.1 8.9 8:58 9:06 
12 Machined F3 Jet A 28 SF 1X Fresh 28 387 8.2 8.4 6:02 6:24 
13 Legacy Tip F3 Jet A 28 SF 1/2X Fresh 28 352 8.6 8.7 9:52 9:57 
14 Machined F3 Jet A 28 SF 1/2X Fresh 25 367 7.6 7.9 11:35 12:20 
15 Legacy Tip F3 Jet A 28 SF 2X Fresh 27 366 9.6 9.5 15:41 15:24 
16 Machined F3 Jet A 28 SF 2X Fresh 29 351 9.6 9.2 13:47 14:11 
17 Legacy Tip F3 gpm Jet A 50 SF 1X Fresh 42 296 7.2 7.0 13:40 13:02 
18 Machined F3 gpm Jet A 50 SF 1X Fresh 56 279 7.3 7.3 13:40 13:50 
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8. PHASE II MILITARY SPECIFICATION PUBLICATION PROCESS 
 
The formal development and publication of the F3 MILSPEC was managed by NAVSEA. The initial 

draft of the specification (MIL-PRF-XX727) was developed by NRL using the data collected during the 
WP20-5373 Phase I effort on 06 October 2021[3]. The draft MIL-PRF-XX727 document went through 
several in-house reviews and was updated and approved by the NAVSEA Technical Warrant Holder 
(TWH) for Fire Protection Systems – Ships (SEA 05P5) on 17 January 2022. As part of the required 
development process for military specifications, a broad technical review by government and industry was 
conducted in July 2022. In addition to other federal agencies, reviewers providing comments on the draft 
specification included state governments, representatives of the firefighting foam manufacturing industry, 
civil aviation stakeholders, research scientists from industry and academia, private consultants, and 
professional organizations from the firefighting community. 

 
After the comments received during this review were adjudicated, the specification was updated then 

sent to NAVSEA (05S) Command Standards for review. The Command Standards comments were received 
and then adjudicated, marking the end of the development and review process. The MIL-PRF-32725 serial 
number was assigned and the specification was dated 06 January 2023 [20]. The F3 MILSPEC (MIL-PRF-
32725 “FIRE EXTINGUISHING AGENT, FLUORINE-FREE FOAM (F3) LIQUID CONCENTRATE, 
FOR LAND-BASED, FRESH WATER APPLICATIONS”) was then sent to the Defense Logistics Agency 
(DLA) for final review and publication. The F3 MILSPEC was made publicly available via the DLA 
ASSIST (a comprehensive database for military specifications and other technical documents) on 12 
January 2023. A copy of the published F3 MILSPEC is provided in Appendix A of this document. 
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9. SUMMARY AND CONCLUSIONS: 
 
The goal of the ESTCP WP20-5373 program was to develop and publish a new F3 MILSPEC 

applicable for all DoD land-based military installations in accordance with the requirements and timeline 
established by the FY20 NDAA. The Phase I portion of the program provided the opportunity to fully assess 
the commercially available F3 capabilities and provide the requisite data set for use during the development 
of the specification (Phase II). As a result of this ESTCP WP20-5373 effort, the F3 MILSPEC serial number 
(MIL-PRF-32725) was assigned and dated 06 January 2023 and the new MIL-PRF-32725 “FIRE 
EXTINGUISHING AGENT, FLUORINE-FREE FOAM (F3) LIQUID CONCENTRATE, FOR LAND-
BASED, FRESH WATER APPLICATIONS.” was published and then was made publicly available via the 
DLA ASSIST database on 12 January 2023. 

 
It should be noted that the F3 MILSPEC is a living document and will be revised and/or amended as 

F3 technologies continue to improve to ensure that the DoD end users will be provided with the best 
available products. 

 
Finally, although the fire extinguishing capabilities of the existing MILSPEC F3s are somewhat less 

in comparison to MILSPEC AFFFs, their demonstrated performance capabilities are deemed sufficient to 
meet all the land-based DoD end-user requirements. This declaration in firefighting performance 
sufficiency has been further validated during the ESTCP WP21-3461/WP21-3465 Phase I-IV Large-Scale 
PFAS-Free Firefighting Performance testing conducted at the Naval Air Warfare Center Weapons Division 
(NAWCWD) – China Lake fire test facility using both U.S. Navy handline and foam turret foam delivery 
firefighting equipment [21, 22]. 
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APPENDIX A 
 

PERFORMANCE SPECIFICATION FOR FIRE EXTINGUISHING AGENT, FLUORINE-FREE 
FOAM (F3) LIQUID CONCENTRATE, FOR LAND-BASED, FRESH WATER APPLICATIONS 
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