
LA-UR- j)--COQc;4 
Approv/30 lor public r/3le6S/3: 

c!lSlrlbUlion Is un/imileo. 

~ 
Los Alamos 
NATiONAL LABORATORY 
- - - fSl .to - - -

Til/e: Alternative Approach for Fire Suppression of Class A. B, and 
C Fires in Gloveboxes 

AuJhO((S): Rosenberger. Mark S. - 233977 
Tsiagkouris. James A. - 108056 

In/ended for: DOE/Contractor Fire Safety Workshop 

Los Alamos Illl1tional Laboratory, In af1ilmative IIction!equet opportunity emptoyer, is operaled by the LOS Alamos Nalional Securiry. LLC 
for Ihe Nalionalllluclear Securhy Adminislration Of Ihe U.S. Department 01 Energy under contl8ct DE·ACS2·06NA25396. By acceptance 
of Ihis IIrticle. the publishel recogniles Ihal the U.S. Governmenl retains a nonexclusive. royalty·free license to publish or reproduce the 
published 101m 01 this conlribUlion. or to allow others to do so, lor U.S. Government purposes. Los Alamos Nalional Labolalory r~uesls 
thai the publisher identity IhiS article as work performed under the auspices 01 the U.S. Oepartmenl 01 Energy. Los AI6mos Nationel 
labOratory strongly supports academic Ileedom and a researcher's righl 10 publish: 6S an institution, however, the LllbOratory does not 
endorse the viewpoint 01 6 publication or gU6rantee its t&ChniC61 COirectness. 

FOim 836 (?!06) 

081924
Sticky Note
Per LANL Classification Office, SAFE-1:  LANL was the client for the interdoc report and thus we can distribute.  10-26-11



ALTERNATIVE ApPROACH FOR FIRE 

SUPPRESSION 

OF CLASS A, B, AND C FIRES 

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 Laboratory (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 801 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 ei ther 

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 is 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 inert ion 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 FOETM 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 ft3 The manufacturer also produces a larger tube for 250-ft3 
enclosures. The 250-ft3 tube was not subject to UL testing and does not carry the UL mark. The 
250-ft' 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 Minimum 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™ is an ideal replacement for Halon 130 I 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," 

• FE-36™ ''DuPont™ FE-36™ is 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" (l.65-mm) thick with a 
milled strip that is 0.055" (l.4-mm) thick for standard temperature tubes and 0.085-in. (2.16-
mm) thick with a milled strip that is 0.075" (I .9-mm) thick. The thinner milled strip is intended 
to be the release/rupture point at tube activation. The milled strip is identified by a strip of black 
tape to facilitate aligrunent of the tube for optimal discharge during installation. Tubes are sealed 
at the ends with 12LI4 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 12L 14 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 
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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 I 00 psi at room temperature. Below 17soF (80°C), the Fire Foe™ tube is stable. 

When the heat from a fire climbs above 17SOF (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 (I 1 SOC). 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 (lSO°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 (SOO 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 A WG, #18 A WG, 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., 2S0 ft3) 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 
glove box mock-up at its facility to perform fire tests. Dimensions of the mock-up were 8'L x 

5'W x 6'H, yielding a 250-ft3 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 cfm (i.e., 

one air change per minute). The airflow used for the fire tests is greater than that used for 

glove boxes, 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 

combustibles used for this series of fire tests consisted of wood cribs constructed of nominally 
I "D 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 -y." water column for this next series of fire tests to more 

closely re1lect 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 1 
shows a summary of the test results. 
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Table 1. Summary of Proof-of-Concept Test Results 

Fire 
Test No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1Class B 

2Class A 

3Class C 

Time from Ignition to 
Type of Activation of Fire Foe ™ 

Combustibles Tube (minutes:seconds) 

Class B' 2:03 

Class B 0:56 

Class B 1:29 

Class A' and B 1:25 

Class A and B 2:31 

Class A and B 116 

Class A, Band C' 233 

Class A, Band C 107 

Class A, Band C 206 

Class A, Band C 218 

Class A, Band C 1 :58 

Class Band C 3:05 

Class Band C 5:59 

Class A, Band C 345 

Liquid pool fires - Acetone and preheated culting oil 

Wood crib, and crumpled newspaper and Tygon tubing 

Coaxial cable, #16 THHN, and #18 THHN 

4130 W lube installed in 250 ft3 enclosure 

Approximate Ceiling I 
Temperature at Tube 

Activation I 
370°F 

I 

465°F 

430°F 

340°F 

355°F 

255°F 

305°F 

390°F 

325°F 

nfa 

315°F 

322°F 

270°F 

545°F' 

Additional proof-of-concept fire tests were performed to docwnent that the tube would 
successfully 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. 1002381 06SA T-OOI.) 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 Rcsulls 

NRTL monitored and recorded the six tests that were perfonned. The Fire FoeY1>' tube 

successfully ext inguished fire tests I, 3, 4, 5, and 6. For this series of fire teSIS, we used a UL 

1975 v>-ood crib assembly (picrured in Appendix D). The UL 1975 wood crib has a smaller heat 

re lease rate than the wood crib uSCll for the proof-of-concept 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 generated when the acetone became involvejJ 

in the fire had an extinguishing effect on the wood crib fire. This effect is evident in fi re test 

no. 2 as the lire burned out prior to reaching a temperature that was sufficient to ac tivate the 

tube. To min imize the extinguish ing e ffect experienced during introduction and involvement of 

acetone, we decided 10 al low the wood crib to burn for 2 minutes for fire tests 5 and 6. Table 2 

summaries lhe NRT L test res ull S. 

Fire 
Test 
'0. , 
2 

3 , 
5 , 

• C .... ,. 

'C ..... s 
'CI ... C 

Table 2. Summary 01 NRTl Te.t Result. 

Time trom Ignition to 
Activation or Fire 

Type of Foe'" Tube 
Combustibles (minutes:seconds) 

Class A' S'. andC' 4:21 

Class A Band C Fire burned out 
Class A Band C 6: 11 

Class A Sand e 2:52 

Class A Sand C 3:13 

Class A. 8 and C 3.42 
lJL 1975 __ oM TygoolUbo/Ig 

LiQu", ~ roltS - AcelO<>t """ p~f>e'l"" cul1inoJ o~ 

Co . .... co"" • .,6 AWG. ~"" .18 AG '""''''' .. 01 _.s 

Appro~imate 

Ceiling 
Tempera ture at 
Tube Activat ion 

'" . 
43Q°F 

:WO°F 
35soF 

255°F 

ENVIRONMENT AL IMPACT 

Approximate 
Pressure 

Change at Tube 
Activ~tion 

-9"" we 
. 

-3.5'·WC 

-tl" we 
-l'1.S··WC 

-12"WC 

Based on fIre testS performed to va lida te lhis suppression system, Fi re FoeT " tu bes typ ically 
discharge within four minutes in lhe evenl of a fire in Ihe enclosure. The resulting d ischarge will 

introduce tile Envirogel® into the enclosure. At the lim~ of discharge, the Envirogel® will 

cons;sl of tile components and forms listoo in Table 3. 

Table 3. Envi.ogel- Component . and forms 
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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 calUlot 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 long 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 fulJy anticipated to be processed by the secondary air 

handling systems supporting the affected facility. This type of scenario is nonnally 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: 

• Potential radiological surface contamination on the tube 
• Relieving internal pressure of the tube 
• Disposal of the tube contents 
• 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: 

1. Identify the tube for decommissioning. 

2. Remove the identified tube from the mounting bracket. 

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

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

5. Engage spring-loaded 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 witl 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-2STM and FE-36™ clean agent suppressants that 
comprise the Envirogel® vaporize and are carried out with the nitr9gen 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 ofa 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 similar; 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. In 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. If 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 
g[ovebox technician was not present at the time of the accidental discharge, there would be 
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visible indications in the fonn 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: 

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

2. Dry chemical 

3. Inertion 

4. Fire Foe™ Tubes 

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 encl.osure itsel f. The enclosure cou Id 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 life 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 (ITM) at a minimwn 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 to 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 is 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. jnertion 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 perfonned to determine which portions of these systems would have 

to be monitored and what the proper alann 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-2STM, 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. 

Issues associated with seismic events are greatly reduced because the tubes are a passive 

engineering control. They do not require any support sse 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. Ifan 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 glove boxes 

and is more in line with flow rate requirements for fume hoods. 

The tubes are currently UL Listed for Class Band 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 ofa 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 

infoffilation available are the results of the Teflon testing perfonned by LANL2 Results of this 

testing showed that at 109 rad, the Teflon samples showed cracking, and at lOll 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 samples 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 infoffilation to establish and fOffilalize 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: 

1. Tube body shall be constructed of Nylon 6,6. 
2. Two activation temperatures shall be provided: 

a. Standard Temperature: )7SoF 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 of304 stainless steel (SS). 

4. Pressure gauge assembly shall be 304 SS. 

2 "Characterization of the Alpha-Radiation Effects on Polytetraflouroethylene," Lakis, Rollin, et aI., 2000. 
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5. Nominal wall thickness of the tube body shall be 

a. Standard temperature: 0.065" +/- 0.005" 

b. High temperature: 0.085" +/- 0.005" 

6. Wall thickness of machined activation strip: 

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

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

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

cap. 

8. Machined activation strip shall be 0.875" +/- 01125" wide, along the longitudinal axis of 

the tube. 

9. Tube shall be capable of being discharged within the enclosure. 

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

by a fire alarm system. 

11. The pressure switch shall be a normally open dry contact type capable of being placed 

within the same environment as the tube. 

12. Mounting bracket assembly shall be manufactured from 304 SS. 

Location 

I. The tube shall be rigidly mounted within the enclosure. 

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

minimum of 4"+/- OS' from the wall of the enclosure. 

3. The activation strip should be orientated in such a direction that it ensures coverage 

throughout the enclosme. 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 ft3. 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. 

2. As a means of redundancy, two tubes shall be installed in each enclosure. If the enclosure 

or process cannot support 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. 

1. Service life of tubes in non-U238 radiological environments is five years. 

2. Service life of tubes in U238 radiological environments is unknown. 

3. Service life in aqueous chemical environments is unknown. 

INST ALLATION 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. 

I. Identify the size of the tube to be installed. This is based on the gross or net volume of the 

enclosure up to 250 ft3. Net volume could be calculated to size the tube, but an 

engineering evaluation must be performed. 

2. 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 2S0-ft3 tubes, a bracket shall be required mid-span of the tube. 

3. 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. 

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

5. Clamp the tube in place according to the manufacturer's instructions. 

6. 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. 

7. 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. 

8. 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 lTM 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 sUPPOtt 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. ITM 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 glove box 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 feed through for one or two pairs of 16 A WG wires if the Fire Foe™ tube is connected 

to the fire alarm system for monitoring. 

It 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 glove box is punctured or ruptured when the glovebox topples, it would potentially 

coat combustibles preventing ignition. The tube located near the top of the glove box 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 glove box 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-ft3 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. 
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Appendix B: Test Protocol Developed between LANL and Quicluire 

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 Yo" 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 )1," or l'''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 Yo" N.P.T. ports 
(female thread), 

2. 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. 

3. 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. 

4. 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. 

5. 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. 

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

7. Affix Fire Foe'" tube fixings at one position in the box 

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



9. 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. 

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

11. 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 Protocol 3 plus two further tests under Test Protocol 8 

conditions shall be pressure monitored 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 19.5" 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 lance 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. 

2. Place 2 gallons of specified (pre-heated) cutting oil in a pan of dimensions 19.5" X 19.5"X 4". 
Place the pan on 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. 

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 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 keyhole. 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 keyhole. Observe, videotape 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 acceleronts in the250 cu it glove box. 

4. 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 5 off 500ml 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 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: Prove that Fire Foe extinguishes 
Class A fire in empty and partially filled squirt bottles at twa levels in the250 cu it 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 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: Prove that Fire Foe extinguishes Class Afire in partially filled and un-broached boxes of 
chem-wipes in the 250 cu it glove box. 

6. 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. Place 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: Prove that Fire Foe extinguishes Class Afire in Tygan 
tubing at multiple levels in the250 cb it glove box. 

7. 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 1116THHN wires from the ceiling mounted rails. 
Suspend vertically 2 off wire bundles of 1118THHN 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: Prove that Fire 
Foe extinguishes Class A & C fires in vertically suspended cable bundles at multiple levels in the 
250 cu it 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 
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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 SOOml 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 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. Place 3 meters of Tygon tubing on the floor of the box. Suspend vertically 5 
off wire bundles of 1116THHN wires from the ceiling mounted rails. Suspend vertically 2 off wire 
bundles of 1118THHN 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 
keyhole. 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 levels 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 (lntertek) 

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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Fire Foe in 250cf Glove Box 

1.0 INTRODUCTION 

1.1 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 AlBIC 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. 

2.0 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 1 0 which were ad hoc. 
Various configurations of class AlBIC 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. H20 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. H20. 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 2.6 
provide detailed descriptions of the test protocols used in this project. 

2.1 TEST PROTOCOL 1 

Test Owner: QuickFire 
Test Date: 0911612010 - 0911712010 
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 TEST PROTOCOL 3 

Test Owner: QuickFire 
Test Date: 0911812010 
Glove Box Contents: 

Fire Foe in 250cf Glove Box 

o External pre-fill reservoir with 1 pint acetone 
o 1 - 19.5"X19.5"X4" metal pan (empty) 
o 1 - 19.5"X 19,5"X4" metal pan containing 2 gallons heated oil 
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 1 0" X 10" X 10" on the 
floor of the box, Place one wood crib measuring 1 0" X 10" X 10" on the rack. Close 
the door. Verify the required pressure differential. (A) Ignite 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 AlB, 
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. 

2.3 TEST PROTOCOL 4 

Test Owner: QuickFire 
Test Date: 0911812010 
Glove Box Contents: 

D 1 - 1 9.5"X 1 9.5"X4" metal pan containing 1 pint acetone 
D 1 - 1 9.5"X1 9.5"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 1 9,5" X 19.5" X 4", Place both pans on the floor of the 
box. Place one wood-crib measuring 1 0" X 10" X 10" on the floor of the box. Place 
two wood cribs measuring 1 0" 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 TEST PROTOCOL 8 

Test Owner: QuickFire 
Test Date: 0911812010 
Glove Box Contents: 

Fire Foe in 250cf Glove Box 

o 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 oil 
o 1 - 10" X 10" X 10" wood crib 
o 3 - 500ml Plastic bottles partially filled with acetone 
o 2 - 500ml Plastic bottles empty 
o Group of newspaper and fiber towels 
o 3 meters vinyl tubing 
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 
1 0" X 10" on the floor of the box. 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. 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 AlB. 
Objective: Prove that Fire Foe extinguishes the full range of Class NB/C fires of 
varying types of specified materials at varying levels in the 250 cu ft glove box. 

2.5 TEST PROTOCOL 8A 

Test Owner: QuickFire 
Test Date: 0911812010 
Glove Box Contents: 

o External pre-fill reservoir with 1 pint acetone 
o 1 19.5"X19.5"X4" metal pan (empty) 
o 1 19.5"X 19.5"X4" metal pan containing 2 gallons heated oil 
o 2 10" X 10" X 10" wood cribs 
o 3 500ml Plastic bottles partially filled with acetone 
o 2 500ml Plastic bottles empty 
o Group of newspaper and fiber towels 
o 3 meters vinyl tubing 
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Fire Foe in 250cf Glove Box 

o 1 Wire Bundle Consisting of 
o 5-#16THHNwires 
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 
1 9.5" X 4" and place on the floor of the box, Place one wood crib measuring 1 0" X 
1 0" X 10" on the floor of the box, Place one wood crib measuring 1 0" 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 #16TH HN 
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 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 AlB. 
Objective: Prove that Fire Foe extinguishes the full range of Class AlBIC fires of 
varying types of specified materials at varying levels in the 250 cu ft glove box, 

2.6 TEST PROTOCOL 9 

Test Owner: QuickFire 
Test Date: 0912012010 
Glove Box Contents: 

o 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 500ml 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· AlB. 
Objective: Prove that Fire Foe extinguishes the full range of Class AlBIC fires of 
varying types of specified materials at varying levels in the 250 cu ft glove box. 
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2.7 TEST PROTOCOL 10 

Test Owner: QuickFire 
Test Date: 0912012010 
Glove Box Contents: 

Fire Foe in 250cf Glove Box 

o External pre-fill reservoir with 1 pint acetone 
o 1 - 19.5"X 19.5"X4" metal pan (empty) 
o 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 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 
1 0" X 10" on the floor of the box. Place 4 each 500ml plastic bottles which sha II 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 AlB. 
Objective: Prove that Fire Foe extinguishes the full range of Class AlBIC fires of 
varying types of speCified materials at varying levels in the 250 cu ft glove box. 

3.0 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. 
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Fire Foe in 250cf Glove Box 

4.0 TEST RESULTS 
All protocol objectives were achieved during testing (i.e. Fire Foe will extinguish 
AlBIC 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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Fire Foe in 2S0cf Glove Box 

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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Fire Foe in 250cf Glove Box 

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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10 i ocoopo."BIelixed negaIWe 11'_ diIIfole ... ~ 01 Yo' Of Y.· _ .... and fixed .. now 
01 ......... eNnge (2S1) coDe 1eeI) per m.\Ute by mean. 01 8"' d-"'-__ 
.. _ II eel a' _c:N'IQ IIe/ghI on"'" panels &h_ wiI be IhrougIlS' 
f\angIId IpDOII>ieaI (proIncIecI by lANt) wIIlch .... 1 _ ~n inI .... HEPA .... hiler, 
willi prllt"''' ~. F "Y''''''''''' uaroscl,...,.,. mQIItlled below and _ t!lO tlEPA f,~", 
In "'Iing %' N P T fK>'b (Iemale Itvead) 

2 0etIQn a racI< _ dimen,oonl:l' X 2' conSl''''* 01 . 2' X 2' angle Ileal kama_ 
I'IUIT1bo!r 8 expanded melal grid sland'''O 20' Inches 0II11le Iloo< cflhe bo. , 

3. W.odows, glows andIOf!!lOve apertoJre blMlUI'Ig illites 10 be aIfuood 10 1M '- t* 
finingllUPlllied , 

:I IMII' 8 ptOUIK1I trl1tiSduceB in Ihe '-_ One \ranadIuceI' will be pi ..... bel" .. ,n .. 
gkwe pona lllIle 10,,: ·1 __ tMre;ol'lel_If.,..,t. ..... will be pl . 'ed ""elY la' 
10 ..... _ of :I transducers I lacteel wet\ICdy n- tranoducers ar" in .odilior> 
IOIhe 2 pr ........ 1nInSduc:ers as.,..;t'>od on ..... 110m No 1_. 

5_ In_ 0l\OI g ..... observ3bon ... . __ 1I!"..,.,able Inte,nal blanlung plate (0001 
_ ._ ... prCItiCtM') 10 coabI. clear viIlon of bOx intorict and contents l lalYI POR rote _ lube _lion. 

8 In,l;Ill_ WflP"" Acatoroe ~ll ing pille • • tending tll,O<Jgh trOO1I pa ..... e"'Dt"dong 10 
posiIioo In cenl!e of boo floor and appro. 5' eOOve 1Ioor. compIo-te wilt! . "'_'" """ . 
otI "a~ and I p,nl mea:wring .--... oir 

7 In.\lIP _ 0111" dtameCer ,\oyhOIe' with 8",.".1 clDsong plale on front panel of*"" 
boo III auIUIbIII toergll ~ IIlII tIoor 



..... '" In l5O<' G.,.... Do. 

II S<b'niI d"""""" oIlIIOI>'I s "1 g_ boo and incof __ "1 fllci< 10 lANL /of the~ 
_oval, \.ANt 10 coun" """,n "'awtng to feCOfd such 8WfO\1i1I, 

10 """""'Klur. ~ boo to .""" ap~ ..,..,ifIcation and (jrawW'!g OIoYe. , glo .... 
It<Ing ltS_lie • ..-dIot glOYO apO<1u.o ~.nklng plal".. and wi.- panek complete 
WIth ",.Iing •• "' ....... "1. 10 be tr ... -.... ue "'Wll' trom LANl and 10 be IncorpoU,'e<! 
inlO Ihe glOve boo manufacture 

11 InIUoll I~ CN'Ilbe lOll panel, boIiOm panel, .ide panels .-.:I eM p&nek 01 
It1e box 10 mell'un! Ihfl lemperDlure promo wiItoln lhe box "' It1ese pOSiliona before, 
dunng 81\0 &fIoor KINaHan 

Proof ofCon"pl Fjra T .. tlng : 

CavlsHona from thl, prolocol.,. nOl.-d In "'- 1 .. , Summ.ry 2.0 S&ction ollllis 
documont 

The loIboo'ng fwe tell 1M'OII,,:w'n .... be ClOm«! ........ In NCh test _ off F're F ... 
lube wli be mounled in It1e lube ''''"'!IS with,n!he box. Each \est will be _ htm 
ignition 01 m,w",1 10 _ axtlngu.s.lvnent AI t.nes ' 0 be teCQlded. In Tes! 
P,OIOCOl3 pM IwO '''''''Of lea" unclef Test P,uIOcOI B cond~OOI'II""" be ~ 
moniIored ~ore. d....w.g"", aft ... l\lbe diIcharge. SucI! p!eu<H " ....... i"" ..... 
De 8ulomahc&liy • __ <Ied in 'elIl ...... Pnot 10 each _ ttoe W!Iow .... be ... i(,ed 

Ind 'lICOIded Each !ell wi be Wleoed from 0IM0cIe Ite box. AtIer oacto IesI ttoe 
box Wli .omtin ckaed .,"0<1 .uoI>Ie fer S ........... 

Testo' 

I Pt_ \ ponI 01 Ate""", in • pen 01 <Irnensions 19S X 19.~· X.· f'IBc:e IIIe pan 
on It>e _ DIllie _ . CIoae __ Set _ -.Iy ti>e ............ po y,,,, 
diIIeoenllll _ .. flow 19nIIe_", ~ hand held tape< 0II1M>ce 
manip"-,s 1 """"'" It>e key hole. Clbser.e, wIeo'ope .nd.8Q:)Id CII:lJo>d: Pm>-. 
f'ita F ..... ~_ .. ,....in ; ........... , in til. 25/1 cu ll ~_, 

~ PIaoa 2 g" ... 0I~ (pte~~EIIm') cullln9 01 in. pen 01 domensoono 19.5' 
X \9 5' XI · l'Iaoati>epenon ........ Dllhabox CIoaeti>e~ SeI_ 
.....tty II/esaur. dlIeranlilland .. flow Ignilol CUllIng 001 usirog hand held laper 011 
IM>ce rnripuIMed IlwuugllIha Ioey hole ~, 'i\deoIapI..-.cI .0CMi. ~, 
PrI:>we Fife Foe •• ,,;.g. . ·,u curr.irIg oil ffte in isoIafiotl in !fie 15/1 COl IIIJbVl bolt. 



. Q ...... ''''''' m ••• a •• 

J Place 1 pint of Acetone in !he Gxlernat ....... IVOrL Place an erl1>ly pan of 
amensions t 9 5' X 19.5' X 4 ' on 11", centre of the box 1100< under the ""I'I"'r 
fill ing pipe. Place 2 galloo15 of speclfied (plG·healed) C<Jtling oil in a pan of 
dimensions 19.5" X 19 .5' X 4" on the IIoor 01 !tte box PI_ one wood-erib UL 
Standard 1975 measuring 10"" X 3' X 6' on the 1100< 01 !he bo • . Place one wood 
crib UL Slaooard 1975 measuring 10" X J" X 6 " on the rack . Close l1alchl<loor 
Sci 300 verify the reqwred pressure dillerent"" and air I\ow. (Al Ignite bott1 wood 
cribs us",!! haoo held taper or lance marupulaled Ihrough the key hotr.. AI\ow 
bott1 cribs to I>Jrn to< 60 seconds then ope<1 !he exlemai valve and d rain the 
Acetone held In the e.temal r"",,,,oir inlO the empty pan and ~ applicable. IB) 
ignite acel""" and cuttfng oi l USing hand held laper of ra nce m an ipulated through 
Ihe ~eyhole. Ob$erve. >'iOeotape and ,eoord AlB Reoord p<"essure vafiance 
before . during. after tube activallOl1 in reaf fu>e Of.lit>cl. Pro"" Fim Foe 
' .. tinguislres Class A UL .~ critJ In IhG p"'.ellCtl 01 8<:cel<mmts at two 
h>vel$ irl1hlJ25() C<I rt glow! 00 •. 

4. Place 1 piot 01 Acetone io a I'M of dme ..... ion. 19.5· X 19.5" X • • _ Place 2 
galloos 01 spoccifie<l (pre-healed) cutting cot on .. pan of dimern.ion. 19.5" X 19.5 " 
X ~". Place both paM on !tte IIoor of the box Place 5 011 500mt p\Mtic squirt· 
bot1!e. (two of which ""all be e mpty aM th"'" of which .hal bo p.:wtiy rLkId with 
""",,;roed coml>JstibleliquKl o.g aIcoI1ot) on 100 IIoor 01 the bo • . Place 5 011 
500mt pl3$lic squlM-1>o/Ue$ (two 01 which lha! be emply and throo 01 which ,hal 
be parDy Moo with spoecilied comllustibiro liquid e g , alcohol) "" hi racle. CIDM 
halchldOOl_ Sel00d ""'rifIt required pre.,ure di/!e,ential and a~ I\ow 19n ~e!he 

acetone aoo the cutting oil usng a """" held ta;>e r or la""" man~lated II1fOU\1h 
It>e key nole. Observe. videotape and reeo<d. Object: Pro"" l1>aI: F"" Foe 
~"lingIJisllfJs Class A I"ir6 In emp/y and pallial/y filled squOf boItJe$ 1II1wO /eve/.5 ., 
tllfJ250 cu fI glove box. 

5. Place t pint 01 Acetor>o! in ~ ~~ 01 domenoion. 19.5' X 195' X 4" Place 2 
gallon. 01 specified (pre-heated ) C<Jlling <><1 in .. pan 01 d inenoion. 19 S- X 19 S" 
X 4" Place bott1 pan. on 100 tIoor 01 !he bo:c. pjace 2 011 boo. e. 01 Kim-wip<ls 
lone 01 which .MII be open with .. number of Kim-wipe. ",moved 100 otI1 .... ol1 .. ~ 
be un-openerl) "" til<! floor 01 the box_ Plactl 2 off boxes 01 K im-WIpes (one 01 
w!1ich shaD be 0!><lf1 with a n "",be, 01 Kim_wipes removed tile other .hall be un­
opened) "" the rack Ck>se halchldoo< Scl;w>d veriflt the requ~ed preS5ure 
differential and at[ flow. Ignite til<! Acetooe and the cutting oil u.ing .. hand he4d 
taper or 18""" rnan~ated Ihrough 100 key hole. Ob$erve. videotape und record 
Object." Prow rhar Fire Foe ex/lngulsh6s Class A (rre in pIlrfial/y fiIIfId _ un­
broacIKKI boxas of Krn.w/p<J. al two levels ;" the 250 cu If glGve box 



flto Foe .. 1110<, 000>0 . .... , 

s p"""" pOll '" -... In. PM old..,."....... las )( IS,5" )( ~" , Place 2 
geKono of 0peCifJed (Pf"-Maledl CUll"'ll IMIIn • pan 01 d.men,ion. , a , ~" )( Ig 5" 
)( ~. PI.ce boll> pans 0<> the IIoor 01 II .. bo • . P lace 3 mel~ 01 Tygon 1ubIng 0<> 
!he floor 01 the box Place 3 _ 01 T)'IIOIl Nbing 0<> It-.. racIc. em.. 
IIMI""'''''''' Set and verity 'equl,ed p ........ difteten!ial ....-.I •• now, 'II"M !he 
Ace!OM and cutting oot "MIg. o.nd hell! '-' or lance ~1rICI1hfougIo!he 
key hokl. 00 •• " " . __ and ,ecord CIt,.,",. """"" _ Fft_ 
flI'-"lfP.<he~ Class A lire .. I"ygIon ru/llMj/M ,.. ... _inlJM~cu I!~ -

1 PIRe 1 pn III AeeIIIre on I pan dd_. 19.§" )( 19 5" X~· Pta.:. 2 
~ 01 opec;r ..... (Pfe-healldl """"'" 011 In • ~n 01 dimensions Ii S" )( Ii 5· 
)(~. ",-_,,-0<>'" _ 01 It-.. bOX S, .. pencI-.erticaIIy 5 011-.. 
_ito oI . ,I11llHN _ .,"'" ... ceiling .......- ralls. SUspend vemc.1y 2 
011 ____ '" .,8THHN -..ires from !t>e 0IIi1ing mounted ralls , ~ 
~ 2 ott bundito '" Z 001" ett: I" ~om the ceoIing mounted ral is, .... 
WIllI \0 be _ \ogatI><I< with platlJ(; iWIot _ In • lingle Q-bundle group. 
V_I 1>11_ ,1IaI be luapended al varying heights ._ t~ .. Ace~1IinQ 
oil Cloee llatcMloor. Se1 ..... W<ity 11,_ rlClulred PfM ..... dille<entiai and .. 
!'law. Ignite the AoeIone and cuu"g oil "ling a ~....-.I held taper or """'" 
manip .... ted Ihrough the key hole. Obt_. """""'p"&nd record. ~ 
Pro .. /hal FIre FofJ 6.mguishe. CIa .. A , C ,..".. in V8fIJCaIy SU!P6'"idod QIQJI 
_~ .1 ,,""""'" 18_ .. IIHI 250 "" /I glow boJr 



11 ____ III .. '" ___ e ""'" "'"'*" ......... ,., "",.,,, me ... ' -... .. 
d ,:'gNlled penomeI kom lANL In 2 UiO •• ~ -. _d ptl"'''' van.-... ba""., during, aile< ~ _ , In ... _ Qbee<ve, videotape and ,_II, 



Appendix 0 : In tu tek Report No. IOOUS I{l6SAT-001 

(See anached documt nt.) 



I-
0::: 
o 
a.. 
w 
0::: 
I­
en 
w 
I-

Intertek 

IIEPOf1T _BfA, '_:1&'01511' ...... '-""' 
ORIGINAL 'SSI.£ 0/I.1[ o.:too. 25. 20 ' 0 

REVISED D'< TE 110 •• ,. IS, :IC.O 

EViU.UA TlON CEJIIl'VI 
111015 &No3yF __ 

El i. WU rf, TlI 7\11 ' 2 
_ 1210)8)5.8100 

F .. (211)l e.:&3'Ot _ ....... ,""'" 
RENDERED TO 

Qul<;kFlr. USA LLC 
1936 W. Mlln 51 .... 

Fort W., ... , IN " S808 

I'fIODUCT EV~Uo\Tro ~ •• ". ... Foe" F1l!iO Al.IIOIIIIIlc: Fie 
E.ido go zr* ,_ 

EV"'-UATION PROPER"" ~ .. E.W"'·'" c ..... 71, 

II.""" 01 '''''''11 Q~I<"''''' """ ,"'"'" FUM ... .........., FIN btlnV........ l~'" ,... ~_~ _ 1M .p~1IIo 

..... "~ ... Io 01 .... ,_..., • .-, Lo. "'_. HMI"'M 
~_'/OI)' IlA HLJ reO! "Of.coI: Fn """- $""""'" r. .... 
1$11 C""Ie Foo. GIo •• _, S<oc:,;"" I 

, .. _ . .................. ..... _ ... ',ro..._ ..... ___ ,. ....... ...... " -..0_ .. 0-
_~ '" • • 1" __ ... _ ............ _,, ,,,,_ .. ' 0'_". " .. _ .. _ 
_ • __ " .... 0- .. "' ... 7"·_ ... ...... ~ ..... _.". , .. ,' """. ,''' __ '' _ _ • _ ... ""'" to .... _ .. _ .. ______ .... ___ ..... __ .. _ .... _ .. .... _-.,-_ ...... , ....... - . ......., .. _. __ .. " ..... _ .. _ "'"" ..... .. _-_ ....... '_ ... , ..... ,_ .. _-- -_ .. _---
_ ... .. L .... .. G .. -... ...... ___ .......... , ... __ ..... _ 

, 



a..cor-q us.o.ccc 
P<qod ""- G,OO;1311'OiIS.O.' ~U.'" 

1 Ta ble of Contents 

'_OICo<1_ 
, 
l 'eo! s.mpoe. 

J I S/\/1PtE SEL~CTIDN 

• I flE$1 Sf.o.HOo\.RO I 

• , , 0 .... _ F ..... _ .... "'" 

5 , AE8U.. 18 AND oeSERV'" lIONS 

• ~CC_~ 

Al'l'ENOlK A· , ... 000. (PIIVO , . ) 

1J>PC1OX B · 1l1li ProoIogI_ If'IIVO 74) 

•• 

'~.'.':&L:': ''- ""0 .. _1 .. '57 

, 

, 
, 
, 
, 
• 
• 
" 

jI.l'P£M)jK C l.Oo _.000 _~-..(LA/'I.)'_ P._ (POII' '4J) 

Af'PENOI~ O· E ... >f09OI" ~SD5 (POII' 1<08) 

LIS I Of CAL IBRIIIEO I NSTRU~EN' A TlON (~ ,~~) 

REFERENCES (POII' ,5$) 

R€VISfON SU~~AR~ I LAST PAoe OF REPOfll IPage 1571 



" 'F~ 'P Iii "t • W '.. . - , "I Ii ' I 
't HI! ~l' dl j I' ' I' . "'J-o. Ii 1 

.h., I' .. • I ~.,., '! 

!l' ., Jt Ii il 
. " ",. U i I . i I'.:: g ... ; ::1'8 i ~ Ii i, ';1 ~l ~ I t I ., ll~ 

~ ~ 1: 1= illS · -,II ~ zl z ~"'> '" 

!' g hOil !!lI ~! hI i ~l! I !!jl 
or • °T' It ~ "I . I ~ I" . H N Ii ~I I i ~; h ~ :; I H t h Ihi 



a.-r .. us,o,llC 
...... "" G,_,...s..I<ID1 __ ' 

•...... :. ~tz~1 II, 2010 
P_'dI17 

F", -" 1tsI,' _ oI~ ... ~_ "''''QIiO¥O 1:00 _IO~ 
AI 01 liLe ""' ..... 10 tor _ I ...... pULCi.f1~ 1>'/ IhIi -. E.:r: 1M! ... bil ....... 
~.""I)o_o/oo::_ .. t l_hlhlilANl. l_pm.:LS "er . I TO. 
,l.PQWd. C), INLIt: ..., """"""inv ""--" 

I) One (1) UL 1975 _ etib, willi. mh:mum 0120 g 01_ -.....- on ... 
lowe< crib. T1':<: etib w .. ""_ on iI:t __ 01 ... _ ~ tLo'. __ "'" 
mso Mle n1ing:J:>N:r 

2) 5(X) mj 0/ _ . 10 "" .""toO Ir:. 1 ...... 00" ~ ... "",. Wid __ 11>"""",,' 
_ pipe and 1:1 •• w • minIm:.om 01 I L'L'LinoJ. lnIo ... '- TWo ~ 0/ _ ... 
-* "","" tue«:-Sinp' and ~_ 

3) 2 ge'",. 0/ _ QlltInlJ ON 10 .. IN0I220' F The 0:1 .... ",,,,toO "" OIl 0<1_ 
r" _:.M "", ""'" I. tt:oo 0100:1 01 IrwL IO:Ol riLe ON ...... -... .. _ • _. 
$I • .,... _ OIl _ ",,""'II eoo ""'_ The IyPI 01 ""!ling .. ..... wH OR 
lILt:ricanII KO 104:l ., 

" 
" 

" 
R_IO'" :d<oBtorll_MI lLlLfr_ 

-

()no ..... _ '" 

0/ iI:t $I'" ~ b, .. 



_ .. uso,llC I" E , .... '" 20'0 
•• 101 <5' _ ... G<oou.,"""", ..... __ , 

4 - r esting and Evaluation Method,. ____ _ 

.. re . , _ E 0' 5 5 ....... ,..,., !OIl _ rI h oc, 'M """,, "'"' IIeIg/1I rI h -.ct, 
5 'i ' a:: 5.P ..... . ' 

2} TC 12 • L .... "", II h,.., _, _ '*'lI" 05 h _. <IeOigo:>""" •• ",,,,,, ol 
~. rc 13 _ L"'- II "'" 50ft pan;aI, ~ J' In>m "'" r-~ .. 1'_12 
" TC " + L_ II .......... _ ~_ ... Poe>."" tom !he ~ _ •• mod .... 

01 ......... , 'i< 5 •• roo .. PaneI -S 
5, TC IS · L ........ oIh,.". "."". "'"' ~01 "'" _ . _ • .., .... FTt50,..... 

.... , .. .". "'-'lied as p",,", jI8 
5J TC IU _ L"- wi ,..,., -.;. _ 01,..,., _.".,... .... , -....- .. P_ " 

1'1b"~ . .. ~",d _ ..... -...Ioa .. __ -11.""_ COO " ' rAQII:t50 
d!n { .... til oIr....".,., __ ~ _ iI'5' .. ed,., .... ......,.,.. r .. P. ..... The ....... 
_-", • ..., ........ L!EP 09bEv __ ... _ON'''''' "'_ ,., ... _ 
_ ...... ......,.,.. 'fl/PO'-'S 5· •• 8 . •••• _.5 .. ·.5 ' e ..... -...._ 

4..1 Tl!$r 8lA.NDARO I 

... ......, _ ... ,..".... cia ......... LOG " , •• " __ 5 Lo_otoov (LAI«.J r. 
1'_ .... FIp,o FOG'" "", •• " ••• IT~"'10 HOCuP>l< FootGP .... IIa .. __ • 

' .1.1. 0.._ F.-. Sto ..... '" __ 

. .... ~ 01_."" """"'"" 01 ...... _ '". '0 .. _ .. ,... flo • 
.... U 'Iv... . V , oIlt>o Ff250 .....,.""Ilc F •• E>1~ 5_ ....... Ied 
... :t5O .. _ gI<ME __ No "*>NoIy __ ,.., "_",0 W'E ....... .. -""'--



o.-F ... us,o,llC 
_"" G100J""""""T-OO' __ ' 

5 Testin and Evaluation Result& 

5.1. RESUl T9 AND 08SElIVA TKIN ! 

1' , a ,a '1.10' 0 
P_hl157 

TU1 .,: Int.rt.~ PEoJoct Nu"' ..... Q10<1~3.,a.SA T -OIl''': Ou"~F~. E>lpe"""zrt _ 17 

Thea leo! _ niIiiz"'" "" T~, 0cI_ ,~. 20'0 '''''...- _ore."" "'~ 
_lEy", 1tIo...,.. ol".. ___ " , d. ~ '" "'" e'"F""" 34'11. _"""'V Thea __ 
____ Lo wlll .... ".._ 

Q Jim Gey-oz, _ '"'>, Ca", ............ s.c., """"'~ QoO:kJ'n 
.. Mm RO'v t "(III1N! JIr!I rill;!'","" NpftI ... ~ l .. _ ).Ia!ioMl l_~~ 

The __ 01""ut.'.15 __ ..... _"""2~ ~gol_ .. • hiN T""r' " 
"""' ..... __ "" lit _ w. _ on no. ... "' . ", .. ...:1 ___ Imido".. 
____ ... , ' 2' .... 1001 rO.~·_ Co" E •• (WC). 280dEEl The ",_,eel "'-"""II 
"" _ ZE'" .., _ ""..." , 00 -. .. "'."'"" .... 01 ='F. Tho: 00: • __ 
__ ,... .. "....22Zl000:_A 21 10,.._ ....... __ T"' teo'_ 
.,- , , .. _ .. ".._. 11,,_9'" 

...... . ,,--.......... _ .. _-

• '"'> ~""ion 01 _ conoumobPeo __ "'" g!omI bolo 
• "",,""o. lnE.o1ory ~ 01 !lEO czo, "'" """,,<>ned 
• 0:... ~ _ ... <>ott", wa. tn:.<:IHKI . ":ze<:on<!a<y _ w ....... ..,., !IEO_ 

hI. ..... ,.... no1 bz100eh0d 
• __ """ Tygoz1 !ubPz"Ig mePI«P, bu! did "'" PgnIIe 
• 3 ~ __ dazMged oIumg !IEO!ei! ' ) 51-. . 3, _ Rf<S Iu<!.1Iroo<! glow, 
~""" ~ 0I!No~, 2) _ 13, "'"' AHS......,,~, ml' 00"'" 
h '~ 01 .. "'-0. ..... 3) S' Ebon II:). '-"- R>lS !;lui)'! 1JPowe. pin _ Poz: 5Pd "" 
"" 2 "",:no""" _. 



o..o.r .. us.o u.c 
........ "" G.Ot:IlJl'OlISA '-00' __ ' '10 •• , " 11, :1010 

~_101'Sl 

t n ' n: ... _ .... 1' ,\ _ .... 0 100231 ,QUA '-001 B; Q"i<.J..F~ I!.oporimonl No, , 1 

The __ • ' "" ... '-.y, 0<", 2 ,g, 21110 ''''., I ' .... , ......... ...., .....,i ... 
tuY-, ..... _ 01 ,'''' __ , " ".., '" Do83'F""" 32,.. _'*t' •• ,~ The loloo«lQ 
__ .. 711"'_1t'77""'_ 

o _a..,.. . .... ~_. """,....,.,_,_ .. , .... ClucI<F"" 
o _ R:" I I ,.. oondJom loifigOaur!a. ........ lIinIl U>o "I. ,"'" _lMKIo'-"",/ 

''''' _l\1l7I 01 ... Ul .g15 _ cnb .... _ .. ,., 2Q,g g ot _ • • oX. Tho.cqoo 
door .... _ oond ...... _ .... ""'_ "" TM air 1M ........ ...,. ... _ In_ II'Ie ......-_ .. " r_ to Do .0 26' w.. ... Column (WC) ., 208""" '''' ~ ... ~ anns 
oW .... _ Into 11>0 _ ,_ ... ' ....... ., • _pIP.""" ot U,' F FOP'!hIs _ , Ihe 

F1'250 __ ............. ........ .,';' / . " . ' -.. ,""" 1NI r:ooiIitI(I."" 5-5111',.."", ... 11HZ 
_ Tho ___ lOll .. 000Pl .. , .. _ ""_ ..... PgnI!id 

-, ... -
• ..., .... .....,oIF1'250lbO ••• " .... ' ••• S • •• "01 ... _ ......... +>" . !IuI"" .. ,,,II Ihe __ ,iOCI 

, ........ ,. , ;1. _01 ........ _=' ; 
• .... ~ .... _OK. .... , 41 ."55""" 
• ..... . 1""' .... '_ ........ ", ... , !IuI"" .... 9'*r • n.e ... _"", __ priot", ........ 01 ... _ • ___ 23 • __ ... -• Tho· • doll .... __ "'10!1_ ", ... 011 __ "" __ oiI_ 

Ioc-IL~ .......... -. ..... ___ I0 .... Do_ .... _ V""""'''' 
"'IJIII_ In .............. _ ............... " (P""",, __ n ... _ 
_ t ,-...Plr ...... ,_ ...... , ; '<Ii,Inng"'''' 



QuickFire USA llC 
Project No. G100238106SAT-001_Rev1 

November 16. 2010 
Page 8 of 157 

Test #3: Intertek Project Number G1 002381 06SAT-001 C; QuickFire Experiment No , 19 

The test was initiated on Tuesday, October 19, 2010. The ambient temperature and relative 
humidity at the time of the test were recorded to be 67°F and 31%, 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 20 .6 9 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 preheated cutting oil was poured into the fluid 
holding reservoir at a temperature of 320°F. The oil valve was opened and the all the heated oil 
was allowed 10 be poured inlo the steel pan. The test was initiated as soon as the wood 
excelsior was ignited. 

Observations made during the test are list~d below: 

Time (min:sec) Observation 
0:00 The test was initiated at 3:02 PM. Wood excelsior inside ccib was iQniled 
1 :00 Acetone reservoir opened acetone iqnited 
1 :02 High positive pressure event from ignition of acetone. crib e\ctinguished. 

blower deactivated suddenly. Acetone was not manually lit 
2:42 Blower reactivated 
3:00 Crib smolderina 
3:28 ReiQnition of crib 
4:20 Crib fire increasinq in intensity 
5:00 Acetone fire diminishino 
5:10 Crib continuing to burn 
6: 11 Activation of FT250 tube extinguisher - Mark 5 min observation period 
6:39 Box visibilitv clear 
10:00 No change, no reignition of consumables 
11 : 11 5 minute observation period ended - no (eiQnition of consumables 
11 :30 The test was terminated 

Post Test Notes: 

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

.. 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 crib) 

.. Ali glove box seals OK. 
a Wire insulation and Tygon tubing melted. but did not ignite 
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Test #5: Intertek Project Number G100238106SAT-001E; QuickFire Experiment No. 21 

The test was initiated on Tuesday, October 19, 2010. The ambient temperature and relative 
humidity at the lime 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 cfm. The preheated cutting 
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 to 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 ignition. 

Observations made during the test 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 Acetone 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 chanQe, no reiQnition of consumables 
8:13 5 minute observation period ended - no reignition of consumables 
8:20 The test was terminated 

Post Test Notes: 

• No reignilion of any consumables inside the glove box 
• FT250 tube extinguisher ruptured approximately 4" - 6" from the pressure gauge 
• Stalion #8, lower LHS lead-lined glove, burned at the elbow location 
• Approximately 70% of the crib was consumed 
• Closed Kimwipe box intact. Open Kimwipe box mostly burned (closest to crib) 
• Wire insulation and Tygon tubing melted, but did not ignite 
• 2 of the 5 plastic acetone squirt bottles knocked over. but no acetone spill present. All 

acetone bottles fully intact 

.M&'ml 
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2 . ~20 -0.45-1 -O tla:J. 
:? 922 -0 454 -O 4~ 

2m -0 450 -0.475 
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Roof view of exhaust duct. The lower stainless steel section housed the HEPA filter 
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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. Design a glove box with dimensions S' 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 air­
tight as practicable but to include one doorway or hatch for easy access. Box to incorporate 
2 off 'X" full length hanging rails approx 1 n below ceiling. Box to incorporate glove ports and 
glove fixings, glass window panels. Box to incorpora1e fixed negative pressure differential of 
1'2" or y.~water and fixed air flow of one air change (250 cubic feet) per minute by means of 
8" diameter inleUexhaust pipes centered 8" below ceiling height on side panels. Exhaust will 
be through an 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). 

2. 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. 

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

4. 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" 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. Thus the box will contain a total 
of 6 pressure transqucers. 

5. 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, 

6. 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 

7. Install one off 1" diameter "keyhole" with external clOSing plate in front panel of the box at 
suitable height above the floor. 

8, Affix Fire Foe tube fixings at one position in the box 

9. 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 
arrangements to be free-issue supply from LANL and to be incorporated into the glove box 
manufacture. 

'MN'iN 
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Compatibility 
DuPorll ~xpe!ience with FE-36'~ Ir·d;cates no co:-:,pa"t:;li~y 

ploblerns w:tli common metals <lUlinQ storage as long as 

mOlstUle is excfuded. 

In tests penOll"":"led bv the NaHona/l"stitute of Standards and 

fechflologV INISTL cenain tvpes of slrel. stai"less steel. 

and ali.;:nlnum .n contact INith FE-36T101 lor 2B days at 149·C 

(300°F) showed 1)0 change i" appearance. 

DuPont two-week tests at room temperature ,nd,-cate Ihat 

most commOfl elastomels have neg:'!? bee SWBI!ing. weight 

Qai". al\(j hard'less change when exposed \0 FE-36"". as 
showl\ ,1\ Table 2. 

Availabi lity 
FE·36"" is ilvailable w(}fidwlde In 145-lb ar.d 1.200-lb 

net wei9hr Pilc'<aQes Ci$ well as ta!"lk ttucks o. ISO·,an\:. 

containers 

Table 2 
Common Elastomers E1Ifposed to 

DuPontrt-l FE--36"'" 

Linear Weight Hardness 
Swell,% Gain, % Chan ee. Units 

8u tyl Rubb.er 0 0 

Nordel'" E POM 2 -2 

Neoprene -1 ::l 

NBR (BuM-N) 3 -4 

Hvpakmli -1 -I 

Vitonil A 15 51 -ll 

Epichlorohydrin 

HomopolVme( -1 0 

Poivsult.de -1 -1 

HynB f4" T PE 2 7 

TeHan'" 2 



... tt' • ... _ . •• _ ,.If'''._oo __ '''_ , ... ___ .... n.. ._ ...... 
__ , • ___ hoc ;; '. __ _ 

_ ... a . .... _' .... _ .. _. _.... _ ', ....... -., " .. _ .. _--_."'­.... ,_ ...... __ ... 'L"_ 
• a _ 

~,. --"'- """"', 
'I , -.. , 
___ ..... " .a _.-
,.."UA '-__ ._'Ilf'" =, , ... - . 

"' ..... 
'~' '''_''''P ................... _ a 
.. wo.c """,' ''a , ... 1, • 

~O< .. " , ...... 

>1 ..... __ ..... _ •• , u_ .... 
lfICaI _ ... Lo , .... _~." ••• 
'"C .. ~»'.." 

'" '0,_ 
-- < , 
-~'.'.'.-,' •.. ' ..• ' •. ' --,,,.,"'""" ... '.,.,, ... _. 
.. 7 '" ,-
,--.~­

~­- '._.... """­
~'--"-""-,-

• 

Cor '" c.._ .. , _. .....a.' _ .-"", _" .w._ 
'-""'''''' ,_00", __ .. 
, __ ,_"QfrlU ... 

W'lJ'" _ .",--­._." rn, =._ .. " .. ~ 

",U,"" ..... , IE • ,. 
." •• 
• 

.M -,. 
•• 
m • 
•• ." ." .--
" 
• 

'. ,-



1 .. 1oa .. ,1 _II. 

Du u..-
~ ........... o..,~._ ........ , .• --.- .. -"', ..... .-... ", ',. __ ... _ .... __ '(1OI~'. __ -""-,-"'-...---110, ... _ .. ___ _ 

I .. _ _.,, ____ .. _,'" ".,..._._- .. " ..... ".-..-
,--_.-

• II " 
, _ ....... ' 'c 

.. ,.... __ ... _ .. =p Too"" .... ... ...,.. ...... 
_'" I" 

" 

,,-_ .. _ ...... _.­----­,_ £M .. ". ,_", ." .... 
____ .... '~' ... 1C,_1 .. 'a"" .. _ 
_,"""IOU ••• ,*",, _ .. s.. .... "' _ 
_ .,., __ ,,_01_1111 "'t_ 
'l .... ~ ... c " •• ___ "1,, 77,lSltQ 
.... ..,.., ......... ,_ .. /OIc-. _, __ 11-_ .. --.......... _ .. _,.,.,--"""" "._ .. ",. -_ ..... _ ............ -,-,-....... _ ...... -.. --_-'I .~'_- ....... -.................... -_ .. '-"-,­................. _ .. ' ..... --....," 

, ,.., ,--_ ... _---"'-"" -. .... ...., __ • • D0-

" .... ""'._ ... __ ._ ... ..-.. "';o_._ .......... _ ..-p;o,o.u, 
_.,," ' ___ '_"-o""'u "-
.. _ ... _ "" _ U .. NOAfl. .... , "'" ,,,.,.,, -, ..... __ .... _ .. _ ..... 

, , • 

I 

I 

• 



-. ::; .. :;-:, =-----:,'----:;;"'-- .,," --• " ' atoo 

~.-.. ~ 
, 
, , , , , 
, 

, 
o , 

., 

• , 
~ , 

" , .. ." ._ .... _ ... ... '.-. .. _-­
'" , .. .. _-

,,, -1)0'_ .,_._~,.~., .... 
_,.; ..... >Ofm41 
"0 ... .. ' .. _ ' . ,Dl'_ ""_m,, .. 
o~ _ .. " " --- .... L_ .. ' " 0:>1 "" ... _- ••• 
.. .. ,," 7 

toO " .' ''''''-

...-' I "'~ . .. _ __ .. _ __ _ _ ... ... -.......... _-
" . . _ .. -.--_ .. -. ...... 
~ --.. ..... _ ..... ......, 

-""_ T . ..... """ ... , .. _ .... -,.'T""_ ....... .... ,-, ....... , .. 
~ 
to! _,.,., ..... 

•• 
" .. ... 

_. __ ... - . __ ... _-_ ....... "-~-' 
_ . _._ ... _ ... ..- .. _ 7 •• 7 '.u._ .. -. ... - ... -

.. . -. -. ---~ ...- .. illiOO1 
IIW J 0(0"'_ 



_. __ .... _ .. ... _ ... .. -
T ... 

• .. .. ~ • @ 

~ 

~ 

t 

I 
~ .. .. 

! .. ~ 
• 17 .. .. .. • 

T ... 

LA ... 
'( _II"~ .. _ .. " ... • ..... , ••• II .. _ 
.:10, __ rt· .. -_ .... ___ .. _ 
__ , ........... __ L ' .OF __ 

"""-_'" ._ .. -....... _-.. _______ ..... _ .... 'i~ .. 
• ' '- _ .... 100-_ ..... ""' __ .. c:o:/ 
...... _ .. __ k< __ .. "", __ "". 

_ .... _ ..... L • .... _. ..... , " ... --,=. '&0 .... w'"_ 
•• L 

- .... "<: 

" 0 " . ~ .. 
, 
• 
i • , 
I 

.. .. "" ... '00 IIQ 

. n. · f 

r ", ... .., 

"",_,= '.- '("--:;.~':~:~" 
=,W>"C"""" ~_ .. " ...... U, .,, _ _ ............... _ ... ,.---
'&OF " ,_' • .....,' .... .... _ ....... __ '''' --.'-, .. _ .......... "" ... _ ... - ... _ ... "...,. ~,- -....,."' . ..., ...... ., 
""-
~,,2'a! . , 

,..,.-... _" , , ,...,_ .. _ .. ... _Oa = __ L __ 

LO.2CIO"' __ • • .... _ 



... =""",,· .. ftW-" • = ... " I' = .... , •• __ · .............. _h , . __ ... , ... _ .... __ ... , '. " ._h_. __ ... _ .......... -_ ....... " .. _ .... _", -
• __ _ "'_ ... , a .... ' 

• :I ..... I' -' '1·"' .. .... _·1" ., .... _130£ ...... _ -"-- ...... _ .. ::' ..... -_ ...... ___ •• n ... 

0- .... _ .......... _, • 

"""."._ .• u'. -_.o .. 
,,_ ... . _­'-.". --_ ...... ...... '-----­_.W, .. , .......... __ ....... · ,::, .-~-- -" .. _­-=,'_ ... _ ......... _ ..... -' , 

OllP'ooo_DO_.- _c-. ..... _ 
I ",_" -. ___ _ 

"L ... , 
Po col " ..... ___ _ 

______ .. s"' ... wi' 

--"'-, , ........ _., .. 
'I~·_ .. _UI .P ....... " .. . _ ........ _ ... _-". ,. 0" ...... _UOl.'_ ......... __ ",_a_,. ' " __ ,, -' -,,..-- , .. ' .. " ....... _ ..... ' '' _'': " .. II .. _..o, ,_, .......... --_ ... _. "--, ,,--- " ......... - "" ""-...... --­__ ..... ' ... "' _.1> 

• 

_._' '""''1'''' ............ _ ... __ ... __wo, ,-.. __ .... _Ol>lo"~ _ ... __ .. , 
, , .... _ .. , .. a , -0--­

"" "'-... " '00 '''' ,- .......... 
--. ..... Clllo_. ___ .. _IJlI, 
• • 

" - ,_0. ' 
""-' 

'.--_ .... , , :: ..... a .. .. .. _.--" ... , .~.-... -
, n, 
....: 11Io~' "'..,. _ ... _ ...... ~::_: _ _ .... __ ..... _ ....... " ~,,'-
_,''''''',''''''_,, ._ .... _--
..~_ M ___ " " .... " C·'l'1 

-'-"-"''' ' .. ~ .... ...... 
"' ... ' .. >F"_aPo'''' FF ' ..... _ or 
-.. ... ___ .... , ... I .. IF, , ._ 

"".'>10 ."'" ..... __ , _". 
_" "., .... " ....... [1'0. . • ", • . ,_"an _ . 1 __ * _ .. _--_ ...... _ ..... -__ 1'" _ .. 0-' __ _ 

• 0-. ""' ........ 0001 

._ ....... __ ... c"'"_"" __ 
___ .... __ ' ... 0.. ....... . 

, .... _ ._LAfl' .. " cIa. t~ .... .. 
--. ........... 11 .. _ ..... _ ... ' ... _ . ....... , __ ~..... . .... ...... 
"'_00 .. ,_ ..... __ .. '" 
"'" . - .. --• _d, ... _ . 
_. __ .. d 

II. __ _ 

•••• I •• 

_ .. _--
17 ,_ .......... _ ...... " ' -.0 



1 • .a.c.J ... _ 

::::':o. ... ; .. ~~~;. _ rJOh .. " ........... ___ fl"· .. _ ... __ .. _ 
___ " .00-............ "_ 

. ...*.~fC '" u_-. __ . ',_ ._--". .._---.. __ ... -..... <£ .. ~- ....... 

.... __ . ,,- .. -''''''~- .. ........ _ ........ 
1 ........ _.' .. .,. . ... • • " "' .... . _- .... ' ..... --' ............... _ .. "-_ .... , ......... "' .. -",' '"" 
"'-'''''' .... --~" ... -.. - ... _._-----, ....... _"" .. _ .... " e ..... fHli· ...... ..... 

• __ eo ... ........... 'w_ ....... -. ._""" """"-_ .......... 
1_ .. 1000==0'0&4 .1IKII "",So..-

""iii TO 

1>000"' "..-..... •• ,."..-.c-,_,""-Q 
... '. :r& ..... Qooo ....... ~."" .. _ ..... c.... ....... --,-~ ...... -.,-.,-... 
• _ ""I_"OM '.0000-1 1 __ ....:t ~ e I .. _ .. _. __ ._._ ......... ""'''''''''' _-=-_OMOCI_ .. _", ... 
_. ,.n •. ' ... ~IoOK_. __ 
.. ___ J L ..... _ •• " .......... . ,., ... _' , .. ....... 

r6 ___ ,"'''' ' .... 1..,. .. _ ....... _ 
_ ..... _ , .. _ .:10, "·0 ........ __ 
fl ,.. . ... _. _ no, _ ",,_,, _ ----
O. ."...-..>0 •• ~ 
0-0 r-... ""_ " • -- .. n ' .. 
_ ,..,." '0:; 1'1, ·.111·1'/ III .. ..,,~ -,_ ...... ..: ... , , .. .. ,,,,, .. 
'-__ 11"<,_' .oo '''' 
-' .... , ... - , .. _. -... ......... --- .. n 
h., • C , 
"",'_.c.a_ ..... .. .. 

""" _I<J; .. -- .--tao_,'''''''' -_. 
'1--

, 


