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Radios used for field testing Motorola XTS 5000 Model 1l and XTS 5000R Model 11l
with and without a variety of Motorola extension microphones
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Motorola extended microphones used in testing model numbers NMN6193C,
NMN6193BS03, NMN6191C, RMN5088A and RMN5066A
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‘May 22, 2007, Radio Test
Hydrant pressure through master stream fog nozzle —
Radios worn over turnout gear — Heavy rain simulation
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May 22, 2007, Radio Test
Hydrant pressure through master stream fog nozzle — Heavy rain simulation
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EXAMINATION OF
FIREFIGHTER PROTECTIVE CLOTHING
WORN BY I AND TECHNICIAN WILSON
DURING APRIL 2007 FIRE

Final Report
July 13, 2007

Summary

This report covers my examination of the protective clothing and equipment worn by |Gz
I :1d Technician I Kyle Wilson of Prince Williams County Department of Fire and
Rescue during the structure fire at Marsh Overlook on April 16, 2007. This examined compared
the condition of the firefighter clothing and equipment against both specifications.

In my examination of the protective clothing and equipment worn by | NG, damage
to the helmet, coat, hood, and gloves was found on the right side. It appears that while the hood
was worn to cover [JJ] head,t the helmet ear flaps or collar or both were not fully deployed. Given
the light thermal insulation qualities of the hood relative to other parts of the protective ensemble
and extreme fireground conditions faced by | NNEEIEEEN during [l escape, it is possible to
rationalize the burns to | cats. The right glove worn by

showed extreme shrinkage, which is characteristic of leather response to very high heat over
extended periods of time. The shrinkage reduced the overall insulation provided by the glove and
is responsible for the severe burns to | NEENNGJENEE right index finger. The lack of burn
‘injuries to other portions of | NI body is consistent with the expectations that
firefighter protective clothing certified to NFPA 1971 should permit the firefighter to escape
extreme fireground conditions and provide protection with a minimum of injury for limited
period of time (tens of seconds). The department should ensure that all protective clothing is
properly worn, in accordance with manufacturer instructions including the full deployment of
collars (turned up) and helmet ear flaps.

Very little intact clothing for Technician Wilson remained for examination. Even items that
generally survive extreme conditions intact, such as footwear, were severely affected by the
exposure environment. Certainly, much of the damage that occurred happened after Technician
Wilson succumbed to the effects of an extraordinary fireground exposure. There were no specific
problems evident for the clothing system or its protective qualities. The overall protective
ensemble was simply overwhelmed and could not provide protection under such extreme
conditions for an extended period of time.
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Objective

I was asked by NSNS of the Prince William County Fire & Rescue to examine the
protective clothing worn by NN -nd Technician I Kyle Wilson during the
structure fire at Marsh Overlook Drive on April 16, 2007. The purpose of this examination was to
determine if any conditions of the clothing or equipment might have contributed to the injuries of

I - .d the fatality of Technician Wilson.

Description of the Incident

The following information about the incident was provided by |

I :nd Technician I Kyle Wilson were assigned to Tower 512 for the
shift. | v2s the officer and Technician Wilson was riding in the officer’s bucket
which is part of the inside crew. They both had just started their morming checkout routine when at
approximately 0602 Tower 512 was dispatched to the structure fire on Marsh Overlook Drive.
When the tower arrived on the scene, || nd Technician Wilson entered the structure
through the front door wearing full PPE, SCBA, and breathing air. They observed light smoke and
no fire inside the structure. They proceeded to the second floor to search the bedrooms for victims.
While in the master bedroom conditions rapidly deteriorated and went from clear visibility, to black
smoke, to heavy fire in a matter of seconds. At this point ||} BEEEEEEE 2nd Technician Wilson
became separated and [N f<!! down a set of stairs and Technician Wilson became
disoriented on the second floor.

Before they became separated, both | 21d Technician Wilson were attempting to
locate the stairs. While SN v s trying to locate the stairs ] encountered high heat on
Il right side. il then fell down the stairs to the bottom of the first floor and was assisted outside
by other crews. [l sustained second degree burns to i ears and second and third degree burns to
Jl right index finger.

Technician Wilson was still on the second floor while conditions were still deteriorating. Winds
that morning were recorded as being sustained at 40mph with gusts up to 60 mph. This caused the
fire to grow rapidly and spread throughout the structure. While rescue attempts were still being
made, the roof of the structure started to collapse and the whole second floor was engulfed in
flames. At approximately 0615 an emergency evacuation of all crews was ordered and defensive
operations began. At approximately 0630 the crews on the scene gained control of the fire and were
able to start searching for Technician Wilson once more. A short time after that Technician Wilson
was found upstairs in the master bedroom, deceased. His autopsy results are still pending form the
state medical examiner’s office.

Items Examined and Observations

Protective clothing and equipment items were provided for both | -nd Technician

Wilson. For IR these items included:

e Protective coat
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Protective pants

Protective hood
Utility gloves

There were also items found in the pockets of the coat that included cutting tool in the left side
pocket, tinted safety glasses, and utility gloves. All of the items in each of the pockets were

undamaged.

Protective helmet
Protective gloves
Protective footwear

The identification, description, and observation for each item is provided in Table 1 below.

Item

Description

Observations

Protective coat

Model # BPR4232TZ,

Mfr Date: 3-3-2005

Shell PBI Ripstop Advanced
DWR

Liner 3 layer E89

Barrier Nomex Crosstech PJ
Serial # 0503001528

Size chest 42; length 29/35;
sleeve 33%

Flashlight Big Ed

¢ Moderate to heavy soiling over
entire coat

¢ Blackened trim on lower right
sleeve and lower right cargo
pocket, tar spots on right side

» Collar appears to have been down
during wear

e Light melting of collar hook and
loop closure

e Damage to trim right side back

e Trim on back charred and broken

e Inside shell: soiled, char damage
on right sleeve over entire length

¢ Liner: melting and light charring
on right sleeve and right shoulder

e No apparent damage to thermal
barrier

Protective pants

Morning Pride

Model #BPR4232PZ

Shell PBI Ripstop Advanced
DWR

Liner 3 layer E89

Barrier Nomex Crosstech PJ
Heat channel knees

Size: 38 waist X 31 in seam

e Moderate soiling

e Worn right pocket (near bottom
grommet)

e Small tar spots on right front upper

e Hook and closure tape — good
condition

¢ Minor heat damage lower trim
right front

» Pants corrider serviceable

¢ No soil inside pant shell except at
bottom hem

¢ Liner moisture barrier side light
soiling front (couple of places)

e Pants appear serviceable
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Item Description Observations

Protective helmet Cairns Helmet ¢ Bubbling of shell crown; worse on
Shop Order # 101038880 right
Order #1720246 ¢ Blackening of reflective trim right
Sequence Count 20-15 side
Color: White ¢ Hook/loop closure tape melted on
Ear flap L655X both sides; worse on right
Chin Strap PC922 ¢ Shield blackened with number
Eye Protection 100296 curled
Liner PLK 28 ¢ Ear flaps show charring;
Model Weight: 61 oz . .
Miso 37460 embrittlement of lower right ear flap
Customer # 300827

Date of Mfg: 05/24/2006
NFPA 1971, 2000 Edition
Emblem (Inside of Helmet)

showed
~ I
PWCLT”
Protective gloves Could not be identified: label cut | e Severe soiling of both gloves
out e Significant shrinkage of right glove
Brown cow hide back; black ¢ Charring of leather reinforcement
leather palm and gauntlet; on palm towards thumb side of
brown leather reinforcement on glove :
palm ¢ Residue on back side right glove
Protective footwear Pro-Warrington ¢ Some soiling
Serial #WP310223488 o Little wear
Model #41325G e Small puncture right boot above
Size 9-1/2 steel toe
Order #4G02015C
NFPA 1971, 2000 Edition
Protective hood Lifeliners e Charring, loss of material on right
40-60 P84 FR Lenzing (2 layers side outer layer towards face
navy blue) opening
Item # P849723ES
Lot #738

Manufacturer Date 1998
NFPA 1971, 1997 Edition

Utility gloves Mechanix M-Pact ¢ Light wear;no apparent damage

Photographs were taken to show the condition of the clothing when examined. Figures 1 and 2 show
the front and back exterior of the protective coat worn by | . A closer examination of
the collar shows a soiling pattern that suggests that the collar may not have been fully deployed. A
close up of the charring on the right sleeve of the coat is provided in Figure 3. The right sleeve was
the area of the coat most damaged by heat exposure. This charring extends through the outer shell of
the coat as can be seen in Figures 4 and 5 where the coat shell has been separated and inverted,
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show both the front and back of the coat. Figure 6 shows the shell product label. Charring on the
same right sleeve is evident on the liner, moisture barrier side, which is pictured in Figures 7 and 8.
Similar pictures of the thermal barrier side of the liner (inverted) are shown in Figure 9 and 10.
Figure 11 provides a photograph of the product label in the coat lining.

I :otective pants are shown in Figures 12 through 22. Figures 12 and 13 provide
the exterior view of the shell, while the shell interior is displayed in Figures 15 and 16, and the
product label on shell is provided in Figure 17. Figure 14 shows a close up of damage (wear through
and fraying) on the right pants pocket. The moisture barrier side of the lining is shown in Figures 18
and 19, the thermal barrier side of the lining is shown in Figures 20 and 21, and the product label on
the lining is provided in Figure 22. There was no specific heat damage to the || NG
pants, except to the trim on the right side.

The helmet worn by |IEEEEEEE is shown in Figures 23 through 25, showing the front, left
side, right side, and interior. These photos show charring and bubbling over the entire helmet shell,
but the damage is greatest to the right side where the reflective material is totally blackened. The ear
flaps show some charring with embrittlement of the lower right ear flap. It is not clear whether the

ear flaps were fully deployed by | NN

For I /o photographs are prdvided showing the back and palm sides of
the gloves in Figures 27 and 28, respectively. A ruler is provided in Figure 28 to show the difference

in apparent glove dimensions between the left and right hand where the right gloves has shrunk
significantly from high heat exposure. There was a large difference in the glove dimension in
comparing the length of the gloves at the index finger.

Other than a minor puncture to the right boot above the top cap, no apparent damage was found in
the footwear worn by I} EEEEEE s shown in Figures 29 through 32.

Figures 33 through 35 show the condition of ||} N hood on the left and right sides as
well as the label in the hood. Given the dark navy color of the hood material, it is difficult to see the
char damage around the face opening on the right side of the hood.

The last two photographs for |} cc2r are a pair of utility gloves (Figures 36 and 37)
that were undamaged.

For Technician Wilson, the following items were made available:

Protective coat

Protective pants

Protective helmet

Protective gloves

Protective footwear

Protective hood

Station/work uniform and other under clothing

The following table provides a description of these items and their condition.
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Item

Description

Observations

Protective coat

Morning Pride
Serial cannot be located

Apparent same composition and

Heavily embrittled and in pieces
All layers burned through in
several places

design as pants of | ¢ Only intact area front mid torso
I next to closure
¢ Coat cannot be assembled back to
original shape without significan
further damage '
Protective pants Morning Pride e Heavily embrittled and in pieces
Serial # 06080178 . e All layers burned through in
Apparent same composition and several places
design as pants of | e Only intact area of liner appears to
N be in the crotch area
e All layers burned through in
several places
e Pants cannot be assembled back to
original shape without significant
further damage
Protective helmet No identification information ¢ Destroyed; melted to carpet

Protective gloves

No identification information

Charred on all 3 layers

Protective footwear

Warrington Pro
Style #4132SG
Model # 6F060443C
2000 Edition

Severely charred right and back
sides of both boots

e Material broken throughout
e Broken open several places

particularly along seams and front
side of boots

Outer sole charred breaking away
in pieces

Protective hood Label on Hood intact — Quest ¢ Only one side of hood remains;
Fire Apparel other parts cannot be found
NFPA 1971, 2000 Edition e Part that remains is just fragments
Other information cannot be
made out
Station/work No identification information o Charred and embrittled; broken in
uniform and other several places
under clothing e Fragments only remain

As with | I cco:. several photographs of the remnants of Technician Wilson’s
clothing were taken; however, given the level of destruction for nearly all types of gear and the
inability to manipulate the gear with causing further extensive damage, it is difficult in many cases
to distinguish all the features of the clothing — many have been destroyed and some are missing.

Many of the items are unrecognizable in the photographs.
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The condition of the coat and pants worn by Technician Wilson are shown in Figures 38 and 39,
respectively. These photographs depict garments where much of the three layer construction of the
garment has disintegrated, being fully charred and embrittled. The only recognizable features of the
coat and pants are the front closure and crotch area. These two areas would have been most
protected of all parts of the ensemble if Technician Wilson was found prone (on his stomach) when
his body was recovered. Figure 40 displays the helmet as it has melted and adhered to a section of
the carpet. Though it is known for this examination, it is suspected that the helmet fell off
Technician Wilson’s head during the collapse and that under these conditions melted onto the
carpet. The remnants of Technican Wilson’s gloves and hoods are shown in Figure 41. Portions of
these ensemble elements are missing; the leather is clearly broken open for the gloves though not
apparent in the photograph. Figures 42 through 44 show the level of destruction for the footwear,
which is one of the few recognizable elements of Technician Wilson’s ensemble. Even so, portions
of the leather are broken open from high heat exposure and the outer soles have undergone
significant degradation. Figure 45 provides a photograph of the remnants of Technician Wilson’s
station/work uniform shirt and pants. Like the protective coat and pants, these items of clothing
show significant effects from high heat.

The Fireground Environment

One manner of analyzing the protective clothing and equipment is to examine industry
information that shows the range of fireground conditions that can be experienced and relate
these conditions to the types of damage that can occur to clothing and equipment.

The relationship between increasing thermal radiation (expressed in cal/cm®s) and the resulting
rise in air temperature (expressed in degrees Celsius and degrees Fahrenheit) is presented in
Figure 46. Possible structural fire fighting situations are illustrated in this figure:'

e The Routine region describes conditions where one or two objects, such as a bed or waste
basket, are burning in a room. The thermal radiation and the air temperatures are
virtually the same as those encountered on a hot summer day. As shown in Figure 17,
Routine conditions are accompanied by a thermal radiation range of 0.025 to 0.05
cal/cm®s and by air temperatures ranging from 68 to 140°F. Protective clothing for fire
fighters typically provides protection under these conditions, but excessively long
exposure times may create a burn injury situation.

o The Ordinary region describes temperatures encountered in fighting a more serious fire
or being next to a "flash-over” room. Ordinary conditions are defined by a thermal range
of 0.05 to 0.6 cal/em?s, representing an air temperature range of 140 to 571°F. Under
these conditions, protective clothing may allow sufficient time to extinguish the fire or to
fight the fire until the nominal air supply is exhausted (usually less than 30 minutes).

o The Emergency region describes conditions in a severe and unusual exposure, such as
those caused inside a "flash-over" room or next to a flame front. In Emergency

"N. J. Abbott and S. Schulman, "Protection from Fire: Nonflammable Fabrics and Coatings, Journal of
Coated Fabrics, Vol. 6, July 1976, pp. 48-64.
?H. P. Utech, "High Temperatures vs. Fire Equipment," International Fire Chief, Vol. 39, 1973, pp. 26-27.
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conditions, the thermal load exceeds 0.6 cal/cm?s and temperatures exceed 571°F. In
such conditions, the function of firefighters' clothing and equipment is simply to provide
protection during the short time needed for an escape without serious injury.

Figure 46 — Classification of Fireground Conditions

1000
1832°F

571°F  comme
Emergency

Air Temperature (°C)
g

Ordinary

67°F -°

Routine

10 v T — —r T v T T
0.01 0.10 1.00 10.00

Thermal Radiation (calicm?s)

The fireground event at Marsh Overlook Drive on April 16, 2007 as described would have involved
conditions that could be classified in emergency range of exposure. The fire did not start this way,
but by the time that [N :nd Technician Wilson were trapped on the second floor, the
fire transitioned from the routine to emergency region in a relatively short period time. Under
emergency conditions, clothing is only expected to provide tens of seconds of protection to allow
the fire fighter to escape. In general, when protective clothing and equipment is exposed to
emergency conditions, it becomes damaged. Those components that are most susceptible to damage
include trim and the plastic components of helmets. Charring of outer shell textiles in clothing,
bubbling of helmet shells, and shrinkage of leather in gloves are typical outcomes for any extended
exposure under emergency conditions. The relative damage to protective clothing and equipment
will depend on the actual radiant and convective temperatures combined with the length of
exposure. It is not so much the temperature of exposure but rather the exposure energy that is
received, which is the product of both time and temperature.
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Burn injuries are sustained with the energy absorbed by the skin can no longer be dissipated in the
body. In essence, the rate of heat (energy) transfer into the body at a particular location overwhelms
the body’s capacity to remove that heat to other portions of the body. In general, when the energy
transferred through the clothing to the skin is able to cause the skin temperature to rise to 111°F
(44°C), pain is felt by the average individual person. If the skin temperature increases to 131°F
(55°C), the onset of second degree burn injury occurs.

Any number of reasons can exist for burn injury to occur in selective locations over the firefighter’s
body or for the severity of the injury to vary at different locations. Unexposed or less protected areas
of the firefighter’s body are more susceptible to burn injury than other areas. These areas may
include the portions of the head or ears. Where clothing compresses against the skin either by fit or
wearing position, heat transfer to the skin can occur at higher rates. The phenomenon of stored
energy can also be a factor where heat energy that accumulates in clothing from continued radiant
exposwre can quickly transfer to the skin when the clothing is compressed suddenly. This
compression can happen simply from bending a joint (a knee or elbow) or otherwise positioning the
body to stretch the clothing across the body so that more intimate contact is made with the skin. If
shrinkage of an item occurs, which effectively reduces the insulating air layer between the clothing
and the skin, increased heat transfer to the skin will occur. This type of heat transfer can occur when
a glove, constructed of leather, shrinks from a high, extended heat exposure. Finally, wherever
damage occurs that causes severe charring, embrittlement, and break open of materials or
components, protection is lessened and the potential for burn injury is increased.

Analysis and Findings

The fact that | NN EEEEEE v 25 able to escape provides insight as to the fire ground conditions
that existed at the time for both firefighters as they tried to make their way out of the fire structure.
While it is not known exactly how long ||} B v 2s present on the second floor and in the
fire structure before being able to escape, it is speculated that this time frame was relatively short
(approximately 30 seconds, but less than a minute). Based on the information provided, the amount
of heat exposure during the initial entry and the start of the search effort on the second floor of the
fire structure would have been at relatively low temperatures, consistent with the routine region of
fireground conditions described above. Once the master bedroom erupted in flames, it anticipated
that the exposure environment changed to ordinary where high radiant and convective temperatures
were sustained and that these conditions would have approached the emergency region with
temperatures over 571°F (300°F) and energy transfer rates greater than 0.6 cal/cm’sec. This finding
is reached based on the examination of | I ccar. which shows damage characteristic
of exposures that reach emergency fireground conditions.

The principal damage to [ NN protective clothing and equipment is found on the top
and right side of the ensemble; this damage includes:

Bubbling of the helmet shell, worse on the right side

Blackening and melting of helmet trim, worse on the right side

Charring and embrittlement of the right ear flap

Charring and embrittlement of the right side of the hood face opening
Charring of the outer shell and moisture barrier on the right arm and shoulder

b
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6. Significant shrinkage of right glove

The locations of this damage are consistent with a firefighter exiting the upper floor of a structure
that is engulfed in flames. Further, the report of burn injuries to ears (as being lesser protected areas
of Il body) and [l right index finger (from glove shrinkage) partly collaborate this finding.

The stages of clothing outer shell degradation are known to occur at certain energies and it is further
possible to estimate the temperatures reached by specific clothing and equipment components from
the level of degradation that takes place. For example, certain trims begin to melt at temperatures
Iess than 391°F (200°C) but blacken and char beginning at 500°F (260°C).? Similarly, charring of
PBI/Kevlar fabrics as represented by the outer shell of | Il protective coat and pants
begins to occur when the material reaches temperatures between 1000 and 1200°F (540-650°C).
This charring did not result in embrittlement or break open, nevertheless, the heat transferred
through the material was sufficient to cause charring of the moisture barrier material in the lining,
which starts at lower temperatures. Prior experiments I have conducted show that the total energy
transfer required to cause charring and damage to the moisture barrier layer underneath the outer
shell to be in the range of 30-40 cal/cm®. This level of exposure is equivalent to 10 seconds of an
average flashover exposure, though a flashover is not suspected in the case. The reported absence of
burns on [N torso, arms and legs is indication that the transferred energy was not
sufficient to cause burns in these areas of Jfbody. \

The near total destruction of clothing and equipment worn by Technician Wilson show complete
disintegration of many textile elements of the clothing, including several portions or coat, pants, and
hood and all three layers of the protective garments. Temperatures in excess of 1500°F (820°C)
cause severe embrittlement of the PBI/Kevlar outer shell material. Yet the materials are layered in
the protective coat and pants and there was destruction of all three layers in many areas of the
clothing. In addition, there is charring and embrittlement of the underlying station/work uniform.
Prior work has shown that energy levels of 50-60 cal/cm? for external conductive and radiant heat
exposures can cause-charring of the underlying station/work uniform materials. In all likelihood,
both the temperatures and energy levels for this degradation were exceeded given the timeline for
the recovery of Technician Wilson’s body by the responding firefighters. Likewise, the deterioration
of the leather in the gloves and footwear shows show extreme temperature conditions. Footwear
typically survives emergency fire conditions intact. In this case, the footwear leather was split open
in several places and the there was significant degradation of outer sole. Another telltale sign for the
several of fire exposure is the condition of the helmet with it having melted to the carpet section that
was provided for examination. While the exact temperature for this deterioration to take place is not
known, it is understood that the temperatures reached for this part of the ensemble were well over
1500°F (820°C) and it is likely that exposure at this temperature or above was sustained for
relatively long period of time. The gear was subjected to conditions well below any reasonable level
of expected protection.

? These temperatures represent the temperatures of the material not the air or exposure temperature, which
generally must be higher to cause the level of damage consistent with the observed degradation
temperature.
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Conclusions

I could not find any defect or problems with the clothing that I examined. In the case of protective
clothing and equipment worn by [ NEEEEllN. the gear was subject to fireground conditions
where the clothing is intended to provide limited protection allowing escape. The fact that there
were no burns to [l torso, arms, legs, and feet are an indication that the garments (protective coat
and pants) and footwear performed as expected. The burns sustained to [ ears are due to the lower
level of protection that is provided by the hood relative to other parts of the ensemble. For example,
hoods are required by NFPA 1971-2000 to meet a thermal protective performance (TPP)
requirement of 20 cal/cm® as compared to a requirement of 35 cal/em” for garments.* The lower
level of protection to the ears is provided directly by the hood with partial additional protection
supplied by the helmet ear flaps. This portion of the head may further be protected by the collar, but
the collar does not appear to be in its upright position (the collar extends to 4 inches above the top of
the coat when fully deployed). It also appears that during the most serious parts of the exposure the
hood ear flaps may not have been full extended down over the hood. The lack of these additional
insulating layers may have contributed to the ear burn injuries sustained by | N SN The
right glove in particular shows evidence of a very high heat exposure. Leather shrinkage, while
common, can be particularly dangerous because the shrinkage reduces the air insulation layer inside
the gloves for a body area that is already very difficult to protection consistent with the rest of the
ensemble. In many cases, glove thermal protective performance ratings are artificially high since in
testing the leather puckers creating air gaps that increase insulation. However, when gloves are
used, the leather simply shrinks uniformly permitting more rapid transfer and increasing the
likelihood of burns. For || . the cxposure circumstances appear to have been well
beyond the provision of protection by the gloves. Of the major elements in the ensemble (garments,
helmet, gloves, and footwear), gloves generally have the lowest insulation and can be an area of the
body that is burned easiest depending on the exposure conditions.

I -.1:ts are serviceable. A portion of the trim on the lower leg must be replaced
and the hole in the cargo pocket must be repaired. While a detailed visual inspection of the liner was
not conducted, hydrostatic testing was not performed. The coat should be subjected to an advanced
inspection by a facility that is qualified to ascertain the barrier performance of the lining. The coat
likely should be retired. The entire coat liner needs must be replaced and the entire right sleeve of
the coat must also be replaced along several portions of coat trim. The relative costs of these repairs
would warrant retirement. Likewise the helmet and gloves should be retired. The footwear is the
only that I examined that does not appear to need repair.

The protective clothing and equipment worn by Technician Wilson was exposed to extraordinary
conditions that are well beyond the protective capabilities of any protective ensemble in existence
today. It is likely that if Technician Wilson had been able to escape at approximately the same time
that | that he would have similarly sustained only minor burns to the more
vulnerable portions of his body. However, with the extended period of time on the second floor that
was engulfed in flames, it is likely that the protective capabilities of | NN protective
ensemble would have been exceeded in the first few minutes, if not first minute of extended

* The actual TPP ratings for the garments and hood are in excess of minimum requirements set forth in
NFPA 1971-2000, which applied for the subject clothing. The specific TPP rating for the composite used

in I o2t was approximately 45 cal/cm®,
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exposure. The level of destruction of the protective clothing or equipment worn by Technician
Wilson indicates that much of the clothing degradation took place after he succumbed to the effects
of fire exposure. It is impossible to discern any specific facts in which the clothing was worn or how
the clothing performed with respect its exposure conditions, other than to conclude the clothing was
simply overwhelmed and the extreme circumstances led to the fatality of Technician Wilson. For
example, the adherence of the helmet to a carpet segment suggests that Technician Wilson’s helmet
became dislodged during the structural collapse, further diminishing whatever protective qualities of
his ensemble that would have remained at the time.

The clothing and equipment for | 2»d Technician Wilson should be retained
because of its involvement in a situation where injuries and a fatality were sustained. The clothing
should retained be retained by the department for a period of at least 2 years with an appropriate
chain of custody. Records should be kept of any further evaluations.

Respectfully submitted,

Jeffrey O. Stull, President
International Personnel Protection, Inc.
Austin, Texas
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National Institute for
Occupational Safety and Health

10

National Personal Protective Technology Laboratory

Technology Evaluation Branch

Status Investigation Report of One
Self-Contained Breathing Apparatus
Submitted by the
Prince William County Department of Fire and Rescue
Manassas, Virginia

NIOSH Task No. TN-15210

September 28, 2007



Disclaimer

The purpose of Respirator Status Investigations is to determine the conformance
of each respirator to the NIOSH approval requirements found in Title 42, Code
of Federal Regulations, Part 84 (42 CFR 84). A number of performance tests
are selected from the complete list of Part 84 requirements and each respirator is
tested in its “as received” condition to determine its conformance to those
performance requirements. Each respirator is also inspected to determine its
conformance to the quality assurance documentation on file at NIOSH.

In order to gain additional information about its overall performance, each
respirator may also be subjected to other recognized test parameters, such as
National Fire Protection Association (NFPA) consensus standards. While the
test results give an indication of the respirator’s conformance to the NFPA
approval requirements, NIOSH does not actively correlate the test results from
its NFPA test equipment with those of certification organizations which list
NFPA-compliant products. Thus, the NFPA test results are provided for
information purposes only.

Selected tests are conducted only after it has been determined that each
respirator is in a condition that is safe to be pressurized, handled, and tested.
Respirators whose condition has deteriorated to the point where the health and
safety of NIOSH personnel and/or property is at risk will not be tested.

Investigator Information

The SCBA inspection and performance tests were conducted by and this report was written
by Vance Kochenderfer, Quality Assurance Specialist, Technology Evaluation Branch,
National Personal Protective Technology Laboratory, National Institute for Occupational
Safety and Health, located in Bruceton, Pennsylvania.
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Status Investigation Report of One
Self-Contained Breathing Apparatus
Submitted By
Prince William County Department of Fire and Rescue
Manassas, Virginia

NIOSH Task No. TN-15210

Background

As part of the National Institute for Occupational Safety and Health (NIOSH) Fire Fighter
Fatality Investigation and Prevention Program, the Technology Evaluation Branch agreed to

examine and evaluate one Mine Safety Appliances 4500 psi self-contained breathing apparatus
(SCBA).

This SCBA status investigation was assigned NIOSH Task Number TN-15210. The Prince
William County Department of Fire and Rescue was advised that NIOSH would provide a written
report of the inspections and any applicable test results.

The SCBA, sealed in a corrugated cardboard box, was delivered to the NIOSH facility in
Bruceton, Pennsylvania on May 25, 2007. Upon arrival, the sealed package was taken to the
Firefighter SCBA Evaluation Lab (Building 108) and stored under lock until the time of the
evaluation.

SCBA Inspection

The package from the Prince William County Department of Fire and Rescue was opened and the
SCBA inspection was performed on June 20, 2007. The SCBA was inspected by Vance
Kochenderfer, Quality Assurance Specialist, of the Technology Evaluation Branch, National
Personal Protective Technology Laboratory (NPPTL), NIOSH. The SCBA was examined,
component by component, in the condition as received to determine its conformance to the
NIOSH-approved configuration. The entire inspection process was videotaped. The SCBA was
identified as a Mine Safety Appliances (MSA) model; however, the damage was too extensive to
determine the exact type.

The complete SCBA inspection is summarized in Appendix I. The condition of each major
component was also photographed with a digital camera. Images of the SCBA are contained in
Appendix III.

The unit is extremely fire-damaged. Most of the plastic, rubber, and fabric components of the
SCBA have been consumed. No performance testing could be conducted on the unit.
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Personal Alert Safety System (PASS) Device

An ICM 2000 Plus Personal Alert Safety System (PASS) device was incorporated into the
pneumatics of the SCBA. During the inspection, the PASS device could not be activated. The
case was opened and representatives of MSA were able to retrieve stored data from the unit, and
the last five uses are presented in Appendix II. The data indicate that the unit’s battery was
exhausted six minutes into the last use while the cylinder pressure was 3350 psi and the internal

temperature 130°F. From the limited data available there is no indication of unusual performance
of the SCBA.

Summary and Conclusions

An SCBA was submitted to NIOSH by the Prince William County Department of Fire and Rescue
for evaluation. The SCBA was delivered to NIOSH on May 25, 2007 and inspected on June 20,
2007. The unit was identified as an MSA 4500 psi SCBA, but the exact model and NIOSH
approval number could not be determined. The SCBA has suffered severe fire damage and is not
functional.

It is difficult to draw conclusions about the unit given its state. The cylinder valve was found to be
fully open and the cylinder empty, which would be consistent with the SCBA being used to
cylinder exhaustion. Data retrieved from the ICM 2000 Plus PASS device do not suggest any
malfunction during the last recorded use.

In light of the information obtained during this investigation, the Institute has proposed no further
action at this time. Following inspection and testing, the SCBA was returned to the package in
which it was received and stored under lock in Building 108 at the NIOSH facility in Bruceton,
Pennsylvania, pending return to the Prince William County Department of Fire and Rescue.

Due to the extensive damage to the unit, it does not appear possible for it to be returned to service
and it should be replaced.
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Appendix I

SCBA Inspection Report
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National Institute for
Occupational Safeti and Health

National Personal Protective Technology Laboratory / Technology Evaluation Branch

Respirator Field Problem
Incoming Inspection Report Summary

Task Number: TN-15210 Requestor: Prince William County
Department of Fire and Rescue

Date Received: 25 May 2007

Dates Inspected: 20 June, 6 and 25 July Description: Fatality

2007
Manufacturer: Mine Safety Appliances Inspected by: Vance Kochenderfer

Approval Number: undetermined SCBA Type: Open Circuit, Pressure-Demand

The SCBA was received in a corrugated cardboard box. The box contained three plastic bags; one
containing the facepiece, one containing the rest of the SCBA, and one containing some small
parts (refer to Figures 1 and 2 in Appendix III).

Components and Observations

NOTE: All references to “right” or “left” are from the user’s perspective.

1.

Facepiece (Refer to Figures 3 through 8 in Appendix III):

The facepiece is an MSA Ultra Elite facepiece assembly which consists of a black rubber
facepiece seal, lens, lens frame, and mesh head harness. The upper half of the facepiece is
absent, and the remainder is heavily fire-damaged. As received, the air pressure regulator was
attached to the facepiece.

Most of the facepiece lens has been burned away. Only small portions of the bottom edge
remain trapped in the lens frame. Likewise, much of the lens frame is missing and the
remainder is heavily charred.

Only a portion of the facepiece seal in the chin area remains. Much of the rubber material is
charred. A nosecup assembly is installed in the facepiece. Similar to the other components,
the upper half of the nosecup has been burned away.

The mesh head harness is also heavily damaged. The only portions which remain are those
surrounding the two adjustment straps and the vertical seam. The lower strap remains
attached to the adjustment buckles on the faceseal and has been cut, apparently during rescue
operations—the cut edges are not singed. A short length of the upper adjustment strap is
retained in the mesh headnet. Both of its ends have been burned away. One of the head

Prince William County Department of Fire and Rescue — Inspection Report — Page 1
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harness adjustment buckles was found loose inside the bag.

The assembly that houses the second-stage regulator port, speech diaphragm, and exhalation
valve is present but has been extensively charred and distorted. The speech diaphragm is
installed and appears intact. A microphone assembly installed inside the diaphragm is
charred. The regulator has been melted to the housing and cannot be removed. Although
much of the neckstrap has been burned away, both ends are still attached to the housing.
There are the charred remnants of a voice amplifier attached to the left side of the facepiece
and a heads-up display attached to the right side.

Mask-Mounted Regulator and Hose (Refer to Figure 9 in Appendix III):

The mask-mounted regulator assembly exhibits similar heat damage to the facepiece. The
exterior is charred and distorted. The front cover has separated from the regulator body
exposing the diaphragm inside; it is also charred. It is impossible to tell the position of the
donning switch and bypass valve.

The low-pressure hose running from the pressure reducer to the regulator has been completely
burned away. Its attachment to the regulator is no longer visible.

Air Pressure Reducer (Refer to Figure 10 in Appendix III):

The air pressure reducer housing is securely fastened to the backframe. Although very sooty
and evidently exposed to heat, it does not appear to have been scraped, struck, or otherwise
mechanically damaged.

Remote Air Pressure Gauge and PASS Device (Refer to Figures 11 and 12 in Appendix
I1I):

This SCBA is equipped with an ICM 2000 Plus combination air pressure gauge and PASS
device. The rubber boot surrounding the housing is charred and partially burned. The
housing itself is heavily distorted and charred, but most of it appears to be present. The device
is not operational. The gauge lens is absent and the gauge face damaged—the pointer
currently indicates empty.

At the base of the housing is a high-pressure air fitting; its rubber dust cover has been burned
away. The gauge hose runs to the pressure reducer. Its outer jacket has been consumed by
flame, exposing the metal braid underneath. There is some rust on the ferrules at both ends of
the hose.

High Pressure Hose, Audi-larm Assembly and Cylinder Coupling Nut (Refer to Figures
13 and 14 in Appendix III):

Prince William County Department of Fire and Rescue — Inspection Report — Page 2
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The outer jacket of the high pressure hose running from the compressed air cylinder to the air
pressure reducer has been burned away exposing the inner metal braid. It remains securely
fastened to the Audi-larm assembly and reducer.

The Audi-larm housing is extremely dirty. There is molten plastic and some fabric adhered to
the interior of the bell. The bell gong remains securely fastened to the housing. The cylinder
coupling nut as received is approximately % turn from fully tightened to the cylinder valve.
The internal threads of the nut appear to be undamaged. The sealing o-ring is absent, and
there is some brownish molten plastic material present inside the connection.

Carrier and Harness Assembly (Refer to Figures 15 through 19 in Appendix III):

The SCBA includes a Black Rhino style carrier. The carrier is made of formed sheet metal
which, while dirty, remains intact. A thin metal cylinder retention band runs across the frame,
and the tightening mechanism works properly. All of the labels affixed to the carrier have
been destroyed by heat. The rubber bumper at the bottom of the carrier for supporting the
cylinder has likewise been burned away.

Most of the shoulder straps have been consumed by flame; all that remains are the steel cables
embedded in the straps and small portions of webbing attached to the length adjustment
buckles. Some of the waistbelt webbing and rubber back support remains, but most of it has
burned. Separate from the carrier is the waistbelt buckle and some webbing attached to each
half; the buckle couples and releases properly. There is what appears to be the melted remains
of a regulator storage point attached to one of the straps.

A pouch containing a high-pressure hose quick-connect assembly was included with the

SCBA. Much of the pouch fabric has been burned away, as has the hose jacket, exposing the
underlying metal braid.

Compressed Air Cylinder (Refer to Figures 20 through 25 in Appendix III):

The cylinder is a fully-wound composite type. It is heavily fire-damaged and much of the
outer epoxy layer has been burned away. The reinforcing fibers are exposed and are peeling
away from the cylinder in places. The cylinder’s Department of Transportation label is not
legible, nor are any other markings apparent.

The cylinder valve has also been exposed to extreme heat. The plastic valve handwheel is
charred and somewhat distorted, and there are what appear to be metal bedsprings embedded
in the plastic. The handwheel could not be easily operated, and to avoid damage it was not
forced. The pressure gauge lens is missing, and the gauge face is unreadable. The rubber
pressure gauge cover and end bumper has been burned away. The valve outlet threads do not
appear to be damaged, although there is molten brownish plastic material in the outlet similar
to that in the cylinder connector nut.

Prince William County Department of Fire and Rescue — Inspection Report — Page 3
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8. Additional Miscellaneous Components (Refer to Figures 26 and 27 in Appendix III):

Part of a charred and melted plastic housing along with a damaged circuit board appearing to
be part of a radio is contained in the plastic bag with the SCBA. A separate, smaller clear
plastic bag contains what appears to be a speaker component from the facepiece voice
amplifier, a component of the low-pressure hose connection to the regulator, and a low-
pressure hose Extend-Aire quick-disconnect coupling. Only the metal parts of these
components remain, the rest having been consumed by flame. The quick-disconnect coupling
can be easily separated and joined again.

9. Compressed Air Cylinder Reexamination (Refer to Figures 28 and 29 in Appendix III):

After the initial examination, the Prince William County Department of Fire and Rescue
requested that NIOSH determine the position of the cylinder valve, whether any air remained
in the cylinder, and the condition of the cylinder’s burst disc. Further evaluation was
undertaken on July 6, 2007. Greater force was applied to the cylinder valve handwheel, and it
was found that it could be operated with some difficulty. The handwheel is in the fully open
position as received, and the cylinder is empty. The burst disc retainer was removed and the
disc found to be intact, with a dished appearance typical of discs that have seen normal
service.

ICM 2000 Plus Evaluation

In normal operation, the ICM 2000 Plus PASS device incorporated into MSA SCBA logs pressure,
temperature, and PASS status data. It was additionally requested that NIOSH attempt to recover
any data that might remain in the device. The SCBA was taken to MSA’s facility in Cranberry,
Pennsylvania on July 25, 2007, where Jeff Gutshall and Julian Méller of MSA assisted in opening
the device. Once the case was opened, the circuit board inside bore relatively few signs of heat
damage given the condition of the housing (refer to Figures 30 through 32 in Appendix III).

MSA was subsequently able to extract data from the storage chip in the device. Information from
the last five uses is shown in Appendix II. The full data file will be provided on disc separately
from this report. The reliability of the timestamps is not certain because it is not known whether
the device’s internal clock was synchronized with a reliable source and because it was necessary to
remove the storage chip from the original board and solder it to another one to access the data.
Data from the last recorded use indicate that the low battery alarm was active from the beginning
of use and that 3350 psi remained in the cylinder and the internal temperature sensor reached
130°F at the point when the unit’s batteries were exhausted. It does not appear that the air was
being consumed at an unusual rate. It is difficult to draw any additional conclusions about the
performance of the SCBA with the limited data available.
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Appendix 11

ICM 2000 Plus Data
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The photographs
that were contained
in this document
were removed for
reprinting of
this report.
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