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IN GLOVEBOXES



ABSTRACT

Department of Energy (DOE) Orders and National Fire Protection Association (NFPA) Codes
and Standards require fire suppression in gloveboxes. Several potential solutions have been and
are currently being considered at Los Alamos National LLaboratory (LANL). The objective is to
provide reliable, minimally invasive, and seismically robust fire suppression capable of
extinguishing Class A, B, and C fires; achieve compliance with DOE and NFPA requirements;
and provide value-added improvements to fire safety in gloveboxes. This report provides a brief
summary of current approaches and also documents the successful fire tests conducted to prove
that one approach, specifically Fire Foe™ tubes, is capable of achieving the requirement to
provide reliable fire protection in gloveboxes in a cost-effective manner.

INTRODUCTION

DOE Standard 1066 and NFPA 80! require automatic fire suppression to be installed in
gloveboxes and, potentially, fume hoods as well. These regulatory requirements stem from actual
fire incidents. The need for some form of automatic fire suppression is very real due to the nature
of glovebox operations and the materials contained within gloveboxes and fume hoods. For the
purpose of this report, we refer to gloveboxes and fume hoods as one category, called enclosures.

Significant resources are spent annually within the DOE Complex to analyze, evaluate, and
develop engineered and administrative controls, develop surveillances, and audit the execution of
Authorization Basis programs. These resources are expended in an effort to minimize the
potential effects of an enclosure fire to workers and the public, facility and programmatic assets,
and program mission delivery. Many of these controls rely on worker intervention to either
extinguish the fire or to retard its growth, exposing the worker to potentially lethal conditions.
Additionally, this approach does not address conditions in which a worker is not present or
during off-shift events. While a worker may be able to contain an enclosure fire and not be
exposed to any detrimental effects, the resulting political fallout from such an event could
significantly delay or prevent a program or even a facility from restarting operations.

The preceding discussion simply reinforces the need for some form of cost-effective automatic
fire suppression to be installed in enclosures. The features of several existing and proposed fire
suppression systems are described below.

Water-based suppression systems are capable of providing fire suppression and are inherently
reliable. However, they require penetrations into the glovebox and present a potential dilemma in
the event of sprinkler/nozzle activation with respect to volume of water discharged and the
disposal mechanism for potentially contaminated water. Toppling of a glovebox during a seismic
event would eliminate fire suppression in the enclosure with this type of system. Additionally,
the volume of water flow from a broken pipe would far exceed the volume of water flow from a
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sprinkler, which would compromise the ability of the overhead sprinkler system to suppress a
fire. A dedicated water mist system would be incapacitated, but not affect the overhead
suppression system.

Inertion is another approach to minimize the potential for fire by providing an oxygen deficient
atmosphere that does not support combustion in the enclosure. As such, inertion 1s not a “fire
suppression” system. The inertion systems are installed to support process requirements typically
involving pyrophoric metals. Inertion is the predominant approach throughout the DOE Complex
to minimize the possibility of fire in enclosures. Fire mitigation is reliable up to the point at
which the inert atmosphere can be maintained. Toppling of a glovebox during a seismic event or
loss of electrical power to the vacuum equipment would disrupt the inertion and the atmosphere
intended to mitigate the possibility of a fire.

Dry chemical systems, similar to kitchen hood systems, have been proposed and mocked up, but
not subject to actual fire tests to prove their viability. However, dry chemical systems would
require penetrations into the enclosure and seismic modifications to the glovebox, adding
considerable expense to this unproven system. Toppling of a glovebox during a seismic event
would potentially damage piping or the agent cylinder, compromising its ability to suppress fire.
Additionally, the heat detector located in the ceiling, which acts as a means of activation for the
dry chemical system, would now be located on the side of the glovebox, adversely affecting the
response time for this suppression system if it were still functional after a seismic event.

Fire Foe™ is a self-contained fire extinguisher that would be mounted to the interior of the
enclosure via four to six bolts. Fire Foe™ provides a reliable means of fire suppression. (See
appendices for fire test data.) The tubes are seismically robust, and toppling of a glovebox during
a seismic event would not affect the Fire Foe™ tube. Therefore, the tube would remain
functional and provide an active means of fire suppression in the enclosure.

FIRE FOE™ TUBES

Fire Foe™ tubes are a self-contained, heat intelligent, fire extinguisher that is UL Listed for
Class B (i.e., liquid pool fires) and Class C (i.e., energized electrical circuits) fires in enclosures
of 15, 30, 60, 100, and 130 {t*. The manufacturer also produces a larger tube for 250-{t*
enclosures. The 250-f1 tube was not subject to UL testing and does not carry the UL mark. The
250-1t tube is manufactured to the same standards and with the same equipment used to produce
the smaller UL-Listed tubes. Fire Foe™ tubes do not carry a Class A (i.e., ordinary
combustibles) listing because there is no nationally recognized test for Class A fires in
enclosures.

The Fire Foe™ tubes contain Envirogel®, which is a mixture of sodium bicarbonate powder
(micro-ground) and two clean agent suppressants:, FE-25™ and FE-36™, The sodium
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bicarbonate disperses with the clean agent suppressants and coats the contents of the enclosure to
prevent re-ignition of combustibles.

Research into the clean agent suppressants revealed they are both listed for Class A, as well as
Class B and C fires. According to the technical bulletins for each clean agent suppressant:

~ &  FE-25™ “The accepted Mimmum Extinguishing Concentration (MEC) for FE-25™ for
(Class-A fires is 6.7% based on the Class-A fire test requirements found in Underwriters
Laboratories’ (UL) Standard 2166, For Class-B fires, the MEC is 7% based on cup-
burner tests with n-heptane fuel.... FE-25™ js an ideal replacement for Halon 130! for
the total flooding of enclosures. It can be used in applications where people are normally
present (normally occupied spaces) for Class-A fire assets.”

e FE-36™ “DuPont™ FE-36™ |s the most widely used zero ozone depleting replacement

for Halon 1211 in portable fire extinguishers and is approved for use in Class-A, -B, and
—C fires.”

The technical bulletins for FE-25™ and FE-36™, included in Appendix E, indicate
extinguishing characteristics of the clean agent suppressants, which leads us to believe the tubes
could be utilized to extinguish Class A fires. In addition, the manufacturer of the tube was
confident Fire Foe™ tubes would prove successful for extinguishing Class A fires.

The Fire Foe™ tube is constructed of Nylon 6,6 (PA66) that is 0.065” (1.65-mm) thick with a
milled strip that is 0.055” (1.4-mm) thick for standard temperature tubes and 0.085-in. (2.16-
mm) thick with a milled strip that is 0.075” (1.9-mm) thick. The thinner milled strip i1s intended
to be the release/rupture point at tube activation. The milled strip is identified by a strip of black
tape to facilitate alignment of the tube for optimal discharge during installation. Tubes are sealed
at the ends with 12L14 carbon steel caps. One end of the tube is fitted with a fire extinguisher-
type gauge, which provides an easy means to inspect the tube to ensure it is properly pressurized.
The operating range of the gauge is 75 psi to 121 psi (i.e., the green band of the gauge). The
other end of the tube is fitted with a threaded fitting and spring-loaded plunger assembly that is
utilized to fill, pressurize, and seal the tube. Tubes can be manufactured with 304 stainless steel
end caps instead of 12L14 carbon steel to suit glovebox working environments.

Fire Foe™ uses patented technology and specially formulated heat-intelligent nylon tubes,
eliminating the need for additional heat detectors. There is no need for an initiating device to
activate the tube or any type of power supply, making Fire Foe™ a cost-effective, automatic fire
extinguishing system. The narrow tube profile and bolt-on simplicity save time and money when
fitting or retro-fitting this fire suppression system, minimizing downtime and loss of
productivity.

Standard tubes are effective in ambient operating temperatures up to 175°F (80°C) and are
accredited by UL up to 130°F (55°C). High-temperature tubes are suitable for use in ambient
operating temperatures up to 220°F (105°C). The manufacturer can provide dummy tubes with
heat recording labels to help determine maximum ambient operating temperature in the

Page 4



enclosure, with the dummy tubes installed in locations actual Fire Foe™ tubes would be
installed.

Fire Foe™ reacts to all fires, slow burning over time as well as flash fires. Tubes are normally
pressurized to 100 psi at room temperature. Below 175°F (80°C), the Fire Foe™ tube is stable.
When the heat from a fire climbs above 175°F (80°C), the Fire Foe™ triggers the heat-intelligent
nylon tube, which begins to activate (i.e., soften). High-temperature tubes will begin to self-
activate above 240°F (115°C). As the temperature rises, the internal pressure of Envirogel®
increases, eventually rupturing the tube along a milled release strip, releasing the Envirogel®. At
316°F (150°C), standard temperature tubes discharge instantly. The Envirogel® undergoes a
phase change from gel to gas, which instantly interrupts the combustion process, absorbing heat
and chemically extinguishing the fire. The non-toxic and non-corrosive sodium bicarbonate
powder travels with the gas, coating any combustible material to prevent re-ignition.

Tubes are vibration- and corrosion-resistant, unaffected by low temperatures, and will not
activate before the pre-determined temperature has been reached (500 successful individual
activations were performed sequentially to secure UL approval).

Fire Foe™ is provided with an integral pressure gauge for easy monitoring. Additionally, the
tubes are available with an integral pressure switch that can be tied into the fire alarm system for
monitoring. Periodic maintenance can be accomplished by a visual inspection of the gauge
located on the end of the tube. A log should be maintained to confirm that the pressure is still
within the acceptable range (i.e., green band on gauge).

DEVELOPMENT OF TEST PROTOCOL

LANL’s ES-DE Fire Protection Division developed a phased test plan to minimize financial
exposure to LANL in the event proof-of-concept tests were not successful. The initial phase was
comprised of proof-of-concept testing at the manufacturer’s facility. Successful proof-of-concept
testing would be followed up with subsequent phases that consisted of Nationally Recognized
Testing Laboratory (NRTL) fire testing based on the developed test protocol.

As previously stated, there is not a nationally recognized test for Class A fires in enclosures. We
used this to our advantage to develop a test protocol tailored to needs here at LANL.
Specifically, the Class A combustibles would consist of a wood crib, boxes of Kim-wipes, and
Tygon tubing. Class B combustibles would be comprised of acetone and cutting oil. Class C
combustibles would consist of wire bundles comprised of #16 AWG, #18 AWG, and coaxial
cables. The test protocol was prepared in conjunction with QuickFire, the manufacturer of Fire
Foe™ tubes. Due to the lack of a Class A listing for any tubes, we developed the test protocol
based on the largest tube (i.e., 250 ft*) tube manufactured by QuickFire to yield the greatest
benefit to the Laboratory. (See Appendix B, Test Protocol Developed between LANL and
QuickFire.)
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PROOF-OF-CONCEPT TESTING

LANL provided sketches and details to QuickFire to permit the manufacturer to fabricate a
glovebox mock-up at its facility to perform fire tests. Dimensions of the mock-up were 8L x
5°W x 6’H, yielding a 250-ft* enclosure. Pictures of the enclosure are included in Appendix C,
Fire Foe™ in 250 CF Glove Box — Proof-of-Concept Test Report. LANL provided windows,
window gaskets, gloves, and HEPA exhaust filters identical to equipment used on gloveboxes at
LANL.

When the glovebox mock-up was completed, the manufacturer installed thermocouples to record
the temperature profile in the enclosure, pressure transducers to record the pressure profile in the
enclosure, and a blower and ducting to provide the airflow indicated in the test protocol. The
thermocouples and pressure transducers were connected to a computer to record data for all
proof-of-concept fire tests. Airflow was measured with an anemometer and set to 250 cfim (i.e.,
one air change per minute). The airflow used for the fire tests 1s greater than that used for
gloveboxes, and more consistent with fume hoods, thus opening the door to the possibility that
the tubes could be used in fume hoods—and providing a dual-use benefit of the tubes for LANL,
The air intake opening was adjusted to provide negative pressure as indicated in the test protocol.
Negative pressure is required in the enclosure, with respect to the room in which it is located, to
ensure the glovebox does not discharge its contained environment to the surrounding room in the
event of a glove breach or other breach of the enclosure. The requirement to maintain negative
pressure was a concern because of the fact that the internal pressure inside the Fire Foe™ tube is
approximately 600 psi at rupture, which intuitively would generate a pressure surge. The concern
was unfounded, as activation of the tube resulted in a negative pressure spike, actually pulling
the gloves into the enclosure.

Summary of Proof-of-Concept Test Results

QuickFire performed numerous fire tests at its facility in accordance with our co-established test
protocol. Fire tests were performed utilizing Class A combustibles, Class B combustibles, and
Class C' combustibles fires and various combinations of combustibles to confirm the Fire Foe™
tube is capable of successfully extinguishing all three classes of fires in enclosures. Class A
comibustibles used for this series of fire tests consisted of wood cribs constructed of nominally
17D x 2°W x 10”L pine into a 10” cube stuffed with crumpled newspaper to represent a deep-
seated fire.

1 Class C fires are energized electrical equipment, and the requirement is for the extinguishing agent to be
electrically non-conductive. Envirogel® is already listed for Class C fires as a non-conductor. The intent of our fire
test was to prove that the insulation for electrical equipment and wiring would be successfully extinguished
(similar to Class A and Class B combustibles).
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The individual proof-of-concept fire tests performed by QuickFire are referred to as “Test
Protocol #” in its report, “Fire Foe™ in 250 CF Glovebox Proof-of-Concept Test Report™
(Appendix C).

QuickFire performed 10 proof-of-concept tests at =% water column (i.e., glovebox negative
pressure requirement) that were 100% successful. The proof-of-concept tests used various
combustibles as defined in the test protocol. Successful testing led to an additional set of tests
that were performed September 20, 2010, at QuickFire’s facility in Fort Wayne, IN, and
witnessed by LANL representatives Mark S. Rosenberger and James A. Tsiagkouris of ES-DE
Division. The pressure was adjusted to —V4” water column for this next series of fire tests to more
closely reflect actual glovebox conditions found at LANL. An additional four proof-of-concept
tests were performed that were also 100% successful.

The positive pressure surge envisioned at tube activation/rupture proved to be unfounded, as the
pressure surge was negative due to the phase change and cooling effect of Envirogel®. The only
positive pressure changes were the result of involvement of combustibles during the fire tests.

The Fire Foe™ tube was located along the longitudinal centerline of the glovebox mock-up for
all 14 proof-of-concept tests performed at the manufacturers’ facility. As we worked through
proof-of-concept testing, we realized that even though the centerline of the glovebox was the
optimal location for the tube, it was not the most accessible location for attachment of the tube.
Additionally, equipment or processes used in the glovebox may preclude locating the tube in the
centerline of the enclosure. We requested additional fire tests with the tube located closer to the
side of the enclosure, which would have a two-fold benefit: allowing easy access to the tube
from the glove ports and providing redundancy of suppression via installation of tubes on each
side of the enclosure. QuickFire performed additional proof-of-concept tests with the tube
located nominally 6™ below the ceiling and 6” from the side wall; the tests were 100%
successful. All fire test conditions were maintained for a minimum of 5 minutes after activation
of the Fire Foe™ tube to confirm there was not any re-ignition of combustibles or any remaining
embers that would support continued combustion in accordance with UL guidelines. Table |
shows a summary of the test results.
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Table 1. Summary of Proof-of-Concept Test Results

Time from Ignition to Approximate Ceiling
Fire Type of Activation of Fire Foe™ | Temperature at Tube
Test No. Combustibles Tube {minutes:seconds) Activation
1 Class B’ 2:03 370°F
2 Class B 0:56 465°F
3 Class B 1:29 430°F
4 Class A’ and B 1:25 340°F
5 Class Aand B 2:31 355°F
6 Class Aand B 1:16 255°F
7 Class A, B and C° 2:33 305°F
8 Class A,Band C 1:07 390°F
9 Class A, Band C 2:08 325°F
, 10 Class A,Band C 2:18 nfa
. 11 |classABandcC 1:58 315°F
12 Class Band C 3:05 322°F
13 Class B and C 5:59 270°F
14 Class A, Band C 3:45 545°F*
Class B Liquid pool fires - Acetone and preheated culting oil
Class A Wood crib, and crumpled newspaper and Tygon tubing

*Class C Coaxial cable, #16 THHN, and #18 THHN
4130 f° tube installed in 250 f* enclosure

Additional proof-of-concept fire tests were performed to document that the tube would
successtully extinguish fires even with various tube locations within the enclosure. At the end of
this entire testing cycle, the gloves in the gloveboxes were still intact and pliable without any
breaches, but they did have some discoloration because of their proximity to the fire. The
windows did not suffer any damage or clouding, and the window gaskets showed no signs of fire
damage.

NRTL TESTING

Successful proof-of-concept testing permitted us to proceed with NRTL testing, which was to be
witnessed by LANL representatives. Intertek, an NRTL, agreed that testing and set-up would be
easier if the glovebox mock-up remained at QuickFire’s facility. Follow-up NRTL testing was
performed October 19, 2010, and witnessed by LANL representatives Mark S. Rosenberger and
James A. Tsiagkouris. (See Appendix D, Intertek Report No. 100238106SAT-001.) The purpose
of contracting with an NRTL was to provide independent verification of the test results.
Additionally, the NRTL has the ability to provide long-term inspections at the manufacturer’s
facility to guarantee to LANL that tubes are manufactured to the same specifications as the tubes
used for fire tests.
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Summary of NRTL Test Results

NRTL monitored and recorded the six tests that were performed. The Fire Foe™ tube
successfully extinguished fire tests 1, 3, 4, 5, and 6. For this series of fire tests, we used a UL
1975 wood crib assembly (pictured in Appendix D). The UL 1975 wood crib has a smaller heat
release rate than the wood crib used for the proof-of-coneept fire tests. To initiate the fire test,
the wood excelsior inside the base of the wood crib was ignited and allowed to burn for 1 minute
prior to introduction of acetone. The pressure wave penerated when the acetone became involved
in the fire had an extinguishing effect on the wood crib fire. This effect is evident in fire test

no. 2 as the fire burned out prior to reaching a temperature that was sufficient to activate the
tube. To minimize the extinguishing effect experienced during introduction and involvement of
acetone, we decided to allow the wood erib to burn for 2 minutes for fire tests 5 and 6. Table 2
summaries the NRTL test results.

Table 2. Summary of NRTL Test Results

Time from Ignition to Approximate Approximate
Fire Activation of Fire Ceiling Pressure
Test Type of Foe™ Tube Temperature at | Change at Tube
No. Combustibles {minutes:seconds) Tube Activation Activation
1 Class A', B?, and C* 4:21 311 -9"WC
2 Class A Band C Fire burned out - -
3 Class A, Band C 6:11 430°F -3.5"WC
4 Class A, Band C 2:52 340°F £ WC
5 Class A, Band C 3:13 355°F -14.58"WC
| G Class A,Band C 3.42 255°F -12" WO
'Class A UL 1875 weod crib and Tygon tubing
Class B Liguid pool fires - Acetone and preheated cutting ol
*Class C Coaxial cable, #16 AWG, and #18 AG bundle of wires
ENVIRONMENTAL IMPACT

Based on fire tests performed to validate this suppression system, Fire Foe™ tubes typically
discharge within four minutes in the event of a fire in the enclosure. The resulting discharge will
introduce the Envirogel® into the enclosure. At the time of discharge, the Envirogel® will
consist of the components and forms listed in Table 3.

Tahle 3. Envirogel® Components and Forms

Component Form
Sodium Bicarbonate Powder
Nitrogen Gas
DuPont FE-25™ Gas
DuPont FE-36™ Gas
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Dupont, Inc., manufactures the fire extinguishing agents FE-25™ and FE-36™ as Halon 1301
replacements. Both agents have been Significant New Alternatives Policy (SNAP) program-
approved by the Environmental Protection Agency (EPA) and are suitable for direct release to
the atmosphere as ozone non-depleting agents.

The products of combustion that will be produced in a fire event cannot be fully anticipated
because they are dependent on the contents of the enclosure and the materials involved in the
fire. However, consistent with any industrial fire event, the agents will interact with the
combustion process and will generate a number of compounds that are adverse to health safety
and the environment.

In the event of a small fire, it would be fully anticipated, as Jong as the exhaust system remains
functional, that the products of combustion would be contained by the primary exhaust system.
This would provide filtering of the smoke prior to discharge to the environment. If the fire were
to involve gloves in a glovebox or be at the face of a hood, then the products could be discharged
into the adjacent air spaces. This smoke is fully anticipated to be processed by the secondary air
handling systems supporting the affected facility. This type of scenario is normally addressed as
part of the Authorization Basis for a facility but would have to be reviewed for any potential
impact to the bounding design basis accidents that have been developed.

Decommissioning

Decommissioning of the tubes presents several challenges, listed below:

e Potential radiological surface contamination on the tube
e Relieving internal pressure of the tube

e Disposal of the tube contents

e Disposal of the tube

We have explored methods to decommission the tubes. We propose the following steps for
disposal of tubes that are not provided with an integrated pressure switch:

Identify the tube for decommissioning,.

Remove the identified tube from the mounting bracket.

Remove the screw end cap from the tube, exposing the spring-loaded valve.

Screw in the pressure relief tool and attach a capture bag to the discharge end of the relief
tool.

R N

5. Engage spring-Joaded valve by rotating the tube and release internal pressure; any
contents of the tube will be captured in the attached bag.

6. Empty the remaining contents of the tube into the bag.

7. Cut tube as required to accommodate removal of tube from the enclosure.

In the event of potential radiological surface contamination, the tubes will have to be disposed of
as contaminated waste. Due to the nature of the tube’s surface materials, it is not anticipated they
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could be adequately decontaminated to allow for a free release from the environments in which
they are installed. Therefore, decommissioning will have to be performed inside the enclosure or
transferred to a dedicated enclosure for decommissioning,.

Once the pressure in the tube is relieved, and the contents of the tube (i.e., sodium bicarbonate
powder) are removed, the body of the tube can easily be cut, by a hand or power saw, into
shorter lengths as required to support removal from the enclosure by standard means. The cut
sections of tube targeted for waste would simply be processed out of the enclosure as non-
compactable waste.

The nitrogen gas used to charge the tube could be released in the enclosure itself and allowed to
discharge with the exhaust air from the glovebox through the facility’s filtered exhaust system.
Additionally, at atmospheric pressure, the FE-25™ and FE-36™ clean agent suppressants that
comprise the Envirogel® vaporize and are carried out with the nitrogen gas. This leaves only the
sodium bicarbonate powder in the tube, which would be processed with the spent tube and
disposed of as non-compactable waste.

Accidental Discharge

There is always the possibility of an accidental discharge of the tube. One scenario would be
premature failure of the tube. The most likely cause of this would be a standard temperature tube
placed in an environment in which it sees higher than anticipated ambient temperatures, similar
to the failure mechanism of a fire sprinkler in this type of environment. For a fire sprinkler, this
type of failure would result in the fire suppression system activating and discharging water from
the activated sprinkler into the protected area. In the event of a tube discharge, the result would
be simijlar; the tube would rupture and the agent would be released into the protected enclosure.

Another scenario would be mechanical impact resulting in a puncture or breach of the tube. Once
again, this scenario would be similar to a fire sprinkler placed in a physical location where the
sprinkler could be damaged by physical impact. [n the case of a sprinkler, physical damage could
result in damage that causes it to leak or could result in the thermal element being dislodged,
causing a full flow from the sprinkler. In either case, the result is the same: the fire suppression
system would be impaired and water would be flowing in the facility. The tubes are more robust
than a sprinkler but could be punctured, which would result in the agent being discharged from
the tube into the protected enclosure. In this scenario, the tube would have to be replaced.

Following the battery of fire tests performed to prove Fire Foe™ extinguishes Class A, B, and C
fires in enclosures, a puncture test was performed and recorded to help understand what would
happen if a tube was accidentally physically damaged. The test results showed that the agent
would discharge in powder form. [f a glovebox technician was present at the time of damage,
there would be positive visual indication of the agent discharging from the tube. Conversely, if a
glovebox technician was not present at the time of the accidental discharge, there would be
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visible indications in the form of sodium bicarbonate powder coating the interior of the enclosure
and its contents.

SEISMIC CONSIDERATIONS

Seismic considerations for systems, structures, or components (SSCs) installed in several LANL
facilities are of extreme importance. Seismic events present real and challenging problems in
designing engineering controls, which must ensure that these facilities are safe after a design
basis event. One of the most challenging accident scenarios considered as part of the
Authorization Basis analysis is the post-seismic fire event. In accordance with DOE Standard
1066 requirements, automatic fire suppression is required to be installed in all gloveboxes. The
following is a listing of the best candidates to fulfill this requirement:

Water-based suppression (i.e., fire sprinklers, and water mist)
Dry chemical

Inertion

Fire Foe™ Tubes

:tz-b.)t\_),—-

Each of the above systems could be installed in an enclosure, but each one presents its own set of
challenges in a post-seismic fire scenario.

Water-Based Suppression

Fire Sprinkler

Fire sprinklers are arguably the most cost-effective means of automatic fire suppression
available. Fire sprinklers have a history of effective fire suppression in many environments. Fire
sprinklers can either be piped to the overhead fire suppression system or piped independently to
each enclosure. These systems draw from water sources located outside of the facility they are
protecting. However, the presence of water within the enclosures at LANL can present major
problems for many processes, primarily the criticality of the materials present in the enclosures.

Given a seismic event, the water distribution system may not be intact and, therefore, no water
would be available to the fire sprinkler system. Even if the outside water supply were to survive
the seismic event, several issues remain with the seismic response of the facility and its contents,
Facility interior walls could shear the suppression piping, and equipment within the facility could
shift and damage the piping, resulting in loss of water to the system. Another concern as a result
of a seismic event is that of the enclosure itself. The enclosure could tip over if the support stand
failed. This would result in the sprinkler piping breaking and water being discharged from the
system, but not into the enclosure, which would also compromise the ability of the overhead
system to suppress a fire.
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Water Mist

Water mist fire suppression systems use a limited-volume water supply and deliver the water at a
high velocity through a nozzle designed to atomize the water stream into a fog. These systems
are designed to use much smaller amounts of water than fire sprinkler systems—an advantage
when considering criticality concerns. In another advantage, water mist systems are typically
designed with independent water supplies. These systems are fully listed and recognized for
distribution over time, which would allow for their application in environments that require
active exhaust systems. System downtime would be minimal if the water mist system discharged
as long as spare discharge nozzles, water, and gas cylinders were available.

However, water mist systems are still vulnerable to seismic response of the facility and its
contents just as the standard fire suppression system is. Additionally, water mist systems are
more complex than traditional fire suppression systems and, therefore, not as reliable.

An additional concern is the |ife cycle cost of the system. Because water mist systems are limited
supply systems, several of them would have to be installed to support a single facility. These
systems, similar to dry chemical systems, are required to be subjected to periodic inspection,
testing, and maintenance (I'TM) at a minimum of six-month intervals. The periodic ITM will
increase the overall operational costs of the facility significantly.

Dry Chemical

Dry chemical systems use dry powder fire suppression agents to suppress a fire. These systems
have dedicated limited supplies similar to the water mist system. These systems avoid the
criticality concerns that the water-based systems present.

However, they are also susceptible to the seismic response of the facility and its contents. These
systems, due Lo their complexity, have the same reliability concerns as water mist systems. They
also have the same life cycle costs that the water mist systems have because of the ITM
requirements.

Dry chemical systems are not allowed for “discharge-over-time” applications when installed as
listed by UL or Factory Mutual (FM). Additionally, NFPA 17, “Standard for Dry Chemical
Extinguishing Systems,” does not permit them to be installed as discharge-over-time
applications. Current systems being incorporated at LANL have installed flow restriction devices
that prolong the duration of the agent discharge. Installation of these flow restriction devices
places the overall system outside of its approved NRTL listing requirements. While they may use
an ABC-listed extinguishing agent, dry chemical systems are only listed for BC enclosure fire
applications since there is no nationally recognized standard test for Class A enclosure fires. To
satisfy these issues, an extensive testing plan will need to be developed and executed before
installing a dry chemical system in an enclosure 1s possible.
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Inertion

Inertion, while not technically a fire suppression system, needs to be discussed at part of this
report because it is currently the predominant method used to mitigate fires in enclosures.
Typical inertion systems are installed in enclosures that perform processes or handle materials
that may react in an environment containing oxygen, These systems typically dehumidify the
atmosphere and displace oxygen with nitrogen or argon, lowering the oxygen content. The
resultant oxygen concentration is less than 1% compared with the 21% present in the air we
breathe. This controlled low level of oxygen does not support the combustion process. Inertion
systems are typically package units that are sized, selected, and installed as part of the overall
enclosure.

The systems are relatively complex with vacuum pumps, inert gas regulation, system controls,
oxygen and humidity monitors, etc. The systems have good reliability as long as electrical power
is maintained. Inertion within the enclosure would be lost in the event the system is de-energized
or loses power. Additionally, inertion systems are vulnerable to the same seismic response issues
of the facility and its contents as water-based fire suppression and dry chemical systems.
However, inertion is more dependent on enclosure integrity than water-based fire suppression
and dry chemical systems. Therefore, in a post-seismic fire event, inertion capabilities would be
compromised by the loss of a window, glove, or gasket.

As previously stated, inertion systems are not fire suppression systems, but rather a means to
create an atmosphere that does not support combustion. This complicates the fire alarm interface
for monitoring and fire department response to alarms generated by the system. Engineering
evaluations will have to be performed to determine which portions of these systems would have
to be monitored and what the proper alarm response would be. This presents potential
Authorization Basis impacts that would have to be evaluated.

Fire Foe™ Tube

As described in previous sections of this report, the Fire Foe™ tube is a self-contained, self-
actuating extinguisher. The tube contains a proprietary mixture of FE-25™ FE-36™ and micro
ground sodium bicarbonate called Envirogel® as its extinguishing agent. The tubes, similar to
the dry chemical system, do not use water, thus avoiding potential criticality concerns within the
enclosures. The tubes are mounted entirely within the enclosure, eliminating the need for open or
water-filled piping to be installed through the enclosure and, therefore, not expanding the
enclosure envelope. This reduces potential issues that may increase the leak path factor
associated with an enclosure. Leak path factors result from additional penetrations through the
glovebox and subsequently affect the design basis calculations.

[ssues associated with seismic events are greatly reduced because the tubes are a passive
engineering control. They do not require any support SSC to be functioning in a post-seismic
event for them to be able to function. Post-seismic event issues are further reduced if the
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installation is done in accordance with the proposed general design criteria, which would require
redundant tubes be installed within an enclosure. If an enclosure were to fall over at any angle up
to 90° degrees from the vertical, a tube would still be in the upper portion of the enclosure and
exposed to heat generated by any fire within the enclosure. If the fire is of sufficient energy, the
tube will activate to extinguish the fire.

Unlike the dry chemical system, the Fire Foe™ tubes are specifically listed and have been tested
for environments that have up to one air change per minute. This provides a Listed and tested
solution for discharge-over-time applications that are required for environments exhausting the
enclosure to the atmosphere. This airflow rate exceeds typical exhaust flow rates for gloveboxes
and is more in line with flow rate requirements for fume hoods.

The tubes are currently UL Listed for Class B and C fires in enclosures up to 130 ft*. As
discussed in earlier sections of this report, the individual agents comprising the Envirogel®
mixture are listed as Class A, B, and C extinguishing agents, This report documents the
successful completion of fire testing that demonstrates, and has been verified by an independent
NRTL, that the tubes are capable of extinguishing Class A, B, and C fires in enclosure up to
250 ft* with airflow equivalent to one air change per minute.

However, the Fire Foe™ tubes may not be suitable for installation in every glovebox at LANL
because of the varying environments within the enclosures. High alpha radiation environments
are a concern because these particles deposit all of their energy at the surface of the material they
contact. Additionally, there may be aqueous chemical environments that attack the nylon tube in
a manner that will result in an abbreviated unacceptable service life. Radiation exposure tests
addressing the alpha contamination issues should be performed, and an evaluation of the aqueous
chemical environment for each candidate enclosure will have to be evaluated prior to installation.
These more aggressive environments will have to be reviewed to ensure they are compatible with
the Fire Foe™ tube.

RADIOLOGICAL AGE TESTING

Currently, the manufacturer does not list a recommended service life for the tube. The
manufacturer does offer a five-year warranty on the tube. This warranty covers manufacturing
and material defects for that period of time. In discussions of a service life for tubes installed at
LANL, the driving concern is how the Nylon 6,6 will react over time in a radiological
environment.

Alpha radiation presents the greatest challenge to the service life and integrity of the tube
because alpha particles deposit their energy at the surface of the material. The average depth of
penetration at the surface is 25 to 30 microns. This depth is nominally 2% of the wall thickness
of the tube,
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Initial literature reviews of Nylon 6,6 indicate that it will respond better in a radiological
environment than Teflon. The issue with the published literature for Nylon 6,6 is that the
literature does not present damage due specifically to alpha radiation; the nomographs typically
present radiological damage information based on a combined radiation field. The most relevant
information available are the results of the Teflon testing performed by LANL.% Results of this
testing showed that at 10° rad, the Teflon samples showed cracking, and at 10"’ rad, the Teflon
evaporated. Due to the lack of specific data for Nylon 6,6, some type of testing and/or material
monitoring should be established until a service life can be formally established for the tubes in
radiological environments.

Accelerated age testing could be conducted by applying (i.e., painting) Uranium 238 (U238) to
coupons of the Nylon 6,6, allowing the sarmples to age for specified periods, then cleaning the
sample by removing the U238 from the coupon and analyzing the surface characteristics by
comparing them to control sample of Nylon 6,6. A second approach would be to take coupons of
the material and place them in various enclosures with varying environments and analyze the
surface characteristics at specified intervals. A combination of these two approaches could be
used to provide information to establish and formalize a service life for the tubes.

The accelerated age testing by applying U238 would present the most conservative results due to
the high activity levels and heat generated by U238 particles relative to other materials. In the
case of coupon monitoring, a methodology of monitoring the enclosure environment over the
course of the testing period would have to be developed and executed to provide meaningful data
for determining radiological service life effects. A formal experimental plan will need to be
developed and executed to obtain definitive information.

DESIGN CRITERIA

The following design criteria are considered the minimum guidance for manufacture and
installation of the tubes within enclosures at LANL:

Tube:

. Tube body shall be constructed of Nylon 6,6.
2. Two activation temperatures shall be provided:
a. Standard Temperature: 175°F for installation in enclosures without heat-generating
equipment.
b. High Temperature: 220°F for installation in enclosures with heat-generating
equipment.
3. Tube end caps shall be constructed of 304 stainless steel (SS).
4. Pressure gauge assembly shall be 304 SS.

% “Characterization of the Alpha-Radiation Effects on Polytetraflouroethylene,” Lakis, Rollin, et al., 2000.

Page 16



11.

12.

Nominal wall thickness of the tube body shall be

a, Standard temperature: 0.065” +/- 0.005™

b. High temperature: 0.085” +/- 0.005™

Wall thickness of machined activation strip:

a. Standard temperature: 0.055” +/- 0.005”

b. High temperature: 0.075” +/- 0.005”

Machined activation strip shall start along the tube body 1.75” +/- 0.25” from the end
cap.

Machined activation strip shall be 0,875 +/- 0/125” wide, along the longitudinal axis of
the tube.

Tube shall be capable of being discharged within the enclosure.

. Tube shall be capable of being fitted with a pressure switch capable of being monitored

by a fire alarm system.

The pressure switch shall be a normally open dry contact type capable of being placed
within the same environment as the tube.

Mounting bracket assembly shall be manufactured from 304 SS.

Location

1.
2.

The tube shall be rigidly mounted within the enclosure.

The tube centerline shall be placed at 4” +/-2” from the ceiling of the enclosure and a
minimum of 4”+/- 0.5” from the wall of the enclosure.

The activation strip should be orientated in such a direction that it ensures coverage
throughout the enclosure. Nominally, the discharge strip shall be orientated away from
the nearest wall and at a 45° angle downward (i.e., 225° or 315°).

Size and Number of Tubes

1.

Tube sizing shall be based on gross volume, or net volume as determined by a registered
professional engineer. Maximum volume that can be protected by the Fire Foe™ is

250 {83, If the enclosure cannot support the tube length, then an engineering evaluation
shall be performed for the enclosure and its contents. Tube size will then be based on the
net volume of the enclosure.

As a means of redundancy, two tubes shall be installed in each enclosure. If the enclosure
or process cannot suppoit this configuration, then an engineering evaluation shall be
performed.

Service Life

As discussed in the previous section, the manufacturer does not publish a service life for the
tubes. The following are the service life recommendations. Installation of the tubes in high alpha
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radiation and aqueous chemical environments is not recommended until material-aging studies

can be completed.

8
2.
£

Service life of tubes in non-U238 radiological environments 1s five years.
Service life of tubes in U238 radiological environments is unknown.
Service life in aqueous chemical environments is unknown.

INSTALLATION METHODOLOGY

Specific instructions are required for each installation because each enclosure is unique with
respect to layout and design to accommodate unique processes and hazards. The following set of
generic installation instruction is provided as a baseline to initiate the development of specific

installation instructions.

l.

LS

Identify the size of the tube to be installed. This is based on the gross or net volume of the
enclosure up to 250 ft*. Net volume could be calculated to size the tube, but an
engineering evaluation must be performed.

Determine support locations within the enclosure. Mounting brackets shall be located so
that they attach to the tube 6” +/- 2” from each end, and not greater than 36” between
brackets. For 250-ft* tubes, a bracket shall be required mid-span of the tube.

Prepare the enclosure to accept the brackets as required. For gloveboxes, the
recommended process is to spot weld 0.25” threaded studs to the identified locations. For
hoods, the recommended process is to through-bolt and seal the bracket to the hood wall
at the identified locations.

In accordance with facility procedures, introduce the tube into the enclosure.

Clamp the tube in place according to the manufacturer’s instructions,

Ensure the tube is properly orientated within the enclosure and that the pressure gauge is
visible from a window of the enclosure to facilitate reading the pressure gauge.

If a pressure switch is provided with the tube, follow facility work control procedures to
tie in the pressure switch to the facility fire alarm system. Activation of the pressure
switch shall generate an alarm signal.

Perform an overall visual inspection of the installation.

MONETARY CONSIDERATIONS

Cost comparisons between the fire suppression systems discussed in this report are difficult to
evaluate because of the many factors that influence the final cost. For example, installation costs
vary dramatically between LANL’s different facilities. This also applies to ITM costs based on
the level of training and access requirements. (See Appendix A, Comparative Analysis.)

Wet-pipe sprinkler systems materials and installation costs are measured in the low tens of

thousands of dollars. Fire sprinkler costs are typically the lowest if the facility is already
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protected with a sprinkler system. However, if the water supply cannot support the required
expansion to provide suppression in enclosures, providing a dedicated fire sprinkler system
becomes cost prohibitive.,

Water mist and dry chemical systems materials and installation costs are measured in the high
tens of thousands of dollars and possibly hundreds of thousands of dollars for retrofit
applications. These systems are pre-engineered and require design and calculations to support the
selection of equipment. They also require design of required facility SSCs to support the
installation. Additionally, depending on the location of the system, seismic calculations and
structural modifications may be required. The long-term ITM costs will add significantly to the
Life Cycle Cost (LCC) of the systems. ITM costs will be measured in tens of thousands of
dollars on an annual basis. These costs don’t consider replacement of these systems as they age
and become obsolete.

Fire Foe™ tube material costs are measured in hundreds of dollars. Installation costs are
currently projected to be measured in hundreds of dollars for new work and thousands of dollars
for retrofit applications. I'TM requirements for the tubes are low and expected to be measured in
thousands of dollars annually. Replacement and disposal of the tubes at the end of their service
life are anticipated to be measured in tens of thousands of dollars. Replacement of the expended
tube is expected to be measured in thousands of dollars.

Inertion systems acquisition and installation is currently measured in terms of hundreds of
thousands of dollars.

All of these values are based on the authors’ experience with costs associated with different
projects at LANL.

FUTURE ASPIRATIONS

The Fire Foe™ technology presents a fire suppression tool that is capable of meeting challenges
that previously would have required more complex and costly solutions. Several possibilities that
exist with this technology are very exciting. These possibilities result from the unique nature of
the materials and applications that are present within the DOE Complex. One of the areas that is
the most exciting and presents a potential solution to fires unique to the DOE Complex is
determining if the delivery system can be used successfully with other types of extinguishing
agents (e.g., Metal X) for other classes of fires. Additionally, this tool provides another solution
to the fire suppression problem of providing protection to individual high-value or key pieces of
equipment or apparatus in remote or hazardous environments, and thus also reduces the potential
risk of program downtime caused by ineffective systems.
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CONCLUSION

Fire Foe™ tubes are a robust, reliable, and minimally invasive means of fire suppression for the
majority of gloveboxes at LANL. The tubes are available for standard and high-temperature
applications. Tubes are relatively easy to install and mounted/secured to the interior of the
enclosure with four to six bolts (depending on the size of the tube) and would not require
penetrations through the glovebox shell. The tubes are easily monitored by a fire alarm system
with an integrated pressure switch. Inclusion of a pressure switch would require a single
glovebox feedthrough for one or two pairs of 16 AWG wires if the Fire Foe™ tube is connected
to the fire alarm system for monitoring.

1t is our intent to specify redundancy for this application by requiring two Fire Foe™ tubes to be
installed, with one located on each side of the glovebox. This redundancy in the system would
have an added benefit in a seismic event; if the glovebox toppled onto its side, there would still
be an active Fire Foe™ tube located near the ceiling of the glovebox. If the tube located near the
bottom of the glovebox is punctured or ruptured when the glovebox topples, it would potentially
coat combustibles preventing ignition. The tube located near the top of the glovebox would
remain intact and ready to extinguish a fire.

Proof-of-concept fire tests have been documented to prove Fire Foe™ tubes successfully
extinguish Class A, B, and C fires in a glovebox enclosure when tested under conditions that are
in line with an actual glovebox working environment at LANL. The successful proof-of-concept
fire tests were followed by additional fire tests that were witnessed by Intertek, an NRTL. All
fire test data and test reports are included in the appendices.

As mentioned earlier in the report, QuickFire manufactures a range of tubes targeted to specific
volumes of enclosures. These tubes are scaled in their dimensions and contents for the volume of
the enclosure that is to be protected. By selecting the 250-ft* Fire Foe™ tube for our fire tests
and proving it is successful at extinguishing Class A, B, and C fires in enclosures, it affords us
the scalability of the Fire Foe™ product line, permitting installation of the full range of tubes in
enclosures with Class A, B, and C combustibles.
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Appendix A: Comparative Analysis

The two tables on the following pages comprise a comparative analysis of major attributes for
the fire suppression and fire mitigation systems discussed in this report. This comparative
analysis is purely qualitative. Numerical values are only provided to facilitate development of a
relative ranking of the various systems. The results of the ranking clearly show that Fire Foe™
tubes offer the greatest value and should be considered for installation in enclosures. There are
several issues beyond this analysis that will influence the final decision pertaining to the type of
fire suppression installed in an enclosure.



1 - AR scaring is relative with higher values given to the more desirable chardcteristics,

2 - Tha term "Passive” for the purposes of this comparaan means the system 15 not dependent on a signal from another syatem or device to activate.
3 - Due 1o criticality safety concerns water based fire suporession syslems may not be permined.

Suppression
systermn gualified
Penetration Support S5C Fire alarm for Class A, B, Level
into the required 1o Passive monitaring | Complexity of Ease of Seizmic and Cenclosure | of System
enclosure function activation | capability decommissioning | Disposal | installation | survivabilicy | Criticality | fires ™ complexity | Cost
r Score '
Sprinkler Required g Required Y. | Wy Ly Gy ey Ba Y La La La 16
_w‘l'l' Mist Reguired s Regulred o Na ¥a My M Fa P Bo Y Ha My Ha B -
Dry
Chemical Reguired 5 Reauired 5 Na ¥ My M Fi Py Gy Mg Ha My Ha 10
- iy
Inertion Required Required g HiA ¥y M M Fa _ Py Ga His Ha Ha He §
Fire Foe™ Mot required ;| Mot required ¥ Yy M M Ga Gi Gy Y, L; Ly Lj 1
Reauired = 0 B=fad=0 Lalowsl Y=Yes=1 M/A = Nat applicable
Mot regulred = 1 P=Poors1 B = Medium = 1 Nz=Na=( Unk = Unknown
F=Falr=2 H=High=0
G=Good=3
Notes:




Ease of Selsmic Leve| of System Suppression system gualified

P installation survivability Criticality T complaxity Cost for Class &, B, and C fires

Sprinkler G _P'| Ba Ly L i La __N o

Water Mist Fga Py Ba H s ﬂ| Hag Y

Dry Chemical Fa P Gs Hg My Hao MNa

Intartion Fi Py G Hag Heg Hag ksl

Fire Foa™ G3 Ga G3 Ls L3 Lz Yi

Reguired=10 N/A = Mot Applicable

Mol required = 1 YuYasm]

B=Bad=0 H=HNo=0

P=Poor=1 Unk = Unknown

F=Ffair=2

G=Good=3

L=Llow=2

i =Medium =1

H=High=0
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Appendix B: Test Protocol Developed between LANL and QuickFire

LANL Test Protocol: Fire Foe 48" Standard Tube in 250 Cubic Foot Glovebox

Glovebox Design and Manufacture:

1

Design a glove box with dimensions 8’ X 5’ X 6’ (I X b X h) with 250 cubic feet volume of frame
and panel construction, Box to be constructed in 14 gauge mild steel and to be as airtight as
practicable but to include one doorway or hatch for easy access. Box to incorporate 2 off %” full
length hanging rails approx 1” below ceiling. Box to incorporate glove ports and glove fixings,
glass window panels. Box to incorporate fixed negative pressure differential of 4" or 4"water
and fixed airflow of one air change (250 cubic feet) per minute by means of 8" diameter
inlet/exhaust pipes centered 8” below ceiling height on side panels. Exhaust will be through 8”
flanged spool piece {provided by LANL) which will house an inline HEPA air filter, with pressure
measurement transducers mounted below and above the HEPA filter in existing %" N.P.T. ports
(female thread).

Design a rack with dimensions 4" X 2’ constructed of a 2” X 2” angle steel frame with number 8
expanded metal grid standing 20" inches off the floor of the box.

windows, gloves and/or glove aperture blanking plates to be affixed to the box per fittings
supplied.

Install multiple pressure transducers in glovebox. Beginning with one placed between the
gloveports at the lowest level and every 18 inches above for a total of 4 stacked vertically +2
additional pressure transducers as indicated in Line Item No. 1 for a total of 6 pressure
transducers.

Install one glass observation window with removable internal blanking plate {soot and residue

protection) to enable clear vision of box interior and contents status post fire and tube
activation.

Install one copper Acetane filling pipe extending through front panel extending to position in
centre of box floor and approx 5” above floor, complete with external shut-off valve and 1 pint
measuring reservoir.

Install one off 1” diameter “keyhole” with external closing plate in front panel of the box at
suitable height above the floor,

Affix Fire Foe™ tube fixings at one position in the box

Submit drawing of proposed glove box and incorporated rack to LANL for their approval. LANL to
countersign drawing to record such approval.



10.

i s BN

Manufacture glove box to such approved specification and drawing. Gloves, glove fixing
assemblies and/or glove aperture blanking plates and window panels complete with sealing
arrangements to be free-issue supply from LANL and to be incorporated into the glove box
manufacture.

Final glove box assembly to be photographed and photos submitted ta LANL prior to use.

Install thermocouples on the top, bottom, sides and ends of the enclosure to measure
temperature profile before during and after activation

Proof-of-Concept Fire Testing:

The following fire test program will be carried out. In each test one off Fire Foe tube will be mounted in

the tube fixings within the box. Each test will be timed from ignition of material to flame
extinguishment. All times to be recorded. In Test Protocal 3 plus two further tests under Test Protocol 8
conditions shall be pressure manitored before, during and after tube discharge. Such pressure
monitoring shall be automatically recorded in real time. Prior to each test the airflow will be verified and
recorded. Each test will be videoed from outside the box. After each test the box will remain closed and

stable for 5 minutes.

Tests:
1.

Place 1 pint of Acetone in a pan of dimensions 15.5” X 19.5” X 4”. Place the pan on the floor of
the box. Close hatch/door. Set and verify the required pressure differential and airflow. Ignite
Acetone using hand held taper or l[ance manipulated through the key hole. Observe, videotape
and record. Object: Prove Fire Foe extinguishes acetone fire in isolation in the 250 cu ft glove
box.

Place 2 gallons of specified [pre-heated) cutting oil in a pan of dimensions 19.5” X 19.5" X 4.
Place the pan con the floor of the box. Close the hatch/door. Set and verify pressure differential
and airflow. Ignite cutting oil using hand held taper or lance manipulated through the key hole.
Observe, videotape and record. Object: Prove Fire Foe extinguishes cutting oil fire in isolation in
the 250 cu ft glove box.

Piace 1 pint of Acetone in the external reservoir. Place an empty pan of dimensions 19.5” X
19.5" X 4” in the centre of the box floor under the copper filling pipe. Place 2 gallons of specified
{pre-heated) cutting oil in a pan of dimensions 19.5” X 15.5” X 4” on the floor of the box. Place
one wood-crib UL Standard xxx measuring 3” X 3” X 8” on the floor of the box. Close hatch/door.
Set and verify the required pressure differential and airflow. (A} Ignite both wood cribs using
hand held taper or lance manipulated through the keyhaole. Allow both cribs to burn for 60
seconds then open the external valve and drain the Acetone held in the external reservoir into
the empty pan and if applicable, (B) ignite acetone and cutting oil using hand held taper of lance
manipulated through the keyhale. Observe, videotage and record A/B. Record pressure variance
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before, during, after tube activation in real time. Object: Prove Fire Foe extinguishes Class A UL
specified crib in the presence of accelerants in the250 cu ft glave bax.

Place 1 pint of Acetane in a pan of dimensions 19.5” X 19.5” X 4”. Place 2 gallons of specified
{pre-heated) cutting oil in a pan of dimensions 19.5” X 19.5” X 4”. Place both pans on the floor of
the box. Place 5 off 500ml plastic squirt-botties (two of which shall be empty and three of which
shall be partly filled with specified combustible liquid e.g. alcahol) on the floor of the box. Place
5 off 500ml plastic squirt-bottles two of which shall be empty and three of which shall be partly
filled with alcohol on the rack. Close hatch/door. Set and verify required pressure differential
and airflow. Ignite the acetone and the cutting oil using a hand held taper or lance manipulated
through the key hole. Observe, videotape and record. Object: Prave that Fire Fae extinguishes
Class A fire in empty and partially filled squirt bottles at twa levels in the250 cu ft glove bax.

Place 1 pint of Acetone in a pan of dimensions 19.5” X 19.5” X 4”, Place 2 gallons of specified
{pre-heated) cutting oil in a pan of dimensions 19.5” X 19.5” X 4”. Place both pans on the floor of
the box. Place 2 off boxes of chem-wipes (one of which shall be open with a number of chem-
wipes removed the other shall be un-opened} on the floor of the box. Close hatch/door. Set and
verify the required pressure differential and airflow. Ignite the Acetone and the cutting oil using
a hand held taper or lance manipulated through the keyhole. Observe, videotape and record.
Object: Prave that Fire Fae extinguishes Class A fire in partiolly filled and un-braached boxes af
chem-wipes in the 250 cu ft glave bax.

Place 1 pint of Acetone in a pan of dimensions 19.5” X 19.5” X 4”. Place 2 gallons of specified
{pre-heated) cutting oil in a pan of dimensions 19.5” X 19.5” X 4”. Place both pans on the floor of
the box. Place 3 meters of Tygon tubing on the floor of the box. Piace 3 meters of Tygon tubing
on the rack. Close hatch/door. Set and verify required pressure differential and airflow. ignite
the Acetone and cutting oil using a hand held taper or lance manipulated through the key hole.
Observe, videotape and record. Object: Prave that Fire Fae extinguishes Class A fire in Tygan
tubing at multiple levels in the250 cb ft glove box.

Place 1 pint of Acetone in a pan of dimensions 19.5” X 19.5” X 4”. Place 2 gallons of specified
{pre-heated) cutting oil in a pan of dimensions 19.5” X 19.5” X 4”. Place both pans on the floor of
the box. Suspend vertically 5 off wire bundles of #16THHN wires from the ceiling mounted rails.
Suspend vertically 2 off wire bundles of #18THHN wires from the ceiling mounted rails. Suspend
vertically 2 off bundles of 2 coaxial cables from the ceiling mounted rails. All wires to be bound
together with plastic twist ties in a single 9-bundle group. Vertical bundles shall be suspended
at varying heights above the Acetone/cutting oil. Close hatch/door. Set and verify the required
pressure differential and airflow. Ignite the Acetone and cutting oil using a hand held taper or
lance manipulated through the keyhole. Observe, videotape and record. . Object: Prave that Fire
Fae extinguishes Class A &  fires in vertically suspended cable bundles at multiple levels in the
250 cu ft glove box.

Place 1 pint of Acetone in the external measuring reservoir. Place an empty pan of dimensions
19.5” X 19.5” X 4” in the centre of the box floor under the copper filling pipe. Place 2 gallons of
specified (pre-heated) cutting oil in a pan of dimensions 19.5” X 19.5” X 4” and place on the

Page 3



floor of the box. Place one wood crib UL Standard xxx measuring 3” X 3” X 8” on the floor of the
box. Place 5 off 500m| plastic squirt-bottles two of which shall be empty and three of which shalt
be partly filled with alcohol on the floor of the box. Place 2 off boxes of chem-wipes (one of
which shall be open with a number of chem-wipes removed the other shall be un-cpened) on
the floor of the box. Place 3 meters of Tygon tubing on the floor of the box. Suspend vertically 5
off wire bundles of #16 THHN wires from the ceiling mounted rails, Suspend vertically 2 off wire
bundles of #18THHN wires from the ceiling mounted rails. Suspend vertically 2 off bundles of 2
coaxial cables from the ceiling mounted rails. All wires to be bound together with plastic twist
ties in a single 9-bundle group. Vertical bundles shall be suspended at varying heights above the
Acetone/cutting oil. Close hatch/door. Set and verify the required pressure differential and
airflow. {A) Ignite both wood cribs using hand held taper or lance manipulated through the
kevhole. Allow wood crib to burn for 60 seconds then open the external valve and drain the
Acetone in the external reservoir into the empty pan and if applicable, (B) ignite Acetone and
cutting oil using hand held taper of lance manipulated through the keyhole. Observe, videotape
and record A/B. Object: prove that Fire Foe extinguishes the full range of Class A/B/C fires of
varying types of specified materials at varying fevels in the250 cu ft glove box.

9. Repeat the above specified test 8 four further times in succession in the presence of designated
personnel from LANL. In 2 consecutive tests record pressure variance before, during, after tube
activation in real time. Observe, videotape and record.

Independent Verification by NRTL (Intertek)

NRTL to conduct above specified Test 8 five times in succession at the NRTL and verify according to
results.
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Appendix C: Fire Foe™ in 250 CF Glove Box — Proof of Concept Test Report

(See attached document.)
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VERSION HISTORY

Versio Implemented Version Approved Appraval
n# By Date By Date
1.0 Markus Novosel | 09/21/2010 | James Geyer | 10/06/2010

Reason

Provide information on
proof of concept test,
Discrepancies between
CVD and written repaort
corrected.
Update

1.1 | Markus Novosel | 104072010

James Geyer | 10407/2010

1.2 | Holli Armstrong | 10/12/2010

James Geyer | 10/12/2010
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Fire Foe in 250cf Glove Box

1.0
1.1

2.0

2.1

INTRODUCTION

PURPOSE

This FIRE FOE IN 250 cf GLOVE BOX Test Report provides a summary of results
of the tests performed to provide proof of concept that Fire Foe is capable of
extinguishing the full range of Class A/B/C fires of varying types of specified
materials at varying levels in a 250 cu. ft. glove box. See Appendix for test protocol
developed between QuickFire and LANL.

TEST SUMMARY

Project Name: Fire Foe In 250 cf Glove Box

System Name: FT 250 Fire Foe tube

Test Protocol Number: 1, 3, 4, 8, 9, and 10

Description: 15 individual tests, hereafter known as events, were conducted using
the "LANL Test Protocol: Fire Foe 56.5" Tube in 250 Cubic Foot Glove Box” as
guidance with the exception of protocol numbers 9 and 10 which were ad hoc.
Various configurations of class A/B/C fires were used to test the effectiveness of
the Fire Foe tube as a fire extinguishing mechanism. Glove box internal conditions
consisted of airflow of 250 CFM and a static pressure of —0.75 in. H;O for test
protocols 1, 3, 4, and 8. Events conducted under test protocols 9 and 10 were
done with airflow of 190 CFM and static pressure of —0.25 in. H,0. Protocol 2 was
not recorded because combustion could not be sustained using exclusively oil.
Protocol 5 was not utilized because materials could not be obtained in time for the
event. Protocol 6 and 7 were combined with protocol 8.

Additional Comments: All test events indicated a successful application of Fire
Foe within the prescribed parameters. The following sections 2.1 through 26
provide detailed descriptions of the test protocols used in this project.

TEST PROTOCOL 1

Test Owner: QuickFire
Test Date: 09/16/2010— 09/17/2010
Glove Box Contents:

o 1 pint acetone in pan
Procedure: Place 1 pint of acetone in a pan of dimensions 19.5" X 19.5" X 4",
Place the pan on the floor of the box. Close door. Verify the required pressure
differential. Ignite acetone using electronic ignition. Observe and record.
Objective: Prove Fire Foe extinguishes acetone fire in isolation in the 250ft3 glove
box.
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2.2

2.3

TEST PROTOCOL 3

Test Owner: QuickFire

Test Date: 09/18/2010

Glove Box Contents:

External pre-fill reservoir with 1 pint acetone

o 1-19.5"X19.5"X4” metal pan (empty)

o 1-19.5"X19.5"X4" metal pan containing 2 gallons heated ol
o 2-10"X 10" X 10" wood cribs

(]

Procedure: Place 1 pint of acetone in the external reservoir. Place an empty pan
of dimensions 19.5" X 19.5" X 4" in the center of the box floor under the copper
filling pipe. Place 2 gallons of preheated oil in a pan of dimensions 19.5" X 19.5" X
4" on the floor of the box. Place one wood-crib measuring 10" X 10" X 10" on the
floor of the box. Place one wood crib measuring 10" X 10" X 10" on the rack. Close
the door. Verify the required pressure differential. (A) lgnite wood cribs using
hand-held taper manipulated through the keyhole. Allow cribs to burn for 120
seconds then open the external valve and drain the acetone held in the external
reservoir into the empty pan and if applicable, (B) ignite acetone and oil using
hand-held taper manipulated through the keyhole. Observe and record A/B.
Record pressure variance before, during, after tube activation in real time.
Objective: Prove Fire Foe extinguishes Class A crib fire in the presence of
accelerants in the 250 cu ft glove box.

TEST PROTOCOL 4

Test Owner: QuickFire
Test Date: 09/18/2010
Glove Box Contents:

o 1-19.5"X19.5"X4” metal pan containing 1 pint acetone

o 1-19.5"X19.5"X4" metal pan containing 2 gallons heated oil

o 2 -500ml plastic bottles partially filled with acetone

o 3-10" X 10" X 10" wood cribs

o Group of newspaper and fiber towels
in a pan of dimensions 19.5" X 19.5" X 4". Place 2 gallons of specified (preheated)
oil in a pan of dimensions 19.5" X 19.5" X 4". Place both pans on the floor of the
box. Place one wood-crib measuring 10" X 10" X 10" on the floor of the box. Place
two wood cribs measuring 10" X 10" X 10" on the rack. Place 2 each 500ml plastic
bottles (which shall be partly filled with acetone) on the rack. Close the door. Verify
required pressure differential. Place group of newspaper and fiber towels on the
floor of the box. Ignite the acetone and the oil using a hand-held taper manipulated
through the keyhole. Observe and record.
Objective: Prove that Fire Foe extinguishes Class A fire in partially filled plastic
bottles in the 250 cu ft glove box.
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2.4

2.8

TEST PROTOCOL 8

Test Owner: QuickFire
Test Date: 09/18/2010
Glove Box Contents:
a External pre-fill reservoir with 1 pint acetone
a 1-19.5"X19.5"X4" metal pan (empty)
o 1-19.5"X19.5"X4” metal pan containing 2 gallons heated oil
o 1-10"X 10" X 10" wood crib
o 3 - 500ml Plastic bottles partially filled with acetone
a 2 - 500ml Plastic bottles empty
a Group of newspaper and fiber towels
o 3 meters vinyl tubing
a 1 Wire Bundle Consisting of
o 5-#16THHN wires
o 2-#18THHN wires
o 2 -coaxial cables
Procedure: Place 1 pint of acetone in the external measuring reservoir. Place an
empty pan of dimensions 19.5" X 19.5" X 4" in the center of the box floor under the
copper filling pipe. Place 2 gallons of preheated oil in a pan of dimensions 19.5" X
19.5" X 4" and place on the floor of the box. Place one wood crib measuring 10" X
10" X 10" on the floor of the box. Place § each 500ml plastic bottles {two of which
shall be empty and three of which shall be partly filled with acetone) on the floor of
the box. Place group of newspaper and fiber towels on the floor of the box. Place 3
meters of vinyl tubing on the floor of the box. All wires to be bound together with
wire bundle shall be suspended above the acetone/oil. Close the door. Verify the
required pressure differential. (A) Ignite wood crib using hand-held taper
manipulated through the keyhole. Allow wood crib to burn for 120 seconds then
open the external valve and drain the acetone in the external reservoir into the
empty pan and if applicable, (B) ignite acetone and oil using hand-held taper
manipulated through the keyhole. Observe and record A/B.
Objective: Prove that Fire Foe extinguishes the full range of Class A/B/C fires of
varying types of specified materials at varying levels in the 250 cu ft glove box.

TEST PROTOCOL 8A

Test Owner: QuickFire
Test Date: 09/18/2010
Glove Box Contents:
o External pre-fill reservoir with 1 pint acetone
1 19.5"X19.5"X4” metal pan (empty)
1 19.5"X19.5"X4” metal pan containing 2 gallons heated oil
210" X 10" X 10" wood cribs
3 500ml Plastic bottles partially filled with acetone
2 500ml Plastic bottles empty
Group of newspaper and fiber towels
3 meters vinyl tubing

O000poo
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2.6

o 1 Wire Bundle Consisting of

o 5-#16THHN wires

o 2-#18THHN wires

o 2 -coaxial cables
Procedure: Place 1 pint of acetone in the external measuring reservoir. Place an
empty pan of dimensions 19.5" X 19.5” X 4" in the center of the box floor under the
copper filling pipe. Place 2 gallons of preheated oil in a pan of dimensions 19.5" X
19.5" X 4" and place on the floor of the box. Place one wood crib measuring 10" X
10" X 10" on the floor of the box. Place one wood crib measuring 10" X 10" X 10"
on the rack. Place 5 each 500ml plastic bottles (two of which shall be empty and
three of which shall be partly filled with acetone) on the floor of the box. Place
group of newspaper and fiber towels on the floor of the box. Place 3 meters of
vinyl tubing on the floor of the box. Suspend 5 each wire bundles of #16THHN
wires from the ceiling mounted rails. Suspend 2 each wire bundles of #18THHN
wires from the ceiling mounted rails. Suspend 2 each bundles of 2 coaxial cables
from the ceiling mounted rails. All wires to be bound together with cable ties in a
single 9 bundle group. Bundles shall be suspended above the acetone/oil. Close
the door. Verify the required pressure differential. {A) Ignite wood crib using hand-
held taper mariipulated through the keyhole. Allow wood crib to burn for 120
seconds then open the external valve and drain the acetone in the external
reservoir into the empty pan and if applicable, (B) ignite acetone and oil using
hand-held taper manipuiated through the keyhole. Observe and record A/B.
Objective: Prove that Fire Foe extinguishes the full range of Class A/B/C fires of
varying types of specified materials at varying levels in the 250 cu ft glove box.

TEST PROTOCOL 9

Test Owner: QuickFire
Test Date: 09/20/2010
Glove Box Contents:
a 1-10"X 10" X 10" wood crib
o 4 -500ml plastic bottles partially filled with acetone
o 1 Wire Bundle Consisting of
o 5-#16THHN wires
o 2-#18THHN wires
o 2 -coaxial cables
Procedure: Place one wood crib measuring 10" X 10" X 10" on the floor of the
box. Place 4 each 500m| plastic bottles partly filled with acetone on the floor of the
box. All wires to be bound together with cable ties in a single 9 bundle group. Wire
bundle shall be suspended above the box floor. Close the door. Verify the required
pressure differential. (A) Ignite wood crib using hand-held taper manipulated
through the keyhole. Observe and record A/B.
Objective: Prove that Fire Foe extinguishes the full range of Class A/B/C fires of
varying types of specified materials at varying levels in the 250 cu ft glove box.
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2.7

3.0

TEST PROTOCOL 10

Test Owner: QuickFire
Test Date: 09/20/2010
Glove Box Contents:

a External pre-fill reservoir with 1 pint acetone
1-19.5"X19.5"X4” metal pan (empty)
1-10"X 10" X 10" wood crib
4 - 500ml Plastic bottles partially filled with acetone
1 Wire Bundle Consisting of

o 5-#16THHN wires

o 2-#18THHN wires

o 2 -coaxial cables
Procedure: Place an empty pan of dimensions 19.5" X 19.5" X 4" in the center of
the box floor under the copper filling pipe. Place one wood crib measuring 10" X
10" X 10" on the floor of the box. Place 4 each 500ml plastic bottles which shall be
partly filled with acetone on the floor of the box. All wires to be bound together with
cable ties in a single 9 bundle group. Wire bundle shall be suspended above the
pan. Close the door. Verify the required pressure differential. (A) Ignite wood crib
using hand held-taper manipulated through the keyhole. Allow wood crib to burn
for 120 seconds then open the external valve and drain the acetone in the external
reservoir into the empty pan. Observe and record A/B.
Objective: Prove that Fire Foe extinguishes the full range of Class A/B/C fires of
varying types of specified materials at varying levels in the 250 cu ft glove box.

TEST ASSESSMENT

The test protocols provided a sufficient number of conditions to account for all
foreseeable situations requiring the use of a fire extinguishing mechanism inside a
250 cu. ft. glove box. The collected data provided a comprehensive sample of
results demonstrating the effectiveness of Fire Foe.

0OD DO
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4.0 TEST RESULTS

All protocol objectives were achieved during testing (i.e. Fire Foe will extinguish
A/B/C type fires of various specified materials). Secondary information indicated
the amount of damage done to the contents and structure of the box by the fire
and by the discharge of the Fire Foe tube itself. Fire damage to cables and wiring
ranged from none to moderate while damage to vinyl tubing ranged from moderate
to heavy. Plastic acetone bottles sustained light to moderate damage from the
heat but their contents remained unaffected. The various wipes and papers on the
floor were unaffected by the fire. With the exception of minor soot deposits on the
ceiling, the box and integral systems (e.g. the gloves, transducers, and
thermocouples, were not adversely affected by the fire). All fire damage was a
factor of the location of the box’s contents with respect to the fire, the ignition
material used, and the promptness of the extinguisher discharge. The discharge of
the Fire Foe tube did not damage the glove box, windows, gaskets, or gloves or
contents of the enclosure. An anticipated positive pressure spike from the
discharge of the Fire Foe tube never occurred. Instead, a sudden and brief
pressure drop occurred as the discharged Envirogel promptly cooled the heated
air. The integrity of the glove box and its seals remained unaffected throughout all
of the tests.
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4.1

TEST SYSTEM

The test system consists of a glove box with dimensions 8 X 5" X 6" (I X w X h)
with 250 cubic feet volume of frame and panel construction. The box is constructed
in 14 gauge mild steel and is as air-tight as practicable. It includes one doorway for
easy access. The box incorporates 2 each 3/8” full length hanging rails approx 1"
below ceiling. Also incorporated are glove ports and glove fixings, as well as glass
window panels. The box’s system incorporates fixed negative pressure differential
of 0.5” or 0.75” water and fixed air flow of one air change (250 cubic feet) per
minute by means of 8" diameter inlet/exhaust pipes centered 8” below ceiling
height on side panels. To ensure mixing of the air stream inlet airflow was ducted
and diffused. Exhaust is through 8" flanged spool piece (provided by LANL) which
houses an inline HEPA air filter, with pressure measurement transducers mounted
below and above the HEPA filter in existing %" N.P.T ports (female thread).

Six pressure transducers are installed in the box. One transducer has been placed
between the glove ports at the lowest level as well as one transducer every 18" to
give a total of 4 transducers stacked vertically. These transducers are in addition
to the 2 pressure transducers as specified in Line Item No 1 above.

Included is a glass observation window with removable internal blanking plate
(soot and residue protection) to enable clear vision of box interior and contents
status post fire and tube activation.

One copper Acetone filling pipe extending through front panel extending to position
in center of box floor and approx 5" above floor, complete with external shut-off
valve and 1 pint measuring reservoir.

A 3" diameter “keyhole” with external closing plate in front panel of the box at
suitable height above the floor.

Six thermocouples are mounted on the top panel, bottom panel, side panels and
end panels of the box to measure the temperature profile within the box in these
positions before, during and after activation.

The Fire Foe tube is located in the center of the box and attached to the
ceiling = 2” from the ceiling to the tube.

A rack with dimensions 4' X 2' constructed of a 2” X 2" angle steel frame with
number 8 expanded metal grid standing 20" inches off the floor of the box.
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In each test one Fire Foe tube was mounted in the tube brackets within the box.
Each test was timed from ignition of material to flame extinguishment and times
were recorded. In all Test Protocols, conditions were pressure monitored before,
during and after tube discharge. Such pressure monitoring was automatically
recorded in real time. Each test was recorded from outside the box. After each test
the box remained closed and stable without re-ignition for 5 minutes post
extinguishment in accordance with UL regulations or as standardized by UL.
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PERFORMANCE TESTING - TEST RESULTS

The table below summarizes the results of performance testing utilizing protocols 1.3.4, and B. a model FT250 Fire Foe
tube, with the box airfiow at 250 CFM and static pressure at =0.75 in H;0;

Test Approximate Ignition to discharge
EVER | Proga | BeTosNg I et | EEsn (seconds) Comments
1 | 1 0862010 Pass 370% | 122.82
2 1 09/17/2010 Pass 465° ' 5606
3 1 09172010 Pass 430°% B9 45
| = il —
_ 4 3 08182010 Pass 340°% 8520
5 3 09/18/2010 Pass 355% | 150.86
| @ a 09/18/2010 | Pass 255° 7616
’ 7 | 4 | 09/18/2010 | Pass 305% 153.08
8 B 08/18/2010 Pass 390% 67.00
e s 00118/2010|  Pass|  325% 126,00
10 B 09/18/2010 Fass NA 138.00 This Event used a variation of
protocol 8 with an exira wood
crib. Temperature was not
_ - recorded
11 a 09/20/2010 Pass 315% 118.30 This Event used a
vanation of protocol B with
an axtra wood crib.
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4.3 ADHOC TESTING - TEST RESULTS

The table below summarizes the test cases employed for ad hoc testing utifizing protocols 9 and 10, which were
improvised by LANL personnel at our test site. A model FT250 Fire Foe tube was used for events 12 and 13, a model
FT130 Fire Foe tube for event 14, and the box airflow was at 190 CFM and static pressure at <0 25 in H;O for all three

events:
| ~ Approximate (- . )
Test Ignition to discharge
Event ID Protocol Date Tested Pass/Fail Tampp:;:tum (seconds) Commenis
12 g 0972042010 Pass 322% 184.80
13 a9 09/20/2010 Pass 270°% 479.79
14 10 08202010 Pass 545 22520 FT 130 TUBE |
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5.0 VARIANCES

Initial test protocols required airflow of 250 CFM and a slalic pressure of -0 50" or
0.25" H;0, however, box configuration precluded those sialed condiions The
decision was made to maintain 250 CFM awflow and a more achiavable stalic
pressure of -0.75 H;0. After sight modifications to the box, a new sirflow of 190
CFM and slatic pressure of -0.25 was achieved upon the recommendation of
LANL personnel Testing showed that the altered conditions had no significant
effect on the results.

6.0 TEST INCIDENTS

7.0

Initial fire test with 8° HEPA exhaust filter installed realized a 10% reduction in the
gross air flow through the box after the tube discharged

RESOLVED TEST INCIDENTS

Ta maintain aiflow through the box the 8" HEPA exhaust filler was removed for
subsequent lests.

RECOMMENDATIONS

All test events resulted in success. Although the tubes were sized 1o meeat the
volume requirements of the test protocol, other models could be used to address
lssues of scalability for additional volume requirements. Three variables affected
the timely discharge of Fire Foe tubes: the type of fire ignition material, the exact
fire location within the box, and the box's internal airflow. These vanables would
be neutralized by the use of more than one tube per glove box. Multiple tube use
per box would ensure closer proximity to the fire and remove one or more tubes
fraom internal airflow
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APPENDIX A: Test Report Approval

The undersigned acknowledge they have reviewed the FIRE FOE IN 250 cof
GLOVE BOX Tesl Report and agree with the approach it presents. Changes to
this Test Report will be coordinated with and approved by the undersigned or their
designated representatives

Signature Date:
Pnnt Name: - . o

Title:

Role Frnjm_lﬁl?-r

— i
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APPENDIX B: REFERENCES

For raw data graphs as well as video and photographic records of test events 01
through 14, see Fire Foe Proof of Concept DVD
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APPENDIX C: DRAWING
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APPENDIX D: PROTOCOL AGREEMENT

LANL Tast Protocol: Fire Foe FT250 Tube in 250 cubic foot glove-box

Glove box design and manufacture:

1

Design a glove box with dimensions 8' X 5" X & (I X w X h) with 250 cubic feet
volumae of frame and panel construction. Box to be construcled in 14 gauge mild
steel and to be as air-tight as practicable but to include one doorway or halch for
easy access. Box to incorporate 2 off % full length hanging rails approx 1° below
ceiling. Box lo incorporate glove ports and glove brackets. glass window paneis. Box
to incorporate fixed negative pressure differential of ¥:" or ¥4 water and fixed air flow
of one air change (250 cubic feet) per minule by means of 8" diameter inlet/exhaust
pipes centered 8" below ceiling height on side panels. Exhaust will be through 8°
flanged spool piece (provided by LANL) which will house an inline HEPA air filter,
with pressure measurement transducers mounted below and above the HEPA filter
in existing 3" NLP.T ports (female thread)

Design a rack with dimensions 4' X 2' constructed of a 2° X 2" angle steel frame with
number 8 expanded metal grid standing 20 inches off the floor of the box.

. Windows, gloves and/or glove aperture blanking plates to be affixed to the box per

fittings supplied.

Install 8 pressure transducers in the box One transducer will be placed between the
glove ports at the lowest level and thereafter one transducer will be placed every 18°
to give a tolal of 4 transducers stacked vertically. These transducers are in addition
1o the 2 pressure transducers as specified in Line Item No 1 above.

Install one glass observation window with removable internal blanking plate (soot
and residue protection) to enable clear vision of box interior and contents status poslt
fire and tube activation.

Install one copper Acetone filling pipe extending through front panel extending to
position in centre of box floor and approx 5" above floor, complete with external shut-
off valve and 1 pint measuring reservoir

Install one off 1" diameter “keyhole” with external closing plate in front pane! of the
box al suitable height above the floor

Affix Fire Foe tube brackels al specified position in the box
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8  Submit drawing of proposed glove box and incorporated rack to LANL for their
approval. LANL to countersign drawing to record such approval,

10 Manufacture glove box to such approved specification and drawing. Gloves, glove
fixing assemblies and/or glove aperture blanking plates and window panels complete
with sealing arrangemenls to be free-issue supply from LANL and lo be incorporated
into the glove box manufacture.

11.Install thermocouples on the top panel, boltom panel, side panels and end panels of
the box to measure the temperature profile within the box in these positions before,

during and after activation.

Proof of Concept Fire Testing:

Deviations from this protocol are noted in the Test Summary 2.0 Section of this
document.

The foliowing fire test program will be camed out In each test one off Fire Foe
tube will be mounted in the tube fixings within the box. Each test will be fimed from
ignition of material to flame extingushment All times 1o be recorded. In Test
Protocol 3 plus two further tests under Test Protocol B conditions shall be pressure
monitored before, during and afler tube discharge. Such pressure monitoring shall
be automatically recorded in real time. Prior to each tes! the airflow will be verified
and recorded. Each test will be videoed from oulside the box. After each test the
hox will remain closed and stable for 5 minutes.

Tests:

1. Place 1 pint of Acetone in a pan of dimensions 19.5° X 19.5" X 4" Place the pan
on the floor of the box. Close halch/door. Sel and verify the required pressure
differential and air flow Ignite Acetone using hand held taper or lance
manipulated through the key hole. Observe. videolape and record. Object: Prove
Fire Foe extinguishes acelfone fire in isolation in the 250 cu R glove box

2. Place 2 gallons of specified (pre-healed) cutting oll in a pan of dmensions 19.5"
X 19.5" X 4" Place the pan on the fioor of the box. Close the hatch/door. Set and
verify pressure differential and air flow. Ignite cutting ol using hand held taper or
lance manipulaled through the key hole. Observe, videolape and record. Obyect
Prove Fire Foe extinguishes culling od fire in isolation in the 250 cu it glove box.
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3. Place 1 pint of Acetone in the external reservoir. Place an empty pan of
dimensions 19.5" X 19.5" X 4" in the centre of the box floor under the copper
filling pipe. Place 2 gallons of specified (pre-heated) cutting oil in a pan of
dimensions 19.5" X 19.5" X 4" on the floor of the box. Place one wood-crib UL
Standard 1975 measuring 10° X 3" X &" on the floor of the box. Place one wood
crib UL Standard 1975 measuring 10" X 3" X 6" on the rack. Close hatch/door.
Set and verify the required pressure differential and air flow. (A) Ignite both wood
cribs using hand held taper or lance manipulated through the key hole. Allow
both cribs to burn for 60 seconds then open the external valve and drain the
Acetone held in the external reservoir into the empty pan and if applicable, (B)
ignite acetone and cutting oll using hand held taper of lance manipulated through
the keyhole. Observe, videotape and record A/B. Record pressure variance
before, during, after tube activation in real time. Object: Prove Fire Foe
exfinguishes Class A UL specified cnb in the presence of accelerants al two
fevels in the250 cu It glove box.

4. Place 1 pint of Acetone In a pan of dimensions 19.5" X 195" X 4°. Place 2
gallons of specified (pre-heated) cutting oil in a pan of dimensions 19.5" X 19.5°
X 47, Place both pans on the floor of the box. Place 5 off 500m| plastic squirt-
bottles (two of which shall be empty and three of which shall be partly filled with
specified combustible liquid e.g. alcohol) on the floor of the box. Place 5 off
500m| plastic squirt-bottles (two of which shall be empty and three of which shall
be partly filled with specified combustible liquid e.g. alcohol) on the rack. Close
hatch/door. Set and verify required pressure differential and air flow. Ignite the
acetone and the cutting oil using a hand held taper or lance manipulated through
the key hole. Observe, videotape and record. Object: Frove that Fire Foe
extinguishes Class A fire in emply and partially filled squirl boltles al two levels in
the250 cu f glove box,

5. Place 1 pint of Acetone in a pan of dimensions 19.5" X 19.5" X 4", Place 2
gallons of specified (pre-heated) cutting oil in a pan of dimensions 19.5" X 19.5"
X 4", Place both pans on the floor of the box. Place 2 off boxes of Kim-wipes
(one of which shall be open with a number of Kim-wipes removed the other shall
be un-opened) on the floor of the box. Place 2 off boxes of Kim-wipes (one of
which shall be open with a number of Kim-wipes removed the other shall be un-
opened} on the rack. Close hatch/door Set and verify the required pressure
differential and air flow. Ignite the Acetone and the cutting oil using a hand held
taper or lance manipulated through the key hole. Observe, videotape and record.
Object: Prove that Fire Foe extinguishes Class A fire in partially filled and un-
broached boxes of Kim-wipes al lwo levels in the 250 cu ft glove box.
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Fire Foe in 250ci Glove Bax

6 Place 1 pint of Acetone in a pan of dimensions 18.5" X 19.5" X 4", Place 2
gallons of specified (pre-heated) cutting oll in a pan of dimensions 18.5" X 18.5°
X 4" Place both pans on the floor of the box, Place 3 meters of Tygon tubing on
the floor of the box, Place 3 metera of Tygon tubing on the rack. Close
hatchidoor, Set and verify required pressure differential and air flow, Ignite the
Acetone and cutting oil using a hand held taper or lance manipulated through the
key hole. Observe, videotape and record. Obyect: Prove that Fire Foe
axtinguishes Class A fire in Tygon tubing al multiple levels in the230 cu it glove
box

7 Place 1 pint of Acetone in a pan of dimensions 19.5 X 195" X 4°. Place 2
gallons of specified (pre-heated) cutbing oil in a pan of dimensions 19.5" X 19.5°
X 4" Place both pans on the floor of the box. Suspend vertically 5 off wire
bundles of #16THHN wires from the ceiing mounted rails. Suspend vertically 2
off wira bundles of #18THHN wires from the ceiling mounted rails. Suspend
vertically 2 off bundles of 2 coaxial cables from the ceiling mounted rails. All
wires o be bound together with plastic twisl lies in a single 9-bundle group.
Vertical bundles shall be suspended at varying heights above the Acetonefcutting
oil. Close hatch/door. Set and verify the required pressure differential and air
fiow, Ignite the Acetone and cutting oll using a hand held taper or lance
manipulated through the key hole. Observe, videotape and record. . Object:
Prove thal Fire Foe extinguishes Class A & C fires in vertically suspended cable
bundies at multiple levels in the 250 cu it glowe box.
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Fire Foe in 250cf Glove Box

8 Place 1 pint of Acetone in the external measuring reservoir. Place an empty pan
of dimensions 19.5° X 19.5" X 4" in the centre of the box floor under the copper
filling pipe. Place 2 gallons of specified {pre-heated) cutting oil in a pan of
dimensions 19.5° X 19.5" X 4" and place on the floor of the box. Place one wood
cnb UL Standard 1978 measuring 10" X 3" X 68" on the floor of the box. Place 5
off 500mi plastic squirt-bottles (two of which shall be empty and three of which
shall be partly filled with alcohol) on the floor of the box. Place 2 off boxes of Kim-
wipes (one of which shall be open with a number of Kim-wipes removed the other
shall be un-opened) on the floor of the box. Place 3 melers of Tygon tubing on
the floor of the box. Suspend vertically 5 off wire bundles of #16THHN wires from
the ceiling mounted rails. Suspend vertically 2 off wire bundles of #18THHN
wires from the ceiling mounted rails. Suspend vertically 2 off bundles of 2 coaxial
cables from the ceiling mounted rails. All wires to be bound together with plastic
ftwist ties in a single 9 bundle group. Vertical bundles shall be suspended at
varying heights above the Acetone/cutting oil. Close hatch/door. Sel and verify
the reguired pressure differential and air flow. (A) Ignite wood crib using hand
held taper or lance manipulated through the key hole. Allow wood crib to burn for
60 seconds then open the external valve and drain the Acetone in the extarnal
resenvoir into the empty pan and if applicable. (B) ignite Acetone and cutting oil
using hand held taper of lance manipulated through the keyhole. Observe,
videotape and record A/B. Object prove thal Fire Foe extinguishes the full range
of Class A/B/C fires of varying types of specified malerials al varying levels in
the250 cu fl glove box.

Repeat the above specified test 8 four further imes in succession in the presence of
designated personnel from LANL. In 2 consecutive tests, record pressure vanance
before, during, after tube activahon, in real time  Obsarve, videolape and record
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The FT250 tubas were installed inside a steal glove box, one each per test.  The steel box had
approximate dimensions of 8 long x § wide x § high, and was constructed of 14GA stesl It
also included one (1) access door and four (4) work slations with viewing windows and working
ploves. Each working station consested of two (2) pairs of gloves, two above and below the
window The glove maienals were & combination of lead-ined and butyl Replacement gloves
were |ocated on site, and were only replaced after each test if they were damaged. The FT250
tubes were attachad o the ceiing of the glove box using three (3), two-boit tube brackets, which
In wm were attached to tack welded siesl brackets, which were attached 1o tha cedling by a
single bolt.

For each lest, a series of consumables were placed inside the sloal glove box prior o lesting
All of tha materials for these tests were purchased by the clenl. Each tes! contained the
number and types of consumables as describad in the LANL Tesl Prologol, Section B (located in
Appendix C), with the following changes:

1) Ona (1) UL 1875 wood crib, with a minimum of 20 g of wood excelsior siuffed on the
lower crib. The crib was installed on the fioor of the stesl glove box, underneaih the
FT250 tube extinguisher

2] 500 ml of Acefone, to be slored in a resarvair outslde the box and released through a
copper pipe and fill valve a minimum of 1 minule Inlo the test. Two types of Acetona
were used; Klean-Strip® and Sherwin-Williams

3) 2 gallons of pre-healed cutling oil to al keast 220°F The ol was stored in an exiernal
reservoir tank just prior to the start of the test The oll was haated inside a stainlass
steel pol using an external natural gas burner  The type of cutling oll used was DR
Lubricanis KO 704-L

4) Five (5) 500 mi Nalgena® plastic squint bottles  Additional 250 ml bottles from a different
manufacturer were purchasead due lo insufficient 500 mi bottles present on-site, For
aach test, lwo of the boltles remained empty and the othaer three ware partially filled with
Acelone Mo predetermined amount of volume of Acalone was spacified for each bottle
under tha LANL Tes! Protocol. The bottles were positionad on the floor of the stoal
glove box al differant locabons

5) 2 boxes of Kimwipes® Kimtech Science” Brand Wipes (14 7° x 16.6") One box was lo
remain closed and one oponad with wipes pulled oul from the lop

6) 3 meders of Tygon tubing, rolled logethes and placed on the floor of the staal glove box
surraunding the wood crib

T) One wire bundle of 9 wares. bound logether with plastic zip les approximately 6" - 8°
apart The wite bundle consisted of Ihe lollowing types of wires and cable, 1) five 18GA
wires, 2) two 18GA wires, and J) two coanial cables The wire bundle was suspended
from the ceding at the cenler of Ihe steel glove box  Approximate length of wires was §°

8) One indine Flanders® Pureform® Nuciear HEPA air filler, rated at 50 cim, Model
FOBD4152. The fiter was insialled inside an 8” diameter slainkess sieel air duct, located
al the ceiling left hand side of the steel giove box. The filters were found o have bi-
directional fiow applcations

Reler to Appendix B for all sampla assembly photos

Intertek
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4 Testing and Evaluation Methods

The test assembly was mnstrumented with six, 24GA, Type K. fiberglass |ackeled
thermocouples. Each thermocouple was installed through an external porl of the glove box and
aiowed 1o protrude inside approximately 6°  The thermocouples were designated as follows:

N TC# - L% :Im;a to the keft side of Ihe access door, mid height of the interior,
as g

2) TC #2 - Located st the keft panel, mid hesght of the interior, designated as Panel 82

3} TC #3 - Located at the laft panel, approx 3° from the floor. designated as Parel #2

4) TC #4 - Located at the fronl panal (opposite location from the access door), mid height
of the inferior, designated as Panet #5

§) TC #5 - Located at the right panel, mid height of the interior, undemeath the FT250 tubse
axlinguisher, designated as Fanel #8

6} TC #6 - Located at the ceiling, center of the steel glove box, designated as Pansl #6

The setup was also Instrumented with two pressure transducers.  Both ransducers were
localed on tha left panel wall of the steel glove box, &s viewed from the access dood (designaled
as Panel #2), Transducer #1 was located approximately 3° from the floor.  Transducer 82 was
located approximately J° from the ceiling The oulpul of the six thermocouples and two
pressurs {ransducers was monitored via a 32 channel, Naticnal Instruments LabVIEW™
SignalExpress data acquisition unit. The DAQ was programmed to scan and save dala every
10 Hertz {10 scans every 1 second). Refer to Appendix B for all sample setup photos

Prior fo testing, the targeted flow conditions for the tests were -0 25" Water Column (WC) at 250
cfm {(one full air exchange per minute). as defined by the LANL Test Protocol The air speed
was measured using a UE] Digital Vane Anemomeater, Model DAFM3, provided by the clent

Refer to the LANL Test Prolocol, Section B, located in Appendix C. for further details

4.1. TEST STANDARD 1

All Insting was parformed in accordance to the Los Alamos National Laboratory (LANL) Test
Protocol, Fire Foe ™ Standard Tube in 250 Cubic Foot Glove Box, Sectlon B,

4.1.1. Deviation From Standard Mathod

« As previously sialed, the purpose of these lesis was to evaluata the fire
axtinguisher capability of the FT250 Automatic Fire Extinguisher tuba as inslalled
in & 250 f' steel glove box No nabonally recognized test standard was used to
conduct these tests

Intertek
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5 Testing and Evaluation Results

51. RESULTS AND OBSERVATIONS

Test #1: Intertek Project Number G100238106SAT-001A; QuickFire Experiment No. 17

The test was nitinted on Tuesday, Oclobar 18, 2010 Thé ambient temperature and relative
hurmnidity at tha time of the lest were recorded 10 be 61°F and 34%, respectively, The following
personned were prasent 1o witness tha 1ost

o Jim Geyer, Mark Novosal, and Anron Sieber, represanting QuickFire
o Mark Rosanbarger and Jim Tsiagkouris, representing Los Alamos National Laboratory

The lower hall of the UL 1875 wood crib was liled with 24 5 g of wood excelsior. The access
door was sealed and the air blower was tuimed on. The air pressure and air flow inside the
chamber were established to be -0 24" Waler Column (WC) al 260 cim. The preheated cutting
ol was poured nio the fuid holding reservorr at & temperature of 225°F. The oil valve was
openad and the all the heated ol was allowed 1o be poured into the stesl pan  The lest was
inilialed as soon as lhe wood oxcelsior was kgnited

Observations made during the les! are listed below:

| Time (min:sec) | Observation |
000 The test was initiated at 1033 AM_ Wood excelsior inside crib was ignited |
100 Acotone reservolr opened, acelone manually ignied
1:35 Kimwipes closes! lo wood cfib bumning
3.50 Ol fire reduced, crib continuing to bum
4:21 AdwlimndFTEﬁum'hﬂ extinguisher — Mark 5 min observation patiod
5,04 Box visbilily clear
700 Crib smoldening, bul not reigniting
740 Red ambers visible inside crib
817 Red ambers extingulshed inside crib |
821 8§ minute observation pertod ended. no reignition of consumables
__B40 The tesi was lerminaled K
Post Test Notes:

« No reignition of any consumables inside the glove box

o Appraximately 80% of the crib was consumed

= One plastic acetone bottle was breached. A secondary boltle was melled al the boltla
lid, but was not breached

o Wire insulation and Tygon tubing melted, bul did not [gnite
3 ploves were damaged during the test 1) Station #2. lower RHS |ead-lined glove,
bubbling and melting of the fingers, 2) Station #8, lower RHS buty! glove, melting and
breaching of all fingers, and 3) Station 83, upper RHS butyl glove, pin hole localed up
lowards the collar section
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Test 82: Intertek Project Number G100238106SAT-0018; QuickFire Experiment No. 18

The test was mnitiated on Tuesday, October 10, 2010 The ambient lemperature and relative
hurmnidity at the time of Ihe test were recorded (0 be 63°F and 32%. respectively. The following
personnal were present to witnass the fest

o Jim Geyer, Mark Novosal, and Aaron Sieber, represanting QuickFire
o Mark Rosenberger and Jim Tslagkouris, represanting Los Alamos National Laboratory

The lowar hall of the UL 1875 wood crib was hlled with 2086 g of wood excalsior. Tha access
door was sealed and the air blower was urned on. The air pressure and air flow inside the
chamber were astablishad o be -0.26" Water Column (WC) at 248 cim  The preheated cutting
oll was poured into the fluld holding reservolr al @ lemperature of 255"F. For this test. the
FT250 tube extinguisher was Instalied 7-1/4" down from the celiing and 55" from the RHS
wall. The test was initialed as soon as the wood excelsior was gnited

Observations made during the lest are listed below,

%mi Observation

The test was initiated al 2 06 PM. Wood excelsior inside crib was ignited

0:23 il was allowed to flow inside the stenal pan

1,00 Acetons resenvolr opened, mm;ra ‘manually ignited

215 Acetone fire diminishing

3.00 Crib continuing to burm

3:40 Acetone fire continuing to diminish

6:00 Crib flame diminishing

6:50 Acatone firg out

730 Tubing burning

8:08 Crib flame continuing to diminish

8:00 The test was terminated. fire burned itsell oul — No activation of F 1250 lube

extinguisher - = i

FPost Test Notes

s No actvation of FT250 lube extinguisher.  Softening of the plastic tubing visible, but no
breach of the tube ooourmed

Approximately 35% of the crib was consumad

All glove box seals OK. All Acetone botlies intact

Wire insulation and Tygon tubing maited. but did not ignite

The oil was not dumped prior to the stan of Me lest. | was dumped 23 seconds into the
lest

" 8 8 @

The acetone did not flow info the l&ft side of the il pan where the pre-heated oil was
located After the fest, the ol pan was found 1o nol be level and was slightly off lo the
right side  In tum, the oil fire was minimal in comparison to the other tests  This was
also obsarved by the temperatunes recorded dunng the test
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Test #3: Intertek Project Number G100238106SAT-001C; QuickFire Experiment No, 19

The test was initiated on Tuesday, October 19, 2010. The ambient temperature ang relalive
humidity at the time of the test were recorded to be 67°F and 31%, respeclively. The following
personnel were present to witness the test:

o Jim Geyer, Mark Novosel, ang Aaron Sieber, represenling QuickFire
o Mark Rosenberger and Jim Tsiagkouris, representing Los Alamos National Laboralory

The lower half of the UL 1975 wood crib was filled with 20.6 g of wood excelsior. The exhaust
HEPA filter from Test #2 was reused for this test. The access door was sealed and the air
blower was turned on. The air pressure and air flow inside the chamber were established to be
-0.25" Water Column {WC) at 219 cfm. The prehealed cutting oil was poured into the fluig
holding reservoir at a temperalure of 320°F. The oil valve was opened and the all the heated oil
was allowed o be poured into the steel pan. The test was initiated as soon as the wood
excelsior was ignited.

Observations made during the test are lisied below:

Time (min:sec) | Observation
0:00 The test was iniliated at 3:02 PM. Wood excelsior inside crib was igniled
1:00 Acetone reservoir opened, acetone ignited
1:02 High positive pressure event from ignition of acetone, crib extinguished,
blower geaclivated suddenly. Acetone was not manually lit
2:42 Blower reactivated
3:00 Crib smoldering
3:28 Reignition of crib
4:20 Crib fire increasing in intensity
5:00 Acelone fire diminishing
5:10 Crib continuing to burn
L 8:11 Activation of FT250 tube extinguisher — Mark S min observation pernod
6:39 Box visibility clear
10:00 No change, no reignilion of consumables
1111 5 minute observation period ended - no reignition of consumables
11:30 The test was terminated

Post Test Notes:

» FT250 extinguishing tube fully detached from holding brackets. Two of the Ihree tack
welded holding brackets broke off from the ceiling. Rear of tube sheared off.

» No reignition of any consumables inside the glove box

» Approximately 70% of the crib was consumed

» Closed Kimwipe box intact. Open Kimwipe box slightly burned (closest to ¢rib)

« All glove box seals OK.

» Wire insulation and Tygon tubing melted, but did not ignite

Intertek
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Test #4: Intertek Project Number G100238106SAT-001D; QuickFire Experiment Now. 20

The lest was nifiated on Tuesday, October 19, 2010 The amblenl temparature and relative
humidity at the fime of the test were recorded 1o be 66°F and 31%, respectively. Tha following
personne! were present to witnass the lest

o Jim Geyer. Mark Movosel, and Agron Sieber, reprasenting QuickFire
= Mark Rosenberger and Jim Tsiagkouris, representing Los Alamos National Laboratory

The lower half of the UL 1875 wood cnb was filled with 21.0 g of wood excelsior, The access
door was sealed and the air blower was turned on. The air pressure and air llow Inside he
chamber were established to be -0.24" Water Column (WC) at 255 ¢cim. The preheated cutting
oll was poured into the fluid holding resarvoir at a temperature of 330°F, The oll valve was
openad and the all the heated oll was allowed to be poured into the stesl pan. The test was
initiatad as soon as the wood excelsior was ignited.

Observations made during the test are listed balow:

[ Time (min:sec) | Observation

0.00 The tesl was initiated at 4. 13 PM. Wood excelsior inside crib was gnited
0:45 Acelone reservoir opened
048 High positive pressure svent from ignition of acetone Acetone was nol
manually it
1:58 Crib and oil fire oul
2.00 Acetone continuing to bum
& Activation of FT250 tube extinguisher — Mark 5 min observabon penod
3:33 Box visibility clear
6:00 No change, no reignition of consumables
752 5 minute observation periad ended — no resgnition ol consumables
8.00 | The test was lerminated
Post Tes! Noles

FT250 extsnguishing tube ruptured at the top center holding bracket location
Mo reignition of any consumables inside the giove box
Approximaltely 10% ol the crib was consumed

Closed Kimwipa box intact  Open Kimwpe box mastly bumed (closest to crib)
All glove box seals OK

Wire insulation mefted, but did not ignite. Tygon tubing intact

4 of the 5 plastic acetone bottles knocked over, but no acetone spill present
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Test #5: Intertek Project Number G100238106SAT-001E; QuickFire Experiment No. 21

The test was iniliated on Tuesday, October 19, 2010. The ambient temperature and relative
humidity at the time of the test were recorded to be 65°F and 30%, respectively. The following
personnel were present to witness the test:

o Jim Geyer, Mark Novosel, and Aaron Sieber, representing QuickFire
o Mark Rosenberger and Jim Tsiagkouris, representing Los Alamos National Laboratory

The lower half of the UL 1975 wood crib was filled with 21.9 g of wood excelsior. The access
door was sealed and the air blower was turned on. The air pressure and air flow inside the
chamber were established to be -0.25" Water Column (WC) at 245 ¢fm. The prehealed cutling
oil was poured into the fluid holding reservoir at a temperature of 350°F. The oil valve was
opened and the all the heated oil was allowed lo be poured into the steel pan. The test was
initiated as soon as the wood excelsior was ignited. For this test, the wood crib was allowed to
burn for 2 minutes prior to the acetone pour and ignilion.

Observations made during the {est are listed below:

Time (min:sec) | Observation
0:00 The test was initiated at 5:47 PM. Wood excelsior inside crib was ignited
0:46 Kimwipe box closest to crib ignited
2:00 Acelone reservoir opened and manually ignited inside glove box
3:13 Activation of FT250 tube extinguisher — Mark 5 min observation period
4:20 Box visibility clear
6:30 No change, no reignition of consumables
8:13 5 minute observation period ended — no reignition of consumables
8:20 The test was terminated

Post Test Notes:

s No reignition of any consumables inside the glove box

s« FT250 lube extinguisher ruptured approximately 4" — 6" from the pressure gauge

+ Siation #8, lower LHS lead-lined glove, burned al the elbow localion

« Approximately 70% of the crib was consumed

+ Closed Kimwipe box intact. Open Kimwipe box moslly burned (closest to crib)

+ Wire insulation and Tygon tubing melted, but did not ignite

« 2 of the 5 plastic acetone squirt bottles knocked over, bul no acetone spill present. All
acetone bottles fully intact

Intertek
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Test #6: Intertek Project Number G100238106SAT-001F; QuickFire Experiment No. 22

The lest was initiated on Tuesday, October 19. 2010. The ambien! temperature and relabive
humidity at the time of the test were recorded o be 66°F and 30%, respactively. The following
personnel were present to witness the lest

o Jim Goyer, Mark Novosal, and Aaron Sieber, representing QuickF ire
a Mark Rosenberger and Jim Tsiagkouns, representing Los Alamos National Laboratory

The lowar half of the UL 1975 wood crib was filled with 22 7 g of wood axcelsior, The access
door was sealed and the air blower was tumed on. The air pressure and air flow inaida [ha
chambar were astablishad to be -0.24" Water Column (WC) at 262 cim. The preheated autling
ol was pourad into the fluid holding reservoir at a temperature of 330°F, The oll valve was
opanad and Ihe all tha heated oil was allowed to be poured into the stesl pan, Tha tes! was
intiated as soon as the wood axcelsior was ignited, For this tesl tha wood crib was allowed o
burn for 2 minutes prior o the acetone pour and ignition.

Obsarvations made during the test are listed balow:

Time (minisec) | Observation
Q.00 The test was initiated at 6:37 PM._ Wood excelsior inside crib was ignited
0:21 Kimwipe box closest to crib ignited
2.00 Acetone reservor opened and manually ignited mside glove box
2110 | Positive pressure event. Blower shul down mlmnnhullr
2:28 Blowar restarted
3.00 Acetone fire continuing to burm
342 Activation of FT250 tube extinguisher — Mark 5 min observation penod
413 Box visibility clear
5.15 No change, no resgnilion of consumabiles
7:30 No change I
8:42 § minute observabion penod ended — no resgnition of consumables
8:50 The tesl was terminated
Post Test Noles:
s Mo regniion of any consumables nside the giove box The crib was found to be

FT250 tube extinguisher ruptured approximately at the center bracket location
Approximalely 90% of the crib was consumed

Closed Kimwipe box intact. Open Kimwipe box mostly burned (closast to crib)

Wire insulation and Tygon tubing melted. but did not ignite

4 of the 5 plastic acelone squirt bottles knocked over, but no acetone spill present.  All
acetone bottles fully intact

L B
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6 Conclusion

Inerek Testing Services NA (Inferdsk) has conducted festing for QuickFire USA LLC, on
Quickl-wre Fire Foa™ FT250 Aulomatic Fire Extinguisher Tube, to evaluate its fire axtinguishaer
capability Teshng was conduded in accordance with Los Alamos MNalional Laboratory
{LANL) Test Protocol: Fire Foe™ Standard Tube in 250 Cubic Foot Glove Box, Section 8.
This evalualion began Oclober 18, 2070 and was compleled Octobar 20, 2010

Tha tables below summarize the resufis oblained for these lests

Intertek | Tube
Test | Activation
Number Time
e
1 &4:21
2 NIA NIA | NIA NA | NA | NA | NA NIA
3 611 178 | 157 116 152 %0 | 192 1758
3 2:52 326 324 156 295 328 350 296.5
5 3:13 330 331 176 32 W5 | 429 3265
B 3:42 412 395 212 381 418 458 3830
Intertek Activation of FT250 Reignition of
Test Number Automatic Fire Consumables alter §
Extinguisher Tube? minutes?
i YES MO YES
2 NO NIA NIA
3 YES NO YES
4 YES ﬁ_ YES
: YES NO YES
3 YES NO YES

The conclusions of this lest repot may be used as part of the requinements for Interak product
certification, pending additional produc! review. Authority to Mark must be (ssued for a product
to become ceriimed
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cwnin PN

Vigtor M Burgos
Test Engineer, Fire Resistance

Revewed by

Mike Dey
Operations Manager
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APPENDIX A
Test Data
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Intetior Glove Box Temperatures
G100Z38106SAT-001A OuickFire Test 1
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Internal Glove Box Pressores for Transducer 1
G100238106SAT-001A QuickFire Test 1
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internal Glove Box Pressure for Transducaer 2
Gi002I8106SAT-001A QuickFire Teat 1
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Interior Glove Box Tempeératures
G10023B106SAT-001B QuickFire Test 2
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intemal Glove Doz Pressures for Tramsducer 1
G100Z381065AT-0018 OuickFire Test 2
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Internal Glove Box Preasure for Transducer 2
G10023B106SAT-001B QuickFire Tast 2
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interior Glove Box Temperatures
G100ZIB106SAT-001C QuickFire Test 1
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internal Glove Box Pressures for Transducer 1
G1002381065AT-001C QuickFire Tost 3

12 0m 1 —
""‘“-.\_‘- ExEnguinher jubs scvabad ai Timss = 811
18 604 —

ECOD |-

&000 _ - =

& noo

o / Tule EClvaiion

Pressure (in W)

L] —— — -} —

L -

Timm jmimutes]




OunchiFre USA LLE MNovember 16, 2090
Project No. G100238106SAT-001_Rev! Pago 38 of 157

Intemal Giove Box Pressure for Transducer 2
G1M2IB106SAT-001C OulekFire Test 3
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Interior Glove Box Temperatures
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Pressure {in WC)
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Pressirs [in WC)

internal Glove Box Pressure for Tranaducer 2
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Interior Glove Box Temperatures
G100 2IB106SAT-D01E QuickFire Teat 5
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Internal Glove Box Pressures for Transducer_ 1
G100238106SAT-001E QuickFire Test 5
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Internal Glove Box Preasure for Transducer 2
G10023B1065AT-D01E QuickFire Tesl B
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Setup and Materials

Pressure Gauge end of Fire Foe™ (ube

FT 250 Fire Foe™ aextinguisher tube
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Steel Glove box setup
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Access door and Panel #1 view

Panels &2 and #3 view of glove box
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IR
-2

Roof view of exhaust duct. 'T'h-e lower stainless steel section haused the HEPA filter

Intertek
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Oil pan, Acelona pan, and fill tubes
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Exhaust port in ceiling panel
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TC #5 and Acetone fill lube

TC #6 and exhaust porl in ceding
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Intertek pressure transducer #2 (QuickFire designation #10)

TC #3 and Intertek pressure transducer #1 (QuickFire designation #7)
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- — -

mmy— A

QuickFire digital vane anamameater

\x
\{mﬁa 1

TC #6 at roof location

Intertek
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Cutting ol

Intertek
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Acetone

1BGA. (left) and 160GA wires
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Wire bundle with 16GA wire, 18GA wire, and coaxial cable

- o I
LIL 1975 wood crib with no wood excelsor

Intertek
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Exhaust HEPA fillers

w2422-3500

I-.‘ﬂ-"m"" = i

Intertek
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Intertek
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Test 1 - QuickFire Exparimant #17

nvae o:n

Compleled UL 1975 wood crib assembly
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Nalgene squeeze bottle with 500 ml of Acetone

Consumabie material setup pror o lest

Intertek
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| ": 5 -11".-1.'_1:‘:-"1'1‘
UL 1975 wood crib, 500 ml partially filled Acetone sgueeze bottle, empty Acetone
squeaze boltle. and open box of Kimwipes

Intertek
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Tygon tubing

Addition of Tygon tubing lo consumable material setup prior to test

Intertek
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Stainless steel pot and natural gas bumer for pre-heating
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Fire Foe™ tube installed with brackels (rear half)

Fire Foe™ tube installed with brackets (front half)

Intertek
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Inlertek calibrated digital manomelter

Pra-heated cutting oil poured into pre-fill reservoir

Intertek
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Acetone poured into pre-fill reservoir
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2, gl |
Tast #1 interior of glove box - post fire
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Test #1 interior of glove box — post fire

Test #1 Interior of glove box — post fire
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Test #1 Fire Foe™ tube discharge point
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Test #1 500 ml Nalgene squeeze bottle
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Test 2 — QuickFire Experiment #18

Test #2 wood cnb

Test 82 pre-fire

Intertel
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Test #2 filler replacemeant

WMo e

" Test #2 pre-heated cuting ol
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®
Test #2 Fire Foe™ tube location beneath ceiling

Test #2 Fire Foe™ tube location from wall

Intertek
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Test #2 pre-heated cutting oil

Intertek
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W
1

Test #2 posl fire
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Test #2 post fire




DuickFrs USA LLE Movernber 18, 2010
Proyect Mo G1002281065AT-001_Rewl Page 107 of 157

Test £2 un-activated Fire Foe ™ tube

- =D
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Tesi #2 yn-aclivated Fire Foe™ fube

Test #2 un-activated Fire Foe™ tube

Intertek
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Test 3 — QuickFire Experiment #19

Test #3 pre-fire

Test #3 pre-fire
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Test #3 wood crib

Test #3 wire bundle

Intertek
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Test #3 pre-heated cufting ol
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Tesl #3 pre-ignition

Test #3 Fire Foa™ tube damaged support brackeis
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Test #3 post fire

Test #3 post fire

Intertek
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Tast #3 post fire

Intertelk
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Test #3 activated Fire Foae™ (ube

Test #3 activaled Fire Foa™ fube
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Test B3 activaied Fire Foa ™ ube
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Test 4 = QuickFire Experiment #20

Tesi 84 wood crib
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Test #4 pre-fire
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Test 84 prn-ﬁm

Tesi #4 pre-fire
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Test 84 pre-fire

Test #4 post-fire
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Test #4 post-fire

Test #4 post-fire

Intertek
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Test #4 post-fire

Intertek



CluiekFirs LISA LLC Movambear 16, 2010
Projact Ma. G1002381065AT-001_Rev1 Page 123 of 157

Test #4 HEPA filter post fire
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Test 5 - QuickFire Experiment #21

i
Test #5 pre-fire
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Test #5 pre-fire

Intertek
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Test #5 pre-fire

Intertek



ChubekFire LISA LLC Movembar 18, 2010
Project Mo, G1002381085AT-007_Hev1 Page 127 of 157

Test #5 pre-fire

Test #5 post-fire -

Intertek
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Test #5 post-fire

Test #5 post fire

Intertek
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Test #5 post-tire

Test #5 post-fire
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L B

Test #5 st-re

Test #5 damage to glove impinged by flame

Intertek



QusckFire USA LLC Movember 16, 2010
Project Mo G1002381065AT-001_Rev? Page 131 of 157

Test #5 flame damage to wire bundie

Test #5 flame damage to Tygon tubing

Intertek
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Test #5 HEPA filter post fire

Test #5 Fire Foe™ tube activation section, post-fire

Intertek
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Test & ~ QuickFire Experiment #22

Test #68 wood crib
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Tesl #6 pre-fira
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Tes! 85 pre-fire

Test #6 pre-fire
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Tes! 88 pre-fire
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r

Tesl #6 posi-fire

Test #6 posi-fire
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Test #5 post-fire

Test 86 post-fire
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Test #8 post-fire
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Tesl #6 posl-fire

Intertek
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Test #8 activated Fire Foe™ tube, post-fire

Test #6 actvated Fire Foe™ tube, post-fire

Intertek
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Test #8 HEPA filter post-fire
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APPENDIX C
Los Alamos National Laboratory (LANL) Test Protocol
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(RECEIVED ON 9-16-10, 6:51 AM, AS FINAL TEST PROCEDURE. TEST SECTION
HIGHLIGHTED IN YELLOW)

LANL Test Protocol: Fire Foe Standard Tube in 250 cubic foot glove-box

Glove box design and manufacture:

1.

10.

Design a glove box with dimensions 8' X §' X 6" (I X b X h) with 250 cubic feet volume of
frame and panel construction. Box to be construcled in 14 gauge mild steel and to be as air-
tight as practicable but to include one doorway or hatch for easy access. Box to incorporate
2 off 4" full length hanging rails approx 1" below ceiling. Box to incorporate glove ports and
glove fixings, glass window panels. Box (o incorporate fixed negative pressure differential of
" or Ya"waler and fixed air flow of one air change (250 cubic feel) per minute by means of
8" diameter inle/exhaust pipes centered 8" below ceiling height on side panels. Exhaust will
be through 8" flanged spool piece (provided by LANL) which will house an inline HEPA air
filter, with pressure measuremenl transducers mounted below and above the HEPA filter in
existing %" N.P.T poris (female thread).

Design a rack with dimensions 4" X 2' constructed of 2 2" X 2" angle sleel frame with number
8 expanded metal grid standing 20" inches off the floor of the box.

Windows, gloves and/or glove aperture blanking plates to be affixed to the box per fitlings
supplied.

Install multiple pressure transducers in the box. One transducer will be placed between the
glove ports at the lowest level and thereafter one transducer will be placed every 18" lo give
a lotal of 4 transducers stacked vertically. These transducers are in addition to the 2
pressure transgucers as specified in Line ltem No 1 above. Thus the box will contain a total
of 6 pressure transducers.

Install one glass observation window with removable internal blanking plate (soot and
residue protection) to enable clear vision of box interior and contents status post fire and
tube activation.

Install one copper Acetone filling pipe extending through front panel exiending to position in
centre of box floor and approx 5" above floor, complete with external shut-off valve and 1
pint measuring resernvoir

Install one off 1" diameter “keyhole” with exiternal closing plate in front panel of the box at
suitable height above the floor.

Affix Fire Foe tube fixings at one position in the box

Submit drawing of proposed glove box and incorporated rack to LANL for their approval.
LANL to counlersign drawing to record such approval.

Manufacture glove box to such approved specification and drawing. Gloves, glove fixing
assemblies and/or glove aperture blanking plates and window panels complete with sealing
arrangements to be free-issue supply from LANL and to be incorporated into the glove box

manufaciure.
Intertek
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11 Install thermocouples on the top panel, bottom panel, side panels and end panels of the box
to measura the temparature profile within thae box in these positons before, during and after
activation.

12 Final glove box assembly to be photographed and photos submitted to LANL prior to use
Proof of concept fire testing;

The foliowing fire test program will be carrled oul. In @ach test ona off Fire Foe tube will be
mounted in tha tube fixings within the box. Each tes! will ba timed from ignition of matenal to
flame extinguishment. All times to he recorded. In Test Protocol 3 plus two further tests under
Test Protocol B conditions shall be pressure monitored befora, during and after lube dischargoe
Such pressure monltonng shall be automatically recorded in real time. Priod to each lest the
airflow will be verified and recorded, Each fest will be videoed from outside the box. After aach
test the box will remain closed and stable for § minutes

Tests:

1, Place 1 pint of Acetone in a pan of dimengions 19.5° X 19.5° X 4" Place the pan on the
flogr of the box. Close hatch/door Set and verity the required pressure differentisl and
air low. Ignite Acelone using hand held taper or lance manipulated through the key hole
Observe, videotape and record. Object Prove Fire Foe extinguishes acetone fire fn
isoiation in the 250 cu i glove box,

2. Placa 2 gallons of specified (pre-heated) cufting oll in a pan of dimensions 195" X 18.5
X 4 Place the pan on the fioor of the box, Close the hatchidoor. Set and vernly pressure
differential and air flow. ignite cutting oil using hand held taper or lance manipulated
through the key hole. Observe, videotape and record Ohbject Prove Fire Foe
extinguishes cutting od fire in isolation in the 250 cu i glove box,

3. Place 1 pint of Acetone in the extemnal reservoir Place an emply pan of dimensions
19.5" X 18.5" X 4° in the centre of the box floor under the copper filling pipe. Place 2
gallons of specified (pre-heated) cutting of in a pan of dimensions 19.5™ X 19.5" X 4" oin
the fioor of the box. Place one wood-crib UL Standard 1975 measuring 10° X 3° X 6° on
the floor of the box. Place one wood crib UL Standard 1975 measuwring 10° X 3° X §° on
the rack Close hatchidoor Set and verify the required pressure differential and air flow
{(A) Ignite both wood cribs using hand hekd taper or lance manipulated through the key
hole Allow both cribs to bum for 60 seconds then open the extemnal valve and drain the
Acetone held in the external reservoir into the empty pan and i applicable. (B) ignite
acetone and cutting o using hand held taper of lance mampulated through the keyhole
Observe, videotape and record AMB. Record pressure vanance before, during, afier bubss
actvation in real time. Oh@ect Prove Fire Foe exfinguishes Class A UL specified crib in
the presence of accelaranis alt wo levels in the250 cu | ghove baox.

4 Place 1 pnil of Acefone in a pan of dimensions 195" X 195 X 4" Place 2 gallons of
specified (pre-heated) cutting oll in a pan of dimensions 19.5° X 19.5° X 4°. Place both
pans on the floor of the box. Place 5 off 500mi piastic squirt-bottles (two of which shall
be empty and three of which shall be partly filied with specified combustible hquid e.g.
aicohol) on the floor of the box. Place 5 off S00mi plastic squirt-bottles (two of which
shall be empty and three of which shall be partly filled with specified combustible quid
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@.g mlcohol) on the rack Close haichidoor. Sel and verly reguired pressure differential
and air flow. Ignite the acetone and the cutfing oil using a8 hand held taper or lance
manipulated through the key hole Obsarve, videotape and record Object FProve that
Fire Foe extinguishes Class A fire in emply and parfially fifled sguirt boffles ar lwo lovels
in tha250 cu it glove box

& Place 1 pmt of Acelone in 3 pan ol dimensions 19.5° X 195 X 4" Place 2 galions of
specified (pre-heated) culting ol in a pan of dimensions 19.5° X 19.5° X 4" Place both
pans on fhe Roor ol the box. Place 2 off boxes of chem-wipes (ona of which shall be
opan wilh a number ol chem-wipes removed the other shall be un-opened) on the floor
of the box. Place 2 off boxes of chem-wipes (one of which shall be open wilth a number
of chem-wipes removad the other shall be un-opened) on the rack Close halch/door
Set and vernty the required pressure differential and air flow. ignite the Acetone and the
cutting ofl using a3 hand hald taper or lance manipulated through tha key hole. Obsarve,
videotape and record Object Prove thal Fire Foe exfinguishes Class A fire in partiafly
filled and un-broached boxes of chem-wipes al hwo levels in the 250 cu i glove box

6 Place 1 pint of Acetone in a pan of dimensions 195" X 19.5° X 4" Place 2 gallons of
specified (pre-haated) cutting il in a pan of dmensions 195" X 195 X 4" Place both
pans on the floor of the box Place 3 melers ol Tygon tubing on the floor of the box
Plage 3 meters of Tygon tubing on the rack. Closa hatchidoor Set and verily requited
préssure differential and air fiow Ignite the Acetone and cutting oil using a hand held
taper or lance manipulated throwugh the key hole. Dbaerve, videolape and record. Object
Prave thal Fire Foe extinguishes Class A fire in Tygon lubing af multiple levels in the250
ch i glove box.

7. Place 1 pint of Acetone in @ pan of dimensions 195" X 185" X 4° Place 2 gallions of
specified (pre-heated) cutting oil in & pan of dimensions 185" X 18.5° X 4°. Place both
pans on the fioor of the box. Suspend vertically 5 off wire bundles of #18THHN wires
from tha geiling mounted rails. Suspend vertically 2 off wire bundies of #18THHN wires
from the ceiling mounted rails. Suspand vertically 2 off bundles of 2 coaxial cables from
the ceiling mounted rails. All wires (o be bound logether with plastic twist tles in a single
8-bundle group. Veriical bundles shall be suspended at varying heights above the
Acetona/culting oll. Close haloch/door Sel and verily the required pressure differential
and air flow. Ignite the Acetone and cutting oll using & hand held taper or lanca
manipulated through the key hole. Observe, videolape and record  Object Prove thal
Fire Foe extinguishas Class A & C fires in vertically suspended cable bundies al multiple
levels in tha 250 cu i glove bok

8. Place 1 pint of Acetone in the external measuring reservoir. Place an empty pan of
dimensions 19.6" X 19.6" X 4" In the centre of the box floor under the c
filling pipe. Place 2 gallons of spocified (pre-heated) cutting oil In a
dimensions 18.5" X 19.6" X 4" and place on the floor of the box. Place one
crib

H

UL Standard 1978 measuring 10" X 3" X 6" an the floor of the box. Place
§00m! plastic squirt-botties {two of which shall ba and three of which

be partly filled with acetone) on the floor of the box, P 2 olf boxes of

£

wipes {one of which shall be open with a number of chem-wipes removed th
other shall be un-apened) on the floor of the box. Place 3 meters of Tygen tubing
on the floor of the box, vortically 5 off wire bundles of #16THHN wires

:

from the celling mounted rails. Suspend vertically 2 off wire bundies of #1

i
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wires from the ceiling mounted nhlz-umzﬁmd 2 coaxial

8. Hepeal the above spécifiad lesl B our Turtheér imes in succession in the presence of
designated parsonnel from LANL. In 2 consecutive tesis record pressure varlance
bafore. during, after tube activation In real ime. Observe, videotape and record

Independent verification by NRTL {Intoriok)

MRTL to conduct above specified Test B fivé mes in succession al the NRTL and verify
accarding o resulis

The above specified glove box dasign and manufacture together with a drawing or photograph
signed by the Contractor and countersigned by the Sub-contracior, the above specified prool of
concept fire testing and the above specified independent verification by the NRTL constitulas
the complete Test Protocol per Subcontract mumber B6203-001-10 dated August 5™ 2010

For the Contractor For the Subconiractor
MName Nama

Tithe Title

Date Dt
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APPENDIX D
Envirogel® MSDS
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16, Information

k fion haredn ks p ted In good failth ang befaved to be cormect
huldmnﬂpupmlhbeal«mmmuumwunmﬂo
wamenty, axpreszod of Implied, 8 gvan, QuickFine shall nol bo held kable for
any damage resuiting from handing of from coniact wilh the above product U
s tha buyors responsbdily o ensurn fhat iCs aclivitics Lomply wilh Fadarml,
S of national. provineal and local bws.

MSOF Heslary, New MSOS 0201/2009,

Notes
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Dascription Serlal No. Calibration
Due Date
Thermao/Hygromaotar 101324765 12-30-11
Stopwatch/Timer 912680650 11-24-11
Prossure 411870 10-12-11
Tranaduoer
Pressure 4119140 10-11-11
Tranaducar
Digltal Manomater DELEDO4 T-28-11

Intertelk
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REFERENCES

1) QuickFire Fire Suppression Technology product brochure, Product Description

Z) Fire Foe Automatic Fire Extinguisher with Envirogel, Owners Manual &
Installation Instructions, Hev 04/05
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__SUMMARY

Revised report as per client's request with the fallowing changes

Added revision number and daote throughout report
Section 3.2 - Added additional sample assembly
descriptions o FT260 ube and installation

Section 4 - Added steol glove box panel designation

Saction § - Added additional post test noles
Section 8 - Conclusion — Added (able displaying tubse
aclivation times, individual temperatures, and

DATE su
October 25, 2010 Original lssue Date
MNovember 168, 2010
Victor M, Burgos 1}
y 2 N
3)
numbers and transducer locations
Mike Dey 4}
o 5}
-LI{.' 1 J::t
7 temperatura average lor each avent

B)

Appendix A, Test Data - Added Acelone Ignition and
Tube Activation to graphs, Extended lemperature and
pressure fransducer lest data to include more data
points at thie actual +/- pressure events

Appendix B, Tes! Pholographs - Added addiional
sample assembly photos, insened descriptions 1o all
photos




Appendix E: Technical Bulletins for FE-25"™ and FE-16"™
{See anached document. )
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Compatibility

DuPoni expernance wilh FE-36™ irdicates no ca~patikility
pioblems wah common metals duting storage as long as
maoisture is excluded.

in 12515 periormed by Lhe Nauonal Instiwie af Standards and
Technology (NIST), centain lypes ol steel, siainless steel,
and altminum in comact with FE-36™ [aor 28 days a1 148°C
{300°F) showed na changa in appearance.

DuPont two-week 18515 31 room lemperalurs ind-¢ate thal
most common elastomars have negi:o be swalling. weight
gain. ang hardness change when exposad 1o FE-36™, as
showa in Table 2.

Availability

FE-38™ ig available woridwide n 145-fb ard 1,200-1b
net weight packages as wall as tank 1rucks or 1SO-1ank
conlainars

Table 2
Common Elastomers Exposed to
DuPont™ FE-38™

Linsar Weight Hardness
Swell, %  Gain, % Change. Units

Buryl Rubhe: 0 ) 0
Nordels EPDM | 2 -2
Neaptene -1 1 3
NBR (Buna-N) 1 3 -4
Hypalon® -} 1 -1
Vion® A 14 Y -13
Epichlorshydrin

Homogpolymer -1 0
Polysulfide -1 1 -1
Hytre®* TPE 2 7 !
Tetlan® —_ 2 —




Hecognition

An @ strearming sgead. FE-3E™™ m imted o acospiabie iow o
immderial use undet 1he PR Signifbicant Now & isineeaee
Policy (BNAF progrem  Also. 1 8 scomimahie, W thind use
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pio end eapinge warion apgeataonn For ol hogong
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T P

Trem PR sperrfacally sccapts the FE-T8™ sl i oee
vl e GrDOeel TRy

LUrnwrwemprs | atorpiores oty FE 36™ o iecogrumd cormy
Dot~ portatiy foe evtegestery Aorectston by Factory
KAyt b Cidg

Tet US Cossl Gusrd s gracied FE-J6™ mprowl in
PR R BT

FE-J6™ i miiaed v Natone Foe Promwciio Asbacainn
iNFIPAl Brendan 7001 and = drwfi versoes of Standad
14EI0, Gasnous Fes | atnguishing Sysieens. besng iessinmed
by e |7Eprrations Orgarizabon for Slandsideston |50

FE-I0™ ia linied undor the Tosc Substsnce Cortal Ac
(TSCA) ard the burcoman | @t of Mew Cheescal Substancss

IEC e d7'5-T00-1)

Tabls 1

Properties of DuPont™ FE-36™
Fire Extinguishing Agent
| mrrmda 1.1.1.,2213
gttt ne
Malaciutar Wesght 167
Bosing Prirml,  *C =14
"W 280
Oizone Depleton Poterhal
1onPy 1]
Gaolgl \Wermang Polerta
iy 6,300
Armogphens | Astare el Faii |
Lt Dty g 25°C lgirre 1,360
T Y Bl FH
vipe Pressore £ M40 Wifa FEFE ]
TTF ipmasl me
rimal of Vapoiyeten o 0P losigl 3| N
bLLL T =L L
Apomemgte | elte
Coreprtration (ALCI*, pom =1t 000
Cun Barme (= haprissl % £1
Carchar St heaton
Mo Ofmerved Adwerse [ Mec
Lol INCWRELD, % W
Lowest CDbparond At ke

Ettect Level | DAEL, %

Alrvwvahile Exposiea |imin
uEul - lI pom

*N00-yeai brrad Beateron
“*Hxin, 4 fi
*F ortinucas eaposute. B0 120 fay



DuPont™ FE-36™

FIRE EXTINGUISHING AGENT

Technical Bulletin

Description
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Applicalions and Perfoimance
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Tasicity
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Figurs 1. Ssturated Vapor Pressure al DuPont™ FE-36™
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Tabile 2 Specifications
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Tal: (BOO 473 TTED ROC
Tel- BBE.7.25144 480
Europe
DuPont de Nemours Internationsl S.A cleanagents.dupont.com
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Figure 1. Baturated Vapor Prossure of DuPont™ FE-28™

Temparature, 'C
&0 50 40 30 20 W 0 W0 20 304050
40 L 1 T 77 71717 1" dazm
m i !
I /g”ﬂ.’l
- = 1200
=
i"14:1::! o 7% -
an E
m | %
40
. 3
20
1n—/
&0 4 20 0 20 40 & B0 0110
Temperature, ‘F
Envimsnmental Compatibility

FE-36™ i @i srwionmentasily prafamed aimrnsise o Helon
31, Uplikw Helon, FE-26™ does. nol contess chitdhs of bio-
Fafa and iharsfo's Hes rerD ceone-deplxlion potordal [O0F
Lok rraryy fuonns-based gases, FE-25"* has some global
aiiTing polential Tha pichal warming polonil fof FE-26™
m 7 B00. based on o 100-year time horizon relteea 1o C07
Thea m dee pf PR iowest lor the cner=cal igEnEE Coimimar-
caily wepipiis Tng pegrgd srwv-pnma—ie MDSCT @ Minemided
hmmmmmm
PR ST TR S DR

RAST nesins comchuded that FE-J5™ showsd hi decofrposton
il VEDOC {3DEF] i the presencs of Bt COMesdaty wsed
rristals fol ane-manth asgoenum Eede. FE-25™ schiisd pood
compalidily with 3 spctium ol cross-inked sasiomers The
dieta i Tebve 2 we pasad on DuPon jeeis ol ssch elastome
subjeciod to agrg af room lemperaturs 1ol layo weaeks in
FE-25"™

Availability
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Toxicity
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DuPont™ FE-25™

FIRE EXTINGUISHING AGENT

Tachnical Bullotin

Description
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