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ABSTRACT

Advanced composites and-a'dvanced'aerospace materials (AC/AAMs)
provide important design, performance, and functionality benefits over other
materials options for a variety of ever-increasing applications. In their cured or

final design state, these materials are generally considered safe, inert, and

biologically benign. However, when damaged by fire, explosion, or high-énerg’yﬁ

" impact, these materials can present unique hazards and concerns. In order to

mitigate the potential environmental, safety, and health risks and hazards
aésociated with these events, timely and appropriaté mishap fesponse
procedures are crucial. Unfortunatély, due to the diversity of rﬁaterigls, the
complexity of mishap dynamics, and the widé range of"respo'nse élements ‘
involved, current and synergistic mishap response guidance is limited. Thisis -
particu|aﬁy true for mishaps that occur within a controlled or,cor)ﬁned space
environment. This thesis‘consolidates the current research and operatigﬁajl
experience in this area in drder to develop a coo;dinafed, factual, and mulfi-
disciplinary source of ihformatiovn and operatiohal guidance for resbonding to -

mishaps involving these materials.
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PREFACE

In order to limit the scope, this thesis focuses on the hazards and risks
predominantly associated with a significant release of fire, explosion, or high-
energy impact damaged advanced composite (AC) materials. Carbon/graphite
fiber reinforcement and polymer matrix ‘mate.rials are specifically émphasized.
However, other AC materials énd advanced aerospace materials (AAMs) are
addressed because the response guidance is quite similar. Simple composite
materials are specifically NOT addressed as these present greatly reduced
hazards and risks compared to their advanced counterparts.

This effort focuses on air and space mishap events. As such, the mishap
dynamics will be described within the context of aerospace mishap events,
although the information is universally applicable to any AC/AAM mishap
scenario with similar elements and dynamics. Special emphasis will also be
place on addressing the unique and challenging issues and supportihg guidance
for a mishap in akcontrolled or confined space environment.

The information in this documeﬁt is the product of the most recent,
unbiased, majority-consensus research available. However, continued research
and emerging technologies, highlighted by the dynamic, complex,
multidisciplinary nature of this field, make this work one that is constantly being
updated and refined. Likewise, these operational guidelines represent the
“current” best practice solution and muét be situationally tailored for each

particular damage/mishap event, particularly for non-aerospace applications.
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NOMENCLATURE AND DEFINITIONS

Composite Material: A physical combination of two or more materials, generally
consisting of a reinforcement and a “binder” or matrix material. Generally, the
reinforcements, or load-bearing elements, are fibers, while a resin forms a matrix
to hold the fibers and fill the voids. The reinforced matrix structure thereby allows
fiber-to-fiber load and stress transfer. Composite materials generally consist of
laminates of several layers in varying directions. In many cases, a honeycomb
core material is sandwiched between two of the laminates. The name of the
composite describes its physical make-up: type of fiber/type of resin.

Examples: Fib'erglass (Glass/Epoxy, Glass/Polyester) B

Advanced Composite Material: A composite material comprised of high-
strength, high-stiffness reinforcement (i.e. fibers) in a matrix (i.e. resin) with
properties that can include low weight, corrosion resistance, unique thermal
properties, and special electrical properties. Advanced Composites are
distinguished from traditional composites by their increased relative performance,
cost, complexity, and mishap hazard potential. '

Examples: Graphite/Epoxy, Boron/Epoxy, Aramid (Keviar)/Epoxy,
Quartz/Cyanate Ester :

Advanced Aerospace Material: A higﬁly specialized material fulfilling unique
aerospace construction, environment, or performance requirements.

Examples: Beryllium, Depleted Uranium (DU), Radar Absorbent Material (RAM)

It is essential that a clear distinction be made between Advanced
Composites and Advanced Aerospace Materials because of several very
specific and unique hazards.

Hazard: A condition or changing set of circumstances that presents a potential
for injury, illness, or property damage. - Likewise, it can be described as the
potential or inherent characteristics of an activity, condition, or circumstance,
which can produce adverse or harmful consequences.

Given this deﬁnitibn, the hazards associated with mishap damaged advanced
composites and advanced aerospace materials will be addressed with a risk
control emphasis. ‘




NOMENCLATURE AND DEFINITIONS, Continued

Risk Control: The process of minimizing accidental and other extraordinary
losses by anticipating and preventing unplanned events. It emphasizes the
complexities of exposures and encompasses broad areas of risk which are
indicative of a mishap scenario. Effective risk management is comprised of both
risk control and risk financing in order to control exposures through knowledge,
training, preparation, and an understanding of the factors involved. Loss
avoidance must be both a pre- and post-mishap effort.

Confined Space: A restricted or limited access area generally small in size,
thereby restricting mobility, ease of entry/exit, and resources available.
Sometimes describing a controlled volume of space with minimal
accommodations, accessibility, or internal/external environmental controls, often
times conducive to engulfment or entrapement.

Examples: Mine/Mine shaft, vault, interior of autoclave, hold of a ship, shipping
container, empty pressure cylinder '

Controlled Space: Similar to a confined space in that it is a restricted or limited
access area with restricted mobility, operational contraints, and resources ‘
available. Additionally, a controlled space may have unique environmental
characteristics including pressurization, temperature control, atmospheric
regulation/hazards, and environmental control. Likewise, accessibility would be
limited along with availability of resources other than those in the immediate
vicinity or space of interest. A controlled environment may also be monitored or ‘
regulated both internally and externally.

A controlled space may also be conducive to engulfment or entrapment,
especially if volatile, toxic, explosive, or corrosive substances are contained
within the same atmospheric confines.

Examples: Ihternational Space Station, MIR, submarine, the Euro Tun’nél
(CHUNNEL) ‘ ‘ ) ‘

For the purposes of this work, confined and controlled space will be jointly used
as they present similar conditions for mishap responses involving AC/AAMs.
However, controlled space hazards can be significantly greater under some
circumstances, and will be specifically addressed when appropriate. This is
particularly true for pressure vessel applications in austere environments (i.e.,
space and deep-sea). o
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CHAPTER 1: INTRODUCTION

Overview

Advanced composites and advanced aerospace materials (AC/AAMS) are
pressihg the en\)elope of technology by broviding design flexibility and superior
performance advantages over.other traditional materials for a wide spectrum of
applications. Distinguished by high-strength, high-stiffness, low weight,
corrosion resistance, énd design ‘ﬁexibility, these materials are responsibie for
signiﬁcént gains in speed, rangé, payI_éad, agil‘ify, efﬁciency, and low
observability (LO)' for aelrospécekapplications. Figure 1-1 highlights the most
important benefits of advanced composites. |

Not only are AC/AAMs being used on almbst eVery major new aerospace
véhicle, but.they are also used extensively for repairs énd modiﬁcations tov

existing systems as well because of their unique material benefits.

.Beneficial Characteristics of
Advanced Composites

¢ High Structural and Tensile Strength

» High Strength-to-Weight Ratio

* Generally Corrosion Resistant

Anisotropic Material Properties

Precisely Tailored Reinforcement Capability
Design Flexibility gives Reduced Part Count
Uniquely Designed Performance Characteristics
Small Raw Material Scrap Rate

Highly Energy Absorbent

Unique Electrical Properties for Low
Observables and Reduced Radar Cross Section
« Safe and Biologically Benign When Cured

Figure 1-1 Summary of Advanced Composite Characteristics. [1]




LIFE CYCLE COST COMPARISON FOR A REPRESENTATIVE
LARGE CONTROL SURFACE AIRCRAFT COMPONENT

Aluminum Honeycomb Composite
Depot

Maintenance

O&I Maintenance 0.5% ";'_ o 4

Savings

Acquisition

61%

Figure 1-2 Composite Life Cycle Cost Comparison. [1]

Figure 1-2 is representative of the drastic life cycle cost savings that can be
realized by implementing composite structures in aircraft applications (in this
case, a large control surface) that previously used an aluminum honeycomb
construction. Examples of new applications include the B-2 Stealth Bomber,
X-33 Joint Strike Fighter, F-22 Advanced Tactical Fighter, V-22 Tiltrotor,
Enhanced Expendable Launch Vehicle, Space Shuttle, International Space
Station, Airbus A320, and the Boeing 777, just to name a few. The diagrams in
Appendix A (Plates A-1 through A-26), graphically depict the types and locations
of AC/AAMs within much of the current United States Air Force (USAF) air and
space vehicle inventory. Clearly, these materials comprise a substantial

component of the overall material content. If trends continue, as all indications
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, portend, the use and exploitation of these materials will continue to rapidly

increase.

" Applications
Aeréspace applications have steadily progressed from early minor control
surface applications through recent widespread use in secondary and primary
structure. The exponential increase in AC/AAM use in aero'space‘app’lications is

graphically portrayed in Figure 1-3.

. ADVANCED COMPOSITES |
STRUCTURES USAGE

:\“
60— ’ ) . 0V-22§

| e g mom
E 40: _Re‘nfomement i l: \\§
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0 ‘“\ 198 1995 2000

Figure 1-3. Usage Trends for AC/AAM Materials. [2]




Materials technology has opened incredible design and applications opportunities

previously deemed impossible. Similarly, the benefits reaped from composite
materials and other AAM solutions are being harnessed in almost every major
sector of the commercial, industrial, and international marketplace. In the scope
of just 10 years, production for composite materials has more than tripled, with

gains across a wide spectrum of business sectors as depicted in Figure 1-4.

Materials Information
Inherent in the make-up of AC/AAMs is the virtually limitless combination of

matrix and reinforcement options. Coupled with different and distinct

COMPOSITE MATERIALS

75.0 4
as L OTHER
60.0 AUTOMOTIVE
525 | INDUSTRIAL
450
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POUNDS
PRODUCED 375 _L_
(Million) | COMMERCIAL
300 | | AIRCRAFT
225 |
ke | MILITARY
AEROSPACE
78 -

1987 1997

Figure 1-4 Production Increases for Composite Materials. [2]




chemical and industrial processes (often proprietary) for manufacturing these

materials, the cumulative diversity of m'ater‘ials for composite fabrication is
uniimited. Typical reinforcement constituents for advanced composites include
carbon/graphite, boron, aramid (kevlar), and spectra. Similarly, notional organic
matrix materials include both thermosets (Epoxies, Polyesters, Bismaleimides,
and Polyi‘mides) and thermoplastics (PEEKl, Torlon, Ryton).

[n their cured er final design state,»these materials are generally
conside‘red safe, inert, and bio|ogieélly benign [3]. As such, they are designed,
built, fabricated, mediﬂed, and generally repaired with this mindset. However,

AC/AAMs presen't some life-cycle concerns, particularly in three main areas:

1. Manufacturing — Maintenance — Repair: Raw materials processing
(including eutting, sanding, and shaping)v as well as curing and
autoclaving. |
2. Post-Mishap: Non-ﬁre or heat damaged materials.

3. Disposal: Waste stream, recycling, breakdown, and incineration.

In general, the hazards associated with these operations, or life-cycle phases,
are fairly well understoed and appropriately controlled by existing engineering or
administrative means. Further discussion of these areas is beyond the scope of
this work.

In the past, a sharply focused emphasis upon performance has been the

driver behind technological advancements in materials and applicatione.
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Unfortunately, some materials applications have outpaced the technical
community’s ability to fully understand and support them throughout the life cycle

— particularly in fire and explosion mishaps.

Statement of the Problem

When damaged by fire, explosi'on', or high-energy impact, AC/AAMs can,
and often do, bresent unique hazards and concerns [4,5,6]. As such, these
materials require timely and appropriate responses to mishaps involving these
materials in order to mitigate the potential environrr-1ental, safety, and health risks
. associated with tﬁese events. The mishap'response hazards, and subsequent
Qﬁon to mitigate them, are complicated by large variations in chemical mixtures,
constituent materials, processing methods, abplication elnvironments, and
mishap scenarios. This, coupled with extremely complex burﬁ chemistry and the
unpredictable nature of mishap events drive a critical lack of current and
consolidated AC/AAM damage information. In turn, this lack of technical
information has lead to operational response guidance deficiencies. However,
society is no longer willing to accept the benefits of technology withdut careful
observation of the human and environmental effects, both on a short and long-
term scale. Tremendous liability, skyrocketing health and disabilify costs,
increased environmental stewardship, and untenable loss consequences in this
area make riék management absolutely essential. Furthermore, not only must
‘risk management entail risk control, it must also look at the cumulative tradeoffs

for risk financing in terms of cost-benefit relationships. As advanced composites

6




productlon and usage increases, so too do the tanglble and |ntang|ble

', consequences of |mproperly handlied mishaps mvoIvmg these substances o

Objectives of the Study
_ The primary'objectives for this thesis are focused around t‘woare‘as: '
1) Review, consolidate, and classify the environmental, safety, and-‘healthw
hazards of mishaps involving AC/AAMs in.order to develop risk control

methods. ‘

Secondary objectives assocrated wrth the consolidatlon of |nformat|on are

to eliminate histoncal fallacies associated W|th these types of mlshaps and to .~ )

optimlze the,response according to the level of risk. '

2) Development of current operational mishap response'guidelines for incidents

involving AC/AAMSs.

Secondary objectives associated With the operational Quidelines are to
emphasize the unique_ concerns of the mishap response ‘participants and focus "
upon the uniqUe and chaIIenging controlled/confined space environment. |

‘The overriding goal of'the entire effort is to codify.areasonably
conservati\./e set of generic opera,tio,nal guidelin'es‘ which a AC/AAM mishap
responder rnay apply to protect peop!e, property: and the environment gii/en
extremely chailenging constrai_nts on time, resources, and knowledge.

7




CHAPTER 2: BACKGROUND

Widespread AC/AAM ‘mat‘erial usage, pgnicularly in the aerospace_
industry, has been prevalent for only tne past 30 years. Thus, thé relative
“infancy” of thése materials, combined with the lack of detailed mishap
informgtion, has COntributed to the currenf level of understanding, and often

times, misunderstanding, regarding appropriate AC/AAM mishap response. |

Early Fallaciés
Early USAF, DoD, NASA, and industry studies [5.7,8] from the 1960s
through the early 1980s contributed, in some cases, to several failacies
concerning composite mishap damage hazards, including:
- Release of damaged composite matenal will cause widespread electrical
blackout.

- Dispersed composite material causes malignant tumors, among other
biological impacts, and should be treated like asbestos.

- Large concentrations of particulates can be carried very long dlstances
downwind in a smoke plume.

- All fractured advanced composites are deadly, razor sharp.’
- Extreme personal protection is always required when dealing with AC/AAMSs.

| | - Mishap scenarios with AC/AAMs are always very dangerous.

Fortunately, many of these claims have proven, throngh modern research and

documented operational experience, to be partial-truths, over-reactions, or




inaccurate conclusions. The hazards depend on a huge assortment of

“variables. However, o'n-going research in man'y disciplines pertinent to the
aerospace AC/AAM damage environment is not yet complete (nor wrll it ever be)

' and some results or opinions are conﬂicting For example the Enwronmental
Protection Agency (EPA) does not specrf cally define burned AC/AAMs as |
hazardous wastes leading to often times improper handling [3]. Likewise, the
National Fire Protection Agency (NFPA) does not have any written gurdance on |
composites in a fire or mishap [3]. Oftentimes, there is a strong climate within | ’
the industry that “\lve make them, you break them”, which has lead fo post-
mishap handling information not being readily available from the manufacturer’s.
Nevertheless, ovenNh'elming evidence reveals this fact: burned orexploded |
advanced composites/advanced.aerospace vmaterials DO cause enviro,nmental,

-safet)‘/, and health pr'oblerns IF they are not properly addressed [4,9,10,1 1]
Common throughout the Iiterature research databases, and annals of
operational experience is the need to exercise caution Because the
composrtion concentration, and toxrcrty of these materials is often unknown ina
synergistic mishap environment, they present challenging response scenarios. .
For this reason, a high degree of precaution with conservative protection is
recommended until the hazard exposures and eIernents involved can b‘e'

characterized for an “optimal response”.




. Mishap Characteristics

Damage to AC/AAMs caused by fire, explosion, and/or high-energy impact
in a mishap presents unique environmental, safety, and health hazards. In
fypical aircraft fires, temperatures reach betweeﬁ 1006-2000 °C. Organic matrix
materials (i.e., resins and polymers) burn off around 400 °C, éreating toxic
combustion products and liberating the reinforcement (i.e., fibers) [12,13].
Depending upon the type of AC/AAM, the associated material dynamics and
characteristic response's can vary greatly. For example, glass or aramid fiber
reinforcements tend to melt under the intense heat, whereas, extreme heat can
oxidize carbon or graphite fibers. In turh, oxidation can alter their size, shape,
pérosity, strength, and impact resistance of the fibers, along with several other

characteristics.

Mishap Dynamics
‘The intense thermal and mechanical forces in a mishap generally cause
degradation, debonding, and/or “explosive” frécture of AC structures. While
absorbing this fracture energy, the reinforcement, usually stiff and strong, may -be
broken into particulate fibers, turned to dust, or reduced to a cloth-like
consistency. AAMs can produce highly toxic oxides or heavy metal
concentrations. A notional collection of thermal degradation products from a

. current AC/AAM-laden aircraft is described in Table 2-1 on the following pége.

All of which, in varying concentrations, can be hazardous to human health.




~ Table 2-1 Representative Thermal Degradation Products [14]

HAZARDOUS COMPOUNDS BY MAJOR SUSTANCE

Bromides Hydrogen Cyanide
Sulfur Dioxide - ' Silicon Dioxide
Methane , Formaldehyde
Hydrogen Fluoride - Ammonia .
Ketones Hydrochloric Acid
Hydrogen Sulfide Isocyanates .
Amines " Aromatic Compounds

Heavy Metals: Lead, Manganese, Chromium, Silver, Copper |

Liberafed carbon fibers can readily penetrate human skin d‘ue to their
stiffness, whereas boron fibers can penetfate bone. Furthermore, the adsorbed
and absorbed pyrolysis and combustion products (generally toxic) on activated,
oxidized ﬁbers can be a very potent injection and inhalation hazard because the
toxins can be readily placed and rétained in.the body. This phendmenon is
particularly critical in mishaps involving bloodborne pathogens (i.e., HIV,
Hepatitus B) that are present in the debris. In almpst all cases, the type,
amount, and extent of damage drive the concentration of AC/AAMs at a mishap
site. In turn, the concentration of AC/AAMs determine the extent of the hazards.
The prevailing weather conditions can also greatly affect the extent of the
dispersion of the damaged materials within the vicinity of the mishap, potentially

exacerbating the response hazard exposures.

Types of Damage

Fire, coupled with heat, shock, and fragmentation, produces several
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different types of damage in ACs. Effects can range from a simple reduction in
~ strength, to a loss of LO performance, delamination, debonding, charring,
mélting, burning, and vgporizat\ion [12]. Table 2-2 summarizes the graded
extent of possible damage frorﬁ least to;v.vorst. The impact up'o"n' AAMs can be |
jljsf as broad, but is highly dependent upon the type of material. For example,
Depleted Uranium (DU) and Beryllium both produce highly toxic oxides when ‘
subjected to intensé heat (>700-800 °C ).
Subsequéntly, the unique environmental, safety, and health concerns
presented by both ACs 'and AAMs are summarized in Table 2-3, which is found
on the following page . Each of these problems will be addressed later, along

with the éppropriate response precautions or solutions.

Table 2-2 AC Material Damage Types by Increasing Damage Extent.

Damage Extent Type of Material Damage

Least Strength Reduction
Loss of Coatings
Charring
Delamination/Debond
Melting

Burning

Worst * Vaporization

‘ Aithough AC/AAMs represent only one of the many hazards associated
with an aircraft mishap (i.e., fuels, lubricants, exotic metals, and weapons), they

do merit increased awareness and informed precautions because of their
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Table 2-3 Unique AC/AAM Concerns.

PROBLEM ‘ . _ CAUSE
1. Highly Toxic Smoke Matrix Offgasing
2. Diverse Fracture or Degradation Mechanisms Fracture Dynamics
3. Damage Susceptibility Organic Material Limits
4. Invisible Damage . Internal Delaminations and Debonds
5. Corrosion and Weakening Material and Fire Agent Incompatibilities
6. Difficulty Assessing Hazards Complex Cure and Fire Chemistry

increased hazard potential, increasingly widespread use, and persistence or-
durability. Exposures to potentially harmful vapors, gases, particulvates, and
éirborne fibers generated in a composite mishap need to be controlled because |
of the combined effects of the dispersion forces and the complex chemical

mixtures.

Hazard Ekposures

" Hazard exposure routes for.damaged AC/AAMs include absorption
(contact), inhalation (bfééthing), injection (puncture and tearing wounds), and
ingestion (eating, drinking, and-smoking). Concentrations are absolutely the key
element. Generally speaking, the higher the concenfrations, the worse the
hazards and the greater the risks. The toxicology of respirable particulates and
their disease producing potential is a function of three main variables: 1) the
dose or amount of particulates in the lung; 2) the physical dimensions of
deposited particulates; and 3) the durability (time) in the lungs [4]. Fire-exposed

carbon fibers tend to break into shorter lengths and split into smaller diameters

with sharp points, thereby increasing their probability for inhalation and ease of
13 '




transport [4]- | Dry and wrndy condrtlons at a mishap site mcrease the chances for . .
re- drspersron of partrculates leewrse whether inhaled or |njected ACs are. not
. easily | removed nor expelled because of therr shape sharpness and strffness ,
[15]. Other potentral health and envrronmental effects caused by AC/AAMs
include dermal and resprratory problems toxrc and allerglc reactlons

- contamination, and.radlatron exposure (for some AAMs). These |mpacts may be .'
s acute or chronic, as well as local or systemic depending upon the

~ circumstances.. Mechanlcal |nject|on or cuts are the most common skin hazard
aIthough sensrtlzatlon (acute and chronlc) can occur. Irritation to the resprratory |

: tract is also common much I|ke a nuisance dust irritation hazard. Off-gassing,
| toxic products in the smoke pIume smolderrng debrls and oxidized (t' re-
.damaged) partrculates are the primary resprratory hazards. Table 2-4 on the
folIowrng page h|ghl|ghts the potentlal enwronmental safety and health (ES&H)

7 effects 'of composrtes.

Tab|e 2-4 Summary of Potentral ES&H Effects

MAJOR TYPE : - DESCRIPTION

Skin Problems : - Acute/Chronlc/LocaI/Systemlc
Respiratory Problems . - Acute/Chronic ‘

Radiation Exposure ' o Mild Acute Exposure,

Toxic Exposure ' - 'Mild to Extreme

Site and Equrpment Contamrnatron Light to WrdespreadlUnservrcabIe

Noted Carcrnogen Mutagen, and Teratogen eIements

Carcinogen = Cancer causing ‘
Mutagen = Causes gene mutations
_ Teratogen = Causes birth defects

14 .




h%

Electrical Hazards aﬁd Risks -

Mishaps involving AC/AAMs that are electrically conductive (i.e., graphite '
or carbon fiber) fnay present electrical sho'rfing or arcing hazards if very high
concentrations exist (usually at the immediate mishap site only). AIthoth fare,
this may result in eIectricél equipmenti degradation or failure, including
communication interference (iriclu}ding radio frequency transmission/reception).
However, NASA research has shown that widespread electrical failure due to
environmental releasé and plume disgipation |s highly unlikely, except at the
mishap site [5]. Disseminated carbon or .graphite fibers afe inﬂuencéd by the -
presence of high voltage or magnetic fields and reduce the local dielectric
prop'erties of free air, all of which could can éause equipment malfunctions,

although the concentrations of liberated AC/AAMs must be high.

Current Hazard and Risk Classifications
| ‘ At the present time, several government and private agencies are trying‘ to
develop an accurate and coordinated account of the real hazards posed by
[ » AC/AAMs in a mishap environment. In order to do this task, the risks must be
quantified in terms of exposures. [n turn, this requires a fundamental knowledge
of the elements involved and the historical, operational, and academic
characterizations the hazards themselves. Paramount to this effort.is the-

cooperative work of each of the respective “expertise” agencies within all phases

~ of the AC/AAM product lifecycle.




At the forefront of this effort is the Institute for Environmental, Safety, and
Occupational Health Risk Analysis (IERA) with its subgroup, known as the
Hazardous Aerospace Material Mishap Emergency Response I‘nte‘grated Product
Team (HAMMER - IPT). Atits genesis, this group was designed to first identify
all hazardous é‘erospace material (HAM), as they referred to it, prior to
accomplishing a risk characterization [16]. It is important to make a clear
distinction of definitions. This document views AC/AAMs as generally safe
unless damaged as previously described, versus a definition that immediatgly
labels these materials in a negative tone. It should be emphasized fhat
concentrations are the ultimate dfiver, with a minority of exceptions. Once a risk
characterization is completed (to the best extent of the resources available), the
appropriate response precautions, protective equipment, and procedures may be
addressed.

The baseline for much of the recent work by the HAMMER-IPT is the 1993
USAF Advanced Composites Prograrﬁ Office (ACPO) Guidelines for Response
to Aircraft Mishaps Involving Composite Materials developed by the author [17].
Since their inception, a significant amount of new, updated, and operational
Veriﬂed data is available. Accordingly, the HAMMER-IPT published an Interim.
Guidance addendum to the original guidelines in 1998 [18]. Again, the rate at

which new information was being generated, combined with several operational

- _experiences, has formed the current basis for which these guidelines are being

written. Although inclusion of much of the specific data is beyond the scope of




this document, the practical and operation application of this consolidated

information is the cornerstone of the following mishap response guidelines.

Rationale
Given the existing and projected increases in the usage and applicaiions
of AC)AAMs,‘ it is critical to develop realistic policies and procedures that focus
on risk control to minimize t’he environmental, safety; and health hazards.
associated with an AC/AAM mishap. Huge increases in the variety, type,

quantity, and concentrations are again outpacing the preparatfbns for mishaps

" involving these materials. Likewise, the rapid growth and development of these

materials has led to wideépread applications in many different sectors, so the
need for generalized, multi-disciplinary guidance has increased. No longer an
aerospace dominated issue, effective and efficient AC/AAM mishap response is
a necessity across the transportation, medical, sporting goods, and corﬁmercial
arenas. Ultimately, as the associated knowledge base grows, procedures and

guidelines can be situationally optimized in terms of cost, safety, and

performance.




CHAPTER 3: METHODOLOGY

Risk Reduction Methods . .
Based upon both existing and yet uncharacterized mishap hazards
associated with AC/AAMs, risk reduction measures are neCessary.
Admin‘istrative controls, including adequate personal protective equipment (PPE),
training, and safe practices? need to be immediately implemented as this
dynamic field envirenment is not conducive to engineering controls.
Conservative, although Situaiionaljy optimized, risk control measures are
essential.i Basicaily, careful and icommon sense approaches are the best course
of action. Because aircraft mishaps occur under extremely diverse weather, |
terrain, and location conditions, with widely varying degrees of damage,; a-
universally applicable set of risk control precautions is not practical. The
numerous variables require conservative protective measures with a complete
material Iiietime, or “cradle-to-grave”, mentélity of responsibility. This is true foi

all phases of a mishap respons‘e,“ranging from first response and fire fighting, to

inVestigation, recovery, clean up'; and disposal. It was originally assumed that
the first responders and fire ﬁgh’;ers would ha.ve fhe,greatest potential risks due
to their acute exposure to the hazards. However, experience has shown that
the cumulative exposure over a longer duration can have similar, if not worse,
effects if appropriate response regimes are not followed. Therefore, diligence is

're'quired throughout the response and recovery process until final completion.
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Risk ldentification
The major issues currently affecting mishap response which involve

AC/AAMs are:

r. Fiber dispersion and re-dispersion
- Includes the mishap dynamics, effective response procedures, and hold-
down material (fixant) suitability. -

2. Synerglstrc material and combustion effects
" - The combined effects of multiple materials and varying damage extents

3. Concentrations and compatibility
- Exposure limits. are not specifically defined. Equrpment procedure, and
fire suppression agent compatibility issues also exist.

4. Adsorbed and absorbed pyrolysis and combustion products
- Impact and extent of the toxin hazard.
- Characterization of the type, dynamics, and toxicity of components

5. Site and equipment contamination and decontamination
- Procedures for effectively and realistically addressing the hazards.

| 6. Clean-up and disposal complications (including potential classifications as
Hazardous Materials {Haz-Mat} depending upon the type and damage of the
materials)
- Determine proper disposal methods and classifications of waste debris.
- Clarify legal obligations and compliance with applicable regulations.

7. Bloodborne pathogens
- Examine the potential for Hepatitis B and HIV transmission from injection
by contaminated debris.

8. Radiation exposure efrects
- Evaluate extent and results of potential exposures to Depleted Uranium
and other radioactive AAMs. '

9. Unknown or limited characterization of toxic corridors within smoke plumes
- Model and sample the smoke plumes from actual and simulated mishaps.

10. Confined space operatlons for mishap response .
- Analyze effectiveness of mishap response procedures ina controlled .
environment, particularly under austere conditions.
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11. Community preparation and mutual aid issues
- Disaster preparedness issues including information, shelters, and
protection.
. - Training and Awareness of the risks, |nclud|ng outlining resource
requirement.

12. Acute toxic exposures to beryllium oxide and other highly dangerous AAMs
- Evaluate protective measures and protective equipment.

13. Mishap investigation issues
- Decontamination, storage, and subsequent handling of damaged
materials.
14.Training and equipping of response personnel
- Changing mind-sets, currencies, developing techniques, and resources
- Standardizing the level of knowledge: DoD, Government, Ciyilian
Identify Participants
Depending on the location, type, and extent of damage, several different
groups of people and response personnel will be affected or ihvolved in a general
mishap response effort. In describing the types of response personnel, mishap
response must be viewed from a “cradle-to-grave” mishap perspective.
Therefore, mishap responders are described as those personnel involved in a
complete mishap response, from initial or first responders, to investigation, clean-
up, recovery, and disposal. This also includes those people executing,
reporting-on, and managing these incidents.
Typically, it can be assumed that innocent onlookers, witnesses, or

curious public members will be present at a mishap with the exception of

restricted, rural, or remote locations. However, for the purposes of this study,

the groups or organizations functionally outlined in Table 3-1 (next page) are the




‘Table 3-1 Organizations Involved in a Mishap Response.

“MILITARY RESPONDERS

“CIVILIAN RESPONDERS |

Fireﬁghters

Firefighters

Security Police/Military Police

| Police Personnel/Sheriff

Safety: Ground, Flight, System, Range .

FAA Inspectors*

Bio-Environmental Engineer-

Environmental Protection Agency*

Disaster Preparedness Personnel .

-Community Disaster Relief Agencies

| Civil Engineers .

| American Red Cross

.| Medical Personnel . -

Medical Personnel or EMTs' ‘

Maintenance Personnel*

Community Leadership*

Weapons Personnel*

‘News Media*

Engineering Personnel*

Coroner

System Program Office Personnel

Waste Disposal Agency .

Chain of Command ..

Environmental Protection Agency

Public Affairs

Mortuary Affairs

* Denotes likely elements at either

event not listed in the other column

prlmary mrshap response partrcrpants As such, they are key players in any

coordinated mrshap response effort ofa reasonable magnltude Because of

subtle drfferences in naming conventlons between the mllrtary and civilian

communrtres they are organlzed ‘into two classrf catron groups: mllrtary and

civilian responders. Nevertheless all of the orgamzatlons Ilsted may or may not

'be at e|ther a m|I|tary or cwlhan mlshap event




CHAPTER 4: DISCUSSION

With the problem clearly defined, the process of integrating all of the
stakeholder concerns within the context of the risk reduction methodology
became a daunting tas'k primarily because of the technical unknowns and the
diversity of the users. Although several efforts ét developing mishap response
guidelines were by undertaken by the US Navy, the Air Force, the Federal
Aviation Administration.(FAA-), the National Transportation Safety Board (NTSB),
and the National Aeronautics and Space Admi-nistration (NASA), each of these
efforts had shortcom.ings. Most, if not all, of the guidelines were antiquated due
to the rabid advandés in materials technology, types of applications, ahd new E
research/experimental findings. However, the greatest problem with propérly
respondir;g to almishap' with AC/AAMs (even with current information) is the:
variability in both knowledge and procedures for the responders themselves.

Depending upon the source, the guidelines for a miéhap response varied
widely from one organization to another, and from one area to another,
particularly between gdvernment and civilian operations. Unfortunately, the
ramifications of less than acceptable AC/AAM mishap response are directly
manifested in hazards to the safety and health of the misha|;'> response personnel
and any bystanders. The risks to responders who are either unaware or il_lf
informed are untenable, particularly since acceptable procedures fc;r well

~ educated and trained responders mitigate the majority of the risks.

22



S

Compounding the problem' of less-than-universal knowledge of modern
and correct response procedures is the potential for intense public and media
criticism. In the digital age, breaking news, sucn as a mishap, is immediately the
focus of attention. Not far behind is the full weight of public scrutiny, bleme, and
the requisite responsibility. As such, it is.criticaily important that a mishap
response be executed in a timely, proper and effective fashion

" The legal ramifications of variances in mishap response knowledge,
training, and preparation are also important. Litigation has become a powerful
driver for mandatory compliance and training, with iiability assessments driving
the responsibility for a safe response. Both civil and criminai legal ceses are
now commonplace for negligence, product liability, and environmental pollution
events. vTherefore, structured programs with consistent application are essential.

Expanding on the environmental issue, modern society is much more
acutely aware and intolerant of environmental disregard. As evidence of this,
legislative and judioial judgements are forcing environmental stewardship
towards the forefront of any activity, particularly ahmishap, because of the
“messir” nature. Often times, the local, state, federal, and international guidelines
in this area are very restrictive — particularly with hazardous or toxic waste.

Overall, the cost of risk financing for a mishap response simplifies down to
a simple concept — the cost of preparation is always less than the cost of
recovering from an inappropriate mishap response. Rephrasing this concept, it
will either cost on the front end with training and resources, or it will cost far more
on the back end with unanticipated expenditures, emergency spending, possible
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fines, and huge recovery bills. In most cases, these financial risks are

" intolerable, or at the very least, greatly debrlitating Likewise, these costs are not "

only currency related, but intangible as well. The cost of injured workers,
affected operations, and irrecoverable resource and asset damage is |
astronomical. Therefore, risk control through current procedures gurdelrnes
training, and resources accompanied by exhaustive coordination and

dissemination-of information is the best recourse for a mishap involving

AC/AAMs. Operationally realistic responses optimized to.the individual scenario

are the pivotai element required to protect people, property, and the environment. -

Several agencies, lead by IERA-HAMMER, ACO, the FAA, and the
Department of Transportation (DOT), aré actively identifying and funding
research and testing in several i(ey areas where several mishap unknowns exist.
Both Iaboratory experiments and actual sampling tests at mishap events are
essential elements of a coordinated testing effort. Likewise, consolidatidn of
operational experience, interview data, effectiveness reports, field studies, and
epidemiological records are important contriputors to a greater mishap
knowledge database. As budgets shrink and technology proliferates,
international cooperative efforts are also becoming increasingly effective. The -
recent manifestations of global commerce, eiectronic‘interconnectivity, and
structured technical interchanges ha\re radicaliy increased the depth and breadth

of information avaiiable to the mishap responder. The key,'however, is

consolidating the information into a usable tool that is readily available — in this .

case, the foiiowi’ng mishap response guidelines. Unfortunately, as soon as they
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are printed, they are no longer the state-of-the-art. Ulfimately, a fluid electronic
dafabase with adequate data safeguards and sufficient interconnectivity must be

developed.

Emerging Technology and Methodology
Advanced Composites and Advanced Aerospace Materials are, and will
continue to be, a major portion of a wide spectrum of current and future produét
-applications. Given their relative infancy as high-production-volume structural
-materials (compared-to metals), these materials require a different mindset for all
who are affected by them (a substantial group). lLikewise, they mandate new
procedures, particularly in a mishapvvre’Sponse. As part of the on-going effort to
systematically uncover the u‘nknowﬁs of the dynamic mishap environment, '
advances in toxicology, safety, industrial hygiene, fire science and fire modeling,
materials science and engineering, plume modeling, medicine, bio—envi»ronméntal
engineering, ergonomics, textiles, and a myriad of other areas are rapidly
revealing the information necessary to optimally respond to these incidént_s.
With this new information, training becomes the key. | |
Aircraft and spécecraft designs, along with the systems that they
comprise, maké increasingly widespread use of many different méterials,
manufactured by .multviple organizations, with unique processes and varied lots.
Configuration control for such complex product and process supply chéins
becomes an importanf element which directly affects the mishap responder.
The inersity of knowlédge and experience required to know what materials are
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present. and what effect or impact they wrll have on the scenario dynamlcs |
requires either the assrstance of highly trarned personnel or the aid of electronic
databases. V.The material location plates in Appendrx A\hrghtrght the,AC_IAAM, '
locations Within' these vehicles. .However; it can be easily seen that any changesfl
,updatesi or applications ‘not included in this brief s‘ummary would be unavailahle
for a mishap responder | - | |

The Ioglstrcs support requrred to meet the chaIIenges of a AC/AAM
mishap response has also changed Although many exrstlng items can be used
they. must often tlmes be emp|oyed in more creative ways to meet the |mmed|ate
needs of the, mrshap responder Certainly, new facmtres and equrpment
specifi cally deS|gned tested, and mtended for composrte materlals are the ideal
solution. In order to maX|m|ze the opportunrtles of this happenrng, Ioglstrcs and
supportabllrty_‘ must be a concern for government, military, and cr{vrllan producers
alike. 'Surprisingly, issues such as fire suppression agent andsystem

compatibility have become major concerns. For example, Potassium-

‘Bicarbonate dry chemical fire suppression agent is incompatib|e with some

materials because it causes galvanlc corrosron thereby degradlng the materral
Slmrlarly, some materlals are not readlly extlngurshed W|th some agents Thrs

issue is further herghtened by Personal Protectrve Equrpment (PPE)

‘ requrrements which will be- drscussed Iater

Clean -up and drsposal techmques must contrnue to evolve to meetthe

gdlfferent needs of AC/AAMs Some of the unknowns surroundrng these

materrals ina mlshap have led to inadequate material classifications, difficulty
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identifying the proper waste disposal stream, and inconsistencies regarding
exposure Iirnitsv.‘ However, great strides have been made-torvards_ charaeterizing .‘
the type and extent of the hazards presented by the materials. In turn, this
knoi/vledge can be Iever‘aged into prudent waste\rnanagement operations. :
Similarly, site remedratlon technoiogy, combined with a strong focus on green
aIternatives whenever and wherever. possrbie have yielded substantially -
improved mrshap recovery capabilities In turn these efficiencies directly
' translate |nto a cost savings for the clean- up, recovery, and disposal phases of
the mrshap response. The key to reaIrzrng these benefits is strlct observation
and control of the mishap response process at all levels to ensure proper
procedures are followed. |
Finally, the most important technology and methodology based

improvements for rnishap response lie with people — the responders themselves
and the vast supporting infrastructure. The focus must be upon personnel health
and safety concerns for the entire prot:ess to mesh. By first realizing that
AC/AAMs are difterent, everyone involved can 'adapt accordingly. Certainly

many ot the genera! eiements of a prudent rnishap response remain unchanged,
| but there are several new.and different skill requirements presented by these
materials.’ Re—training, coupled with a new rnind-set, beeomes an'important |
element of the suscessful response pregram. At the very lcolre of this program
must be the basic knowledge and facts about these materials and their haaards.
Building upon this must be a systematic training program,,emphasizing resurre_nt_

updates,that will instill confidence in the entire response process. ‘Safe and
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effective protection depends upon these foundations. Once in place, this

knowledge and training enables responders to use an educated common sense
approach tailored to the unique requirements of each mishap scenario. I_n this
way, the people and the process can evolve to meet the demands of the ‘

technology.

Special Focus on Confined Space

Much of the current information on AC/AAMs excludes the challeﬁging
and unique d_emands of a confined or controlled épace mishap event. As there
are more and more of these specialized applications, the number of mishaps that -
occur within these types of environments Has als;) continued to increaée.
Accordingly, special emphasis will be placed upon the added demands; risks,
and responsibjlities associated with these unique mishap response efforts.

Generally spéaking, the added physical and mental démands of more
austere and limiting environments exact an exponentially greater human toll than
a standard mishap response effort. Fire, smoke, and toxicify (FST) are
important concerns that drive the balance between the advantages of AC/AAMs
and thé risks posed by these elements for egresé and life su'stainr"nent. As such,
the risks, challenges, ramifications, and resu]ts become more critical to control.
Often times, there ié only one opportunity for a correct mishap response.
Unfortunately, improper responses or actions can have potentially grave

‘conseduenc,es. This is particularly true in areés where people must either

remain at the mishap site or revisit it within a short period of time.
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A confined/controlled space mi&shap event involving potentially explosive

- asphyxrating, or oxygen ‘enriched atmospheres presents unique challenges to the

mlshap responder. Under these conditions, combustlon reactlons are driven by

the four elements of the fire pyramid fuel, heat, |gn|t|on source, and oxrdizmg

agent Varrous oxygen content atmospheres exhibit- combustlon dynamlcs that

. are characterized by ﬂammability l|m|ts, thermal conductivity, ignition energy,

4 burn-through time, burn velocity, ﬂame spread rates, smoke generation, among
many factors [1’9]. For life sustaining controlled space environments, and
pressure graded “atmosph'eres in particular, control of the mishap event and the -

lsdbsequent response efforts must be carefully coordinated to limit rapid oxidatiOn
(uncontrolled reaction), yet still sustain life. Essentially, “Fire is dependent on-
the percent of oxygen in the atmosphere (envrronment) whereas life is
dependent on the partial pressure of oxygen. The two are not synonymous
[19].l’ .Expanding on this concept, removal of the nitrogenl in dlluted or mixed

* (oxygen-nitrogen) atmospheres causes higher temperature products, faster

- reaction times, and lower (easier) ignition [19]. These dynamics make controlled .

space AC/AAM mishaps not only more difficult to immediately.respond to, but

more hazardous in terms of combustion products throughout the entire response

effort. A tragic example of these dynamics is the Apollo 1 launchpad fire incident

in'which pure oxygen pressure environments were used. Under these

conditions, complete combustion occurs much more rapidly than under ordinary

atmospheric conditions.
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As a result of early lessons learned in ﬁre¥safety' in both the spacecraft
and submarine arenas, much of the information can be successfully tailored to
overcome the challenges of AC/AAM applications and their modern mishap
response concerns. Current]y, many NASA and USAF acceptance tests

address the flammability and fire performance characteristics of materials,

. structures, and components in “worst case” controlled-oxygen atmospheres with

an upward flame spread indicative of normal gravity behavior. However, the
unique physics of a zero or micro-gravity in which non-buoyant fire and flame
characteristics are prevalent require more creative risk control. Research by
NASA at Glenn Research Center has shown that flammability and fire-spread
rates in low gravity are sensitive (or extremely sensitive) to forced convection
(ventilation flows) and the concentration of oxygen within the atmosphere [20].
Therefore, control of these convective atmospheres becorﬁes very important
throughout all phases of a lmishai'p response.

Two other elements on the fire pyramid, heat and an ignition source, are
extremely important to control in order to effectively respond to mishap within a
controlled/confined space. Ignition and heat sources withvin a confined/controlled
space are plentiful, particularly in self-contained environments. Electrical and
heating overloads, spills, aerosols, energetic/kinetic activities, friction, volatiles,
and auto-ignitions sources, such as trash, represent some of the numerous
contributors to an initial fire event, as well as subsequent fire resurgence,

exothermic reactions, or smoldering. Similarly, AC/AAMs, under the proper

- conditions previously discussed, can supply plentiful quantities of fuel.
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o Therefore, these source e,lements'-MUSTv be identified and controlled in a.

response event
- The best solutlon for proper conﬁnedlcontrolled space mlshap response is

a robust research and technology program that |dent|f ies hazards (both

' mdrvrdually and synerglstlcally) hones test practrces and methodologres and

validates. pollcres -and operatronal practices. Furthermore a fire preventron ‘

| strategy should be augmented by a strict ﬁre safety program drlven by
a conﬁguratron’control. Most well developed confi ned/controlled space V
| _applications already employ this concept. However detectlon mterventlon
' suppressron and recovery capabllrtres for AC/AAM mlshaps in controlled space

'must Stl" be further developed

Expenmental verlf catlons of theoretical non-buoyant combustlon analyses

‘ are llmlted due to the shear drff culty of testrng Nevertheless the. growrng body

of knowledge relevant to conf ned/controlled space response has revealed some

mterestmg dynamlcs Aerosols or partlcle clouds (possrbly caused by a spill or
hlgh pressure leak) can persrst for extended penods in low gravrty envrronments

unlike the rapld settlrng and dlspersal found on earth Also due to more unlform :

drspersal peak explosron pressures can be greater than under normal grawty

condrtlons [20] Energy |mparted to hot bubbles or droplets from easily

vaporized or effervescent materials can lead to unrestricted rad|al propellant of-

" ".potentlal ignition’ sources in Iow gravrty Slmllarly, the locallzed ﬂame zone

. found in mrcro—gravrty retains molten fuel near the source, thereby enhancmg

locallzed burning rates for metals, plastlcs, ,and_ AC/AAMs. Finally, and
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potentially most important, is the potential for persistent smoldering in concealed
volumes. Not only does th_e extended production of toxic gases present a
substantial hazard in itéelf, butit also creaites the potential for subsequent opén
flame initiation and ignition of adjacent objects. A prcibable scenario involving a
slow flame spread and low heat release in micro-gravity could propagate, if not
dealt with appropriately.

Fortunately, some studies have shown that combustion is actually
suppressed in micro-gravity, and that the flammability range is also reduced,
particularly for oxygen concentrations less than 30 to 40 peréent [20]. However,
the same NASA research shows that higher oxygen content atinospheres yield
flame spread rates that are independent of the gravity level [20]. As pressure is
introducéd into the equation for micro-gravity environments, the flame-spread
rate rises with pressure, quite unlike normal gravity downward spread behavior.
Likewise, flame length was shown to increase with iricreasing air velocity and
preheat temperatures under micro-gravity conditions.

Togethei, these behaviors demonstrate that pressurized, convective,
oxygen-rich atmospheres could be problematic both to initial and follow-on
‘Imishap response efforts unless they were controlled. Once controlled, the
micro-gravity effects would actually lower the haz:;\rd levels. Therefore, the
current Space Shuttle and International Space Station employ a strict regime of
ignition source minimization, oxygen content control, and sea-level air
atmospheres to maximize risk control.  Likewise, the uée of inherently fire
retardant materials such as phenolics and brominated vinyl ester resins, as well .
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as materials with fire retardant fillers (i.e., alumina tri-hydrate), halogens, and
additives for excellent FST properties has significantly reduced the hazards fqr
confined/controlled space mishaps [21].

In AC/AAM specific appIiCations,‘the unique performance ;:haracteristics
which initially led to a material’s selection also reduce the experimental data
a\)ailable for mishap response. For example, thermally thick materials, suéh as
multi-ply ACs require long flame initiation and flame-spread tests and can only be
done in'space. As such, the volume of data is inherently limited. Also
interesting is the micro-gravity combustion performance of thick polymers
(plastics). Actual on-orbit tests have shown that combustion produces a thick
molten layer with significant d‘eep thermal degradation that causes mobile
bubbles to flow to the surface and be released as burning fuel-vapor jets [20].
This phenomenon would certainly hamper AC/AAM containment and particulate
dispersidn in a controlled space.

Another interesting aspect pertinent to confined/controlled space mishap
response is the potential for reduced fire resistance of materials, structures, and
components through normal aging and repeated use [20]. Over time, materials
modified for fire resistance can lose their effectiveness, quantities of potentiél
ighition and fuel sources can build-up, and people can become complacent. As
both the length and complexity of the space missions increase, so too do the

cumulative levels of risk for a mishap and an ineffective mishap response. Yet,

|
|
conservative operational guidelines continually supplemented by an increasing , |
|
|




database of results wouid sigﬁiﬁcantly advance the body of knowledge necessary
to optimally respond to an incident regardless of conditions.

As a modern example of positive strides towards this goal, modern FST
and qualiﬁcati'on testing guidelines for NAVY submarines require that two criteria
be established for the use of ACs onboard [22j:

1) The AC system will not be the first source or it will be sufficiently fire resistant
not to support spontaneous combustion. -
2) Se’condary ignition of the AC system will be delayed until the crew ora

suppression system can respond to the primary fire source. |

As such, for submarines, AC/AAM systemsvmust successfully pass fire
performance thresholds based on fire growth, tenability, ﬁri—; resistance, and
structural integrity under fire. However, these performance standards are
predicated upbn the fact thatvthe fire must not reach a flashover condition where
all of the atmospheric gases spontaneously ignite within the confined space prior
to fire containment and suppression. Once this condition 6ccurs, the thermal
conditions will inevitably ignite aIII combustible items within the compartment [22].
For space applications, NASA employs even more rigorous testing and |
qualification requirements. However, multiple research works recommend full
scale tésting for the most robust fire growth, SFT, fire resistance, fire integrity,
and subsequeﬁt post-fire modeling [22]. This however, is quite expensive,
cumbersome, and time consumingv. In many cases, the shear complexities of

testing make it impossible. Therefore, conservatively based risk control
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rr'ieas'ures bolstered by the'_latést technic’al'rese.archAand guidance are the -

absolute key to optimizing the AC/AAM‘miéhap reé_,ponse within a

‘confined/controlled space environment. - The challenges are many, but the

proteciiori of p‘eoble,“pbroperty_, and the en\/ironnient remains a realisticand

:cértainly‘ attainable objective.




' CHAPTER 5: RESULTS

Personnel Protective Equipment Guidelines

| As‘fhe normal first responders, fire fighters are considered the primary

- response group to a mishap with AC/AAMs, and are thefefore subjected to the
- greatest hazard exposures from the materials. However, they are the best.

protected responders in all but the r‘nostvextvreme cases. As such, all personnel

in the immediate vicinity of aﬁ AC/AAM inishap, as well as all personnel subject

to the concentrated smoke pIume, must wear bunker or proximity suits and Self

" Contained Breathing Apparatus (SCBA) until the composite material fires have

.' been completely extinéuished and cooled to a temperature at or below 300 °F
(149 °C) with nb intense smoldering. Itis impdrtant to note that the ‘pot‘ential‘

, exposdre to haéards asSoéiatéd }with AC/AAM mishaps may be more severe for
secondary exposure groups, i»ncludingy”all of the subseq'uent response operations,‘?‘
than for the initial ﬂré-ﬁghting activities because of the duration of exposure and
generally reduced levels of protection. However, the hazard eprsUreé are
mi'n.i‘m,al if the Personal Pr(;tec;tiye Equipmenf:(PPE) outlined‘in Figure 5-;I knext
page) is properly used. All affécted personnel need to know the hazards and the - |
proper response fdr effective mishap riék control, which makes coordination and
communication critical for evérydne involved.'v Preparatory knowledge and

| ’tréining, accérﬁpanied by commor]‘sense, good judgement, and quick decision

making, are crucial for safety and success.
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Table 5-1 Personal Protective Equipment (PPE) Requirements.

- AC/AAM Mishap Condition

PPE RECOMMENDED

Burning or Smoldering Materials

. Full Protective Fire Clothing
. Self Contained Breathing Apparatus

(SCBA)

. Do NOT use rubber gloves

Broken, Dispersed, or Splintered
Materials [Damaged Materials]

(Post-Fire, Explosion, or High- Energy
Impact)

¢ HIGH Concentrations or Substantial
Exposure

[High concentration determined by Bio-
environmental engineer sampling or
qualitative assessment]

. Protective overalls (i.e., Tyvek suit)

— coated with hood and foot
coverings ‘

. Full face respirator with High

Efficiency Particulate Air (HEPA)
and Organic Dust/Mist dual filters
(Note: A gas mask with similar
filter(s) may be substituted if
equipment or respirator-trained
personnel are not present)

. Hard-soled work boots (Impact or

Puncture resistant shank/sole)

. Leather work gloves over long

nitrile rubber gloves [no surgical
gloves] -

Minimal or Limited Exposure to NON- -
Fire or Heat Damaged Materials
following a Mishap

o LOW Concentrations with Minimal
Exposure to Broken Materials with
-NO Fire or Heat Effects

[Low concentration determined by Bio-
environmental engineer sampling or
qualitative assessment]

. Long-sleeves and long- pants for

durable work clothing

. Nuisance dust filter or mask (for

large, but airborne particulates)

. Adequate eye protection (goggles

or safety glasses)

. Hard-soled work boots (Impact or

Puncture resistant shank/sole)

. Leather work gloves over long

nitrile rubber gloves [no surgical
gloves]




Mishap Risk Control Guidelines

The following guidelines are provided as recommended precautions and
procedures for handiing a composite mishap response. However, the hazards
are depehdent upon the type, quantity, damage extent, and mishap scenario. In
most cases, the concentration of the m_aterjals present drives the level of risk for
the potential ehvironmental, safety, and health hazards. Of particular note are
| the ingestion, inhalation, and absorption health risks.

These guidelines address all phases of an aircraft mishap response,
includ,i‘ng fire fighting, investigation, recovery, clean up, and disposal. However,
they can be universally applied to any application or situation involving these
materials. Broad use of the short checklist in Appendix C is also highly
recommended. However, the guidelines are general in nature and should be
more speciﬁcally tailored to individual mishap scenarios as required. They
should be a besis for the development of consistent and effective proceduree and
policies throughout the world in order to maximize risk control and minimize the
environmental,lsafety, and health \ha’z‘ards caused by composite mishaps.
Ultimately, the user is urged to supplement this information with new and
\updated research and operational guidance as it becomes available, although
the conservative measures outlined within this document are the best course of
action in the absence of speciﬁc or concrete data. The photogrephs displayed in
Appendix B, Figures B-1 to B-28 graphically depict the guideline verbiage.

In summary, composite mishap hazards can, in most cases, be efficiently

and effectively mitigated with proper training, precautions, and preparation.
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Mishap Risk Control Guidelines For AC/AAMs

Immediately after a mishap, the situation should be assessed by answering the

1)

2)

3)

4)

following questions:

Does the mishap scenario involve advanced composite/advanced aerospace

materials? [Conservative preéumbtipn — Always assume YES]

If yes, where are they located and are they damaged? Reference applicable

technical data or other information sources.

If no, respond to mishap with “normal” or standard mishap response

procedures.

Who can provide information about the type and content of these materials,
and when/where can they be reached for specific questions? Consider

acquisition, logistics, contractor, and maintenance personnel.

How does the environment affect the situation (check the current and forcast
weafher and surrounding area typography/geography)? For example, does
the weather impact the response, or does the local geography change the
response strategy? Are there any population centers or critical assets (such

as aircraft, powerplants, or factories) nearby?
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Once these basic questions have been addressed, the following steps should be -
' accomplished. The specific response should be tailored to match the extent of

the hazards.

1. First responder(s) [usually fire fighters] shall conduct an initial mishap site

survey for:

a. Signs of fire, explosion, or high-energy impact AC/AAMSs.

b. Presen-ce of loose/airborne fibers and pérticulates, jnéluding a preliminary
assessménf of debris concentrations.

c. Prevailing meteorological conditions/wind direction, including smoke
plume assessment (if ény).

“d. Degree of site exposure to fire/impact/explosions.

e. Local/proximal equment/asset damage and hazards, mcludmg the

debris pattern and surrounding assets that were affected.

f. Exposed personnel and environmental contamination routes.

Essentially, the first responder(s) will determine the extent of any additional

AC/AAM hazards associated with the mishap.

2. Establish control at the site with a clear and direct chain of command. If
properly protected personnel are not present, avoid the mishap site until

apbropriately trained and equipped personnel ‘arrive at the scene. Generally,
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the.Fire Chief wrlI command the mlshap site until the area has been declared
f ire safe, at wh|ch tlme command may/or may not be transferred toan On

Scene. Commander (OSC) or lncrdent Commander (1C).

: Evacuate personnel from areas in the lmmediate vrcmlty of the m|shap site

. affected by direct and dense fallout from the smoke plume, along with easily
mobile and critical equipment Continually move fire fighting equipment in
order to avord the smoke plume espemally in larger scale mishaps mvolvrng
‘greater amounts of AC/AAMs Restrlct ALL unprotected personnel from

assembllng downwind of the mishap site. Use of over-pressurized cab

- eqmpped. fire vehicles is essentlal if unable to avoid the smoke plume,

although protective gear may be still be required msrde the cab in extreme

cases. Direct exposure to the smoke plume W|Il requrre greater de-

. 'contamlnation requrr_em_ents. Some modern AC/AAMs form combustion and' |
pyrolysis productsthat are permeable to the protective membranes for
ventilatron in contemporary fire suit ensembles Accordingly, contamination,
de-contammatlon and protection become very |mportant concerns for a small

| percentage of mishaps, usually mvolvrng stealth aircraft. If exposed to either B
the smoke plume, open fire, or smolderlng off-gassmg of burned AC/AAMs

fire ﬁghters should monitor their bodies as part of the whole system This

‘would.lnclude checkrng for any potentlal chemical burns/irritatlon at h_eavy

: perspiration areas such as the armpits and groin. However, this .




‘ phenomenon is very dependent upon rare materlal concentratlons in cont' ned‘ .

space type enwronments Nevertheless it warrants consideration.

4. Alter or move aircraft and ﬂlght operatlons within the |mmed|ately exposed
mishap and fallout areas.. In' general, overﬂlght of the area should be L
prohibited unless required for rescue or response operations. In that event, . |

no ground or flight operations (specifically helicopters) are to be permitted

within 1000 ft above ground level (AGL) of the mlshap S|te and within 1 000 ftl o ‘

C honzontally (This footprint may be increased dependlng on concentratlons

and local conditions).

. Normal fire fighting mishap response procedures should |n|t|ally be followed
although the specral precautions assomated wrth AC/AAMs should be a
aggresswely |mplemented as conditlons permit and warrant. Depending
upon the type of materials involved some equipment-related problems might
arise. These mclude but are not limited to dulling of penetratortools due to
the hardness of some advanced composrtes inability to penetrate some
'areas unless the hard -points and emergency penetratlon points are known,
. and mternally msulated (imbedded) fires that are dlfl' cult to suppress
Complex engine mlets and |mbedded exhaust areas are partlcularly |
‘ challengmg for fire suppressron because they make access f ire suppressuon '
: \and coollng difficult. Extreme care should be exercrsed with these areas -
because of the inability vto visually survey the fire dynamics. o
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6. Extinguish fire and cool AC/AAMs to below 300 °F (149 °C) at a minimum to
avoid endothermic or exothermic fires. Most volatiles will continue to burn off
above 200 °F (95 °C) éﬁd an'y material abéve 100 °F (38 °C ) is still quite hot
to the touéh. Therefore, AC/AAMs should be cooled as much as possible,

- without unnecessarily breaking up the debris. This can be accomplished by
spraying a light mist of water 6r foam on the affected materials once the
major fires are ext‘ingﬁished. | In some cases, fire suppression agent

- compatibility will be an l‘ad:qiéd concern. Foriexa-\r»nple, dry chemical fire
suppressant can destroy somé advanced composite components, so care
shbuld be exercised with small avnd isolated fires in orderto minimize
peripheral material damage. Nevertheless, extinguishing all fires is the
primary quectivé. In more e;<treme cases, known fire suppression agents are
somewhat ineffective' at extinguishing fires on some rare or exotic AC/AAMs.

Extreme caution should be exercised in these very rare scenarios.

7. ONLY fire fighters equipped with Self Contained Breathing Apparatus (SCBA)
are authorized in the immediate viéinity 6f a bumning/smoldering mishap site
until the Fire Chief declares the area both fire safe and smolder/off-gas
hazard safe. If possible, care should be taken to avoid high-pressure water

or foam applications due to the high potential for break-up and dispersal of

the AC/AAMs.




8.

Avoid dragging fire hosés through mishap debﬁs or contaminated araas, as
there is al High potential' for abraéian and/or equipment contamination. Gear,
includiﬁg the bunker suits and wafef(air Iinés, may be snagged by sharp and
jagged AC debris. Boots are particularly prbne to cuts and penet|;ation
where jagged and stiff AC debris is damaged. Likewise, they are potential
sources for contamination from particu‘lates, and can trahsfer some of these

contarﬁinants to other areas outside of the immediate mishap vicinity.

Cordo:n\ or rope off the mishap site and.establish a single entry-control point

(ECP) and a single\decontamination exit point (DEP) (not collocated!). OnI.y

adequately protected personnel are authorized at the immediate mishap site

10.

and periphefal area (contamin‘ation reduction zone). The fire chief and
bioenvironmental engineer, with the on-scene corﬁmander (OSC) or incident
commander (IC) designates the peripheral area in a coordinated effort. As a
guide, the peripheral area should be defined as abproximately 25 feet away
from a mishap cordon area containing damaged camposite parts, although it

will vary based upon local meteorological and geographical conditions.

If peréonnel other than those at the mishab site have been directly and
sign‘iﬁcan’fly exposed to material and‘smoke hazards, consult madical
personnel for évaluation and tracking; 1f poésible, inforrm the medical
personnel of the t:ype and extent of exbosures. Advise aﬁd inform the
otherwise unthreatened populace of Vthe applicable 'precaufions to take in the
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11.

12.

affected mishap Site surroundings orin ptu-me fallout areas. Track patient

symptoms, treatment, and outcomes for those involved in the mishap.

Coordinate with the OSCorliC to p‘rovidef necessary ac_cess to the mishap ‘
site tor more thorough survey and investigation. For Iarger scale mishap
response scenarios, especially‘in_volving modern,' highly unique (exotic)
AC/AAMs use ofa Ftazardous Materials (Haz-Mat) Response ~unit is
recommended because of the added levels of experrence and increased
capablllty to control the srtuatlon "Given an early assumptlon that AC/AAMs

are present at a mishap site, these units would be initial responders.

If possible, toxicology and area studies for dust, inhalable and respirable |

parttculates and ﬁbers‘should be conducted 'by a qualified industrial hygienist

. or broenvrronmental expert as soon as practrcal However, all research

personnel must be suff iciently protected The survey protocol should mclude 3

~ avisual observatron personnel air, ground and water samplmg and

13.

evaluatron of the engrneenng controls and PPE in use at the scene.

Identify specific aircraft and material hazards as soon as possible by
|nspect|on of the debris and consultation with an applrcable knowledgeable

personnel/sources (i.e., crew chlef system managers reference documents

~ web sites, contractors or aircraft specrahsts) Indrcate or pornt out AC/AAM

locations and concentrations to all response personnel,. as appropriate.
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14. Minimize airborne dispersion of particulateé/ﬂbers by avoiding excessive =
disturbance from walking, working, or moving materials at the mi'sha'p site.’

This includes fire suppression equipment whenever possible.

15. Locate, secure, and remove any radioactive AAMs by using a Geiger counter
to find ahy applicable debris or particulates. Contact relevant authorities and

dispose of in accordance with strict policies.

16. Monitor entry to the site from the single ECP. Exit from the cordonéd site will
be accomplished via the DEP to the decontamination siteVONLY! The

following guidelines apply:

a. When exiting the mishap site, personnel should folléw cleafly deﬁnea
decontamination procedures. These procedures may be optimized for the
concentration levels, types of materials, and phase of recovery; Use of a
High Efficiency Particulate Air (HEPA) filtered vacuum system with a -
brush attachment is highly recommended, as this is a very efficient and
effective means of decontamination. If possible, remove AC/AAM

“contaminants from ’outer clothing, work gloves, boots, headgear, and‘ .
equipment. If this type of vacuum is unavailable, efforts must be made to
rinse, wipe, or brush off as muéh particulate contaminéﬁon as possible.

One technique ';hat has proven effective is to apply wax (liquid or aerosol)
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to any remaining external.contaminants on the protective suit and
subséquently remove the suit by “roI<Iing it off’. This “wax and roll”
technique not only immediately contains the contaminants, but also
eliminates subsequent re-dispersion and’ run-off collection problems with
other decontamination line techniques.

. Both clean sites (i.e., tent or trailer) for donning of ,Persongl Protective
Equipment (PPE) and separately located decontaminatibn Ifne sites (with
their associated clean'sites) should be set up as soon as practical.

. No eating, drinking, or smoking is per‘mitted within -the exclusion and
contamination reduction zones, or as otherwise determined by the IC.
Pefsonnél must be advised to wash their hands, forearms, and face with
cold water and soap prior to eating, drinking, or smoking.

. Contaminated protective clothing should be properly wrapped, séaled,
and disposed of according to apblicable local, state, federal, and
international guidelines. Heavy duty garbage bags work well for the initial
containment prior to disposal.

. Pe;sonnel should shower in cool or cold water on-site prior to going off-
duty to prevent any problerﬁs associated with the transfer of ’Ioose fibers
or particulates. Portable showers may need to be provided.

When practical,‘contaminated outer-garments from victims/response
personnel should be removed at the mishap site decoritaminatioﬁiarea in
order to protect the subsequent medical staff. Any ill effect‘s‘ belieyéd to'
‘be related to exposure to AC/AAMs should be reported immediately.
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Likewise, th;e iocél rﬁediqal staff should be advised of the incident, along
with the poteﬁtial hazérds.r Sympfoms of effects could include:

- Respiratory tract irritation and reduced respiratory capacity

- Eye irritation | |

- Skin irritation, sensitization, rashes, infections, or allergic reactions

. All contaminated footwear should be cleaned to limit the spread of debris

into clean areas and support vehicles.

. Materials Safety Data Sheet (MSDS), for the constituent materials should

be made available to qualified personnel.
Security restrictions may require additional control measures during
emergencies, particularly when the area is declared a national security

area for the preservation of classified information and materials.

17. Secure burned/mobile AC/AAM fragménts and loose ash/particulate residue

18.

with plastic, a gentle mist of water or fire-fighting agent, fixant material, or a

tent-like structure in order to prevent re-dispersion.

Consult the specific ai?craft authority and/or the investigators before applying
a fixant or hold-down materiél. However, safety concerns at the immediate
mishap site may override’ any deléyed application. Fi.re-ﬁghting equipment
should be available during fixant/stripper application, aircraft break-up, and
recovery. Also, any fires must be completely out and the materials cooled to

below 300 °F (149 °C). Preferably, the all material and debris will be cooled
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19.

20.

21

as much as:possible. Ideally, all of the material should be cpoled to less than
100 °F (38 °C ). Two types of fixants are genefally‘ used: one for burned
AC/AAMSs and debris, and thé other for land surfaces. Fixant is usually not
needed fd( open terrain and improvéd surfaces (concrete or asphalt) unless
very high concentrations exist (subjectively determined or quantitatively

measured).

dbtain and mix (if necessary) th‘e fixant or hold-down solution such as
Polyacrylic Acid (PAA) or acrylic floor wax and water. Do not use iight oil
because it may become an aerosol and collect on equipment, hamper
material investigations, and present a health hazard of its own.‘ Generic
acrylfc floor wax, whic_:h is widely available, should be mixed in an
approximate 8:1 or 10:1 ratio (to dilute it and ease spreadability), alfhough

this may véry.

Apply (preférably spray) a modefate coating of the fixant solutio'n' on all
buArned/damaged AC/AAMS and to any areas containing sca.ttered/settl_ed
particulate debris. Completely coat the material until wet to ens‘u_ré
immobilization of the material, then allow the coating to'dry in order to

maximize the protection.

NOTE: Strip-ability of the fixant coating is required where coatings are

‘applied to debris that must later undergo microscopic chemical and material
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‘analysis by Iincident investigators. Care mqst be exercised ini the use qf
strippihge solutions _since they can react with some materials and thé'process
of sfripping’ may damage the parts.' PAA rhay be rémoved b.y a dilute solution
of household ammonia (about 1% by volume of ammonium hydroxide inv
watér) or trisodiurﬁ phosphate (approximately one 8 ounce cu.p of trisodium

phosphate per 2 gallons of water).

'22. If deemed necessafy, agricultural soil tackifiers may be used to hold materials |
_on sand or soil. Most solutions should be sprayed onto the ground at a rate

of 0.5 gals/sq. yd.

23 Improved hard surfaces A(j:e.:, conbrete and asphalt) shquld be vacuumed with
an electrically protected HEPA closed-system vacuum, if p*osslible. ‘Sweeping "
operations should be avoided as they re-disseminate the particulates. VTH-e

efﬂuent‘f;r'om'ahy run-off should' be collected via plastic or burlap coated
' trenches or drainage ditches. NOTE: The éntire impact 6r mishap site must
.be diked to pre\)ent run;off of fire ﬁglﬁing agent (to avoid additibnal clean-up

or environmental contamination).

- 24. All fixant application equipment éhduld be immediately flushed/cleaned witha
dilute solvent o prevent clogging for future use. Likewise, all fire fighting
vehicles and equipment must be decontaminated to the maximum extent

possible, at the mishap site. Water and HEPA vacuums may be used.
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25; Pad all sharp projections on damaged debris that must be retained so that

injuries du‘rin-g handling and analysis can be avoided.

26. Carefully wrap the coated parts and or maferial with plastic Sheetihg/ﬁlm or
place them in a plastic bag of approximately 0.006 inches (6 miIs")‘ thick.
Generic garbage bags are generally inadequate unless they are used in” -

several plies.

27. Conddct all mate’r‘ia|ydisposal accqrdiﬁg to local, state, federal, and
international guidelines. Consult with apbropriate agencies forl relevant
brocedures énd policies for materials that do NOT require mishap

’ .investigation analysis or repair. Ensure éll parts are released before disposal -
‘is' authorized. AII AC/AAM waste shé)uld be labeled apbropfiately with the

type of material followed by the words: “Do Not Incinerate or Sell for Scrap”.

28. Complete all necessary soil and surface restoration as required at the mishap

site.

29. Place all hazardous waste >mater,ial in appropriate containers and dispose of

properly according to all applicable regul~ations‘.
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30. If aircraft, other vehicles, structures, or equipmeﬁt were subjécted to the
concentrated smoke plume or debris areas, the following should be
accomplished: |
a. Decontaminate the entire aircraft/véhiclé/piece of equipment and collect
‘the effluent.

b. Vacuum the air/ventilation/cooling intakes with an electrically pfotected,
HEPA vacuum cleaner. |

c. Forinternally affected smoke areas, visually and electronically inspect a]l
compartments for debris and vacuum fhoroughly.

d. Prior to flying, perform electrical and systems checks, as well as an
engine run-up.

31. For significantly affected structures and equipment, thoroughly clean all
. antenna insulators, exposed transfer bushings, circuit breakers, and any
other applicable electrical components. Inspect air intakes and outlets for

vsigns of smoke or debris and decontaminate if necessary.

32. Continue to monitor affected personnel, equipment, and mishap site.

Special Considerations for Confined Space
Concentrations of smoke, fumes, toxic products, particulates, and
pyrolysis products are much greater in a confined or controlled space mishap
environment. This is particularly true if gradients in atmosphere, pressure,
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|
temperature, and convective flow are present (and this is typically the case). As
such, the associated environmental, safety, and health hazard potentials are
Qreater. So too are the risks greater, thereforg additional precautions must be
taken to avoid unnecessary assumptions of risk that could otherwise be
controlled. Added procedures are also required to mitigate the risks through both

sound procedures and optimum PPE. Additional mishap risk control guidance

for AC/AAMS in a confined/controlled space follows:

1. A hazard assessment and clearly defined entry regime is the essential first

element of a confined/controlled space response (once entry is warranted)

2. If response personnel are already at the scene and within the confines of the
mishap space at the time of the event, clearly defined emergency procedures
(préviously codified and practiced) must be immediately enacted. Practice
under simulated duress prior to an actual emergency is critical for effective

execution during an actual emergency.

3. Once the sceﬁario is assessed and a proper course of action is undertaken,
convective currents, air flows, or winds, if present, should be immediately
minimized or eliminated. In low gravity, low pressure, ‘normal atmospheric
conditions, if ventilation flow can be stopped (as a first response action), the
fire will propagate slowly, if at all. Dispersion and re-dispersion, as well as

combustion, flame spread, fire propagation, and off-gassing, must be tightly
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controlled. Environmentally isolating the-mishap site must be the first point of
order. However, extreme caution must be exercised in pressure vessels
- with high concentrations of oxidizing agent (i.e., oxygen) due to the explosive

hazard.

. Localize and contain the fuel sources and any effiuent, particulate, or “drips”

so that the fire and smolder reactions may be contained. Post mishap

~ response and clean-up following an event will also be much more efficient if

the immediate mishap site is controlled. If poss'ibl'e, open igni_tion sources or
thermally active areas should be moved from critical Iocati'ons‘t’o minimize the
potentially greater hazards posed by a pressure vessel breach, an added

ignition/fuel source, or irrecoverable damage to a life sustaining system.

: ,Uée 6f maximum PPE and aidmininstrva'tive controls sﬁch as strict personnel
A.exposure rationing and “-buddy-sYsteh" operations must be employed.
Likewise, decontamination efforts must assume the highést bqntamination
concentrations. Accordingly, thése processes must be extremely thorough to
aCcommodate the greater than normal levelé of people and equipment

~ contamination.

. Hydration and dissipation of heat for all affected response personnel is
paramount, particularly in a stagnant high temperature environment. .

Exposures requiring maximum PPE must be strictly time limited with
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supporting documentation and tracking of exposures. Adequate rest
schedules with intense re-hydration and nourishment must be observed.
Sweating should be controlled by any means available in order to minimize
potehtial exposures caused by a slippery, ill-fitting masks, wet hands, sweat-

filled burning eyes, or abrasion/injeétion wounds to soft, open pores.

. Closed system, HEPA vacuums with both narrow and wide-mouthed brushes
are invaluable clean-up tools and should be used extensively as conditions

permit.

. Decontamination efforts are difficult to isolate, although heavy gauge plastic
films and duct-tape can be used to form particulate and fume resistant
barriers for some areas. It should be cautioned that the permeability of the |
plastic film is dépendent upon the types of chemicals present. Nevertheless,
a minimum of 6 mil plastic sheeting will provide fair protection from most

particulates with a reasonable amount of dufability. Fume permeability will

vary.

. Plastic buckets or containers (i.e., 5 gal buckets) are recommended for a

spéce efficient method of forming a deéontamination line for people and

equipment where working area volume or other elements are limited.




10.Once the immediate mishap response effort is under control, the atmosphere
‘must be ventilated (if safely possible) in order to avoid the build-up of off-gas
- products, airborne particulates, and other toxins. However, the exhaust
ventilation, purge, or s;:rubber routes must be clearly known, monitored, and
controlled in order to minimize compoqnding the cleanup problems. The
- filters for these ventilation systems must be handled with care.in the same
manner as site débris and contaminants. As such, they should be

encapsulated via some previously discussed method to eliminate re-

dispersion of the particulates.




CHAPTER 6: CONCLUSIONS AND
RECOMMENDATIONS

Conclusions

The development and use of AC/AAMs was investigated.in order to
characterize the material properties, the hazards aésociated with armishap event,
the damage effects, the frequency and concentratibn of exposures, and the risks
to mishap responders th}oughout the life cycle of a mishap'response. In
~ summary, the use and exploitation of AC/AAMs is rapidly increasing because of

their outstanding material characteristiés and benefits. These materials can and
often do present environmental, s‘afety, and health concerns when dama.ged by
fire, explosion, or high-energy impact, although the damage mechanisms, |
frequency of éxposure, and concentrations of material determine the hazard |

‘ levels. Applying p'roper risk control mechanisms in conjunction with current
knowIedge,{ training, and proper resources make mishap response efforts séfer,

| more effective, and less costly on both a tangible and intangible level. Finélly, a
current, practical, and reasonable set of Mishap Réspon>se Guidélines for

AC/AAMSs was outlined. .
Recommendations

1. Incorporate the guidelines into to an ongoing training and education

program immediately. Any organization with the potential for exposure to
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these types of materials in a mishap response scenario should adopt
these risk control guidelines and adapt their operations accordingly. |

. Continue research, testing, and eperational modifications in order to
eontinually update aﬁd modify these guidelines. Particular emphasis
should be placed on understanding the dynamics involved and
systematically addressing each of the relevant areas as new technologies
and methodologies evolve. |

. Share and communicate the latest'developments pertinent to effective risk
eontro| and safe mishap response via sustained training, sharing.of
information, global interconnectivity, cooperative research, and joint
testing. Continually inform the community and professionals within

: mishab response organizations of not only the hazards of a mishap with
AC/AAMSs, but also tﬁe merits and safety of an effective mishap response.
Continually educate the populace to foster conﬁdence in their safety while
instilling appropriate respecf for the hazards. Ultimately, a heightened
understanding of the lffe cycle issues associated with ACIA'AM.s‘must

‘permeate to a greater extent throughout our modern society since these

are the materials of choice for many applications.
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APPENDIX A — PLATES WITH AIRFRAME MATERIALS ‘LOCATIONSI




S'V'S’HV

b. Cockpit floanng (not pictured) 1s con-
structed of Boron amor

c. Crew seats {nct pictured) are contructed
of Keviar/Boron carbide and nyton.

a

Tail Rotor hub forks (not ptclumd) are
contructed of Titanium

e Both aircraft engmes (T700-GE-7(]1‘-C)
are contructed with Titanium/Carbon/
Nicke! Graphite.
1. Battery (not pictured). located on the
nght sidesa Fnber Nicket-Cadmium
battery.
LEGEND
il Graphite Composite
PR Keviariepoxy Composite

AI RFRAME MATERIALS AH-64A
. AIRFRAME MATERIALS
a. Main Roldr Blades ( not piclured) are . .
constructed of stainless steel, alumi- TAIL ROTOR VERTICAL
nutn,ﬂ)etglass. and nomex honeycomb. DRIVE FAIRING STABILIZER

ENGINE
NACELLE (2)

" NOSE GEARBOX

UPPER
FAIRING

. BLAST SHIELD,

_EQUIPMENT STORAGE
COMPARTMENT

ENGINE MOUNTING
BRACKETS (4)
MAIN FUSELAGE
FAIRING (2)

JETTISON

FUSELAGE
- SECTION

Plate A-1 Airframe Materials Locations for the AH-64A. [23]
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Asrm-ﬂv‘ :

AIRFRAME MATERIALS o _ C " AH-64D
1. AIRFRAME MATERIALS ' - i
a. Main RolmBlades(notpidued)afe ) . . ' .
constructed of stainless steel, alumi- TAIL ROTOR VERTIC&R )
num, ﬁberglas and nomex honeymmb . . ENGINE DRIVE FAIRING,_ _STN?'L =
b. Cockt floonng (ot pictured)is con- NOSE GEARBOX

- structed of Boron anmar.

©

Crew seals (not picturéd) are contructed
- of Keviar/Boron earbide and nylon.

a

. Tail Rafor hub 'orks {not pictured) are
contructed of manlum

e. Both awrcraft engines (T700-GE-701-C)
are contructed with Titanwm/Carbon!
Nickel Graphite. i

f. Battery (not pictured), located on the
right side is a Fiber N:d(el Cadmium
baltery '

LEGEND
, m Graphlte Composne

M ' -Keviar/epoxy Composite

UPPER FAIRING

EQUIPMENT STORAGE
COMPARTMENT -

GANOPY ENGINE MOUNTING
éE(;'(;“RS"” BRACKETS (4)
MAIN FUSELAGE
WING (2)
FORWARD
FUSELAGE’

SECTION FORWARD

AVIONICS BAY (2)
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EA 71 %e)

id. Glass Fiber Reinforced Plastic

B. Keviar’/Foam Core

. KeviarfNomex

k. Carbon/Nomex

NOTE:
Many intenor nonstructural parts (e.g.. liners, troop
seats) are also made of composite materials

*NOTE
There are 4 flap track fairings for each wing using
KeviarNomex.

NOTE:
The fuselage and wing are constructed primarily of
i alloy ial. H aluminum-
lithium, titanium, steel. and composite materials are
used wherever there are cosl-effective advantages in
weight, fatigue life. or corrosion resistance.

* Cargo Ramp & Door

* Fuselage Shel & Floor

* Wing, Verlical & Horizontal 2
Stabilizer Boxes. & Leading Edge

Structure

C-17A
AlRFRAME MATERIALS STEEL/SUPERALLOYS TITANIUM
la. Aluminum l:] * Landing Gear 10.3% \ * Fuselage Tear-Stoppers

* Core Exhaust & Thrust 3 * Slat Tracks

Reverser * Firewalls
lb. Carbon/Epaxy
ES compostTES —— : Zi‘;‘,a“ o Tubi

lc. Carbon/Keviar/Epoxy _ * Pylon Lower szgr Cap & Web

ALUMINUM * Core Exhaust & Thrust Reverser

Horizontal Stabilizer Pivot Structure

Structural Material Usage by Weight

Plate A-3 Airframe Materials Locations for the C-17A.
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022

b

AIRFRAME MATERIALS, FLAMMABLE
LIQUID, AND COMPONENTS

FIRE EXTINGUISHER
(RH SIDE ONL

FIRE EXTINGUISHER
PRESSURE BULKHEAD,
AGGAGE COMPARTMENT

WATORY,

PASSENGER /'

COMPARTMENT

FIRE EXTINGUISHER s

......

(PORTABLE)

TAIL ACCESS DOOR
APU
HYDRAULIC RESERVOIR

FIRE EXTINGUISHER

ENGINE OIL (Total capacity
30 pints)

FIRE EXTINGUISHER
(PORTABLE)

OXYGEN
BOTTLES

C-20

6-3504-00 'O'L

Plate A-4 Airframe Materials Locations for the C-20. [23]
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AIRFRAME MATERIALS . ' C-32A

STRUCTURE AND COMPOSITES

NOTE RUDDER AND ELEVATORS
The airframe materials for the C-32A are

titanium, titanium alloy, catbon fibre, carbon- AILERONS " SPOILERS
reinforced aramid-fiberglass, aramid and AFT FLAPS .
carbon epoxy preimpregnated raw material. ¢ i
&
LEGEND. ™
LE lLeading edge APUT .
TE Tralling edge "\‘_\
. BN FIXED LOWER
B CARBON-ARAMID (HYBRID) LE PANELS
ARAMID ,«‘ﬁ::v S -
i . N
CARBON-ARAMID- THRUST REVERSER J . 0y
FIBERGLASS (HYBRID) TRANSLATING SLEEVES THRUST REVERSER . ,
FIXED STRUCTURE, T
FAN COWLS (HYBRID) ¢ (FXEDS !
ﬁ(\ h o
NOSE LANDING GEAR DOORS
FLAP TRACK FAIRINGS (6)
WING/BODY FORWARD FAIRING:
FIXED TE PANEL
WING BODY {TYPICAL)

FIXED TE PANELS UPPERILO! AFT FAIRING

WING MAIN LANDING GEAR DOORS

Plate A-5 Airframe Materials Locations for the C-32A. [23]

6-3504-00 0O°L




=
£lcoMPOSITE MATERIALS . C-37AB
&|NotE : e
Allerons on AIC 521 & 542 are metal- [ EPOXY FIBERGLASS 2
nveted sheet metal. m
EPOXY GRAPHITE ®
NOTE: '
Comgposite matenals are used extensively JEERR| BONDED ALUMINUM ELEVATOR TRIM TAB
on this aircraft (Gulfstream V) to save weight . KEVLAR
and gth Comp .
include metatlic and non-metatlic structures for , VERTICALOUTLET

bulkheads, doors. fught controts, fioor panels,
fainngs, nacelles, panels, pylons, radome,
tailcone, and wingtets.

s ) MAIN LANDING GEAR DOOR
f’ Z éf‘,- NOSE LANDING GEAR STRUT DOOR
N

OSE LANDING GEAR DOORS

‘Plate A-6 Airframe Materials Locations for the C-37A. [23]
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COMPOSITE MATERIALS : C-38A
B «EVLARFOAM
BN ALUMINUM SHEET BONDED
Bl Keviar PP ia PR
B GRAPHITE/KEVLAR/AL HIC f
Il GRAPHITEKEVLARNOMEX
BN KEVLARMNOMEX
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Plate A-7 Airframe Materials Locations for the C-38A. [23]
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GENERAL ARRANGEMENT

FOR RC-TB. O-5A. AND EO-5B MODELS

COMPOSITE MATERIALS INTERNAL
LOCATIONS. . '
1) Amnor plating focated beneath and on the
stdes of the seats for the pliots and the
workstations. R

2) Aviorucs Auxiiary Rack focated in the right
forward portion of cabin area

"|3) The teft forward bulkhead in the cabin area.

4) Equipment racks wilhin the main cabin area.

5) For the RC-78, the wall panels around the
poriable favatory. i .

6)- For the RC-78, the food slorage/healing!
cooling uni located in the aft portion of tha

. cabin area (that area nomally considered *
the baggage compartment).

unit tocated in the aft portion of the cabin area
(that area normatly considered the baggage
compartment). - .

8) Avionics support structure located in the far
ati portion of the cabin ares (that area nommally

considered the baggage compartment).

7) For the RC-78. the spate lavatory tank storage

' ¢ MID
.~ . SECTION

EL.’.‘....-.’___J._J.

FORWARD _
PRESSURE .
BULKHEAD ~

W
&
pir]

2
&
W
Q)
Zi
Ll
(14
wi
o
[V
(4

FORWARD ..
PRESSURE
BULKHEAD

e

DOOR

 fbsaeoss NN
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. Plate A-8 Airframe Materials Locations for the DASH 7. [23]




AIRFRAME MATERIALS

zeer3

OTHER-FIBERGLASS

NOTE
Skin penetration points are similar to the
E-3. SeepagesE-330/351, 2.8 3

E-6B

Plate A-9 Airframe Materials Locations for the E-6B. [23]

76

6-3501-00°0OL



AIRFRAME MATERIALS EA-6B

RS ALUMINUM
B STEE

OTHER
FIBERGLASS

6-3504-00 'O°L

Plate A-10 Airframe Materials Locations for the EA-6B. [23]
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AIRCRAFT HAZARDS F-15
(COMPOSITE APPLICATIONS
I ALuvnom
I steeL BORONEPOXY
(VERTICAL STABILIZER)
) wen
B covwosites
[Joner
BORONEPOXY
(RUDDER)
CARBONEPOXY BORONEPOXY
(SPEED BRAKE) (HORIZONTAL
STABILATOR)

6-3501-0001

Plate A-11 Airframe Materials Locations for the F-15. [23]
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IAIRCRAFT HAZARDS-Continued F-15
[COMPOSITE/MATERIAL DISTRIBUTION

6350400 O'L

COMPOSITES........12%
- BmSN
m GRAPHITE

@ FIBERGLASS ... 10%
OTHER.................29.2%
= HONEYCOMB

Plate A-12 Airframe Materials Locations for the F-15, Continued. [23]

79




AIRFRAME MATERIALS
LEGEND

B Acuvnom
) sweL

Il GRAPHITEEPOXY
[] OTHERFIBERGLASS

NOTE:
Engine haal shield and lower wing aftach
fittings are Titanium.

Latim pods (2) have no access to wheel well
area. Pods have radicactive materials. ECM
pods have types of radioactive agents. RECON
pod (block 30 aircraft only) are 15 foot non-
jettisonable canoe shaped. 95 ANG aircraft are
affected. Hazards are electronics and freon
type coolant. It has no emissions. batteries.
squibs or charges.

F-16

Plate A-13 Airframe Materials Locations for the F-16. [23]
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IAIRFRAME MATERIALS F-22A

NOTE:
Organic composite structural laminates are made up of stacks of oriented thin
¥£T5R'ALS D IRRG- lamina that consolidated under heat and pressure. Each lamina consists of a
layer of high-strength, high-modulus, low-density reinforcing fibers embedded
THERMOPLASTICS in a resin matrix. Fibers typically are materials such as carbon, boron, Keviar
1% < 49, or fiberglass. The matrix can be either a thermosetting material such as
a epoxy, bismaleimide, or polyimide, or a thermoplastic material. If the matrix is
themosetting. a solid material is formed that cannot be reprocessed. Ther-
moplastic materials, however. can be reshaped by reheating and reforming.

TITANIUM
VERTICAL STABILIZER

MATERIALS LOCATION HORIZONTAL STABILIZER
JOTHER NOSE CONE
PALUMENUM AFT OF NOSE CONE TO WING ROOTS

AND BASE OF VERTICAL STABILIZERS

116222 (THANIUM) WING AND BODY SPARS. ENGINLS
11 64 (TITANIUM) AND LOWER BASE OF STABILIZERS
ISTEEL NOSL AND LANDING GEAR

THERMOPLASTICS (COMPOSITES)A | LEADING EDGES. FLAPS. HORIZONTAL
THERMOSE TS (COMPOSITES) STABILIZERS. WING AND BOOY SPARS

Seif Contained Breathing Apparatus should
always be wom during firefighting, rescue,
and when remaving bunkers to prevent
respiratory complications from inhaling
compasite fibers and dust. Serious
health problems will result through
failure to observe this waming

Plate A-14 Airframe Materials Locations for the F-22A. [23]
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3 b. ALUMINUM - TITANIUM - AFT OF WING ROOTS

c. EPOXY FIBERGLASS - EDGES

d. GRAPHITE POLYETHERETHERKETONE (PEEK)
-RUDDER, A PLASTIC THAT BURNS @ 600
DEGREES WITH TOXIC SMOKE

e. GRAPHITE EXPOXY - WEAPONS BAY DOOR

- . POLYIMID - AFT TRAILING EDGE - BURNS AT A
HIGHER TEMPERATURE. > 600 DEGREES

NOTE:
Composites comprise 5% or less of total structure

NOTE:
Polyurethane plastic - paint coating.
NOAE.
Dimension shown (side view) Is for nose and
main gear struts inflated to 3 inch extension.

LEFT SIDE VIEW

TOP VIEW

HAZARDOUS/NON HAZARDOUS F-117A
IAIRFRAME MATERIALS AND DIMENSIONS -— 10 9"
LEGEND 40 ;
- a. ALUMINUM - MAIN BODY r >/ FRONT VIEW

o P o

|

e R L e

\NORMAL STATIC GROUND LINE

Plate A-15 Airframe Materials Locations for the F-117A. [23]
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HAZARDOUS BYPRODUCTS NOTE:
OF BURNING WRECKAGE

Aircrafl areas identified by numbars 1 |hrough 8

) F-117A

6-3501+00°0 L

v

- ,,"7"" mﬁ’id’i‘évy}"

FEEE
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GENERAL MATERIAL SPECIFICMATERIAL AREA USED ON AIRCRAFT BYPRODUCT
Fuel Fuel, JP8 345678 Carbonmaonoxide
Hydrautic uids Oll, low temperature ' Carbon dioxlde
Lubricants Sulfur oxides
Qil, synthetic Polynuciear aromatic
Molybdenum disutfide hydrocarbons
Grease, various types Phosphorus oxides
Fluid. hydrautic, vadous types
Rubiber (gaskets and tires) Neoprene Throughout aircraft Carbon monaxide
Chioroprene Carbon diaxide
Honey comb cora Sificones . Polynuciear aromatic
Plastics (gaskets, Fluorosilicones hydrocarbons
leeving, electrical Nitriles Hydrochlofic acld
and thermat insulations, Polyvinyt chionde : Hydrofluoricadd
tubing. canopy, sheels, Nytons Nitrogen oxides
and parts Polyolefins : Hydcogen cyamide
Tefions
Polyurethanes Formaldehyde
Acryiic - potycarbonate ' Sulfur oxides

Viten, Phenofics, Bismaleimides,
Epoxies, and Polysulfide

Plate A-16 Hazardous Byproducts of Burning Wreckage for the F-117A.
[23]
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| HAZARDOUS BYPRODUCTS OF BURNING F-117A
¥ | WRECKAGE-Continued
GENERAL MATERIAL SPECIFIC MATERIAL AREAUSED ON AIRCRAFT BYFRODUCT
Fabrics and . Wool 1234586 Hydrogen cyanids
fibers, natural Keviar ’ Nitrogen oxides
and synthetic Carbon fibers - Sulfur oxidas
epoxy coated Carbonmonoxide
Glass fibers - Carbon dioxdde
aramid, epoxy. Polynuciear aromatic
tefion, and hydrocarbons
polyester coated Hydrochioncacld
Paolyetherether Hydrofluoric acid
ketone Phasgene
Paolysuifide Formaldetyde
Celutose
Metal afloys - structural. fiflers. Aluminum, Cheome, Copper, Gold, Throughout aircraft All may melt and resolidify. No
bonding, and welding iron, Steel, Lead, Silver, Tin, Titanium, hazardous emissions.
Zinc, and Trace metals
Blanket insulaton and other ceramics  Fiberfrax, Fused ceramic powders 135 None
Adhesives Polysulfides Throughout aircraft Hydrogen cyanide
Sealanis Stticones Nitrogen oxides
Paint Flourositicones Sutfur axides
Coatings Epoxy Carbonmonaxide
Polyurethane Carbon dioxide
Buena-N Polyruciear aromatic
kon hydrocarbons
Sitver Hydrochtoric acid
Sificon dioxide Hydroflueric acid
Strordium chromale Phosgene
Lead chromate Formaldehyde

Plate A-17 Hazardous Byproducts of Burning Wreckage, F-117A, Cont'd.
[23]
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AIRCRAFT HAZARDS ' ' . T-1A

D

LOCK RODS

<}

ENGINE FIRE BOTTLES (2)

CBrf3 HALON 86 CU. IN. AND 31
HYDRAULIC LB (0 1B NITROGEN PROPEL-
RESERVOIR LANT

12GAL : ,
FUEL TYPE. JP-8 :
FUEL TANKS ATTITUDE.
. HEADING

REFEREN
SYSTEM

BATTERY ACCESS DOOH

HYDRAULIC BRAKE
ACCUMULATOR " *

BIRD STRIKE SHIELD

NITROGEN
CYLINDER

(80 CUIN

AT 1500 PSIG)'

( PI‘a'te’ A-18 Aircraft Hazard Locations for the T.-1A.l [23]
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S|AIRCRAFT GENERAL INFORMATION NOTE: MD-11
2 | GENERAL INFORMATION FOR ALL MODELS AIRCRAFT DIMENSIONS
Length 201" 4
1. The MD-11 Sedes and varants: is a mediumiong Wing Span 169" 107
range DC-10 follow on. Seating for 323 two class Height 57' 9"

passengers and a maximum of 410. Two crew

fightdeck. Crew door and threae passenger doors T N
each side, all eight of which open sliding inward

and upward. Two freight holds in lowar deck,

forward and alt of wing, and one butk cargo com-

partment inrear fuselage. Power plant is three

Pratt & Whitney PWA4460 turbofans or three

General Electric CF8-80C2D1F turkotans le 169° 107 \
2. MD-11-Combiis a cargo/passanger version. \\\

Seating for 168 to 240 passengers and 4 te 10

pallets. Commoan configuration 214. 5

n

3. MD-11CF is a convertible freighter. Main deck

cargo door at front on port side.
4. MD-11F is a all-freighter version.

5. MD-11C8D are tentatively planned for increased

: . 7 LR e
6. AIRCRAFT STRUCTURE L 2014

Composites used in virtually all control surfaces.
engine inlets and cowlings, and wingffuselage

fillets; wing has two-spar structural box with chord-
wise ribs and skins with spanwise stiffermers; upper
winglet of ribs. spars and stiffened aluminum alloy
skin with carbanfivre traling edge: lower winglet
carbonfibre; inboard atlerons have metal steucture with
composites skin: outhoard allerons all compaesites:
inboard flaps composites-skinned metal; outboard
fiaps all-composites; spoilers aluminum honeycamb
and composites skin; ta@plane has CFRP trailing edge:
and etevators CFRP.

6-3504-00 'O'L

Plate A-19 Aircraft General Information for the MD-11. [23]




g EMERGENCY RESCUE ACCESS 737 8
> |AND AIRCRAFT COMPOSITES R y g
- GRAPHITE COMPOSITES &

AFT SERVICE DOOR

! CARGO DOOR (RT SIDE)

&7 OPERATING INSTRUCTIONS
ON DOOR
AFT ENTRY DOOR

OVERWING ESCAPE HATCHES

OVERWING ESCAPE HATCHES (-400), Eﬁ.
“CHOP QUT” AREAS. P !
CARGO DOOR (RT SIDE) OPERATING ‘ ;

INSTRUCTIONS ON DOOR ;
FWD SERVICE DOOR, ™ \ ‘
gji A ' -
AT ‘ W HOP OUT" AREAS LOCATED BETWEEN WING

TRy
PILOT S SLIDIN ‘/ FRONT SPAR AND ESCAPE HATCH (THREE BAYS)
WINDOW BELOW WINDOWS AND ABOVE FLOORS

AVERAGE DISTANCE -

~CHOP OUT” AREAS

FLOOR LEVEL TO GROUND
WHEELS RETRACTED. § FT
WHEELS EXTENDED. 8 FT. 6 IN.

FWD RY DOOR

Plate A-20 Emergency Rescue Access and Aircraft Composites for the 737.
[23]
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AIRCRAFT COMPOSITE MATERIALS AND LOCATION Ly
200A/B & -300
Colored and arrowed areas indicate where the AIRCRAFT DIMENSIONS:
tough. lightweight plastics improve damage -200 Length 209" 17
resistance and damage tolerance, and resist -300 Length 242" 4"
corrosion and fatigue. Nine (9) % of structural Wing Span 199" 117
weight is composed of plastic, carbon fibers and Height 60" 2"
graphite epoxy resin. Dust from composites can Wing Tip Length 21'6”
be a respiralory hazard.
INOTE:
Folding wing tips (optional) are
ilustrated in down position.
NOTE.

Skin penetration points - see
“Chop Out™ areas on page 777 .4.

€-3501-00 01

Plate A-21 Airframe Composite Materials Locations for the 777. [23]
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DANGER AREAS/SAFETY PRECAUTIONS ov
HAZARDOUS MATERIALS, FLUIDS & GASES .
DANGER AREA PERSONNEL ACTION
CAUTION
* [Monomethythydrazine (CH3NHNH2) in contact with metallic oxides or dheroxidm‘nd 0o not park vehicles over metal drains.

agents can ignite.
NOTE:

Nitrogen tetroxide (N204) and monomethylhydrazine may be venting through the reliel Stay upwind of venting gas. Wear protective dothing and recom-

mended air breathing device
Forward and aft reaction control subsystem (RCS) thruster nozzles and refief valve vent Stand clear. N
oodts
may not be reached for 45 Do nol approach from the sides.

Main landing gearftiresAvheels could explode Peak
jminttes

Main landing gear fire fire. Peak es may be hed 45 mi after ahard-

Approach upwind and apply large amounts of waterto cool the

Metals (composites) .
Berylum' windshiald frames, ET doors, and brake structure
Aluminum boron: truss members in the wing feed-through section
Epoxy boron: truss members of the main propuision system thrust struchure, aft
fuselage

Although nol easity ignited, these metals will bum at elevated temp: and prod
oxic ha| rdous b h

MET-L-X may be used on brake fires

Exercise caution. Although smafl amounts of waler accelerate
these types of melat fires, rapid application of large amounts of
water is effective in extinguishing these fires of the
coofling effect of water. If water or foam s used, wear complete
protective ciothing and NIOSH-approved postive pressuse
bresthing equipment

Fluids/gases are flammable and hazardous.

Exercise caution to prevent exposure.

Extemal surf: will be at el d b

Wear proper dothing to prevent injury.

Hydrogen overboard vents, Bn fill and dran, and 113n. Ombierextemaltank {ET)discon-
nects. Autoignition may resut from high surface temperatures Note that the flame of pure
hydrogen is invisible.

Exercise caution.

Do nol operate any switch other than those specifically identilied. |

]Eﬂmes
Emergency egress window that is to be jetlisoned (all vehicles). Move lo position out of range of debris. |

Emergency jettison of the side entryfegress halch (all vehicles)

Move to position out of range of jettisoned hatch.

Inadvertant deployment of drag chute after rokout (all vehicies).

Avoid area 10 degress left and 47 degrees right of Orbitar
centedine and 100 feet aft until pyrotechnic circuits are safed

6-3508-00°CL

Plate A-22 Danger Areas/Safety Precautions for Hazardous Materials,
Fluids & Gases for the Orbiter Vehicle (OV). [23]




Qe =
5 ORBITER STRUCTURE ov 4
?
TAIL CAP >
(DISCOVERY. fn
ATLANTIS, AND o
ENDEAVOUR)
SILTS o
TAILCAP
{CaLUMBIA) RUDDER/SPEED
BRAKE
VERTICAL STABILIZER —,_ SemiAl

MANEUVERING
SYSTEM (OMS)
ENGINES (2)

ORBITAL MANEUVERING SYSTEM (OMS)
AND REACTION CONTROL SUBSYSTEM
(RCS) MODULES

EMERGENCY EGRESS — FRN
WINDOW (LHONLY) - 57\ { r' ~_— MAINENGINES (3)
OBSERVATION
WINDOWS . AFT FUSELAGE

CREW MODULE

FORWARD REACTION
CONTROL SUBSYSTEM
(RCS) MODULE

NOSE CONE .

Plate A-23 Airframe Locations for the Space Shuttle Orbiter Vehicle (OV).
[23]




o 4 =
5| ORBITER STRUCTURE-Continued ov .<$>
s
VERTICAL STABILIZER o
- Skin and Stringer Fin Covers ®
- Honeycomb Rudder Cover
- Machined Spars
- Sheet Metal Ribs
ARD FUSELAGE
V
{
4 ORBITAL MANEUVERING
P SYSTEM (OMSYREACTION
T CONTROL SUBSYSTEM
. /\‘*“ \ (RCS) MODULE (TYPICAL)
pﬁf‘/g‘ Q WY - Skin and Stringer
P - Graphite Epoxy and Milled
z’r”hfr{ )’ Skin
CREW MODULE (caaw) (£ - Titanium Thermal Barrier
- Floating PAYLOAD BAY DOORS
- Welded Skin :
e - g Ay “':;
& @ — i BODY FLAP
SUBSYSTEM (RCS) MODULE . i
- Skin and Stringer

LOWER FORWARD FUSELAGE 5 ' A
- Riveted Skin and Stringer - Skin and Stringer
-Web and Truss Spars

Plate A-24 Locations on the Space Shuttle Orbiter Vehicle (OV), Cont’d.
[23]
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Q =
s ORBITER STRUCTURE AND SURFACE TEMPERATURES QV [e
OV 102 COLUMBIA S g
3
771 RCC- REINFORCED CARBON-CARBON | NOTE TEMPERATURES a
ggomw&#&u&w - Post touchdown temperatures of "ffr‘: o
s the orbiter are indicated in degrees o
A s:m‘s:‘_:g: NSILMPE. .JRS\,MKM fahrenheit in the following manner. = / . v
[ PR FELTREUSABLE SURFACE o o1ea /’
b . o EAsumen. FeuiNTg EE  /
[ METALORGLASS Y r— \ st 3T
T arRSE ADVANCED FLEXIBLE ReusasLe] THERMAL PROTECTION
[ SURFACE INSULATION (QUILTED) SYSTEM (TPS) s 553
STRUCTURE -
- Single-level boxes indicate TPS
temperature only. ’
i )
- i

"l

BOTTOMVIEW

Plate A-25 Orbiter Structure and Surface Temperatures for Columbia. [23]
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HRSL HIGH TEMPERTURE REUSASLE - Post touchdown tlemperatures of

BB s mrace NSULATION
-77{LRSLLOW TEMPE RATURE REUSARLE the orbiter are indicated in degrees
L3 SURFACE INSULATION fahrenheil in the following manner.
) FRSI- FELT REUSABLE SURFACE
= e ':)Mpourégr ‘roucnPowr:
] MLTAL ORGLASS EAS 5 e
. AFRSLADVANCEDFLEXIBLEREUSARLE  THERMALPROTECTION
L] SURFACE INSULATION (QUILTED) SYSTEM (TPS)
STRUCTURE -
- Single-level baxes indicate TPS

temperature only

ORBITER STRUCTURE AND SURFACE TEMPERATURES-Continued ov
OV 103 DISCOVERY, OV 104 ATLANTIS, AND OV 105 ENDEAVOUR

LEFT-HAND SIDE VIEW (RIGHT HAND TYPICAL)

6-3601-00°0L

Plate A-26 Orbiter Structure

and Surface Temperatures for

Discovery, Atlantis and Endeavour. [23]
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APPENDIX B - PHOTOGRAPHS




Figure B-1 Representative Mishap Damage Mechanisms.
(Fire, Explosion, High-Energy Impact, Heat, Shock,
Fragmentation.) B-1A Aircraft Mishap with AC/AAMs.

Figure B-2 Explosive Impact and Fire Damage Mechanisms.

Includes Shock and Thermal Loading Exacerbated by High
Energy Impact on a Composite Ground Target.
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Figure B-3 Representative Mishap Damage Mechanisms.
(Fire, Explosion, High-Energy Impact, Heat, Shock,
Fragmentation.)
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Figure B-3 Mishap Site, Wreckage, and Ensuing Fire
from a crashed USAF F-117A Stealth Fighter.

Figure B-4 Mishap Site and Wreckage from a downed
USAF F-117A Stealth Fighter. Unprotected Serbian
onlookers in background. AC/AAMs were present at this
mishap site.

97
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Figure B-5 More Mishap Footage of Downed
F-117Ain Kosovo Conflict. Damaged
AC/AAM Visible.
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Figure B-6 Damaged Aircraft Within a
Controlled/Confined Space. AC/AAMs were
damaged within this aircraft bunker.

Figure B-7 Smoldering Remains of Large Aircraft
with AC/AAMs.




Figure B-8 Damage Advanced Composite Remains
of Large Aircraft. Fixant Material Applied.

Figure B-9 Fighting an Aircraft Fire Involving AC/AAMs.
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Figure B-10 Complete Fire Protection Ensemble with
Self Contained Breathing Apparatus.
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Figure B-11 Firefighter Team Decontanimation
with Full Ensemble and Breathing Apparatus.

Figure B-12 Advanced Concept Fire Protection
Ensemble for Fire, HazMat, and Structural Protection.
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Figure B-13 Mishap Response Personnel During Transport
Aircraft Post-Mishap Recovery.
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ination Following

Figure B-14 Equipment Decontam
Exposure to Damaged AC/AAMs
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Figure B-15 Mishap Site Mapping and Characterization
in the Field.
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Figure B-16 Damaged Composite Wing (Pre-burn) in a
Controlled Fire Test (Inside an Aircraft Shelter)

Figure B-17 Damaged Composite Wing and Personnel in
Protective Equipment (Pre-Burn) Inside an Aircraft Shelter.
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Figure B-18 Close-Up View of Damaged Composite Wing (Pre-
Burn).

Figure B-19 Mishap Response Team in Full Personal Protective
Equipment Moving Damaged Composite Wing Structure.
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Figure B-20 Overview of Composite Fire Test Within an Aircraft
| Shelter.

g 10 N
8 1200

Figure B-21 Fire Damaged Composite Material Showing Multiple
Levels of Burn Damage.
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Figure B-22 Post Burn Fire Damaged Composite Wing Structure.

Figure B-23 Outside View of Aircraft Shelter Used for Composite
Wing Burn Test with Small JP-8 Fuel Fire Inside.
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Figure B-25 Mishap Responder in Full Protective Equipement
Following a Composite Wing Burn Test.

110
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Figure B-26 Clean-Up and Recovery Crew Working On Fire
Damaged Composite Wing Structure.

Figure B-27 Top View Looking Down Onto Fire Damaged
Composite Wing Burn Test Area.
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Figure B-28 Mishap Response Personnel in Full Protective
Equipment Cutting a Composite Wing with a Diamond-Coated
Disk on a Rotary Disk Saw.
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~ APPENDIX C - RAPID RESPONSE CHECKLIST




GENERAL RAPID RESPONSE CHECKLIST FOR AC/AAM MISHAPS

Conduct the Initial Mishap Site Survey
Establish Control at the Mishép Site with a Clear Chain of Command

Evacuate Personnel From the Immediate Mishap Site Vicinity. Restrict ALL unprotected
personnel from assembling downwind of the mishap site.

Restrict Ground and Flight Operations As Appropriate for Conditions

Extinguish Fire and Cool AC/AA Materials to below 300 °F (149 °C)

Cordon Off the Mishap Site and Establish a Single Entry and Single Exit Point
Consult Medical Personnel for Evaluation and Tracking of Exposed Personnel
Coordinate a Thorough Survey of the Mishap Site with an Incident Commander (1IC)
Conduct Expert Toxicology and Area Studies With Survey Protocols

Identify Specific Aircraft and Material Hazards

Avoid Excessive Disturbance of the Mishap Site

Locate, Secure, and Remove Radioactive AAMs; Contact Relevant Authorities and
Dispose of In Accordance with Strict Disposal Policies

Monitor Entry at the Single Entry Control Point (ECP) —Esfablish a Single Exit to the
Decontamination Area

Secure Burned/Mobile AC/AAM Fragments and Loose Ash/Particulate Residue
Consult Aircraft Authorities Before Applying Fixants or Hold-Down Materials
Obtain and Mix a Fixant or Hold-down Solution

Apply/Spray the Fixant Solution on Burned/Damaged AC/AA Materials

Use Strippable Fixant Coating Where Coatings are Applied

Use Agricultural Soil Tackifiers If Necessary

Vacuum Improved Hard Surfaces with a HEPA Filtered Vaccum

Flush/Clean the Fixant Application Equipment With Dilute Solvent

Pad All Sharp Projections On Damaged Debris

Wrap Coated Parts and/or Material with Plastic S.heeting/Film

‘Dispose of Material According to Local Stéte, Federal, and International Guidelines

Complete Soil and Surface Restoration

0O0CCoOOCOC0CCOO0C O OCOCO0O000D 000

Continue to Monitor Affected Personnel and Sites
' 114
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graduated in June of 1999. He then proceeded to his current position as the

Chief of the Airborne Test Branch at Eglin AFB, FL, where he is responsible for

testing air—to-ground precision guided weapons on the F-16 and F-15 aircraft.

He has been and remains deeply involved in mishap response issues involving

advanced composites, particularly in air and space-related endeavors.
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