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(BY RAIL, PIPE, AND BARGE) -  AERIAL FIREFIGHTING FOAM INQUIRY

1.0 INTRODUCTION:
This information paper has been prepared by the Naval Research Laboratory (NRL) to discuss the feasibility and 
options that may be available for dispensing Class B (flammable/combustible liquids) firefighting foaming agents 
when conducting aerial firefighting operations in response to a domestic oil, gas, or ethanol fire incident, which 
could occur in remote areas within the United States.

2.0 BACKGROUND:
The U.S. Forest Service (USFS) has employed aerial firefighting operations for many years to rapidly control and 
suppress wildfires. Aerial firefighting operations could include either fixed wing or rotary aircraft and the 
firefighting agents typically used include water, fire retardants, and Class A foams. The fire retardants known as 
“Slurry” can be applied either as a wet or dry mixture and is typically composed of salts found in fertilizers such 
as Ammonium Phosphate and Ammonium Sulfate. Class A foams are generally classified as a wetting agent, 
which lowers the surface tension of water to enhance fuel penetration and saturation of the burning Class A 
(combustible solids) fuels.

3.0 AFFF / AR-AFFF FOAMS AND APPLICABILITY FOR AERIAL FIREFIGHTING OPERATIONS:
Aqueous Film Forming Foam (AFFF) and Alcohol-Resistant Aqueous Film Forming Foam (AR-AFFF) 
firefighting agents helps to disrupt the combustion process by forming a physical barrier between the fuel surface 
and the fire and blocking the fuel vapor transport from the fuel into the flame. To achieve the desired 
physical/fuel diffusion barrier properties and extinguishment capabilities inherent in AFFF/AR-AFFF, the 
foaming agent application density (defined as the gallons of agent per unit area of fire size) and the level of 
foaming (foam quality) are critical factors for effective fire control and extinguishment. For aerial firefighting 
operations, the AFFF/AR-AFFF application density and foam qualities will be dependent on the aircraft’s forward 
speed and height from the ground, making this type of fire attack challenging, and would most likely require 
multiple air drops, in quick succession, to prevent bumback. In addition to the potential application challenges 
posed aerial firefighting operations, AFFF and AR-AFFF also present environmental and human health issues due 
to the presence of perfluorinted compounds (PFCs). Figures 1 and 2 presents some recent data related to 
groundwater contamination and the biological accumulation in human tissues associated with the PFCs typically 
present in AFFF formulations.

Fig. 1 -  Barzen-Hansen, K., Field, J.A. “ Discovery and Implications 
of C2 and C3 Perfluoroalkyl Sulfonates in AFFF and Groundwater,” 

Eviron. Sci. Technol. Lett., (2015), 2 (4), pp 95-99
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Fig. 2 -  Perez, F., Nadal, M., Navarro-Ortega, A., Fabrega, F., Domingo, J., 
Barcelo, D., Farre, M., “ Accumulation of Perfluoroalkyl Substances 

in Human Tissues,”  Environ. Int. 59 (2013), pp 354-362

4.0 ALTERNATIVE CLASS B FIREFIGHTING AGENTS:
In recent years the commercial market has introduced a new class of wetting agents that are effective for Class A, 
Class B, Class D (combustible metals) fire threats as well as pressurized and 3-dimensional fires involving 
hydrocarbon based fuels and polar solvents such as alcohol and ethanol. Two examples include NOVACOOL 
(Universal Extinguishing Foam (UEF)) and F-500 (Encapsulator Agent (EA)). These type of wetting agents do 
not rely on the level of foaming (foam quality) to achieve extinguishment, but rather either emulsifies the 
hydrocarbon fuel or establishes micelles “chemical cocoons” around the hydrocarbon fuel molecules thereby 
neutralizing the fuel leg of the fire tetrahedron. It is hypothesized that these types of agents may be more suitable 
for aerial firefighting operations and they are also purported to be non-toxic, non-corrosive, and an 
environmentally-friendly type of firefighting agent.

5.0 SUMMARY & CONCLUSIONS:

In the Department of Defense (DOD) and the Federal Aviation Administration (FAA), AFFF is considered the 
best Class B firefighting agent due to its extremely fast fire knock down capabilities. The DOD and FAA ensure 
that the firefighting appliances/systems (i.e., handline nozzles, fixed sprinkler systems, and fixed/mobile foam 
monitors) have the requisite capabilities to properly dispense AFFF products to achieve the desired firefighting 
performance. For aerial firefighting operations it is deemed that the new class of wetting agents, which do not 
rely on the level of foaming, but rather inert the fuel by either emulsification or micelle encapsulation may be the 
best approach. From a logistical standpoint it may have merit for the NAS/NAE Transportation Research Board 
to consider expanding the congressionally mandated Modular Airborne Firefighting System (MAFFS) program, 
which now serves the U.S. Forest Service (USFS), to additionally include military aircraft assistance with fire 
incidents associated with domestic oil, gas and ethanol transport. Finally, with regard to Pipeline Natural Gas 
(PNG) or Liquefied Natural Gas (LNG) fire incidents, the standard approach is to provide indirect cooling and to 
not attempt final extinguishment until the source of the gas leak and/or rupture is isolated.

The Naval Research Laboratory’s technical point of contact is John P. Farley, Code 6186, (202) 404-8459, e-mail: 
iohn.farlev@nrl.naw.mil.
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