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Introduction

This is the Final Report to comply with the requirements of Contract # HHSD200200824618C,
Technical Solutions for Enhancements to Mine Safety Using Barricade II Fire Blocking Gel.
This report conforms to the requirements for completion of F.2 (a)(8) Deliverable – Final Report.
Appendices of earlier testing reports are not included as part of this document. The reader
should refer to those reports for videos and support data. For consistency throughout this report,
“Barricade” will refer to Barricade International, Inc.; and “Barricade II” will refer to NPE-Free
Barricade Fire Blocking Gel.

Executive Summary
The Centers for Disease Control (CDC) and the National Institute for Occupational Safety and
Health (NIOSH) granted Northwest Barricade LLC (NWB) a research contract to study the
potential and effectiveness of the use of NPE-Free Barricade II Fire Blocking Gel in the
retardation and extinguishment of coal fires, and to its use for providing a safe egress for fire or
mine rescue teams. NWB, in association with Barricade International, Inc., and Safety Solutions
International Inc. began work in April 2008, and completed the analysis in October, 2008. We
are grateful for the timely and expert assistance of NIOSH personnel at all levels at the
Pittsburgh, Lake Lynn, and Bruceton Mine facilities. In addition, we could not have completed
this analysis without the expert assistance of CONSOL Energy, Inc., and in particular their Mine
Rescue Team members, and laboratory personnel.
Significant environmental and toxicological testing has been completed on Barricade II in order
to gain U.S. Forest Service approval to list Barricade II on its Qualified Products List. Barricade
was pleased that they were nominated for the Presidential Green Chemistry Award, and has
received “Champion” status recognition by EPA in its Safer Detergent Strategic Initiative.
As part of the CDC/NIOSH contract Barricade II was subjected to controlled laboratory furnace
testing to determine its ability to delay coal ignition; tested to determine if manual fire hose
application could be used on mine roofs and ribs; tested for suitability in mine sprinkler systems;
used in live-fire exercises to determine effectiveness in retardation and extinguishment; and
applied to the roof and ribs by a Mine Rescue Team to determine ease of use and time-frame of
effectiveness, and its potential to provide a safe egress from a fire area.
Barricade II treatment of coal was shown to delay and retard coal fire advance, speed manual
extinguishment of a coal fire, and be quickly and safely applied by a Mine Rescue Team in a
mine fire emergency.
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Technical Introduction to Barricade II Fire Blocking Gel
What is NPE-Free Barricade II Fire Blocking Gel?
NPE-Free Barricade II Fire Blocking Gel (Barricade II) is a revolutionary fire prevention,
retardant, and firefighting substance initially designed to protect residential and other structures
from wildfires. Barricade II, when injected into water at very low percentages (2.0 to 3.0%),
forms a unique thermal protective gel coating that provides thermal protection to structures,
vehicles, fuel tanks, or any other object when exposed to a fire. It is specially formulated to
adhere to vertical, horizontal and inverted surfaces such as walls, glass, metal, fiberglass, and
wood.

Barricade II is formulated to produce a virtually instantaneous gel when mixed with water
through a shear device such as an eductor fire nozzle, eduction into a water stream, or batch
mixing. The gel/water stream from a nozzle is applied directly to the surface to be protected.
The viscosity of the gel/water mixture can be controlled by changing the mix ratio of the gel in
water at the eduction or mix point. Different concentrations and viscosities can be produced
depending upon the particular fire retardant, suppressant or extinguishing application needs. For
example, for application and adherence to horizontal, sloping or vertical surfaces, or to the
underside of horizontal surfaces the concentration will range from 2.0 to 3.0%.
A lower concentration of Barricade II in water results in a thinner coating that will flow around
and under surfaces such as on trees, bushes and plants. This is particularly advantageous in
enhancing the effectiveness of firebreaks and for aerial application during wildfire. For these
applications, mix ratios range from 1.0 to 2.0%.
Since its initial development, Barricade II has been found to be equally effective in protecting
structures and in extinguishing fires, including but not limited to magnesium, gas and diesel fuel,
wood, tires and trees. The specific application closest to that of a coal fire is testing Barricade
performed on a tire fire. It is this application, in addition to our wildfire experience that led us to
believe that Barricade II can be effective in coal fires. The application of Barricade II by both
professional firefighters and homeowners has saved hundreds of homes across the country.
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Barricade II is completely environmentally safe and non-toxic, and will offer solutions to many
of the identified fire and firefighting safety risks present in the mining industry. Barricade II has
met all chemical and environmental tests and requirements for placement on the Qualified
Products List by the U.S. Forest Service and is also on the GSA schedule.
The super-absorbent polymer particles in Barricade II absorb significant quantities of water in
relation to their size and weight. The protective gel consisting of water-laden polymer particles
evaporates less quickly than plain water. After several hours or several days, the outermost layers
of drying gel can be replenished by misting with water.
Testing and use in wildfire control by the US Bureau of Land Management and the California
Department of Forestry has shown that Barricade II can be used effectively at lower
concentrations particularly for aerial drops.
NPE-Free Barricade II Fire Blocking Gel Chemistry
In the simplest terms as described in the Barricade II Material Safety Data Sheet (Appendix A
Task 1(a) and (b) Report):
BARRICADE II CONTAINS SUPERABSORBENT POLYMER, USED IN BABY DIAPERS, SUSPENDED IN
VEGETABLE OIL. THE VEGETABLE OIL IS COMMONLY USED FOR HOME COOKING AND IS THE OIL
IN SALAD DRESSINGS. THE OTHER COMPONENTS OF BARRICADE II ARE TWO STABILIZERS, THE
FIRST BEING AN EMULSIFIER IN CHOCOLATE, THE SECOND A THICKENER IN SALAD DRESSINGS.

Physical / chemical properties of Barricade gel concentrate
Description: Off-white dispersion with bland odor.
Viscosity: 4800 cps,
Flash Point > 500 degrees F
Specific Gravity: 1.13
Corrosivity: none
Low temperature stability and recovery: Barricade thickens significantly below
5 degrees F but recovers completely on warming.
Barricade II is produced by dispersing a super-absorbent polymer in vegetable cooking oil with
food grade stabilizer and thickener. The dispersion is of a dry, cross-linked super absorbent
polymer of at least one hydrophilic monomer dispersed in vegetable oil. The polymer is a
copolymer of acrylamide and acrylic acid derivatives (e.g., an acrylate salt). The polymer may
also be a terpolymer of an acrylate salt, acrylamide, and 2-acrylamido-2-methylpropanesulfonic
acid (AMPS) salt. The polymer particles resulting from the polymerization are generally ground
to less than about 74 microns in size, usually with 70% of the particles being less than 37
microns in size. However, polymer particles having a size ranging from about 10 microns to
about 200 microns may be used.
Virtually any water-insoluble vegetable oil may be used to prepare the dispersion. The current oil
used in Barricade II is canola cooking oil.
A gel is formed after the dispersion is added to the fire-fighting water. Gel formation generally
5

occurs in about three seconds or less – in most cases almost instantaneously. The gel has a
viscosity of at least about 100 cps, preferably at least about 500 cps, up to about 50,000 cps.
A low HLB (hydrophile-lipophile balance) surfactant is used to aid in the dispersion of the dry
polymer particles in the vegetable oil. A particularly suitable low HLB surfactant is sorbitan
monooleate, used in chocolate production.
A suspending agent, fumed silica, is used to provide stability and flowability to the dispersion.
This allows the dispersion to be introduced to the water supply in a liquid form. The use of
fumed silica not only provides stability to the dispersion, but also surprisingly increases the
stability of the water-additive mixture (gel), and allows a lower additive concentration to produce
an immobilized gel.
Barricade II Environmental Testing
Liquid firefighting gel has its genesis in an observation made in the 1990s by John Bartlett,
President of Barricade International, Inc., where used wet baby diapers survived a fire in which
the super-absorbent polymer and water content of the diapers prevented their combustion.
Bartlett, a professional firefighter, realized that if super absorbent polymer could be functionally
applied in firefighting, it could change the way fires are fought. This led Bartlett to look for
liquid forms of the super absorbent polymer that might be easily introduced into firefighting
water to produce a fire retardant and suppressant gel.
In the late 1990s Bartlett evaluated a product that was used as a printing paste thickener in the
textile industry. It produced a gel that significantly improved fire extinguishing and prevention.
That product, now in use by other manufacturers, contains two components, Petroleum Distillate
(kerosene) and Nonylphenol Ethoxylate (NPE), that cause environmental and health harm.
More and more data were being reported that linked NPEs to endocrine disruption and
mammalian reproductive problems. Barricade decided not to proceed with submission of this
product to the U.S. Forest Service for approval but to see if a product could be developed that
would match the firefighting properties of the existing gel without environmental and health
concerns. Additional research and development was undertaken, resulting in the U.S. patent
(Appendix B, Task 1(a) and (b) Report) and Barricade International’s commercial product
Barricade II. Not only does Barricade II use only food grade components along with the
super-absorbent in the formulation but, as the data in the patent application show, the firefighting
gel is more effective at fire prevention than the initial product that contained NPE and Petroleum
Distillate.
Extensive environmental testing was performed and passed in order to be placed on the Qualified
Products List of the US Forest Service. These tests and results are summarized below.
Complete test data are in the Appendix C of Task 1(a) and (b) Report.
Physical Tests
Uniform Corrosion: corrosion analyses on aluminum, steel, and yellow brass, using 1%, 3%,
and 5% mixtures of Barricade II in water, immersed for a 1 year period were performed and
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determined to be acceptable.
Stability: stability tests were conducted at two locations – San Dimas and Missoula- on 1%,
3%, and 5% mixtures of Barricade II in water in accordance with Forest Service specification
5100-306a. The results of all testing were acceptable.
Environmental Tests
Acute Oral Toxicity: testing was performed in compliance with US Environmental Protection
Agency (EPA) and Organization for Economic Cooperation and Development (OECD)
standards. Test results for Barricade II concentrate and a 5% mixture of Barricade II in water
showed that estimated acute oral LD50 was greater than 5050mg/kg. No mortality occurred
during the study. The results were acceptable.
Acute Dermal Toxicity: testing was performed in compliance with EPA and OECD standards.
Test results for Barricade II concentrate and a 5% mixture of Barricade II in water showed that
the estimated LD50 was greater than 2020mg/kg. There was no mortality or clinical signs of
toxicity at any time during the study. The results were acceptable.
Acute Eye Irritation: testing was performed to determine eye irritation potential in accordance
with US EPA OPPTS 870.2400. Both Barricade II concentrate and a 5% mixture of Barricade II
in water (diluted sample) were tested. The results of the testing on the diluted sample show that
it is “minimally irritating,” with any effects clearing in less than 24 hours. The concentrate was
determined to be “moderately irritating,” with effects clearing in less than 24 hours.
Acute Dermal Irritation: Both Barricade II concentrate and a 5% mixture of Barricade II in
water were tested for acute dermal irritation. The results showed that the concentrate and
mixture is a “slight irritant,” with a Primary Irritation Index of 0.1 and 0.2, respectively, of a
maximum index of 8.0.
Biodegradability: Barricade II concentrate was analyzed for biodegradability using OECD 301B
and EPA OPPTS 835.3110(m) standards. The analysis showed that Barricade II concentrate
achieved a 40.29% biodegradation in 29 days – the length of the test period. Because Barricade
II exceeded biodegradability of 20% it is determined to be “inherently biodegradable.”

Task 1(a) Activities and Completion
Task 1(a) Project Planning states:
Objective – To maximize project efficiency
The Contractor Team (the Team) will arrange with CONSOL Energy, Inc’s. Safety Department and other
technical staff (CONSOL) for use of facilities. The Team will coordinate with appropriate National
Institute for Occupational Safety and Health (NIOSH) technical staff. The Team will determine material
and logistics needs.
The Team will discuss protocol with CONSOL and will schedule test furnace burns of coal treated with
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Barricade at the CONSOL R&D site in Library (South Park), PA. In addition, planning and scheduling for
use of other CONSOL and Lake Lynn facilities will be discussed and arranged.

To complete this Task, Barricade team members met with CONSOL Energy Inc. (CONSOL)
corporate Safety and Research personnel at their offices in Pittsburgh, and South Park, PA. In
addition, several conference calls between Barricade and CONSOL occurred. Discussions
centered on purpose of the CDC/NIOSH contract, availability of CONSOL mining and
laboratory facilities, and assistance that could be provided by the CONSOL Safety Department,
particularly the fire prevention and mine emergency services group, and Research Department.
The most appropriate methodology for meeting the test requirements for the Time and
Temperature Tests on Coal were discussed, and CONSOL agreed to perform that testing at their
research and development laboratory on April 15, 2008. It was decided that samples of
Barricade II would be prepared at the Barricade Laboratory in Hobe Sound, Florida at
concentrates ranging from 0.5% to 3.0% in 0.5% increments. These samples were sent to the
CONSOL Laboratory for furnace testing. Time and temperature tests of the samples of
Barricade II mixed with coal, raw coal only, and coal mixed with water were analyzed for
comparison. It was decided that the data to be recorded would include, but not be limited to:
time and temperature for sample ignition and time for complete oxidation (complete burn):
percentages of ash and moisture content in the coal to be used; the time for moisture reduction,
and the time for carbon burn to ash. We decided upon the specific furnace testing protocol to be
used.
We also discussed and arranged for the Fire Hose Tests – Manual Applications on Coal, Task
1(c) to be performed on April 17, 2008 at CONSOL Energy’s Robinson Run Mine in West
Virginia with the cooperation of CONSOL management and mine rescue personnel. Included in
these discussions was information about common pipe and hose threads, water pressures,
fittings, etc. used at the Robinson Run and other CONSOL mines. This allowed Barricade to
obtain the necessary adaptors to convert NPT to NH thread.

Discussions also occurred between team member David Fredley and NIOSH personnel, Ed
Thimons and Eric Weiss, to coordinate Barricade activities and the availability and use of
NIOSH’s Lake Lynn facility for live fire testing. Eric Weiss and David Fredley talked about the
potential availability of the surface burning quarry facility at Lake Lynn and a “trough burn”
with either washed coal that may be already available on site (subject to the approval of Mike
Trevits and Alex Smith). We also talked about the potential use of the underground facility for a
live fire test if appropriate. CONSOL personnel would be available for the test. Mr. Weiss
emphasized that the Lake Lynn suppressant water systems use recycled water and therefore
potential contamination is an issue that needs to be addressed. Mr. Weiss also indicated that the
May/June 2008 time period might be appropriate for use of Lake Lynn.
As required, Fredley, Lauriski, and Bartlett received safety training specific to the Robinson Run
#95 Mine. The Certificates of Training are in Appendix D, Task 1(a) and (b) Report.

8

Task 1 (b) Time and Temperature Test on Coal
Objective – To determine the optimum gel/water ratio for maximum delay of coal ignition.
This testing will include treated coal and an untreated coal as a control. Several tests are anticipated.
These tests will expose the coal to different temperatures to determine time to ignition. Different gel
concentrations will also be used to treat the coal. This testing will be done at the CONSOL R&D test
facility in Library, PA. Testing will expose coal that is both untreated as well as treated with water only, in
addition to coal treated with Barricade gel. Duration of effectiveness will be determined.

Preparation of Samples
CONSOL laboratory Chemists Vince Conrad and Jacquie Fidler prepared all samples to be
tested. Pittsburgh Seam Mine 84 coal was ground and sieved to minus 60 mesh. This raw wet
coal has consistent moisture content in the 12-15% range.
Barricade II test samples were mixed at the Barricade International laboratory in Hobe Sound
and sent to the CONSOL laboratory at South Park, PA.
Barricade II concentrate from the same lot number was mixed with Hobe Sound, FL tap water in
percentages by volume of .5%, 1%, 1.5%, 2%, 2.5%, and 3%, labeled and sent to the CONSOL
office. Because the specific gravity of Barricade II concentrate (1.13) is so near to that of water
(1.0), and because of the small amount of concentrate/water mixture that was added to the coal
for the furnace burn, it was decided that percentages by volume instead of weight would be
appropriate in the mix ratios.
The use of distilled water for the mixture was considered but it was determined that tap water
from Hobe Sound would provide the better control for the sample. As such, Barricade
International sent the same tap water to the CONSOL laboratory for use in the control sample.
7.5g of the coal and 7.5g of Barricade II at the various water/concentrate ratios were weighed by
electronic scale and then hand-mixed for several minutes until visually homogeneous. In
addition, coal-only and coal/water-only mixtures were used for controls. After weighing and
mixing, a 1.0g sample was split and placed in crucibles for the furnace test.
Furnace Test
The furnace used was the LECO TGA 701 ThermoGravimetric Analyzer. The TGA controls the
temperature and rate of temperature increase by the rates programmed by the laboratory chemist.
The temperature of the furnace was raised to 107 degrees C and allowed to remain at that
constant temperature until the weights of the crucible contents reached stability from moisture
loss. As the TGA began, the crucible turntable automatically rotated throughout the process and
each crucible periodically weighed. After the weight stability from moisture loss was reached,
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the furnace then raised the temperature at a predetermined rate of 40 degrees C/per minute to a
high of 750 degrees C and then held at that temperature until the test was completed (total coal
burn). The chemist was able to tell the point of complete coal burn by the stabilization of low
weight – the ash weight.
Results and Conclusions
A detailed description of the results is incorporated in the Task 1(a) and (b) Report.
As the furnace temperature rises, the weight of the sample begins to decrease due to moisture
loss. In this case the steady temperature was held at 107 degrees C for approximately 1:10 (1
hour 10 min) – from the 0:28 time point to the 1:35 time point. When the moisture loss slopes of
the six Barricade II/water concentration samples are compared it is obvious that the higher the
percentage of concentrate the longer it takes for moisture loss. At the .5% concentration, it took
0:50 for moisture loss, and at the 3.0% concentration it takes 1:18 for moisture loss. The raw
coal sample and the coal-water only sample experienced moisture loss in less than 0:33.
Conclusions
· Samples with the Barricade II/water mixes RETARDED moisture loss significantly
compared to the coal-only and coal-water only control samples. The longer time required
for moisture loss means that it will take longer for coal ignition.
· This furnace test shows what is experienced in practice when the Barricade II
concentrate-water mix is applied to combustible materials, such as coal. The Barricade II
protects the material from impinging fire by coating the material with enough water to
delay or prevent combustion for periods of time directly proportional to the volumetric
ratio of Barricade II to water. The furnace test also shows what we know is true – the
greater the amount of concentrate of Barricade II the better its effectiveness as a
retardant. As long as the coating retains moisture it remains effective.
What this furnace test does not show is how the SURFACE application of Barricade II affects
the protection of a material from ignition. Our experience at Barricade shows that the fire
retardation effectiveness increases with the thickness of surface application. Generally, this
surface application is in the range of .6 cm to 1 cm thick.

Task 1(c) Fire Hose Test—Manual Applications on Coal
Objective: To determine appropriate manual application techniques to extinguish coal, belt, or equipment
fires.
This objective will be accomplished by working with a CONSOL mine rescue team, fire brigade, or miners,
at a surface or underground mine location where a substantial ventilating current is present or at the Lake
Lynn facility, if it is available. Contractor-supplied eductor nozzles and materials will be used. The Team
will travel to either Lake Lynn or a CONSOL-operated mine or at another designated location for the test.
The Team will test procedures for use of gel as a fire control and extinguishing method at underground fire
hose and fire hydrant locations and along the conveyor belt or along the track entry, and as part of the
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required emergency firefighting materials. If an underground mine site is available, we will determine the
optimum application methods on ribs, roof and floor as containment points to an approaching fire by means
of a manned fire hose.

Planning and Participants
To complete this exercise, project team members met with CONSOL Energy’s Safety
Department and other personnel to coordinate the manual hose application of Barricade II at the
Robinson Run #95 Mine. Barricade team members received the required safety training on April
16, 2008, and conducted the underground tests on April 17, 2008. The project team members
were David Lauriski, David Fredley, and John Bartlett. Representing NIOSH was Alex Smith.
Assisting in the test from CONSOL Energy were: John Higgins, Manager, Fire Prevention; Larry
Tenney and Craig Carpenter, Mine Rescue Team members; Chris Clutter, videographer; and
other mine support personnel.
Procedure at Block 17
Testing was conducted in the D-Haulway at Block 17. It was planned for the team to apply
Barricade II by fire hose in both the main haulway (track entry) and in the belt entry. Due to the
proximity of the live DC trolley line it was decided to abort the application to the rib opposite the
trolley line. The purpose of the application in both the track and belt entries was to identify any
potential application problems with differing ventilation flows. The measured air volume in the
haulway was 64,960 cfm, and for the belt entry 25,725 cfm. The estimated air temperature was
50 to 60 degrees F.
The first application of Barricade II occurred in the belt entry at Block 17 through 100 feet of
standard mine fighting 2 inch fire hose with a water pressure of 238 psi. The eductor nozzle
used was a Gel Pro-30 manufactured by Cordova, Inc., and specifically designed for eduction of
Barricade II gel.
Eduction Nozzles
GEL-PRO Educt and Mix Nozzle
Feather-Lite™ nozzles specifically modified to educt and mix Aqueous Firefighting Gel,
Class A and B foams or wetting agents. The variable ratio eductor allows three different
mix settings (1%, 3% and 6% depending upon the viscosity). Calibrated for 30 US gals/min
(114 L/min) at 100 psi (700 kPa), they can operate in the pressure range of 70 to 150 psi
(483 to 1050 kPa) for the best applications. Weighs 5.5lbs (2.5kg).
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Eduction nozzles such as the Gel-Pro 30 work on the venturi principle with an attached vacuum
chamber. There are two orifices that the gel concentrate moves through. There is an orifice in
the body of the nozzle at the venturi and one in the vacuum chamber that also includes a spring
valve to prevent potential back pressure from forcing water back into the gel concentrate
container. These two orifices must be sized appropriately to allow for the maximum gpm flow
rate and psi. Our experience shows that orifices that are too large can result in the loss of
vacuum, and too small can result in insufficient concentrate eduction into the water flow for the
viscosity required.
Results of Test at Block 17
The Barricade II was educted from a 4-gallon bucket through 5/8 inch hose into the eduction
nozzle. In general, the concentration of Barricade II desired for adherence to vertical and
inverted surfaces is approximately 3%. In this case, due to the extremely high pressure through
the fire hose, water volumes flowing through the eductor nozzle was significantly higher than is
normally seen with the standard application pressures of 100 psi or less. As a result, the
Barricade II/water solution from the nozzle did not have optimum adherence to the mine
surfaces.
Procedure at Blocks 29-30
To check this result, it was decided to test the hose application at a place where the water supply
had a pressure reducer in the line. We moved to the belt entry between Blocks 29-30 for further
testing. After making some adjustments, the pressure was reduced to 170 psi. While still
exceeding the desired maximum pressure for optimum Barricade II application, and using the
same nozzle, Barricade II was applied to the roof, rib and belting.
Results of Test at Blocks 29-30
Observations confirmed that, consistent with standard use and application methods, a wide spray
pattern is better for effective and efficient application of the gel/water mix. The narrow spray
pattern tended to strike the surface with too much force to allow the Barricade II to adhere
effectively. The wide stream application allowed the miner manning the hose to better “lay” the
gel onto the surfaces. In planning the test, discussions centered on how effective Barricade II
would adhere to the rock dust on the roof and rib. In the area of the test, rock dust had been
applied and was approximately .5cm thick. We observed excellent adherence to the rock-dusted
rib and roof. In a few small places the rock dust with applied Barricade II “sloughed” from the
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rib, which we suspect was due to the thickness of the gel.
The belt entry ventilation of 25,725 cfm had no effect on the application. Based on these
observations it was the opinion of those present at the test site and, from the project team’s
experience in other high wind surface applications, that the volume of ventilation in the track
entry would have no impact on the application of gel, thus no testing was performed in the track
entry.
Water Pressure and Barricade II Application
We have been able to determine from viewing the video footage of the Barricade II application
(Robinson Run Hose Test - Appendix A, Task 1(c) Report) that the concentration of Barricade II
was between 1% and 2%.
Flow times were as follows:

Gel-Pro 30

238 psi Block 17

170 psi Block 29-30

2:35

2:58

= a total of 5:33 total

The total Barricade II concentrate used was 3 gallons. Assuming a 30 gallons/minute flow rate
through the Gel-Pro 30 nozzle, 165 gallons of water were mixed with 3 gallons of Barricade II.
This is a concentration of 1.8% had the water pressure been 100 psi. Because of the high
pressures, however, it is reasonable to assume a lower concentration was applied during the test.

To overcome the difficulties of the effects of high water pressures, CONSOL personnel
recommended, and provided a possible source of supply, for a pressure reducer that could be
incorporated as a standard part of the eduction nozzle. Barricade considered this possible
modification in order to provide potential users with a suitable alternative to in-line pressure
reducers. Our research to date indicates that the solution may be simply an in-line water
restrictor instead of a water pressure reducer. Barricade personnel tested restricting water flow
from a fire engine with 240psi. The 2 ½ inch outlet fitting was restricted with a reducer to 1
inch. The 1 inch reducer was then coupled to a 1 ½ inch standard fire and the Barricade Quik
Atak eductor nozzle. Because the restricted flow at the 1 inch orifice entered the 1 ½ inch hose a
reduced pressure was obtained sufficient for adequate operation of the venturi in the eduction
nozzle.
Follow Up
CONSOL personnel visited the area of Barricade II application 12 days after application and
reported:
“I looked at the track and belt entries. To be honest, you have to look hard to see where it was sprayed. The
material on the belt has turned to a dry powder substance. On the ribs, you can see a difference in coloration
between regular rock dust and the sprayed material. The area that was sprayed looks gray in color, but the
difference is slight.”
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This result is not surprising. Even with optimum application, 12 days of protection is longer than
the 2 or 3 days that is normally experienced.
Conclusions
Based on the tests performed at CONSOL’s Robinson Run # 95 Mine the following can be
concluded about the adherence and use of Barricade II in an underground coal mine application:
· Barricade II, when applied at high water pressures (> 150 psi ) has an adherence
capability that is less effective than it would be at lower water pressures (<150
psi).
· Barricade II adheres effectively to the roof, rib, belting, and to rock dusted
surfaces that are present in underground coal mines.
· The application of Barricade II is best when applied with a wide nozzle spray
pattern and is less effective when the spray pattern is narrow.
· After the application of gel, even at the higher water pressures, hydration occurs
and the gel coating expands in thickness and becomes more visible and prominent
on mine and mine equipment surfaces.
· To account for differing water pressures and volumes used in mines, Barricade
will need to offer alternative nozzle design: either incorporation of a pressure
reducer at the nozzle, or a nozzle designed with appropriate orifice sizing, to end
users.

Tasks 1(d) and 1(e) Activities and Completion
The Team arrived at the Lake Lynn Fire Suppression Facility (FSF) on June 23, 2008, to begin
testing of Barricade II through a typical mine sprinkler system installed along a belt drive and
belting material. The team was ably assisted by Rick Thomas, Alex Smith, John Soles, and John
Jobko of NIOSH. During previous discussions with NIOSH personnel familiar with the
sprinkler system at the FPF it was determined that each sprinkler head delivered 60 gpm. at 175
psi. The FPF uses Tyco TY3151 fusible link sprinkler heads rated for 68oC. The FSF delivers
recycled water to the sprinkler system through individual 1 ½- inch water lines tapped into a
main 4-inch water line. Each 1 ½-inch line services 2 sprinkler heads – 1 sprinkler head above
the top belt and 1 below the top belt. To determine the adequacy of Barricade II flow through
the system the test directed the flow through two sprinkler heads and (1) 1 ½-inch line using
eduction of Barricade II through an Akron Brass Co. eductor rated at 120gpm. The fusible links
were removed to allow for immediate flow upon water introduction.
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Photo 1

Eductor in 1 ½ inch line

Photo 1 shows the 120 gpm educator tapped into the 1 ½-inch line. To initially test the system, 1
gallon of Barricade II was allowed to enter the system when the water supply was turned on. A
second timed test was completed on June 24. This test ran for 30 seconds and educted 1 ½
gallons of Barricade II.

Photo 2 30 Second Flow Test

15

Photo 3 Barricade II coating on belt after flow test
Photos 2 and 3 show the results of Barricade II coating on the belt and the video CD titled
“Sprinkler Test” shows the entire test.
The Barricade Team concluded that initiation of an actual belt fire was not necessary to show the
effectiveness of Barricade II. In other tests that had been performed with rubber tire fires, it was
evident that the introduction of Barricade II into the sprinkler system to extinguish a belt fire
would yield the same effective results as was found by using gel through the end of a fire hose.
NIOSH personnel agreed with the teams conclusions.
Based on the non-fire sprinkler system test, the Team also concluded that the introduction of
Barricade II into a main water line and sprinkler system in a concentration that would both flow
throughout the system and be in a concentration to be effective in firefighting was feasible and
would be effective in extinguishing and/or retarding a coal or other fire.

Coal Fire Extinguishment
First Burn Test
To determine the effectiveness of Barricade II in extinguishing a coal fire, NIOSH personnel and
the Team conducted a control coal burn test on June 23 and 24. The control consisted of a 12inch deep layer of Pittsburgh seam coal spread evenly upon in a steel mesh box 3 feet wide and 6
feet long. (Photo 4). Six thermocouples were placed through the side of the box extending to the
center of the coal 6 inches from the bottom of the coal. The first thermocouple was placed 6
inches from the fire initiation point (on the upstream side of the ventilating current) and each
subsequent thermocouple spaced at 1-foot intervals.
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Photo 4 - Mesh box containing 12 inches of coal. Note natural gas burner.
The ignition of the coal was begun on June 23 at 10:47 am. Using a multi burner line natural gas
was burned for 90 minutes to ignite the coal sufficiently for the test to be valid. Ventilation in
the FPF was maintained at 300 fpm. Fire temperature data from the thermocouples was recorded
throughout the burn process.
The fire was allowed to burn for approximately 23 hours. Extinguishment occurred at 9:55 a.m.
on June 24. Barricade II was applied through a Cordova Gel-Pro 30 eduction nozzle supplied by
4 gallons of Barricade II in a back-pack system. After 23 seconds of application the coal fire
was suppressed and cooled to a point where it was felt that re-ignition would not occur. Water
vapor was readily visible, but coal smoke and fumes were significantly suppressed. The Team
noted that even though yellow fumes were emitted during the exposure process there was no
ignition which confirmed that even with the initial application, the fire would not rekindle. Also
noted by the Team is evidence that, except for nozzle overspray, almost no Barricade II can be
seen directly below the fire box. This indicates that the mixture was adhering to the coal unlike
water alone which would quickly drain through the pile. The Team observed that Barricade II
application also had an “encapsulating effect.”
To further cool the heated coal, Barricade II was again applied to the point it could be removed
from the test area for disposal.
The Team calculated that the Barricade II/water concentration applied to this fire was 3%.
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Photo 5 Note Barricade II mixture encapsulating coal fire
Second Burn Test
To determine the retardant capability of Barricade II in a coal fire, the Team and NIOSH
personnel designed a test that would compare both Barricade II-treated coal and untreated coal.
Using the same mesh box as that used in the first burn test, treated and untreated coal was placed
15 inches thick in a configuration to achieve a test of fire progression through untreated coal
across the first 15 inches of the box and then through both treated and untreated coal divided
bilaterally for the remaining distance. (Photo 6)

Photo 6 Configuration of second burn test
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Photo 7 - Thermocouple placement in second coal burn test

Thermocouples were placed on both sides of the burn box beginning at 6 inches and then spaced
at 1-foot intervals – 6, 18, 30, 43, 54, and 66 inches (Chart 1).

Chart 1 Thermocouple Locations

The thermocouples were placed 6 inches from the bottom and extended to the center of the
treated and untreated coal. The treated coal was coated with a 3% mixture of Barricade II using
a 3 gpm nozzle and ½ gallon of Barricade II concentrate. As in the first burn test, natural gas
was used for 90 minutes to start the coal burning. Air velocity throughout the test period
averaged 464 ft/min. The fire test began at 1:05 pm on June 24 and allowed to burn to
completion (approximately 130 hours). NIOSH collected time/temperature, heat release rate, gas
heat release rate, gas percentage, and array temperature data during the duration of the burn.
Temperature readings were taken with a probe, at the locations shown, on June 25, at 8:45 am
(approximately 18 hours after ignition). See Chart 2.
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Chart 2 Probe temperature readings (centigrade) after 18 hours of burn

As can be seen in Chart 2, the untreated side had higher temperatures along the edge than did the
Barricade II treated side.
NIOSH developed the following two time and temperature charts from data collected from
thermocouple during the 130 hour burn time.
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Thermocouples T1 through T6 were in untreated coal. Thermocouple T7, although on the
“treated” side, was placed in the first15 inches of untreated coal. Thermocouples T8 through
T12 were in Barricade II-treated coal. The time/temperature plots show two trends. Firstly, the
treated coal had an “insulating effect”. Once the insulation was diminished due to encroaching
fire, the temperature rapidly increased. This is evident from the steep temperature increase. The
untreated side shows a gradual increase in temperature, indicating that the fire front had a steady
advance typical of coal fires. Secondly, there was a delay in temperature increase in the treated
coal compared to the untreated coal. For example, T3 begins the burn temperature increase at
14:42 (14 hours 42 minutes), and T9 at 17:32; T4 at 29:32, and T10 at 30:42. What is also
important to consider when analyzing the temperature/time data is that there was no confining
membrane between the bilateral treated/untreated portions of the test. Therefore, the treated coal
was being encroached by the fire both from the initiation point and from the untreated side.

Third Burn Test
The third burn test involved placement of approximately 12 inches of coal in a solid steel trough
and ignited with accelerant and wood pallets to obtain fast involvement. (Photo 8)
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Photo 8 Coal in solid steel trough ignited with accelerant and wood

Photo 9 Third coal burn fully involved
To evaluate the use of Barricade II in coal fire extinguishment, CONSOL Energy, Inc. provided
experienced mine rescue team members to participate in the testing at Lake Lynn. These rescue
team members were: Bill Blackwell, Fire Prevention Manager, Ohio Valley Region; Mark Koon,
Captain, Robinson Run Mine Rescue Team; Cliff Ward, Captain, Shoemaker Mine Rescue
Team; and George Joseph, Map Man, Bailey Mine. After a brief training exercise on the proper
use of Barricade II application through end-of-hose eduction, the CONSOL team extinguished
the fire.
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Photo 10 Mine Rescue Team personnel practice with Barricade II

Photo 11

Mine Rescue personnel begin Barricade II application
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Photo 12

Photo 13

Photo 14
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Photo 15 Barricade II fully encapsulating and extinguishing the coal fire
Photos 11 to 15 show the progression of fire extinguishment.
The CONSOL team used a standard 1 ½ inch fire hose with a Cordova Gel-Pro 30 eduction
nozzle. The fresh water pressure was 125 psi. The fire was extinguished in 70 seconds. The
video CD “Burn 3 Extinguishment” in 1(d) and (e) Report documents the test.
A hand held temperature probe revealed temperatures with a high of 90oC and an average of
75oC throughout the coal immediately following application of Barricade II.
A total of 1 ½ gallons of Barricade II concentrate was used during the extinguishment. We
estimate a Barricade II/water concentration of 4% was used for extinguishment.
Comments from the CONSOL Mine Rescue personnel included:
· “At first it looked just like water reacting to it [the fire], but then you could see the
coverage starting and then the fire started to extinguish. And then at the end, when the
fire was basically out but it kept “undershooting” where it was hot underneath and it
seemed like we couldn’t get anything there, but when we covered that area it took no
time at all to extinguish that.”
· “When we overturned it [the coal] there was no re-ignition which I thought there
certainly would be.”
· “I thought with that hot fire there would be a lot of steam – a lot of hissing – a lot of
splashing. It was like a blanket and just smothered it out. It was really neat. I was really
impressed.”
· “It was pliable, covered very nicely. Just like they said when you turned it over [the fire]
there was no heat.”
· “It is far superior to water. It doesn’t splash. There is no steam.”
· Q: “would it help with…rollback?”
A: “yes – it cools it right down.”
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· Q: “If you had to fight an active fire and coated the ribs and roof ….from a rescue
perpective would it give you some comfort to know that you could do that?
· A: Absolutely
A: One thing I noticed about a coal fire was that everything around you is hot – this
would cool it down.
A: With this [Barricade II] you could advance fast and still have that security that you
have a way out.
Wood Fire Burn Test
With the concurrence of NIOSH personnel and the CONSOL Energy Mine Rescue Team
members an impromptu test and demonstration of both retardant and extinguishment capabilities
of Barricade II on a wood fire was conducted at the Lake Lynn facility (Pallet Fire video CD,
1(d) and (e) Report).
Two wood pallet stacks of six each were placed over a pan that contained a fuel oil/gasoline
accelerant. One stack was treated with Barricade II through a Gel-Pro 30 eduction nozzle at a
3% concentration prior to stacking. The accelerant was ignited and allowed to burn until the
untreated stack was fully involved with fire. As can be seen in Photos 16 and 17, the Barricade
II treated stack was fully protected from ignition even though the accelerant flames penetrated
throughout the stack.

Photo 16 Accelerant is ignited. Barricade II treated stack on the left
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Photo 17 Untreated stack on the right fully involved

Photo 18 CONSOL Energy personnel begin extinguishment

Photo 19 CONSOL personnel completes extinguishment
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When the untreated pallets were fully involved in fire the CONSOL Mine Rescue Team
members quickly extinguished the fire with a 3% concentration of Barricade II. From start of
extinguishment to the fire being out took 28 seconds.
Conclusions
· Barricade II flows through a typical fire protection water sprinkler system similar to that
used in an underground coal mine belt drive installation and appurtenant belt;
· Although on a much larger scale, but similar to the results found in Task 1(b) (Time and
Temperature Test on Coal), Barricade II is extremely effectively in retarding a spreading
coal fire from engaging Barricade II treated coal . The treated/untreated coal tests
confirmed that Barrricade II protects coal from an impinging fire for periods of time
directly proportional to the volumetric ratio of Barricade II to water and its application to
the coal;
· Barricade II can quickly and effectively extinguish and cool a fully engaged coal fire;
· Barricade II can retard the spread of a highly engaged wood pallet fire to an adjacent
Barricade II treated stack of wood pallets and quickly and effectively extinguish and cool
a diesel fuel initiated wood fire.
· Barricade II can be an effective addition to mine firefighting techniques through end-ofhose eduction as was demonstrated by mine rescue personnel from CONSOL Energy;
and it will protect fire fighting and rescue personnel’s ingress and egress by application
of Barricade II to the ribs and roof of an underground coal mine during a fire emergency.

Simulated Coal Fire Protocols and Test

To aid the Team in the proper preparation and techniques for application of Barricade gel to
comply with the exercise outlined in Task 2(b) completed at NIOSH’s Bruceton, PA Safety
Research Coal Mine during the time period of October 10 to 17, 2008, Barricade personnel and
the Team developed both Technical Protocols and information as well as in-mine use protocols
outlined below.
Technical Protocols
Barricade II is produced by dispersing a super absorbent polymer in vegetable cooking oil with
food grade stabilizer and thickener.
A gel is typically formed after the dispersion is added to fire-fighting water. A high degree of
mixing, called “shear” is required to obtain optimum concentrate/water ratio and the desired
thickness. The concentration of the product determines the desired flowability of the gel that is
formed after the dispersion is added to the fire-fighting water. For example, a 1% concentration
will be “runny” and a 3% or more will be thick and sticky. For a coal mine using an end-of-hose
application a 3% to 4% concentration is recommended.
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To achieve the water/gel mix the use of an eductor nozzle is required for end-of–hose
application. The eductor nozzle uses the suction created from a venturi in the nozzle to pull
Barricade concentrate into the water stream. The mixing occurs at the point of water/concentrate
contact in the nozzle. This method eliminates the problem of trying to force a thick
concentrate/water mixture through the length of the hose.
Eduction nozzles require a water pressure of at least 100 psi to work properly. If the water
pressure is too high water flow through the venturi in the eduction nozzle will be too great
causing the concentrate of the Barricade/water mixture to be too low. Excess water pressure can
suppress the suction effect of the venturi.
For high water pressure underground systems without the ability for pressure reduction to the
desired 100-125 psi, it is recommended that a restrictor be attached at the water line – hose
connection. For example, from a 2-inch water line, attach a fitting to restrict the flow to 1-inch.
From the 1-inch fitting, attach an adaptor that will go from 1-inch to the 1 ½ inch hose. This
method will reduce the water psi to the nozzle. Some trial and error in the specific mine water
system may be needed to determine how much to restrict the flow.
Another consideration is hose friction loss between the water source at the pipe and the nozzle.
This friction loss reduces the available water psi at the nozzle. Friction loss is calculated by
using the formula:
FL = Q2 x C x L
Q = gpm/100
C = friction loss coefficient for specific hose diameter (1 ½ hose coefficient is 24)
L = hose length/100
As an example, let’s assume a 300 foot, 1 ½ inch hose and 30 gpm.
FL = (30/100)2 x 24 x 300/100
FL = .09 x 24 x 3 = 6.48 psi loss
As can be seen above, for the lower gpm eduction nozzles, the friction loss/psi loss should not be
a significant factor.
Barricade II Containers and Pickup Tubes
Depending upon the specific use Barricade II can be provided in 1-and 4-gallon containers.
Depending on need, the concentrate can also be packaged in containers up to 55 gallons.
When using the 1-gallon jugs they are attached directly to the Barricade eduction nozzle with the
pickup tube inside the jug. There is no external pickup tube. The 4-gallon buckets can either be
slipped into a specially designed back harness and carried by the nozzleman, or carried by the
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hoseman directly behind the nozzleman. A 6-foot long pickup tube connects the bucket with the
eduction nozzle. The soft backpack (Barricade Atak Pak) also connects to the eduction nozzle
with a 6-foot pickup tube.
When attaching the pickup tube to either the bucket or Atak Pak and nozzle it is extremely
important that the connections be air-tight (emphasis added). If they are not, suction from the
eduction nozzle will be lost and no concentrate will travel to the water stream. Depending on
preference the user has the option to use the threaded fittings or quick disconnects.
Coverage
There is 1700 ft2 of roof and rib surface in 50 lineal ft in a coal mine belt or track entry with a
roof height of 7 ft and entry width of 20 ft. To cover 50 ft of roof and ribs with ¼ inch of gel
from the nozzle, approximately 250 gallons of water and 12 gallons of Barricade II will be
required. In surface applications, firefighters apply Barricade until the thickness looks a whitish
or “milky” color. This application is generally around ¼ inch thick. For use in a mine
environment it is recommended that the application be as thick as possible and still allow the gel
to hold or “stick” to the roof and ribs without sloughing.
Application
Barricade gel is applied through the nozzle in a wide spray and a circular motion. The surface to
be sprayed should be toward the end of the spray so that the gel will “lay” or “lob” onto the
surface. Too much spray force will tend to knock the gel off of the surface.

Firefighting and Mine Rescue Team Protocols
The following in-mine use protocols were developed in discussions with CONSOL Energy Mine
Rescue team members in order to aid the team in the in-mine exercise. These protocols can also
be easily modified for use by any end user of Barricade II in an actual mine fire emergency.
In the exercise completed on October 15, 2008, CONSOL Energy team members participating
were Mark Koon, Captain, Robinson Run Mine Rescue Team; Cliff Ward, Captain, Shoemaker
Mine Rescue Team; and George Joseph, Map Man, Bailey Mine Rescue Team. Also present and
assisting was Bill Toliver, CONSOL Energy’s Manager of Fire Prevention, Barricade personnel,
and NIOSH Bruceton Mine employees Joe Sabo and Jack Teatino.
In any emergency the first and most important consideration is for individual and team safety.
The team will conduct an evaluation to determine any risk involved in the gel application at the
Bruceton underground mine. If any unacceptable risk is found, mitigation of the risk shall occur
before the exercise proceeds or continues.
For exercise preparation purposes it is important for the participants to make sure that:
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1. Proper equipment is provided to undertake this exercise. Included is an adequate
supply of Barricade II (easily transportable), suitable fire fighting hose, and an
acceptable fire fighting nozzle and gel eductor;
2. A reliable method to gather and communicate information during and after the
application of the gel;
3. That personnel and/or teams are properly trained (classroom and hands-on) and
that the training consider
a. The purpose and characteristics of Barricade II;
b. The process/procedures for using Barricade II including the importance of
fitting tightness;
c. Proper application techniques; and
d. Any pitfalls or safety concerns such as slippery footing associated with the
use of Barricade II.
4. There are sufficient provisions made for water supply including an adequate and
acceptable number and location of fire hose outlets.
5. That the water flow and pressure are optimized as outlined above to ensure that
the application of the gel to the roof and ribs is adequate.
Once it is determined that it is acceptable to move forward with the exercise using Barricade II
the following use practices should be adhered to:
1.
2.
3.
4.
5.
6.

Gather equipment, Barricade II, and other needed items;
Make connections (fire hose, nozzle, eductor into gel container;
Ensure proper connections (no leaks);
Test nozzle flow and adjust as required;
Set nozzle eductor flow to ensure proper concentrate ratio;
Begin application from the farthest inby point working outby using a sweeping
motion first across the roofline then down each rib. Unless there are combustible
materials or a coal floor it should not be necessary to apply the gel to the mine
floor;
7. Apply the gel/water mix to achieve an application thickness of approximately 1/8
to 1/4”;
8. After completing the application evaluate the area covered and re-apply the gel to
areas where the desired thickness or coverage is not adequate;

For the purposes of this exercise:
·
·
·
·

the roof and ribs along 50 ft of mine entry will be treated with gel;
the time it takes to apply the gel will be recorded;
the ambient air temperature and humidity will be recorded;
Barricade personnel will periodically monitor the completed application for 36 to 48
hours at time intervals convenient to mine entry availability;
· periodic thicknesses at predetermined locations will be recorded throughout the
monitoring period;
· comments of the CONSOL Energy team members will be documented; and
· video recording of the application will be produced.
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Performance of Application and Time Exercise - Task 2(b)
To assure that the personnel and facility time was used most efficiently, arrangements were made
with Paul Stefko, Mine Foreman, NIOSH Mine Safety Research Mine, Bruceton, for Barricade
personnel to access the facility on October 10, 2008. During this pre-test visit, the area of
application, water system, and fire hose were inspected, temperature and humidity readings were
taken, and a test application was performed with a 30gpm Gel-Pro eduction nozzle, and a
Barricade 15gpm Quik Atak eduction nozzle. The pre-test application conducted by Barricade
personnel was on a rib in an area adjacent to that selected for the actual test.
Before entering the mine, Barricade personnel refreshed the Team on nozzle features, application
principles, and the exercise to be performed in conformance with the protocols developed in
Task 2(a). The Team was given the option of using a 4-gallon container in a backpack, or using
the 4-gallon container to be carried behind the nozzleman by a hoseman. They decided to have
the hoseman carry the bucket and be responsible for renewing buckets as needed during the
application.
The ambient air temperature was 62ºF and the relative humidity was 70%. Airflow was
perceptible. The water was delivered at 100psi through a standard 1 ½ inch fire hose attached to
a 2 inch water line. The G Entry, where the test was performed, and associated entries between
rooms 11 and 13 has a height of six feet and a width of 13 to 18 feet.
The team attached the 30 gpm Gel-Pro nozzle to the hose and began the application to the ribs
and roof as an advance. Photo 20 shows the application on a rib. The total distance of the
advance was 60 feet. During the advance, the hoseman had to supply one additional 4-gallon
bucket of Barricade II. The advance application took 5 minutes 12 seconds (5:12). See video
CD “CONSOL Team Application and Examination” attached to Tasks (a) and (b) Report. Total
spray time as determined from the video was 4:20. Bucket change-over took :52. The Team
examined the roof, ribs and faces for application consistency and decided that no additional
application was necessary. Photos 21 and 22 show results of the application.
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Photo 20 Application on entry rib by CONSOL Team

Photo 21 Note the difference between treated and untreated rib and roof
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Photo 22 Treated Rib and Roof

The amount of Barricade II used for the application was 5.5 gallons. Estimate total water used
through the 30 gpm nozzle for the 4:20 application at 129 gallons. The concentration of
Barricade II to water was approximately 4%. The total square feet of application to the roof, ribs
and faces was 1580 ft2.

The CONSOL Energy Team was satisfied with the ease and speed of application. They were
also favorably impressed with the thickness and adhesion of the application. The nozzleman
stated that it only took a minute of application to understand the optimum spray pattern from the
nozzle for maximum effectiveness of application. The Team suggested alternative bucket to
hose attachment methods to speed bucket change-over. These alternatives included use of quick
disconnects, or the possibility of eliminating the need to screw on the bucket adapter cap and just
plunge a pickup tube through the cap into the bucket. Barricade is now exploring those
alternatives.

The Team and Barricade personnel also observed the area of the entry that was treated during the
pre-test of October 10. As can be seen in Photo 23, the Barricade II was hydrated and would
continue to be effective in retarding a fire.
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Photo 23 Photo taken on October 15 of area treated on October 10

Additional monitoring of the Barricade application occurred on October 16 and 17. Barricade
team member David Fredley, along with NIOSH personnel Ed Thimons and Alex Smith
examined the area on October 16 , 24 hours after the application. The enclosed video CD
“CONSOL Team Application and Examination” documents the post-test examination visits on
October 16 and 17. Although some slight slippage due to gravity was observed in some areas of
the application, no significant visual difference was noted. (Photos 24, 25, and 26).

Photo 24 Photo taken of treated area on October 16
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Photo 25 Taken October 17

Photo 26 October 17 photo of October 10 Application

Paul Stefko reported from an examination on October 23, “It is not drying at this time. To me it
still looks pretty good, I'd say about 75 per cent and still has some depth.” A subsequent
November 3 examination by Paul Stefko reported that, “The product is drying along the ribs but
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still has texture and depth on the roof especially.”

Conclusions
· Barricade II can be effectively applied by a mine rescue team to the ribs and roof of
mine entries to retard an advancing mine fire and to provide an effective route of
egress for firefighting personnel.
· Barricade II will remain effective for several days depending on mine temperature,
humidity and ventilation.
· Barricade II can be applied quickly and effectively to a large area of a mine.
· Training of personnel such as Fire Brigades, Mine Rescue Teams, or other first
responders will be required, but due to the ease of application, this training is
expected to be minimal. The protocols developed for this test could serve as the
template for any training performed on the use of Barricade II.
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