


�  This presentation will take you through the 
use of tools and technology solutions for 
fire scene investigations, excavation, 
documentation, and evidence preservation.  

� Many of the ideas to be presented are 
currently utilized in other industries, but 
have been found to be very useful in fire 
investigations.  

�  The goal of the presentation is to introduce 
the tools and technology and subsequently 
apply them to field scenarios. 



�  Standard for Professional  
 Qualifications for Fire Investigator 

�  Current edition is 2014 edition. 

�  The purpose of 1033 is to specify the minimum 
job performance requirements for serving as a 
fire investigator in both the private and public 
sectors. 



NFPA 1033 requires “up-to-date” knowledge at the post-secondary 
level, in 16 areas: 

 
1.Fire science        
2.Fire chemistry 
3.Thermodynamics      
4.Thermometry 
5.Fire dynamics        
6.Explosion dynamics 
7.Computer fire modeling      
8.Fire investigation 
9.Fire analysis        
10.Fire investigation methodology 
11.Fire investigation technology      
12.Hazardous materials 
13.Failure analysis and analytical tools     
14.Fire protection systems 
15.Evidence documentation, collection, and preservation 
16.Electricity and electrical systems 



�  Scene Examination   
�  Documenting the Scene  
�  Evidence Collection/ Preservation 
�  Interview 
�  Post-incident Investigation 
�  Presentations 



 
� Guide for Fire and Explosion 

Investigations 

� Current edition is the 2017 edition. 



� Chapter 16:  Documentation of 
the Investigation 

 
�  16.1.1 The goal in documenting any fire 

or explosion investigation is to make an 
accurate recording of the investigation 
using media that will allow investigators 
to recall and communicate their 
observations at a later date.  



�  Common methods of accomplishing this goal 
include: 

v  Photographs 
v  Video 
v  Diagrams 
v  Maps 
v  Overlays 
v  Audio recordings 
v  Laser surveys 
v  Digital and handwritten notes 
v  Sketches 
v  Reports. 



�  16.1.2  
�  Thorough and accurate documentation 

of the investigation is critical, 
     because compilation of factual data is 

necessary to support and verify 
investigative opinions and aid investigator 
in documenting the investigation 
conclusions.  

�  There are a number of resources to assist 
the investigator in documenting the 
investigation. 

 



�  16.3 Notetaking.  

� Note taking is a method of 
documentation in addition to drawings 
and photographs. 

 



�  The collection of data concerning an investigation is 
important in the analysis of any incident. 

  
�  The use of forms is                      in data collection; 

however, some forms have been developed to assist 
the investigator in the collection of data.  

 
�  These example forms and the information 

documented are   
 but instead provide a means to gather data that can be 

          so that a report 
can be prepared. 

 
 

 

not required 

not designed to constitute the report. 

helpful in reaching conclusions 



� Digital note taking that can be easily 
uploaded 

� Easily organized and reorganized 
� Graphing Paper for Diagrams  
 



�  The Applications HD Note Taker, 
GoodNotes, Notability, etc… can be 
used in the field with the use of the 
Apple Pencil to document the scene  

 





� Annex A of NFPA 921 contains sample 
field notes for both vehicle and structure 
fires that can be saved to PDF and 
opened directly in Good Notes, allowing 
the investigator to write directly on the 
forms.  

 
 
 



SAMPLE FIELD NOTES FROM ANNEX A 



SAMPLE FIELD NOTES FROM ANNEX A 



�  Software such as                        can also 
be used to generate custom forms. 

�  https://www.youtube.com/watch?
v=E6Uh8dPgRvk 

 
 
 

SmartDraw  



�  The forms can then be submitted via 
email or Dropbox and saved directly to 
digital file.   

 
 



� Hand grip and shoulder strap allows for 
trouble-free documentation and 
transportation. 

� Shockproof 
� Waterproof 



�  The Apple Pencil is a great tool to have, 
however I find that it can be easily lost. 
The following can be purchased to 
secure the pencil.  

�  Leeko Skin Case  
� Break away clip lanyard  



�  16.2.1 
  
     , which can be supplemented with   

      . Photographs are the most efficient and 
effective reminders of what the investigator saw while 
at the scene. Important items that were documented by 
photography may become more evident upon review of 
the photographs or videos. Photographs and video are 
necessary to substantiate the investigator’s 
observations. 

 
 

The fire scene should be documented using still 
photography  Video 
photography 



�  16.2.1.1: 
�  Investigators should be familiar with the 

photography and videography 
equipment and technology. Instruction 
and training in photography and 
videography can help familiarize the 
investigator with different photographic 
techniques and the capabilities of the 
equipment and technology. 



� Photography Instruments used: 
� Nikon D500 
� Olympus Tough   
�  360˚ Camera Theta Ricoh  
�  Faro 3D Laser Scanner 
� Skanect Handheld 3D Scanner 
� Portable X-ray XR200 
� Drone   



 
�  20.9MP DX format CMOS sensor without 

Optical Low Pass Filter & with EXPEED 5 
image processor 

�  Multi-CAM 20K Autofocus sensor with 153/99 
AF points 

�  ISO range of 100-51,200 expandable to Lo 1 
and Hi 5 (50 – 1,640,000 equivalent) 

�  Share images instantly with built-in 
SnapBridge (Wi-Fi® + Bluetooth) capabilities 

�  Shoot cinematic 4K UHD video 
 



�  Ultra HD 4K video.  
�  20fps Seq. Shooting (Electronic) 
�  Built in Wi-Fi 
�  High-Speed F2.0 Wide Angle Lens 
�  Microscope Modes 
�  12 Megapixel BSI CMOS Sensor 
�  Action Track Sensors record location, temperature, direction, 

and altitude data 
�  RAW Capture  
�  Anti-Fog Lens Glass 
�  Waterproof  
�  Shockproof  
�  Crushproof  
�  Freezeproof  
�  Dustproof 



�  360˚ Video and Photo Capable  
�  Full HD Video  
�  https://www.youtube.com/watch?

v=eByVYFmMcyc 



•  3D Laser Scanning preserves complete scenes in 3D 
for later analysis and courtroom presentations.  

•   Very high quality measurements in three dimensions 
•  An accuracy of +/- 2mm at 25m, providing you with a 

precise virtual copy of reality 
•   Client access to data through Webshare 2Go 
•   Overview map, 3D and 360 degree images of 

locations 



� Create a virtual reality walk-through of 
an property. 



� Allows you to examine tight, small 
spaces without causing alterations to the 
scene. 



•  Bosch measuring tools 
•  Leica measuring tools 
•  Dewalt measuring tools 
•  FARO Scan Localizer 
•  https://www.youtube.com/watch?v=Mf1y6_h3JUc 



�  Full aerial view which allows for overall 
documentation of large loss sites. 

�  https://www.youtube.com/watch?
v=JJPSSqMQajA 

 

 

 
 

https://www.faa.gov/uas/ 
 



�   Applications of thermal imaging include 
inspection of electrical equipment and 
distribution systems, water and moisture 
intrusion, energy losses and efficiency, 
heat exchangers, missing or damaged 
re-factory or insulation layers, etc…   



•  Infrared Thermal Imaging offers 
accurate data related to the problems 
that remain undetected using standard 
visual inspection and diagnostic 
techniques. It offers solutions to the 
problems that can not be seen with the 
naked eye which are clearly visible 
using thermal imaging. 





•  Volt Meters 
•  Omega Data Logger with 

Thermocouples 



�  17.2.2 The decision on what physical evidence to 
collect at the incident scene for submission to a 
laboratory or other testing facility for examination and 
testing, or for support of a fact or opinion,  

             This decision may be based on a 
variety of considerations, such as the scope of the 
investigation, legal requirements, or prohibition. (See 
Section 14.2.) Additional evidence may also be 
collected by others, including other investigators, 
insurance company representatives, manufacturer's 
representatives, owners, and occupants. The 
investigator should also be aware of standards and 
procedures relating to evidentiary issues and those 
issues related to spoliation of evidence. 

Rests with 
The investigator. 



� Gridding allows for accurate 
documentation during evidence 
collection 













GRIDDING WITH TAPE, STRING & NUMBERS 



DEBRIS SIFTING IN GRIDS  



�  18.4.3.1 Depth of Char Diagram. Lines 
of demarcation that may not be visually 
obvious can often be identified for 
analysis by a process of measuring and 
charting depths of char on a grid 
diagram. By drawing lines connecting 
points of equal char depth (isochars) on 
the grid diagram, lines of demarcation 
may be identified 



�  18.4.3.2 Measuring Depth of Char. 
Consistency in the method of measuring the 
depth of char is the key to generating reliable 
data. Sharp pointed instruments, such as 
pocket knives, are not suitable for accurate 
measurements because the sharp end of the 
knife will have a tendency to cut into the non-
charred wood beneath. Thin, blunt-ended 
probes, such as certain types of calipers, tire 
tread depth gauges, or specifically modified 
metal rulers are best.  



� Dial calipers with depth probes of 
round cross-section, shown in Figure 
18.4.3.2(a), are excellent depth of 
char measurement tools.  



� Dial Calipers with Depth Probes. 
�  Tire Tread Depth Gauges 
� Metal ruler  



� The same measuring tool should be 
used for any set of comparable 
measurements.  

� Consistent pressure for each  
measurement while inserting the 
measuring device is also necessary 
for accurate results. 



� Reciprocating saw for depth of char on 
wall studs 



�  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 survey of the depth of 
calcination be undertaken by inserting a 
probe device into the gypsum wallboard 
within the room of interest. 



CALCINATION CHAINS AND 
PROBES 



�  18.4.5  . Arc surveys (also known as arc 
mapping) is a technique in which the 
investigator uses the identification of arc 
locations or “sites” to aid in determining 
the area of fire origin.  



�  This technique is based on the 
predictable behavior of energized 
electrical circuits exposed to a spreading 
fire. The spatial relationship of the arc 
sites to the structure and to each other 
can be a pattern, which can be used in 
an analysis of the sequence in which the 
affected parts of the electrical system 
were compromised. 



�  18.4.5.3 Documenting Arc Sites. To 
document arc sites, attach visible 
markers such as colored ribbon, colored 
cable ties, or tape to the conductors and 
document using photographs or 
videotape.  





  Cow ear tags are used for 
identifying  outlets, switches, 
and junction boxes.  
 
 Use zip ties, ribbon, and pipe 

cleaners to color code circuits, 
etc.. 



� Should the need exist to take as 
evidence the proof of the arc survey, 
then one can  

            The relationship 
in space of the arc sites to those 
conductors that did not arc, and the 
individual arc sites, not the fire-damaged 
conductors taken out of context, are the 
significant evidence. 

Collect the electrical 
circuits in the structure. 



�  Collect Homeruns & Breakers.  
�  Trace w/ Volt Meter & Extension Cord 
�  Use post-its arrows to document breakers in 

panel before removal of breakers 



�  Arrows such as Post-Its can also be used 
to document the position of range control 
cams, gas piping connections, breaker 
positions, etc… 









POST-ITS FOR DECISION TREE 



� 10.9.8  Collection of Gas Piping. 
When collecting gas piping, steps should 
be taken to maintain evidentiary value. 
Screw junctions, unions, tees, or elbows 
should not be unscrewed or tightened in 
order to isolate a section. Doing so may 
destroy evidence of previously existing 
poor connections. Longitudinal witness 
marks should be placed on every joint and 
cut site to ensure accurate reconstruction 
of the spatial relationship of the piping. 



� Paint Marker or arrows to mark every 
junction, fitting, elbow, etc... Mark 
Orientations 



Preservation of Evidence 
�  17.3.1.1 Generally, the cause of a fire or 

explosion is not known until near the end of 
the investigation. Therefore, the evidentiary 
or interpretative value of various pieces of 
physical evidence observed at the scene 

  may not be known until, at, or near the end 
of the fire scene examination, or until the 
end of the complete investigation. 

  As a result, the entire fire scene should be 
considered physical evidence and should 
be  protected and preserved.  



   Consideration should be given to 
temporarily placing removed ash and 
debris into bags, tarps, or other suitable 
containers labeled as to the location 
from which it was removed. This way, if 
components from an appliance or an 
incendiary device are found to be 
missing they can be more easily found 
in a labeled container. 



�  17.3.6 Role and Responsibilities of 
the Fire Investigator. If the fire fighters 
have not taken the preliminary steps to 
preserve or protect the fire scene, then 
the fire investigator should assume the 
responsibility for doing so. Then, 
depending on the individual's authority 
and responsibility, the investigator 
should document, analyze, and collect 
the evidence. 



�  17.5.2.1 Physical evidence should be 
thoroughly documented before it is moved. 
This documentation can be best 
accomplished through field notes, written 
reports, sketches, and diagrams, with 
accurate measurements and photography. 
The diagramming and photography should 
always be accomplished before the 
physical evidence is moved or disturbed. 
The investigator should strive to maintain a 
list of all evidence removed and of who 
removed it. 



� NFPA 921 also references several 
ASTM standards.   

� ASTM standards are an additional 
means and methodology to ensure 
sound and scientific investigations. 



ASTM Standards on Evidence 
Documentation & Preservation  
�  American Society for Testing and  Materials’ 

Standard (ASTM) E 860, entitled Standard Practice 
for Examining and Testing Items That Are or May 
Become Involved in Litigation  

�  ASTM Standard E 1188, entitled, Standard Practice 
for the Collection and Preservation of Information  

�  ASTM Standard E 1459, entitled, Standard Guide for 
Physical Evidence Labeling and Related 
Documentation  

�  ASTM Standard E 1492, entitled, Standard Practice 
for Receiving, Documenting, Storing, and Retrieving 
Evidence in a Forensic Science Laboratory  



�  17.5.4 Collection of Evidence for 
Accelerant Testing. An accelerant is any 
fuel or oxidizer, often an ignitible liquid, 
used to initiate a fire or increase the rate of 
growth or speed the spread of fire. 
Accelerant may be found in any state— 
gas, liquid, or solid. Evidence for accelerant 
testing should be collected and tested in 
accordance with ASTM E1618, Standard 
Test Method for Ignitible Liquid Residues in 
Extracts from Fire Debris by Gas 
Chromatography–Mass Spectrometry. 



�  17.5.4.7 Canine Teams. Properly 
trained and validated ignitible liquid 
detection canine/handler teams have 
proven their ability to improve fire 
investigations by assisting in the location 
and collection of samples for laboratory 
analysis for the presence of ignitible 
liquids. The proper use of detection 
canines is to assist with the location and 
selection of samples. 



�  The advantages of using canines for fire investigations: 
  
•  Canines can detect the presence of ignitable liquid with 

increased sensitivity and accuracy. 

•   Canines can differentiate between natural 
hydrocarbons produced during combustion and 
hydrocarbons introduced intentionally. 

•   Canines can reduce the time an investigator spends 
on excavation and debris sampling. 

•   Canines can reduce the number of samples that 
require forensic testing. 



�  While canines are trained to detect the vapors from miniscule 
amounts of remaining ignitable liquid residues, it is best to 
follow-up a canine alert with verification by a hydrocarbon 
detector or PID.  

�  Hydrocarbon detectors and PIDs can detect minute 
concentrations of combustible and hazardous vapors. The unit 
uses a small vacuum pump to pull vapors from a sample into a 
chemical detector that is specifically designed to detect  and 
separate the hydrocarbon molecules from the accelerant 
vapors, providing a reading in ppm or ppb.  

�  Some detectable contaminants include: Gasoline, Acetone, 
Benzene, Hydrogen, Alcohol, Ethane, Isobutane, Methane, 
Hexane, and Propane 



�  17.10.2.1 Gas Chromatography-Mass 
Spectrometry (GC-MS). Most ignitible liquids are 
mixtures containing many different compounds. This 
test method separates the mixtures of compounds 
into their individual components by boiling point and 
then further analyzes the individual components that 
have been separated by providing data about the 
size of fragments (i.e., ions) that are produced in the 
mass spectrometer. Methods of GC-MS analysis are 
described in ASTM E1618, Standard Test Method for 
Ignitible Liquid Residues in Extracts from Fire Debris 
by Gas Chromatography–Mass Spectrometry. This 
method is useful for gas or liquid mixtures that can 
be vaporized without decomposition. 



•  Following a canine alert and/or identification by PID, a 
portable GC/MS unit can be utilized in the field to 
identify contaminants. 

•  The GUARDION utilizes high speed, high resolution 
gas chromatography and a miniaturized toroidal ion 
trap mass spectrometer to identify volatile and semi-
volatile organic compounds in complex gases, vapors, 
liquids and solids.  

•  The CUSTODION syringe with a SPME fiber collects 
and injects the sample into the instrument, while the 
CHROMION software ensures that its mass spectra 
can be used in conjunction with the NIST/EPA/NIH 
mass spectral libraries that will assist you in chemical 
identification. 

 





� Generations of fire investigators have 
used shovels, hoes, rakes, assorted 
hand tools, kitchen utensils, chopsticks, 
and gusset plates found in burned 
structures to layer through debris during 
scene excavation.  



�  Layering through the debris with any of 
these tools is a long, arduous, but 
necessary endeavor on most fire 
scenes. 



� According to NFPA 921, fire scene 
excavation (the examination, layering, 
and removal of debris) and 
reconstruction allows the investigator to 
expose patterns covered by debris, and 
to locate evidence that can assist in 
making an accurate origin 
determination.  



� Adequate debris removal is 
essential for a thorough fire 
investigation.  



� According to NFPA 921, layering is the 
systematic process of removing debris 
from the top down and observing the 
relative location of artifacts at the fire 
scene. 



�  Are there better tools to help me do a 
better job?    

 
  

Absolutely  



� Fire investigators must rely on 
more than shovels, rakes, and 
other hand tools to process a 
fire scene. 



� Mechanical sifters (vibratory screeners), 
sluicing machines, metal detectors, and 
wet dry vacuums are examples of tools 
that are available to aid in the 
investigation process of exposing and 
preserving evidence. 



� The use of vacuum systems is 
not new to the evidence 
collection/crime scene industry. 



� According to the book Forensic 
Anthropology, “The collection of 
microscopic material, from 
garments, motor vehicles, and 
other large objects by vacuuming, 
is another means of collecting 
trace material.” 



� Other industries that require 
excavation, or layering of debris, 
such as ship wreck salvage, also 
utilize vacuum type systems as 
excavation tools.  



� Ship wreck salvagers use an air 
lift system to move large volumes 
of sand.  

� https://www.youtube.com/watch?
v=rrj5zPXlydg 

 



� The air lift works because the air 
is forced through a hose to the 
lower end of pipe, causing this air 
to rush up the pipe towards the 
surface, causing a vacuum effect, 
which causes sand, mud, and 
small rocks to be sucked up the 
pipe. 

 



Archaeologists also use vacuum 
systems during excavation in order 
to preserve potential evidence. 



� Criminal investigators also utilize 
vacuum systems. 

 
� One example is the 3M® Trace 

Evidence Vacuum for the collection of 
trace evidence.  



�  This vacuum is an extremely powerful unit 
designed for high-efficiency collection of 
particulate evidence that meets law 
enforcement needs; making evidence 
collection easy, convenient, and safe. 



� Since other professions have 
embraced vacuum systems for 
evidence recovery, the question 
remains as to why this tool has 
found such limited use in fire 
investigations? 



�  The removal of debris with the use of a 
wet dry vacuum system exposes 
evidentiary items, such as fire damaged 
wires, electronic components, (and 
maybe even the paper match) without 
destroying, or damaging the items 
further.  



� NFPA 921 recommends that 
investigators should consider where 
debris will be placed during removal and 
that during the excavation of a scene 
there exists a danger of evidence 
destruction.  



�  The use of a vacuum system aids in 
addressing each of these areas and 
provides for the collection and 
preservation of evidence in accordance 
with 
ASTM E1188-11(2017) Standard 
Practice for Collection and Preservation 
of Information and Physical Items by a 
Technical Investigator. 



� The use of a vacuum system also 
aids in layering debris, rather 
than utilizing a shovel, or other 
crude implements, to complete 
the task.  

  



� Debris removal and collection with 
the use of a vacuum, rather than 
depositing the debris in other areas, 
also aids in exposing the varying 
degrees of damage within the area 
of origin, providing for improved 
documentation of measurable 
differences. 

  



Despite the obvious benefits of 
a vacuum system, it is not as 
simple as purchasing a 
vacuum, plugging it in, and 
vacuuming up the fire debris 
in a loss! 



Additional preparation and pre-
planning is required prior to 
the use of the system. 



As the majority of losses are 
without power, and a vacuum 
requires a power source to 
operate, it will be necessary 
for the investigator to have a 
power source, such as a small 
generator, available on the 
scene.  



q Screens of varying mesh size, such a 
¼”, ½”, and 5/8” should be available to 
place over the debris field you are 
layering through, or to cover the hose 
nozzle, to remove debris of varying 
sizes. 



q You can place a sifting screen, 
approximately 2’ x 2’ in size, over the 
debris and start drawing off the char and 
debris through the screen mesh, to 
expose possible evidence.  



q  The debris is secured (as well as the 
dust that use to fill the environment) 
within the filter bag, or canister of the 
vacuum system to be secured as 
evidence if deemed necessary. 



q Each bag of “captured” debris can be 
labeled, tagged, and secured for future 
inspection if necessary. 



� Vibrating agitators can be used to sift 
away unwanted debris while aiding in 
the collection of evidentiary items. 

�  https://youtu.be/3GhfhMbbCWs 











�  17.10.1.6 Laboratory Examination and 
Testing. A wide variety of standardized 
tests are available, depending on the 
physical evidence and the issue or 
hypothesis being examined or tested. 
Whenever possible, such tests should be 
performed and carried out by procedures 
that have been standardized by some 
recognized group. Such conformance 
better ensures that the results are valid and 
that they will be comparable to results from 
other laboratories or testing facilities. 



A key component to fire 
investigations is the ability to 
evaluate components in a 
laboratory environment with 
parties of interest to identify 
component failures and 
establish responsibility. 
 
The laboratory facility should be 
large enough to accommodate 
multiple parties, while providing 
the necessary equipment to 
conduct a thorough examination 
in a timely manner. 



•   A digital microscope is a necessary tool in fire investigations 
with regard to laboratory inspections because it allows many 
people to view a specimen at once. 

 
•   A digital microscope is a microscope that contains a small 

digital camera and is connected to a computer.  Once the 
microscope is connected to the computer, the images seen 
through the microscope’s eyepiece are also shown on the 
computer monitor and are saved on the hard drive for 
distribution to other parties and future use.  



�   Ultrasonic cleaners are used to clean 
many different types of objects such as 
wires and small electronic components.  



� X-Ray Technology affords 
investigators an opportunity to 
evaluate the internal components of 
devices for evidence of failure while 
avoiding potential spoliation issues for 
destruction of evidence 

 



�  16.2.10.1  
 -Computer based presentation programs 
such as PowerPoint and Keynote are 
often used to present photographs, 
video, and other documentary evidence. 



�  16.2.10.1.1  
 - Computer-based presentations provide 
the user with the ability to put drawings 
and images on the same slide, as well 
as to provide other highlighting or 
information that may enhance the 
observer's ability to understand 
relationships or information being 
presented. 



� Fire investigators are 
encouraged to “Think Outside 
the Box” and embrace new 
tools or methods for protecting 
and collecting evidence. 

 



� Methods for debris removal, 
excavation, and 
documentation that better 
protect fragile evidence can 
only make for better 
investigations, better 
investigators, and better 
outcomes. 

 




