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Prepared by:
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Overview: | was contacted by NIOSH and the IAFF to investigate and examine the footwear from
two surviving fire fighters at a Line of Duty Death (LODD) Fire that occurred aboard the Grande
Costa d’Avorio Cargo Vessel at the Port of Newark on July 5, 2023. The selected footwear had
exhibited extreme heat degradation in that the outer soles separated from the boot uppers in the
course of the fire. This breakdown of the subject footwear affected the respective fire fighters’
ability to continue their fire suppression duties. It was noted that the two subject pairs of fire fighter
footwear that were worn were not the footwear provided by the department but rather purchased
by the respective individual fire fighter. The purpose of the examination and the investigation of
this footwear was intended to answer the following questions:

1.

Did any specific attributes related to the subject fire fighter footwear contribute to its failure
while in use during the fire incident?

Were the conditions under which the footwear exposed in excess of their intended or
certified levels of performance?

What corrective actions, if any, can be undertaken to address any identified contributing
factors or limitations associated with the footwear failures?

Are there specific hazards associated with fire fighters using their own equipment in lieu
of department-issued equipment?

Summary of Findings: The key findings for answering the above questions appear below:

1.

For the two examined pairs of boots, the outer soles separated from both boots because the
heat exposure to the two fire fighters aboard the ship led to outer sole and footwear
component temperatures that resulted in the softening and breakdown of the adhesive used
to attach the outer sole. That accumulated heat energy in combination with walking,
climbing stairs, and other fire fighter movements on the heated decks within the ship were
contributory to their failure. The specific attribute of the boots leading to this failure mode
was the use of an adhesive-based method for attaching the outer soles. Generally, many of
other ways of attaching the outer sole to the boot upper, including various forms of stitching
and direct vulcanization, are believed to have greater heat degradation resistance than the
use of an adhesive; however, specific testing would be needed to verify this finding.

A review of the NFPA 1971 shows only a limited number of tests that evaluate the flame
and heat resistance as well continued performance of the outer sole and its ability to remain
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attached to the boot upper under fireground conditions. Each of the heat resistance tests —
both convective and conductive — are at a limited temperature of 500°F, which may not be
representative of a ship deck which is heated to extremely high temperatures due to fires
burning beneath it for an extended period of time. The NFPA 1971 specified oven test
representing a convective exposure for 5 minutes is a less relevant test but static in nature
as the boot is not subject to movement. The more pertinent conductive heat resistance test
is also performed under static conditions but for a much longer 30-minute exposure. It also
may not adequately assess footwear exposure under the shipboard conditions. The absence
of dynamic tests within NFPA 1971 to evaluate the stability of the outer sole remaining on
the boot under extended high heat conditions suggests that it is possible that footwear for
shipboard firefighting may require additional criteria. There is also a lack of footwear being
evaluated when partially submersed in highly heated water. This combination of fireground
conditions is not replicated in the NFPA 1971 standard.

. A better understanding is needed for determining the potential for footwear failures in
shipboard firefighting, where conditions might ordinarily differ from regular structural
fires. In particular, specific testing is needed to ascertain the confined space heat conditions
inside a metal structure where conductive heat exposure, particularly to the outer soles of
fire fighter footwear is likely to be different from most structural fires for which footwear
is currently designed. Very specifically, the methods used to attach the outer sole to the
footwear upper is an area requiring further investigation, which could be ascertained by
experiments showing the relative retained bonding of the outer sole to the footwear body
under shipboard fire conditions. Until such time this information is generated, one
corrective action is to make fire fighters aware of the unique conditions for fires aboard
ships and institute a more frequent rotation of fire fighters to ensure that fire fighter
footwear is not subject the heat degradation by contact.

. While the choice of fire fighter footwear as an individual preference could be perceived as
a reasonable exception to the uniformity of the overall PPE worn by a fire department into
structural fires, this non-uniformity could also mean differences in protection that affect
the staying time of fire fighters during fire ground operations, especially during fire events
where staffing resources may be at issue. This variance of protection combined with
individual differences of hazard perception and tolerance could lead to broader gaps in
protection for fire fighters operating in the same area of a fire and contribute to other
hazards. The ultra-hazardous conditions of firefighting cannot be connoted by the
permissibility of wide variations in protective equipment that may be common with lesser
industrial safety situations.

The premature failure of the footwear in this incident may have contributed indirectly to
lowering the available manpower and supervision of fire suppression activities. Without a
complete analysis of the individual timetables for each fire fighter involved at the subject
structure fire, a definitive conclusion cannot be reached.
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General Approach: | was provided some information and items related to the incident:

e A general description of the incident, provided by NIOSH

e A timeline developed for the incident, provided by NIOSH

e Photographs of the incident fire scene in a PowerPoint presentation, provided by NIOSH

e Telephone and follow-up email interviews with the two fire fighters

e An email from the other fire fighter that included photographs personally taken of the
affected footwear

e The actual footwear worn by the two fire fighters in the incident, sent by the Essex County
Prosecutors Office

e The Newark Fire Department Standard Operating Procedures related to the fire incident

e Referenced editions of the NFPA 1971 editions that pertained to each set of footwear

e Industry information from footwear suppliers related to product attributes

e On-line information for the footwear industry related to footwear construction methods

This information has been reviewed to provide information that can be used to answer the prior
stated questions. Additional research was conducted to gather information used to prepare this
report, particularly in terms of understanding the fireground conditions and product limitations.

General Description of Incident: A fire on board the cargo ship occurred aboard the Grande
Costa d’Avorio, an lItalian-flagged vessel carrying automobiles and other goods, at the port in
Newark New Jersey. The fire is believed to have ignited around 9 pm on Wednesday 5 July where
at 21:20 port security video cameras showed smoke emanating from the vessel’s top level (Deck
12). Based on an arrangement with the Port Authority for Newark, several units including four
engine companies, three ladder companies a rescue company, two battalions, and the division chief
were dispatched from the Newark Fire Department (NFD) where they were met by representatives
of the Port Authority. The following sequence is based on the preliminary timeline for the fire
created and provided by NIOSH.

e Engine Company 27 (E-27) is first on scene at 21:33 (33 minutes after the believed origin

of the fire); fire is visible on top deck (Deck 12).

Division 1 (D-1) is in command at 21:41.

E-27 is advised of fire on Deck 10 by ship’s crew.

E-27 checks conditions on Decks 10 and 11 and find smoke but does not locate fire.

E-27, Ladder Company 4 (L-4), and Engine Company 16 (E-16) begin fire suppression on

Deck 10 at 2:04 and finds fire on Deck 10.

e Two groups of two fire fighters each (one ultimately deceased fire fighter in each group)
enter Deck 10 at 22:13. Fire crew on Deck 10 sees visible fire and heat with thermal
imaging camera on Deck 11.

e At 22:18 fire on Deck 10 is knocked down.

e Other communications occur regarding support for Deck 10 until an inaudible transmission
occurs at 21:23 stating that “We cannot find our way out, we are lost.”

e A MAYDAY issentat 21:23. In the next 1-2 minutes, all units are ordered to evacuate.

e At 22:30, the communications indicate that multiple fire fighters cannot be located where
four fire fighters remain unaccounted for.
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One of the missing fire fighters is found at 22:40 on Deck 10, 17 minutes after the
MAYDAY.

At 23:20, fire is reported on Deck 11.

Ladder Company 11 (L-11) calls for ventilation by opening door on Deck 11 at 23:45.
Units from other fire department begin to respond starting with Elizabeth Rescue Company
1 (Elizabeth R-1).

Additional reports of fire on Deck 11 by Ladder Company 10 (L-10)

The located fire fighter is removed from Deck 10 at 23;59 and arrives on Deck 12 at 00:09
following a lengthy rescue effort requiring multiple NFD personnel and special equipment
due to fire fighter being wedged between multiple cars.

Ventilation on Deck 11 is stopped at 00:21.

Additional NFD MAYDAY at 00:24

The first located fire fighter is then brought to the shore and transported at 00:45
(approximately 2 hours after initially being found).

Several minutes later, Deck 12 is reported to have scalding water (time is inexact).

At 01:01, all NFD members are ordered off the ship.

The second downed fire fighter is located but is deceased at 02:09 and transported to the
dock by 03:06.

The fire extinguishment efforts continue for several days involving multiple other
departments and resources.

Of principal relevance to this investigation, two fire fighters, referred to as Fire Fighter A and Fire
Fighter B, wearing different non-department issued leather boots experience the separation of their
outer sole from the footwear upper. One of these fire fighters, Fire Fighter A of L-4, had to leave
his company prematurely because of his boots’ soles failing. Fire Fighter B’s of E-27 failed later
after multiple actions starting on Deck 12, then Deck 10, and then back to Deck 12.

A number of recorded communications were not readable. There were reports of communications
on board the ship requiring some NFD members to have to relay communications directly with
their superiors.

Footwear Worn by Subject Fire Fighters: The two pairs of boots provided for examination are
described as:

Fire Fighter A Boots — Globe Footwear LLC Supraflex (Style 530A400) are shown as
compliant to the 2013 edition of NFPA 1971 and the 2018 edition of NFPA 1992 (liquid
splash protection). These 14-inch high boots have an outer leather shell fabric, a 300 gram
(per square meter) insulation material, and a Gore Crosstech® moisture barrier with Omaha
lining. Footwear hardware comprises a non-metallic internal toe cap, ladder shank, and
puncture resistance device (as part of the midsole). These boots use a Vibram outer sole
that uses a 2-part adhesive for its attachment, recessed side pull-on handles, and a back top
pull-on loop. Other features that include segmented flex panels at the top vamp, middle
front quarter, and lower front quarter at the transition to the vamp. The boots were
manufactured in Auburn, Maine but are no longer manufactured over the past couple of
years. The boots are in a size 11.0 W and have a serial number of 5634997.
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e Fire Fighter B Boots — Black Diamond X2 (Style 277-0912) Fire Fighter Boots indicated
as compliant with the 2013 edition of NFPA 1971. These 14-inch high boots have a leather
shell, a PTFE moisture barrier, and a para-aramid thermal liner, steel toe, sole place, and
ladder shank, with a rubber outer sole that is attached with an adhesive-based process. The
boots have side pull up holes and an outer rubberized material toe reinforcement. Hardware
in the boot includes a stainless steel shank, toe cap, and puncture resistant plate. The
specific pair was in a men’s size 13M and showed a manufacture date of September 2016
with a serial number of 457573-B-3. The boots were manufactured in Zhongshan City,
China. This boot style is still offered but has been updated for meeting the 2018 edition of
NFPA 1971, which includes small variations in the overall boot design.

Boots currently issued to Newark Fire Department fire fighters, which were not worn by either
Fire Fighter A and Fire Fighter B during the incident, were the Honeywell Ranger BT1500 rubber
boots. These boots are 16 inches high and are made of a proprietary Neoprene rubber construction
that have a Kevlar based lining along with an insulation layer. Additional rubber-based
reinforcement layers are provided on the shin and toe areas. The molded outer sole is vulcanized
to the boot upper where the outer sole is side is surrounded with a rubber foxing around its
perimeter. Current models of these boots are certified to existing editions of NFPA 1971 and 1992.

Photographs of all three boots are provided in Figure 1 (some styling is different than found on
respective boots worn by Fire Fighter A and Fire Fighter B).

-
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Globe Supfraflex Black Diamond X2 Honeywell BT1500
Figure 1 - Images of Footwear Subject to this Report

Specific Conditions and Circumstances for Subject Footwear Use: Both fire fighters were
interviewed as to their activities and conditions faced during the subject shipboard fire.

Fire Fighter A
e Fire Fighter A was in one of the first arriving companies to the fire. He began on Deck 12
where the principal fire was believed to exist. On Deck 12, he encountered fire on Deck 12
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where there were 2 to 3 cars on fire; however, the ship’s crew put out the fire with a ship’s
hose line.

He estimated that he was on Deck 12 for 20-30 minutes where he was standing in water on
that deck that was about 6 inches deep awaiting entry to the lower decks after the initial
attack line was set in place.

Fire Fighter A learned that the fire started 2 decks below on Deck 10 where supposedly the
ship’s CO2 system had been discharged.

Fire Fighter A was ordered to Deck 10 with the attack line and spent was he believed to be
10-15 minutes on that level before leaving.

He left Deck 10 to speak with his Battalion Chief in person since radio communications
were unreliable.

Fire Fighter A described the conditions on Deck 10 as principally being smoldering fires
but with deteriorated visibility making it very difficult to see. He did not see any water
accumulation on Deck 10 but he did note that his boots felt slippery while on that deck. He
thought at the time, the lack of traction of his boots was because of oil and lubricants on
the deck but in the interview suspected that he may have already lost his outer soles.

He noticed the separation of his outer soles from his boot uppers when he reached his
Battalion Chief. Consequently, he was not able to return to Deck 10 to be with his ladder
company. He estimated that his total time in his boots on the fireground before he observed
failure was between 30 and 45 minutes.

When Fire Fighter A returned to Deck 12 to leave the ship, he noted that the water to be
boiling.

Fire Fighter A did feel heat through the toe of area of his boots and believed he may have
sustained first degree burns. He stated that 10 to 12 other fire fighters had complained about
feeling heat coming through their boots while on Deck 12.

Fire Fighter A commented that he had purchased his boots sometime in either 2017 or 2018
prior to the subject fire. He did say that four months after having the boots, he thought the
right boot might be leaking. Nevertheless, he believed his leather boots were in reasonably
good condition at the time of the fire. He indicated that he purchased the leather boots
because he felt there were fit issues with his department-issued rubber boots.

Fire Fighter B

Fire Fighter B arrived at the fire vessel as one of the earliest arriving NFD companies.
Fire Fighter B first went up to Deck 12 stating that it was quite a hike to get to that deck
on the burning ship.

On Deck 12, Fire Fighter B observed smoke and that the ship’s crew had already put out
the fire. He noted that while the crew leader spoke good English, the rest of the crew’s
English was not understandable.

Fire Fighter B was then assigned to go to Deck 10. He reported the need to be careful on
the landing because of difficulty traversing to the deck. Upon arriving on Deck 10, he
noticed light smoke with no visible fire. His understanding of the situation was that there
was a fire involving a Jeep that was used to push cars on the deck. He indicated that he was
the third man after Fire Fighter A and one of the deceased fire fighters (the last to be
recovered from the fire scene). In this role, he was helping to hold the hose line.
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e Fire Fighter B estimated that he was on Deck 10 for about 45 minutes before having to
change out his SCBA air cylinder. He did say that over that time, he felt heat inside his
turnout clothing and described be “cooking” inside his gear.

e In the ensuing time, Fire Fighter B indicated he also observed fire on Deck 11 where
portions of the deck were engulfed in fire and that the stairway was full of smoke. At about
this time, here were several MAYDAYS and he felt extreme heat when leaving the lower
decks after the NFD companies were ordered to evacuate. He described the situation as one
of confusion.

e Fire Fighter B also felt heat on Deck 12. He stated that Deck 12 was covered in about 8
inches of water and that steam was emanating from the surface, but that the water was not
boiling. Up until reaching Deck 12 (i.e., operating on Deck 10), he said he had no issues
with his leather footwear, but did feel heat when on Deck 12. He recalled specifically
seeing fire fighters jumping on top of cars to escape the heat they were feeling through
their footwear.

e Fire Fighter B then realized that he boot soles had separated. Later he found burns in the
form of multiple blisters to his feet. He further indicated that had difficult doffing the boots
as the boot materials had swelled from water absorption.

e Fire Fighter B’s air cylinder had further become depleted and he was no longer provide
any assistance in the firefighting operations to recover the unaccounted fire fighter on the
lower decks.

o Fire Fighter B stated that he had purchased his Black Diamond leather boots approximately
8 years before the fire. He obtained these boots because they offered better stability on
roofs as he was a “ladder guy.” He also felt the boots had better traction on snow than ice
as compared to the department issued rubber boots.

e At the time of the fire, Fire Fighter B believed that the boots were in reasonably good
condition with no known punctures or other damage. He also did not recall ever having felt
heat through the boots under any prior fire conditions.

Examination of Boots with Observations: The boots for both Fire Fighter A and B were provided
for examination. Specific observations for each pair of boots, other than the boot identification
information reported above, are provided in Table 1. Appendices A and B provide a series of
photographs for each fire fighter’s boots that show their condition following the subject ship fire.
References are made to some of these photographs in Table 1.

Table 1 — Summary of Observations for Examination of Fire Fighter Boots

Fire Fighter | Boot Examination Observations
A e Outer soles and midsoles completely missing from both boots.

e Boot upper in generally good condition except damage to left boot with
tears on both sides of recessed pull-on handles, tear to outboard recessed
pull-on handle and torn stitching on back loop. The damage may have
occurred during doffing of the boots at the fire scene.

e Bottom of both boots show composite-based puncture material with
damage along lower peripheral edges of boot following separation of
outer sole.
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Fire Fighter | Boot Examination Observations

Inserts were not provided by manufacturer and obtained separately — a Dr,
Scholl’s brand.

Both insoles show light debris on bottom side and slight heat damage on
top.

Right insert has portion near instep missing, which may be due to
degradation taking place following outer sole separation.

Both boots show now damage to upper

Outer soles retained and show separation of midsole, steel puncture
resistant device (plate), and outer sole for left boot and outer sole for right
boot.

Moderate to significant physical and thermal damage to underlying plate
on right boot indicative of surface contact with hot surface and to
underlying materials on left boot where entire sole assembly separated.
Orthotic insert in reasonably good condition with any evident of heat
damage (for left boot).

There was evidence of adhesive failure on both sets of boots. The boots of both fire fighters showed
significant physical and some thermal damage to the bottom of the boots following their fireground
exposure that is believed to have occurred following the detachment of the outer soles. The boots
did not exhibit any other exterior thermal damage to the upper portions of the boots.

Background on Footwear Construction Methods: The means of attachment for the outer sole
for both pairs of boots were by a method generally referred to as “cement” construction. This
means that glue or adhesive is used to attach the outer sole and some sole components to the upper.
A flange of leather from the bottom of the boot is used to receive the glue but adhesive may also
be applied elsewhere on the bottom of the upper and the top of the outer sole. Figure 2 shows a
generalization of this footwear construction technique. Several variations exist for the type of glue

and how it is applied.
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Figure 2 — Attachment of Outer Sole Using Cement Process
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(Source: Stridewise website at https://stridewise.com/goodyear-welt-vs-blake-stitch-vs-cement/)
Outer soles can also be attached using various means of stitching that include ways to reinforce
the strength of stitching. Some fire fighter footwear manufacturers used a method referred to as
the “Goodyear Welt” that is shown in Figure 3. There are also other forms of stitching the outer
sole to the boot upper.

Figure 3 — Attachment of Outer Sole Using Goodyear Welt Process
(Source: Stridewise website at https://stridewise.com/goodyear-welt-vs-blake-stitch-vs-cement/)

Rubber-based boots can use either one of these methods, but typically, the outer sole is attached
by curing process referred to as vulcanization. In this process, chemicals are added to the rubber
materials that are then heated to a set temperature where they react and bond to cause adhesion of
both surfaces. This bond is generally considered to be relatively permanent.
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Based on footwear industry information, cement soles are characterized as being lighter weight,
more flexible, and less expensive, but are potentially less durable than quality sewn -on soles (such
as the Goodyear Welt construction method). Given that there are wide variations in actual practice
for attaching outer soles using adhesives, there may be exceptions to this distinction.

For example, some general footwear manufacturers use ethylene-vinyl acetate (EVA)-based
adhesives for the attachment of outer soles. This materials can have bonding temperatures of less
than 120°F. In contrast, other footwear manufacturers use different hot melt adhesives that are
applied at higher temperatures where some suppliers indicate a melting point of around 300°F for
these products. The amount of glue, where it is applied on the footwear, its thermal stability, and
its overall environmental stability dictate the bonding strength and durability over time depending
on the conditions of use.

Background on Minimum NFPA Footwear Requirements: Fire fighter footwear is subject to
minimum design, performance, labeling, and information requirements established in NFPA 1971,
Standard on Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting. This
standard now exists in a 2018 edition. Specific requirements relative to the outer sole portion of
the footwear include:

Design

e All footwear must have an outer sole where certain physical dimensions apply to the heel
breast (the forward portion of the heel) as well as its overall width at different point and its
lateral extension relative to the upper.

o Fire fighter footwear is also required to have a puncture resistance device (plate), which is
positioned between the outer sole and the internal footwear bed and a ladder shank (or
equivalent hardware), which is a straight rigid metal piece intended to stiffen the outer sole
when the end user steps on a ladder rung. Hardware can be metallic or non-metallic but
must meet the respective hardware performance requirements (e.g., toe impact/
compression resistance, puncture resistance, ladder shank bending resistance)

Performance

e Full footwear is subject to a 12-second full flame engulfment test from a burning fuel tray
where footwear cannot ignite and continue to burn more than 5 seconds following the start
of flame contact as well as show evidence of melting and dripping.

e Full footwear must also show no ignition, melting, sole separation, and water penetration
after exposure in a convective oven at 500°F for 5 minutes. Following the oven exposure,
the footwear is put on a flexing machine to simulate walking and is subjected to 100,000
cycles of bending horizontally at the forward area of the footwear.

e The conductive resistance of the outer sole portion of the boot is subject to a 20-minute
exposure where the footwear sample is set on a hot plate at a surface temperature of 500°F.
Thermocouples are placed on the inside of the boot on top of the insole. During the course
of the test, the measured temperature cannot exceed 111°F.

These test methods and requirements have been in place for the last several editions of the standard

dating back to 2007. It is notable that for the 2013 edition of NFPA 1971, a change was made in
how the conductive test was performed where originally the hot plate temperature was specified
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to be 932°F but for a much shorter exposure time of 30 seconds using the same acceptance criteria.
This test temperature was originally believed to be based on early work by the National Bureau of
Standards that contributed to some research for fire fighter PPE standards in the 1970s and 1980s.
The reason for the change in the test was not based on a reevaluation of fireground conditions but
rather because the testing laboratories complained that it was exceedingly difficult to maintain the
hot plate at the much higher temperature within the specified temperature tolerance for even the
relatively short 30-second exposure temperature.

Other than the evaluation of the footwear following the oven exposure, there are no assessments
in NFPA 1971 standard to address the continued attachment of the outer sole to the boot upper.
The current conductive heat resistance test only examines the static heat transfer through the boot
and does not evaluate the continued serviceability of the boots when subjected to an extended high
temperature contact period. There is also no means of evaluating conductive heat transfer through
boots when in contact with hot (“scalding”) water for an extended period of time.

Discussion and Findings: A detailed examination for each set of boots were made, which were
extensively photographed. This examination revealed that both sets of boots failed because the
adhesive system failed during the course of the fire leading to the separation of the outer sole.
Without specific details from the respective manufacturers as the type of glue used in these
systems, the most like means of boot failure occurred because the accumulated heat energy through
the outer sole contact over the fireground conditions caused a temperature to soften the glue
adhering the sole to the upper portion of the boot. This heat transfer through the boot in
combination with physical flexing and bending of the boot through emergency operations use
allowed the outer sole to let go and become separated.

Through interviews with both fire fighters, it was evident that the upper decks of the ship
contributed to a level of heat energy sufficient to cause the footwear to separate. Besides the two
fire fighters indicating that they felt heat through their footwear, both fire fighters stated that other
fire fighters complained of heat coming through their boots, which in some cases necessitating
several fire fighters jumping onto cars to get off the surface of Deck 12 over an hour into the fire.
Deck 12 was observed have steaming water that was at an elevated temperature more than an hour
from the time that many of the fire fighters arrived on scene. During the intervening period, some
fire fighters, including Fire Fighters A and B, would have had extended contact under a range of
fireground conditions. The important factor is an accumulation of heat energy into the bottom of
the footwear that raises the temperature in the footwear and its components to a higher temperature.

Itis also important to point out that there was standing water on Deck 12 to which both firefighters
were exposed. This water became superheated and would have further contributed heat energy to
the boots to cause potential softening and breakdown of footwear components, though it is
expected that the melting or softening temperature for the footwear outer sole adhesive might have
been higher that the boiling point of water. In addition, the continued soaking of the boots could
have led to greater heat conduction through other means contributing to their premature failure.

None of the tests found in NFPA 1971 standard replicate the conditions of the shipboard fire

experienced by the NFD fire fighters. The boots worn by the two NFD fire fighters considered in
this report were compliant to the relevant criteria in the standard, but the standard does not assess
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the detachment of the footwear outer sole under even uniform high heat exposure conditions that
would occur in a shipboard fire involving fire below decks and where the heat energy from an
ongoing fire leads to rising temperatures of the surface well beyond the exposure conditions set in
NFPA 1971. This deficiency points out that the fact that footwear used in shipboard fires may need
different requirements to account for more the more conductive surfaces found in these operational
environments.

Nothing in the NFD standard operating procedures (SOPs) regarding PPE indicates the member’s
use of alternative boots other than those issued by the fire department. While the NFD SOPs do
not appear to have been updated for some time, | learned from NIOSH that NFD did allow
members to use their own footwear subject to NFPA 1971 compliance requirements at the time of
purchase. While both interviewed fire fighters stated good reasons to be permitted to have
alternative footwear, the use of varying products among fire fighters of the same company under
similar fireground operating conditions does lead to potential problems. These problems can
include potential varying levels of performance that ensue because of differences in the gear.
Recognizing that the heat perception and tolerance levels can be vary among different individuals,
overt differences in protection levels can lead to individuals succumbing to fireground hazards
sooner than others in the same group. It can also affect individual physical performance and
functionality as well as affect fireground staffing.

It is unknown if the Honeywell BT1500 boots would have provided better thermal protection
without the separation of the outer sole. It is known that a cured rubber sole attachment is generally
more durable from a heat exposure standpoint and thus would likely would greater resistance to
outer sole detachment, but the specific level of greater heat degradation tolerance cannot be
determined without testing.

It is also uncertain if the change in the footwear conductive heat resistance test applied to the sole
portion of fire fighter footwear would have notably made a difference in determining whether
boots qualified to the older 2007 edition of NFPA 1971 would have survived without failure under
the conditions faced by NFD fire fighters in the subject incident. While it is known that the
Honeywell BT1500 boot had been qualified to the older edition of NFPA 1971, neither of the two
newer leather boots had been certified to that edition of NFPA 1971. Nevertheless, in the period
from 2007 to 2013, the majority, if not all fire fighter leather boots primarily relied on stitching as
a means for attachment of the outer sole. The number of cement attached outer sole boots that were
part of the footwear offering for fire fighters increased dramatically in the ensuring period to the
present date. This movement to different construction methods was prompted by the desire for
footwear designs that were considered more athletic as well as cheaper to manufacture.

Recommendations: The findings of this investigation could be strengthened or verified through
the following pursuits:

1. Additional information should be sought from other NFD fire fighters that were involved
in the subject fire, particularly as related to feeling heat through their footwear and if they
discovered any damage to their footwear following the fire. This collection of this
information should account for the individual timelines of each fire fighter and the
respective footwear worn.
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. A determination should be made as to whether any fire department issued footwear was
worn and if the fire fighters wearing that footwear experienced any sensation of heat
penetration through their boots.

Investigative testing should be performed to replicate the general shipboard conditions
faced by the NFD fire fighters experiencing footwear failures to determine if specific
exposure conditions simulating aspects of the fire can replicate the footwear failures. In
particular, this testing should then be extended to other types of footwear, particularly
differing in the method of outer sole attachment.

. A critical review of the NFPA 1971 criteria should be made to determine if the current

design and performance requirements pertain to shipboard fires of a similar nature as
experienced by NFD, if this falls within the scope of the standard, and if other criteria may
be needed. A specific review should revisit the change made to conductive heat resistance
test for footwear made in the 2013 edition of NFPA 1971 where a determination is made
as to its continued applicability and differences between the two different test exposure
conditions can be related to footwear construction methods.

. A more detailed analysis is needed to qualify and/or verify differences in footwear
construction as to the specific tradeoffs for performance, safety, durability, and ergonomic
impact. To date it appears that majority of this information is anecdotal though some
publications have historically directly compared the physiological impacts of footwear
(e.g., rubber versus leather and for some differences in construction methods). The
proposed analysis should identify the factors that can be considered by fire departments in
their selection of footwear.

Specific guidance should be developed that is unique to shipboard fires. It is expected that
the U.S. Navy and U.S. Coast Guard may have special provisions that can be applied and
conveyed to regular local fire departments for imparting specific experience related to
shipboard firefighting. Part of the training for fire fighters potentially involved in shipboard
fires should account for possible limitations of PPE.
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Figure B-1. Front of Right and Left Boots for Fire Fighter B

Figure B-2. Outboard Side of Left and Right Boots for Fire Fighter B
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Figure B-4. Inboard Side of Left and Right Boots for Fire Fighter B
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Figure B-5. Bottom of Left Boot for Fire Fighter B

Figure B-6. Bottom of Left Boot for Fire Fighter B (Second View)
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Figure B-7. Midsole and Outer Sole of Left Boot for Fire Fighter B (Top View)

Figure B-8. Midsole and Outer Sole of Left Boot for Fire Fighter B (Separated/Top View)
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Figure B-9. Midsole and Outer Sole of Left Boot for Fire Fighter B (Separated/Bottom View)

Figure B-10. Insert in Left Boot for Fire Fighter B (Top View)
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Figure B-11. Insert in Left Boot for Fire Fighter B (Bottom View)

Figure B-12. Bottom of Right Boot for Fire Fighter B
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Figure B-13. Bottom of Right Boot for Fire Fighter B (Second View)

Figure B-14. Bottom of Right Boot for Fire Fighter B (Third View)
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Figure B-15. Outer Sole of Right Boot for Fire Fighter B (Stop View)

Figure B-16. Outer Sole of Right Boot for Fire Fighter B (Top View)
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Figure B-17. Variable Label Information on Product Label of Left Boot for Fire Fighter B
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Figure B-18. Compliance Statement on Product Label of Left Boot for Fire Fighter B
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