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EXECUTIVE SUMMARY
BACKGROUND

The fire fighting agent aqueous film forming foam (AFFF), utilized in aircraft hangar fire
suppression foam systems, is widespread and very effective. The ability of foam to rapidly
extinguish flammable liquid spill fires has undoubtedly saved lives, reduced property loss, and
helped minimize global pollution that can result from the uncontrolled burning of flammable
fuels, solvents, and industrial liquids.

Currently, Department of Defense (DoD) policy requires periodic aircraft hangar fire suppression
foam system nozzle discharge checks ensuring that the fire suppression foam delivery system
remains ready to go when the time arises. However, these foam system discharge checks
generate significant amount of foam laden wastewater. Despite its wide use and effectiveness,
AFFF poses an environmental concern and raises questions about its long-term continued use.
The environmental concerns are fish toxicity, biodegradability, treatability in wastewater
treatment plants, and nutrient loading when foam laden wastewater reaches natural or domestic
water systems. Also, the U.S. Environmental Protection Agency (USEPA) has highlighted a
potential problem by placing glycol ether and ethylene glycol (common solvent constituents of
AFFF) on the list of hazardous air pollutants under the 1990 Clean Air Act Amendments.

Waste handling, collection, disposal, and waste management of the foam laden wastewater are
burdensome and disposal is a liability. Due to environmental concerns, and prohibitive disposal
and treatment costs of the foam laden wastewater many facilities are not performing the required
periodic aircraft hangar fire suppression foam system nozzle foam discharge checks; the failure
to perform these required checks is jeopardizing and, in some cases, reducing the ability of
facilities to meet their mission requirements.

The technology utilizes a surrogate fluid in lieu of the AFFF concentrate, non-intrusive flow
meters (clamped onto the external piping system) measuring the fire suppression piping system
and nozzle discharge flow, and the recorded flow data was compared to the theoretical piping
and nozzle flow. A retrofit module design provided the isolation of the AFFF concentrate from
flowing into the aircraft hangar fire suppression foam system and re-piped that portion of the
piping into the AFFF concentrate piping.

The innovative technology demonstration and validation were accomplished at two DoD host
facilities: Hangar 12 at Arizona Air National Guard, Tucson, Arizona, and Building 5069
Corrosion Control Hangar at Marine Corps Base Hawaii, Kaneohe, Hawaii. A disposal cost
savings of $50,000 per aircraft hangar every two years was shown, which translate to over $25
million in saving every two years for DoD. Additionally over 4.6 million dollars will accrue in
cost avoidance every two years because the facilities will not have to procure AFFF concentrate
to replenish the fire suppression foam system nozzle discharge checks. The technology requires
minimal training and use. It is applicable within the private sector and may be used as a highly
reliable and viable diagnostic tool.
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OBJECTIVE OF THE DEMONSTRATION

The performance objective of the project was to demonstrate and validate an innovated
application of aircraft hangar fire suppression foam system nozzle discharge checks to reduce
and or eliminate generated foam laden wastewater at DoD activities. More specifically it was
shown that:

- the generated AFFF wastewater was eliminated during nozzle discharge checks
- operation was optimized to eliminate AFFF wastewater
- design, cost, and performance data was developed

The primary quantitative performance object which was met was to reduce and or eliminate the
generated foam laden wastewater.

DEMONSTRATION RESULTS

The technology demonstration and validation were accomplished at two DoD host facilities:
Hangar 12 at Arizona Air National Guard, Tucson, Arizona, and Building 5069 Corrosion
Control Hangar at Marine Corps Base Hawaii, Kaneohe, Hawaii. The innovative technology
eliminated the generated foam laden wastewater and required minimal training and use. It
provided both DoD activities a tool for eliminating foam laden wastewater from periodic aircraft
hangar fire suppression foam system nozzle discharge checks, while verifying the fire
suppression foam delivery system. Also, the technology is applicable within the private sector
and may be used as a highly reliable and viable diagnostic tool trouble shooting the fire
suppression foam system.

IMPLEMENTATION ISSUES

The environmental impact issues and the technology addressed by the NoFoam System have
been recognized and are addressed in NFPA 11, 2005 Edition, “Standard For Low-, Medium-,
and High-Expansion Foam”, Annex F - Foam Environmental Issues, paragraph F.3.3 System
Tests, outlining the methodology used by the NoFoam System technology and indicating, with
the approval of the authority having jurisdiction, that the test method is valid.
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1.0 INTRODUCTION

1.1  BACKGROUND

Aqueous film forming foam (AFFF) used in aircraft hangar fire suppression foam systems is
widespread and very effective. The ability of foam to rapidly extinguish flammable liquid spill
fires has undoubtedly saved lives, reduced property loss, and helped minimize global pollution
that can result from the uncontrolled burning of flammable fuels, solvents, and industrial liquids.

Current Department of Defense (DoD) policy requires periodic aircraft hangar foam discharge
checks to ensure that the fire suppression foam delivery systems remain functional [Reference 1].
Fire suppression foam system performance checks require the use of a firefighting agent that
meets Military Specification MIL-F-24385 [Reference 2].

Significant amounts of AFFF wastewater is generated during periodic discharge checks which
pose significant environmental concern. Resistance to biodegradation, toxicity constituents, high
biological oxygen demand (BOD), high chemical oxygen demand (COD), and the extreme
foaming associated with periodic discharge checks can be harmful to, or cause environmental
damage. In addition, the extreme foaming characteristics make AFFF wastewater recovery and
treatment difficult. In many regions the DoD is no longer allowed to discharge AFFF
wastewater into industrial wastewater treatment plants (IWTP) due to plant fouling. Discharge
restrictions and potential lawsuits against facilities that must dispose of AFFF wastewater result
in additional costs associated with waste collection, handling, and disposal.

This project demonstrated and validated the effectiveness of the NoFoam System technology for
existing aircraft hangar fire suppression foam systems. The NoFoam System eliminated foam
laden wastewater and AFFF concentrate replenishment handling while providing a valid nozzle
array discharge check that ensures proper system operation. The technology did not alter the
function or capabilities of the fire suppression foam system. A retrofit module similar to one
installed in the Aircraft Rescue and Fire Fighting (ARFF) vehicle NoFoam Unit that was
demonstrated and validated under Environmental Security Technology Certification Program
(ESTCP) project number PP-0026 [Reference 3, currently WP-200026] was provided.

During the demonstrations and validations the operators performed normal fire suppression foam
system discharge check procedures; however, water will be used as a surrogate fluid in place of
AFFF concentrate. Water was pumped into the fire suppression system and isolated from AFFF
concentrate tank to prevent cross contamination. Flow and pressure sensors installed on the fire
pump and AFFF pump inlet, outlet, and discharge piping. Sensor data were collected throughout
the demonstration and validation by visually monitoring local flow meter, using a data logger,
and downloading to a computer for data storage and analysis.

1.2 OBJECTIVES OF THE DEMONSTRATION

The objective of the project was to demonstrate and validate the effectiveness of the NoFoam
System technology at two DoD host sites. Existing aircraft hangar fire suppression foam
systems at each DoD aircraft hangar fire suppression foam system facilities were used as the
demonstration platforms. The system was evaluated on aircraft hangars at U.S. Air Force and
U.S. Marine Corps facilities. Successful demonstration will lead to DoD-wide implementation



of the NoFoam System and eliminate AFFF wastewater generated during periodic nozzle
discharge checks of the fire suppression foam system, thereby alleviating the facilities cost
associated with waste collection, handling, disposal, and AFFF concentrate replenishment.

1.3 REGULATORY DRIVERS

Government regulations concerning the quality of wastewater discharged from a facility exist at
the federal, state, and local levels. Regulations have been developed and implemented under the
Clean Water Act (CWA) and administered by the United States Environmental Protection
Agency (USEPA) at the federal level. The CWA established the National Pollutant Discharge
Elimination System (NPDES). As authorized by the CWA, the NPDES permit program controls
water pollution by regulating point sources that discharge pollutants into waters of the United
States. Industrial, municipal, and other facilities must obtain permits if their discharge goes
directly to surface waters. Under the CWA, DoD agencies must meet NPDES requirements.
Wastewater discharge from military installations throughout the United States is typically
regulated by local water treatment districts. AFFF is regulated due to its toxicity, ability to
interfere with wastewater treatment plant operations, and its potential impact on surface waters.
Each local district maintains its own contaminant limits based on regulations imposed for
effluent release quality. For example, the Hampton Roads District in Norfolk, Virginia prohibits
the discharge of AFFF wastewater into its plant unless the AFFF concentration is less than 50-
parts per million (ppm). Although individual limits for sites will vary, there is overall need at
most sites to minimize the contaminant concentrations released. The NoFoam System provides a
means for reducing/eliminating levels of AFFF wastewater released.



20 TECHNOLOGY DESCRIPTION

21 TECHNOLOGY OVERVIEW

The current method for field testing on existing aircraft hangar fire suppression foam systems
requires nozzle discharge with foam followed by the collection of foam samples in accordance
with National Fire Protection Association (NFPA) 11 [Reference 4] and NFPA 412 [Reference
5]. Once the sample is collected, a hand held refractometer or conductivity meter is typically
utilized to validate the foam quality. The procedure for validating foam quality requires the
generation of large volumes of AFFF wastewater. Depending on fire suppression foam system
capacity, a 10-minute foam discharge test followed by a 10-minute water flush will generate
between 80,000 and 400,000 gallons of AFFF wastewater. The 10-minute foam discharge test
followed by 10-minute water flush is a general guideline for new fire suppression foam systems
and the time requirement is also applied for future nozzle discharge checks. In addition, the
collection of foam samples and reading the refractometer (or conductivity meter) is difficult,
cumbersome, and time consuming.

Current guidelines and policies [Reference 1] require that foam discharge checks are performed
on all aircraft hangar fire suppression foam systems every two years or whenever the fire
suppression foam system is repaired to ensure foam delivery systems remain functional.
However, fire departments and local authorities frequently do not conduct foam discharge checks
as often as required due to large disposal costs of the generated AFFF waste and local
environmental concerns. DoD facilities risk system failures and compromise mission readiness
when fire suppression foam systems are not checked with frequencies mandated by local current
policies and established guidelines. Proper functioning of critical fire response systems cannot
be ensured if periodic testing of system components is not performed.

The proposed innovative aircraft hangar fire suppression NoFoam System technology eliminates
these problems while providing a valid nozzle array discharge check that ensures proper
operation of the fire suppression foam system. The technology does not alter the function of the
fire suppression system capabilities. It incorporates the ARFF vehicle NoFoam Unit technology
illustrated in Figures 1 and 2. Figure 1 shows the NoFoam Unit for ARFF vehicle performing a
typical roof and bumper turret dye-water discharge. Figure 2 is the NoFoam Unit diagram of a
model P19 ARFF vehicle, whereby the mobile/stationary-mounted hardware consists of a control
panel with monitor, flow sensor piping, and a 400 gallon storage tank as the AFFF concentrate
surrogate. The flow sensor is a paddlewheel that measures the flow rate of the surrogate fluid as
it flows from the 400 gallon storage tank to the ARFF vehicle foam distribution system. The
flow sensor has no measurable head loss and is readily removable from the sensor piping system
for inspection and cleaning. The surrogate fluid is either water or dye-water. The fire fighter
simply drives the ARFF vehicle to the NoFoam Unit, trailer or stationary, and attaches a hose
from the unit to the vehicle. The vehicle AFFF concentrate fluid tank is isolated during testing
by closing the AFFF concentrate valve. Although the AFFF concentrate valve is closed,
concentrated AFFF is present downstream of the valve and this fluid must be removed. The
fluid is removed by opening the vehicle’s foam distribution system drain valves and collecting
the fluid into a polyethylene bottle. The captured AFFF concentrate fluid is either reused or
recycled.



Figure 1. P19 NoFoam System Roof and Bumper Discharge.

The fire fighter then goes through the typical fire fighting discharge procedures. A sensor
installed in the unit measures the flow of the surrogate fluid and the results are displayed on the
rate meter in GPM. The fire fighter reads the rate meter and can quickly determine the vehicle’s
AFFF delivery system performance. The monitored flow represents the flow rate of the AFFF
concentrate into the foam distribution system. Also, the fire fighter has the option to visualize a
dye-water solution discharge, giving the fire fighter a higher confidence level of the vehicle’s
fire fighting performance. The dye concentrate is environmentally benign, biodegradable, and
certified by the National Sanitation Foundation International. The NoFoam Unit is battery
powered (12 volts) and recharged by a solar photo voltaic panel. The NoFoam System will
accommodate 15 ARFF vehicles before refilling the 400 gallon tank and any model of ARFF
vehicle with minimal vehicle airfield duty down time.

The NoFoam System technology is applicable not only within DoD but also within the private
sector.
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Figure 2. P19 NoFoam System Piping Diagram.

2.2 TECHNOLOGY DEVELOPMENT

No previous testing of the NoFoam System technology for aircraft hangar fire suppression foam
system has been performed. However, the NoFoam technology described in this effort is an
extension of a previous NoFoam Kit for ARFF vehicle that was designed, built, and tested by
Naval Facilities Engineering Service Center (NAVFAC ESC) in 1996. Six naval facilities were
host sites for the NoFoam Kit demonstrations. The demonstration results showed that the kit
provided a method to reduce and/or eliminate AFFF waste generated during vehicle onboard
foam distribution system nozzle discharge checks. The data collected from the demonstrations
closely matched actual AFFF concentrate flows.

Also, the NoFoam Unit for ARFF vehicle demonstrated and validated under ESTCP project
number WP-200026 [Reference 3] showed that a mobile or stationary platform with a retrofit
module connection provided a method eliminating generated AFFF waste during vehicle
onboard foam distribution system discharge checks. The data collected from the demonstration
closely matched theoretical AFFF concentrate flows. Four DoD facilities were host sites for the
demonstration of the NoFoam Unit technology. In addition to the 4 DoD facilities, 28 other
facilities received the NoFoam System technologies.

2.3 ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY
NoFoam System technology advantages include:



Eliminates generation of foam laden wastewater

Eliminates foam laden wastewater management

Allows facilities to comply with federal pollution and waste minimization regulations

Effectively checks the fire suppression foam system

Maintains facilities confidence level in mission readiness

Minimal maintenance requirement

Simple operation

e Reduced aircraft hangar down time from one or more days to within one-hour after
discharge checks

e Highly applicable in the private sector

The NoFoam System technology limitation was the initial set-up time required on the existing
aircraft hangar fire suppression foam system.



3.0 PERFORMANCE OBJECTIVES

New and existing aircraft hangar fire suppression foam system are similar in nozzle types,
positions, risers, mixing valves, valves, gauges, pumps, etc., but are not similar in arrangement
lay-out due to the capacity of the aircraft hangar fire suppression foam system. From hangar to
hangar the fire suppression foam system fire pump capacity may vary anywhere from 600 to
5,000 gallons per minute (gpm). The foam systems are built and installed differently from
hangar to hangar, but are similar in function: A water and foam source are supplied, combined at
a specific point at a specific flow rate, and discharged through the various nozzles. It is similar
to ARFF vehicles; however, ARFF vehicles have several manufacture and models with various
fire pump capacities. The water and foam tanks are piped, arranged to combine at a specific
point at a specific flow rate, and discharged through the various nozzles on the ARFF vehicle.
The NoFoam System for ARFF vehicle [Reference 1] designed a universal connection between
the vehicle and the NoFoam System trailer. Similarly, with the aircraft hangar a retrofit module
was provided for existing aircraft hangar fire suppression foam system. No impact is anticipated
with the NoFoam System technology on non-traditional aircraft materials in use today or in the
foreseeable future.

Performance objectives were included in Table 1. These objectives gauged whether project
objectives (Section 1.2) were met. Methods for measuring parameters that were keyed to
evaluating whether the NoFoam System goals were met are included in Table 3. Project costs
and cost comparisons with current practices are discussed in Section 7.0.

Table 1. Performance Objectives.

Pg{)qrmgnce Metric Data Requirements Success Criteria Results
jective
Quantitative Performance Objectives
Reduce/eliminate AFFF waste Visual effluent No AFFF No AFFF
emissions discharge data for wastewater wastewater
AFFF wastewater nozzle released
Feed stream flow Surrogate flow and Pump, surrogate, and Flow Mach Table 3 | Collected flow
nozzle flows nozzles flow data data follows
Table 3, + 5% -
5% of flow
Qualitative Performance Objectives
Ease of use Ability of a technician- | Feedback from the A single field Minimal
level individual to use technician on usability | technician able to operator training
the technology of the technology and | effectively take required
time required to use measurements with
minimal training




Table 2. Discharge Log.

HANGAR: sheet no.:
date: AFFF:
by: DISCHARGE TABLE
WATER DISCHARGE
DISCHARGE FLOW RATE TIME COMMENTS / PROBLEMS
(GPM) (GPM) (SEC)
Pump:
water press = psi
AFFF:
AFFF press = psi

Nozzles:

10.

11.

3.1 REDUCE EMISSIONS

The performance objective was to reduce and or eliminate foam emissions during the periodic
nozzle discharge checks using water as the surrogate fluid in lieu of AFFF concentrate. Since
Arizona Air National Guard and Marine Corps Base Hawaii fire suppression foam system pump
capacities and piping layout are different, two retrofit modules were designed and installed.
Appendix C shows the retrofit module design for both NoFoam System technology host sites.
Similar to the NoFoam System for ARFF vehicles [Reference 1], the AFFF concentrate was
isolated during the demonstration and surrogate fluid was introduced.

3.2 FEED STREAM FLOW

The performance object was to simulate nozzle discharge flow utilizing water as the surrogate
fluid for AFFF concentrate. The aircraft hangar fire suppression foam system theoretical AFFF
concentrate flow rates, Table 3, were the established baseline for comparison. Table 3
theoretical flow rates were derived from Military Specification MIL-F-24385 [Reference 2].
Section 1.2 of the specification identifies two types of AFFF concentrates and is as follows:

e Type 3 —to be used as 3 parts concentrate to 97 parts water by volume solution
e Type 6 —to be used as 6 parts concentrate to 94 parts water by volume solution
Both Arizona Air National Guard and Marine Corps Base Hawaii utilizes Type-3 (or typically

called 3 percent) AFFF concentrate. Comparison of the recorded flow data with the theoretical
flow values, the recorded flow data matches within the + 5 percent and — 5 percent of the



theoretical flow values closely for both Arizona Air National Guard and Marine Corps Base
Hawaii. The flow data for each nozzle was recorded and compared to the manufacture rated
flow; once more, both flow values matched closely within the +5 percent and -5 percent
manufacture rate flow.

Table 3. Theoretical Flow Values.

EXPECTED AFFF FLOW RATES
THEORETICAL AFFF FLOW RATES
WATER PUMP 3% AFFF 6% AFFF

(GPM) (GPM) (GPM)
600 18 38
800 24 51
1000 31 64
1200 37 77
1400 43 89
1600 49 102
1800 57 115
2000 62 128
2200 68 140
2400 74 153
2600 80 166
2800 87 179
3000 93 191
3200 99 204
3400 105 217
3600 111 230
3800 117 242

17-sept-07, hanger.xis

3.3 EASE OF USE

The performance objective was the ease of use of the NoFoam System technology. The external
ultrasonic clamp-on flow meters were read locally and remotely. This reading was for
demonstration and validation in order to monitor the fire pump, AFFF concentrate, and nozzle
discharge flow rate. Flow meters were nonintrusive and clamp on the exterior of the pipe. After
the flow meters were installed, no additional configuration or adjustment was required.



After the retrofit module was installed the ball valves were aligned for the fire suppression foam
system or NoFoam System by turning the ball valve handles 90 degrees from the original
position. No additional configuration or adjustment was required.

The mechanics that maintain the aircraft hangar fire suppression foam system at Arizona Air
National Guard and Marine Corps Base Hawaii inquired, “Is this all to operate the NoFoam
System and perform maintenance on the NoFoam System?” indicating that the NoFoam System
technology is straight forward as well as easy to operate and maintain.

Also, with the NoFoam System, moping-up and returning the aircraft hangar to the tenant
command or squadron was done within one hour at both Arizona Air National Guard and Marine
Corps Base Hawaii. Typically, it would take at least a full day or more before the squadron was
allowed back into the aircraft hangar due to the foam (AFFF wastewater) that has built-up in the
hangar. The presence of build-up required collecting and disposing of the foam that is in the
trench, holding tank, and holding pond. Replenishing AFFF concentrate takes time before the
hangar is operational.
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40  SITE/PLATFORM DESCRIPTION

41  TEST PLATFORMS/FACILITIES

Telephone interviews were conducted with U.S. Army, U.S. Air Force, U.S. Navy, and U.S.
Marine Corps fire departments and environmental personnel to identify appropriate sites for the
demonstration and validation. Interviews were conducted to determine the number and type of
aircraft hangar fire suppression foam systems present at each facility; the frequency of system
discharge checks, environmental concerns associated with AFFF waste generation
(environmental regulatory issues), and whether or not the facility was willing to host the
demonstration and validation. In addition, an initial aircraft hangar fire suppression foam system
inspection was performed at each facility. Two facilities were selected that represents the type of
aircraft fire suppression foam system in-service and are present in the following sections.

4.1.1 Arizona Air National Guard

The Arizona Air National Guard (ANG) based in Tucson, Arizona, is home to the Air National
Guard’s premier fighter pilot training organization. It sits on 92 acres next to the Tucson
International Airport. The ANG is home to F-16 training for the U.S. Air Force, Air National
Guard, Air Force Reserve, and international countries.

Three flying squadrons comprise the Wing: under the 162nd Operation Group are the 152nd, the
195th, the 148th Fighter Squadrons and International Military Student Office (IMSO).
Supporting these units are the Mission Support Group, the Maintenance Group, the Medical
Group, Headquarters Squadron, the Civil Engineer Squadron, the Communication Flight, and the
Services Flight.

4.1.2 Marine Corps Base Hawalii

Marine Corps Base (MCB) Hawaii, Kaneohe Bay, maintains key operations, training, and
support facilities, providing services that are essential for the readiness and global projection of
ground combat forces and aviation units. The Marine Corps Air Facility (MCAF) operates a
7,800-foot runway that accommodates both fixed wing and rotary-winged aircraft. Navy and
Marine Corps units headquartered at MCB Hawaii, Kaneohe Bay, include air, ground and
combat service support elements; non-operational tenants include a branch health care clinic, a
judicial court, a commissary facility, veterinary services, and various Marine Corps schools and
academies.

MCB Hawaii is located on Mokapu Peninsula on the windward side of Oahu, approximately 12
miles northeast of Honolulu. Whether seen from the vantage points of the steep-sided
Koolaupoko mountain range, from the air or from the open sea, Mokapu Peninsula stands out as
a place of great beauty. Before the Hawaiian Island’s exposure to the Western world in 1778,
the spiritual beliefs and cultural practices of the Hawaiian people were intricately bound to the
physical landscape of this place.

The base serves as the devoted steward of the cultural and natural resources of the entire
peninsula. The Environmental Department, staffed by both active duty Marines and civilian
experts in various fields, has established and maintained a program that has regularly won
national awards in multiple categories from the Secretary of the Navy and the Department of
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Defense. Their mission statement is to carry out the functions of compliance, pollution
prevention, conservation, installation restoration, training, education, and outreach at MCB
Hawaii in order to contribute to the combat readiness of Marines, protect human health and the
environment. Measures are taken daily to protect Mokapu Peninsula’s natural and cultural
resources. Frequent consultations and exercises are held with city, state, and federal agencies to
ensure rapid response capabilities to possible accidents and natural disasters.

42 PRESENT OPERATIONS

4.2.1 Arizona Air National Guard

Currently, aircraft hangar fire suppression foam system nozzle discharge checks are performed
by a base contractor. Yearly nozzle discharge checks are performed by discharging water in lieu
of foam in five hangars. In other words, not all parts of the fire suppression foam system are
checked ensuring the system is operational. The contractor also verifies AFFF concentrate
quality. It is estimated that more than 150,000 gallons of water total are used to perform the
yearly checks. Since the nozzle discharge during system checks is water, the wastewater is
released into the sewer.

Figure 3 locates Hangar 12 at Arizona ANG for the NoFoam System technology demonstration.
Seven oscillating turret nozzles are installed in the aircraft hangar. Each nozzle is rated at 352
gpm with a 100 degree rotation or sweeping angle. Two fire pumps installed in the fire
suppression foam system, one is electric motor driven and the other is diesel driven, which is
used as a back-up pump. The foam system fire pumps are rated at 3,500 gpm with a 1,200 gallon
AFFF concentrate tank capacity.

12



Hangar 12
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Figure 3. Aerial View of Arizona Air National Guard Hangar 12.

4.2.2 Marine Corps Base Hawalii

Currently, MCB Hawaii Public Works Department does not perform aircraft hangar fire
suppression foam system nozzle discharge checks. The aircraft hangar has released foam
through the nozzles two times since it was completely built in 1990, first as an acceptance fire
suppression foam system test and second on an accidental foam release one year later. However,
system valves, piping, and AFFF concentrates quality are inspected quarterly.

Figure 4 locates Hangar B5069, Corrosion Control Hangar at MCB Hawaii for the NoFoam
System technology demonstration. The generated AFFF wastewater is pumped into an external
2,500 gallon holding tank and the overflow wastewater is released to a holding pond design to
capture the excess wastewater. However, the holding pond is not to standard regulations, the
pond is a hole in the ground with no lining to prevent the wastewater from leaching into the
surrounding ground.

13



Four oscillating turret nozzles are installed with overhead sprinklers in the corrosion aircraft
hangar. Each nozzle is rated at 322 gpm with a 63 degree rotation or sweeping angle. Two fire
pumps installed in fire suppression foam system, one is electric motor driven and the other is
diesel driven, which is used as a back-up pump. The foam system fire pumps are rated at 2,500
gpm with two 1,600 gallon AFFF concentrate tank, which one tank is used as a reserve tank.

Bldg 5069

2010 Google — Imagery ©2010 Digital Globe, GeoEye, USGS, U.S. Geological Survey, Map data©2010 Google

Figure 4. Aerial View of Marine Corps Base Hawaii Building 5069.

43  SITE-RELATED PERMITS AND REGULATIONS

No permits were required for this demonstration and validations. The NoFoam System
technology assisted the activities in meeting UFC-3-600-2 [Reference 1] aircraft hangar foam
discharge checks without generated AFFF wastewater.

14



5.0 TEST DESIGN

New and existing aircraft hangar fire suppression foam systems are similar in nozzle types,
positions, risers, mixing valves, valves, gauges, pumps, etc., but are not similar in lay-out
arrangement due to the capacity of the aircraft hangar fire suppression foam system. From
hangar to hangar the fire suppression foam system fire pump capacity may vary anywhere from
600 to 5,000 gpm. The foam systems are built and installed differently from hangar to hangar
but are similar in function whereby a water and foam source are supplied and combined at a
specific point at a specific flow rate and discharged through the various nozzles. It is similar to
ARFF vehicles, where several ARFF vehicles are from manufacturers and models with various
fire pump capacity. The water and foam tanks are piped and arranged to combine at a specific
point at a specific flow rate and discharged through the various nozzles on the ARFF vehicle.
The NoFoam System for ARFF vehicle [Reference 3] designed a universal connection between
the vehicle and the NoFoam System trailer. Similarly, the aircraft hangar a retrofit module was
provided for existing aircraft hangar fire suppression foam system. No impact is anticipated with
the NoFoam System technology on non-traditional aircraft materials in use today or in the
foreseeable future.

51 CONCEPTUAL TEST DESIGN

The experimental conceptual design demonstrated the NoFoam System technology use in the
aircraft hangar fire suppression foam system application. The demonstration showed that the
NoFoam System technology is an acceptable technology for nozzle discharge checks in the
aircraft hangar fire suppression foam system and that nozzle discharge checks can be performed
without generating AFFF wastewater. A surrogate fluid was used in place of actual AFFF
concentrate. To monitor the demonstration, flow meters was installed at several locations within
the system. The installed flow meters monitored the water stream and surrogate fluid flow
throughout the piping system. The flow meter was installed and monitored as shown in Figure 5
and 6:

e on surrogate fluid piping
- from water main supply
- to water main supply
e On water main piping
- tosurrogate fluid
- from surrogate fluid
e on nozzle discharge piping

Measured flow rates were manually recorded in Table 2 and compared to theoretical values
included in Table 3. A minimum of two nozzle discharge runs was required for at least one
minute duration or in accordance with the facility required nozzle discharge time.

52  BASELINE CHARACTERIZATION

The aircraft hangar fire suppression foam system theoretical AFFF concentrate flow rates, Table
3, was the established baseline for comparison. Table 3 theoretical flow rates were derived from
Military Specification MIL-F-24385 [Reference 2], Section 1.2 Classification, which identifies
AFFF concentrates:
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e Type 3- to be used as three parts concentrate to ninety-seven parts water by volume
solution
e Type 6- to be used as six parts concentrate to ninety-four parts water by volume solution

5.3 DESIGN AND LAYOUT OF TECHNOLOGY COMPONENTS
Working drawings for the NoFoam System technology for aircraft hangar fire suppression foam

system is provided in Appendix C. Figure 5 and 6 are the NoFoam System technology piping
diagrams for Arizona Air National Guard and Marine Corps Base Hawaii, respectively.

Figure 5. Arizona Air National Guard NoFoam System Diagram.
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Figure 6. Marine Corps Base Hawaii NoFoam System Diagram.
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54  OPERATIONAL TESTING

Since the objective of this project was to install and demonstrate and validate a full-scale
NoFoam System, no demobilization was necessary. The technology was left with Arizona Air
National Guard for their continued use after the demonstration and validation period. As for
Marine Corps Base Hawaii the facility engineering decided not to accept the NoFoam System
technology. The fire suppression foam system was returned to the original piping configuration
after the demonstration and validation period due to future concerns maintaining the technology.

5.5 SAMPLING PROTOCOL

Although the ability to determine NoFoam System performance is critical, no laboratory
analytical testing was performed for this effort. NoFoam System performance was gauged by
measuring AFFF surrogate flow rates through the aircraft hangar fire suppression foam system
during nozzle discharge checks. Performance tests included visual observations of nozzle
discharge spray patterns. Surrogate AFFF flow rates measured during the demonstrations were
recorded and compared to theoretical AFFF concentrate flow rates in the aircraft hangar fire
suppression foam system. Theoretical AFFF concentrate flow rates are included in Table 3.
Table 2 shows the discharge logs that were used during the demonstration and manually record
the nozzle discharge flow result. The discharge log will be used by the facility to record future
flow results when performing routine, two year nozzle discharge checks, or whenever the fire
suppression system piping is dismantle for maintenance and repair.

The NoFoam System technology was intended as a substitute check for the foam proportioning
system check as outlined in Table 2-9, Table 2-10, and Table 2-11 of UFC-3-600-02, [Reference
1], dated 1 January 2001, in order to alleviate generating foam during nozzle discharge checks.

5.6 SAMPLING RESULTS
Sampling results are included in Table 4 and in Table 5.
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Table 4. Arizona Air National Guard Run-1.

HANGAR: 12 arizona Air National Guard Run-1

date: 4 April 2008, Run-1

by: Arizona Air National Guard &

DISCHARGE TABLE

sheet no.: 01

AFFF: 3%

NFAC ESC
WATER DISCHARGE
DISCHARGE FLOW RATE TIME COMMENTS / PROBLEMS
(GPM) (GPM) (SEC)
Pump:
2739 158
water press = 100 psi
AFFF:
89 158
AFFF press = 80 psi
Nozzles:
1. 322 158
2. 336 158
3. 363 158
4. 345 158
5. 354 158
6. 322 158
7. 363 158
8. 345 158
9. 336 158
10.
11
Table 5. Marine Corps Base Hawaii Run-1.
HANGAR: Building 5069 Run-1 sheet no.: 01

date: _30 December 2008, Run-1

by: _US Marine Corps Base Hawaii &

DISCHARGE TABLE

AFFF: 3%

NAVFAC ESC
WATER DISCHARGE
DISCHARGE FLOW RATE TIME COMMENTS / PROBLEMS
(GPM) (GPM) (SEC)
Fire Pump Riser:
674 121
water press = 110 psi
AFFF:
22 121
AFFF press = 76 psi
Nozzles:
1. 322 121
2. 315 121
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6.0 PERFORMANCE ASSESSMENT

6.1 PERFORMANCE CRITERIA
Performance criteria are included in Table 6.

Table 6. Performance Criteria.

Performance Criteria Description Primary or
Secondary
Hazardous Contaminant | -None Primary
Process Waste -Disposition as non-hazardous waste Secondary
Factors Affecting -No significant change in flow rate and | Secondary
Technology Performance | pressure during nozzle discharge
Reliability -Sensitive ambient operating Secondary
temperature
Ease of Use -A technician operator required Primary
Versatility -Applicable to DoD facilities with Secondary
hangar fire suppression foam system
-Applicable to private sector
Maintenance -Minimal training Primary
-Minimal maintenance
Scale-Up Constraints -No scale-up constraints Secondary

6.2 PERFORMANCE CONFIRMATION METHODS
Criteria used to assess project performance are summarized in Table 7.

Table 7. Methods for Assessing Performance Confirmation.

Performance Criteria

Expected
Performance
(pre demo)

Performance
Confirmation
Method

Actual
(post demo)

Primary Criteria (Performance Objectives)

(Qualitative)

Ease of Use | Minimal training | Operator experience | Minimal training
Primary Performance Criteria (Performance Objectives)

(Quantitative)

Cost | < $10K/year | Cost calculation | <$10K/year
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Feed Stream

- Flow rate -+ 5% - 5% Table 3 -Visual, flow meter, data -+ 5% - 5% Table 3
logger, discharge log

- Contaminant concentration -None -None
(after treatment)

- Contaminant concentration -None -None
(to be monitored)

Target Hazardous Contaminant

- % reduction

- Regulator Standard -None -None

- Resolution -None -None

-None -None
Process Waste
- Generated -None -Operator experience -None

Factors Affecting Performance
- Throughput

-Volume reduction

-Operator experience

-Volume reduction

Secondary Performance Criteria (Qualitative)

Reliability -No breakdowns Record keeping No breakdowns
Safety

- Hazards -Nozzle discharge -Operator experience -Nozzle discharge
- Protective clothing -Hearing protection -Hearing protection
Versatility

- Intermittent operation
- Remote monitoring

-Yes
-Yes

-Operator experience
-Operator experience

-Yes
-Yes

Maintenance

- required -Inspect flow meter -Operator experience -Inspect flow meter
- eliminated -Replenish AFFF -Operator experience -Replenish AFFF
efforts efforts
Scale-up Constraints
- engineering -None -None
- flow rate -None -None
-None -None

- contaminant concentration

6.3 DATA ANALYSIS, INTERPRETATION, AND EVALUATION

Data analysis, interpretation, and evaluation of the demonstrations were based on nozzle
discharge flow rates obtained during the demonstration as well as visual observations of nozzle
discharge spray pattern and area coverage.

It is important that the proper amount of AFFF concentrate be delivered to the water stream to
ensure that foam structure and fire retardant characteristics are correct. Table 3 lists the
theoretical (designed) flow rates for AFFF concentrate as a function of water flow through the
aircraft hangar fire suppression system. Actual surrogate flow rates measured during the
demonstration were compared to Table 3 to verify that the correct percentage of surrogate fluid
is introduced into the water stream. Surrogate fluid flow rates of + 5 percent and — 5 percent of
the theoretical values included in Table 3 were considered acceptable. Flow rates that fall
outside this limit result in an improper mix flow and were not acceptable. The proper amount of
surrogate fluid delivered to the water stream will validate that the NoFoam System is correctly
simulating the delivery of AFFF concentrate to the aircraft hangar fire suppression foam system.
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The flow meter is a clamp-on ultrasonic transit time flow meter by Dynasonics, which indicates
rates and total flow. Also, the flow rates were monitored locally and flow rates collected through
a data logger. The clamp-on flow meter is simple to install and is recommended for full pipe,
clean liquids applications such as water. The transit time flow meters utilize two clamp-on
transducers that function as both ultrasonic transmitters and receivers and are clamped on the
outside of a closed pipe system. The flow meter operates by alternately transmitting and
receiving a frequency-modulated burst of sound energy between the two transducers. The burst
is first transmitted in the direction of fluid flow and then against fluid flow. Since sound energy
in @ moving liquid is carried faster when traveling in the direction of fluid flow (downstream)
than it does when it travels against fluid flow (upstream), a differential in the times of flight will
occur. If the fluid is not moving, the time of flight difference will be zero and the flow meter
will indicate zero flow. The flow rate is read locally and transmitted to data logger.

The flow meters wired to a data logger recorded flow rates during the nozzle discharge checks.
The data logger is a Model CR3000 Micrologger by Campbell Scientific, Inc., a compact data
logger housed in a portable self-contained data acquisition system. The CR3000 provides 4-
Mbytes of battery backed Static Random Access Memory for data storage. Sensor connections
are four 24-bite pulse channels measure frequency pulses. Real-time and historical data is
displayed using the on-board graphical display or a PC. The PC connects to the CR3000 via a
RS-232 cable or the Campbell Scientific inlet/outlet port and SC32b interface.

A visual inspection of the nozzle discharged was performed for both demonstration host sites and
“NO” generated foam laden wastewater was released as shown in Figure 7 and 8 below.
Disposition of generated process water during the nozzle discharges drained into the existing
building drains. The drains lead to a holding pond or tank, or directly into the facilities sewer
system. The holding pond or tank wastewater is transferred into a tanker truck for disposal.

Figure 7. Result of Arizona ANG NoFoam System Nozzle Discharge Check.
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Figure 8. Result of MCB Hawaii NoFoam System Nozzle Discharge Check.

Appendix B is the collected recorded data at Arizona ANG and MCB Hawaii NoFoam System
nozzle discharges. The data are summarized as a plot of time (in seconds) versus flow (in gpm)
for Arizona ANG in Figures 9 thru 14 and MCB Hawaii in Figures 15 thru 18.

6.3.1 Arizona Air National Guard

Figures 9, 10, and 11, run-1 was for 158 seconds elasped time nozzle discharge check, the
recorded fire pump flow is 2,739 gpm with AFFF pump flow of 89 gpm and the nine position
hangar nozzles flow ranged from 322 gpm to 363 gpm.

Figures 12, 13, and 14, run-2, was for a 132 seconds elasped time nozzle discharge check, the
recorded fire pump flow is 2,750 gpm with AFFF pump flow of 93 gpm and the nine position
hangar nozzles flow ranged from 322 gpm to 363 gpm.

Both runs for the fire pump and AFFF concentrate (surogate) flow followed Table 3, theoreticl
AFFF flow values, and the nine position nozzle discharge flows (nozzle 1 — 9) were within the
manufacture design flow of 352 gpm.

6.3.2 Marine Corps Base Hawalii

Figures 15 and 16, run-1 was for 121 seconds elasped time nozzle discharge check, the recorded
fire pump riser flow is 674 gpm with AFFF pump flow of 22 gpm and the two position hangar
nozzles flow ranged from 315 gpm to 322 gpm.

Figures 17 and 18, run-2, was for a 117 seconds elasped time nozzle discharge check, the
recorded fire riser pump flow is 707 gpm with AFFF pump flow of 24 gpm and the two position
hangar nozzles flow ranged from 315 gpm to 326 gpm.

Both runs for the fire pump and AFFF pump followed Table 3, theoreticl AFFF flow values, and

the two position nozzle discharge flow (nozzle 1 — 2) were within the manufacture design flow of
322 gpm.
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Figure 9. Arizona ANG, Pump Room Run-1.
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Figure 10. Arizona ANG, Hangar Left Nozzle Run-1.
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Arizona ANG - Hangar Right Nozzle Run-1
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Figure 11. Arizona ANG, Hangar Right Nozzle Run-1.
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Figure 12. Arizona ANG, Pump Room Run-2.
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Arizona ANG - Hangar Left Nozzle Run-2
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Figure 13. Arizona ANG, Hangar Left Nozzle Run-2
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Figure 14. Arizona ANG, Hangar Right Nozzle Run-2.
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MCB Hawaii - Pump Room Run-1
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Figure 15. MCB Hawaii, Pump Room Run-1.
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Figure 16. MCB Hawaii, Nozzle Run-1.
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MCB Hawaii - Pump Room Run-2
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Figure 17. MCB Hawaii, Pump Room Run-2.
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Figure 18. MCB Hawaii, Nozzle Run-2.
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7.0 COST ASSESSMENT

7.1  COST MODEL
The cost for energy efficient technology is discussed in Table 8.

Table 8. Cost Model for an Energy Efficiency Technology.

Cost Element

Data Tracked During the
Demonstration

Estimated Costs

Hardware capital costs

Estimates made based on component
costs for demonstration

$14,000.00 (1-data logger,
6-flowmeter, retrofit
module)

Installation costs

Labor and material required to install

$1,600.00 (two man-day)

Consumables

Estimates based on rate of consumable

use during the field demonstration

$0.00

Facility operational
costs

Reduction in energy required vs. baseline
data

$8,500.00 per discharge
check

-Frequency of required maintenance
-Labor and material per maintenance
action

Estimate based on components
degradation during demonstration

$50.00 per quarter

Maintenance

Hardware lifetime 15-years life span

Operator training

Estimate of training costs

$100.00 per year

7.1.1 Hardware Capital Cost
Hardware cost of $14,000 is based on 6-flow meter, data logger, and retrofit module which
include ball valves, pipes, and fittings.

Hardware cost of $14,000, which breaks down to $3,000 for a data logger, $1,200 for each flow
meter (or $7,200 for six flow meter per hangar), and $3,800 for retrofit module.

7.1.2 Installation Cost
Hardware installation labor cost of $1,600 for one day installation for two people.

7.1.3 Facilities Operational Costs

The operating cost is $8,500 for an outside contractor performing nozzle discharge checks, but it
is to be noted that the contractor performs these checks while excluding foam discharge and
foam piping system checks.
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7.1.4 Maintenance

Maintenance will be required for a monthly visual inspection of flow meters, ball valves, and
piping, which is keeping in line with current recommended fire suppression foam system
maintenance practice [Reference 1]. There should be no weeps and leak from piping, no
damages to flow meter and other components, and verifying valves should be in the correct
position.

7.1.5 Hardware Lifetime
Fifteen year life span is anticipated. The NoFoam System retrofit modules are same quality
valves and piping materials as the original installed fire suppression foam system.

7.1.6 Operator Training

Operator training of $100.00 per year is anticipated if required. No special training is required
for operating the NoFoam System. The system is operated with the aircraft hangar fire
suppression foam system.

7.2  COST DRIVERS

No anticipated cost drivers at this time when selecting the technology for implementation. The
NoFoam System components are standard commercial off-the shelf items and the same
manufacturer as the existing components for aircraft hangar fire suppression foam system.

Due to the fact that each aircraft hangar fire suppression foam system is built differently, the
hardware retrofit modules cost may either be high or low depending on the fire suppression foam
system capacity.

7.3 COST ANALYSIS AND COMPARISON

The ECAM analysis for the NoFoam System technology (Appendix D) net present value is
$670,414 at 15-year, with an internal rate of return of 281% at 15-year, and the discount payback
of 0.36-year.

The disposal cost savings of $50,000 per aircraft hangar every two years is shown with the
NoFoam System (25,000-gallon AFFF wastewater per hangar at $2 per gallon for disposal).
There are more than 500 aircraft hangar fire suppression foam systems which translate to over
$25 million in savings every two years for the DoD. Additionally, over 4.6 million dollars will
accrue in cost avoidance every two years because the facilities will not have to purchase AFFF
concentrate to perform foam distribution checks. This estimate is based on 773-gallons of AFFF
concentrate per aircraft hangar at $12.00 per gallon.

7.3.1 Arizona Air National Guard
Arizona Air National Guard saw a disposal cost savings of over $53,000 every two years as
required by Reference 1 (26,500-gallon AFFF wastewater per hangar at $2 per gallon for
disposal) and a cost savings of over $4,900 for AFFF concentrate replenishment cost (410-gallon
AFFF concentrate at $12 per gallon).

In this case Arizona Air National Guard benefits from this technology which includes the

elimination of generated AFFF wastewater from foam distribution system checks; eliminating
ground water contamination, eliminating waste treatment plant upsets, eliminating disposal costs,
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reduced AFFF concentrate procurement, and greatly reduced the down time of the aircraft hangar
(mopping-up and returning the aircraft hangar to the tenant command or squadron was done
within an one hour). Additionally, it maximizes the facilities confidence level by ensuring that
the aircraft hangar fire suppression foam system functions properly—allowing facilities to meet
their mission.

7.3.2 Marine Corps Base Hawaii

MCB Hawaii will not receive any cost savings due to the fact that nozzle discharge checks are
not performed hence “NO” foam laden wastewater is generated. Nor does it require AFFF
concentrate replenishment cost. However, if nozzle discharge checks are performed every two
years as required by Reference 1, Marine Corps Base Hawaii shall see a disposal cost savings of
$22,000 every two years (10,900-gallon AFFF wastewater per hangar at $2 per gallon for
disposal). Also, a cost savings of over $2,000 for AFFF concentrate replenishment cost (169-
gallon AFFF concentrate at $12 per gallon).

In this case Marine Corps Base Hawaii will not benefit due to the current zero disposal cost

savings and AFFF concentrate replenishment cost; this questions the operability of the fire
suppression foam system when the time arises.
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8.0 IMPLEMENTATION ISSUES

The Clean Water Act, Resource Conservation and Recovery Act, and local pollution and waste
minimization regulations apply to the NoFoam System technology. The technology eliminates
generated foam laden wastewater from aircraft fire suppression foam system nozzle discharge
checks with the use of water as the surrogate fluid. Also, no generated waste or by-products
were generated from the aircraft hangar nozzle discharge checks. No new or additional permit
was necessary.

No other regulatory issues are known at this time. The NoFoam System technology
demonstration and validation were conducted on full-scale applications on U.S. Air Force
National Guard and U.S. Marine Corps aircraft hangar fire suppression foam systems. The
technology is widely applicable, not only within DoD, but also within the private sector. No
proprietary technology is employed that would impact future NoFoam System procurement
which consists of commercially available-off-the-shelf components such as, valves, pipes, pipe
fittings, flow meters, and monitors.

Currently, NAVFAC ESC has a contract license with Kaare Holm (San Diego, CA) for rights to
commercialize the NoFoam System technology for ARFF vehicles. Similar, Kaare Holm has
expressed high interest on contract licensing to commercialize the NoFoam System technology
for aircraft hangar fire suppression foam system.

The environmental impact issues and the technology addressed by the NoFoam System have
been recognized and are addressed in NFPA 11 [Reference 4], Annex F - Foam Environmental
Issues, paragraph F.3.3 System Tests, outlining the methodology used by the NoFoam System
technology and indicating, with the approval of the authority having jurisdiction, that the test
method is valid.

Also, UFC 4-211-01N [Reference 6] section 3-10.14.4 System Testing, recognizes the NoFoam

System technology, which has a high potential for the technology to be built-in into future
aircraft fire suppression foam systems.
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APPENDIX A

POINTS OF CONTACT
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POINT OF ORGANIZATION Contact Role in
CONTACT Project
Rance Kudo NAVFAC ESC w: (805) 982-4976 Project
1100 23rd Ave., EV-421 fax: (805) 982-4832 Engineer,
Port Hueneme, CA 93043 email: rance.kudo@navy.mil Overall

responsibility
for project

management

Dr. Richard Lee | NAVFAC ESC w: (805) 982-1670 Quality
1100 23rd Ave., EV-421 fax: (805) 982-4832 Insurance
Port Hueneme, CA 94043 email: richard.leel@navy.mil Officer

Brad Hollan NAVFAC ESC w: (805) 982-1320 Project
1100 23rd Ave., EV-421 fax: (805) 982-4832 Assistant
Port Hueneme, CA 94043 email: brad.hollan@navy.mil

Cheryl Settle Arizona ANG w: (520) 295-6579 Site

DEMA/162nd Fighter Wing
1350 E. Perimeter Way
Tucson, AZ 85706-6062

fax: (520) 295-6064

email: cheryl.settle@aztucs.ang.af.mil

Coordinator

Carolyn Irvin

Marin Corps Base Hawaii
Building 1360
Kaneohe, HI 96863

w: (808) 257-6920, ext 238

fax: (808) 257-2794

e-mail: carolyn.irvin@usmc.mil

Site
Coordinator
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APPENDIX B
NOFOAM SYSTEM DISCHARGE DATA

e Arizona Air National Guard
0 Hangar 12

e Marin Corps Base Hawalii
0 Building 5069
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Arizona Air National Guard Hangar 12:

Run-1:

date: 4 April 2008, Run-1
by: Arizona Air National Guard &

HANGAR: 12 Arizona Air National Guard Run-1

DISCHARGE TABLE

sheet no.: 01

AFFF: 3%

NFAC ESC
WATER DISCHARGE
DISCHARGE FLOW RATE TIME COMMENTS / PROBLEMS
(GPM) (GPM) (SEC)

Pump:

2739 158
water press = _100 psi

AFFF:

89 158
AFFF press = _80 psi
Nozzles:

1. 322 158
2. 336 158
3. 363 158
4. 345 158
5. 354 158
6. 322 158
7. 363 158
8. 345 158
9. 336 158

NOTE: Blank = NO DATA

Run-2:

24-apr-06, hangar s

HANGAR: 12 Arizona Air National Guard Run-2

date: 4 April 2008, Run-2
by: Arizona Air National Guard &

DISCHARGE TABLE

sheet no.: 02

AFFF: 3%

NFAC ESC
WATER DISCHARGE
DISCHARGE FLOW RATE TIME COMMENTS / PROBLEMS
(GPM) (GPM) (SEC)

Pump:

2750 132
water press = _100 psi

AFFF:

93 132
AFFF press = _80 psi
Nozzles:

1. 322 132
2. 336 132
3. 363 132
4. 345 132
5. 354 132
6. 322 132
7. 363 132
8. 345 132
9. 340 132

NOTE: Blank = NO DATA

24-apr-06, hangar s



Pump Room Run-1:
Arizona ANG - Pump Room Run-1

3000

—e— fire pump
—#— AFFF surrogate

2500

2000

flow (gpm)

1500

1000

500

-500

time (second)

Pump Room Run-2:
Arizona ANG - Pump Room Run-2

3000

—e— fire pump
—m— AFFF surrogate

2500

2000
flow (gpm)

1500

1000

500

-500

time (second)
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Pump Room Run-1 and Run-2 Data:

TOAS5 CR3000 CR3000 1571 CR3000.5td.0 CPU:larizonapmpr
5 m.CR3
TIMESTAMP RECORD Batt Volt Measure Measure_2
TS RN Volts mV mV
Smp Smp Smp

RUN-1:
4/4/2008 7:55 1945 13.23 -0.564 0.702
4/4/2008 7:55 1946 13.23 49.71 0.702
4/4/2008 7:55 1947 13.23 164.2 0.702
4/4/2008 7:55 1948 13.23 334.9 0.521
4/4/2008 7:55 1949 13.23 401.3 0.34
4/4/2008 7:55 1950 13.23 426.8 0.702
4/4/2008 7:55 1951 13.23 436.9 0.702
4/4/2008 7:55 1952 13.23 626.1 25.03
4/4/2008 7:55 1953 13.23 1365 43.47
4/4/2008 7:55 1954 13.23 1889 73.61
4/4/2008 7:55 1955 13.23 2148 78.44
4/4/2008 7:55 1956 13.23 2269 82.60
4/4/2008 7:55 1957 13.23 2318 87
4/4/2008 7:55 1958 13.23 2351 86.81
4/4/2008 7:55 1959 13.23 2372 87.47
4/4/2008 7:55 1960 13.23 2387 88.82
4/4/2008 7:55 1961 13.23 2412 83.81
4/4/2008 7:55 1962 13.23 2456 84
4/4/2008 7:55 1963 13.23 2508 85.11
4/4/2008 7:55 1964 13.23 2557 83.75
4/4/2008 7:55 1965 13.23 2587 82.92
4/4/2008 7:55 1966 13.23 2611 84.28
4/4/2008 7:55 1967 13.23 2642 83.74
4/4/2008 7:55 1968 13.23 2668 83.31
4/4/2008 7:55 1969 13.23 2693 82.87
4/4/2008 7:55 1970 13.23 2706 82.83
4/4/2008 7:55 1971 13.23 2716 84.61
4/4/2008 7:55 1972 13.23 2721 85.55
4/4/2008 7:55 1973 13.23 2724 85.83
4/4/2008 7:55 1974 13.23 2718 87.43
4/4/2008 7:55 1975 13.23 2713 88.82
4/4/2008 7:55 1976 13.23 2715 83.81
4/4/2008 7:55 1977 13.23 2722 84
4/4/2008 7:55 1978 13.23 2725 85.11
4/4/2008 7:55 1979 13.23 2731 83.75
4/4/2008 7:55 1980 13.23 2736 82.92
4/4/2008 7:55 1981 13.23 2737 84.28
4/4/2008 7:55 1982 13.23 2733 83.74
4/4/2008 7:55 1983 13.23 2734 83.31
4/4/2008 7:55 1984 13.23 2732 82.87
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4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:55
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033

13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23

2729
2729
2733
2736
2737
2741
2744
2745
2749
2749
2745
2743
2741
2739
2741
2744
2745
2746
2744
2742
2665
2634
2623
2618
2615
2615
2616
2616
2616
2615
2617
2623
2630
2631
2632
2637
2639
2576
2550
2540
2536
2536
2536
2543
2552
2564
2576
2585
2587
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82.83
84.61
85.55
85.83

87
87.58
87.54
87.23
85.84
87.23
87.47
87.54
87.46
87.21
86.85
87.23
87.74
87.47

87

87
87.27
87.45
87.53
87.44

87
86.84
87.27
87.43
87.42
87.27

87

87
87.47
87.53

87
86.87
87.25
87.46
87.45
87.46

87
86.83
87.25
87.74
87.47

87

87
87.25
87.25



4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:56
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57

2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
2062
2063
2064
2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075
2076
2077
2078
2079
2080
2081
2082

13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23
13.23

2589
2591
2593
2594
2596
2604
2612
2618
2623
2628
2634
2643
2649
2656
2661
2663
2664
2671
2673
2677
2682
2688
2693
2695
2695
2694
2697
2699
2699
2699
2699
2700
2703
2704
2704
2703
2703
2704
2704
2704
2704
2707
2710
2712
2714
2717
2720
2723
2724
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87.58
87.46
86.81
86.81
87.47
87.47
87.45

87
87.25

87
87.47
87.77
87.25
86.87

87
87.33
87.57
87.32
87.27
86.81
87.26
87.57
87.36

87

87
87.26
87.52
87.73
87.39

87

87
87.28
87.51
87.35
87.21
87.22

87
87.53
87.77
87.28
86.81

87
87.53
87.53
87.37
87.26

87
87.27
87.71



4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/2008 7:57
4/4/20