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Certifications depend on 921 anc



The application of NFPA 921

1.3.5 This document is not intended as a
comprehensive scientific or engineering

Although many scientific and engine

concepts are presented within the

is cautioned that ots are presented

and

, training, and €

need to be utilized i
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Code of Ethics

As fire, arson, and explosion investigators, we shall:
* Regard ourselves as members of a vital and ethical prc

* Conduct both our personal and official lives so as tc
confidence of the public;

ery opportunity

* Encourage and support professional stan
and explosion investigators;

 Avoid alliances with those whose p
with an honest and unbiased in

e Bearin mind that we are fir
case makers; it is our du
accountable those resg

g
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2017 EDITION

More colour images throughout

Mig) Chapter 1 — NFIRS (US only)

921 Definitions — 12 new and 5 re
Chapter 5 — Fire Science

Guide for Fire

and Explosion Chapter 8 — Fire protec
Tl Chapter 9 — Electri
Chapter 16 — Doc

2017
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This edition includes the following usability features as aids
to the user. Technical changes are indicated by gray shading of
the sections. An entire figure caption or table title with gray

shading indicates a change to an existing figure or table. New
sections, figures, and tables are indicated by a bold, italic N in
a gray box to the left of the new material. Where one or more
sections have been deleted, the deletion 1s indicated by a bullet
(*) between the sections that remain.
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3.3.101%¥ Heat. A form of energy charactenzed by wibration
of molecules and capable of imbatng and supporting chemical

changes and changes of state.

3.3.102 Heat and Flame Vector. An arrow used in a fire scene
drawing to show the directhon of heat, smoke, or flame flow.

3.3.103 Heat Flux. The measure of the rate of heat transfer to
a surface or an area, typically expressed in kW/m?, or W/cm?®.

3.3.104%* Heat of lgmition. The heat energy that brings about
11O,

3.3.105% Heat Release Rate (HRR). The rate at which heat

energy 15 generated by burning.

N 3.3.106 Heat Transfer. The exchange of thermal energy
between matenals through conducton, convecton, and/or
radiation.

_)_
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30 Chapters

1 Administration 11 Human Behaviour

2 References 12 Legal

3 Definitions 13 Safety

4 Methodology 14 Sources of
5 Fire Science 15 Planning

6 Patterns

7 Building Systems
8 Fire Protection
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30 Chapters

21 Responsibility Annexes

22 Failure Analysis A Explanato
23 Explosions B Bibliogr
24 Incendiary

25 Deaths and Injuries
26 Appliances
27 Vehicles
28 Wildfire
29 Complex
30 Marine
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2017 EDITION

Definitions: New

e Fire Area: The boundary of fire effects within a scene in
area of origin will be located. The fire area is characteri
identifying the border between damaged and undan
characterized by fire effects and patterns createc
and smoke.

e Thermodynamics: The branch of physi
relationship
between heat and other forms of

e Heat Transfer: The exchang
through conduction, con

g

IAAI Chapter W@ 47

)ciation of Fire Investigators



2017 EDITION

Definitions: New

e Active Fire Protection System: A system that uses moving
electrical parts to achieve a fire protection goal.

e Energy: Energy is a property of matter that is me
perform work, either by moving an object agair
heat.

soclation of Fire Investigators
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2017 EDITION

Definitions: New

e Explosible: A material with a pressure ratio (maximum

pressure/pressure at ignition, in absolute units) equal to ¢
2.0 in any test when tested using the explosibility or g
test described in Section 13 of ASTM E1226, Stands
Explosibility of dust Clouds.

e Explosion Dynamics: The detailed study ¢
science, the engineering disciplines of f
heat transfer interact to influence e

g
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2017 EDITION

Definitions: New

* Fire Effects: The observable or measurable changes in or
material as a result of a fire.

e *Hybrid Mixture: An explosible heterogeneous
gas with suspended solid or liquid particulate
flammable gas concentration is > 10 percer
limit (LFL) and the total suspended parti
percent of the minimum explosible cc

g
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2017 EDITION

Definitions: New

e Minimum Explosible Concentration (MEC): The minimums
of a combustible dust cloud that is capable of propagati
through a uniform mixture of the dust and air under
conditions of test.

e Passive Fire Protection System: Any portion
that provides protection from fire or smol
activation or movement

e Power: Power is a property of ¢
amount of energy that is emitt
Power is measured in joul
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2017 EDITION

Definitions: Revised

e Heat Flux: The measure of the rate of heat transfer to a
area, typically expressed in kW/m2, W/cm?2

e Incendiary Fire: A fire that is intentionally igni
circumstances where and when there should

sociation of Fire Investigators



2017 EDITION

Definitions: Revised

e Overload: Operation of equipment in excess of normal, full-
rating, or of a conductor in excess of rated ampacity that, v
persists for a sufficient length of time, would cause da
dangerous overheating. A fault, such as a short circui
is not an overload.
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2017 EDITION

Definitions: Revised

e Point of Origin: The exact physical location within the are c
where a heat source and a fuel first interact, resulting in
explosion.

e Radiant Heat: Heat energy carried by electrom
longer than visible light wave and shorter the
(electromagnetic radiation) increases the s
substance capable of absorbing the radi
objects.

g
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2017 EDITION

Definitions: Revised

e Scientific Method: The systematic pursuit of knowledge ir
the recognition and definition of a problem; the collectic
through observation and experimentation; anaIy5|s 0
formulation, evaluation and testing of a-hy
when possible, the selection of a final hypothes

g
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2017 EDITION

4.3.6 Testing the Hypothesis (deductive reasoning)

The investigator does not have a valid or reliable conclusion unless the
hypothesis can stand the test of careful and serious challenge. Testin
the hypothesis is done by the principle of deductive reasoning, i
investigator compares the hypothesis to all known facts as we
of scientific knowledge associated with the phenomena rele
specific incident. Testing of hypothesis should be designe
refute, the hypothesis. This may also be referred to as
hypothesis. Working to disprove a hypothesis occ
made to find all the data, or reasons, why the
or not true, rather than simply finding and re
hypothesis, or why the hypothesis is true
hypothesis can prevent “confirmation k
hypothesis or conclusion relies onl
Confirmation Bias). .....

g
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2017 EDITION

4.3.9* Confirmation Bias
Different hypotheses may be compatible with the same data. When usi
the scientific method, testing of hypotheses should be designed to
disprove the hypothesis (falsification of the hypothesis), rather t
relying only on confirming data that support the hypotheses..
bias occurs when the investigator relies exclusively on data
the hypothesis and fails to look for, ignores, or dismisse
non-supporting data. The same data may support alte
opposing hypotheses. The failure to consider alterr
hypotheses, or prematurely discounting seemi
without analysis and testing can result in incc
hypothesis can be said to be valid only wh
disprove the hypothesis. Disproving the
which all the evidence is compared
effort to find why the hypothesi

g
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2017 EDITION

4.3.6.1

Any hypothesis that is incapable of being tested either physica
analytically, is an invalid hypothesis. A hypothesis develope
absence of data is an example of a hypothesis that is in
tested. The inability to refute a hypothesis does not rr
hypothesis is true.

soclation of Fire Investigators
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4.3.7 Select Final Hypothesis
The final step in applying the Scientific Method is to Select the fina
hypothesis. Once the hypothesis has been tested, the investiga
review the entire process, to ensure that all credible data are
for and all feasible alternate hypotheses have been consid
eliminated. When using the Scientific Method, the fail
alternate hypotheses is a serious error. A critical que
is, “Are there any other hypotheses that are consi
The investigator should document the facts t
hypotheses to the exclusion of all other res

¥
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2017 EDITION

Chapter 5 Basic Fire Science
5.1.1 Fire and Energy. Fire is a rapid oxidation
process, which is an exothermic chemical reaction, resulting i
of heat and light energy in varying intensities. It is therefo
that the fire investigator understands the basic concep
and radiant heat flux, and how the units of measure
properties are used to describe the behavior of fi

g
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2017 EDITION

Chapter 5 Basic Fire Science
5.1.2 Energy. Energy is a property of matter that is manifest as an ¢
to perform work, either by moving over a distance or by transfer
Energy can be changed in form (e.g., from chemical to mechz
energy), or transferred to other matter, but it can neither
destroyed. Energy is measured in joules (J) or calories
Thermal Units (Btu). A joule is the heat produced wk
passed through a resistance of one ohm for one
required to move over a distance of one mete
newton. A calorie is the amount of energy r
temperature of 1 g of water by 1 °C (fron
4.184 J. A Btu is the quantity of heat r
one pound of water 1 °F at the pre
temperature of 60 °F; a British t
252.15 calories

g
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Chapter 5 Basic Fire Science
5.1.3 Power. Power is a property that describes energy released g
time. The same amount of energy is required to carry a load ug
stairs whether the person carrying it walks or runs, but mo
needed for running because the work is done in a shorte
Raising the temperature of a volume of water require
of energy whether the temperature increase take
in 10 minutes. Raising the temperature more ©
energy be transferred more quickly. Power i
second (J/s) or watts (W).

¥
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2017 EDITION

Chapter 5 Basic Fire Science
5.1.4 Heat flux. Heat flux is a property that describes the amour
power per unit area. A kilowatt spread over one square mete
approximately equal to the radiant heat flux outdoors on
that same kilowatt is concentrated using a magnifying g
spread over .05 m2 (500 cm2), there may be suffici
to that area to cause ignition of combustibles. He
kW/m2 or W/cm?2.

g
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2017 EDITION

Chapter 5 Basic Fire Science
5.2.3.4* Diffusion flames can only occur for certain concentration
mixture components. The lowest oxygen concentration in nitrog
termed the limiting oxygen index (LOI). For most fuel vapor
the range of 10 percent to 14 percent by volume at ordi
(Beyler 2002). Similarly, the fuel gas stream can be dil
or other inert gas to the extent where burning is no
example, methane diluted with nitrogen to belo
will not burn with air at normal temperature
compartment fire may behave like a large c
controlled compartment fire, oxygen co
at locations away from sources of ve
combustion within the compart

g
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2017 EDITION

Chapter 5 Basic Fire Science
5.3.9 Smoke production rates are generally less in the early pha
but increase greatly shortly before and with the onset of flash
flashover occurs. At the beginning of a fire, there is an ab
oxygen, but after flashover, the fire usually becomes sig
ventilated. This can be demonstrated by putting a glz
observing increased smoke production due to rec
volume surrounding the flame.

g
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Chapter 5 Basic Fire Science
5.5.5.3.4* Most fire science calculations involving
temperature require that specific units of temper
used (typically Kelvins or degrees Celsius). Itis i
understand the particular equation and knc
required to ensure accurate results.

¥
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2017 EDITION

Chapter 5 Basic Fire Science
5.10.2.7. If the air flow into the compartment is not suffi
to burn all of the combustibles being pyrolyzed by the
the fire will shift from fuel controlled (i.e., where
release rate of the fire depends on the amoun
involved) to ventilation controlled (i.e., wh
enfire—andthe-heat release rate is contre
of oxygen available). In a ventilation
gas layer will contain reduced oxyge
full room involvement can prod
pyrolysis products and carbor
oxygen (e.g., 0-5 percent

& ns@xample of a ventilatio

o
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Chapter 5 Basic Fire
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FIGURE 5.10.2.7 Postflashover or Full Room Involvement in a Typical Compartment Fire. Although pyrolysis can continue
throughout the compartment, flaming combustion will only occur where there is sufficient oxygen present. Depending on the
momentum of the entraining air, flaming combustion may occur within the ventilation stream at various depths into the
compartment.
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Chapter 6 Fire Patterns

6.2.11 Clean Burn. A clean burn is a distinct and visible fire effect g
apparent on non-combustible surfaces after combustible layer(s
soot, paint, and paper) have been burned away. A The effect n
where soot has failed to deposit because of high surface te
exposure to the surface can produce a clean area adjace
by products of combustion, as shown in Figure 6.2.1
Clean burn patterns produced by burning away o
direct flame contact or intense radiated heat.
subject to oxidation. The dark char of the pz
soot deposits, and paint can be oxidized &
carbon will be oxidized to gases and di
6.2.11(c).]

g
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Chapter 6 Fire Patterns
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Chapter 6 Fire Patterns

6.2.11.1 Although they can be indicative of intense heating in an a
burn areas by themselves do not necessarily indicate areas of ori
such patterns should be carefully examined. Clean burning t
ventilation will usually occur after the fire has become ven
Such late-developing patterns may be misleading in orig
Figure 6.2.11.1(A) and (B). The lines of demarcation
and darkened areas may be used by the investiga
fire spread or differences in intensity or time @
the direction of fire spread based on such p
a determination as to the likely mode o

g
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Chapter 6 Fire Patterns

6.3.3.2.5
Holes in floors may be caused by glowing combustion, radiatic
liquid, or ventilation/air entrainment as a result of gaps or
surface below a liquid remains cool (or at least below the
liguid) until the liquid is consumed. Holes in the floor f
liquids may result when the ignitible liquid has soas
accumulated below the floor level. Evidence otf
necessary to confirm the cause of a given pat

¥
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2017 EDITION

Chapter 6 Fire Patterns

IGNITABLE LIQUIDS

6.3.5.2* Research has shown that ignitable liguids generally b
than 90 seconds on smooth surfaces, and less than 5 minute
surfaces. Consequently, it is usually not possible for ignite
penetrations in horizontal surfaces.

A.6.3.5.2 For more information see Mealy, Benfer ¢
and Forensic Analysis of Liquid Fuel Fires, NCJ 2
NCJRS.gov

g
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2017 EDITION

Chapter 6 Fire Patterns

6.4.1.2.1
Every fire pattern in a fully involved compartment should be analy
determine whether it could have resulted from ventilation. Patte
be accounted for in terms of ventilation may provide little insi
behavior of the fire in its early stages.

on of Fire |

IAAI Chapter W@ 47



2017 EDITION

Chapter 8 Fire Protection Systems
e 8.1 - Introduction
e 8.2 - Documentation of Fire Protection Systems
e 8.3 - Fire Alarm Systems
e 8.4 - Water-Based Fire Suppressions Systems
e 8.5 - Non-Water-Based Fire Suppressions Systems
e 8.6 - Spoliation Issues

This chapter was completely reorganized wit
images added.

g
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Chapter 8 Fire Protection Systems

This chapter provides a basic understanding of active fire protect
which includes general information, key components, operati
installation parameters, data gathering, and analysis. Passi
systems are addressed in chapter 7. It is important to
of fire protection systems and their performance duri
to understand the role of the system and potentiz

¥
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2017 EDITION

Chapter 8 Fire Protection Systems

8.1.4 The documentation and analysis of active fire protection syst
needs the technical assistance of engineers or technical speciali
movement, manipulation, energizing, and de-engerizing of
components may result in the destruction of critical datz
may hinder the analysis and formulation of origin and
might be considered spoliation of evidence. Even i
investigator’s assignment does not include the a
systems, the documentation and analysis of
to other interested parties, so the preserv

g
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Chapter 9 Electricity
9.6.3.4 Ground Fault Circuit Interrupter (GFCI).
In newer installations, a GFCl is required for specific circuits, such as those serving
bathrooms, kitchens, and outside receptacles. All GFCls are required to have a k
test function for periodic testing. GFCls are required to trip when an imbalan
ma is detected. This level of current is deemed appropriate to avoid the ir
“let-go” of a live circuit. The GFCl is intended for bathrooms, patios, kit
locations where a person might be electrically grounded while nea
appliances.
9.6.3.4.1 Ground Fault Circuit Interrupter (GFCI). GFCls can kb
configurations:
(1) Portable GFCI. GFCI not connected to the buildings €
intended to provide GFCl protection — ground fault
instances where a GFCl is required but not provic
(2) Receptacle type. Electrical current is suppli
the GFCI. The GFCI provides ground fault p
that location and all duplex outlets locate
(3) Circuit breaker—type GFCls locatec
N_{gVides ground fault and overcur

8
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2017 EDITION

Chapter 9 Electricity
9.6.3.5 Arc Fault Circuit Interrupter (AFCI). AFCls are designed to mitigate
fires caused by arcing faults in home electrical wiring. The AFCI circuitr
continuously monitors current flow. AFCls use special circuitry to di
between normal and unwanted arcing conditions. Once an unwar
condition is detected, the control circuitry in the AFCI opens th
contacts, thus de-energizing the circuit and reducing the po
occur. An AFCI should not trip during normal arcing condi
occur when a switch is opened or a plug is pulled fron
Depending upon when the device was installed, NF
that a branch circuit supplying outlets or device
dining rooms, living rooms, parlors, libraries
recreation rooms, closets, hallways, laund

be protected by an AFCI.

g
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Chapter 9 Electricity

9.10.4.1: Overheating in Duplex Receptacles

Overheating of poor electrical connections in duplex receptacles can les
glowing connections [see Figure 9.10.4(d)]. Persistence of glowing cc
can produce distinct evidence including melted copper conductors
steel screw terminals [see Figure 9.10.4.1(a)], severed copper
near the screw head [see Figure 9.10.4.1(b)], and enlarged
severe corrosion [see Figure 9.10.4.1(c) ] . These types o
in appearance compared to melting and arcing event
exposure. Poor connections may also exist at the pc
blade contacts the internal receiver, or bus, of tk
investigator should also find evidence of a loc

g
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Chapter 9 Electricity

9.10.7 * Insulation Damage.

Electrical insulation is rated to withstand a certain maximum operating
voltage. If this voltage is exceeded, the insulation may break down (i.€
electric discharge could pass through the solid material, permanen
damaging it and causing a temporary fault path during the eve
materials are normally specified to resist voltages above the i
operating voltage, including a safety margin. However, me
the insulation is likely to reduce the dielectric breakdo
reduction is so large that the breakdown strength f
voltage, then a dielectric breakdown can be expe
may have a breakdown strength above the nc
below the voltage of some surges that migkt
will occur only when a surge of sufficie

g
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2017 EDITION

Chapter 9 Electricity

9.10.7.1 * Hammer Mis-Hits.
If a hammer is used to install electric cables, a mis-hit may occur w
installer strikes the cable instead of the staple with the hammer. T
result in difficult-to-see damage to the wire insulation. For son
dielectric strength of the damaged cable can become lowe
surge voltages. This can create arcs and a potential fire v
surge occurs, which could happen long after the origi

9.12.8.2 Lightning Bolt Characteristics.

Typical lightning channels have a core of ene
in. to % in.) in diameter, surrounded by a
superheated ionized air. Lightning ret
30,000 A and 45,000 A depending
Potentials can range up to 15,00C

g
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Chapter 9 Electricity

9.12.8.3.1
Lightning tends to strike the tallest object on the ground in the path of its discha
Lightning enters structures in four ways may strike any object that generates
successful upward-going streamer connecting with the dart leader genera
cloud. This may be the tallest object but could also be the perimeter of
not the tallest item on the structure. Lightning threats to a structure
following :
(1) By striking a metallic object like a TV antenna, a cupola, or
extending up and out from the building roof A direct strike t
attached to the structure, such as a TV antenna, air-condi
extending up and out from the building roof.
(2) By directly striking the structure A strike near a
internal conductors
(3) By hitting a nearby tree or other tall stru
building A direct strike to incoming cond
(4) By striking nearby overhead conduc
along the normal power lines A stril
& N&gltning currents onto conductc

AF]
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2017 EDITION

Chapter 9 Electricity
9.12.8.4 Lightning Damage.
Damage by lightning is caused by two characteristic properties: first, the
extremely high currents and energy in a lightning strike; and second
extremely high heat energy and temperatures generated in the ¢
electrical discharge. (A) through (D) are examples of these effec
(A) Occasionally a tree may be shattered by the explosive a
lightning stroke striking the tree and the heat immediate
being conducted deeper into the tree's heartwood wi
the moisture in the tree into steam, causing explosi
(B) Copper conductors not designed to carry the
lightning strike may be melted, severed, or cc
overcurrent effect of a lightning discharge
generate overvoltages that trigger po
sever conductors in one or numero
copper and aluminium conducto
& damaged by up to a 200,000 A

NSW

AF]
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Chapter 9 Electricity

9.12.8.4 Lightning Damage (cont)

(C) When lightning strikes a steel-reinforced concrete building, the ¢
may follow the steel reinforcing rods as the least resistive path . TF
energy may destroy the surrounding concrete with explosive fo
the reinforcing steel.

(D) Lightning can also cause fires by damaging fuel gas sys
appliance connectors have been known to have their
electrical currents induced by lightning and other f:
discharge. When gas lines are damaged, fuel ga
that caused the gas line to fail may also cause

¥
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FIGURE 9.10.4(b) Overheated Connections on Two-Pole
Circuit Breakers.

FIGURE 9.10.4(a) Overheated Connection on 208 V 3-Phase
Fuse Terminal.
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Chapter 11 Human Behavior

11.3.1.2 Cognitive Comprehension Limitations.

Cognitive comprehension limitations, which may affect an individua
to recognize and react appropriately to the hazards presented by
explosion incident, include age (as it relates to and mental con
level , level of rest, alcohol use, drug use ( legal or illegal) d
developmental disabilities, mental iliness, and inhalation
gases. These cognitive limitations are more likely to &
ability to accurately assess the hazards presented &
Often, such limitations account for delayed or in
such hazards. Children may fail to recognize
inappropriate response, such as hiding or
victim may be affected by multiple age
ignition period and carbon monoxid
should carefully assess all possibi

on of Fire Investigators
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Chapter 13 Safety

Change:
From
e MSDS (Material Safety Da
to
e SDS (Safety Da

ssociation of Fire Investigators
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Chapter 15 Planning

15.2.8.2
The investigator, the private-sector investigator in
should recommend to the client that they neec
identifiable interested parties who may have
the investigation of the inspection and gi
opportunity to participate or witness ¢
activities. (See Section 12.3 and AS
for Examining and Preparing lten
Involved in Criminal or Civil Li

g
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Chapter 16 Documentation

16.1 Introduction
16.1.1: The goal in documenting any fire or explosion investig
make an accurate recording of the investigation using mec
investigators to recall and communicate their observati
Common methods of accomplishing this goal include
photographs, video , diagrams, maps, overlays, a
surveys, digital and handwritten, notes, sketc
16.1.2: Thorough and accurate documentati
critical, because compilation of factual c
verify investigative opinions and con
resources to assist the investigato

g
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Chapter 16 Documentation

16.2 Photography
e 16.2.1 General

¢ 16.2.2 Timing

e 16.2.3 Basics

¢ 16.2.4 Understanding the Parts of a Camera
e 16.2.5 Lighting

e 16.2.6 Special Types of Photography
e 16.2.7 Video

e 16.2.8 Suggested Activities to Be Do
e 16.2.9 Photograph Tips

e 16.2.10 Presentation of Photo

g
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Chapter 16 Documentation

16.3 Note Taking (Note taking is a method of documentation ir
drawings and photographs.)

16.3.1 Forms of Incident Field Notes
16.3.2 Forms for Collecting Data
16.3.3 Dictation of Field Notes

16.4 Diagrams and Drawings

16.4.1 Types of Drawings

16.4.2 Selection of Drawings

16.4.3 Drawing Tools and Equipment
16.4.4 Diagram Elements
16.4.5 Drawings

16.4.6 Prepared Design and

¥
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16.3.2 Forms for
Table 16.3.2 Field Notes and Forms

Form Purpose
Fire incident field notes Any fire investigation to collect general incident data
Casualty field notes Collection of general data on any victim killed or injured
Wildfire field notes Data collection specifically for wildfire
Evidence form Documentation of evidence collection and chain of custody
Yehicle inspection form Data collection of incidents specifically involving motor vehicles
Photograph log Documentation of photographs taken during the investigation
Electrical panel documentation Collection of data specifically relating to electrical panels
Structure fire notes Collection of data concerning structure fires
Insurance information Documentation of insurance coverage for fire loss
Records/documents Documentary records considered in the investigation

Compariment fire modeling

)_

Collection of data necessary for comparment fire modeling
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16.4 Diagrams and Dra

Figure 16.4.2(d) Exploded Room Diagram Showing Damage Patterns, Sample Locations, and Photo Locations.

_)_
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2017 EDITION

Chapter 16 Documentation

16.5 Reports
The final step in the documentation of the investigatic
preparation and submittal of a report. The format
will depend on the needs of the organization o
investigation was performed. Therefore, no
here. However, for guidance on court- maz
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Chapter 16 Documentation

16.5 Reports

16.5.1 Purpose
The purpose of a written report is to document an accurate
reflection of the investigator’s findings. The report shou
data that the investigator can rely on to render any og
contain the investigator’s reasoning of how each @
report should meet the needs or requirements
Reports may be used for: improvement of p
similar future incidents, the basis for crimi
insurance claims, or simply documentz
A.4.3.6 of NFPA 1033 .)
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Chapter 16 Documentation

16.5 Reports
16.5.2 Report Organization

16.5.3 Descriptive Information

16.5.4 Opinions and Conclusions

16.5.5 Pertinent Facts

16.5.6 Reference to Methodology

When the investigator states that the scientif
Section 4.3 ) to determine origin and cau
sufficient detail to show that the met
not just cited.

g

IAAI Chapter W@ 47

oclation of Fire Investigators



2017 EDITION

Chapter 18 Origin Determination
This chapter recommends a methodology to follow in determining the
origin of a fire. The area of origin is defined as a structure, part of a
structure, or general geographic location within a fire scene, in
“point of origin” of a fire or explosion is reasonably believed t
The point of origin is defined as the exact physical location
of origin where a heat source and the fuel interact, res
explosion. The origin of a fire is one of the most img
an investigator develops and tests during the inve
origin cannot be determined, the cause canng
generally, if the correct origin is not identifi
determination will also be incorrect. The
of the fire is to identify in three dimer
began.

g
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Example of Applying the Scientific Method
to Origin Determination

Recognize the Need
A fire has occurred
The origin is unknown

Define the Problem
Determine the origin

» Collect Data
Basic site data

Determine pre-fire conditions

Documentation of post-fire conditions
Excavation, examination, and reconstruction of the scene

Witness statements and observations

Fire department information

Alarm, detector, and security data

> Analyze the Data
Pattern analysis
Identify ventilation-generated patterns
Heat and flame vector analysis
Origin matrix analysis
Depth of char and calcination surveys
Arc mapping
Event sequencing
Fire dynamics consideration
Building construction and occupancy considerations

v

» Develop a Hypotheses

Initial origin hypotheses
Working origin hypotheses
Alternate hypotheses

Test the Hypotheses
Is there a competent ignition source at the origin?
Does the origin explain the data?

Are contradictions resolved?

Does an alternate origin explain the data equally well?

Select Final Hypothesis
Area of origin
Point of origin
Origin insufficient to determine cause



2017 EDITION

Information Sources for Origin Determination

18.1.2 Determination of the origin of the fire involves the coordinatio
information derived from one or more of the following:

(1) Witness Information. and/or Electronic Data. The analysis of
observations reported by persons who witnessed the fire or v
conditions present at the time of the fire as well as the anc
electronic data such as security camera footage, alarm
other such data recorded in and around the time of
(2) Fire Patterns. The analysis of effects and patter
Chapter 6 .)

(3) Arc Mapping. The analysis of the locatior
caused damage and the documentation c
(see Section 9.10.)
(4) Fire Dynamics. The analysis of ti
chemistry of fire initiation and g
between the fire and the bui

g
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Chapter 18 Origin Determination

» 18.2.3 Sequential Pattern Analysis. The area of origin may be deter
by examining the fire effects and fire patterns. The surfaces of the fir
scene record all of the fire patterns generated during the lifetime
event, from ignition through suppression, although these patte
be altered, overwritten, or obliterated after they are produc
determining the origin of a fire is to determine the seque

patterns were produced. Investigators should strive tc
sequential data and, once collected, organize the ir
sequential format. Sequential data not only indi
the order in which it happened. One of the i
determining the sequence of pattern proc
pattern can be accounted for in terms
clean burning located next to, or di
probably was created after full rc
this pattern will offer little insi
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Chapter 18 Origin Determination
18.3.1.6 Structure Interior. On the initial assessment, investigators shc
examine all rooms and other areas that may be relevant to the
investigation, including those areas that are fire damaged or adj
the fire and smoke damaged areas. The primary purpose of ti
is to identify the areas that need more detailed examinatic
investigator should be observant of conditions of occug
methods of storage, nature of contents, housekeepi
maintenance. The type of construction, interior fi
should be noted. Areas of damage, and exten
(severe, minor, or none) should be noted. A
should attempt to identify which compa
(ventilation-controlled), and which di
compared with the damage seen ¢
the investigator should reassess

g
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Chapter 18 Origin Determination

18.4 Analyze The Data

18.4.1.6* Every pattern should be evaluated to determine whe
be accounted for in terms of ventilation. Ventilation-generate
may not be produced early in the fire. Patterns that canno
for in terms of ventilation are the patterns that require
A.18.4.1.6 For further information, see Cox, A., Origi
Systematic Methodology for the Assessment anc
Compartment Fire Damage. Fire and Arson In

g
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Chapter 18 Origin Determination

18.4.4.2 * Measuring Depth of Calcination.

The technique for measuring and analyzing depth of calcination should be
performed using a probe survey. The probe method requires that a sur
depth of calcination be undertaken by inserting a probe device, suc
in Figure 18.4.4.2(a) and Figure 18.4.4.2(b) , into the gypsum wallk
room of interest. Based on experimental data, it is recommende
have a blunt tip with no tapering shoulders. The cross-sectia
probe used should be relatively small. Cross-sectional are
work have ranged in size from 1.9 to 3.1 mm 2 (0.003 t
be 2 attached to a force gauge to ensure uniform p
tip during each measurement. The pressure reg
demarcation where calcined and virgin gyps
are generally consistent ranging from 800 t
should be taken to use approximately tt

are appropriate for both regular
NSi0-) gypsum wallboard.

AP
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Chapter 18 Origin Determination

18.4.4.2 * Measuring Depth of Calcination.

For lightweight gypsum wallboard, which is becoming increasingly preve
pressure should be used. When using this method the investigator s
the survey at regular lateral and vertical grid intervals along the s
involved wallboard, usually in increments of 0.3 m (1 ft) or less
made on either wall or ceiling installations of wallboard. Som
between depth of calcination and total heat exposure ha
can be used to enhance the information obtained from

¥
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Chapter 18 Origin Determination

18.4.7 Fire Dynamics

18.4.7.1* One of the most important fire dynamics consideration
availability of oxygen. If the area of origin becomes oxygen dep
result of full room involvement, there may actually be less ¢
the origin than elsewhere. The most severely damaged &
been damaged solely as a result of increased ventilatic
in the fire. Basing an origin determination solely o
has led to erroneous origin determinations in tes

A.18.4.7.1 For additional information see C
Understanding of Post-flashover Fire Be

g
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Chapter 18 Origin Determination
18.4.7.2* One tool a fire investigator may consider to account for the
history of the various fire patterns observed is to divide each com
into volumes, and then consider the extent of the damage exp
and at flashover, a short time after flashover, and a long tim
flashover, given an origin in each of the volumes. This a
called Origin Matrix Analysis.

A.18.4.7.2 For further information, see Cox, A.
Systematic Methodology for the Assessmen
Compartment Fire Damage. Fire and Arso

g
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Chapter 18 Origi

FHRE ORIGIN LOCATION
Quadrant 1 Quadrant 2

FIRE GROWTH
STAGE

Pre-Flashover

Short Duration
Post-Flashover

Long Duration
Post-Flashover
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18.6.1.3 Means of Hypothesis Testing

Ultimately, the investigator should be able to explz
growth and development of a fire, starting at t
origin, is consistent with the data.

soclation of Fire Investigators
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CHAPTER 19: CAUSE

19.1 Introduction. This chapter recommends a methodology to fol
determining the cause of a fire. Fire cause determination is the
identifying the first fuel ignited, the ignition source, the oxidi
and the circumstances that resulted in the fire. Fire cause
generally follows origin determination (see Origin Dete
Generally a fire cause determination can be conside
origin has been correctly determined.

g
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CHAPTER 19: CAUSE

19.1.1 FIRE CAUSE FACTORS
e First fuel ignited
e |[gnition source

e Oxidant

e |[gnition sequence

Heat

NSW

'AF NSW Association of Fire Investigators
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Exampls of Applying the Scientific Method
to Cause Determinatison

RAecognize the Meed
& fire has ocoocumad
The cause is unkniowm

|

De=fine the Probiam
The origin hes been detenmaned
Cstenmans the cause

|

= Collect Data
kdsritify fusks i area of crigin
Idenitify potential ignition sources
Identity owdizing agent
Idenishy circumstancses

}

e Analyze Data
Analyze fusl (igniticn temperaturs, guantity )
Anelyze igretion source ([femperature, sneargy, timms)
Anabire oxidizer, espacially H other than air
Analyze potential ignition seguences

3 Develop Causs Hypotheses
Separate hypothesis for sach potsniaal ignition sourcea
Corsider absant ignition sourcas
Propose a first fusl for esech ignition sowncs
Consider altemats hypotheses

'

Test the Hypothesas
Is {ior was) the hypothesized igniion source located at the ongin?
Can the hypothasized igniticn source igrste the first fusl?
Oid the hypothesized ignition sowrce have sufficient me?
Is the hypothesized cause consistent with all known facta 7
Are comredections resckhned 7
Ooe= another cause hypothesis explain the data sequally well?

Select Final Hypothesis
Ceu=s of the fire
List of potenial ceusss
In=afficient mformation o determine the causea
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CHAPTER 19: CAUSE

19.1 Introduction. This chapter recommends a methodology to fol
determining the cause of a fire. Fire cause determination is the
identifying the first fuel ignited, the ignition source, the oxidi
and the circumstances that resulted in the fire. Fire cause
generally follows origin determination (see Origin Dete
Generally a fire cause determination can be conside
origin has been correctly determined.

g
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CHAPTER 19: CAUSE

19.4.4.2.1 (Ignition Sequence)
In each fire investigation, the various contributing factors to igniti
be investigated and included in the ultimate explanation of the
sequence. These factors should include the following :
(1) How and sequentially when the first fuel ignited can
the appropriate shape, phase, configuration, anc
capable of being ignited {a-cempetentfuel);
(2) How and sequentially when the oxidant cam
form and quantity to interact with the fi
source and allow the combustion rea
(3) How and sequentially when the con
present and interact with the fuel;
(4) How and sequentially when
its heat energy to the fuel, ca

g
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CHAPTER 19: CAUSE

19.4.4.2.1 (Ignition Sequence)
(5) How safety devices and features designed to prevent fire fro
operated or failed to operate. (see Chapter 26 )

(6) How and sequentially when any acts, omissions, outside
conditions brought the fuel, oxidant, and competent igni
together at the time and place for ignition to occur;
(7) How the first fuel subsequently ignited any seco
successive fuels that resulted in any fire spread
location is not within the main area of fire de
hypothesis to be valid, the investigator shc
there was a viable fire spread mechani
propagation along which fire would

¥
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CHAPTER 19: CAUSE
19.4.4.3
Any determination of fire cause should be based on e
rather than on the absence of evidence; however
limited circumstances when the ignition source
identified, but the ignition sequence can be

g
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CHAPTER 19: CAUSE
19.4.4.3
This inference may be arrived at through the testing
alternate hypotheses involving potential ignitio
provided that the conclusion regarding the rer
sequence is consistent with all known fact

oclation of Fire Investigators
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CHAPTER 19: CAUSE
19.4.4.3 EXAMPLES
e Diffuse fuel explosions and flash fires.
e When ignitable liquid residue is found with
explanation.
e Multiple fires (origins)
e Trailers

g
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CHAPTER 19: CAUSE
19.5.1
Devices present at the origin which are either heat-
or are capable of heat production when they su
failure should always be placed on the list of ©
if, for some reason, they are easy to elimi

oclation of Fire Investigators

IAAI Chapter W@ 47



2017 EDITION

CHAPTER 19: CAUSE
19.5.2
The investigator should carefully consider potentia
ignition sources which do not correspond to a
physical device that can be recovered.

Given the lack of a physical device, othe
needed to establish the presence or
ignition source.

oclation of Fire Investigators
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CHAPTER 19: CAUSE
19.5.3
For each potential ignition source in the area of origi
be established that there existed a fuel or fuels, ir
appropriate form and configuration, for whic
ignition source could be considered a comg
source.

A cause hypothesis can be develog
being able to state specifically v
ignited.

)ciation of Fire Investigators
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CHAPTER 19: CAUSE
19.5.4
There may be multiple competent ignition sources i
of origin with a known first fuel.

A cause hypothesis can be developed in the
able to state specifically which of these
sources ignited the known first fuel.

oclation of Fire Investigators
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CHAPTER 19: CAUSE
19.6 TESTING THE CAUSE HYPOTHESIS
Each of the alternate hypotheses that were develog
tested using the scientific method. If one remaini
is tested using the “scientific method” and is ¢
probable, then the probable cause of the fi

oclation of Fire Investigators
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CHAPTER 19: CAUSE

19.6.4 Means of Hypotheses Testing
Scientific literature

*Fundamental principles of science
*Physical experiments or testing
*Cognitive experiments (Analytically apg
science)

*Time lines

*Fault trees

*Failure Analysis & Analyticz

oclation of Fire Investigators
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19.6.5 Appropriate Use of the Process of Elimination:
The process of elimination is an integral part of the scientific method. All potentia
ignition sources present, or believed to be present in the area of origin should b
identified and alternative hypotheses should be considered and challenged &
the facts. Elimination of a testable hypothesis by disproving the hypothesi
reliable evidence is a fundamental part of the scientific method. Howe
process of elimination can be used inappropriately. Identifying the i
by believing to have eliminated all ignition sources found, know
have been present in the area of origin, and for which no supg
exists, is referred to by some investigators as negative corp
ignition source must be based on data or logical inferenc
Negative corpus has typically been used in classifying
the process has also been used to characterize fire
negative corpus process is not consistent with
inappropriate, and should not be used beca
and may result in incorrect determinatior
ignited. Any hypotheses formulated fo
source, and ignition sequence), m
NSWferences that flow from those f

m evidence, observations _ :
ecuative inforimatiors o4 nhioted e A ole Bk V=g ol (el 6
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WHAT DOES THIS PARAGRAPH REALLY SAY

WHERES THE PR

ssociation of Fire Investigators
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St. of Wisconsin v. Joseph Awe

Circuit Court, Marquette County
In 2007, the defendant was convicted of arson with intent to def
September 2006 fire that destroyed a Wisconsin bar he ownec
defendant had served nearly all of his sentence before his ¢
vacated and a new trial granted in 2013.
A county circuit judge granted the new trial because t
in the case had used “negative corpus” to conclud
been incendiary because he could find no accid
between the defendant’s conviction and hi
was revised to say that negative corpus st
conclusion.

¥
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St. of Wisconsin v. Joseph Awe

Circuit Court, Marquette County
The defendant’s motion for a new trial included the grounds that t
“newly discovered evidence which to a reasonable probability
caused a jury to have a reasonable doubt as to his guilt.” The
specifically cited “a maturing development in the arson fi
bury the ‘negative corpus’ approach” from NFPA 921
18.6.5 as the new evidence upon which the new tri
2011, the scientific objections to the use of negs
strongly stated.
The 2011 Edition of 921 changed that, anc
existed at the time of the original trial,
the State’s expert witness who used
his conclusion of incendiary fire.

¥
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St. of Wisconsin v. Joseph Awe

Circuit Court, Marquette County
Because the case was “utterly dependent” on the expert’s opinic
was a “set fire” due to the absence of physical evidence of inc
circumstantial evidence of motive, and arguable “remova
(just as likely consumed by the fire)”, this new evidence
method created a reasonable probability that the jur
reasonable doubt as to the defendant’s guilt if th
available at the original trial. Therefore, the def
new trial ordered.

g
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19.6.5.1 CAUSE UNDETERMINED

In the circumstance where all hypothesized fire causes have bee
eliminated and the investigator is left with no hypothesis that is
by the facts of the investigation, the only choice for the inves
conclude that the fire cause, or specific causal factors, rer
undetermined.

That is, it is improper to opine a specific ignition sc
evidence to support it even though all other hyp
eliminated.

oclation of Fire Investigators
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19.6.5.1 CAUSE UNDETERMINED

The final opinion is only as good as the quality of the data used in
that opinion.

If the level of certainty of the opinion is only “possible” ¢
fire cause is unresolved and should be classified as “

The decision as to the level of certainty — rests

sociation of Fire Investigators
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Chapter 20 Classification of Fire Cause
e Classification of fire cause and responsibility were cor
into one chapter in previous editions. The combinati
two had lead to confusion about fire cause vs. clz
fire cause. The committee made the decision t
chapter in an attempt to eliminate the co

e The four classifications remained th

g
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Chapter 20 Classification of Fire Cause
Four Classifications of Fire Cause

e Accidental Fire Cause Classification
e Natural Fire Cause Classification

e Incendiary Fire Cause Classification
e Undetermined Fire Cause Classificati

soclation of Fire Investigators
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UNDETERMINED

20.1.4(B)

In the instance in which the investigator fails to iden
ignition source, the fire need not always be classif
undetermined. If the evidence established one
the use of an accelerant, the evidence ma
establish an incendiary fire cause classifi
other factors such as ignition source ¢

oclation of Fire Investigators
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Chapter 23 Explosions

23.9 Dust Explosions

- A% ey
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Chapter 24 Incendiary

24.3.2 Forced Entry.
Evidence of forced entry may be discovered by the investigat
door locks, windows, and other points of entry should be
examined for potential physical evidence. The investig
first responders and suppression personnel may fo
response to the fire. Forced entry may be eviden
be staged by the owner or occupant in an atte

¥
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Chapter 25 Death and Injuries

25.10.3 Pre-Fire Victim Impairment.

ssociation of Fire Investigators



2017 EDITION

Chapter 26 Appliances

26.5.2.3 Batteries.
Batteries are used for a wide variety of applications, including stationary anc
portable appliances. There are two types of batteries —primary and seco
Primary batteries are discharged once and reach end of life, whereas
batteries can be discharged and recharged repeatedly. Batteries are
variety of chemistries, each with their advantages and disadvan
chemistries are better suited for certain applications than ot
produced in a wide variety of designs and form factors, fo
can be interconnected in series or parallel combinations
which is housed in an enclosure that acts as a single
chemistry and the materials used in the battery, re
present in an appliance may be found after a fi
indicate whether they provided power for ig
connected to could be important. A batte
some materials under certain conditic
devices circuitry and/or safety me
nstattery from being concentratec

'& ition. . |
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Chapter 27 Vehicles

27.3.1.1 * Hot Surface Ignition.

27.4.1 Open Flames.

27.4.2.6 * Lamp Bulbs and Filaments.
27.4.2.6.1

27.5.3.3.4 * Arc Mapping

27.5.3.6 Engine Control Modules (ECMs).
27.5.4.4 Electric Motors.
27.8.1 General.
27.8.1.1

ssociation of Fire Investigators
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NFPA 921

It is not enough to just do a gooc
investigation!

You MUST be able to ARTIC
good investige
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How Lawyers Build the Case for Your Exc

— Expert not qualified to give the specifi
which the investigator intends to testif

methodology
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Task Groups for 2020 Edition:
Marine Chapter
Sources of Information Chapter
Fire Patterns Chapter 921
Wildfire Chapter U
Heating Systems and Explesion

Investigations
Canines 2017

NFPA
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