
Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR119
(Entire Document)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Remove the following term and make appropriate edits globally throughout the document
"fast deflagrations"

Statement: This is consistent with other changes.

_______________________________________________________________________________________________
921    FR1
(1.3.5)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation:
1.3.5  This document is not intended as a comprehensive scientific or engineering text. Although many scientific and
engineering concepts are presented within the text, the user is cautioned that these concepts are presented at an
elementary level and additional technical resources, training, and education may often need to be utilized in an
investigation.

Statement: The committee made this change because technical resources include subject matter experts.

_______________________________________________________________________________________________
921    FR2
(Table 1.4 and 1.5 (New))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing Table 1.4 with attached Table 1.4, and add new section 1.5

*****insert table 1.4 here*******

1.5. Measurement Uncertainty. The reproducibility of measurements reported in this document guide may be very
high, such as density measurements of the density of pure substances, or more variable, such as when gas
temperatures, heat release rates, or event times in test fires are reported. Therefore, all reported measurements, or
factors in equations, should be evaluated to assess whether the level of precision expressed is appropriate or broadly
applicable.

Statement: This table now shows conversions in both directions.   The added text addresses the problem of excess
precision.
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  921/FR2fm/F13 

 
SI US 

Distance  
1 cm 0.394 in. 
2.54 cm 1 in. 
1 m 3.28 ft. 
0.305m 1 ft. 
Area  
1 cm2 0.155 in2 
6.45 cm2 1 in2 
1 m2 10.8 ft2 
0.093 m2 1 ft2 
Volume  
1 cm3 0.34 fluid oz. 
29.6 cm3 1 U.S. fluid oz. 
1 L 1.06 U.S. Qt. 
0.95 L 1 U.S. Qt. 
1 m3 35.3 ft3 
0.028 m3 1 ft3 
Mass  
1g 0.353 oz.  
28.25 g 1 oz.  
1kg 2.20 lb 
0.454 kg 1 lb. 
Density  
1 g/ cm3 8.35 lb/U.S. gal. 
0.12 cm3 1 lb/U.S. gal 
1 kg/m3 0.063 lb/ft3 
Flow  
1 L/sec 15.9 U.S. gal./min. 
0.063 L/sec 1 U.S. gal./min 
Pressure  
1 bar (750 mmHg) 14.5 lb./in2 
0.069 bar 1 lb/in2 (27.7 inches water column) 
1 kPa 0.145 lb/in2 
Energy  
1 J 9.48 X 10-4 Btu 
1055 J 1 Btu 
1 kJ 0.948 Btu 
Power  
1 kW 0.952 Btu/sec 
1.06 kW 1 Btu/sec. 
 



  921/FR2fm/F13 

Note: Converting from one system of measurement to another usually introduces 
additional significant figures to a value.  The converted values should be rounded off, so 
that they include no more significant figures than the original measured or reported values. 
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_______________________________________________________________________________________________
921    FR3
(2.3.5)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
2.3.5 ASTM Publications.
ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959.
ASTM D 56, Standard Test Method for Flash Point by Tag Closed Tester, 2005 (2010) 2002.
ASTM D 86, Standard Test Method for Distillation of Petroleum, 2011b 2007.
ASTM D 92, Standard Test Method for Flash and Fire Points by Cleveland Open Cup Tester, 2011 2002.
ASTM D 93, Standard Test Method for Flash Point by Pensky-Martens Closed Cup Tester, 2011 2002.
ASTM D 1230, Standard Test Method for Flammability of Apparel Textiles, 2010 2001.
ASTM D 1265, Standard Practice for Sampling Liquefied Petroleum (LP) Gases (Manual Method), 2011 2002.
ASTM D 1310, Standard Test Method for Flash Point and Fire Point of Liquids by Tag Open-Cup Apparatus, 2001
(2007).
ASTM D 1929, Standard Test Method for Determining Ignition Temperature of Plastics, 2011 2001.
ASTM D 2859, Standard Test Method for Flammability of Finished Textile Floor Covering Materials, 2006 (2011) 1993.
ASTM D 2887, Standard Test Method for Boiling Range Distribution of Petroleum Fractions by Gas Chromatography,
2008 2006.
ASTM D 3065, Standard Test Methods for Flammability of Aerosol Products, 2001 (2006).
ASTM D 3828, Standard Test Methods for Flash Point by Small Scale Closed Tester, 2009 2002.
ASTM D 4809, Standard Test Method for Heat of Combustion of Liquid Hydrocarbon Fuels by Bomb Calorimeter
(Precision Method), 2009a 2000.
ASTM D 5305, Standard Test Method for Determination of Ethyl Mercaptan in LP-Gas Vapor, 1997 (2007).
ASTM E 84, Standard Test Method for Surface Burning Characteristics of Building Materials,2011c 2003
ASTM E 108, Standard Test Method for Fire Tests of Roof Coverings, 2011 2000.
ASTM E 119, Standard Test Methods for Fire Tests of Tests of Fire Endurance of Building Construction and Materials,
2011a 2000
ASTM E 603, Standard Guide for Room Fire Experiments, 2007 2001.
ASTM E 648, Standard Test Method for Critical Radiant Flux of Floor-Covering Systems Using a Radiant Heat Energy
Source,2010 e1 2000.
ASTM E 659, Standard Test Method for Autoignition Temperature of Liquid Chemicals,1978 (2005) 2000

.ASTM E 681, Standard Test Method for Concentration Limits of Flammability of Chemicals, 2009 2001

.ASTM E 800, Standard Guide for Measurement of Gases Present or Generated During Fires, 2007 2001.
ASTM E860,  Standard Practice for Examining and Testing Preparing Items that are or May Become Involved in
Criminal or Civil Litigation, 2007 1982
ASTM E 906/E906M, Standard Test Method for Heat and Visible Smoke Release Rates for Materials and Products,
2010 1999.
ASTM E 1188, Standard Practice for Collection and Preservation of Information and Physical Items by a Technical
Investigator, 2011 1995.
ASTM E 1226, Test Method for Pressure and Rate of Pressure Rise for Combustible Dusts, 2010 2000.
ASTM E 1352, Standard Test Method for Cigarette Ignition Resistance of Mock-up Upholstered Furniture Assemblies,
2008a 2002
.ASTM E 1353, Standard Test Methods for Cigarette Ignition Resistance of Components of Upholstered Furniture,2008a
e1 2002.
ASTM E 1354, Standard Test Method for Heat and Visible Smoke Release Rates for Materials and Products Using an
Oxygen Consumption Calorimeter, 2011b 2003
.ASTM E 1387, Standard Test Method for Ignitible Liquid Residues in Extracts from Fire Debris Samples by Gas
Chromatography, 2001.
ASTM E 1459, Standard Guide for Physical Evidence Labeling and Related Documentation, 1992 (2005) 1998
.ASTM E 1618, Standard Guide for Ignitible Liquid Residues in Extracts from Fire Debris Samples by Gas
Chromatography–Mass Spectrometry, 2011 2001.
ASTM E 2067, Standard Practice for Full-Scale Oxygen Consumption Calorimetry Fire Tests (2008)

Statement: The committee updated these references to reflect the latest edition and deleted a withdrawn document.
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_______________________________________________________________________________________________
921    FR4
(2.3.9)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

2.3.9 UL Publications. Underwriters Laboratories Inc., 333  Pfingsten Road, Northbrook, IL 60062-2096.

ANSI/UL 263, Standard for Safety Fire Tests of Building Construction and Materials, 2003 2011.
ANSI/UL 969, Standard for Marking and Labeling Systems, 1995, revised 2008.  UL 1500, Standard for Safety Ignition
Protection Test for Marine Products, 1997, revised 2007.

Statement: The committee updated the references to the latest published documents.
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_______________________________________________________________________________________________
921    FR5
(2.3.11)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:  2.3.11  United States Federal Rules of Evidence as amended
through 2002 2011.
2.3.11 U.S. Government Publications. U.S. Government
Printing Office, Washington, DC 20402.
“Consumer Safety Act” (15 USC, Sections 2051–2084, and
Title 16, Code of Federal Regulations, Part 1000).
“Federal Food, Drug and Cosmetic Act” [15 USC, Section
321 (m), and Title 21, Code of Federal Regulations, Part 600].
“Flammable Fabrics Act” (15 USC, Sections 1191–1204 and
Title 16, Code of Federal Regulations, Parts 1615, 1616, and
1630–1632.
Hazardous Substances Act (15 USC, Section 1261 et seq.,
and Title 16, Code of Federal Regulations, Part 1500).
OSHA Regulations (Title 29, Code of Federal Regulations,
Part 1910).
Title 24, Code of Federal Regulations, Part 3280, “Manufactured
Home Construction and Safety Standards (HUD
Standard.)”
Title 29, Code of Federal Regulations, Part 1910, “Federal
Hazards Communication Standard.”
Title 33, Code of Federal Regulations, Part 173, “Vessel
Numbering and Casualty and Accident Reporting.”
Title 33, Code of Federal Regulations, Part 181, “Manufacturer
Requirements.”
Title 33, Code of Federal Regulations, Part 183, “Boats and
Associated Equipment.”
Title 46, Code of Federal Regulations, Chapter 1, subchapter
C, “Shipping.”
Title 49, Code of Federal Regulations, Part 129.625, “Fire Related
Human Behavior,” U.S. Fire Administration, 257, 1994.
Title 49, Code of Federal Regulations, Part 173, “General
Requirements for Shipments and Packagings.”
Title 49, Code of Federal Regulations, Part 178, “Shipping
Container Specifications.”
Title 49, Code of Federal Regulations, Part 192, “Transportation
of Natural and Other Gases by Pipeline Minimum
Safety Standards.”
Title 49, Code of Federal Regulations, Part 568, Vehicles
Manufactured in Two or More Stages.”
United States Federal Rules of Evidence as amended
through 2002.
U.S. Senate Committee on Government Operations, Chart
of the Organization of Federal Executive Departments and Agencies.

Statement: Update references.
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_______________________________________________________________________________________________
921    FR6
(2.3.12)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise 2.3.12 text to read as follows:2.3.12  Drysdale, D.  An Introduction to Fire Dynamics.
Chichester, UK: John Wiley and Sons, 1999 Third Edition 2011.
2.3.12 Other Publications. Babrauskas, V. Ignition Handbook.
Issaquah, WA: Fire Science and Technology, Inc., 2003.
Baumeister, T., E. A. Avallone, and T. Baumeister III. Mark’s
Standard Handbook for Mechanical Engineers, 10th edition. New
York, NY: McGraw-Hill, 1996.
Beyler, C. “Flammability Limits of Premixed and Diffusion
Flames.” In SFPE Handbook of Fire Protection Engineering, ed. P.
DiNenno. Quincy, MA: National Fire Protection Association,
2002.
Braisie, N., and N. Simpson. “Guide for Estimating Damage,”
Explosion Loss Prevention, 1968.
Bull, J. P., and J. C. Lawrence. “Thermal Conditions to Produce
Skin Burns,” Fire and Materials 3(2) (1979): 100–05.
Bustin,W. M., andW. G. Duket. Electrostatic Hazards in the Petroleum
Industry. London, UK: Research Studio Press, July 1983.
Cole, L. The Investigation of Motor Vehicle Fires:AGuide for Law
Enforcement, Fire Department and Insurance Personnel, 3rd ed. Lincoln,
NE: Lee Books, 1992.
Coltharp, D. R. “Blast Response Tests of Reinforced Concrete
Box Structures,” Department of Defense, 1983.
Crowl, D. A., and J. F. Louvar. Chemical Process Safety, 2nd
ed. Englewood Cliffs, NJ: Prentice Hall, 2001.
Derkson, W. L., T. I. Monohan, and G. P. deLhery. “The
Temperature Associated with Radiant Energy Skin Burns,”
Temperature—Its Measurement and Control in Science and Industry
3(3) (1963): 171–75.
Douglas, J. E., A.W. Burgess, and R. K. Ressler. Crime Classification
Manual. New York, NY: Lexington Books, 1992.
Drysdale, D. An Introduction to Fire Dynamics. Chichester,
UK: John Wiley and Sons, 1999.
Drysdale, D. “Fire Dynamics,” ISFI Proceedings, International
Symposium on Fire Investigation Science and Technology. Sarasota,
FL: National Association of Fire Investigators, 2006.
Fang, J. B., and J. N. Breese, Fire Development in Basement
Rooms. Gaithersburg, MD: National Institute of Standards and
Technology, 1980.
Garner, B. A., and H. C. Black. Black’s Law Dictionary, 7th
ed. Saint Paul, MN: West Publishing Company, 1999.
Gieck, K., and R. Gieck. Engineering Formulas. New York,
NY: McGraw-Hill, 1997.
Gottuck & White, Liquid Fuel Fires SFPE Handbook of Fire Protection
Engineering, NFPA, 2002.
Grant, G., and D. Drysdale. “Numerical Modeling of Early
Flame Spread in Warehouse Fires,” Fire Safety Journal 24(3)
(1995): 247–78.
Guide to Plastics (Plastics Handbook). New York, NY: McGraw-
Hill, 1989.
Kennedy & Shanley, Report on the USFA Program for the
Study of Fire Pattern, Interflam ’96 Proceedings.
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Hagglund, B., and S. Persson, An Experimental Study of the
Radiation fromWood Flames. FOAReport C 4589-D6(A3). Stockholm,
Sweden: Forsvarerts Forskningsanstalt, 1976.
Hilado, C. J. Flammability Handbook for Plastics, 4th ed. Lancaster,
PA: Technomic Publishing, 1990.
Krasny, J. Cigarette Ignition of Soft Furnishings — A Literature
Review With Commentary. Washington, DC: Center for Fire Research,
National Bureau of Standards, June 1987.
Kransny, J., W. Parker, and V. Babrauskas. Fire Behavior of
Upholstered Furniture and Mattresses. Park Ridge, NJ: Noyes Publications,
2001.
LaPointe, N., C. Adams, and J. Washington. “Autoignition
of Gasoline on Hot Surfaces,” Fire and Arson Investigator, 2005.
Lattimer, B. “Heat Fluxes from Fires to Surfaces,” in SFPE
Handbook of Fire Protection Engineering, ed. P. DiNenno. Quincy,
MA: National Fire Protection Association, 2002.
Lawson, J. An Evaluation of Fire Properties of Generic Gypsum
Board Products (NBSIR 77-1265). Washington, DC: NIST, Center
for Fire Research, 1977.
Lee, B. T. Heat Release Rate Characteristics of Some Combustible
Fuel Sources in Nuclear Power Plants.
Lees, F. Loss Prevention in the Process Industries. Boston, MA:
Butterworth-Heinemann, 1996.
Lide, D. R., ed. Handbook of Chemistry and Physics, 71st ed.
Boca Raton, FL: CRC Press, 1990–1991.
McGrattan, K., A. Hamins, and D. Stroup. Sprinkler, Smoke
and Heat Vent, Draft Curtain Interaction: Large Scale Experiments
and Model Development. Technical Report NISTIR 6196-1.
Gaithersburg, MD: National Institute of Standards and Technology,
1998.
McRae, T. G., H. C. Goldwire, W. J. Hogan, and D. L. Morgan.
“Effects of Large-Scale LNG/Water RPT Explosions,” Department
of Energy, 1984.
Merriam-Webster’s Collegiate Dictionary, 11th edition,
Merriam-Webster, Inc., Springfield, MA, 2003.
National Propane Gas Association Bulletin T133. Purging
LP-Gas Containers. Washington, DC: NPGA, 1989.
Orloff, L., J. deRis, and G. Markstein. “Upward Turbulent
Fire Spread and Burning of Fuel Surface,” Fifteenth Symposium
(International) on Combustion. Pittsburgh, PA: The Combustion
Institute, 1994, pp. 183–92.
Quintiere, J. “Surface Flame Spread.” In SFPE Handbook of
Fire Protection Engineering, ed. P. DiNenno. Quincy, MA: National
Fire Protection Association, 2002.
Saito, K., J. G. Quintiere, and F. A. Williams. “Upward Turbulent
Flame Spread,” Fire Safety Science. International Association
for Fire Safety Science, 1986. Proceedings, 1st International
Symposium. C. E. Grant and P. J. Pagni, eds. New York, NY:
Hemisphere Publishing Corp., pp. 75–86.
Snyder, E. Health Hazard Evaluation Report 2004–0368–
3030, Bureau of Alcohol, Tobacco, Firearms and Explosives,
Austin, TX, January 2007.
Society of Fire Protection Engineers. SFPE Handbook of Fire
Protection Engineering, ed. P. DiNenno. Quincy, MA: National
Fire Protection Association, 2002.
Stoll, A., and L. C. Greene. “Relationship Between Pain and
Tissue Damage Due to Thermal Radiation,” Journal of Applied
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Physiology 14 (1959): 373–83.
Stoll, A., and M. A. Chianta. “Method and Rating System for
Evaluation of Thermal Protection,” Aerospace Medicine 40
(1969): 1232–38.
Thomas, P. “The Growth of Fire-Ignition to Full Involvement.”
In Combustion Fundamentals of Fire, ed. G. Cox. London,
UK: Academic Press, 1995.
Wood, P. G. Fire Research Note #953. Borehamwood, UK:
Building Research Establishment, 1973.
Wu, P., L. Orloff, and A. Tewarson. “Assessment of Material
Flammability with the FG Propagation Model and Laboratory
Test Methods,” Thirteenth Joint Panel Meeting of the UJNR
Panel on Fire Research and Safety, Gaithersburg, MD, 1996.

Statement: This updates the reference to the latest edition.

_______________________________________________________________________________________________
921    FR156
(3.3 Arc Site)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new definition:
3.3.X Arc Site. The location on a conductor with localized damage that resulted from an electrical arc.

Statement: The committee believes the addition of this definition provides clarity.

_______________________________________________________________________________________________
921    FR7
(3.3 Calcination of Gypsum)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new definition
3.3.x  Calcination of Gypsum.  Changes that occur in gypsum products, including wallboard, as a result of exposure to
heat.

Statement: The committee believes that this definition is needed in this section of the document but chose to reword
the proposed wording for editorial clarity.

_______________________________________________________________________________________________
921    FR8
(3.3 Empirical data)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: add new definition
3.3.X  Empirical data.  Factual data that is based on actual measurement, observation, or direct sensory experience
rather than on theory.
Statement: The committee felt that this definition is needed in this section of the document but chose to reword the
proposed wording for editorial clarity.
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_______________________________________________________________________________________________
921    FR9
(3.3 First Fuel Ignited)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 3.3.X  First Fuel Ignited. The first fuel ignited is that which first sustains combustion beyond the
ignition source.
Statement: The committee felt that this definition is needed in this section of the document for editorial clarity.

_______________________________________________________________________________________________
921    FR163
(3.3 Hostile Fire)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new definition as follows

Hostile Fire.  Any instance of destructive and uncontrolled combustion.

Statement: The committee believes it is important to define this term.

_______________________________________________________________________________________________
921    FR10
(3.3 Thermometry)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new definition:
3.3.X Thermometry.  The study of the science, methodology, and practice of temperature measurement.
Statement:  The committee believes adding a definition will be helpful to the fire investigator because the term
is used in the document.

_______________________________________________________________________________________________
921    FR155
(3.3 Trailer)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new definition:
3.3.x Trailer: Solid or liquid material used to intentionally spread or accelerate the spread of a fire from one area to
another.

Statement: The committee believes the addition of this definition provides clarity.

_______________________________________________________________________________________________
921    FR157
(3.3.2 Accelerant)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

3.3.2 Accelerant. A fuel or oxidizer, often an ignitable liquid, intentionally used to initiate a fire or increase the rate of
growth or spread of fire.

Statement: The committee believes the revised text provides clarity.
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_______________________________________________________________________________________________
921    FR158
(3.3.27 Clean Burn)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise as follows:
3.3.27 Clean Burn. A fire pattern effect on surfaces where soot has been burned away or failed to be deposited because
of high surface temperatures.

Statement: The committee modified this definition for clarity.

_______________________________________________________________________________________________
921    FR159
(3.3.40 Density)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise definitions to read as follows:
3.3.40* Density. The weight mass of a substance per unit volume, usually specified at standard temperature and
pressure. The density of water is approximately 1 gram per cubic centimeter. The density of air is approximately 1.275
grams per cubic meter
Statement: The second and third sentence is reflected in the annex.

_______________________________________________________________________________________________
921    FR161
(3.3.84 Full Room Involvement)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise as follows:
3.3.84* Full Room Involvement.  Condition in a compartment fire in which the entire volume is involved in fire.
combustion of varying intensities.

Statement: the committee believes the definition more clearly defines the term.

_______________________________________________________________________________________________
921    FR162
(3.3.103 Incendiary Fire)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 3.3.103 Incendiary Fire Cause.  A deliberately ignited, hostile fire. A classification of the cause of a
fire that is intentionally ignited under circumstances in which the person igniting the fire knows the fire should not be
ignited.

Statement: The committee revised the definition of incendiary fire to include the term hostile fire and added a definition
of hostile fire.
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_______________________________________________________________________________________________
921    FR164
(3.3.144 Scientific Method)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise as follows:
3.3.144 Scientific Method.  The systematic pursuit of knowledge involving the recognition and formulation the definition
of a problem, the collection of data through observation and experimentation, analysis of the data, and the formulation,
evaluation, and testing of a hypothesis hypotheses.

Statement: The committees definition is consistent with Chapter 4

_______________________________________________________________________________________________
921    FR11
(4.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
4.2. Systematic Approach.  The systematic and thorough approach recommended is that of is based on the scientific
method, which is used in the physical sciences.  This method provides for the an organizational and analytical process
that is desirable and necessary in a successful fire investigation.

Statement: The revised text provides clarification of the concept.
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_______________________________________________________________________________________________
921    FR12
(4.3.6, 4.3.6.1 (New))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 4.3.6* Test the Hypothesis (Deductive Reasoning). The investigator does not have a valid or
reliable conclusion hypothesis unless the hypothesis can stand the test of careful and serious challenge. Testing of the
hypothesis is done by the principle of deductive reasoning, in which the investigator compares the his or her hypothesis
to all the known facts as well as the body of scientific knowledge associated with the phenomena relevant to the specific
incident. A hypothesis can be tested physically by conducting experiments, analytically by applying accepted scientific
principles, or by referring to scientific in “thought experiments.” research. When relying on experiments or the research
of others, the investigator or analyst must ensure that the conditions, and circumstances, and variables of the research
and those of the hypothesis are sufficiently similar. Whenever the investigator relies on previously conducted research
as a means of hypothesis testing, references to the research relied upon should be noted. acknowledged and cited.If the
hypothesis cannot be supported is refuted or not supported, it should be discarded and alternate hypotheses should be
developed and tested. This may include require the collection of new data or the reanalysis of existing data. The testing
process needs to be continued until all feasible hypotheses have been tested and one is determined to be uniquely
consistent with the facts, and with the principles of science. If no hypothesis can withstand an examination by deductive
reasoning, the issue should be considered undetermined.

4.3.6.1* Any hypothesis that is incapable of being tested either physically or analytically, is an invalid hypothesis.  A
hypothesis developed based on the absence of data is an example of a hypothesis that is incapable of being tested.
The inability to refute a hypothesis does not mean that the hypothesis is true.

4.3.6.2 In another example, if a hypothesis proposes that a specific make and model of a portable space heater is (or is
not) capable of a portable space heater is (or is not) capable of igniting a cardboard box, of a specific type, located at a
specific distance as determined from the data at the fire scent, this hypothesis may have to be tested experimentally.
The exception to experimental testing is where there exists research with similar variables as those conditions and
circumstances of the actual fire scene (e.g., energy and temperature from the same or similar heater, similar
construction of the cardboard box., measurements at similar distances between the heater and the box, height and
orientation of the box). In this example, the mere finding of the maximum temperature of the heater and the ignition
temperature of the cardboard box may not be sufficient to say the hypothesis was tested, or more importantly that the
results of the analysis are valid and reliable.
4.3.6.3 Whenever Whatever the investigator relies on as a means of hypothesis testing, references to the relied upon
method should be acknowledged and citesd.
4.3.6.4 If the hypothesis is refuted or not supported, it should be developed and tested. This may require the collection
of new data or the analysis of existing data. When a conclusion is determined to be uniquely consistent with the facts
and with the principles of science the conclusion is confirmed. If no hypothesis can withstand an examination beby
deductive reasoning, the issue should be considered undetermined.

Statement: The committee believes the changes to the text better clarifies the intent of the committee and the
discussion.
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_______________________________________________________________________________________________
921    FR13
(4.3.9)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 4.3.9* Confirmation Bias. Different hypotheses may be compatible with the same data. When using
the scientific method, testing of hypotheses should be designed to disprove the hypothesis (falsification of the
hypothesis). Confirmation bias occurs when the investigator instead tries to prove the hypothesis. This can result in
failure to consider alternate hypotheses, or prematurely discounting of seemingly contradictory data without an
appropriate assessment.  A hypothesis can be said to be valid only when rigorous testing has failed to disprove the
hypothesis.

Statement: The addition of the words to the parenthesis in the second sentence is to distinguish the falsification of the
hypothesis from the falsification of the test results, a distinction the committee believes needs to be made.  Also, data
may support but not prove a hypothesis.

_______________________________________________________________________________________________
921    FR14
(5.1.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 5.1.1* General.  The fire investigator should have a basic an understanding of ignition and
combustion principles and should be able to use them to help in the interpretation of evidence at the fire scene and in
the development and testing of conclusions hypotheses regarding the origin and causes: cause of the a fire. The body of
knowledge associated with combustion and fire easily fills several textbooks. The discussion presented in this chapter
should be considered introductory. The user of this guide is urged to consult the reference material listed in Annex A
and Annex C for additional details.
Statement: Hypothesis is a better term here than conclusions.

_______________________________________________________________________________________________
921    FR15
(Figure 5.2.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Make revisions to Figure 5.2.2 as follows:
The figure provides useful information about the various kinds of processes that materials undergo when heated, but the
labels at the bottom will be changed from Physical change to Physical Phase change and from Physical/chemical
change to Decomposition (chemical) change, and the spacing will be increased.

***insert new figure***

Statement: The figure provides useful information about the various kinds of processes that materials undergo when
heated, but the labels at the bottom will be changed from Physical change to Phase (physical) change (physical) and
Physical/chemical change to Decomposition (chemical) change, and the spacing will be increased.
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_______________________________________________________________________________________________
921    FR16
(5.2.3.2 through 5.2.3.2.5)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 5.2.3.2 Gaseous Fuels In premixed flames not all mixtures of fuel and oxidizer can burn. The
lowest and highest concentrations of fuel in a specified oxidant are known as the lower and upper flammability limits,
also known as the lower and upper explosive limits (LEL and UEL). In order for flammable gases and the vapors of
ignitable liquids to ignite, they must be mixed with a sufficient amount of oxidizer (typically atmospheric oxygen) to allow
the combustion reaction to occur. The percentage of the mixture of gaseous fuel to air by volume at standard
temperatature and pressure must be within a specific range in order for combustion to occur. This is known as the
flammable or explosive range of the specific fuel.

5.2.3.2.1 Flammable/Explosive Range.  The flammable or explosive range of a fuel is expressed as a percentage of
ignitible gas or vapor in air by volume. In this context, the words "flammable" and "explosive" are interchangeable. The
flammable or explosive range is particular to the fuel involved. Each ignitible gas or vapor has its own range or limits of
flammability.

5.2.3.2.2  Lower Explosive Limit (Lower Flammable Limit)  The minimum percentage of fuel in air (by volume) in which
combustion can occur is the lower explosive limit or (LEL) of the material. In a mixture that is below its LEL, no
combustion will occur. This is because below the LEL there are insufficient fuel molecules in the mixture. The mixture
can be said to be "too lean."

5.2.3.2.3  Upper Explosive Limit (Upper Flammability Limit)  There is also a maximum percentage of fuel in air (by
volume) in which combustion can occur. This is called the upper explosive limit or (UEL). This is because above the
UEL combustion will not occur because there are insufficient oxygen molecules in the mixture. These mixtures can be
said to be "too rich."

5.2.3.2.4 For example, the lower and upper flammable limits of methane are 5 percent and 15 percent, respectively, in
air at ordinary temperatures. At concentrations below 5 percent and above 15 percent methane, methane will not burn in
air at ordinary temperatures. In situations where the UEL is exceeded, there is often a point where the concentration of
the gas drops off due to diffusion, and combustion can take place. Consequently, considerations of the UEL are usually
only relevant in the case of a closed container or a location close to a fuel source before significant mixing with air
occurs.

5.2.3.2.5 The difference between the lower and upper limits is called the flammable or explosive range. The extent
(width) of the flammable or explosive range of a material, as well as its LEL and UEL, are among the properties that
describe the fire hazard of a material. For example, the flammable range of hydrogen is 71 percent (4 percent to 75
percent). When considering the fire hazard of ignitable gases and vapors, the lower the LEL, the higher the UEL, and
the wider the flammable or explosive range: the greater the fire hazard of the fuel material.

Statement: The Committee clarified the existing 5.2.3.2 by detailing the requirements of flammable gases and vapors
to ignite typically with atmospheric oxygen.  The committee also provided detailed descriptions of flammable/Explosive
range, lower explosive limit, and upper explosive limit.
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_______________________________________________________________________________________________
921    FR21
(Table 5.5.2.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace last column of Table 5.5.2.3 with the following:

1301 × 106

1.34 × 10
6

– 2.83 × 10
6

0.581 × 106

0.324 ×106

0.255 × 10
6

0.625 × 106

0.145 × 106

0.235 × 10
6

0.000952 × 106

Statement: This presentation allows for easier comparison of the values of different materials.

_______________________________________________________________________________________________
921    FR17
(5.5.3.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 5.5.3.3 Convection heat transfer occurs by two mechanisms,
natural and forced convection. In forced convection, the velocity
of the gas flowing over the material is externally imposed
(e.g., by a fan). In natural convection, the velocity of the
gas flowing over the material is the result of buoyancy-induced
flows associated with the temperature difference between the
surface and the gas. Heat transfer from a hot surface in a quiescent
environment is by natural convection. The hot gas
plume above the hot surface results from the high temperature
of the hot surface relative to the environment. Conversely,
when that plume reaches a sprinkler at the ceiling,
heat transfer is by forced convection. The flow of hot gases
over the sprinkler is externally imposed by the hot gas plume
or ceiling jet and is not created by the sprinkler itself.

Statement: The presence of a sprinkler is not relevant to the discussion.

14Printed on  8/24/2012



Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR18
(5.5.5 through 5.5.5.3.4, Table 5.5.5.3.3  (New) )
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new material as follows:
5.5.5* Thermometry Thermometry is the study of the science, methodology, and practice of temperature
measurement.  Though thermometry is seldom, if ever, needed at the fire scene, it is frequently used during the
postscene analysis, or in cases of fire safety or code compliance, in which the various physics or thermodynamic
formulae present themselves.

5.5.5.1 There are several systems for measuring degrees of temperature and the relative hotness and coldness of a
substance.  These systems can be described in two general categories: empirical temperature scales and
thermodynamic temperature scales.

5.5.5.2 Empirical Temperature Scales
The Fahrenheit and Celsius (Centigrade) scales are the most familiar empirical temperature scales.. The size of a
degree of temperature in each empirical system is based upon the relative temperatures at which water boils and
freezes and other empirical comparisons.

5.5.5.2.1 Fahrenheit. The Fahrenheit scale is based upon a 180 degree difference between the freezing and boiling
temperatures of pure water. In the Fahrenheit scale, water freezes at 32 degrees Fahrenheit and boils at 212 degrees
Fahrenheit. Absolute zero is -459.67 degrees Fahrenheit.

5.5.5.2.2 Celsius (Centigrade).The Celsius or Centigrade scale is based upon the freezing point of pure water being 0
degrees Celsius and the boiling point 100 degrees Celsius. Absolute zero is -273.15 degrees Celsius.

5.5.5.2.2.1 The Celsius and Kelvin scales are SI units.

5.5.5.3 Thermodynamic (Absolute) Temperature Scales
The thermodynamic temperature scales are based upon the lowest possible temperature of absolute zero, and therefore
are called the absolute temperature scales.  The simplest definition of absolute zero is: a theoretical lowest feasible
temperature characterized by the absence of heat and molecular motion.  Thermodynamic temperature scales differ
from empirical scales in that they are based on the fundamental laws of thermodynamics or statistical mechanics
instead of the scaling of properties of water. Where measurements are made in SI units, thermodynamic temperature is
measured in Kelvins (symbol: K). Many engineering fields in the U.S. however,: measure thermodynamic temperature
using the Rankine scale (symbol: R).

5.5.5.3.1 Kelvin. A Kelvin of temperature is the same size as a degree Celsius, but the scale begins at absolute zero (0
Kelvin) and water freezes at 273.15 Kelvin.

5.5.5.3.2 Rankine. The Rankine scale uses increments of the same relative size as the Fahrenheit degrees scale, but
like the Kelvin scale, the Rankine scale begins at absolute zero (0 Rankine) and in the Rankine scale water freezes at
491.67 Rankine.

5.5.5.3.3 The size of a degree Fahrenheit or Rankine is smaller than that of a degree Celsius or Kelvin by a ratio of 9:5.
Conversely, the size of a degree Celsius or Kelvin is larger than that of a degree Fahrenheit or Rankine by a ratio of 5:9.
Formulae for converting between temperature scales are presented in Table 5.5.5.3.3

5.5.5.3.4* Most fire science calculations involving temperature require that absolute degrees of temperature be used.

****insert table 5.5.5.3.3 here****

Statement: These revisions introduce the concepts of thermometry.
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Table 5.5.5.3.3 Conversions Between The Various Temperature Scales. 
To convert between the Fahrenheit, Celsius, Rankine, and Kelvin temperature scales, the following 
formulae are used: 
 

To convert from Fahrenheit to Celsius:     °C =  (°F - 32)  

 

To convert from Celsius to Fahrenheit:     °F = (    °C) + 32 

 
To convert from Fahrenheit to Rankine:        R = °F + 460 
 
To convert from Rankine to Fahrenheit:     °F = R – 460 
 

To convert from Fahrenheit to Kelvin:        K =   (°F - 32) – 273 

 

To convert from Kelvin to Fahrenheit:      °F =  (K -273) + 32 

 
To convert from Celsius to Kelvin:        K = °C – 273 
 
To convert from Kelvin to Celsius:      °C = K +273 
 

To convert from Celsius to Rankine:        R =  °C + 492 

 

To convert from Rankine to Celsius:      °C =   (R - 492) 

 

To convert from Rankine to Kelvin     K =   R  

 

To convert from Kelvin to Rankine     R =  K 

 



Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR20
(5.6.2.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 5.6.2.1 A fuel item is any article that is capable of burning. A fuel package is a collection or array of
fuel items in close proximity with to one another such that flames can spread throughout the array of fuel items. Single-
fuel item fuel packages are possible when the fuel item is located away from other fuel items. A chair that is located
away from other fuels is an example of a single-item fuel package. Fuel packages are generally identifiable by the
separation of the array of fuel items from other fuel items. Typical fuel packages include the following:
(1) A group of abutting office workstations separated from other fuel arrays by aisles
(2) A collection of pieces of living room furniture in close proximity to one another, separated from other fuel arrays
by space
(3) A double-row rack in a warehouse, separated from other shelves by aisles
(4) A forklift truck with a pallet of goods located away from other combustibles

Statement: The committee clarified the existing text by identifying the possibility of flames spreading when it is in close
proximity to another by adding the word “one” in the second sentence and removing the words “of fuel items” in the
same sentence.  The committee also made an editorial change to the third sentence by removing the word “fuel after the
word “Single”.

_______________________________________________________________________________________________
921    FR95
(5.6.3 through 5.6.3.3.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise Sections 5.6.3  -  5.6.3.3.3* as indicated in the attachment

**** insert attachment 5.6.3 here****

Statement: The revisions add new information from recent research.

_______________________________________________________________________________________________
921    FR41
(Figure 5.6.4.6.4(B))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text as follows:
Figure 5.6.4.6.4(b) Average Flame Heights for Replicate Wood Crib Fires Against the Wall. The range of measured heat
release rates HRRs and estimated average flame heights were 21 kW to 25 kW and 27 in. to 30 20 in. respectively.

Statement: This is an editorial change.
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5.6.3  -  5.6.3.3.3* 

First Revision: Revise section 5.6.3 as provided as follows: 
5.6.3 Heat Release Rate. 

5.6.3.1* General. Total fuel load in the room has no bearing on the rate of growth of a given fire 
in its pre-flashover phase. During this period of development, the rate of fire growth is 
determined by the heat release rate (HRR) from burning of individual fuel arrays. The HRR 
describes how the available energy in a given material or group of materials is released. This 
quantity characterizes the power or energy release rate [watts (Joules/sec) or kilowatts] of a fire 
and is a quantitative measure of the size of the fire. A generalized HRR curve can be 
characterized by an initial growth stage, a period of steady state burning, and a decay stage as 
shown in Figure 5.6.3.1(a), (b) and (c).  Also provided below is a basic form of the equation that 
can be used to calculate the heat release rate of a burning item. 

 

∆  

 

where 

Q is the heat release rate (kW) 

m is the mass burning rate of the fuel (kg/s) 

cH is the heat of combustion of the fuel (kJ/kg) 

The heat of combustion is generally considered a material property and therefore a constant for a 
specific fuel.  Values for specific fuels can generally be obtained from the literature.  The mass 
burning rate of a fuel is dependent upon several factors including surface area, fuel type, and fuel 
configuration. Steady-state burning rate values for many fuels have been studied and are 
available in the literature. 

The largest value of the HRR measured is defined as the peak heat release rate. Representative 
peak HRRs for a number of fuel items are listed in Table 5.6.3.1. These values should only be 
considered as representative values for comparison purposes. Fuel items with the same function 
(e.g., sofas) can have significantly different HRRs. The actual peak heat release rate for a 
particular fuel item is best determined by test. The heat release rate during the growth phase 
generally increases as a result of increasing flame spread rates over the fuel package. The peak or 
steady period of heat release is characterized by full involvement of the fuel surface of the 
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package in flames. The decay phase reflects the reduction in remaining fuel and fuel area 
available to burn or some other interruption of the uninhibited chain reaction including 
consumption of available oxygen or suppression activities. The onset, duration, and severity of 
these stages depend on a variety of factors including the incident heat flux to the burning item, 
the chemical and physical properties of the fuel, the surface area of the fuel, the substrate on 
which the fuel is burning, and whether or not it is burning in an enclosed environment.  

Table 5.6.3.1 Representative Peak Heat Release Rates (Unconfined Burning) 
 Weight  

Fuel kg                  lb Peak HRR (kW) 
Wastebasket, small 0.7-1.4           1.5-3 4-50 
Trash bags, 42 L (11 gal) with mixed 
plastic and paper trash 

2.5                 7.5 140-350 

Cotton mattress 12-13             26-29 40-970 
TV sets 31-33             69-72 120 to over 1500 
Plastic trash bags/paper trash 1.2-14            2.6-31 120-350 
PVC waiting room chair, metal frame 15                  34 270 
Cotton easy chair 18-32             39-70 290-370 
Gasoline or kerosene in .2m2 (2 ft2) pool 19                  42 400 
Christmas tree, dry 6-20               13-44 3000-5000 
Polyurethane mattress 3-14                7-31 810-2630 
Polyurethane easy chair 12-28             27-61 1350-1990 
Polyurethane sofa 51                   113 3120 
Wardrobe, wood construction 70-121            154-267 1900-6400 
 

*****Insert Figures 5.6.3.1(a), (b), and (c) here*****  

 
 
 
 
 
 
 
 
5.6.3.1.1 Data from experiments conducted by NIST in acquired structures demonstrate the impact of 

ventilation on the temperatures in the structure fire.  As the oxygen contained within the structure is 

reduced, the HRR of the fire decreases, and as a result,  the gas temperatures within compartments in 

the structure decrease.  As additional oxygen is made available to the fire, due to a change in 

ventilation, such as the opening of a door or window, the HRR release rate and temperature begin to 

increase again.  This idealized ventilation controlled model needs to be understood as a potential fire 

growth curve in structure fires by both firefighters and fire investigators. 
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5.6.3.1.2 While the rate of fire growth in a compartment is determined by the heat release rate 
(HRR) of the fuel array, the rate of growth of a particular fuel item and its maximum HRR is a 
function of its properties including the area of the fuel, the rate of mass loss, and the effective 
heat of combustion. The orientation of a particular fuel item may also affect the rate at which it 
reaches its maximum HRR. For example a mattress in a horizontal configuration typically takes 
longer to reach the maximum HRR than a similar mattress in a vertical configuration. 

 

 

5.6.3 2.* Compartment Fires. The total fuel load in a compartment has no bearing on the rate of 
growth of a given fire in its pre-flashover phase. During this period of development, the rate of 
fire growth is determined by the heat release rate (HRR) from burning of individual fuel arrays. 
In a compartment fire, as additional items ignite their individual HRRs combine and become the 
HRR for the compartment. Tests for measuring the HRR of fuel items or packages are usually 
performed in the “open,” where radiant effects of a compartment are not present. When a fuel 
package is exposed to radiant heating, however, such as from the hot upper layer of a room, this 
can significantly increase the HRR for that fuel package compared to burning in the open. The 
two primary two factors impacting the heat release rate of objects burning in an enclosed space 
are: 1) the radiant feedback from the surrounding boundaries and hot upper gas layer, and 2) the 
availability of combustion air (i.e., ventilation to the enclosed space).  With sufficient air flow 
available, the former can produce enhanced burning conditions and higher overall heat release 
rates.  Restricted air flow can produce under-ventilated conditions within the enclosed space and 
limit/reduce the heat release rate of the objects burning within compared to open burning. 

5.6.3.2.1 In addition to these factors, experimental data show that while the incipient stages of 

fires can vary dramatically, the growth rates leading up to flashover are generally similar for a 

given fuel regardless of the presence of an accelerant.  Heat release rate curves for upholstered 

sofa fires are shown in Figures 5.6.3.2.1 (a) and 5.6.3.2.1 (b) for a sofa burning; 1) in the open, 

2) within an unventilated apartment structure, and 3) within a ventilated apartment using two 

different ignition scenarios (small 10 kW fire and gasoline poured on the sofa).  These figures 

illustrate the time differences associated with the incipient stages of fire development in 

various scenarios (5.6.3.2.1 (a)) and also show the similarity in the fire growth stage for all four 

scenarios when compared on a common timeframe (5.6.3.2.1 (b)). 

 

****Insert Figure 5.6.3.2.1(a) Here**** 

****Insert Figure 5.6.3.2.1(b) Here**** 
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5.6.3.3. Liquid Fuel Fires. The heat release rate of a liquid fuel fire is dependent on two primary 
factors: 1) the physical characteristics of the release (i.e., surface area and depth) and 2) the 
combustion properties of the fuel.  The physical characteristics of a liquid fuel fire will depend 
on the volume of liquid released, the extent of confinement, and in some cases, the substrate on 
which the fuel is released. 

5.6.3.3.1* Confined Liquid Fuel Fires. In confined scenarios where the liquid fills the available 
area, the volume of liquid released correlates directly to the depth of the fuel layer. For depths 
greater than 5 mm (0.2 in.), the maximum steady-state mass burning rate for the fuel should be 
used.  For depths less than 5 mm (0.2 in.), the mass burning rate will be substantially less 
because the fire will not have sufficient time to reach the maximum steady-state value. 

5.6.3.3.2* Unconfined Liquid Fuel Fires. In unconfined scenarios, the area of the spill is 
primarily dictated by the volume of fuel spilled and secondarily by the characteristics of the 
liquid and substrate on which it is spilled.  The depth of the fuel layer will be approximately 0.7 
mm, but can vary by as much as 30 percent based on the substrate and fuel type. As described in 
Section 5.6.3.3.1, at depths less than 5 mm, the mass burning rates are significantly smaller than 
the maximum steady-state value.  Reductions on the order of 50 to 80 percent have been reported 
depending upon the fuel type and release scenario. When considering these types of scenarios, 
available data sets describing the impact of shallow fuel depths should be consulted. Fuel spill 
fires will typically only burn 90 seconds or less before the fuel is consumed due to the shallow 
depth. 

5.6.3.3.3* Unconfined Liquid Fuel Fires on Carpet. For unconfined liquid fuel fires on carpet, 
the fire will behave like a confined fuel fire (i.e., deep fuel layer scenario) due to the porosity and 
complex structure of the carpet surface.  Experimental data has shown that unconfined liquid fuel 
spills on carpet behave similar to confined pools in both fire size and burning duration.  
 

 



Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR42
(5.8.2.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text and update caption as follows:
5.8.2.2 Liquid Phase Flame Spread. Most liquid phase flame spread is counterflow flame spread, though downwind
flame spread in a pool fire or upward flame spread on fuel cascading down a wall are examples of concurrent flame
spread. Counterflow flame spread on liquids is aided by surface tension–driven liquid flows within the pool, which
accelerate flame heated fuel ahead of the flame front. For very thin fuel layer thicknesses, the surface tension–driven
flows are retarded. Several investigators have observed that liquid phase flame spread does not occur at fuel
thicknesses of less than 2 mm. Free spills of fuel on flat, horizontal surfaces are typically about 1 mm deep, though
deeper spills are expected on realistically leveled floor surfaces.
Liquid-driven flame spread rates are generally in the 1 to 10 cm/sec range. See Figure 5.8.2.2 for data on JP-8, a
military jet fuel very similar to commercial jet fuel (Jet A) used in commercial jet aircraft.

FIGURE 5.8.2.2 Counterflow Flame Spread Rates Over 5 mm (0.2 in.) Deep JP-8 as a Function of Fuel Temperature.
JP-8 is a military fuel very similar to Jet BA used in commercial jet aircraft. Large-scale data are from tests on a pool 5 ft
by 40 ft while the small-scale data are from tests on a pool 8 in. by 5 ft. The transition to gas phase flame spread moves
toward the flash point with increasing scale. [Adopted from Gottuk and White (2002).]

Statement: This is an editorial change.

_______________________________________________________________________________________________
921    FR43
(5.10.3.3.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 5.10.3.3.3  For a single vent opening, the air flow into the compartment is proportional to the
ventilation factor, A√vH where A is the opening area and H is the opening height (i.e., from the bottom of the opening to
the top of the opening).
Statement: Editorial.

_______________________________________________________________________________________________
921    FR44
(5.10.6.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 5.10.6.2* Location of the Fire in the Compartment. When a burning fuel package is away from a
wall, air is free to flow into the plume from all directions and mix with the fuel gases. This brings air for combustion into
the flame zone and cools the upper part of the plume by entrainment. (See 5.5.2.) (See 5.4.3) If the fuel package or the
fire plume is against a wall (not in a corner), a given fire size will lead to a 30 percent greater hot layer absolute
temperature than the same fire size away from the wall. When the same fuel package is placed in a corner, a given fire
size will lead to a 70 percent greater hot layer absolute temperature than the same fire size away from walls or corners.

Statement: Editorial change.

17Printed on  8/24/2012





Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR189
(Figure 6.2.1.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Move Figure 6.2.11 to Figure 6.3.7.3 with caption: Hourglass Pattern

***insert figure 6.3.7.3 here***

Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR182
(Figure 6.2.3.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with the following caption: Greater mass loss on the right arm of this love
seat than on the left arm indicating fire movement right to left.

***insert figure 6.2.3.2 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR22
(6.2.5.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
6.2.5.1 Fire-Related Spalling. Fire-related spalling is the breakdown in surface tensile strength of material caused by
changes in temperature resulting in mechanical forces within the material. These forces in In concrete, these forces are
believed to result from one or more of the following (see Figure 6.2.5.1):

(1) Moisture present in uncured or “green” the concrete
(2) Differential expansion between reinforcing rods or steel
mesh and the surrounding concrete
(3) Differential expansion between the concrete mix and the
aggregate (most common with silicon aggregates)
(4) Differential expansion between the fire-exposed surface
and the interior of the slab

Replace existing photo with color photo.

***insert figure 6.2.5.1 here***

Statement: The four mechanism cited are for concrete and are not universal for the other cited material that can spall
such as rocks or bricks.

Moisture present in concrete may be due to the concrete being “green”, meaning that the concrete has not fully cured, or
it contains waters of hydration.

Also inclusion of color photo will enhance usability of the document
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_______________________________________________________________________________________________
921    FR184
(Figure 6.2.6.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: Heat induced color change to stucco

***insert figure 6.2.6.1 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR185
(Figure 6.2.8.4(a), Figure 6.2.8.4(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and renumber 6.2.8.4 (a).  Insert new color photo
and number 6.2.8.4 (b) with caption: Fluorescent light diffuser indicating heat travel from left to right.

***insert figure 6.2.8.4 (a) here***

***insert figure 6.2.8.4 (b) here***
Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR187
(Figure 6.2.8.6.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 6.2.8.6.2 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR24
(6.2.9.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 6.2.9.1 Bending and buckling (deformation) of steel beams and columns occurs when the steel
temperature exceeds approximately 538°C 500°C (1000°F)(932°F). At elevated temperatures, steel exhibits a
progressive loss of strength. When there is a greater fire exposure, the load required to cause deformation is reduced.
Deformation is not the result of melting. A deformed element is not one that has melted during the fire, and therefore the
occurrence of such deformation does not indicate that the material was heated above its melting temperature. On the
contrary, a deformed as opposed to melted item indicates that the material’s temperature did not exceed its melting
point. Thermal expansion can also be a factor in the bending of the beam, if the ends of the beam are restrained. (See
Figure 6.2.9.1.)

Replace existing photo with color photo.

***insert figure 6.2.9.1 here***

Statement: This is editorial change.
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_______________________________________________________________________________________________
921    FR25
(6.2.10.3.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
6.2.10.3.4 Smoke alarms should be taken into evidence when smoke alarm performance may be an issue.  The alarm
should be collected as evidence after being photographed in place and should not be altered by applying power,
removing or inserting batteries, or pushing the test button. Alarms still on the wall or ceiling should be secured intact
with mounting hardware, electrical boxes, and wired connections. Removing a section of wall material with the alarm
may be needed to preserve the condition of the alarm and all electrical power connections.

Statement: The committee accepts the concept that smoke alarms do not need to be collected at every fire incident,
but when there is a question concerning smoke alarm performance the smoke alarm should be retained as evidence.
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_______________________________________________________________________________________________
921    FR190
(Figure 6.2.11(a) and 6.2.11(b) )
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
6.2.11* Clean Burn. Clean burn is a phenomenon that appears on noncombustible surfaces when the soot and smoke
condensate that would normally be found adhering to the surface is burned off, or is never deposited because localized
surface heating prevents soot deposition. This produces Either mechanism produces a clean area adjacent to areas
darkened by products of combustion, as shown in Figure 6.2.11. Clean burn patterns produced by the burning away of
soot is can be produced most commonly by direct flame contact or intense radiated heat. Smoke deposits on surfaces
are subject to oxidation. The dark char of the paper surface of gypsum wallboard, soot deposits, and paint can be
oxidized by continued flame exposure. The carbon will be oxidized to gases and disappear from the surface.

Revise 6.2.11.1 as follows and add new Figure 6.2.11.1

6.2.11.1 Although they can be indicative of intense heating in an area, clean burn areas by themselves do not
necessarily indicate areas of origin, though such patterns should be carefully examined.  Clean burning that results from
ventilation will usually occur after the fire has become ventilation controlled.  Clean burning that results from heating of
the surface before soot is deposited will usually occur early in the fire. (See Figure 6.2.11.1) The lines of demarcation
between the clean-burned and darkened areas may be used by the investigator to determine direction of fire spread or
differences in intensity or time of burning. Such determinations as to the direction of fire spread based on such patterns
should be accompanied by a determination as to the likely mode of the pattern generation.

***********insert figure 6.2.11.1 here***************

Figure 6.2.11.1 Clean Burn Above the Origin of a Test Fire.

Replace existing photo 6.2.11 with color photo and renumber 6.2.11 (a).  Insert new color photo and number 6.2.11 (b)
with caption: Clean burn pattern on wallboard behind sofa

***insert figure 6.2.11 (a) here***

***insert figure 6.2.11 (b) here***

Statement: Inclusion of color photos will enhance usability of the document.

The committee believes the revised text better explains the concept.

_______________________________________________________________________________________________
921    FR192
(Figure 6.2.12.1.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: Calcination of wallboard - cross section

***insert figure 6.2.12.1.1 here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR193
(Figure 6.2.13.1.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 6.2.13.1.4 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR30
(6.2.13.1.6)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 6.2.13.1.6 The pressures developed by fires in buildings generally are not sufficient either to break
glass windows or to force them from their frames. Pressures required to break ordinary window glass are in the order of
2.07 kPa to 6.90 7 kPa (0.3 psi to 1.0 psi), while pressures from fire are in the order of 0.014 0.01 kPa to 0.028 0.03 kPa
(0.002 psi to 0.004 psi). If an overpressure has occurred — such as a deflagration, backdraft, or detonation — glass
fragments from a window broken by the pressure will be found some distance from the window. For example, an
overpressure of 10.3 10 kPa (1.5 psi) can cause fragments to travel as far as 30.3 30 m (100 ft).

Statement: The revisions improve the document by removing excess precision.

_______________________________________________________________________________________________
921    FR29
(6.2.13.3.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 6.2.13.3.1 Glass fragments that are free of soot or condensates have likely been subjected to rapid
heating, failure early in the fire, fracture prior to the fire, or flame contact, or may have been the exterior glazing on
double-or triple-pane windows. The proximity of the glass to a heat source and ventilation are factors that can affect the
degree of staining.
Statement: The committee believes this language further clarifies the section.

_______________________________________________________________________________________________
921    FR194
(Figure 6.2.13.3.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: Smoke condensate on window panes

***insert figure 6.2.13.3.2 here***
Statement: Inclusion of color photo will enhance usability of the document.

22Printed on  8/24/2012



Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR195
(Figure 6.2.15)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 6.2.15 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR196
(Figure 6.2.15.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption:Light bulb of less than 25 watts distorted inward from heat from
the right

***insert figure 6.2.15.1 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR31
(6.3.2.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
6.3.2.1 Plume Generated Patterns. Most fire patterns are  generated directly by f Fire plumes are three-dimensional.
Fire Plume patterns represent demarcation lines of fire effects upon materials created by the three-dimensional (conical)
shape of the fire plume being cut (truncated) by an intervening two-dimensional surface such as a ceiling or a wall.
When the plume intersects with surfaces it creates effects that are interpreted as patterns (conical sections). The rate of
heat release of the burning fuel has a profound effect on the shape of the fire patterns produced. These fire patterns
include the following:
(1) V patterns
(2) Inverted cone patterns
(3) Hourglass patterns
(4) U-shaped patterns
(5) Pointer and arrow patterns
(6) Circular-shaped patterns
Statement: The committee feels that this clarification is needed within this section.

_______________________________________________________________________________________________
921    FR197
(Figure 6.3.2.1.3(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Rename current figure 6.3.2.1.3 to 6.3.2.1.3 (B)

Insert

***insert color photo figure 6.3.2.1.3(a) here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR32
(6.3.2.2.3.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 6.3.2.2.3.2 Besides affecting the fire intensity, ventilation can affect the location, shape, and
magnitude of fire patterns.  Where fresh air ventilation is available to a fire, through open windows and doors, it is
common to find locally heavy damage effects on combustible items close to the ventilation opening. These patterns may
not indicate a point of origin. Conversely the reduction of available oxygen in areas away from vent openings may slow
or terminate burning in a compartment fire.

6.3.2.2.3.3* Ventilation-generated patterns will not necessarily be confined to surfaces near the vent opening. Patterns
can develop anywhere in a fully involved compartment where fuel-rich smoke can mix with a supply of fresh air and
burn.  Such patterns may be seen, for example, on a wall opposite a doorway opening.  In compartment fires, the effects
of ventilation on pattern generation and damage should be carefully considered for both its positive (enhanced burning)
and negative (reduced burning) impacts.

Insert new color photo with caption: Clean burn pattern due to ventilation around broken window

***insert figure 6.3.2.2.3.2 here***
Statement: The committee believes that this new text clarifies the concept of ventilation generated patterns.

Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR199
(Figure 6.3.2.3(a), Figure 6.3.2.3(b) and Figure 6.3.2.3(c))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photos with caption: Hot gas layer line of demarcation

*Note: all 3 photos have the same caption*

***insert figure 6.3.2.3 (a) here***
***insert figure 6.3.2.3 (b) here***
***insert figure 6.3.2.3 (c) here***

Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR202
(Figure 6.3.2.5(a))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photos with captions: Pattern on ceiling created by hose stream, and Pattern on
wall created by hose stream, respectively

***insert figure 6.3.2.5 (a) here***
***insert figure 6.3.2.5 (b) here***
Statement: Inclusion of color photos will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR35
(6.3.3.1.2.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
6.3.3.1.2.4 6.3.3.1.1.1 This heat transfer process can be observed by the charring of the wooden structural element

covered by the protective membrane, shown in Figure 6.3.3.1.2.4 6.3.3.1.1.1.

Figure 6.3.3.1.2.4 6.3.3.1.1.1 Charring of Wooden Structural Elements by Heat Conduction Through Wall Surface
Material.

Statement: This is an editorial change.

_______________________________________________________________________________________________
921    FR204
(Figure 6.3.4.1(a) and Figure 6.3.4.1(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and renumber to 6.3.4.1(a).  Add new color photo and
number it 6.3.4.1 (b) with caption: Heat shadow pattern from couch.

***insert figure 6.3.4.1(a) here***
***insert figure 6.3.4.1(b) here***
Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR206
(Figure 6.3.4.2(a), Figure 6.3.4.2 (b), Figure 6.3.4.2 (c), Figure 6.3.4.2 (d))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and renumber to 6.3.4.2 (a).  Replace existing photo with
color photo and renumber to 6.3.4.2 (a).  Add new color photo and number it 6.3.4.2 (b) with caption: Protected areas
created by human bodies. Add new color photo and number it 6.3.4.2 (c) with caption: Table with protected areas
created by items setting on it. Add new color photo and number it 6.3.4.2 (d) with caption: Table with items placed back
in pre-fire position during fire scene reconstruction.

***insert figure 6.3.4.2 (a) here***
***insert figure 6.3.4.2 (a) here***
***insert figure 6.3.4.2 (b) here***
***insert figure 6.3.4.2 (c) here***
***insert figure 6.3.4.2 (d) here***
Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR210
(Figure 6.3.7.1(c))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: V Pattern on Wall Above Stove

***insert figure 6.3.7.1 (c) here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR212
(Figure 6.3.7.2(b), Figure 6.3.7.2(c), and Figure 6.3.7.2(d))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and renumber to 6.3.7.2 (b).  Add new color photo and
number it 6.3.7.2 (c) with caption: Inverted cone pattern. Add new color photo and number it 6.3.7.2 (d) with caption:
Inverted cone pattern created by falldown.

***insert figure 6.3.7.2 (b) here***
***insert figure 6.3.7.2 (c) here***
***insert figure 6.3.7.2 (d) here***

Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR215
(Figure 6.3.7.2.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 6.3.7.2.3 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR216
(Figure 6.3.7.4(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: U-shaped pattern on wallboard and studs

***insert figure 6.3.7.4 (b) here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR217
(Figure 6.3.7.5(b), Figure 6.3.7.5(c))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and number it 6.3.7.5 (b).  Insert new color photo and
number it 6.3.7.5 (c) with caption: Truncated cone pattern displayed on perpendicular wall and door

***insert figure 6.3.7.5 (b) here***
***insert figure 6.3.7.5 (c) here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR221
(Figure 6.3.7.8.3(d), Figure 6.3.7.8.3(e), and Figure 6.3.7.8.3(f))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and number it 6.3.7.8.3(a). Replace existing photo with
color photo and number it 6.3.7.8.3(c). INsert new color photo and number it 6.3.7.8.3(e) with caption: Test burn on vinyl
tiles. Insert new color photo and number it 6.3.7.8.3(f) with caption: Irregular pattern created from test burn of
newspapers on vinyl tiles.

***insert figure 6.3.7.8.3 (a) here***
***insert figure 6.3.7.8.3 (c) here***
***insert figure 6.3.7.8.3 (d) here***
***insert figure 6.3.7.8.3 (e) here***
***insert figure 6.3.7.8.3 (f) here***

Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR224
(Figure 6.3.7.8.4(a), Figure 6.3.7.8.4(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and number it 6.3.7.8.4 (a).  Replace existing photo with
color photo and number it 6.3.7.8.4 (b).

***insert figure 6.3.7.8.6 (a) here***
***insert figure 6.3.7.8.6 (b) here***
Statement: Inclusion of color photos will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR36
(Figure 6.3.7.8.4(a) through Figure 6.3.7.8.6(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: **** Insert 921_L261_Fig 6.3.7.8.4(a)_R Here ****

Figure 6.3.7.8.4(a) Comparison of fire patterns resulting from 0.5L spills of three different fuel types on three
different substrates.  Fuels include denatured alcohol (left), gasoline(center), and kerosene(right).  Substrates
include oriented strand board (top), plywood(center), and vinyl(bottom).

**** Insert 921_L261_Fig 6.3.7.8.4(b)_R Here ****

Figure 6.3.7.8.4(b) Comparison of fire patterns resulting from three different Class A fuels on three different
substrates.  Class A materials include wood crib (left), polyurethane foam (center), and thermoplastic (right).
Substrates include carpet (top), plywood(center), and vinyl(bottom).

Move existing Figure 6.3.7.8.4(a) and Figure 6.3.7.8.4(b) and renumber as 6.3.7.8.6 (a) and 6.3.7.8.6 (b)

FIGURE 6.3.7.8.4(a) 6.3.7.8.6(a) Non-Accelerated Test Burns Demonstrating
Melting, Dripping, Pooling, and Burning of Melted
Polyurethane Foam Mattress.

FIGURE 6.3.7.8.4(b) 6.3.7.8.6(b) Non-Accelerated Test Burns Demonstrating
Melting, Dripping, Pooling, and Burning of Melted
Upholstered Chair Padding.

Statement: The committee believes the additional photographs better explain the concept reflected in the text.

_______________________________________________________________________________________________
921    FR226
(Figure 6.3.7.8.5(a), Figure 6.3.7.8.5(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and number it 6.3.7.8.5 (a).  Replace existing photo with
color photo and number it 6.3.7.8.5 (b).

***insert figure 6.3.7.8.5 (a) here***
***insert figure 6.3.7.8.5 (b) here***
Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR37
(6.3.7.8.6)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 6.3.7.8.6 Liquids Versus Melted Solids. Many plastic materials will burn. Thermoplastics
react to heating by first liquefying, and then, when they burn as liquids, they produce irregularly shaped or
circular patterns (see Figures 6.3.7.8.6(a) and 6.3.7.8.6(b)). When found in unexpected places, such patterns can
be erroneously identified as ignitible liquid patterns and associated with an incendiary fire cause. The
investigator should be careful to identify properly the fuel sources for any irregularly shaped or circular
patterns.

Statement: The committee believes these photographs are more appropriately associated with this section.
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_______________________________________________________________________________________________
921    FR38
(6.3.7.9(a), 6.3.7.9(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: ****Insert Figure 6.3.7.9(a) Here****
Figure 6.3.7.9(a) Photograph showing doughnut-shaped pattern formation on carpet flooring.  Illustrates how flooring is
degraded at the perimeter of the pattern due to elevated temperature from the flame while interior flooring temperatures
remain relatively cool and the flooring remains intact due to evaporative cooling of the liquid fuel that still remains.

****Insert Figure 6.3.7.9(b) Here****
Figure 6.3.7.9(b) Doughnut-shaped pattern on carpet flooring.
(Source: Mealy, C.L., Benfer, M., and Gottuk, D.T., “Fire Dynamics and Forensic Analysis of Liquid Fuel Spill Fires,”
Grant No. 2008-DN-BX-K168, Office of Justice Programs, National Institute of Justice, Department of Justice,).
Statement: The committee feels that these photos are superior to the ones currently in the document.

_______________________________________________________________________________________________
921    FR39
(6.3.7.10.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 6.3.7.10.1 Trailers. In many incendiary fires, when fuels are intentionally distributed or “trailed”
from one area to another, the elongated patterns may be visible. Such fire patterns, known as “trailers,” can be found
along floors and other horizontal surfaces to connect separate fire sets, or up stairways as shown in Figure 6.3.7.10.1.
Fuels used for trailers may be ignitible liquids, solids, or combinations of these. {See discussion of trailers in Incendiary
Fires Chapter 25}

Replace existing figure with the following:

****Insert Figure 6.3.7.10.1 Here****

Figure 6.3.7.10.1 Trailer running from doorway towards the bottom of the photograph resulting from burning
gasoline on carpet. (Source: Mealy, C.L. and Gottuk, D.T., “A Study of Unventilated Fire Scenarios for the
Advancement of Forensic Investigations of Arson Crimes”, Office of Justice Programs, National Institute of
Justice, Department of Justice, 98IJCXK003, 2006.).

Statement: The committee believes that this change adds to the understanding of the concept.  The committee
believes that the new photos are superior to the ones in the current document.

_______________________________________________________________________________________________
921    FR211
(Figure 6.3.7.11.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: Flash fire damage on plastic wrapper and paper roll

***insert figure 6.3.7.11.2 here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR45
(7.2.2.3.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 7.2.2.3.2  The ignition and burning of a fuel load in the room produce produces heat, flame, and hot
gases at a given rate. The area and volume of the room affect the time to flashover: the smaller the area and volume of
the room, the sooner the room may flashover and the sooner the fire may spread outside the room, provided all other
variables remain constant. Extremely large rooms may never have a sufficient heat energy transfer to cause flashover.

Statement: Editorial change.

_______________________________________________________________________________________________
921    FR46
(7.3.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 7.3.2 Wood Frame. Wood frame construction is often associated with residential construction and
contemporary lightweight commercial construction. Buildings with wood structural members and a masonry veneer
exterior are considered wood frame. Lightweight wood frame construction is usually used in buildings of limited size.
Floor joists in such construction are normally spaced 406 mm 0.4 m (16 in.) on center, and the vertical supports are
often nominal two by four or nominal two by six wall-bearing studs, again spaced 406 mm 0.4 m (16 in.) on center.
Wood frame construction has little fire resistance because flames and hot gases can penetrate into the spaces between
the joists or the studs, allowing fire spread outside of the area of origin. (See 6.3.3.) Wood frame construction is
classified as Type V construction, as defined in NFPA 220, Standard on Types of Building Construction. Wood frame
construction can be sheathed with a fire-resistive membrane (e.g., gypsum board, lath and plaster, mineral tiles) to
provide up to 2-hour fire resistance when tested in accordance with ASTM E 119, Standard Methods of Tests of Fire
Endurance of Building Construction and Materials. Such high fire resistances in frame construction are unusual but may
be encountered in special occupancies such as one- or two-story nursing homes.

Statement: Editorial change
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_______________________________________________________________________________________________
921    FR47
(7.3.2.2.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
7.3.2.2.2 Almost all building codes have for many years required fire stopping of all vertical channels in balloon frame
construction. Where fire stopping is present, buildings of balloon frame construction respond to fire similarly to buildings
of platform frame construction. Fire stopping can be in the form of wood boards or by filling of the void space with
noncombustible materials, historically with brick or dirt, and more recently with insulation. Where such fire stops were
not installed or later removed (typically to install a utility such as wiring, HVAC, or other services), balloon frame
construction provides unobstructed vertical channels, in concealed spaces behind interior finish, for rapid undetected
vertical fire spread. Rapid fire spread and horizontal extension is further enhanced by the open connections of the floor
joists to the vertical channels. Fire can spread upward to other floors or attic spaces and horizontally through floor
spaces.Balloon frame construction will also allow fall down from above to ignite lower levels and allow combustion
gases, trapped inside higher elevations, to push or convect downward through the open vertical channels.  Fire
originating on lower levels can extend
into the open vertical channels and may break out in one or more floors above where the fire originated. There can be
more extensive burning at the upper level than where the fire originated. This result may be recognized by the attic fire
that consumes the top of the structure while the fire actually originated at some lower level.

Statement: The committee believes this better explains the phenomenon that may occur in balloon frame construction.

_______________________________________________________________________________________________
921    FR172
(Chapter 8 (New))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: ***SEE CHAPTER 8 IN FIRST DRAFT***
Statement: The committee included this new chapter on Fire Protection systems to aid fire investigators on how fire
protection systems can play a role during an investigation and how a fire protection system may have impacted fire
behavior.

_______________________________________________________________________________________________
921    FR48
(Table 8.2.2.1(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise table 8.2.2.1(b)

*****insert table 8.2.2.1(b) here****
Statement: The committee made changes to the table for proper analogy conversions in the water system.

_______________________________________________________________________________________________
921    FR49
(8.2.5.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text as follows:
8.2.5.4 A voltmeter and an ammeter can be used to determine the resistance. An ohm meter, (part of a simple
multimeter) can also be used to determine the resistance if contact resistance is minimized. If the resistance and the
voltage can be measured, the amperage can be calculated.

Statement: The new text provides additional clarity.
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Table 9.2.2.1(b)  Hydraulic Quantities and Units and Analogous Electrical 
Quantities and Units 

Hydraulic  
 Quantities 

Hydraulic  
Units 

Electrical  
Quantities 

Electrical  
 Units 

Pressure Pounds per  
 square inch (psi) 

Potential  
 (voltage) 

Volts 

Differential  
 pressure 

Pounds per  
square inch (psi) 

Potential difference  
(voltage) 

Volts 

Pressure loss Pounds per  
square inch (psi) 

Voltage drop  
 (voltage) 

Volts 

Flow rate Gallons per  
 minute (gpm) 

Current = flow rate of 
 charge 

Amperes = 
coulombs per  
 second 

Friction/  
resistance to flow 

Pounds per square 
inch PSI/Gallons per 
minute 

Resistance Ohms 

Pipe diameter (inside) Inches Electric wire diameter AWG 

Water Volume  Gallons Charge Coulombs 
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_______________________________________________________________________________________________
921    FR50
(8.2.7)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
8.2.7 Ohm’s Law Wheel. Power in electrical systems (P) is measured in watts. Resistive appliances such as a hair
dryer or lightbulb are rated in watts. Power is computed as shown in the Ohm’s law wheel, in Figure 8.2.7. The
relationships among power, current, voltage, and resistance are important to fire investigators because of the need to
find out how many amperes were drawn in a specific case. See Figure 8.2.7 for a summary of these relationships.  If, for
example, several appliances were found plugged into one extension cord or many appliances were plugged into several
receptacles on the same circuit, the investigator could calculate the current draw to find whether the ampacity of the
conductor was exceeded. Though the ampacity may have been exceeded, it would benefit the investigator to seek out
the assistance of a electrical expert to determine if the overcurrent situation was a contributory factor in the ignition
sequence.

Statement: The new text adds additional guidance to the user.

_______________________________________________________________________________________________
921    FR51
(8.3.2.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

8.3.2.1 Single-Phase Service. Most residences and small commercial buildings receive electricity from a transformer,
which is a device that lowers or raises voltages to desired levels. This electricity is delivered through three conductors,
either overhead from a pole or underground.  The two insulated conductors, called the “hot legs” (or “phases,”) have
their alternating currents flowing in opposite directions (reversing 120 times per second for 60-cycle power) so that the
current goes back and forth at the same instant but in opposite directions (180° out of phase). This alternating current is
called “single phase.” The third conductor is grounded to serve as the neutral conductor, and it may be uninsulated. The
voltage between either of the hot conductors and the grounded conductor is 120 V, as shown in Figure 8.3.2.1(a). The
voltage between the two hot conductors is 240 V. The incoming conductors are large multistranded cables intended to
carry large currents safely. As illustrated in Figure 8.3.2.1(b), they all may hang separately, or the two hot conductors
may be wrapped around the neutral in a configuration called a triplex drop.

Statement: The committee believes the term does not apply.

_______________________________________________________________________________________________
921    FR52
(8.9.1.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

8.9.1.1  Ignition by electrical energy involves transferring sufficient heat to a fuel generating both a sufficiently high
temperature and heat (i.e. competent ignition source) by passage of electrical current to ignite material that is close.
Sufficient heat and temperature may be generated by a wide variety of means, such as short-circuit and ground-fault
parting arcs, excessive current through wiring or equipment, resistance heating, or by ordinary sources such as
lightbulbs, heaters, and cooking equipment.  The requirement for ignition is that the temperature of heat transfer from
the electric source be maintained long enough to bring the adjacent fuel up to its ignition temperature, with air present to
allow combustion.

Statement: The committee changed the text for clarity
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_______________________________________________________________________________________________
921    FR228
(Figure 8.9.4.5.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: Arc tracking induced by 15kv potential and moisture

***insert figure 8.9.4.5.1 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR230
(Figure 8.10.4(b), Figure 8.10.4(c), and Figure 8.10.4(d))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo and number it 8.10.4 (a) with caption:Overheated connection on 208v
3-phase fuse terminal. Insert new color photo and number it 8.10.4 (b) with caption: Overheated connections on
two-pole circuit breakers. Insert new color photo and number it 8.10.4 (c) with caption:Overheated connection on 240v
dryer outlet.  Insert new color photo and number it 8.10.4 (d) with caption:Overheated connection on 120v duplex outlet.

***insert figure 8.10.4 (a) here***
***insert figure 8.10.4 (b) here***
***insert figure 8.10.4 (c) here***
***insert figure 8.10.4 (d) here***

Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR233
(Figure 8.10.5)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: Overcurrent on 208v 3-phase motor supply conductor - red wire

***insert figure 8.10.5 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR234
(Figure 8.10.5.1(a))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: Sleeving apparent on 120V #14 AWG solid copper conductor
connected to a 50A circuit breaker and number it 8.10.5.1 (a)

***insert figure 8.10.5.1 (a) here***

Renumber existing black and white figure 8.10.5.1 (b)
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR235
(Figure 8.10.6.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: Non-metallic-sheathed cable improperly routed through metal
joist hanger

***insert figure 8.10.6.4 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR53
(8.12.2.2.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

8.12.2.2.2  The electrical conductivity of a liquid determines its ability to accumulate and hold a change charge. The
lower the conductivity, the greater the ability of the liquid to create and hold a charge. Common liquids that have low
conductivity and therefore represent a hazardous static potential are given in Table 8.12.2.2.2. For comparison, distilled
water has a conductivity of 100,000,000 picosiemens.

Revise Footnote on Table 8.12.2.2.2 Common Liquids That Have Low Conductivity as follows:

aA Picosiemen (pS) is the reciprocal of an ohm. In fact, The standard unit for measuring conductance in liquids is
picosiemens. sSiemens are is a measure of conductance, which is the reciprocal of resistance, measured in ohms. In
other words, siemens (not picosiemens) are the reciprocal of ohms.

Statement: This change was made to clarify text for the reader.

_______________________________________________________________________________________________
921    FR54
(8.12.7)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text as follows:
8.12.7 Investigating Static Electric Ignitions. Often the investigation of possible static electric ignitions depends on
the discovery and analysis of circumstantial evidence and the
elimination of other ignition sources, rather than on direct physical evidence of arcing.

Statement: The addition of this text clarifies the concept.
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_______________________________________________________________________________________________
921    FR56
(8.12.7.5)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text as follows:
8.12.7.5 The location of the static electric arc should be determined as exactly as possible. In doing so, there is seldom
any direct physical evidence of the actual discharge arc, if it occurred. Occasionally, there are witness accounts that
describe the arc taking place at the time of the ignition. However, the investigator should endeavor attempt to verify
witness accounts through analysis of physical and circumstantial evidence.

Statement: The committee believes the modified text provides clarity.

_______________________________________________________________________________________________
921    FR57
(9.5.3(3))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
9.5.3(3) Individual main burner valve.  A valve that controls the gas supply to an individual main burner.

Statement: The change eliminates redundancy.

_______________________________________________________________________________________________
921    FR236
(Figure 9.9.2.1.1(a), Figure 9.9.2.1.1(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and number it 9.9.2.1.1 (a).  Replace existing photo with
color photo and number it 9.9.2.1.1 (b).

***insert figure 9.9.2.1.1 (a) here***
***insert figure 9.9.2.1.1 (b) here***
Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR238
(Figure 9.9.6.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 9.9.6.1 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR239
(Figure 9.9.7)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 9.9.7 here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR240
(Figure 9.9.8)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 9.9.8 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR241
(Figure 9.9.9.1.1(a), Figure 9.9.9.1.1(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and number it 9.9.9.1.1 (a).  Replace existing photo with
color photo and number it 9.9.9.1.1 (b).

***insert figure 9.9.9.1.1 (a) here***
***insert figure 9.9.9.1.1 (b) here***
Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR58
(10.4.1.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

10.4.1.3   A lack of awareness of, or a disregard for, proper and adequate warnings, instructions, labels, safety signs,
and product safety information in product manuals and other collateral materials other safety instructions can also result
in the accidental ignition of a fire. In many cases, the ignition factor of a fire is the result of the actions acts or omissions
of the user of the product. The danger of improper actions acts or omissions may not always be obvious to a product
user. Whenever a product has a hazard potential for supplying the ignition source, fuel, or oxygen portions of the ignition
factor, it is incumbent on the manufacturer and supplier to provide prominent and conspicuous labeling, instructions, and
warnings on or with the product. Likewise, it is incumbent upon the user to follow pertinent warnings and instructions.

Statement: The committee believes the text as modified provides clarity to the issue.
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_______________________________________________________________________________________________
921    FR59
(10.4.1.6)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

10.4.1.6 Purpose of Warnings. The overall purpose of a warning is to provide the user with information necessary to
use a product safely or to make an informed decision not to use the product because of its hazard. Warnings on the
label or instructions of a product should serve two objectives: to inform an unknowing user of the dangers posed by the
use or misuse of the product, or to remind the user of the hazards of the product.
Warnings are the third priority in the hazard control hierarchy, also referred to as the safety hierarchy.  The basic
hierarchy is traditionally depicted as an inverted pyramid representative of the strength or effectiveness of the hazard
controls:

****Insert New Figure 10.4.1.6 Here****

Figure 10.4.1.6: The Hierarchy of Product Safety.

At their most basic, warnings serve to provide the user pertinent information about hazards, consequences, their
severity and likelihood, and how to avoid the hazards so the user can make an informed decision about how, or if, they
use the product.  Warnings can be conveyed in many ways such as signs, labels or hang tags/flag tags on the product;
package inserts; information on containers; manuals; verbal communications; videos; brochures; websites; barriers;
barrier tape; and floor markings.  Multiple communication strategies can be employed to help increase the likelihood that
warnings will be noticed.  Other tools that contribute to warning effectiveness include size, contrast, color, concise use of
words the user should understand, and location, such as conspicuousness and proximity to the hazard. Warnings
should be employed to inform users about hazards of which they may not be aware, and that are not open and obvious
or reasonably discoverable. Consistent with the hazard control hierarchy, a warning is not an acceptable substitute for
design or guarding controls.

Statement: The committee believes the paragraph as modified better explains the concept.

_______________________________________________________________________________________________
921    FR60
(11.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 11.2 Constitutional Considerations. Within the United States U.S. and its territories, investigators
should be aware of the constitutional safeguards that are generally applicable to criminal investigations and
prosecutions as set forth in the Fourth, Fifth, and Sixth Amendments of the United States Constitution. The text of these
three amendments is shown in Figure 12.2. The application of these constitutional amendments has been extended to

state action under section 1 of the 14
th

amendment to the United States Constitution, that which states”…"No State shall
make or enforce any law which shall abridge the privileges or immunities of citizens of the United States; nor shall any
State deprive any person of life, liberty or property, without due process of law; nor deny to any person within its
jurisdiction the equal protection of the laws."

Statement: The committee revised this section to reflect the fact that the 4th, 5th, and 6th amendments are applied to
the states by the 14th amendment.
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_______________________________________________________________________________________________
921    FR61
(11.3.5.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 11.3.5.1  Responsibility. It is the The responsibility of the investigator (or anyone who handles or
examines evidence) to avoid spoliation of evidence preservation, and the scope of that responsibility varies according to
such factors as the investigator's jurisdiction, whether he or she is a public official or private sector investigator, whether
criminal conduct is indicated, and applicable laws and regulations.  However, regardless of the scope and responsibility
of the investigation, care should be taken to avoid destruction or material destruction of evidence that later may be
considered spoliation. If artifacts will be altered, the investigator should use the techniques  contained  in this guide to
preserve the evidentiary value of those items for others who may later examine the artifacts.

Statement: The committee change is an attempt to properly structure the sentence and also to emphasize that during
an investigation, evidence may be altered; unavoidably, unintentionally or intentionally.  Anyone handling evidence
should be aware if their actions may later be considered to be spoliation and take the necessary precautions to prevent
spoliation.

_______________________________________________________________________________________________
921    FR62
(11.3.5.6.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 11.3.5.6.1 Fire investigation usually requires the movement of evidence or alteration of the scene.
In and of itself, such movement of evidence or alteration of the scene should not be considered spoliation of evidence.
Physical evidence may need to be moved prior to the discovery of the cause of the fire. Additionally, it is recognized that
it is sometimes necessary to remove the potential causative agent from the scene and even to carry out some
disassembly in order to determine whether the object did, in fact, cause the fire, and which parties may have contributed
to that cause. For example, the manufacturer of an appliance may not be known until after the unit has been examined
for identification. Such activities should not be considered spoliation. Because all interested parties may not be
identifiable prior to the alteration or movement of evidence, the investigator should use the techniques contained in this
guide to preserve the evidentiary value of those items by documenting the fire scene and the artifacts prior to alteration
or movement to preserve the evidentiary value of those items for others who may later become involved in the
investigation.

Statement: The committee believes that the change emphasizes the importance of proper documentation so the ability
of a interested party not present during the alteration or movement can perform a meaningful investigation and
hypothesis testing.

_______________________________________________________________________________________________
921    FR63
(11.5)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 11.5 Trials. If the parties are unable to resolve the matter in dispute through a plea in a criminal
case or a settlement in a civil suit, the case proceeds to a trial. A trial is presided over by the judge, who act as a finder
of fact, but most trials involving fires employ juries as the find of fact.  The judge instructs the jury on the relevant law,
and makes rulings on the admissibility of evidence based on the law. In most trials involving fires, a jury determines the
factual circumstances and liability as the “finder of fact.”  If a jury has not been impaneled, then the judge will also act as
finder of fact.

Statement: The paragraph as modified clarifies the issue.
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_______________________________________________________________________________________________
921    FR64
(11.5.1.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 11.5.1.2 Evidentiary requirements, standards, and rules vary greatly from jurisdiction to jurisdiction.
For this reason, those rules of evidence that are in effect in individual states, territories, provinces, and international
jurisdictions should be consulted. The United States Federal Rules of Evidence have been relied on throughout this
guide for guidance in promoting their general criteria of relevance and identification. The Federal Rules of Evidence
became effective on January 2, 1975, and have been amended several times. The most recent amendment was
January 28, 2002. The federal rules are applicable in all civil and criminal cases in all United States courts of appeal,
district courts, courts of claims, and before United States U.S. magistrates. The federal rules are recognized as having
essentially codified the well-established rules of evidence, and many states have adopted, in whole or in part, the
federal rules.

Statement: The committee did not want to refer to any specific date.

_______________________________________________________________________________________________
921    FR65
(11.5.2.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 11.5.2.2 Documentary Evidence. Documentary evidence is any evidence in written form. It may
include business records such as sales receipts, inventory lists, invoices, and bank records, including checks and
deposit slips; insurance policies; personal items such as diaries, calendars, and telephone records; fire department
records such as the fire investigator’s report, the investigator’s notes, the fire incident report, and witness statements
reduced to writing; or any law enforcement agency reports, including investigation reports, police officer operational
reports, and fire or police department dispatcher logs; division of motor vehicle records; and written transcripts of audio-
or videotape recordings. Any information in a written form related to the fire or explosion incident is considered
documentary evidence. Documentary evidence is generally admissible if the documents are maintained in the normal
course of business. All witness statements should be properly signed by the witness, dated, and witnessed by a third
party when possible. It is important to obtain the full name, address, and telephone number of the witness. Any
additional identifying information (e.g., date of birth, social security number, , e-mail address, and automobile license
number) may prove helpful in the event that difficulties are later encountered in locating the witness. Statements actually
written by the witness may be required in certain jurisdictions.

Statement: This information is useful in later locating witnesses.

_______________________________________________________________________________________________
921    FR66
(11.5.5)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 11.5.5 Burden of Proof. The burdens of proof in civil cases differ from those in criminal cases. In a
criminal case, because the civil liberties of the defendant are at stake, the prosecutor must prove the defendant’s guilt
beyond a reasonable doubt. Civil cases typically involve disputes over money. In most civil cases, the plaintiff must
prove his or her claims by a preponderance of the evidence, which means, “more likely than not.” In some jurisdictions,
the burden of proof in certain kinds of civil trials (e.g., those involving a claim of fraud) the standard for proof is “clear
and convincing.” It means the trier of fact must be persuaded by the evidence that it is highly probable that the claim or
affirmative defense is true. The clear and convincing evidence standard is a heavier burden than the preponderance of
the evidence standard but less than beyond a reasonable doubt.

Statement: The existing text was awkward and is being modified.
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_______________________________________________________________________________________________
921    FR67
(11.5.6.5)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 11.5.6.5* Arson-Reporting/Immunity Statutes. Many Every state jurisdiction and the District of
Columbia jurisdictions have enacted Arson- Reporting/Immunity Statutes. These statutes requiring generally require that
insurers report suspected acts of arson to local law enforcement authorities and provide a mechanism for the release of
insurance claim information that information be released to public officials regarding fires that may have been the result
of a criminal act. Commonly referred to as the "arson-reporting/immunity acts," the arson-reporting statutes generally
provide that an insurance company should, on written request from a designated public entity or official, release
enumerated items of information and documentation regarding any loss or potential loss due to a fire of "suspicious" or
incendiary fire origin. The information is held in confidence until its use is required in a civil or criminal proceeding. The
insurance company is held immune from civil liability and criminal prosecution, premised upon its release of the
information, pursuant to the statute. The number of jurisdictions with an arson reporting act is growing, and it is
anticipated that they will continue to grow. As enacted in each jurisdiction, the acts vary greatly as to both requirements
and criminal sanctions. Each act does impose criminal sanctions for failure to comply. In order to avoid criminal
prosecution, the insurance companies and investigators operating on its behalf should be aware of any applicable
arson-reporting act. One should be alert to the variations in 11.5.6.5(A) through 11.5.6.5(E) that currently exist.

Statement: The committee believes the revisions clarify existing text.

_______________________________________________________________________________________________
921    FR243
(Figure 12.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 12.1* General.
Fire scenes, by their nature, are dangerous places. Fire investigators have an obligation to themselves and perhaps to
others (such as other investigators, equipment operators, laborers, property owners, attorneys) who may be endangered
at fire scenes during the investigation process. This chapter will provide the investigator with some basic
recommendations concerning a variety of safety issues, including personal protective equipment (PPE). It should be
noted, however, that the investigator should be aware of and follow the applicable requirements of safety-related laws
(OSHA, federal, or state) or those policies and procedures established by their agency, company, or organization.

Insert new color photo with caption: Fire Scene Safety Requirements Will Have to Address All That Will Be Participating
During the Entire Scene Investigation and Analysis.

***insert figure 12.1. here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR69
(12.1.2.1.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
12.1.2.1.3 Hazard Prevention and Control. Hazard prevention and control is based on the determination that a potential
hazard always exists at every scene. Hazards are either eliminated or managed by the implementation of Standard
Operating Procedures (SOPs) and work practices that outline effective engineering controls and PPE. This process
provides for the systematic identification, evaluation, prevention, and control of general workplace hazards and less
obvious hazards that may arise during on-site activities.

Statement: Editorial change.

_______________________________________________________________________________________________
921    FR71
(12.1.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Delete the following duplication:

12.1.3 Safety Clothing and Equipment. Proper personal protective equipment, including safety shoes or boots with a
protective mid-sole, gloves, safety helmet, eye protection, and protective clothing, should be worn at all times while
investigating the scene. The type of protective clothing will depend on the type and level of hazard present. When there
is a potential for injuries from falling objects or potential cuts or scrapes from sharp objects, fire-fighting turnout gear or
similar clothing that provides this type of protection may be the best choice. When an investigator is dealing with a
potential exposure of toxic substances and debris, disposable coveralls as required by some safety-related regulations
may be necessary. In high hazard atmospheres, hazardous environmental suits may be required. Whenever PPE is
worn to provide protection from a hazardous environment, it should be properly decontaminated or disposed of in order
to avoid subsequent exposure to residues. Even when choosing to wear standard cloth coveralls or fire-fighting turnout
gear, consideration should be given to the safe handling of the clothing so as not to create additional exposure.

Statement: This text is a duplication and the committee is making an editorial change.
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_______________________________________________________________________________________________
921    FR72
(12.1.3.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text as follows:

12.1.3.1 12.6.2.1 Respiratory Protection. Appropriate respiratory protection is necessary at most fire scenes.
Immediately following fire extinguishment there may be combustible gases and smoke, low oxygen concentrations, toxic
or carcinogenic airborne particles, and high heat conditions present. In these atmospheres, the investigator should
utilize Self Contained Breathing Apparatus (SCBA) and other PPE that are appropriate and should recognize that
air-purifying respirators should not be utilized in atmospheres where the oxygen level is below 19.5 percent or
Immediately Dangerous to Life and Health (IDLH) atmospheres are present. The act of disturbing the fire debris can
create dust and release organic vapors, which should be considered hazardous, and the investigator should be wearing
a filter mask and an air-purifying respirator with appropriate cartridges. The decision to wear a full-face respirator versus
a half-face respirator will be up to the employer and depends on the hazards present. In the respirator selection process,
consideration should be given to eye protection, as many toxic substances can be absorbed through the sclera. If a
half-face respirator is selected, then wearing a pair of vented goggles will provide protection from this type of hazard. If
respiratory protection is worn, the investigator or other individual will need to be properly trained, medically and
physically fit, and have been properly fit tested when required for the particular respiratory protection being worn.
Additional guidance concerning respirators and the responsibilities of the employer and employee are contained in
Occupational Safety and Health Administration (OSHA) Regulation 29 CFR, Section 1910.134 (Respiratory Protection)
and NFPA-1500 Standard on Fire Department Safety and Health; NFPA 1404 Standard for Fire Service Respiratory
Protection Training; NFPA 1852, Standard on Selection, Care, and Maintenance of Open-Circuit Self-Contained
Breathing Apparatus (SCBA); NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus (SCBA) for
Emergency Services.

12.1.3.2 12.6.2.2 Hand Protection. The proper selection of gloves that provide puncture protection or protection from
biological or chemical contamination should also be considered. When conducting scene excavation or debris removal,
puncture-resistant firefighting gloves or lighter leather gloves should be selected. Additional protection from the leaching
of toxic substances should be provided by wearing latex (or similar) gloves underneath the leather gloves, or the
investigator may need to select gloves that would be more appropriate for the hazard present.

12.1.3.3 12.6.2.3 Other Specialized Equipment. Certain other equipment might also be necessary to maintain safety.
This equipment includes flashlights or portable lighting, fall protection equipment, environmental monitoring and
sampling equipment, and other specialized tools and equipment. Some of this equipment requires special training in its
use.

Statement: This text is being moved and incorporated into 12.6

_______________________________________________________________________________________________
921    FR73
(12.2.2.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
12.2.2.1 It is common for investigators to put in long periods of strenuous personal physical labor during an incident
scene investigation. This labor may result in fatigue, which can adversely influence an investigator's physical
coordination, strength, or judgment to recognize or respond to hazardous conditions or situations. Keep in mind that the
use of heavy safety clothing and respiratory protection will further increase fatigue.

Statement: Editorial change
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_______________________________________________________________________________________________
921    FR74
(12.2.3.5)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
12.2.3.5  When working from any aerial platform, the investigator should determine if that platform or piece of equipment
has been designed (labeled) for use by people. Equipment not designated for use by people should not be used.
Requirements of the OSHA (state or federal) regulations for aerial lift operator safety training should be consulted and
followed.

Insert new color photo with caption: Use of an Articulating Boom to Survey Fire Scene Prior to Entering the Fire Scene.
Personnel Are Wearing Fall Protection Equipment and the Operator Is Properly Trained.

***insert figure 12.2.3.5. here***

Statement: The revised wording emphasizes the need for qualified operators and safe users.

_______________________________________________________________________________________________
921    FR245
(Figure 12.3.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 12.3.1  Physical Hazards. Slip, trip, and fall hazards; holes in floors; sharp surfaces; broken glass;
and other such hazards can cause injury to the investigator. Investigator fatigue increases the potential for physical
injury while investigating the fire scene. When using hand tools, portable power tools, and ladders, care should be taken
to observe all safety requirements and operational guidelines to lessen the potential for injury. The use of flashlights or
portable lighting (intrinsically safe, if required) will reduce the potential of a slip or fall. Additionally, identification of,
marking of, and covering holes and other items that can pose a physical hazard will reduce the potential for injury.
Standing water and wet or slippery surfaces should be appropriately marked and barricaded to prevent investigators
from entering the area.

Insert new color photo with caption:Scaffolding Used to Allow Investigators to Access to Portions of the Structure. Fall
Hazard is the Walkway from the Astructure to the Scaffolding.

***insert figure 12.3.1. here***
Statement: Inclusion of color photo will enhance usability of the document.

43Printed on  8/24/2012



Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR246
(Figure 12.3.2.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 12.3.2.2  The investigator’s task requires that he or she enter these structures and often requires
that he or she perform tasks of debris removal that may dislodge or further weaken these already unsound structures.
Before entering such structures or beginning debris removal, the investigator should make a careful assessment of the
stability and safety of the structure. If necessary, the investigator should seek the help of qualified structural experts to
assess the need for the removal of dangerously weakened construction or should make provisions for shoring up
load-bearing walls, floors, ceilings, or roofs.

Insert new color photo with caption:As a Result of Damage from an Explosion and Fire, the Structure Had to be Shored
Prior to Entry of the Investigators.

***insert figure 12.3.2.2. here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR247
(Figure 12.3.5.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: Not Only Is the Biological Hazard a Concern, This Vehicle
Should Also Be Locked Out to Prevent Actuation of the Hydraulic Systems.

***insert figure 12.3.5.2. here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR248
(Figure 12.3.6)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 12.3.6  Mechanical Hazards. Machinery and equipment present on the scene may have stored
energy. Prior to working around machinery and equipment, the investigator will need to determine if they are at zero
mechanical state or if they are still operational or functional. For specialized machinery or equipment, the investigator
may need to seek the assistance of the property owner or other technical resource to assist in controlling the stored
energy.

Insert new color photo with caption: Machinery Should Be at Zero Mechanical State Prior to the Removal of Any Panels
to Determine the Condition.

***insert figure 12.3.6 here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR75
(12.4.1.3.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
12.4.1.3.3  Proper Selection and Use of Personal Protective Equipment (PPE). The use of PPE is generally considered
the least effective of the control measures. However, due to the conditions that the investigator may encounter at the
scene and the duration of the work, PPE can be a suitable control mechanism.  Care will need to be taken to determine
the hazard present to ensure that the PPE selected is acceptable for the hazard present, and that the user of the PPE is
trained and capable to use of using it.

Statement: Editorial

_______________________________________________________________________________________________
921    FR249
(Figure 12.4.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 12.4.2  Site-Specific Safety Plans. After the Hazard and Risk Assessment process has been
completed, specialized safety plans may need to be developed. If there are no hazards present that require a
site-specific safety program, then one does not need to be developed. The controlling entity will need to determine the
plans that are applicable, such as those listed below. Other investigators may also need to have a compatible program
for their employees.

Insert new color photo with caption:The Swing Radius of the Crane Was Properly Barricaded

***insert figure 12.4.2 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR250
(Figure 12.6.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 12.6.1  Proper Selection and Use of Personal Protective Equipment (PPE). The use of PPE is
generally considered the least effective of the control measures. However, due to the conditions that the investigator
may encounter at the scene and the duration of the work, PPE can be a suitable control mechanism. Care will need to
be taken to determine the hazard present to ensure that the PPE selected is acceptable for the hazard present, and that
the user of the PPE is trained and capable of using it, and understands the limitations of the equipment, the need for
effective personal decontamination after using the equipment, and how to inspect and clean the equipment.

Insert new color photo with caption: Investigators Are Wearing Appropriate PPE for the Working Conditions Encountered
During This Scene Analysis.

***insert figure 12.6.1 here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR76
(12.10.5)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Delete 12.10.5 text.
12.10.5 Exposure to Tools and Equipment. Many of the tools and equipment used in the process of conducting an

investigation may be rendered unsafe after being used in hazardous atmospheres. The necessary procedures,
equipment, tools, and supplies to render the equipment safe should be in place prior to the undertaking of the
investigation. Precautions should also be in place to dispose of the tools safely should they be incapable of being
rendered safe.

Statement: This text was incorporated into 12.2.4 and is not needed here.
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Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR77
(12.11)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Delete 12.11, this text was incorporated 12.3.3 during the revisions completed for the 2011 edition.

12.11 Factors Influencing Scene Safety. Many varying factors can influence the danger potential of a fire or explosion
scene. The investigator should be constantly on the alert for these conditions and should ensure that appropriate safety
precautions are taken by all persons workingat the scene.

12.11.1 The investigator should determine the status of all utilities (i.e., electric, gas, and water) within the structure
under investigation. Determine before entering if electric lines are energized (primary, secondary, or temporary electrical
service), if fuel gas lines are charged, or if water mains and lines are operative. Determining the status of all utilities is
necessary to prevent the possibility of electrical shock or inadvertent release of fuel gases or water during the course of
the investigation.

12.11.2 Electrical Hazards. Although the fire investigators may arrive on the scene hours or even days later, they
should recognize potential hazards in order to avoid injury or even death. Serious injury or death can result from electric
shocks or burns. Investigators as well as fire officers should learn to protect themselves from the dangers of electricity
while conducting fire scene examinations. The risk is particularly high during an examination of the scene immediately
following the fire. When conditions warrant, the investigator should ensure that the power to the building or to the area
affected has been disconnected prior to entering the hazardous area. The investigator should also recognize that
buildings may have several utility feeds and should ensure that all feeds are disconnected prior to entering the
hazardous area. The fire investigator should not disconnect the building’s electric power but should ensure that the
authorized utility does so.

12.11.2.1 When electrical service has been interrupted and the power supply has been disconnected, a tag or lock
should be attached to the meter, indicating that power has been shut off. In considering potential electrical hazards,
always assume that danger is present. The investigator should personally verify that the power has been disconnected.
This verification can be accomplished with the use of a voltmeter. Some meters allow the accurate measuring of volts,
ohms, and resistance. Other devices are designed simply to indicate the presence of alternating current. These
pencil-sized products give an audible or visual alarm when the device tip is placed on the wire (bare or jacketed). When
utilizing voltage-testing equipment, it is imperative that the testing device be rated for the voltage supplied to the
structure under investigation. Utilization of equipment that is not rated properly exposes the investigator to electrocutions
and puts other investigators in the area of the testing at great risk. If any doubt exists as to whether the equipment is
energized, the local electric utility should be called for verification.

12.11.2.2 The investigator may be working at fire scenes that have been equipped with temporary wiring. The
investigator should be aware that temporary wiring for lighting or power arrangements is often not properly installed,
grounded, or insulated and, therefore, may be unsafe.

Statement: this text was incorporated 12.3.3 during the revisions completed for the 2011 edition.
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Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR78
(13.6.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

13.6.4 Founded in 1918, the American National 13.6.4  American National Standards Institute (ANSI) is a private,
non-profit organization that facilitates the development of American National Standards (ANSs) by accrediting the
procedures of standards-developing organizations (SDOs). These groups work cooperatively to develop voluntary
national consensus standards. Accreditation by ANSI signifies that the procedures used by the standards body in
connection with the development of American National Standards meet the Institute’s essential requirements for
openness, balance, consensus, and due process.

Statement: This is considered by the committee to be an editorial change to match existing format in the chapter.

_______________________________________________________________________________________________
921    FR79
(13.6.6.1, 13.6.6.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
13.6.6.1 The International Association of Arson Investigators (IAAI) was founded in 1949 by a group of public and
private officials to address fire and arson issues. The International Association of Arson Investigators (IAAI) is dedicated
to improving the professional development of fire and explosion investigators by being a global resource for fire
investigation training, technology and research. The purpose of the association is to strive to control arson and other
related crimes, through education and training, in addition to providing basic and advanced fire investigator training. The
IAAI has chapters located throughout the world.

13.6.6.2 In addition to an annual seminar, there are also regional seminars focusing on fire investigator training and
education. The Association publishes the Fire and Arson Investigator, a quarterly magazine. The IAAI offers a written
examination for investigators meeting IAAI minimum qualifications to become an IAAI–certified fire investigator (CFI).
Additionally, the IAAI offers a distance learning platform available at www.cfitrainer.net.

Statement: The change reflects the current mission statement of IAAI.

_______________________________________________________________________________________________
921    FR80
(13.6.11.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 13.6.11.1 The insurance industry certainly has an interest in the results of most fire and explosion
incidents. The industry’s primary interest in such investigations is the detection of the crime of arson and other fraud
offenses. The insurance industry can, however, also provide the fire investigator with a diverse amount of information
concerning the structure involved or vehicle involved and the person(s) who have insured it them. (See 11.5.6.5.)

Statement: Insurance interests are varied and the deleted sentence provided an over-broad statement that may not
have been accurate
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_______________________________________________________________________________________________
921    FR81
(14.4.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new items and text to current list in 14.4.3 as follows:
Air blaster – (found in camera stores.)
Batteries
Calcination gauge
Char gauge / Digital caliper
Metal detector/Probe
Ruler / Straight edge
Sieve / Sifting screens
Soap and hand cleaner or moist toweletts
Voltage detector – (Pen shaped device to show live circuits)

Statement: These editions are helpful to the investigator.

_______________________________________________________________________________________________
921    FR82
(15.1, 15.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: ***See attached Chapter 15.1 through Chapter 15.2
Statement: Section 15.1 - 15.2 was revised to accommodate the change in technology from film to digital photography.

Also, Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR85
(Figure 15.4.2(b)(c)(d))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation:
Replace diagrams in Figures 15.4.2 b, c, and d, with corrected diagrams b, c, and d

***INSERT Figure 921_L99_15.4.2(b)_R here***

***INSERT Figure 921_L99_15.4.2(c)_R here***

***INSERT Figure 921_L99_15.4.2(d)_R here***

Statement: These are better figures with color enhancements.
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15 16.1* Introduction. 
15 16.1.1 The goal in documenting any fire or explosion investigation is to 
accurately record the investigation through media that will allow investigators to 
recall and communicate their observations at a later date. Common methods of 
accomplishing this goal include the use of photographs, videotapes, diagrams, 
maps, overlays, tape recordings, notes, and reports. 
15 16.1.2 Thorough and accurate documentation of the investigation is critical 
because it is from this compilation of factual data that investigative opinions and 
conclusions can be supported and verified. There are a number of resources to 
assist the investigator in documenting the investigation. 
15 16.2 Photography. 
15 16.2.1 General. A visual documentation of the fire scene can be made using 
either still or video photography. Images can portray the scene better than words. 
They are the most efficient reminders of what the investigator saw while at the 
scene. Patterns and items may become evident that were overlooked at the time 
the photographs or videos were made. They can also substantiate reports and 
statements of the investigator. 
15 16.2.1.1 For fire scene and investigation-related photography, color images 
are recommended. 
15 16.2.1.2* Investigators should be familiar with the equipment and technology 
they are using. Taking a basic photography or video course through a vocational 
school, camera club, or camera store would be most helpful in getting the 
photographer familiar with the equipment. 
15 16.2.1.3 As many photographs should be taken as are necessary to 
document and record the fire scene adequately. It is recognized that time and 
expense considerations may impact the number of photographs taken, and the 
photographer should exercise discretion.  It is far preferable to err on the side of 
taking too many photographs rather than too few. 
15 16.2.1.4 The exclusive use of videotapes, motion pictures, or slides is not 
recommended. They are Video is more effective when used in conjunction with 
still photographs. Also, additional equipment is obviously required to review and 
utilize videos, films, and slides. 
15 16.2.2 Timing. Taking photographs or video during the fire or as soon as 
possible after a fire is important when recording documenting the fire scene, as 
the scene may become altered, disturbed, or even destroyed. Other situations 
when Some reasons why time is important include the following: 
(1) The building is in danger of imminent collapse or the structure must be 
demolished for safety reasons. 
(2) Hazardous materials or processes may create an imminent The condition of 
the building contents creates an environmental hazard that needs immediate 
attention. 
(3) Evidence can be altered during overhaul and investigation.  Evidence should 
be documented when discovered as layers of debris are removed, as is done at 
an archaeological dig. Documenting the layers can also assist in understanding 
the course of the fire. 
15 16.2.3 Basics. 



15 16.2.3.1 General. The most fundamental aspect of photography that an 
investigator should comprehend is how a camera works. The easiest way to 
learn how a camera works is to compare the camera to the human eye. 
15 16.2.3.1.1 One of the most important aspects to remember about fire 
investigation photography is light. The average fire scene consists of blackened 
subjects and blackened background, creating much less than ideal conditions for 
taking a photograph. As one can imagine, walking into a dark room causes the 
human eye to expand its pupil in order to gather more light; likewise, the camera 
requires similar operation. The person in a dark room normally turns on the light 
to enhance vision, just as a photographer uses a flash or floodlight to enhance 
the imitated vision of the camera. 
15 16.2.3.1.2 Both the human eye and the camera project an inverted image on 
the light-sensitive surface:—the charge coupled device (CCD) the film in the 
camera, and the retina in the eye. The amount of light admitted is regulated by 
the iris (eye) or diaphragm (camera). Additionally, the camera shutter controls the 
time during which the light is admitted. In both, the chamber through which the 
light passes is coated with a black lining to absorb the stray light and avoid 
reflection. 
15 16.2.3.1.3 Regardless of camera type, film speed, or whether slides or prints 
are being taken, it is recommended that the investigator use color film. The 
advantage of color film is that the final product can more realistically depict the 
fire scene by showing color variations between objects and smoke stains. 
15 16.2.3.2 Types of Cameras. There is a multitude of camera types available to 
the investigator, from small, inexpensive models to elaborate versions with a 
wide range of attachments. 
15 16.2.3.2.1 Some cameras are fully automatic, giving some investigators a 
sense of comfort knowing that all they need to do is point and shoot. These 
cameras will set the film speed from a code on the film canister, adjust the lens 
opening (f-stop), and focus the lens by means of a beam of infrared light.  adjust 
the lens opening (f-stop), control the shutter speed, operate  the flash and focus 
the lens.   
15 16.2.3.2.2 Manual operation is sometimes desired by the investigator so that 
specialty images can be obtained that the automatic camera, with its built-in 
options, cannot perform. For example, with a manual camera, bracketing (taking 
a series of photographs with sequentially adjusted exposures) can be performed 
to ensure at least one properly exposed photograph when the correct exposure is 
difficult to measure. There are some cameras that can be operated in a manual 
as well as an automatic mode, providing a choice from the same camera. Most 
investigators prefer an automatic camera for routine fire scene use. 
15 16.2.3.2.3 A 35 mm single-lens reflex camera is preferred over other formats, 
but the investigator who has a non–35 mm camera should continue to take 
photographs as recommended. A backup camera that instantly develops prints 
can be advantageous, especially for an important photograph of a valuable piece 
of evidence. A digital camera having a resolution of at least 5 megapixels is 
recommended.  Digital images can be immediately reviewed for quality, and a 
new image collected if necessary.  Digital images can also be enlarged on site to 



ensure that sufficient detail is available.  
15 16.2.3.3 Film. There are many types of film and film speeds available in both 
slide and print film. There are numerous speeds of film (ASA ratings), especially 
in the 35 mm range. Because 35 mm (which designates the size of the film) is 
most recognized and utilized by fire investigators, film speeds will be discussed 
using this size only. The common speeds range from 25 to 1600 in color and to 
6400 in black and white. The numbers are merely a rating system. As the 
numbers get larger, the film requires less light. While the higher ASA-rated 
(faster) film is better in low light conditions with no flash, a drawback is that it will 
produce poorer-quality enlargements, which will have a grainy appearance. The 
film with the lowest rating that the investigator is comfortable with should be used 
because of the potential need for enlargements. Most investigators use a film 
with an ASA rating between 100 and 400. Fire investigators should practice and 
become familiar with the type and speed of film they intend to use on a regular 
basis. 
15 16.2.3.3 Image Authentication. With digital images, as with film 
photographs, the tests of “a true and accurate representation” and “relevance to 
the testimony” must be met. 
15 16.2.3.3.1 Digital images can be enhanced using readily available computer 
technology. Routine enhancement of the image can be used to correct 
brightness, color and contrast.   These enhancements were frequently carried out 
automatically by developers when film was the medium of choice. If an image 
has been enhanced, it is incumbent upon the investigator to preserve the original 
image and to document the extent to which the image was enhanced, should 
enhancement become an issue. 
15 16.2.3.4 Digital Photography. With the advancements of computer-based 
technology and the improvement of digital cameras and technology, there are a 
number of issues that have been raised regarding the acceptance of the 
photograph during testimony. At this time, there is no established case law that 
bars the use of digital images in the courtroom.With digital photographs, as with 
all photographs, the tests of “a true and accurate representation” and “relevance 
to the testimony” must still be met. 
15 16.2.3.4.1 Digital images can be manipulated and altered using readily 
available computer technology. Very often, legitimate alterations of the image 
can be used to further interpret or understand the image. Examples of this type of 
alteration include digital enhancement, brightening, color adjustment, and 
contrast adjustment. Similar techniques have also been used when developing 
prints from negatives; however, the film negative remains as a permanent record. 
If an image has been enhanced, it is incumbent upon the investigator to preserve 
the original image and to clearly state the extent to which the image was 
enhanced so as to not mislead the trier of fact. 
 15 16.2.3.43.2 When the investigator chooses to utilize digital photography, 
s*Steps should be taken to preserve the original image and establish a 
methodology to allow authentication. An agency procedure should be established 
for the storage of images, such as placement on an appropriate storage medium 
(CD ROM) that will not allow them to be altered, or the utilization of a computer 



software program that does not allow the original image to be altered and saved 
using the original file name, or other programs that may be developed in the 
future.   
15 16.2.3.5 4 Lenses. The camera lens is used to gather light and to focus the 
image on the camera’s detector. Most of today’s lenses are compound, meaning 
that multiple lenses are located in the same housing. The fire investigator needs 
a basic understanding of the lens function to obtain quality photographs images. 
The convex surface of the lens collects the light and sends it to the back of the 
camera, where the film lies it is collected on the CCD. The aperture is an 
adjustable opening in the lens that controls the amount of light admitted. The 
adjustments of this opening are sectioned into measurements called f-stops. As 
the f-stop numbers get larger, the opening gets smaller, admitting less light. 
These f-stop numbers are listed on the movable ring of the adjustable lenses. 
Normally, the higher the f-stop that can be used, the better the depth of field of 
the image. 
15 16.2.3.54.1 Focal lengths in lenses range from a normal lens (50 mm, which 
is most similar to the human eye) to the wide angle (2815 mm or less) lenses, to 
telephoto and zoom lenses (typically 10080mm or greater, depending on the size 
of the CCD). The investigator needs to determine what focal lengths will be used 
regularly and become familiar with the abilities of each.  
15 16.2.3.54.2 The area of clear definition or depth of field is the distance 
between the farthest and nearest objects that will be in focus at any given time. 
The depth of field depends on the distance to the object being photographed, the 
lens opening, and the focal length of the lens being used. The depth of field will 
also determine the quality of detail in the investigator’s photographs images. For 
a given f-stop, the shorter the focal length of the lens, the greater the depth of 
field. For a given focal length lens, a larger f-stop (smaller opening) will provide a 
greater depth of field. The more the depth of field, the more minute are the 
details that will be seen. This is an important technique to master. These are the 
most common lens factors with which the fire investigator needs to be familiar. If 
a fixed-lens camera is used, the investigator need not be concerned with 
adjustments, because the manufacturer has preset the lens.  A recommended 
lens is a medium range zoom, such as the 35 in the range of 20mm to 780 mm 
(depending on the size of the CCD), providing a wide angle with a good depth of 
field and the ability to take high-magnification close-ups (macros).  
15 16.2.3.6 5 Filters. The investigator should know that problems can occur with 
the use of colored filters. Unless the end results of colored filter use are known, it 
is recommended that they not be used. If colored filters are used, the investigator 
should take an photograph image with a clear filter also. The clear filter can be 
used continually and is a good means of protecting the lens. 
15 16.2.3.7 6 Shutter Speed. A minimum amount of light is required for a good 
exposure.  As the aperture is decreased (increased f-stop), the amount of light 
admitted per unit time decreases, so a longer shutter speed is required. Shutter 
speeds below 1/60 sec (60) require a tripod to avoid blurring of the image. 
15 16.2.3.8 7 Lighting. The most usable light source known is the sun. No 
artificial light source can compare realistically in terms of color, definition, and 



clarity. At the beginning and end of the day, inside a structure or an enclosure, or 
on an overcast day, a substitute light source will most likely be needed. This light 
can be obtained from a floodlight or from a strobe or flash unit integrated with the 
camera. Because a burned area has poor reflective properties, artificial lighting 
using floodlights can be useful. 
15 16.2.3.76.1 Because a burned area has poor reflective properties, artificial 
lighting using floodlights is useful. Floodlights, however, will need a power source 
either from a portable generator or from a source within reach by extension cord. 
15 16.2.3.87.1 There are instances when the time period during which a 
photograph was taken will be important to an understanding of what the 
photograph depicts. In photographs of an identical subject, natural lighting 
conditions that exist at noon may result in a significantly different photographic 
image than natural lighting conditions that exist at dusk.  
15 16.2.3.87.2 Flash units are necessary for the fire investigator’s work. The 
flash unit should be removable A flash unit that can be removed from the camera 
body so that it can be operated at an angle oblique to that of the lens view may 
be helpful. This practice is valuable in reducing the amount of reflection, 
exposing more depth perception obtaining a greater depth of field, and amplifying 
the texture of the heat- and flame-damaged surfaces. Another advantage to a 
detachable flash unit is that, if the desired composition is over a larger area, the 
angle and distance between the flash and the subject can be more balanced.  
15 16.2.3.76.3 A technique that will cover a large scene is called photo painting. 
It can be accomplished by placing the camera in a fixed position with the shutter 
locked open. A flash unit can be fired from multiple angles, to illuminate multiple 
subjects or large areas from all angles. The same general effect can be obtained 
by the use of multiple flash units and remote operating devices called slaves. 
15 16.2.3.87.3 . The use of multiple flash units and remote operating devices 
called slaves can illuminate large areas. 
15 16.2.3.87.4 For close-up work, a ring flash will reduce glare and give 
adequate lighting for the subject matter. Multiple flash units can also be used to 
give a similar effect to the ring flash by placing them to flash at oblique angles. A 
ring flash may in some cases “flatten” the image.  This can be avoided by using 
multiple flashes, or by using a standard flash angled downward. 
15 16.2.3.87.5 The investigator should be sure that glare from a flash or 
floodlight does not distort the actual appearance of an object. For example, 
smoke stains could appear lighter or nonexistent. In addition, shadows created 
could be interpreted as burn patterns. Movie lights used with videotapes cameras 
can cause the same problems as still camera flash units. Using bounce flash, 
light diffusers, or other techniques could may alleviate this problem. 
15 16.2.3.87.6 The investigator concerned with the potential outcome of a 
photograph can bracket the exposure. Bracketing Bracketing is the process of 
taking the same subject matter at slightly different exposure settings to ensure at 
least one correct exposure. 
15 16.2.3.9 8 Special Types of Photography. Today’s technology has produced 
some specialty types of photography. Infrared, laser, panoramic and microscopic 
photography can be used under controlled circumstances. An example is the 



ability of laser photography to document a latent fingerprint found on a body. 
15 16.2.4 Composition and Techniques. 
15 16.2.4.1 Photographs may be the most persuasive factor in the acceptance of 
the fire investigator’s theory of the fire’s evolution. 
15 16.2.4.1.1 In fire investigation, a series of photographs images should be 
taken to portray the structure and contents that remain at the fire scene. The 
investigator generally takes a series of photographs images, working from the 
outside toward the inside of a structure, as well as from the unburned toward the 
most heavily burned areas. The concluding photographs images are usually of 
the area and point of origin, as well as any elements of the cause of the fire. 
Deviations from the general photography sequence described in this section do 
not necessarily indicate faulty investigative methodology. 
15 16.2.4.1.2 It can be useful is important for the photographer to record, and 
thereby document, the entire fire scene and not just the suspected point of origin, 
as it may be necessary to show the degree of smoke spread or evidence of 
undamaged areas. 
15 16.2.4.2 Sequential Photos. Sequential photographs, shown in Figure 15 
16.2.4.2, are helpful in understanding the relationship of a small subject to its 
relative position in a known area. The small subject is first photographed from a 
distant position, where it is shown in context with its surroundings. Additional 
photographs images are then taken increasingly closer until the subject is the 
focus of the entire frame.  
 
***Insert Figure 15 16.2.4.2 Sequential Photographs of an Chair Outlet. 
Here*** (3 new color photos) 
 
15 16.2.4.3 Mosaics Photographs. A Creating mosaic or collage panoramic of 
photographs can be useful at times when a sufficiently wide angle lens is not 
available and a panoramic view is desired. A mosaic is created by physically 
assembling a number of photographs in overlay form to give a more than- 
peripheral view of an area, as shown in Figure 15 16.2.4.3. An The investigator 
needs to identify benchmark items (e.g., benchmarks) in the about 1/3 of the 
image in from the edge of the view finder that will appear in the print and take the 
next photograph in the series with that same reference point on the opposite side 
of the view finder. The two or more individual prints can then be combined to 
obtain a wider view than the camera is capable of taking in a single shot.    

 

***Insert FIGURE 15 16.2.4.3  Mosaic of Warehouse Burn Scene from Aerial 
Truck Three iIndividual sSequential pPhotographs of a bBurned wWooden 
pPallet fFactory (top), mMade into a pPhysically oOverlapped mMosaic 
(bottom). Here*** (new color photo) 

 
15.2.4.3.1 15 16.2.4.3.1Digitally “Stitched” Mosaics. Digitally “Stitched” 
Mosaics.  Digital stitching computer programs are available to automatically 
perform the making of mosaic images from a series of digital photos.  These 



programs frequently adjust and correct the brightness and contrast as well as the 
“fisheye lens” effect (aspect ratio) of the completed mosaic image.  (See Figure 
15 16.2.4.3.1) 

 

***Insert FIGURE 15 16.2.4.3.1  Physically oOverlapped mMosaic from 
Figure 15 16.2.4.3 (top) cCompared to a dDigitally sStitched cCopy of the 
mMosaic (bottom). Here.*** (new color photo) 

 
15 16.2.4.4 Photo Diagram. A photo diagram can be useful to the investigator. 
When the finished product of a floor plan is complete, it can be copied, and 
directional arrows can be drawn to indicate the direction from which each of the 
photographs was taken. Numbers corresponding to the frame and roll  are then 
placed on the photographs images. This diagram will assist in orienting a viewer 
who is unfamiliar with the fire scene. A diagram prepared to log a set of 
photographs images might appear as shown in Figure 15 16.2.4.4. 
 
 
***Insert Figure 15.2.4.4 Diagram Showing Photo Locations. Here*** from 
prev ed. 
 
15 16.2.4.4.1 Recommended documentation includes identification of the 
photographer, identification of the fire scene (i.e., address or incident number), 
and the date that the photographs were taken. A title form can be used for the 
first image to record this photo documentation.  
15 16.2.4.4.2 The exact time a photograph is taken does not always need to be 
recorded. There are instances, however, when the time period during which a 
photograph was taken will be important to an understanding of what the 
photograph depicts. In photographs of identical subject, natural lighting 
conditions that exist at noon may result in a significantly different photographic 
image than natural lighting conditions that exist at dusk. When lighting is a factor, 
the approximate time or period of day should be noted. Also, the specific time 
should be noted for any photograph taken prior to extinguishment of the fire, as 
these often help establish time lines in the fire’s progress. Provided the camera 
has been properly set up, digital cameras automatically record the date and time 
for each image in a “meta-data” file.  
15 16.2.4.5 Assisting Photographer. The investigator should take his own 
photographs, if possible. If a person other than the fire investigator is taking 
required to take the photographs, the angles and composition should be 
supervised by the fire investigator to ensure that shots all of the appropriate 
images needed to document the fire are obtained. Investigators should 
communicate their needs to the photographer, as they may not have a chance to 
return to the fire scene. The investigators should not assume that the 
photographer understands what essential photographs are needed without 
discussing the content of each photo. 
15 16.2.4.6 Photography and the Courts. For the fire investigator to weave 



photographs and testimony together in the courtroom, one requirement in all 
jurisdictions is that the photograph image should be relevant to the testimony. 
There are other requirements that may exist in other jurisdictions, including 
noninflammatory content, clarity of the photograph image, or lack of distortion. In 
most courts, if the relevancy exists, the photograph image will usually withstand 
objections. Since the first color photographs were introduced into evidence in a 
fire trial, most jurisdictions have not distinguished between color or black and 
white photographs, if the photographs met all other jurisdictional criteria.  
15 16.2.5 Video. In recent years, advancements have made motion pictures 
more available to the nonprofessional through the use of video cameras. There 
are different formats available for video cameras, including VHS, Beta, and 8 
mm. Video is a very useful tool to the fire investigator. A great advantage to video 
is the ability to orient the fire scene by progressive movement of the viewing 
angle. In some ways, it combines the use of the photo diagram, photo indexing, 
floor plan diagram, and still photos into a single operation. 
15 16.2.5.1 When taking videos or movies, excessive “zooming” or otherwise 
exaggerating an object should be avoided, as it can be considered to present a 
dramatic effect rather than the objective effect that is sometimes required for 
evidence in litigation work. Excessive zooming can adversely affect the viewer, 
and be more confusing than a video without such effects. In general, video 
documentation of the scene should be recorded with the minimum number of 
comments required to orient the viewer. 
15 16.2.5.2 Another use of video is for interviews of witnesses, owners, 
occupants, or suspects when the documentation of their testimony is of prime 
importantance. If demeanor is important to an investigator or to a jury, the video 
can be helpful in revealing that. 
15 16.2.5.3 The exclusive use of videotape or movies is not recommended, 
because such types of photography are often considered less objective and less 
reliable than still photographs. Video should be used in conjunction with still 
photographs. One added benefit of video recording is that the investigator can 
better recall the fire scene, specifically fire patterns or artifact evidence, their 
location, and other important elements of the fire scene. The recording is not 
necessarily for the purpose of later presentation, but is simply another method by 
which the investigator can record and document the fire scene. 
15 16.2.5.4 Videotape recording of the fire scene can be a method of recording 
and documenting the fire scene. The investigator can narrate observations, 
similar to an audio (only) tape recorder, while videorecording the fire scene. The 
added benefit of video recording is that the investigator can better recall the fire 
scene, specifically fire patterns or artifact evidence, their location, and other 
important elements of the fire scene. Utilized in this method, the recording is not 
necessarily for the purpose of later presentation, but is simply another method by 
which the investigator can record and document the fire scene.  
15 16.2.5.5 Video recording can also be effective to document the examination of 
evidence, especially destructive examination. By videotaping the examination, 
the condition and position of particular elements of evidence can be documented 
in real time.  



15 16.2.6 Suggested Activities to Be Documented. An investigation may be 
enhanced if as many aspects of the fire ground activities can be documented as 
possible or practical. Such documentation may include the condition of the scene 
upon arrival (dashboard camera), the suppression activities, overhaul, and the 
cause and origin and cause investigation. 
15 16.2.6.1 During the Fire. Photographs Images of the fire in progress should 
be taken if the opportunity exists. These help show the fire’s progression as well 
as fire department operations. As the overhaul phase often involves moving the 
contents and sometimes structural elements, photographing the overhaul phase 
will assist in understanding the scene before the fire. Fire suppression activities 
pertinent to the investigation include the operation of automatic systems as well 
as the activities of the responding fire services, whenever possible. All aspects 
pertinent to these, such as hydrant locations, engine company positions, hose 
lays, attack line locations, and so forth, play a role in the eventual outcome of the 
fire. Therefore, all components of those systems should be photographed.  
15 16.2.6.2 Crowd or People Photographs. Photographs of people in a crowd 
are often valuable for identifying individuals who may have additional knowledge 
that can be valuable to the overall investigation. As the overhaul phase often 
involves moving the contents and sometimes structural elements, photographing 
the overhaul phase will assist in understanding the scene before the fire. 
15 16.2.6.3 Fire Suppression Photographs. Fire suppression activities 
pertinent to the investigation include the operation of automatic systems as well 
as the activities of the responding fire services, whenever possible. All aspects 
pertinent to these, such as hydrant locations, engine company positions, hose 
lays, attack line locations, and so forth, play a role in the eventual outcome of the 
fire. Therefore, all components of those systems should be photographed. 
Bystander Photographs. Photographs of people in a crowd are often valuable 
for identifying individuals who may have additional knowledge that can be 
valuable to the overall investigation. 
15 16.2.6.4 Exterior Photographs. A series of exterior shots should be taken to 
establish the location of a fire scene. These shots could include street signs or 
access streets, numerical addresses, or landmarks that can be readily identified 
and are likely to remain for some time. Surrounding areas that would represent 
remote evidence, such as fire protection and exposure damage, should also be 
photographed. Exterior photographs should also be taken of all sides and 
corners of a structure to reveal all structural members and their relationships with 
each other. (See Figure 15 16.2.6.4.)  
 
 
***Insert Figure 15.2.6.4 Photographing the Scene from All Angles and 
Corners. Here*** from prev ed. 
 
15 16.2.6.5 Structural Photographs. Structural photographs document the 
damage to the structure after heat and flame exposure. Structural photos can 
expose burn patterns that can track the evolution of the fire and can assist in 
understanding the fire’s origin. 



15 16.2.6.5.1 A recommended procedure is to include as much as possible all 
exterior angles and views of the structure. Oblique corner shots can give 
reference points for orientation. Photographs should show all angles necessary 
for a full explanation of a condition. 
15 16.2.6.5.2 Photographs should be taken of structural failures such as 
windows, roofs, or walls, because such failures can change the route of fire travel 
and can play a significant role in the eventual outcome of the fire. Code violations 
or structural deficiencies should also be photographed because fire travel 
patterns may have resulted from those deficiencies. 
15 16.2.6.6 Interior Photographs. Interior photographs are equally important. 
Lighting conditions will likely change from the exterior, calling for the need to 
adjust technique, but the concerns (tracking and documenting fire travel 
backward toward the fire origin) are the same. All significant ventilation points 
accessed or created by the fire should be photographed, as well as all significant 
smoke, heat, and burn patterns. Figure 15 16.2.6.6 provides a diagram of basic 
shots.  
 
***Insert Figure 15 16.2.6.6 Photographing All Four Walls, the Floor, the 
Ceiling/roof, and Both Sides of Each Door here*** 
 
15 16.2.6.6.1 Rooms within the immediate area of the fire origin should be 
photographed, even if there is no damage. If warranted, closets and cabinet 
interiors should also be documented. In small buildings, this documentation could 
involve all rooms; but in large buildings, it may not be necessary to photograph 
all rooms unless there is a need to document the presence, absence, or 
condition of contents. 
15 16.2.6.6.2 All heat-producing appliances or equipment, such as furnaces, in 
the immediate area of the origin or connected to the area of origin should be 
photographed to document their role, if any, in the fire cause. 
15 16.2.6.6.3 All furniture or other contents within the area of origin should be 
photographed as found and again after reconstruction. Protected areas left by 
any furnishings or other contents should also be photographed, as in the 
example shown in Figure 15 16.2.6.6.3. 
 
 
***Insert Figure 15.2.6.6.3 Floor Tile Protected from Radiant Heat by Wire. 
Here*** from prev. ed. 
 
15 16.2.6.6.4 The position of doors and windows during a fire is important, so 
photographs should be taken that would document those indications and 
resulting patterns. 
15 16.2.6.6.5 Interior fire protection devices such as detectors, sprinklers, 
extinguishers used, door closers, or dampers should be photographed. 
15 16.2.6.6.6  Clocks may indicate the time power was discontinued to them 
or the time in which fire or heat physically stopped their movement.  
Caution must be used when interpreting battery operated clocks as they may 



have stopped before the fire or in the case of battery operated clocks, continued 
to work after the fire.  
15 16.2.6.7 Utility and Appliance Photographs. The utility (gas, electric) 
entrances and controls both inside and outside a structure should be 
photographed. Photos should include gas and electric meters, gas regulators, 
and their location relative to the structure. The electric utility pole(s) near the 
structure that is equipped with the transformer serving the structure, and the 
electrical services coming into the structure, as well as the fuse or circuit breaker 
panels, should also be photographed. If there are gas appliances in the fire area 
of origin, the position of all controls on the gas appliances should be 
photographed. When photographing electrical circuit breaker panels, the position 
of all circuit breaker handles and the panel’s schedule indicating what electrical 
equipment is supplied by each breaker, when available, should be photographed. 
Likewise, all electrical cords and convenience outlets pertinent to the fire’s 
location should be photographed. 
15 16.2.6.8 Evidence Photographs. Items of evidentiary value should be 
photographed at the scene and can be re-photographed at the investigator’s 
office or laboratory if a more detailed view is needed. During the excavation of 
the debris strata, articles in the debris may or may not be recognized as 
evidence. If photographs are taken in an archaeological manner, the location and 
position of evidence that can be of vital importance will be documented 
permanently. Photographs orient the articles of evidence in their original location 
as well as show their condition when found. Evidence is essential in any court 
case, and the photographs of evidence stand strong with proper identification. In 
an evidentiary photograph, a ruler can be used to identify relative size of the 
evidence. Other items can also be used to identify the size of evidence as long 
as the item is readily identifiable and of constant size (e.g., a penny). A 
photograph should be taken of the evidence without the ruler or marker prior to 
taking a photograph with the marker (see 16.5.2.1). 
15 16.2.6.9 Victim Photographs. The locations of occupants should be 
documented, and any evidence of actions taken or performed by those 
occupants should be photographed. This documentation should include marks on 
walls, beds victims were occupying, or protected areas where a body was 
located. (See Figure 15 16.2.6.9.) If there is a death involved, the body should be 
photographed. Surviving victims’ injuries and their clothing worn should also be 
photographed.  
  
 
***Insert Figure 15.2.6.9 Protected Area Where Body Was Located. Here*** from 
prev ed. 
 
15 16.2.6.10 Witness Viewpoint Photographs. During an investigation, if 
witnesses surface and give testimony as to what they observed from a certain 
vantage point, a photograph should be taken from the most identical view 
available. This photograph will orient all persons involved with the investigation, 
as well as a jury, to the direction of the witnesses’ observations and could 



support or refute the possibility of their seeing what they said they saw. 
15 16.2.6.11 Aerial Photographs. Views from a high vantage point, which can 
be an aerial fire apparatus, adjacent building, or hill, or from an airplane or 
helicopter can often reveal fire spread patterns. Aerial photography can be 
expensive, and a number of special problems exist that can affect the quality of 
the results. It is suggested that the investigator seek the advice or assistance of 
an experienced aerial photographer when such photographs are desired. (See 
Figure 15 16.2.6.11) 
  
 
***Insert Figure 15 16.2.6.11 Aerial Overview of Fire Scene. Here*** (new color 
photo) 
 
15.2.6.12  Satellite Photography. 16.2.6.12  Satellite Photography.  Satellite 
imagery is available in many areas.  One of its unique aspects is the possibility of 
both pre and post incident photos.  Depending on the satellite photo schedule, 
views post fire may also be available.  Many photos are available on the Web, 
but NASA may be able to direct you to a source of higher resolution photos. 
15 16.2.7 Photography Tips. Investigators may help themselves by applying 
some or all of the photography tips in 15 16.2.7.1 through 15 16.2.7.9. 
15 16.2.7.1 Upon arrival at a fire scene and after shooting an 18 percent gray 
card, a written “title sheet” that shows identifying information (i.e., location, date, 
or situational information) should be photographed. 
15 16.2.7.2 The film canister should be labeled after each use to prevent 
confusion or loss.  
15 16.2.7.3 If the investigator’s budget will allow, bulk film can be purchased and 
loaded into individual canisters that can allow for specific needs in multiple roll 
sizes and can be less expensive in certain situations.   
15 16.2.7.4 A tripod that will allow for a more consistent mosaic pattern, alleviate 
movement and blurred photographs, and assist in keeping the camera free of fire 
debris should be available. A quick-release shoe on the tripod will save time.  
15 16.2.7.5 Multiple fire incidents should not be combined on one roll of film. The 
last roll should be removed from the camera before leaving the scene. This will 
eliminate potential confusion and problems later on.  
15 16.2.7.6 Extra batteries should be carried, especially in cold weather when 
they can be drained quickly. Larger and longerlife battery packs and battery 
styles are available.  
15 16.2.7.7 Batteries should not be left in the photography equipment for an 
extended period of time. Leaking batteries can cause a multitude of problems to 
electrical and mechanical parts.  
15 16.2.7.8 Obstruction of the flash or lens by hands, camera strap, or parts of 
the fire scene should be avoided. Additionally, when the camera is focused and 
ready to shoot, both eyes of the photographer should be opened to determine 
whether the flash went off.  
15 16.2.7.9 In the event that prints from a single roll of film may have become out 
of sequence, examination of the numbering on the film negatives provides a 



permanent record of the sequence in which photographs were taken on that 
particular roll.  
15 16.2.7.9 Prior to leaving the scene, walk back through the scene while 
reviewing your photographs to ensure that all necessary images have been 
recorded.  
15 16.2.8* Presentation of Photograph. There is a variety of methodologies 
available to the investigator for the presentation of reports, diagrams, and 
photographs. A key to the decision-making process is, “What method of 
presentation shows or presents the item with the greatest clarity?”Asecondary 
consideration to assist in the preparation of the presentation is to follow 
guidelines or practices that are used for instructional presentations, specifically in 
the area of instructional aids. The investigator should determine what methods of 
presentation and types of photographs currently are acceptable to the court. 
Additionally, the investigator should identify and obtain equipment that may be 
needed to support the presentation, oversee the setup, and test the equipment 
prior to use. Preparation is one of the most important aspects of presenting 
demonstrative evidence.A variety of methodologies are available to the 
investigator for the presentation of reports, diagrams, and photographs. In 
deciding how to present photographs, the investigator should consider the 
following:  
(1)What method of presentation shows the image with the greatest clarity?”  
(2) Will the image be used in an instructional format? If so, the investigator 
should follow guidelines for instructional aids. 
(3) What are the requirements of the agency or company requesting the 
investigation? 
(4) What are the requirements of the court where the photographs may be 
presented?  
15 16.2.8.1 Prints versus Slides. 
15 16.2.8.1.1 There are advantages and disadvantages to both prints and slides. 
A benefit of slides over prints is that large size images may be displayed at no 
additional cost. When showing slides in court, the investigator can keep every 
juror’s attention on what the investigator is testifying about. If prints are utilized, 
the investigator’s testimony may be recalled only vaguely, if the jury member is 
busy looking at photographs that are passed among the jurors as testimony 
continues. The use of poster-sized enlargements can help. 
15 16.2.8.1.2 Conversely, during testimony of a long duration or during detailed 
explanations of the scene, slides are a burden to refer to without the use of a 
projector. In this case, photographs are easier to handle and analyze. When 
slides are used, problems can occur, such as the slides jamming or a lamp 
burning out in the projector; thus, there may be no alternate way to display the 
scene to the jurors without delay. Prints require no mechanical devices to display 
them, and notations for purposes of identification, documentation, or description 
are easily affixed on or adjacent to a still photograph. 
15 16.2.8.2 Video Presentation. 
15 16.2.8.2.1 The use of video to present important information in testimony is an 
excellent methodology. Key to proper use of video presentation is to ensure that 



the size of the screen is sufficient to allow all interested parties to see the 
material adequately. The use of additional monitors may assist in overcoming 
this problem. 
15 16.2.8.2.2 The investigator should be aware of quality issues when preparing 
the video presentation, as those that will be viewing the presentation are 
accustomed to broadcast-quality video.  
15 16.2.8.3 Computer-Based Presentations. The advancement and increased 
use of computer-based presentations provides the investigator with an excellent 
tool for presentation. As with other presentation formats, there are inherent 
advantages and disadvantages to those programs.Computer based presentation 
programs such as PowerPoint and Keynote are now routinely used for the 
presentation of photographs, video and other documentary evidence. 
15 16.2.8.3.1 Computer-based presentations provide the user with the ability to 
put drawings and photographs 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. 
15 16.2.8.3.2 The investigator should have backup resources available, such as 
the original photographs and drawings, in the event that hardware incompatibility 
or software problems prevent the presentation from being viewed or reduce the 
effectiveness of the presentation.Prior to the presentation, the investigator should 
ensure that both the physical layout of the courtroom and the judge are 
amenable to such a presentation. Consideration should be given to the location 
of the screen and projector so that all parties can observe at the same time.   
15 16.2.8.4 A hard copy of all material to be presented should be made available 
to all parties.  Some courts will prohibit the investigator from introducing exhibits 
that have not been timely produced to all sides in accordance with local court 
rules. The investigator also needs a hard copy in case the presentation 
equipment fails. 



Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR86
(16.3.4.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new text to read as follows:
16.3.4.3  Flag, Bag, Tag.  During the examination of the scene it can be useful to identify, protect, and mark items of
interest or items that could be potential evidence.  Such marking can alert investigators to those items of interest and
begin the documentation process.

16.3.4.3.1. Flag.  The utilization of inexpensive plastic flagging to identify items or areas of interest to protect can aid the
ongoing investigation.  The flagging alerts others on scene not to disturb or remove those items.  Marking the items of
interest can be especially important when using heavy equipment or assistants who are not fire investigators.  Different
colors of flagging can be used to identify items such as electrical wiring or gas lines.  The bright colors also help identify
those items when taking photographs, especially large scale photographs used to show the layout of such utilities.  The
use of the flagging starts with the initial walk through of the scene and continues through re-construction of the contents
in the area of origin.

16.3.4.3.2. Bag.   Items of unknown evidentiary value are frequently located during the scene examination.  Bagging can
assist preservation of those items.  The item of interest should be documented in place and then can be placed in a
plastic bag (or other appropriate container).  This can be especially important if an item contains small or fragile pieces
that might be further disturbed during the normal scene examination process.  In some cases the debris in the
immediate area of the item could be placed into separate containers for later closer examination.  The item can be left in
place in case it is needed as evidence or to assist other investigators who may later examine the scene.  If the item is
later needed as evidence, it has been preserved in place and can be collected using the normal evidence collection
procedures.

16.3.4.3.3 Tag.  During the course of normal scene examination it may be necessary to move items from their original
position.  The investigator can tag those items, noting information of importance such as location, orientation or
alteration.  The tagging can assist later reconstruction of the scene contents, investigators who later examine the scene,
or if the item is later collected as evidence.
Statement: The added information is helpful to investigators for appropriate recognition and preservation of evidence.

_______________________________________________________________________________________________
921    FR87
(16.7.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new paragraph

16.7.3 Evidence List 16.7.3 Evidence List.  The investigator should prepare and maintain complete documentation and a
detailed list of all physical evidence collected.  This list should identify the evidence by particular case, individual
evidence Item number or letter, evidence collection location, and a brief description of the evidence item.  The evidence
list should be updated as any additional evidence is discovered and collected, or if evidence is divided into sub-items
during examination or testing. See also ASTM E 860, Standard Practice for Examining and Preparing Items That Are or
May Become Involved in Civil or Criminal Litigation; ASTM E 1188  Standard Practice for Collection and Preservation of
Information and Physical Items by a Technical Investigator; ASTM E 1459  Standard Guide for Physical Evidence
Labeling and Related Documentation; and ASTM E 1492  Standard Practice for Receiving, Documenting, Storing, and
Retrieving Evidence in a Forensic Science Laboratory. ASTM E 1492-05 Standard Practice for Receiving, Documenting,
Storing, and Retrieving Evidence in a Forensic Science Laboratory.
Statement: The new text provides guidelines for handling the documentation of evidence.
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Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR255
(Figure 16.10.1.4(b), Figure 16.10.1.4(c))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and number it 16.10.1.4 (b).  Replace existing photo with
color photo and number it 16.10.1.4 (c,)

***insert figure 16.10.1.4 (b) here***
***insert figure 16.10.1.4 (c) here***
Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR88
(16.10.1.6.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

16.10.1.6.2 If it is determined that testing might alter the evidence, interested parties should be notified prior to testing to
allow them an opportunity to object or be present at the testing. Guidance regarding notification can be found in ASTM E
860, Standard Practice for Examining and Testing Preparing Items That Are or May Become Involved in Product Liability
Litigation Criminal or Civil Litigation.

Statement: Editorial

_______________________________________________________________________________________________
921    FR89
(16.10.2.13)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

16.10.2.13 Flammability of Apparel Textiles (ASTM D 1230). This test method, from ASTM D 1230, Standard Test
Method for Flammability of Apparel Textiles, covers the evaluation of the flammability of textile fabrics as they reach the
consumer for or from apparel other than children’s sleepwear or protective clothing. This test method is the consensus
standard equivalent of the U.S. regulatory test method, 16CFR 1610, Standard for the Flammability of Clothing,
Textiles, United States Consumer Product Safety Commission, 2008, required for all fabrics.

Statement: The additional information provides the fire investigator information on test methods.
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Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR90
(16.10.2.14 , 16.10.2.15)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
16.10.2.14  Cigarette Ignition Resistance of Mock-up Upholstered Furniture Assemblies (ASTM E 1352). This test
method, from ASTM E 1352, Standard Test Method for Cigarette Ignition Resistance of Mock-up Upholstered Furniture
Assemblies, is intended to cover the assessment of the resistance of upholstered furniture mock-up assemblies to
combustion after exposure to smoldering cigarettes under specified conditions. The test method is technically equivalent
to NFPA 261.  Note that the commercial cigarettes used in the test method have been designed to be “low ignition
propensity cigarettes”, as sold in the US.

16.10.2.15  Cigarette Ignition Resistance of Components of Upholstered Furniture (ASTM E 1353). This test method,
from ASTM E 1353, Standard Test Methods for Cigarette Ignition Resistance of Components of Upholstered Furniture,
is intended to evaluate the ignition resistance of upholstered furniture component assemblies when exposed to
smoldering cigarettes under specified conditions. The test method is technically equivalent to NFPA 260.  Note that the
commercial cigarettes used in the test method have been designed to be “low ignition propensity cigarettes”, as sold in
the US.

Statement: The text as modified provides the investigator with additional useful information.

_______________________________________________________________________________________________
921    FR91
(16.10.2.16)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

16.10.2.16 Flammability of Finished Textile Floor-Covering Materials (ASTM D 2859). This test method, from ASTM
D2859, Standard Test Method for Flammability of Finished Textile Floor Covering Materials, covers the determination of
the flammability of finished textile floor covering materials when exposed to an ignition source under controlled
laboratory conditions. It is applicable to all types of textile floor coverings regardless of the method of fabrication or
whether they are made from natural or manmade fibers. Although this test method may be applied to unfinished
material, such a test is not considered satisfactory for the evaluation of a textile floor-covering material for ultimate
consumer use. Carpets and rugs sold in the U.S. are required to meet this test, also known as 16 CFR 1630, which has
been a regulatory flammability test since the 1970s.

Statement: This text provides additional information to the investigator.
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Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR92
(16.10.2.21)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

16.10.2.21 Room Fire Experiments (ASTM E 603). This guide, ASTM E 603, Standard Guide for Room Fire
Experiments, covers full-scale compartment fire experiments that are designed to evaluate the fire characteristics of
materials, products, or systems under actual fire conditions. It is intended to serve as a guide for the design of the
experiment and for the interpretation of its results. ASTM E 603 may be used as a guide for establishing laboratory
conditions that simulate a given set of fire conditions to the greatest extent possible. A companion standard is ASTM
E2067, Standard Practice for Full-Scale Oxygen Consumption Calorimetry Fire Tests, which explains in detail ways to
conduct full-scale fire tests in which heat release is assessed by the principle of oxygen consumption calorimetry.

Statement: This text provides additional information to the investigator.

_______________________________________________________________________________________________
921    FR93
(16.10.2.26)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

16.10.2.26 Heat and Visible Smoke Release Rates for Materials and Products Using an Oxygen Consumption
Calorimeter (ASTM E 1354). This test method, from ASTM E 1354, Standard Test Method for Heat and Visible Smoke
Release Rates for Materials and Products Using an Oxygen Consumption Calorimeter, is a bench-scale laboratory
instrument for measuring heat release rate, radiant ignitibility, smoke production, mass loss rate, and gaseous
combustion products (including such certain toxic gases as carbon monoxide and carbon dioxide), from burning of
materials.

Statement: This text provides additional information to the investigator.

_______________________________________________________________________________________________
921    FR94
(16.10.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

16.10.3 Sufficiency of Samples. Fire investigators often misunderstand should be familiar with the abilities of laboratory
personnel and the capabilities and limitations of their scientific laboratory equipment. Not understanding these limitations
can These misconceptions usually result in the fire investigator's collecting a quantity of physical evidence that is too
small to examine or test.

Statement: This text provides additional information to the investigator
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Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR96
(17.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

17.1 Introduction. 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 which the "point
of origin" of a fire or explosion is reasonably believed to be located. The point of origin is defined as the smallest location
a fire investigator can define, within an "area of origin," in which a heat source, source of oxygen, and a fuel interacted
with each other and a fire or explosion began. (See 3.3.9, Area of Origin.) For example, in practical use in the field a
point of origin may be as large as a single chair or electrical appliance or as small as a specific location on the chair or
within the appliance, depending upon the smallest location the investigator can define. The point of origin is defined as
the exact physical location within the area of origin where a heat source and the fuel interact, resulting in a fire or
explosion. The origin of a fire is one of the most important hypotheses that an investigator develops and tests during the
investigation. Generally, if the origin cannot be determined, the cause cannot be determined, and generally, if the
correct origin is not identified, the subsequent cause determination will also be incorrect. The purpose of determining the
origin of the fire is to identify in three dimensions the locations at which the fire began.

Statement: Revised text matches definition.

_______________________________________________________________________________________________
921    FR97
(17.3.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

17.3.2 Excavation and Reconstruction.  Fire scene excavation (the examination, layering, and removal of debris) and
reconstruction allows the investigationr to observe patterns on exposed surfaces and to locate evidence that can assist
the investigator to in makeing an accurate origin analysis. The purpose of fire scene reconstruction is to re-create as
nearly as practicable the pre-fire positions of contents and structural components. Interviews, diagrams, photographs,
and other means can be helpful in establishing pre-fire conditions.

Statement: The new text helps to provide clarification.

_______________________________________________________________________________________________
921    FR98
(17.4.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace caption for Figure17.4.2 as follows:

FIGURE 17.4.2  Heat and Flame Vector Analysis Diagram Showing Vectors of the Physical Size and Direction of Heat
Travel of the Fire Patterns and Demonstrating a Fire Origin in the Area of Vectors 6, 10, and 11. (Source: Kennedy and
Shanley, “USFA Fire Burn Pattern Tests — Program for the Study of Fire Patterns.”)

Statement: Editorial change
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_______________________________________________________________________________________________
921    FR257
(Figure 17.4.3.2(a), Figure 17.4.3.2 (b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and number it 17.4.3.2 (a).  Replace existing photo with
color photo and number it 17.4.3.2 (b).

***insert figure 17.4.3.2 (a) here***
***insert figure 17.4.3.2 (b) here***
Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR99
(17.4.4.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: revise text to read as follows:
17.4.4.2* Measuring Depth of Calcination. The technique for measuring and analyzing depth of calcination can use a
visual observation of cross-sections or a should be performed using a probe survey. The visual method requires careful
removal of small, full-thickness sections [minimum approximately 50 mm (2 in.) diameter] of walls or ceilings to observe
and measure the thickness of the calcined layer. The probe method requires that a survey of the depth of calcination, be
undertaken by inserting a small cross-section probe device, such as illustrated in Figure 17.4.4.2 (a) and Figure
17.4.4.2(b), into the gypsum wallboard within the room of interest.  Based on experimental data, it is recommended that
the probe have a blunt tip with no tapering shoulders.  The cross-sectional surface area of the probe used should be

relatively small.  Cross-section areas used in experimental work have ranged in size from 1.9 to 3.1 mm
2

(0.003 to 0.005

in.2).  The probe can be attached to a force gauge to ensure uniform pressure is applied at the probe tip during each
measurement.  The pressure required to reach the line of demarcation where calcined and virgin gypsum meet has

been studied and values are generally consistent ranging from 800 to 900 g/mm2 (1120 to 1270 psi).  Care should be
taken to use approximately the same insertion pressure for each measurement.  Currently available data suggests that
probe pressures in this range are appropriate for both regular (0.5 in.) and fire-rated (0.625 in.) gypsum wallboard.
When using the probe this method the investigator should conduct the survey at regular lateral and vertical grid intervals
along the surface of the involved wallboard, usually in increments of 0.3 m (l ft) or less. Care should be taken to use
approximately the same insertion pressure for each measurement. Such surveys can be made on either wall or ceiling
installations of wallboard.

Replace existing photo with color photo and number it 17.4.4.2 (a).  Replace existing photo with color photo and number
it 17.4.4.2 (b).

***insert figure 17.4.4.2 (a) here***
***insert figure 17.4.4.2 (b) here***

Statement: New text reflects recent advances in research.

_______________________________________________________________________________________________
921    FR261
(Figure 17.4.5.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption:Red wire ties used to flag arc sites

***insert figure 17.4.5.4 here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR100
(18.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 18.3 Data Collection for Fire Cause Determination. Data collection processes for cause
determination includes include identification of fuel packages, ignition sources, oxidizers, and circumstances. Data
should be collected to identify all potential fuels, ignition sources, and oxidants within the area or areas of origin. Data
may also need to be collected from outside the area of origin. Examples of this would be unburned fuel samples or
exemplar ignition sources located in other areas. Data on the circumstances bringing the fuel, ignition sources, and
oxidizer together may come from many different sources. If available, a review of pre-fire documentation of possible
areas of origin can be of value.

Statement: Editorial change

_______________________________________________________________________________________________
921    FR101
(18.3.4.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 18.3.4.1 Sometimes oxygen exists at greater than the normal atmospheric concentration, such as in
hyperbaric chambers, oxygen tents, or around oxygen generation, concentration, and storage equipment.
Statement: This change includes other equipment which provides greater than normal atmospheric conditions

_______________________________________________________________________________________________
921    FR102
(18.4.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 18.4.2 Ignition Source Analysis. The investigator should evaluate the all potential ignition sources in
the area of origin to determine if they are competent. A competent ignition source will have sufficient energy and be
capable of transferring that energy to the fuel long enough to raise the fuel to its ignition temperature.
Statement: The committee is making an editorial change.
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_______________________________________________________________________________________________
921    FR103
(18.6.5, 18.6.5.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 18.6.5* Inappropriate Use of the Process of Elimination. The process of elimination is an integral
part of the Scientific Method.  Alternative hypotheses must be formulated and challenged against the facts. Elimination
of a testable hypothesis by disproving the hypothesis with reliable evidence is a fundamental part of the Scientific
Method.  However, the elimination of a hypothesis’ can be used inappropriately. The process of determining the ignition
source for a fire, by eliminating all ignition sources found, known, or believed to have been present in the area of origin,
and then claiming such methodology is proof of an ignition source for which there is no supporting evidence of its
existence, is referred to by some investigators as negative corpus. Negative corpus has typically been used in
classifying fires as incendiary, although the process has also been used to characterize fires classified as accidental.
This process is not consistent with the Scientific Method, is inappropriate, and should not be used because it generates
un-testable hypotheses, and may result in incorrect determinations of the ignition  source and first fuel ignited.  Any
hypotheses  formulated for the causal factors (e.g., first fuel, ignition source, and ignition sequence), must be based on
the analysis of facts.  Those facts are derived from evidence, observations, calculations, experiments, and the laws of
science.  Speculative information cannot be included in the analysis.

18.6.5.1  Cause Undetermined. In the circumstance where all hypothesized fire causes have been eliminated and the
investigator is left with no hypothesis that is evidenced by the facts of the investigation, the only choice for the
investigator is to opine conclude that the fire cause, or specific causal factors, remains undetermined.  It is improper to
base hypotheses on the absence of any supportive evidence (see 11.5.2, Types of Evidence).  That is, it is improper to
opine a specific fire cause, ignition source, fuel or cause classification that has no evidence to support it even though all
other such hypothesized sources elements were eliminated.

Statement: The committee believes that the revisions clarify the existing text.
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_______________________________________________________________________________________________
921    FR108
(Chapter 19)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation:
19. Classification of Fire Cause
19.2.1 Classification of the Cause. Determining the cause of a fire and classifying the cause of the fire are two separate
processes that should not be confused with each other. Classification of a fire cause may be used for assignment of
responsibility (see Section 18.6), reporting purposes, or compilation of statistics. Different jurisdictions may have
alternative definitions that should be applied as required. The cause of a fire may be classified as accidental, natural,
incendiary, or undetermined. Use of the term suspicious is not an accurate description of a fire cause. Suspicion refers
to a level of proof, or level of certainty, and is not a classification for a fire cause. Suspicion is not an acceptable level of
proof for making a determination of cause within the scope of this guide and should be avoided. Fires in which the level
of certainty is possible or suspected, or in which there is only suspicion of that cause, should be classified as
undetermined.
Determining the cause of a fire and classifying the cause of the fire are two separate processes that should not be
confused with each other. (See Section 18.6.)
19.2.1.1 Accidental Fire Cause Classification. Accidental fires involve all those for which the proven cause does not
involve an intentional human act to ignite or spread fire into an area where the fire should not be. When the intent of the
person’s action cannot be determined or proven to an acceptable level of certainty, the correct classification is
undetermined. (See Section 18.6.) In most cases, this classification will be clear, but some deliberately ignited fires can
still be accidental. For example, in a legal setting, a trash fire might be spread by a sudden gust of wind. The spread of
fire was accidental even though the initial fire was deliberate.
19.2.1.2 Natural Fire Cause Classification. Natural fire causes involve fires caused without direct human intervention or
action, such as fires resulting from lightning, earthquake, and wind, and flood.
19.2.1.3 Incendiary Fire Cause Classification. The incendiary fire is a deliberately ignited, hostile fire. The incendiary fire
is one intentionally ignited under circumstances in which the person igniting the fire knows the fire should not be ignited.
When the intent of the person’s action cannot be determined or proven to an acceptable level of certainty, the correct
classification is undetermined. (See Section 18.6.)
19.2.1.4 Undetermined Fire Cause Classification. Whenever the cause cannot be proven to an acceptable level of
certainty, the proper classification is undetermined. (See Section 18.6.)
(A) Undetermined fire causes include those fires that have not yet been investigated or those that have been
investigated, or are under investigation, and have insufficient information to classify further. However, the fire might still
be under investigation and the cause may be determined later with the introduction or discovery of new information.
(B) In the instance in which the investigator fails to identify the ignition source, the fire need not always be classified as
undetermined (see 18.6.5.1). If the physical evidence established one factor, such as the use of an accelerant, that
evidence may be sufficient to establish an incendiary fire cause classification even where other factors such as ignition
source cannot be identified. Determinations in the absence of physical evidence of an ignition source may be more
difficult to substantiate. Therefore, investigators should strive to remain objective throughout the investigation.

Statement: The committee determined that it would be more appropriate to have separate chapters for fire cause
classification and responsibility determination.
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_______________________________________________________________________________________________
921    FR109
(Chapter 20 (New))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: add new chapter 20 and renumber existing chapters and annex accordingly from the following text:

New Chapter 20
Chapter 20 Responsibility Determination
19.20.1* General.
19.20.1.1 The purpose of fire and explosion investigations is often much broader than just determining the cause of a
fire or explosion incident. The goal of any particular fire investigation is to come to a correct conclusion about the
features of a particular fire or explosion incident that resulted in death, injury, damage, or other unwanted outcome. The
features can be grouped under the following four headings:
(1) The cause of the fire or explosion. This feature involves a consideration of the circumstances, conditions, or
agencies that bring together a fuel, ignition source, and oxidizer (such as air or oxygen), resulting in a fire or a
combustion explosion.
(2) The cause of damage to property resulting from the incident. This feature involves a consideration of those factors
that were responsible for the spread of the fire and for the extent of the loss, including the adequacy of fire protection,
the sufficiency of building construction, and the contribution of any products to flame spread and to smoke propagation.
(3) The cause of bodily injury or loss of life. This feature addresses life safety components such as the adequacy of
alarm systems, sufficiency of means of egress or in-place protective confinement, the role of materials that emit toxic
by-products that endanger human life, and the reason for fire fighter injuries or fatalities.
(4) The degree to which human fault contributed to any one or more of the causal issues described in (1), (2), and (3).
This feature deals with the human factor in the cause or spread of fire or in bodily injury and loss of life. It encompasses
acts and omissions that contribute to a loss (responsibility), such as incendiarism and negligence.
19.20.1.2 The cause of a fire or the causes of damage or casualties may
be grouped in broad categories for general discussion, for assignment
of legal responsibility or culpability, or for reporting purposes.
Local, state, or federal reporting systems or legal systems may have alternative definitions that should be applied as
required.
19.20.2 The Cause of the Fire or Explosion. The determination of the cause of a fire requires the identification of
those circumstances and factors that were necessary for the fire to have occurred. Those circumstances and factors
include, but are not limited to, the device or equipment involved in the ignition, the presence of a competent ignition
source, the type and form of the material first ignited, and the circumstances or human actions that allowed the factors
to come together to allow the fire to occur. An individual investigator may not have responsibility for, or be required to
address, all of these issues. For information on classification of fire causes see Chapter 19.
19.20.3 The Cause of Damage to Property Resulting from the Incident.
19.20.3.1 The following are considerations that may be utilized in establishing cause of property damage. These factors
are divided into two major categories: fire and smoke spread damage and other types of damage.
19.20.3.2 Fire/Smoke Spread. Elements of damage caused by fire or its products of combustion can further be affected
by the following conditions:
(1) Compartmentation. Effectiveness or failure of confining the fire and smoke by methods of construction or specific
passive fire protection assemblies.
(2) Change of occupancy/hazard. Change from the original design and use from a lower hazard to a greater hazard
without appropriate changes to fire protection, structural, or means of egress features.
(3) Detection/alarm systems. Failure to provide timely and effective notice of a fire, resulting from a delay in detection or
a delay in notification.
(4) Human behavior. This includes intentional or unintentional acts or omissions by people.
(5) Fire suppression. Failure of the building fire suppression systems to properly control or mitigate the fire and fire
suppression activities may also be factors in fire development or spread.
(6) Fuel loads. The type, amount, and configuration of fuels affect fire development and spread.
(7) Housekeeping. Poor housekeeping can contribute to fire damage by providing a more easily ignited fuel
configuration and may allow more rapid fire/smoke spread. Poor housekeeping can also obstruct access of fire fighters
during suppression activities.
(8) Ventilation. Fire department ventilation operations, HVAC, and open windows and doors may affect fire growth.
Ventilation can also cause smoke and hot gases to move within or from compartments.
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(9) Code violations. Violations of fire safety codes and standards can increase or cause damage (e.g., leaving fire doors
open or penetrations of fire walls).
(10) Structural failure. Failure of building components or systems (utility, fire protection, compartmentation, etc.) can
increase damage by allowing or causing fire and products of combustion to spread, providing additional fuels, or
impeding fire suppression.
19.20.3.3 Other Consequential Damage. Other consequential damage can include loss of utilities, subsequent
weather damage, corrosion, contamination, water damage, mold damage, or theft.
19.20.4 The Cause of Bodily Injury or Loss of Life. (See Chapter 10 and Chapter 234.)
19.20.4.1 Fire/Smoke Spread. The following are considerations that may be utilized in establishing the fire-related
cause of deaths or injuries:
(1) Toxicity. Deaths or injuries resulting from exposure to products of combustion.
(2) Hazardous materials. Deaths or injuries resulting from exposure to hazardous materials released as a result of the
fire or explosion incident not directly related to products of combustion.
(3) Compartmentation. Casualties resulting from improper design or poor performance of compartmentalization features.
(4) Change of occupancy/hazard. Change from the original design and use from a lower hazard to a greater hazard
without appropriate changes to fire protection, structural, or means of egress features.
(5) Detection/alarm systems. Failure to provide timely and effective notice of a fire, resulting from a delay in detection or
a delay in notification, or ineffective notification.
(6) Human behavior. Human behavior resulting in casualties may include failure to react, inappropriate reaction to

notification, or delay in evacuation (see Chapter 10).
(7) Fire suppression. Failure of the building fire suppression systems to properly control or mitigate the fire and fire
suppression activities may also be factors in fire injuries or deaths.
(8) Housekeeping. Poor housekeeping can contribute to fire injuries by providing a more easily ignited fuel configuration
and may allow for more rapid fire/smoke spread. Poor housekeeping can also obstruct access of fire fighters during
suppression activities or egress of occupants.
(9) Fuel loads. The type, amount and configuration of fuels affect fire development and spread.
(10) Ventilation. Fire department ventilation operations,
HVAC, and open windows and doors may affect fire growth. Ventilation can also cause smoke and hazardous gases to
move within structures, endangering occupants.
(11) Code violations. Violations of fire safety codes and standards can increase or cause hazards (e.g., exceeding
occupancy limits).
(12) Means of egress/refuge. The inability of occupants to escape or find refuge as a result of improper design,
installation, maintenance, operation, or non–code compliance may increase the potential for injuries or death.
(13) Structural failure. Failure of building components or systems (utility, fire protection, compartmentation, etc.) can
increase danger by allowing or causing fire and products of combustion to spread, providing additional fuels, or
impeding fire suppression. Structural failure or collapse itself can cause injuries or death.
(14) Intentional acts. Many of the above preceding conditions can be the result of intentional acts, with or without the
intent to cause injury or death.
19.20.4.2 Emergency Preparedness. Failure to properly prepare, test, and implement an appropriate emergency plan
can result
in casualties.
19.20.5 Determining Responsibility. After determining the origin, cause, and development of a fire or explosion
incident, the fire investigator may be required to do a failure analysis and to determine responsibility. It is only through
the determination of such responsibility for the fire that remedial codes and standards, fire safety, or civil or criminal
litigation actions can be undertaken.
19.20.5.1 Nature of Responsibility. The nature of responsibility in a fire or explosion incident may be in the form of an
act or omission. It may be something that was done, accidentally or intentionally, that ultimately brought about the fire or
explosion, or it may be some failure to act to correct or prevent a condition that caused the incident, fire/smoke spread,
injuries, or damage. Responsibility may be attributed to a fire or explosion event notwithstanding the classification of the
fire cause: natural, accidental, incendiary, or undetermined. Responsibility may be attributed to the accountable person
or other entity because of negligence, reckless conduct, product liability, arson, violations of codes or standards, or
other means.
19.20.5.2 Definition of Responsibility. Responsibility for a fire or explosion incident is the accountability of a person or
other entity for the event or sequence of events that caused the fire or explosion, spread of the fire, bodily injuries, loss
of life, or property damage.
19.20.5.3 Assessing Responsibility. While it is frequently a court’s role to affix a final finding of responsibility and to
assign liability, remedial measures, compensation, or punishment, it is the role of the person who performs the analysis
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to identify responsibility so that fire safety, code enforcement, or litigation processes can be undertaken.
19.20.5.4 Degrees of Responsibility. A series or sequence of events or conditions often causes a fire or explosion and
the resulting spread, injuries, and damage. A failure analysis often shows that a change to any one or more of these
conditions, acts, or omissions could have prevented or mitigated the incident. In this way, responsibility may fall on more
than one person or entity. In such a case, multiple or various degrees of responsibility may be assessed
Statement: The committee determined that it would be more appropriate to have separate chapters for fire cause
classification and responsibility determination.

_______________________________________________________________________________________________
921    FR110
(20.2.2.1(9))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 20.2.2.1(9) Private videos/photos (check with local film developers)

Statement: The committee updated the text to reflect current technology.

_______________________________________________________________________________________________
921    FR178
(20.4.8.3.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: revise 20.4.8.3.1 to read as follows:
20.4.8.3.1  Specialized Fire Dynamics Routines. Specialized fire dynamics routines are simplified procedures designed
to solve a single, narrowly focused question. In many cases, these routines can answer questions related to a fire
reconstruction without the use of a fire model. Much less data is typically required for these routines than is required to
run a fire model. Examples of available routines can be found in the FIREFORM section of the FPETOOL program.

Examples of fire dynamics routines can be found in NUREG-1805, Fire Dynamics Tools (FDTs). NUREG 1805, Fire
Dynamics Tools (FDT s ) Quantitative Fire Hazard Analysis Methods for the U.S. Nuclear Regulatory Commission Fire
Protection Inspection Program, 2004.

Statement: Publically available examples of the types of information and data needed from the incident to provide the
input required for a fire simulation.  Both examples have been peer and publically reviewed.
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_______________________________________________________________________________________________
921    FR83
(20.4.9)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new text to read as follows:

20.4.9 Guidelines for Selection and Use of a Fire Model. Fire dynamics analyses, particularly those that use fire
models, can evaluate hypotheses regarding fire origin and fire development. The methodology for selecting and using a
fire model is presented in an engineering best practices guide promulgated by the Society of Fire Protection Engineers
(SFPE) and graphically depicted in Figure 20.4.9.

**** insert Figure 20.4.9 here****

Figure 20.4.9  Fire Model Selection Flowchart.  Republished by permission, SFPE Engineering Guide, “Guidelines for
Substantiating a Fire Model for a Given Application”, SFPE G.06 2011, SFPE Bethesda, MD, 2011

20.4.9.1*  Defining the Problem. The investigator/analyst needs to be able to articulate the question for which modeling
is sought. The investigator should state why the problem warrants a numerical study and what fire dynamics
assessments of the problem have been previously conducted of this incident. The key fire phenomena and physics
should be described (e.g., heat transfer, combustion, and materials response) along with their understanding of how
they apply to the problem. The selection process includes determining if a model is applicable to the question and, if
applicable, choosing an appropriate model to generate output adequate to answer the question posed.
20.4.9.2  Select a Candidate Model. There is a selection of fire models used for predicting fire phenomena.  In addition
to the required output, selection factors include computational resources, time limitations, level of accuracy, available
input data, and underlying governing equations. The modeler should consider the range of candidate models and may
use multiple models for comparison purposes. If no candidate model exists, the problem may require redefinition or a
new model may need to be developed. The analyst should evaluate the available information for input to the model, the
desired outputs, and the resources available. 20.4.9.3  Model Verification and Validation.  The SFPE guidelines
emphasize that before selecting a model for a particular problem, the analyst needs to determine if the selected model is
capable of generating a useful result. This process, known as verification and validation (V&V), is set forth in ASTM
E1355, Standard Guide for Evaluating the Predictive Capability of Deterministic Fire Models. Model developers should
have already performed this process and their V&V data should be available in the documentation. The U.S. Nuclear
Regulatory Commission (NRC) has conducted V&V studies which that may be useful. See Figures 20.4.9.3(a) & (b) for
a comparison of predicted versus measured values.

**** insert Figure 20.4.9.3(a)  here****

Figure 20.4.9.3(a) Predicted Hot Gas Layer (HGL) versus Measured HGL Temperature Values of analytical, zone, and
field models.  Source: Verifying and Validating Current Fire Models for Use in Nuclear Power Plant Applications,
NUREG 1824, 2010. NUREG 1824, Verification and Validation of Selected Fire Models for Nuclear Power Plant
Application, 2007.

**** insert Figure 20.4.9.3(b) here****

Figure 20.4.9.3(b)  Predicted Radiation Heat Flux versus Measured Radiation Heat Flux Values of analytical, zone, and
field models.  Source: Verifying and Validating Current Fire Models for Use in Nuclear Power Plant Applications,
NUREG 1824, 2010.NUREG 1824, Verification and Validation of Selected Fire Models for Nuclear Power Plant
Application, 2007.

20.4.9.4  Uncertainty and User Effects.  As with any mathematical or computational model, the magnitude or
uncertainty of the results relies not only on the model but the choices made for data input and interpretation of the
results.  This uncertainty is referred to as user effects and must be taken into consideration. User effects can be
addressed by conducting evaluations, such as sensitivity analyses or comparison to other model results.
20.4.9.5.  Documentation.  The documentation of the entire process is important to any case. This documentation
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should include the following: (1) defining of the problem and key physics and fire phenomena, (2) selection of the
candidate model or models and their inputs and outputs, (3) applicable V&V referenced citations, (4) evaluation of user
effects, (5) the data files used with the selected model or models.

Statement: Publically available examples of the types of information and data needed from the incident to provide the
input required for a fire simulation.  Both examples have been peer and publically reviewed.

_______________________________________________________________________________________________
921    FR262
(Figure 21.2.3.1.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 21.2.3.1.3 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR263
(Figure 21.4.1.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 21.4.1.1 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR112
(21.5.7)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
21.5.7 Blast Pressure Front Modification by Refraction and Blast Focusing.  At times a lack of homogeneity in the
affected atmosphere can cause anomalies in the behavior of the expected blast pressure front. When a blast pressure
front encounters a layer of air at a significantly different temperature or density, it may cause the blast pressure front to
bend, or refract. This occurs because the speed of sound is proportional to the change in the square root of the absolute
temperature (Kelvin or Rankin), and thereby the density, of the in air.  A low-level temperature inversion can cause an
initially hemispherical blast front to refract and to focus on the ground around the center of the explosion. Severe
weather-related wind shear can cause focusing in the downwind direction.
Statement: The change clarifies the current text

_______________________________________________________________________________________________
921    FR113
(Table 21.8)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations

Recommendation: On table 21.8 delete column “Air Needed to Burn 1 m3 of Gas (m3)”,  Rename the column that is

currently titles “air needed to burn 1 cubic ft of gas (ft
3
)” to “Volume of air required to burn one volume of gas”

Statement: The changes remove redundancy and clarify air/fuel ratio. See revised table.
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_______________________________________________________________________________________________
921    FR115
(21.8.2.1.7)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise to read as follows:
21.8.2.1.7 Turbulent Flame Speed. Explosions will rarely involve laminar (non-turbulent) combustion. Turbulence
greatly increases flame speed and the turbulent flame speed
will generally be the flame speed which that is relevant to a real explosion. It is difficult to compute the turbulent flame
speed for an accidental explosion, since local flow conditions have to be known, including factors such as obstructions
and their congestion, which increase the turbulent flame speed. However, it is worthy to note that turbulent flame speeds
can be higher than the speed of sound in the unreacted mixture (i.e., fast deflagrations). (See Figure 21.8.2.1.7.)

Statement: The deletion eliminates potential confusion.

_______________________________________________________________________________________________
921    FR264
(Figure 21.8.2.2.5)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 21.8.2.2.5 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR114
(21.8.2.2.7)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise equation in 21.8.2.2.7 to read as follows:

VDm = VDf ( Cf ) + ( 100 –Cf )
100

Statement: This change corrects a typographical error.
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_______________________________________________________________________________________________
921    FR116
(21.9.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 21.9.3* Concentration.The concentration of the dust in air
has a profound effect on its ignitibility and violence of the
blast pressure wave. As with ignitible vapors and gases, there
are minimum explosive concentrations of specific dusts required
for a propagating combustion reaction to occur. Minimum
explosive concentrations (MEC) can vary with the specific

dust from as low as 20 g/m33 to 2000 g/m33(0.015 oz/ft3 to

2.0 oz/ft3) (0.02oz / ft33 to 2.0 oz/ft33) with the most common concentrations being less

than 1000 g/m3 (1.0 oz/ft3
3
). Particle size greatly influences

minimum explosive concentration. Minimum concentration
values vary widely depending upon the type of dust. Published
values have to be used with caution, since the literature contains
values which are unreliability low due to measurement
error. The Minimum Explosive Concentration ( MEC) values
measured in the commonly used Hartman Apparatus are
roughly too low by a factor of two, while the degree of error
from other apparatus has not yet been quantified. (See Babrauskas’
Ignition Handbook.) The chemical reactivity of dust clouds
is lower than that of gases, so MEC values necessarily have to
be higher. Apart from exceptionally reactive gases MEC values

are all greater that than 30 gms/m33, thus reported dust cloud MEC
values that are lower are unreliable. Lacking more specific
information a rough estimate can be made by multiplying reported
Hartman Apparatus values by 2.

Statement: The change maintains consistency of ratios.
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_______________________________________________________________________________________________
921    FR117
(21.11.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 21.11.1 A vapor cloud deflagration can only occur when obstacles
and confining surfaces are in the area of the flammable
cloud. Congestion from an abundance of obstacles creates turbulence
in the combustion zone, which increases the combustion
rate. Confining surfaces in the congested region limit
flame expansion in certain directions, causing an increase in
pressure and flame speed, which may also enhance the combustion
rate. A sufficient number of obstacles and a large
enough congested volume are needed to generate a blast
wave. The explosion energy in a deflagration is limited by the
size of the congested zone, outside of which the flame speed
decelerates rapidly and is no longer a contributor to blast pressure
generation. In certain cases where the flame speed is
higher than the speed of sound in the unburned mixture (fast
deflagrations), unburned gases immediately outside the congestion
zone may need to be considered as they may contribute
to the energy in the blast wave.
Statement: The deletion minimizes potential confusion.

_______________________________________________________________________________________________
921    FR265
(Figure 21.14.4.1.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 21.14.4.1.4 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR118
(21.14.4.1.6)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 21.14.4.1.6 It should be noted that the estimation of structural
damage from an explosion is a very complex topic. A thorough
treatment involves maximum pressure and impulse of the explosion,
as well as the natural period and strength characteristics of
the confining structure. Generally, one can expect a peak overpressure
of 6.9 kPa to 13.8 kPa 7 kPa to 14 kPa (1 psi to 2 psi) to cause the failure
of most light structural assemblies, such as doors, non-reinforced
wood siding, corrugated steel panels, or masonry block walls, and
conventional windows can break at less than 3.4 kPa (0.5 psi). In
comparison, much higher overpressures can be tolerated when
the structural design is reinforced, particularly with materials of
good ductility (e.g., steel).
Statement: The new text removes false precision.
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_______________________________________________________________________________________________
921    FR134
(22.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 22.1* Introduction. An incendiary fire is a fire that has been deliberately ignited under
circumstances in which the person knows the fire should not be ignited. hostile fire that has been deliberately
ignited.

Statement: The committee revised the definition of incendiary fire to be more accurate.

_______________________________________________________________________________________________
921    FR133
(22.2.1.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 22.2.1.2 Separate fires that are not caused by multiple deliberate
ignitions can result from the following:
(1) Fire spread by conduction, convection, or radiation
(2) Fire spread by flying brands
(3) Fire spread by direct flame impingement
(4) Fire spread by falling flaming materials (i.e., drop down)
such as curtains
(5) Fire spread through shafts, such as pipe chases or airconditioning
ducts
(6) Fire spread within wall or floor cavities within “balloon
construction”
(7) Overloaded electrical wiring
(8) Utility system failures
(9) Lightning
(10) Rupture and launching of aerosol containers

Statement: The committee added #10 to the list as a possibility of a separate fire being ignited by the rupture and
launching of aerosol containers located within a fire.

_______________________________________________________________________________________________
921    FR135
(22.2.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
22.2.2 Trailers. A trailer is a deliberately introduced fuel or manipulation of existing fuel(s) used to aid the spread of a fire
from one area to another. Trailers can be used along floors to connect separate fire sets, or on stairways to move fires
from one story or level to another. Fuels used for trailers may be ignitible liquids, solids, or combinations of these.
Trailers are frequently indicated by elongated fire patterns absent flashover conditions.

Statement: The paragraph as modified provides clarity
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_______________________________________________________________________________________________
921    FR121
(23.2.4.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
23.2.4.1* Simple hyperthermia results from prolonged exposures
(typically more than 15 minutes) to hot environments
where the ambient temperature is too low to cause burns.
Such conditions range from 80°C to 120°C (176°F to 248°F) (180°F to 250°F)
depending on the relative humidity, and usually result in a
gradual increase in the body core temperature. High humidity
makes it harder for the body to dispel excess heat by evaporation
and thereby accelerates the heating process. Core body
temperatures above approximately 43°C (109°F) are generally
fatal within minutes unless treated.
Statement: This change removes unnecessary precision.

_______________________________________________________________________________________________
921    FR122
(23.2.5)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 23.2.5* Skin Burns. When the temperature of the skin reaches
approximately 45ºC (113°F) (110°F), pain will result and an additional
increase in temperature will cause thermal burns. Thermal
burns can result from conductive, convective, or radiative heat
exposure. Researchers found that a 60ºC (140ºF) brass block
applied directly to the skin caused pain within 1 second of
contact, partial thickness burns within 10 seconds, and full
thickness burns within 100 seconds. Clothing, especially
heavier cellulosic fabrics like denim or canvas, can transmit
enough heat by conduction to cause skin burns even though
the fabric does not exhibit any burning or charring. When
skin was exposed to convective heat, pain and the onset of
burns occurred at air temperatures above 120ºC (248 F ) (250°F)
.
Statement: Research has shown that the temperature at which pain or a burn may occur is an approximate number,
the committee wanted to give approximate temperatures, so they changed the Fahrenheit temp to an approximate
temperature, to reinforce that the temperature is an approximation and an exact temperature conversion is not
necessary.
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_______________________________________________________________________________________________
921    FR104
(23.2.5.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
23.2.5.1* When radiant heating raises the temperature of the skin, the higher the radiant flux, the faster damage will

occur. For instance, a heat flux of 2 kW/m22will cause pain after a 30-second exposure, while a heat flux of 10 kW/m22

will cause pain after just 5 seconds. A flux of 2 kW/m22 will not cause blisters, while 10 kW/m22 will blister in 10 to 12

seconds. (See Figure 23.2.5.1.) A radiant heat flux of 20 kW/m2
2
, typically associated with flashover, is sufficient to

ignite clothing or cause severe burns or death by brief thermal exposure. Radiant heat, sufficient to cause burns, can be
reflected from some surfaces. Heat can be transferred through clothing, causing burns to the underlying skin, without
any readily identifiable damage to the clothing.

Statement: The additional text adds clarity.

_______________________________________________________________________________________________
921    FR105
(23.8.1.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 23.8.1.2 Body Area (Distribution). Burn damage to the body is often estimated by the medical
community by using the “rule of nines,” where the major areas of the body are represented by increments of 9 percent
(%). The adult body is represented as follows:
(1) Head, 9%
(2) Chest, 18%
(3) Back, 18%
(4) Right arm, 9%
(5) Left arm, 9%
(6) Right leg, 18%
(7) Left leg, 18%
(8) Genitals, 1%
The body-to-surface area ratio for children is different than adults, specifically as it relates to the head and lower
extremities.  A child’s head represents 18 percent of their total body surface area and a child’s right and left legs each
represent 13.5 percent of the total body surface area.  The remaining portions of the child’s body (chest, back, etc.)
have the same surface areas as an adult.

Statement: The new text helps to present the section in a simplified manner.

_______________________________________________________________________________________________
921    FR106
(23.10.8.2 through 23.10.8.2.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text as follows:

(See Attached file attachment chapter 23 (FR106))
Statement: The committee believes the text as modified provides the investigator with additional information and
clarifies the concept.

69Printed on  8/24/2012



  921/FR106fm/F13 

23.10.8.2 Physiological Models.  The relationship between carbon monoxide (CO) exposure 
concentrations and resultant carboxyhemoglobin (COHb) levels measured in fire victims can be 
established using physiological modeling.  Two common physiological models used in fire related death 
analyses are the Stewart equation and the Coburn‐Forster‐Kane (CFK) equation. 

23.10.8.2.1 The Stewart Equation.  The Stewart equation describes the uptake of CO in humans and can 
be used as an investigative tool to estimate the quantity of CO that a victim inhaled during a fire.  The 
Stewart equation provides a basic relationship between COHb, inhaled CO concentration, respiratory 
minute volume (RMV), and exposure duration.  The RMV is defined as the volume of air exchanged by 
breathing per minute (typically ranging from 8.5 L/min to 50 L/min depending on the level of activity).  
The Stewart equation is best suited for high concentration, short duration exposures to carbon 
monoxide.  The Stewart equation should only be utilized when exposure durations are one (1) hour or 
less and concentrations of CO are 2000 ppm or greater; errors may be introduced if the equation is 
utilized outside of these parameters.  In cases where exposure durations are greater than an hour and 
CO concentrations are lower than 2000 ppm, the CFK equation should be utilized.   Additionally, the 
Stewart equation is intended for adults and is not scaled for children and infants.      

23.10.8.2.2* The Stewart equation is presented as follows:  

%COHb = (3.317 x 10‐5)(ppm CO)1.036(RMV)(t) 

where  

%COHb = carboxyhemoglobin concentration in the blood (%) 

ppm CO = exposure concentration (ppm) 

RMV = respiratory minute volume (L/min) 

t = exposure duration (min) 

23.10.8.2.3 The Coburn‐ Forster‐ Kane Equation.  The Coburn‐Forster‐Kane (CFK) equation describes the 
uptake of CO in humans and can be used as an investigative tool to estimate the quantity of CO that a 
victim inhaled during a fire.  In order to calculate a COHb concentration, the CFK model requires an input 
of the concentration of CO produced by the fire over time, in addition to the victim’s weight and RMV. 
Common RMV values used in the CFK equation are the same as those used in the Stewart equation.  
There are other variables within the CFK equation with pre‐defined inputs based on common 
physiology. These inputs may need to be altered depending on the physiology of the victim.  For 
example, a victim that is a smoker may have a higher baseline COHb level than a non‐smoker which 
would require an adjustment of the [COHb]0 value.  The pre‐defined inputs in the model assume 
physiology for an adult.   The investigator may need specialized expertise to appropriately alter the pre‐
defined inputs to use of the CFK equation for smaller children and infants.         

23.10.8.2.4 The equation should be presented as follows:  
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23.10.8.2.25 A fire modeling program, such as Fire Dynamic Simulator (FDS) or CFAST, can be used to 
correlate the amount of CO needed to achieve the victim’s known COHb level with the amount of CO 
estimated to be produced in the various, hypothesized fire scenarios. Therefore, the CO exposure 
quantity derived from the CFK equation can be related to a particular type of fire when compared 
with all the known facts of the case. Additionally, the victim’s COHb level in combination with burn 
injuries can provide details as to the location of the victim during the fire and/or proximity of the 
victim to the area of origin. 
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_______________________________________________________________________________________________
921    FR266
(Figure 24.2.2(a), Figure 24.2.2(b), and Figure 24.2.2(c))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo and number it 24.2.2 (a) with caption:Overall view of dehumidifier with tape
measures documenting its location. Insert new color photo and number it 24.2.2 (b) with caption:Dehumidifier in post-fire
location. Insert new color photo and number it 24.2.2 (c) with caption: Tape measures used to depict measurements of
the fire patterns adjacent to the dehumidifier.

***insert figure 24.2.2 (a) here***
***insert figure 24.2.2 (b) here***
***insert figure 24.2.2 (c) here***

Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR269
(Figure 24.2.3(a), Figure 24.2.3(b), and Figure 24.2.3(c))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo and number it 24.2.3 (a) with caption:Overall view of the gas controls
depicting the control shaft positions in different positions.  Insert new color photo and number it 24.2.3 (b) with
caption:Gas control shafts in the OFF position.  Insert new color photo and number it 24.2.3 (c) with caption:Gas control
shaft with ruler depicting control in ON position.

***insert figure 24.2.3 (a) here***
***insert figure 24.2.3 (b) here***
***insert figure 24.2.3 (c) here***

Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR272
(Figure 24.4.4(a), Figure 24.4.4(b), Figure 24.4.4(c), Figure 24.4.4(d), and Figure 24.4.4(e))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo and number it 24.4.4 (a) with caption:X-ray of thermal cutoff in open position.
Insert new color photo and number it 24.4.4 (b) with caption:X-ray of thermal cutoff in closed position.  Insert new color
photo and number it 24.4.4 (c) with caption:X-ray of thermostat. Insert new color photo and number it 24.4.4 (d) with
caption:X-ray of receptacle with internal damage. Insert new color photo and number it 24.4.4 (e) with caption:X-ray of
female end of an extension cord depicting internal damage to one contact.

***insert figure 24.4.4 (a) here***
***insert figure 24.4.4 (b) here***
***insert figure 24.4.4 (c) here***
***insert figure 24.4.4 (d) here***
***insert figure 24.4.4 (e) here***

Statement: Inclusion of color photos will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR277
(Figure 24.4.5(a), Figure 24.4.5(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo and number it 24.4.5 (a) with caption:Exemplar blanket warmer for
comparison and testing.  Insert new color photo and number it 24.4.5 (b) with caption:Damaged blanket warmer.

***insert figure 24.4.5 (a) here
***insert figure 24.4.5 (b) here***
Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR279
(Figure 24.5.1.1.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: Decomposed paint due to heat on a vent hood

***insert figure 24.5.1.1.2 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR280
(Figure 24.5.1.2.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: Varying degrees of color change to side of a stove due to heat
exposure

***insert figure 24.5.1.2.1 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR281
(Figure 24.5.1.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: Melt damage to aluminum appliance enclosure

***insert figure 24.5.1.3 here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR282
(Figure 24.5.2.4.1(a), Figure 24.5.2.4.1(b), Figure 24.5.2.4.1(c), and Figure 24.5.2.4.1(d))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo and number it 24.5.2.4.1 (a) with caption:Close-up view of fusible element
open from overcurrent.  Insert new color photo and number it 24.5.2.4.1 (b) with caption:Close-up view of fuse with
fusible element open after short circuit.  Insert new color photo and number it 24.5.2.4.1 (c) with caption:X-ray of intact
fusible element. Insert new color photo and number it 24.5.2.4.1 (d) with caption:X-ray of fusible element no longer
attached to the end cap.

***insert figure 24.5.2.4.1 (a) here***
***insert figure 24.5.2.4.1 (b) here***
***insert figure 24.5.2.4.1 (c) here***
***insert figure 24.5.2.4.1 (d) here***
Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR137
(25.3.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 25.3.1 Ignitible Liquids. Ignitible liquids are used in motor vehicles and can be associated with
vehicle fires. These liquids may come in contact with an ignition source as a result of a malfunction of one of the vehicle
systems, crash damage to one or more of the vehicle systems containing these liquids, or an incendiary act. Table
25.3.1 shows selected physical and fire properties of ignitible liquids used in motor vehicles. Whether a given liquid can
ignite depends on the properties of the liquid, its physical state, the nature of the ignition source, and other variables
related to the vehicle. The values of flash point and autoignition temperature in Table 25.3.1 were obtained in controlled
laboratory tests, and are generally not applicable directly to ignition of these liquids in motor vehicles. The vehicle and
the environment affect the surface temperature required to reach the autoignition temperature in a motor vehicle. These
variables include airflow, the time duration of contact between the liquid and the heated surface, and the material
composition, mass, shape, and surface texture of the heated surface among others. Autoignition of a liquid in contact
with a heated surface generally requires a temperature substantially greater than published laboratory autoignition
temperatures of that liquid.

Statement: The change more accurately reflects the change being discussed.

_______________________________________________________________________________________________
921    FR138
(Table 25.3.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: change "40" to 400.

*** insert table Table 25.3.2 here ****

Statement: Editorial

72Printed on  8/24/2012



921/FR138fm/Tb 25.3.2/F13 

 

Table 25.3.2  Properties of Gaseous Fuels in Motor Vehicles

 °C °F 

Hydrogen 40 400-572 753-1061 
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_______________________________________________________________________________________________
921    FR123
(25.5.1.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 25.5.1.4 Natural Gas. Natural gas (compressed natural gas,
CNG) is stored as a gas at high pressure, typically at 20.7 MPa 21 MPa
(3000 psi). The storage cylinders are provided with a safety vent
for pressure relief that opens upon activation of a fusible link
with a melting temperature of 124°C (255°F). The vent is usually
aimed upward to help direct and dissipate the lighter-than-air
gas. The pressure in natural gas systems will typically be reduced
in two stages.Typically, two electrically operated shutoff valves are
present, one near the storage cylinders and one before the low
pressure regulator. Both valves are closed when the engine is not
running. More information about natural gas systems can be
found in NFPA 54, National Fuel Gas Code.
Statement: This change removes unnecessary precision.

_______________________________________________________________________________________________
921    FR139
(25.5.2.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:

25.5.2.1 A sensor measures airflow into the engine. Based on that airflow, the vehicle's computer will calculate the
correct of amount of fuel to add to meet driver demand and to minimize tailpipe emissions. The oxygen sensors are
located in the exhaust system and measure the amount of oxygen in the exhaust gas. This provides feedback to the
vehicle’s computer to tell it if the correct amount of fuel is being added. The vehicle’s computer can then make
adjustments to either increase or decrease flow rate of fuel. Some exhaust gases may be routed back through the
engine through the EGR valve. The purpose of the EGR valve is to reduce the combustion chamber temperature. Lower
combustion temperatures result in lower production of oxides of Nitrogen (NOx), an unwanted tailpipe emission. The idle
speed control valve is located near the throttle body and allows air to go around the throttle plates when the throttle
plates are closed. By varying this flow, the engine’s computer can control engine idle speed.

Statement: This change was made for editorial purposes.
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_______________________________________________________________________________________________
921    FR124
(25.5.2.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 25.5.2.4 Exhaust System. The exhaust system does more than
carry the exhaust gases from the engine. It also serves as a part of
the emission control system. The exhaust manifold is bolted directly
to the engine. It is the collector for the exhaust gases coming
from each cylinder. This manifold is generally located below
the valve cover. A leak in the valve cover or gasket may allow engine
oil to contact the manifold, which may result in ignition. (See
25.4.3.) In the inlet header pipe (the first section of pipe from
the engine), there is usually an oxygen sensor. This sensor detects
the oxygen content in the exhaust stream and sends a signal to
the onboard computers to make fuel delivery and timing adjustments.
The next device downstream, in the exhaust system is the
catalytic converter. Surface temperatures range between from 316°C to 538°C 300°C to 500°C (600°F to 1000°F)
under normal operations, depending
on the engine design. However, temperatures may exceed
538°C 500°C (1000°F) due to high engine loads or during abnormal
engine conditions (i.e., misfires), or rich fuel concentrations due
to other sensor malfunctions.
Statement: This change removes unnecessary precision.

_______________________________________________________________________________________________
921    FR140
(25.5.4.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add text to read as follows:
25.5.4.1 Lubrication Systems. Most engines use hydrocarbon oil for lubrication. Oil collects in a pan at the bottom of the
engine and is normally distributed by a mechanical pump. The oil returns to the pan by gravity flow. Auxiliary electric oil
pumps may also be used in specialized applications. Most oil pumps operate at 240 kPa to 415 kPa (35 psi to 60 psi).
Oil can leak at the many joints or mating surfaces in the engine. Leaks around the pan gasket, for instance, can allow oil
to be blown onto the hot exhaust components, or oil leaking from a valve cover gasket can flow down onto a hot exhaust
manifold. Oil leaks may result in fires after the vehicle is turned off (see 25.4.3). Lack of oil in the engine can cause the
failure of internal components. These failures can lead to catastrophic mechanical failure, which may, in turn, cause a
fire.

Statement: The changed text is pointing out that electric oil pumps can also be found on certain types of engines.
However, primary oil pumps are mechanical. Electric oil pumps are auxiliary or supplemental.
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_______________________________________________________________________________________________
921    FR141
(25.7)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 25.7 RecordingMotor Vehicle Fire Scenes. The same general techniques are employed for the
investigation of vehicles fires as are used for structure fires. The fire scene includes both the vehicle and the area
surrounding it. Whenever possible, tThe vehicle should be initially examined in place at the scene. In many cases,
however, the investigator may not have the opportunity to view the vehicle in place. In those such circumstances, both
the vehicle and the fire scene should be viewed and documented. For many reasons, the vehicle may have to be moved
before the investigator reaches the scene. Frequently, part of the documentation takes place at a salvage yard, repair
facility, or warehouse. In those such circumstances where interested parties have been identified, removal of the vehicle
from the scene should be delayed, when possible, until all parties have viewed and documented the scene to avoid
allegations of spoliation. (See Chapter 28) A vehicle fire inspection should include the procedures in 25.7.1 through
25.7.5. Post crash vehicle fires may require the assistance of an accident reconstructionist or vehicle design engineer.

Statement: The edited text provides a more clear understanding of what a vehicle fire scene is and expands on the
point to provide further needed instruction regarding the investigation of such scenes.

_______________________________________________________________________________________________
921    FR142
(25.7.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 25.7.4 Documenting the Vehicle at the Fire Scene. The entire fire scene should be defined,
including the vehicle and a sufficient area surrounding the vehicle. The scene, as determined, should be considered
potential evidence that should be protected and preserved until it can be thoroughly documented. When a vehicle has
been removed from the scene, the vehicle and the scene should be documented. The investigator should make a
diagram of the fire scene, showing points of reference and distances relative to the vehicle. The diagram should be of
sufficient detail to pinpoint the location of the vehicle, before its removal. The overall scene should be photographed,
showing surrounding buildings, highway structures, vegetation, other vehicles, and impressions left by tires or footprints.
All fire damage to any of the above items or signs of fuel discharge should be photographed and documented to help in
the analysis of the fire spread. The location and condition of any parts or debris that are detached should be
documented. Post crash fire scenes may require additional documentation such as digital surveys and aerial surveys.

Statement: The edited text provides a more clear understanding of what a vehicle fire scene is and expands on the
point to provide further needed instruction regarding the documentation of such scenes.
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_______________________________________________________________________________________________
921    FR286
(Figure 25.8.1.1(c), Figure 25.8.1.1(d), Figure 25.8.1.1(e), Figure 25.8.1.1(f), Figure 25.8.1.1(g), Figure 25.8.1.1(h),
and Figure 25.8.1.1(i))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with new color photo [25.8.1.1 (c)]. Replace existing photo with new color
photo [25.8.1.1 (d)].  Insert new color photo and number it 25.8.1.1 (e) with caption:Interior fire test burn. Insert new
color photo and number it 25.8.1.1 (f) with caption:Fire damage and patterns from an interior fire. Insert new color photo
and number it 25.8.1.1 (g) with caption:Remaining windshield glass from an interior fire. Insert new color photo and
number it 25.8.1.1 (h) with caption:Radial Fire Pattern Produced by a Passenger Compartment Fire. Insert new color
photo and number it 25.8.1.1 (i) with caption:Another Radial Fire Pattern Produced by a Passenger Compartment Fire.

***insert figure 25.8.1.1 (c) here***
***insert figure 25.8.1.1 (d) here***
***insert figure 25.8.1.1 (e) here***
***insert figure 25.8.1.1 (f) here***
***insert figure 25.8.1.1 (g) here***
***insert figure 25.8.1.1 (h) here***
***insert figure 25.8.1.1 (i) here***

Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR293
(Figure 25.8.1(2)(a), Figure 25.8.1.2 (b), Figure 25.8.1.2 (c), Figure 25.8.1.2 (d), Figure 25.8.1.2 (e), Figure 25.8.1.2
(f), Figure 25.8.1.2 (g), Figure 25.8.1.2 (h))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with new color photo and number it 25.8.1.2 (a).  Replace existing photo
with new color photo and number it 25.8.1.2 (b).  Insert new color photo and number it 25.8.1.2 (c) with caption:Engine
Compartment Fire Test Burn. Insert new color photo and number it 25.8.1.2 (d) with caption: Fire pattern on the hood
due to an engine compartment fire. Insert new color photo and number it 25.8.1.2 (e) with caption: Fire damage to the
engine compartment due to an engine compartment fire. Insert new color photo and number it 25.8.1.2 (f) with
caption:Propagation of an engine compartment fire to the interior. Replace existing photo with new color photo and
number it 25.8.1.2 (g) with caption:Incipient Windshield Failure Caused by an Engine Compartment Fire. Replace
existing photo with new color photo and number it 25.8.1.2 (h) with caption:Radial Pattern on the Driver's Side Fender
Produced by an Engine Compartment Fire.

***insert figure 25.8.1.2 (a) here***
***insert figure 25.8.1.2 (b) here***
***insert figure 25.8.1.2 (c) here***
***insert figure 25.8.1.2 (d) here***
***insert figure 25.8.1.2 (e) here***
***insert figure 25.8.1.2 (f) here***
***insert figure 25.8.1.2 (g) here***
***insert figure 25.8.1.2 (h) here***

Statement: Inclusion of color photos will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR143
(25.8.2.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 25.8.2.1 Inspect the fuel tank for crushing or penetrations. Note the condition of the fuel filler
system. Fuel fill and vent tubes and hoses are often multi-piece systems with elastomeric connections(s). Some filler
systems are inserted into the tank through an elastomeric bushing or gasket. These connections may release fuel by
mechanically separating during a crash or may burn through from an exposure fire. Fuel tanks may be manufactured
from metallic or non-metallic materials and may be partially or completely consumed during the fire.

Statement: The added text more accurately describes materials used in fuel tank construction.

_______________________________________________________________________________________________
921    FR144
(25.11)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new section 25.11 and renumber accordingly, making current 25.11 Vehicles and Structures
now 25.12 Vehicles and Structures and so on. See

(Insert attachment new 25.11 text and images.)
Statement: The edited text provides a more clear understanding of the subject matter.
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NOTE:  Renumber Section Beginning with 25.11 
 
25.10.1 Inspection of Cut Key Style Ignition Lock. The information in this section is 
intended for the inspection of vehicles equipped with cut key style ignition locks only. 
Remote start, keyless ignition (push start), proximity keys, or any other device that does 
not utilize a ‘cut‐key’ will not be covered. This section will pertain mainly to those vehicles 
that have been reported stolen and recovered burned. The same methodology can be 
used in any vehicle investigation. Physical evidence of the pre‐fire condition of the ignition 
lock may be discoverable during the inspection of the vehicle. The common, as 
manufactured, location for the ignition lock is on the right side of the steering column 
(Figure25.10.1(a)). The investigator should keep in mind that the ignition lock is not always 
at the steering column and may be mounted in the dash or center console (Figure 
25.10.1(b)). Though there are a variety of automobile manufactures, only a few styles of 
ignition lock wafers are utilized (Figure 25.10.1(c)). The investigator should be familiar 
with the construction of the wafer that is associated with the vehicle being investigated.  

 
25.10.1.1 Ignition Lock Cylinder. The typical ignition lock cylinder is constructed of die‐
cast zinc ( ‘pot metal’) mounted in a die‐cast zinc steering column housing. Die cast zinc 
has a melting temperature of 300‐400oC (560‐750oF). Lock wafers are typically made of 
brass having a melting temperature in the range of 936‐992oC (1710 to 1825ºF). The 
lower melting temperature, die‐cast zinc steering column housing will typically release 
the ignition lock from its housing during a fire, allowing it to fall to the floor or into the 
debris below. Once released, the die‐cast zinc of the ignition lock cylinder will typically 
remain at least partially intact.  The position and condition of the ignition lock artifacts 
can aid the investigator’s understanding of the pre‐fire condition of the ignition lock and 
the time during the fire event that the lock came to rest in its post‐fire position. 

 
25.10.1.2 Post‐Fire Recovery of The Lock Cylinder. Fire debris on the driver’s side front 
floor should be layered and examined.. If the ignition lock cylinder was not forcibly 
removed prior to the fire, some or all of the ignition lock remains should be identifiable in 
the debris and recovered for further analysis. These remains should be found in an area 
located immediately below where they were installed. Sifting of the debris with the 
appropriate size screen may be necessary for the recovery and identification of the 
ignition lock components. 

 
25.10.1.2.1 The observation of ignition lock remains within fire debris immediately below 
the original installation point would indicate that the ignition lock was likely in its proper, 
installed position at the time of the fire. (See Figures 25.10.1.2.1(a) and 25.10.1.2.1(b)). 
The ignition lock remains will typically show thermal damage and may also show any 
mechanical damage that occurred to the lock prior to the fire.  

 
25.10.1.2.2 The observation of ignition lock remains on the floor, underneath fire debris, 
would indicate that the ignition lock was on the floor prior to the fire. This could be an 
indicator that the ignition lock was removed from its installed position prior to the fire. 
This ignition lock is typically found intact, though it may show mechanical damage related 
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to its forcible removal from its installed position and with little or no thermal damage 
from the fire. An exemplar ignition lock could assist the investigator in determining the 
type of damage that the ignition lock cylinder could sustain if it were forcibly removed or 
defeated prior to the fire. (See Figures 25.10.1.2.2(a) and 25.10.1.2.2(b)). 

 
25.10.1.3 Detailed Examination of Ignition Locks. The remains of the ignition lock should 
be inspected for evidence of mechanical damage that may indicate that it had been 
defeated prior to the fire. (See Figures 25.10.1.3(a), 25.10.1.3(b), and 25.10.1.3(c)) In 
circumstances where mechanical damage is not obvious, some means of magnification 
may be required for examination of the wafer ‘key way’. A detailed examination of the 
ignition lock remains may show if the ignition lock was forcibly rotated or ‘picked’. If 
there is a rotational deformation of the wafer, the ignition lock may have been forced. 
Sharp gouges or scratches across the inside of the key way may indicate that the ignition 
lock was picked. Further testing and laboratory analysis may be required for forensic 
comparison of the ignition lock if it is suspected to have been forcibly removed or 
defeated prior to the fire. 

25.10.1.4 Unrecovered Ignition Lock Remains. If the remains of the ignition lock are not 
readily identified during the debris examination process, those remains may be concealed 
by component materials that melted during the course of the fire and resolidified after 
cooling of the immediate environment. The use of radiographic images may be necessary 
to identify the ignition lock artifacts within the debris. (See Figures 25.10.1.4(a) and 
25.10.1.4(b)). Once identified, the remains may or may not be recoverable and is 
dependent on the matrix of the concealing material. Radiographic images may provide 
sufficient detail for an analysis without actually recovering the ignition lock remains from 
the concealing material.  

25.10.1.4.1 Other Considerations. Some manufacturers utilize non‐brass wafers in 
ignition locks. The post‐fire remains of these wafers may be melted or destroyed. The 
investigator is cautioned that other components of the ignition lock system may survive 
vehicle fire environments and may be used to assist the investigator in determining the 
pre‐fire condition of the ignition lock. Locking lugs, armored lock cylinder caps, tumblers, 
detent pins, springs, ring antenna, lock core retainer, and other case hardened parts may 
also be found in the fire debris field of the floor. These components may be useful in 
determining if the ignition lock was present in the vehicle at the time of the fire. These 
components may not be useful in determining if the ignition lock was defeated prior to 
the fire. The use of a forensic lock examiner familiar with the type of locking system 
involved may be useful in the identification and analysis of these and other similar, 
surviving components. 

***Insert Figure 25.10.1(a) Here*** 
 
               

                                                                                                                        
(Photo used by permission of Robby E. Landis) 
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Figure 25.10.1(a) Ignition lock mounted on the right side of a steering column. 
 
 
 

***Insert Figure 25.10.1(b) Here*** 
      (Photo used by permission of Robby E. Landis) 
Figure 25.10.1(b) Ignition lock mounted in the dash to the right side of the steering column. 
 
 
                        
 
***Insert Figure 25.10.1(c) Here***                        
 
      (Photo used by permission of Robby E. Landis) 
Figure 25.10.1(c) Example of commonly used ignition lock wafers.  
 
 
 
***Insert Figure 25.10.1.2.1(a) Here*** 

 
      (Photo used by permission of Robby E. Landis) 
Figure  25.10.1.2.1(a) Remains of ignition lock wafers within the upper layer of 

debris. 
 
 
 
 
***Insert Figure 25.10.1.2.1(b) Here*** 
 
 
      (Photo used by permission of Robby E. Landis) 
Figure  25.10.1.2.1(b) Remains of an ignition lock wafer on top of the debris. 

 
 

***Insert Figure 25.10.2.2(a) Here***  
      (Photo used by permission of Robby E. Landis) 
Figure  25.10.2.2(a) Exemplar ignition lock with the wafers in the extended or locked position. 

 
 
 
***Insert Figure 25.10.1.2.2(b) Here*** 

 
      (Photo used by permission of Robby E. Landis) 
Figure  25.10.1.2.2(b) Exemplar ignition lock with the wafers in the unlocked 

position. 
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***Insert Figure 25.10.1.3(a) Here*** 
      (Photo used by permission of Robby E. Landis) 
Figure  25.10.1.3(a) Ignition lock wafers removed from a purposefully damaged ignition lock. 
This damage was created by forcing a flat‐blade screw driver into the ignition lock and rotating 
it clockwise. (See Figure XX for detail of indicated wafer.) 
 
***Insert Figure 25.10.1.3(b) Here*** 

 
 

 
      (Photo used by permission of Robby E. Landis) 
Figure  25.10.1.3(b)  Wafer damaged from forcing a metallic blade into the 

ignition lock and then rotating the lock. 
 
 
***Insert Figure 25.10.1.3(c) Here*** 
 

 
      (Photo used by permission of Robby E. Landis) 

Figure  25.10.1.3.(c)  Side view of damaged wafer. 
 
 
***Insert Figure 25.10.1.4(a) Here*** 
 
 
     (Photo used by permission of Robby E. Landis) 
Figure  25.10.1.4(a)  Radiographic image showing an undamaged ignition 

lock wafer in debris. 
 
 
***Insert Figure 25.10.1.4(b) Here*** 
 

 
     (Photo used by permission of Robby E. Landis) 

Figure  25.10.1.4(b)  Radiographic image showing an undamaged ignition lock wafer in 
debris. 
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_______________________________________________________________________________________________
921    FR145
(25.12)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise existing section 25.12 Recreational Vehicles with the following revisions and new text.

25.12 Recreational Vehicles. This section deals with factors related to the investigations of fires involving, recreational
vehicles (RV’s). Information relative to the investigation of RV fires includes construction materials, systems, and failure
modes. Additional information regarding RV systems and standards is available in NFPA 1192, Standard on
Recreational Vehicles or CSA Z246-08. RVs incorporate many similarities to houses and mobile homes. They are also,
in many cases, a motorized vehicle, containing all the intricate details of automobiles. However, because of the
standards required for their lightweight construction methods, they may utilize large volumes of plastics and other
combustible materials. There will often be additional large fuel items like polyurethane foam in couches, mattresses,
refrigerator insulation, and propane gas.
25.12.1 General. Recreational vehicles are a unique combination of both a vehicle and a residence, utilizing unique
construction materials and methods. The investigator needs to have a basic familiarity of the construction methods, the
systems, and associated subsystems of the unit. As with any other fire, the first step is to determine an area of origin.
Recreational vehicles can be divided into six seven several major areas; i.e., exterior, engine compartment, basement or
storage compartment(s), couch, galley, lavatory, and bedroom. The size, construction, and fuel load of these
compartments can vary considerably depending upon the size, style, and manufacturer of the RV.

25.12.2 Recreational Vehicle Investigation Safety. Safety should always be the investigator’s first concern.
Documentation can be conducted during the safety assessment. (See Chapter 13.)

25.12.2.1 Confined Spaces. By their nature, fire investigations on RVs may often involve working in confined spaces.
The investigator should be aware of the rare potential for confined space entry concerns (e.g. i.e., entry/egress and
atmospheric issues), and appropriate precautions should be taken. Prior to entry, the investigator should ensure the
space does not contain hazardous levels of explosive or toxic vapors or gases (i.e., carbon monoxide) or is not oxygen
deficient. The hazards of the space should be evaluated before entering and the appropriate level of personal protective
equipment should be worn. Lights and other equipment should be intrinsically safe and suitable for such environments.

25.12.2.2 Airborne Particulates. Because many RVs incorporate large quantities of fiberglass in their construction,
resin used as part of the construction process generally burns away, leaving small, irritating particles of fiberglass.
Burned polyurethane foam and other plastics can pose contact hazards post fire. When dealing with issues such as
refrigerator fires, some materials, such as sodium chromate, can be carcinogenic. in nature. These particles, when
combined with burned resin, are highly irritating to the respiratory system and the appropriate level of personal
protective equipment, including respiratory protection, should be worn as indicated by the level of hazard.

25.12.2.3 Energy Sources. There may be numerous energy sources present in an RV. Electrical hazards may be from
12 V DC batteries, or 120/240V AC from shore power or a generator. Fuels such as gasoline, diesel fuel, or propane,
may pose a spill, fire, or explosion hazard. Pressurized containers may rupture and pneumatic or hydraulic cylinders
may fail. Precautions must be taken to ensure that the hazards are disabled, minimized, or otherwise made safe to
prevent personal injury, as well as the possible recurrence of a fire or explosion. The investigator should employ
personal protective equipment that is appropriate for the anticipated hazards.

25.12.2.4 Stability. RV fire scenes may be unstable. Care should be exercised when accessing the interior of an RV
due to potential collapse of roof, side wall, or floor. RV manufacturers often place heavy items such as air conditioners
and satellite dishes on roofs.  Side walls may appear stable but may fail just by movement of debris. Never place any
portion of your body underneath an RV without proper support of the RV.

25.12.3 Recreational Vehicle (RV). A recreational vehicle is a vehicular-type unit that is primarily designed as to
provide temporary living quarters for recreational, camping, travel, or seasonal use; that either has its own motive power
or is mounted on or towed by another vehicle; is regulated by the National Highway Traffic Safety Administration as a
vehicle or vehicle equipment; does not require a special highway use permit for operation on the highways; and can be
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easily transported and set up on a daily basis by an individual.

25.12.3.1 Motor Home. A recreational vehicle built on a self-propelled motor vehicle chassis.

25.12.3.2 Fifth-Wheel Travel Trailer. A towable RV mounted on wheels, and designed to be towed by a motorized
vehicle by means of a towing mechanism that is mounted above or forward of the tow vehicle’s rear axle.

25.12.3.3 Folding Camping Trailer.A towable RV mounted on wheels and designed to be towed by a motorized vehicle
that is constructed with a collapsible roof and collapsible partial sidewalls that unfold and extend in the set-up mode and
fold back up for travel.
25.12.3.4 Travel Trailer. A towable RV mounted on wheels and designed to be towed by a motorized vehicle that is

constructed with a roof and sidewalls made of rigid materials .

25.12.3.5 Dispensing. As applied to gasoline or diesel fuel systems, withdrawing fuel from applicable recreational
vehicle fuel tank(s) to other motorized vehicles or approved containers by means of a hose and hose nozzle valve.

25.12.3.6 Chassis. The metal frame support which that the RV is built upon, and in cases of self-propelled units, would
include the axles, engine, transmission, fuel lines, and fuel pump.
25.12.3.7 Listed. Equipment, materials, or services included in a list published by an organization that is acceptable to
the authority having jurisdiction AHJ and concerned with evaluation of products or services, that maintains periodic
inspection of production of listed equipment or materials or periodic evaluation of services, and whose listing states that
either the equipment, material, or service meets appropriate designated standards or has been tested and found
suitable for a specified purpose
25.12. 4 Unique Systems or Components. Many RVs are equipped with a variety of components and equipment
typically not found in any other vehicle.

25.12.4.1 Shore Power. 120/240V AC electrical power supplied from a nearby receptacle source via a cord set.

25.12.4.2 Generator. Auxiliary power generator systems are sometimes installed and can vary in size and location
depending upon the class of RV. Generators may be fueled by gasoline, diesel fuel, or propane. Propane generator
engines will have the propane delivered as a high-pressure liquid typically through a steel braided reinforced hose.
Generators may be air or liquid cooled.
25.12 4.3 Automatic Generator Starting System (AGS). A control system that automatically starts and stops engine
generators when pre-set RV conditions occur, such as beginning and end of quiet time, low or high battery charge or
demand, availability or loss of shore power connection, or appliance demand changes such as cycling of
temperature-controlled air conditioning.

25.12.4.4 Electrical Converter. Because there are two different electrical systems (12V DC and 120V AC), at times
there is a need to interchange their use. Some components and appliances are designed to operate at 12V DC, while at
the same time, others may be designed to operate at 120V AC. An electrical converter is used to transform 120V AC
input to 12V DC output. This is usually performed when the RV is connected to shore power or when the generator is in
operation. The converter is also used for battery charging.

25.12.4.5 Electrical Inverter. While converters change 120V AC to 12V DC, inverters perform the opposite function.
The inverter changes a 12V DC input to 120V AC output. This allows the use of some appliances without having to
operate the generator or be connected to a shore power source. The disadvantage of inverters is they can use large
amounts of energy from the batteries in a short time. It should be noted that some RVs are equipped with a single
component that incorporates both the converter and inverter functions. The investigator may observe only one
component that serves both functions.

25.12.4.6 Batteries. The quantity and arrangement of batteries in an RV may be quite different than other vehicles. In a
motor home, there is typically a single 12V DC battery or batteries for the starting and operating of the engine. The
coach system typically has a separate system of two to four deep cycle batteries. Depending on the manufacturer, these
may be connected in a variety of ways. The manufacturer provides the separation of 12V DC system so that the starting
batteries cannot be depleted by operating the coach accessories or appliances. While these systems are separate for
output, the engine-mounted generator can recharge both the coach and starting batteries while the engine is running.
Some generator systems have direct battery charging capabilities while other work through the converter. Most Many
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times RVs are equipped with battery disconnects for the coach side of the 12V DC system. The batteries may not be all
located in the same area of the RV. The engine starting batteries are typically located at the engine area. The coach
batteries are typically located either in a separate basement compartment, or many times in an accessible area
compartment under the entryway stairs.

25.12.4.7 Means of Escape. The emergency exit in a RV is typically a specially constructed window to the outside of
the recreational vehicle. RV is required to have two separate exits remote from each other. The primary means of
escape from a RV is athe door(s) to the outside of the vehicle. A secondary or emergency means of escape is provided
in the form of specially constructed windows, doors, or hatches designed for this purpose.

25.12.4.8 Liquid Holding Tank. RVs may be equipped with sewage holding tanks. Tanks for the containment of toilet
waste are referred to as “black water” or “body waste” tanks and those for the containment of sink and shower wastes
are referred to as “grey water” tanks. A fresh water tank may also be present.

25.12.5 Systems.

25.12.5.1 Electrical Systems. Recreational vehicles typically contain two different electrical wiring systems; 120V AC
and 12V DC. All electrical wiring in RVs is required to comply with NFPA 70, National Electrical Code. Most 120V AC
system components are similar to that found in residential settings. Stranded conductors are used for 12V DC and solid
conductors are used for 120V AC wiring. Lighting systems, for example, may use both 12V DC and 120V AC in the
same fixture. When connected to shore power, the electrical demands of the RV are met by the 120V AC input. 12V DC
components are powered through the converter. When disconnected from shore power, 120V AC generator output may
be the coach input power source. When not connected to any 120V AC source, 12V DC components are utilized. Solar
panels may be present. These panels and are typically used for battery trickle recharging when no shore power is
available. Detailed information regarding the 12V DC system for the chassis is generally the same as a motor vehicle.

25.12.5.1.1 Shore Power. The most common RV shore power is a 30-ampere input. This is a three-wire system. This
system is designed to power up to five 120V AC circuits. Some larger RVs use a 50-ampere input. This is a four-wire
system. The four wire system utilizes two hot conductors, a neutral, and a ground. Even though there are two hot
conductors. RVs do not typically use the traditional 240V AC input. There are no 240V AC systems in RVs. However,
Class A motor homes with standard household appliances may in fact utilize 240V AC circuits. Campgrounds commonly
have both 30-ampere and 50 ampere receptacles available in the same housing. Adapters may also be used. For
instance, an RV manufactured with a four-wire, 50 ampere system may use an “adapter” to plug into a three wire,
30-ampere receptacle. This may limit the branch circuits available for use in the RV.

25.12.5.2 Propane Systems. Propane is used for cooking, heating, and refrigeration. Portable propane cylinders must
be constructed in accordance with U.S. Department of Transportation Specifications for LP-Gas Containers (49 CFR) or
Transport Canada (TC) requirements. A fixed propane tank must be constructed in accordance with the ASME Boiler
and Pressure Vessel Code, Section VIII, “Rules for the construction of unfired pressure vessels.”

25.12.5.2.1 Propane Regulators. Two-stage regulators are typically used on RV’s. They are required to have a
capacity exceeding the total input of all propane fueled appliances. The first stage of the regulator reduces the tank
pressure of the propane to an output not to exceed 10 psi (69 kPa). The second stage of the regulator reduces the
pressure further to within the tolerances of the entire system, typically 11 inches water column (0.40 psi).

25.12.5.2.2 Maximum Propane Container Capacities. NFPA 1192 limits the capacity of propane containers stored in
an RV;. There should be no more than three cylinders or one or more tanks having a maximum aggregate water

capacity is 200 gallons (0.8 m3). The maximum capacity of each individual cylinder is a water capacity of 105 lb (47.6
kg) [approximately 45 lb (20.4 kg) propane capacity]

25.12.5.2.3 Propane System Shielding. Many manufacturers provide thermal, impact and abrasion shielding of the
container and piping systems. Measurements should to be taken of the distances from the propane container to heat
producing components. The container, piping, or hoses may be shielded by a vehicle frame member or by a
noncombustible baffle with an air space on both sides of the frame member or baffle.

25.12.5.2.4 Stoves. There are two basic types of kitchen stoves; a cook top and a range. A cook top is an appliance
mounted in a drop-in configuration in the countertop. It does not have an oven. A cook top with an attached oven is a
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range. Ranges are installed in a cabinet cutout. These components are fueled by propane gas. Cooking control is
provided by a manifold assembly and burner control valves. Stoves are equipped with a non-adjustable propane
regulator as a mandatory safety feature. Stoves may have standing pilots for the oven and spark ignition for the surface
burners. Clearances are important as these devices are specifically designed for the tight spaces encountered in RVs.
Residential style appliances are not typically designed the same and are not suitable for installation in an RV.

25.12.5.2.5 Water Heaters. Water heaters are fueled by propane or are electrically energized by 120V AC. 12V DC is
typically required for controls. Propane is ignited in a sealed burner box. The heat is then passed through a flue tube
inside the water tank and the hot exhaust gases are then vented to the exterior. The entire combustion process takes
place outside of the living quarters of the coach. Water heaters may have standing pilots or electronic igniters. Water
heaters use an internal thermostat to regulate water temperature. a combination pressure and temperature relief valve
which are designed to open and release pressure prior to reaching dangerous levels.

25.12.5.2.6 Furnaces. Forced-air and ducted furnaces operate on the principles of combustion and heat transfer. These
components are fueled by propane gas. Most furnaces use 12V DC for controls and blower operation.

25.12.5.2.7 Anhydrous Ammonia Absorption Refrigerators. These types of RV refrigerators do not normally have
compressors. These refrigerators use a heat absorption system that allows anhydrous ammonia to be heated and then
flow through a system of tubes. The cooling of the anhydrous ammonia provides cooling for the refrigerator interior. The
anhydrous ammonia is heated by propane in a burner, or by a 120V AC heating element (2-way system), or by an
additionally 12V DC heating element (3-way). In many cases, the operator may select the energy source. 12V DC is
typically always necessary to operate the controls for the refrigerator to operate. Refrigerators may have standing pilots
or use electronic ignition. Anhydrous ammonia coolant is combustible and may become ignited if it escapes from the
tubing into the atmosphere.
25.12.5.3 Safety Systems. All RV’s are required by NFPA 1192 to have installed by the manufacturer a smoke alarm,

carbon monoxide alarm, and fire extinguisher. In most cases a propane detector is also required. For specific details
regarding each device or system, refer to NFPA 1192.

25.12.6 Construction.

25.12.6.1 Exterior Construction. The investigator should be familiar with the composition and construction of the RV.
General construction methods use a welded steel frame to which the floor is attached. The floor system may be
constructed of steel, aluminum, or wooden frames with a wood or composite sub-floor material attached. Unlike
residential construction, RVs are commonly built from the inside out. All of the interior structural components are
installed on the floor prior to the installation of the exterior walls. This may include some of the appliances and fixtures.
The side walls are then added. These components may be wood, steel, or aluminum framing, with fiberglass, aluminum,
or stainless steel exterior siding and interior wall coverings. Newer methods use a vacuum process to “bond” all the wall
materials into a thin, strong, lightweight assembly. These assemblies can include all of the necessary wiring, both 12V
DC and 120V AC. The final major component is the attachment of the roof assembly. The most common style roof is a
wood sheath over frame construction covered by a waterproof membrane. A one piece fiberglass roof may also be
used. Manufacturers may keep one end of the RV open to facilitate the installation of large appliances or fixtures.

25.12.6.2 Interior. Due to design and weight concerns, the interior construction materials may differ from those found in
a residential structure. Interiors may be constructed with fiber reinforced panels (FRP) or wood framing and exterior
grade plywood or veneer. An ASTM E 84 flame spread rating of 200 or lower is required for interior finishes of walls,
partitions, ceilings, exterior passage doors, cabinets, habitable areas, hallways and bath rooms, including shower/tub
walls. Counter surfaces may be natural (marble or granite), synthetic (plastic laminate), or wood veneer. Additional fuel
loads may exist in the form of carpeting and other synthetic materials utilized as vertical and overhead finishes. The
flame spread requirements do not apply to moldings, trim, furnishings, windows, door, skylight frames, casings; interior
passage doors, countertops, cabinet rails, stiles, mullions, toe kicks, or padded cabinet ends. These fuels can
dramatically affect any fire incident, ultimately affecting the spread and growth of the fire.

25.12.7 Recreational Vehicle Examinations. RV dimensions, clearances, and tolerances, may be important,
depending on the system. Any examination and documentation of evidence, including the removal and securing of items
of evidence, should be performed in accordance with the guidelines specified in the Physical Evidence chapter Chapter
17 and the ASTM standards presented in Annex A of this document guide. If improperly removed, the investigator may
alter or destroy key pieces of evidence and information relevant to a potential cause. (See Section 16.3.)
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25.12.7.1 An examination of the exterior of the RV may reveal significant fire patterns. Caution should be exercised
when interpreting patterns around enclosures such as the refrigerator, furnace, or water heater compartments. These
compartments are ventilated and may contain  significant fuel packages, which may affect exterior fire patterns.

25.12.7.2 Analyzing  fire patterns can help determine if the fire spread from inside the compartment. The arrangement of
the cabin, appliances, fixtures,  and if the windows were open or closed, may influence the fire spread characteristics
and resultant fire patterns. Compartments typically used for sleeping, lounging, cooking, storage, or lavatory, may
include a variety of materials and ignition scenarios.

25.12.7.3 Investigating Systems and Components Unique to Recreational Vehicles. Specialized systems unique to
RVs include propane propane gas systems, electrical electrical systems, heating systems, appliances, and fire safety
systems. These systems, are discussed in paragraphs 25.12.5.1 through 25.12.5.3.4. They should be examined and
analyzed for their possible roles as ignition or abnormal heat sources, their roles as first or subsequent fuels, and their
roles in fire growth and spread. These examinations and analyses should include a possible failure analysis, which
includes checking for improper installation or function, pre-fire damage, fuel leakage, and the proper function of safety
and control features.

25.12.8 Ignition Sources. In most cases, the sources of ignition energy in RVs will be similar to those already
described in this chapter and those associated with structural fires such as arcs, mechanical sparks, overloaded wiring,
open flames, and smoking materials. Additional considerations would include the added appliances described
previously. and the effects of vibration, mechanical damage, rodent activity, or movement, due to being driven or towed.

25.12.9 Recreational Vehicle Identification. The National Highway Traffic Safety Administration (NHTSA) requires that
all RVs be identified by a 17 digit Vehicle Identification Number (VIN). Manufacturer’s  apply a VIN to the coach as well
asto identify the make, model, and serial number of the major appliances. This information is typically found in the
owner’s documents, a label on the exterior of the coach, and possibly a placard located in a galley cabinet. After a fire,
these placards or numbers may not be readily available. Any numbers found stamped on the chassis may be submitted
to the National Insurance Crime Bureau (NICB) or the Insurance Bureau of Canada (IBC) to verify the vehicle identity.
These numbers may not be directly related to the final manufacturer’s VIN.

25.12.10 Recreational Vehicle Information. There are many  resources available to the investigator to assist in the
origin and cause determination. Such resources can include sales brochures, owner’s manuals, and web sites of the
chassis, coach, and component manufacturers
25.12.11 Recreational Vehicles in Structures, Parks, and Campgrounds.

25.12.11.1 RVs within garages, carports, or other enclosures should be examined with consideration of other
combustibles within the enclosure. Heat transfer from a fire originating in the structure may damage the RV.
The building electrical service should be inspected for evidence of electrical system malfunction, including
voltage and polarity, to verify if they are consistent with the requirements of the RV electrical and associated
subsystems.  NFPA 1194 refers to parks or campgrounds. Similar considerations need to be made when the RV
is parked at one of these properties. All services including propane, electricity, and sewer, as provided by the
park or campground need to be examined. For proper operation of some components, RV’s are required to be
parked in a level position. The type of surface and the parked position of the RV should be documented. A
gauge can be employed to measure the slope and angles of the scene.

25.12.11.2 If applicable, tThe building electrical service needshould to be inspected for evidence of electrical supply
system malfunction, including voltage and polarity, to verify if they are consistent with the requirements of the RV
electrical and associated subsystems. Information about the shore power receptacle may be important.

25.12.11.3 NFPA 1194 refers to parks or campgrounds. Similar considerations need to be made when the RV is parked
at one of these properties. If applicable, aAll services including propane, electricity, and sewer, etc.) as provided by the
park or campground need to be examinedinspected and verified.

25.12.11.4 RV system operational For proper operation of some components, RV’s are requirements required the unit to
be parked in a generally level position. The type of surface and the parked position of the RV was parked on should be
documented. An angle gauge can be employed to measure any the slope present to establish the specificand angles of

82Printed on  8/24/2012



Report on First Revisions with Statement –  November 2013 NFPA 921
the scene.

Statement: The committee believes the revised text provides clarity and understanding to the issues related to RV
fires.

_______________________________________________________________________________________________
921    FR125
(25.13.1.5)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: First Revision: FR125
25.13.1.5 Because diesel vehicles often have fuel tanks with
757 L 760L (200 gal) capacity, a fire in a truck where fire suppression
is delayed, may involve all the fuel, causing severe damage.
This often makes determination of the origin and cause
of the fire more difficult. In cooler climates, many vehicles use
programmable coolant heaters, fuel, and engine oil heaters.
Cab/sleeper heaters that operate on diesel fuel are also available.
These systems should be inspected for possible involvement
in the fire cause.
Statement: This change removes unnecessary precision.

_______________________________________________________________________________________________
921    FR126
(25.13.1.7)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 25.13.1.7 Medium and heavy trucks, tractors, and buses can
use either hydraulic or air brakes. Air brakes are operated with
air provided by a compressor at up to 827 kPa 830 kPa (120 psi). Damage
to an air hose (plastic tubing or rubber reinforced with
steel braid) or steel tubing at the time of fire initiation, or
during the fire, may significantly push and fan a fire. This may
provide fire patterns that are not related to the cause of the
fire. Brake and wheel fires may occur when brakes are not released and the vehicle is driven. Most electronically
controlled
engines can develop enough torque at low speed to
overpower parking brakes. Tires may sometimes ignite while
driving, while under-inflated, or if road debris is lodged between
duals.
Statement: This change removes unnecessary precision.
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_______________________________________________________________________________________________
921    FR127
(25.13.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 25.13.4 Forestry/Logging Equipment. A fire in the equipment,
if not extinguished by an on-board fire suppression system,
may burn to completion. Hydraulics operate almost all of
the equipment functions, and the inherent rough service conditions
of forests mean that hoses can get damaged. Hydraulic
fluid leaks at up to 41,368 kPa 40,000 kPa (6000 psi) can contact the turbocharger
or other hot exhaust components and ignite. Accumulations
of wood chips and dust may be ignited by hot components
or friction.
Statement: This change removes unnecessary precision.

_______________________________________________________________________________________________
921    FR146
(Figure 25.14.2.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Figure 25.14.2.2 Component label: Sleeve Sieve system

Statement: The committee is making an editorial correction.

_______________________________________________________________________________________________
921    FR147
(25.14.2.4.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 25.14.2.4.1 Row Units. Row units are attached to a header at the front of the cotton picker. The
harvesting and separation process takes place in the row units. The individual units are attached to the header in such a
way as to allow easy adjustment. Hydraulic, electrical, lubrication, and water connections are made to the each row
units. The mechanical operations of the units are usually PTO driven. The electrical connections are for fine adjustment
of the row units and operation sensors. Each row unit contains a series of two vertical drums mounted with a plurality of
moistened tapered spindles that pull the cotton from the bolls as the plant passes through the unit. As the spindles pass
by rubberized "doffer" lugs, the cotton is scrubbed from the spindles. The liberated cotton is then collected at the back of
the row unit, carried by forced air up a plastic or metal chute attached to each row unit, and deposited into the basket,
which is located immediately to the rear of the operator's station, over the rear portion of the equipment. {See Figure
25.14.2.4.1(a) and 25.14.2.4.1(b.)}

Figure 25.14.2.4.1(b) Component label: Doffer tugs lugs

Replace existing photo with color photo.

***insert figure 25.14.2.4.1(a) here***

Statement: The committee made these changes to provide clarification and to make an editorial change.

84Printed on  8/24/2012



Report on First Revisions with Statement –  November 2013 NFPA 921
_______________________________________________________________________________________________
921    FR302
(Figure 25.14.4.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 25.14.4.2 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR303
(Figure 25.14.6(8)(a), Figure 25.14.6.8(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and number it 25.14.6.8 (a). Replace existing photo with
color photo and number it 25.14.6.8 (b).

***insert figure 25.14.6.8 (a) here***
***insert figure 25.14.6.8 (b) here***
Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR305
(Figure 25.17.2.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 25.17.2.2 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR308
(Figure 26.6.4.1(c))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Insert new color photo with caption: Char patterns on tree and fence post indicating fire movement

***insert figure 26.6.4.1 (c) here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR306
(Figure 26.6.12(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Keep existing photo 26.6.12 and renumber it 26.6.12 (a). Insert new color photo and number it
26.6.12 (b) with caption: Permanent foliage freeze created by exposure to heat

***insert figure 26.6.12 (b) here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR307
(Figure 26.6.13(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Keep existing photo 26.6.13 and renumber it 26.6.13 (a). Insert new color photo and number it
26.6.13 (b) with caption: Permanent foliage freeze created by exposure to heat

***insert figure 26.6.13 (b) here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR149
(27.3.1 and 27.3.1.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation:
27.3 Communications Among Interested Parties.
27.3.1 Notice to Interested Parties. Notification should be given to all known, interested parties in an
expeditious manner to allow them the opportunity to examine the scene as early as possible and minimize
claims of spoliation. See 11.3.5; see also ASTM E 860, Standard Practice for Examining and Preparing Testing
Items That Are or May Become Involved in Criminal or Civil Product Liability Litigation. Initial notice should be
provided by the entity in control of the scene to any known interested parties.
27.3.1.1.Entity in Control. The interested party who has or represents ownership of the scene or is in effective
management of the site, scene, or evidence, and is organizing, directing, or controlling the joint actions of the
other interested parties. The entity having control of the site should provide notice to all known interested
parties if it intends to conduct an investigation at the site of the incident. If the entity controlling the site does
not intend to conduct an investigation at the site, or if it fails to initiate notification, any interested party
intending to conduct such an investigation may initiate the notification process.
27.3.1.2 All Interested Parties.
All interested parties should notify the entity controlling the investigation site in a timely manner of other
interested parties that should be included in the investigation. Responsibility for and timing of the notification
will vary according to such factors as the jurisdiction, whether the interested party giving notice is public or
private, whether criminal conduct is implicated, and applicable laws and regulations. See 11.3.5.1.
27.3.1.3. Roster of Interested Parties. All interested parties, particularly the private sector parties, must should
take steps to ensure that timely notification is given to all other interested parties. A roster identifying all
interested parties should be created and shared. All notices to interested parties should also be shared.

Statement: The committee believes the definition adds to the concept presented in this section.

_______________________________________________________________________________________________
921    FR152
(27.4.8)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
27.4.8 Amendments to Agreements. As the investigation progresses, it may be necessary to amend the understandings
or agreements. If the original understanding or agreement was in writing, any amendments should also be in writing. All
interested parties must should be notified of the suggested change and have an opportunity to agree, disagree, or
provide input regarding the amendment. Amendments can be made to the agreement during the scene investigation by
agreement of the parties present to the detriment of parties who choose not to attend, provided that the amendment is
within the original scope of the agreement. Interested parties may not object to the site amendments if the party chose
not to attend.

Statement: The edit corrects the text for NFPA manual of style
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_______________________________________________________________________________________________
921    FR153
(27.5.2.4.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Revise text to read as follows:
27.5.2.4.3 Monitoring Entry to the Site  Each person who enters the investigation site should provide identify their name,
address, telephone number, fax number, e-mail address, company affiliation and interested party who they represent.

Statement: The committee provided additional information for contacting parties in the future.

_______________________________________________________________________________________________
921    FR154
(27.6.4.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 27.6.4.1 Nondestructive Inspections. Inspections which that do not change the evidentiary value of
the evidence may be conducted so that interested parties can view, make notes, photograph, measure, and make other
visual observations of the evidence in a nondestructive manner. All interested parties need not be present for such
nondestructive inspections. (See Chapter 17)

27.6.4.2 Destructive Inspections. Inspections may occur where it could be reasonably anticipated that evidence will be
altered or destroyed. Before such inspections occur, all interested parties should receive notice and a protocol should be
agreed upon for the inspections.

27.6.4.3 Testing of Evidence. Prior to any testing of evidence, all interested parties should be notified, protocols should
be developed, and testing facilities should be agreed upon. Each of the interested parties may decide to have its own
expert view or participate in the testing.

Statement: Committee believes the wording addresses issues in the proposal that provide additional clarification or
consistency in wording.

_______________________________________________________________________________________________
921    FR309
(Figure 28.1(a), Figure 28.1(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and number it 28.1 (a). Replace existing photo with color
photo and number it 28.1 (b).

***insert figure 28.1 (a) here***
***insert figure 28.1 (b) here***
Statement: Inclusion of color photos will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR129
(28.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new terminology and revise text to 28.2
28.2 Powerboat and Sailboat Terminology. The following are
terms that apply to Figure 28.1(a) and Figure 28.1(b):
(1) Accommodation space. Space designed for living purposes.
(2) Adrift. Loose, not on moorings or towline.
(3) Afloat. (1) In a floating position or condition; (2) On a
boat or ship away from the shore; at sea. Borne on or as if
on the water.
(4) Aft. Toward the rear of the vessel.
(5) Aground. Touching or fast to the bottom.
Beam, The widest point of a vessel

(6) Below. Beneath the deck.
Bilge, The lowest part of a ship's interior hull
(7) Boat. Any vessel manufactured or used primarily for noncommercial
use; leased, rented, or chartered to another
for the latter’s noncommercial use; or operated as an
un-inspected passenger vessel subject to the requirements
of 46 CFR Chapter 1, subchapter C.
(8) Bulkhead. A vertical partition separating compartments.
(9) Cabin. A compartment for passengers or crew.
(10) Capsize. To turn over.
Chain Plate.  A metal plate used to fasten a shroud or stay to the hull of a sailboat which distributes the force of the
shroud.
(11) Deck. A permanent covering over a compartment, hull or
any part thereof.
(12) Dock.Aprotected water area in which vessels are moored.
The term is often used to denote a pier or a wharf.
(13) Dorade vent. Deck box ventilator designed to keep water out with a baffle while letting air in below decks.
(14) Fender. A cushion, placed between boats, or between a
boat and a pier, to prevent damage.
(15) Forward. Toward the bow of the boat.
(16) Freeboard. The vertical distance between the water line
and the gunwale.
(17) Galley. The kitchen area of a boat.
(18) Gear. A general term for ropes, blocks, tackle, and other
equipment.
(19) Gunwale. The upper edge or surface of a boat’s side.
(20) Hatch. An opening in a boat’s deck fitted with a watertight
cover.
(21) Hold. A compartment below deck in a large vessel, used
solely for carrying cargo.
(22) Hull. The structural body of a boat, not including superstructure,
mast or rigging.
(23) Inboard. (1) More toward the center of a boat, inside;
(2) An engine fitted inside a boat.
(24) Inboard/Out-Drive (I/O). A propulsion system consisting
of an engine fitted inside a boat with a stern drive, similar
to the lower unit of an outboard motor attached to
the transom.
(25) Outboard. (1) Toward or beyond the boat’s sides. (2) A
detachable engine mounted on a boat’s stern.
(26) Overboard. Over the side or out of the boat.
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(27) Port. The left side of a boat when looking forward.
(28) Rub Rail. The rubberized, plastic, or metal bumper that
extends along both sides of the vessel, usually immediately
below the gunwales.
(29) Shore Power. Electrical power supplied from shore via a
cord set.
Shroud.  One of the wire cables supporting the mast.

(30) Sole. (1) Cabin or salon floor; (2) Timber extensions on the
bottom of the rudder. (3) The molded fiberglass deck of a
cockpit.
(31) Starboard. The right side of a boat when looking forward.
(32) Superstructure. The cabins and other structures above
deck.
(33) Topside. The sides of a vessel between the waterline and
the deck; sometimes referring to onto or above the deck.
(34) Transom. The stern cross-section of a square sterned boat.
(35) Underway. Vessel in motion, i.e., when not moored, at
anchor, or aground.
(36) Vessel. Includes every description of watercraft, other
than seaplane on the water, used or capable of being
used as a means of transportation on the water.
(37) Waterline. A line painted on a hull which shows the point
to which a boat sinks when it is properly trimmed.

Statement: The addition of these definitions better assist the fire investigator with interpreting the figure.

_______________________________________________________________________________________________
921    FR130
(28.5.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 28.5.3 Deck. Decks are generally the same as hull construction materials; however, they may be
inlayed or overlaid with wood, which adds to the fuel load.

Statement: This addition better addresses potential deck configurations.

_______________________________________________________________________________________________
921    FR131
(28.5.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 28.5.4 Exterior Accessories. Accessories are items or equipment located on the exterior of a boat,
such as communications equipment, antennas, navigational aids, search lights, navigation lights, outriggers, handrails,
lines, fenders, personal floatation devices (PFDs), life rafts, seat cushions, masts, booms, and sails and sheets (sheets).
Some or all of these items or equipment may be combustible.

Statement: The committee is making an editorial correction.
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_______________________________________________________________________________________________
921    FR132
(28.6.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 28.6.1 Construction Materials. Due to weight concerns, the interior construction of a boat may utilize
different materials than those found in a normal dwelling. Interiors are generally found to be constructed from
fiber-reinforced plastic (FRP) material and/or conventional building materials, such as solid stock woods and exterior
grade plywood and veneers. Noncombustible materials such as steel or aluminum may be used for structural
components such as bulkheads.

Statement: The committee is making an editorial correction.

_______________________________________________________________________________________________
921    FR311
(Figure 28.7.2.1.1.1, Figure 28.7.2.1.1.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo and number it 28.7.2.1.1.1. Insert new color photo and
number it 28.7.2.1.1.2 with caption:Inboard gasoline engine fire.

***insert figure 28.7.2.1.1.1 here***
***insert figure 28.7.2.1.1.2 here***
Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR313
(Figure 28.8.3.3)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 28.8.3.3 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR314
(Figure 28.9.2.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 28.9.2.1 here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR315
(Figure 28.9.2.3(a), Figure 28.9.2.3(b))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 2831.9.2.3  Underwater. Underwater examination should only be conducted by qualified personnel.
When a boat is submerged as the result of a fire, an underwater examination of the boat and the surrounding area
should be conducted and documented, if possible. The main purpose of this type of examination is to document the
position and condition of the boat prior to attempts to raise the boat. Raising may result in the displacement or loss of
evidence. (See Figures 2831.9.2.3(a) and (b).) Damage to the remaining structural integrity of the boat may occur during
raising operations.

Replace existing photo with color photo and renumber to 28.9.2.3 (a). Replace existing photo with color photo and
renumber to 28.9.2.3 (b).

***insert figure 28.9.2.3 (a) here***
***insert figure 28.9.2.3 (b) here***
Statement: Inclusion of color photos will enhance usability of the document.

_______________________________________________________________________________________________
921    FR317
(Figure 28.9.3.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 28.9.3.1 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR318
(Figure 28.10.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 28.10.1 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR319
(Figure 28.10.1.1.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 28.10.1.1.1 here***
Statement: Inclusion of color photo will enhance usability of the document.
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_______________________________________________________________________________________________
921    FR320
(Figure 28.10.2.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing photo with color photo.

***insert figure 28.10.2.2 here***
Statement: Inclusion of color photo will enhance usability of the document.

_______________________________________________________________________________________________
921    FR165
(A.3.3 Empirical Data)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new definition to read as follows:
A.3.3.x  Empirical data.  Additional information and guidance can be found in ASTM E678-07, Standard Practice for
Evaluation of Scientific or Technical Data. ASTM E678 Standard Practice for Evaluation of Scientific or Technical Data,
2007.
Statement: The committee believes the information is helpful to the fire investigator.

_______________________________________________________________________________________________
921    FR324
(A.3.3(x))
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: a.3.3.x Calciniation of Gypsum.  These changes may include the driving out of free and chemically
bonded water as well as other chemical and physical changes to the gypsum component itself.
Statement: The committee believes that this explanation in the annex clarifies the definition.

_______________________________________________________________________________________________
921    FR160
(A.3.3.40)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new annex:
A.3.3.40 Density. The density of water is approximately 1 gram per cubic centimeter. The density of air is approximately
1.275 grams per cubic meter.

Statement: The committee believes this information is more appropriately contained in the annex.

_______________________________________________________________________________________________
921    FR325
(A.3.3.84)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: A.3.3.84 Full Room Involvement.  The combustion may or may not be flaming depending on the
level of oxygen available at various locations within the compartment.
Statement: The committee believes the definition more clearly defines the term.
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_______________________________________________________________________________________________
921    FR166
(A.4.3.6)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: A.4.3.6 This discussion is meant to specifically allow for logic based “thought experiments.” In such
an experiment, one sets up a premise and tests it against the data. An example of a thought experiment is, “If the door
was closed during the fire, then there should be mirror-image patterns on the matching surfaces of the hinges.” It is not
necessary to burn the door in the open position and in the closed position and compare results. The finding of
mirror-image patterns, combined with the investigator’s knowledge, allows for conclusions to be made about many
aspects of the fire without the need for a physical experiment. Deductive logic in the design and implementation of the
thought experiment, however, is still a requirement for valid hypothesis testing. The deductive method is the process of
reasoning from which we draw conclusions by logical inference from given premises. If we begin by accepting the
propositions that “all Greeks have beards” and that “Zeno is a Greek,” we may validly conclude, “Zeno has a beard.” We
refer to the conclusions of deductive reasoning as valid, rather than true, because we must distinguish clearly between
that which follows logically from other statements and that which is the case. Starting premises may be articles of faith
or assumptions. Before we can consider the conclusions drawn from these premises as valid, we must show that they
are consistent with each other and with the original premise. Mathematics and logic are examples of disciplines that
make extensive use of the deductive method. The scientific method requires a combination of induction and deduction.
ASTM E 678 Standard Practice for Evaluation of Scientific or Technical Data and ASTM E 620 Standard Practice for
Reporting Opinions of Technical Experts, 2011 provide additional logic and reasoning-based methodology guidance for
the investigator for creating, critiquing, evaluating, supporting and eliminating hypotheses.  To meet the criteria for
transparency, the source, scientific and technical basis, and relationship of each hypothesis and criterion to known
incident data is specified in addition to addressing the relative scientific or technical merits of alternate hypotheses
supported and eliminated by the available data.  Opinions or conclusions must account for all known relevant facts
related to the incident and be consistent with accepted scientific and logical principles.

Statement: The references provide additional guidance

_______________________________________________________________________________________________
921    FR19
(A.5.5.5, A.5.5.5.3.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: A.5.5.5 For additional information on thermometry in fire investigation see Kennedy, P.,
“Thermometry in Fire Investigation and Analysis - Understanding the Practical Use of Basic Thermometry in Fire and
Explosion  Investigations and Analyses,” The NAFI National Fire Investigator, NAFI, Sarasota, FL, March, 2011.

A.5.5.5.3.4 If one uses empirical temperature scales instead of absolute temperature scales in a thermal radiation heat
transfer calculation, doing so can result in an incorrect answer.  In radiation equations the temperature component is

raised to the fourth power is [T4].  Any error is significantly amplified to the fourth power. This is not true of the
temperature difference associated with the concept of net heat flux as opposed to incident heat flux.
Another example of the need for a basic understanding of thermometry, is the need to understand that 100 degrees
Fahrenheit is not “twice as hot” as 50 degrees Fahrenheit (a relative scale). In order for the actual relationship between
the temperatures and the “hotness” of the material to be accurately assessed, conversions must be made to one of the
thermodynamic scales.  The actual relationship between 100 degrees Fahrenheit and 50 degrees Fahrenheit is the ratio
of their absolute temperatures 560 R to 510 R or 1.1, not 2.0.  100 degrees Fahrenheit is only 10% “hotter” than 50
degrees Fahrenheit.

Statement: These revisions introduce the concepts of thermometry.
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_______________________________________________________________________________________________
921    FR175
(A.5.6.3.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: add new annex to read as follows:
A.5.6.3.2.  For additional information see Mealy, C.L. and Gottuk, D.T., “A Study of Unventilated Fire Scenarios for the
Advancement of Forensic Investigations of Arson Crimes”, Office of Justice Programs, National Institute of Justice,
Department of Justice, 98IJCXK003, 2006. Available at www.haifire.com

Drysdale, D., An Introduction to Fire Dynamics, 3rd Ed.2011.
Utiskul, Y., Quintiere, J., “An Application of Mass Loss Rate Model with Fuel Response Effects in Fully-Developed
Compartment Fires,” Fire Safety Science – Proceedings of the Ninth International Symposium, pp. 827-838, 2008,
DOI:10.3801/IAFSS.FSS.9-827.
Parkes, A., Fleischmann, C., “The Impact of Location and Ventilation on Pool Fire in a Compartment,” Fire Safety
Science – Proceedings of the Eighth International Symposium, pp. 1289-1300, 2005.

Statement: The committee added new information from recent research.

_______________________________________________________________________________________________
921    FR167
(A.5.6.3.3.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new annex to read as follows:
A.5.6.3.3.1 Mealy, C., Benfer, M., and Gottuk, D., “Fire Dynamics and Forensic Analysis of Liquid Fuel Fires,” National
Institute of Justice Grant No. 2008-DN-BX-K168, February 18, 2011.
A.5.6.3.3.2 Mealy, C., Benfer, M., and Gottuk, D., “A Study of the Parameters Influencing Liquid Fuel Burning Rates,”

Fire Safety Science – Proceedings of the 10th International Symposium, International Association of Fire Safety Science,
University of Maryland, College Park, MD, June 19–24, 2011.
Putorti, A., “Flammable and Combustible Liquid Spill Burn Patterns,” National Institute
of Justice, NIJ-604-00, 2001.
A.5.6.3.3.3 Mealy, C., Benfer, M., and Gottuk, D., “Fire Dynamics and Forensic Analysis of Liquid Fuel Fires,” National
Institute of Justice Grant No. 2008-DN-BX-K168, February 18, 2011.
Olenick, S., Klassen, M., Roby, R., Ma, T., Torero, J., “Burning Rate of Liquid Fuel on Carpet (Porous Media),” Fire
Technology, 40, 227-249, 2004.

Statement: The references provide additional guidance.

_______________________________________________________________________________________________
921    FR168
(A.6.2.4.4)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: A.6.2.4.4 For more information, see the following references:    Babrauskas, V, 'Wood Char Depth:
Interpretation in Fire Investigations," Proceedings oflSFI2004 International Symposium on Fire Investigation, Fire
Service College, Morton in  Marsh, England, (June 2004).  Babrauskas, V, Charring Rate of Wood as a Tool for Fire
Investigation, Interflam 2004, Interscience Communications, London (July 2004). Friguin, Kathinka. "Material Properties
and External Factors Influencing the Charring of Solid Wood and Glue-Laminated Timber". Fire and Materials, 35, p.
303-327, 2011, DO1: 10.1002/fam/1055.

Statement: The committee believes the additional reference will be helpful to the reader.
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_______________________________________________________________________________________________
921    FR27
(A.6.2.11 (New) )
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: A.6.2.11 For additional information see Carman, S.W.,  “ ‘Clean Burn’ Fire Patterns – A New
Perspective For Interpretation”, Proceedings of the 2010 Interflam Conference, Interscience Communications, London,
page 1341.  Also available at www.carmanfireinvestigations.com

Statement: This annex provides additional information on clean burn.

_______________________________________________________________________________________________
921    FR34
(A.6.3.2.2.3.3 (New) )
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new annex as follows
A.6.3.2.2.3.3 For additional information see Carman, S.W., “Improving the Understanding of Post-flashover Fire
Behavior”, Proceedings of the 3rd International Symposium on Fire Investigations Science and Technology (ISFI).
Cincinnati, OH, May 19-21, 2008. Also available at www.carmanfireinvestigations.com.

Statement: The committee believes that this new text clarifies the concept of ventilation generated patterns.
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_______________________________________________________________________________________________
921    FR173
(A.8)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: A.8.1 A.8.1 Active fire protection systems are those that perform an action for them to be effective
in a fire scenario.  These include fire detection and alarm systems, as well as fire suppression systems.
A.8.1.2 A.8.1.2 For more detailed information, see:
Fire Protection Handbook Fire Protection Handbook, 20th edition, A. E. Cote, editor, National Fire Protection
Association, Quincy, MA, 2008.

The SFPE Handbook of Fire Protection Engineering The SFPE Handbook of Fire Protection Engineering, 4th edition,
P.J. DiNenno, editor, Society of Fire Protection Engineers, Bethesda, MD, National Fire Protection Association, Quincy,
MA, 2008.
National Fire Codes®, National Fire Protection Association, Quincy, MA, 2012.

A.8.2 A.8.2 For further information, see, NFPA 72®, National Fire Alarm and Signaling Code®., National Fire Protection
Association, Quincy, MA, 2010.

A.8.2.1.2 A.8.2.1.2 Requirements for the installation and maintenance of fire alarm systems are specified in NFPA 72
®
,

National Fire Alarm and Signaling Code®., National Fire Protection Association, Quincy, MA.

A.8.2.2 A.8.2.2 Requirements for, the installation and maintenance of fire alarm systems are specified in NFPA 72®,

National Fire Alarm and Signaling Code
®
., National Fire Protection Association, Quincy, MA.

A.8.2.2.6 A.8.2.2.6 Additional details about the types of and uses of for gas detectors can be found in Cholin, J.M., “Gas

and Vapor Detection Systems and Monitors.”, Fire Protection Handbook, 20th edition, Section 14, Chapter 8, 2008.
A.8.2.3 A.8.2.3 For more detailed information, see:
Bukowski, R., Moore, W., Fire Alarm Signaling Systems Fire Alarm Signaling Systems., third edition, National Fire
Protection Association, Quincy, MA, 2003.

Moore, W., “Fire Alarm Systems,”, Fire Protection Handbook Fire Protection Handbook., 20th edition, Page 14-3,
National Fire Protection Association, Quincy, MA, 2008.

NFPA 72
®
, National Fire Alarm and Signaling Code

®
., National Fire Protection Association, Quincy, MA.

A.8.2.3.2 A.8.2.3.2 See Moore, W., “Fire Alarm Systems,”, Fire Protection Handbook Fire Protection Handbook,, 20th

edition, Page 14-3, National Fire Protection Association, Quincy, MA, 2008, for a detailed discussion regarding the
location and spacing of fire alarm devices.
A.8.2.4 A.8.2.4 For further information, see, Olenick, S.N., Roby, R.J., Klassen, M.S., Zhang, W., Sutula, J.A., Worrell,
C., Wu, D., D’Souza, V., Ashley, E., DuBois, J., Torero, J.L., & Streit, L.A., “The Role of Smoke Detectors in Forensic
Fire Investigation and Reconstruction,.” presented to the International Symposium on Fire Investigation Science and
Technology (ISFI), June 26-28, 2006.
A.8.2.4.5.1 A.8.2.4.5.1 For further information, see the following publications:
Worrell, C.L., Roby, R.J., Streit, L., and Torero, J.L., “Enhanced Deposition, Acoustic Agglomeration, and Chladni
Figures in Smoke Detectors,.” Fire Technology, 37, 2001.
Worrell, C.L., Lynch, J.A., Jomaas, G., Roby, R.J., Streit, L., and Torero, J.L., “Effect of Smoke Source and Horn
Configuration on Enhanced Deposition, Acoustic Agglomeration, and Chladni Figures in Smoke Detectors,.” Fire
Technology, 39, 2003.
Phelan, P., An Investigation on Enhanced Soot Deposition on Smoke Alarm Horns., Master of Science Thesis,
Worcester Polytechnic Institute, Worcester, MA, 2005.
Kennedy, K.C., Gorbett, G.E., and Kennedy, P.M., “A Fire Analysis Tool – Revisited: Acoustic Soot Agglomeration in
Residential Smoke Alarms.,” poster presentation, INTERFLAM, 2004.
Mealy, C.L., & Gottuk, D.T., “Full-Scale Validation Tests of a Forensic Methodology to Determine Smoke Alarm
Response.,” Fire Technology, 47, 2011.
A.8.2.4.5.2 A.8.2.4.5.2 For additional information, see:
Roby, R. J., Olenick, S. M.,  Zhang, W., Carpenter, D. J., Klassen, M. S., and Torero, J. L., “Smoke Detector Algorithm
for Large Eddy Simulation Modeling.,” NIST GCR 07-911, National Institute of Standards and Technology, Gaithersburg,
MD, July, 2007.
Zhang, W.,  Olenick, S. M., Klassen, M. S., Carpenter, D. J., Roby, R. J., and Torero, J. L.,
“Smoke Detector Activation Algorithm for Large Eddy Simulation Fire Modeling.,” Fire Safety Journal, Vol. 43, No. 2,
96-107, February 2008.
A.8.2.4.5.5 A.8.2.4.5.5 Research has shown that the sound emitted from horns will be greatly diminished when the
surrounding gas temperatures reach approximately 100°C ± 14°C; there will be complete failure at temperatures of
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approximately 119°C ± 17°C.  For further information, see the following publication: Olenick, S.N., Roby, R.J., Klassen,
M.S., Zhang, W., Sutula, J.A., Worrell, C., Wu, D., D’Souza, V., Ashley, E., DuBois, J., Torero, J.L., & Streit, L.A., “The
Role of Smoke Detectors in Forensic Fire Investigation and Reconstruction.,” presented to the International Symposium
on Fire Investigation Science and Technology (ISFI), June 26-28, 2006.
A.8.2.4.5.6 A.8.2.4.5.6 For further information, see the following publications:
Ashley, A., DuBois, J., Klassen, M., and Roby, R., “Waking Effectiveness of Audible, Visual, and Vibratory Emergency
Alarms Across Different Hearing Levels.,” Proceedings of the Eighth International Symposium on Fire Safety Science,
2005.
Bruck, D. “Non-Awakening in Children in Response to a Smoke Detector Alarm.,” Fire Safety Journal, 32, 1999.
Bruck, D. “The Effect of Alcohol Upon Response to Fire Alarm Signals in Sleeping Young Adults.,” Proceedings of the

3
rd

International Conference on Human Behavior in Fire, 2004.
Nober, E.H., Pierce, H., and Well, A. Waking Effectiveness of Household Smoke and Fire Detection Devices.,
NBS-GCR-83-439, 1983.
A.8.2.4.5.7.2.1 A.8.2.4.5.7.2.1 For further information, see, Proulx, G., and Sime, J.D., “To Prevent ‘Panic’ in an
Underground Emergency:  Why Not Tell People the Truth?”,” Fire Safety Science – Proceedings of the Third
International Symposium, pp. 843-852, 1991.
A.8.2.4.5.7.2 A.8.2.4.5.7.2 For further information, see Bryan, J.L.,  “Human Behavior in Fire.,” Fire Protection

Handbook Fire Protection Handbook, . 20th edition, National Fire Protection Association, Quincy, MA, Section 4, Chapter
1, pg. 4-43, 2008.
A.8.3.1 A.8.3.1 For more information on water mist systems, see
Gagnon, R. M., Design of Water-Based Fire Protection Systems Design of Water-Based Fire Protection Systems.,
Delmar Publishing, New York, 1997.

Bryan, J. L., Automatic Sprinkler & Standpipe Systems Automatic Sprinkler & Standpipe Systems., 4th edition, National
Fire Protection Association, Quincy, MA, 2006.

Fire Protection Handbook Fire Protection Handbook. , 20
th

edition, National Fire Protection Association, Quincy, MA,
2008.
A.8.3.1.2.2.1 A.8.3.1.2.2.1 For more information on water mist systems, see NFPA 13, Standard for the Installation of
Sprinkler Systems., National Fire Protection Association, Quincy, MA.
A.8.3.1.2.2.2 A.8.3.1.2.2.2 For more information on water mist systems, see NFPA 13, Standard for the Installation of
Sprinkler Systems., National Fire Protection Association, Quincy, MA.
A.8.3.1.2.2.3 A.8.3.1.2.2.3 For more information on water mist systems, see NFPA 13, Standard for the Installation of
Sprinkler Systems., National Fire Protection Association, Quincy, MA.
A.8.3.1.2.2.4 A.8.3.1.2.2.4 For more information on water mist systems, see NFPA 13, Standard for the Installation of
Sprinkler Systems., National Fire Protection Association, Quincy, MA.
A.8.3.1.2.2.5 A.8.3.1.2.2.5 For more information on water mist systems, see NFPA 750, Standard on Water Mist Fire
Protection Systems., National Fire Protection Association, Quincy, MA.
A.8.3.4.1.1 A.8.3.4.1.1 For more information, see:
NFPA 13, Standard for the Installation of Sprinkler Systems., National Fire Protection Association, Quincy, MA.
NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family Dwellings and Manufactured
Homes., National Fire Protection Association, Quincy, MA.
NFPA 13R, Standard for the Installation of Sprinkler Systems in Residential Occupancies up to and Including Four
Stories in Height., National Fire Protection Association, Quincy, MA.
NFPA 14, Standard for the Installation of Standpipe and Hose Systems., National Fire Protection Association, Quincy,
MA.
NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection., National Fire Protection Association, Quincy,
MA.
NFPA 16, Standard for the Installation of Foam-Water Sprinkler and Foam-Water Spray Systems., National Fire
Protection Association, Quincy, MA.
International Code Council, International Building Code.
A.8.3.4.3.1 A.8.3.4.3.1 Examples of the water density required for various hazards (over different sized areas) are
provided in the fFigure A.8.3.4.3.10. below, from NFPA 13.NFPA, NFPA 13, Standard for the Installation of Sprinkler
Systems, 2010 edition, Figure 11.2.3.1.1 “Density/Area Curves” . Figure 8.3.4.3.1 Density/Area Curves from NFPA 13.
A.8.3.4.3.4.10 A.8.3.4.3.4.10 For more information, see Custer, R., Meacham, B. and Schifiliti, B., “Design of Detection

Systems.”, The SFPE Handbook of Fire Protection Engineering, 4th edition, Page 4-9, NFPA, Quincy, MA, 2008.
A.8. 3.4.3.4.5 A.8.3.4.3.4.5 For more information, see:
SFPE, Engineering Guide: Guidelines for Substantiating a Fire Model for a Given Application., Society of Fire Protection
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Engineers, Bethesda, MD, 2011.
Sheppard, D. T., and Steppan, D. R., “Sprinkler, Heat & Smoke Vent, Draft Curtain Project – Phase 1 Scoping Tests.,”
Technical report, Underwriters Laboratories, Northbrook, Illinois, May 1997.
Putorti, A. D., Belsinger, T. D., Twilley, W. H., “Determination of Water Spray Drop Size and Speed from a Standard
Orifice, Pendant Spray Sprinkler.,” Report of Test.  NIST FR 4003, National Institute of Standards and Technology,
Gaithersburg, MD, May 27, 1999.
Yu, H. Z., Lee, J. L., Kung, H. C., “Suppression of Rack-Storage Fires by Water.,” Fire Safety Science – Proceedings
of the Fourth International Symposium, pages 901-912,  International Association for Fire Safety Science, 1994.
Ren, N., Blum, A., Zheng, Y.H., Do, C. and Marshall, A.W., “Quantifying the Initial Spray from Fire Sprinklers.”, Fire
Safety Science – Proceedings of the Ninth International Symposium, International Association for Fire Safety Science,
2008.
A.8.4.1 A.8.4.1 For more information, see:
NFPA 11, Standard for Low Expansion Foam. , National Fire Protection Association, Quincy, MA.
NFPA 11A, Standard for Medium and High Expansion Foam Systems. , National Fire Protection Association, Quincy,
MA.
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems. , National Fire Protection Association, Quincy, MA.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems. , National Fire Protection Association, Quincy, MA.
NFPA 12B, Standard on Halon 1211 Fire Extinguishing Systems. , National Fire Protection Association, Quincy, MA.
NFPA 17, Standard for Dry Chemical Extinguishing Systems. , National Fire Protection Association, Quincy, MA.
NFPA 17A, Standard for Wet Chemical Extinguishing Systems. , National Fire Protection Association, Quincy, MA.
NFPA 2001, Standard on Clean Agent Fire Extinguishing Systems. , National Fire Protection Association, Quincy, MA.
A.8.4.4.1 A.8.4.4.1 For more information, see:
NFPA 11, Standard for Low Expansion Foam. , National Fire Protection Association, Quincy, MA.
NFPA 11A, Standard for Medium and High Expansion Foam Systems. , National Fire Protection Association, Quincy,
MA.
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems. , National Fire Protection Association, Quincy, MA.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems. , National Fire Protection Association, Quincy, MA.
NFPA 12B, Standard on Halon 1211 Fire Extinguishing Systems. , National Fire Protection Association, Quincy, MA.
NFPA 17, Standard for Dry Chemical Extinguishing Systems. , National Fire Protection Association, Quincy, MA.
NFPA 17A, Standard for Wet Chemical Extinguishing Systems. , National Fire Protection Association, Quincy, MA.
NFPA 2001, Standard on Clean Agent Fire Extinguishing Systems. , National Fire Protection Association, Quincy, MA.
International Code Council, International Building Code.
A.8.4.4.3.9 A.8.4.4.3.9 For more information, see Custer, R., Meacham, B. and Schifiliti, B., “Design of Detection

Systems.”, The SFPE Handbook of Fire Protection Engineering, 4
th

edition, Page 4-9, NFPA, Quincy, MA, 2008.
A.8. 4.4.3.11 A.8. 4.4.3.11 For more information, see:
SFPE, Engineering Guide: Guidelines for Substantiating a Fire Model for a Given Application., Society of Fire Protection
Engineers, Bethesda, MD, 2011.

Statement: The committee added a new annex material because it supports the text added to the document and the
information is helpful to the fire investigator.

_______________________________________________________________________________________________
921    FR68
(A.11.5.6.5 (New) )
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new annex material as follows:

A.11.5.6.5 - For more information on the specific provisions of a states' or jurisdictions' Arson Reporting/Immunity
Legislation see the Insurance Committee for Arson Control (ICAC) "State by State Summary of Arson
Reporting/Immunity laws" and the "Arson Reporting/Immunity Law Compendium located under the "legal" tab of the
ICAC website at http://www.arsoncontrol.org/legal/tip.htm.

Statement: The committee believes this provides a useful reference addressing the issue covered in this section.
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_______________________________________________________________________________________________
921    FR169
(A.12.1.1.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: A.12.1.1.2   For more information, see Kinnes, G.M. and G.A. Hine, NIOSH Health Hazard
Evaluation Report 96-0171-2692, Bureau of Alcohol, Tobacco, and Firearms, Washington D.C. May 1998.Synder, Erin.
NIOSH Health Hazard Evaluation Report 2004-0368-3030, Bureau of Alcohol, Tobacco, Firearms and Explosives,
Austin, Texas, January 2007.
Statement: The additional references will help the fire investigator.

_______________________________________________________________________________________________
921    FR176
(A.15.1, A.15.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Delete existing annex material for section 15.1 and 15.2 and replace with the following:
A.15.1  For relevant forms that can be used to record the photographs taken and to sketch the scene, see NFPA 906,
Guide for Fire Incident Field Notes, Form 906.8 (Photograph) and Form 906.9 (Sketch). NFPA 170, Standard for Fire
Safety and Emergency Symbols, 2006 edition, provides symbols useful in diagramming a fire or explosion scene.
Helpful information can also be found in “Formats for Fire Hazard Inspecting, Surveying, and Mapping,” in the NFPA
Fire Protection Handbook. 19th edition, Quincy, MA: National Fire Protection Association, 2003.

A.15.2.1.2 For more information visit the website of the Scientific Working Group on Imaging Technology (SWGIT).
SWGIT facilitates the integration of imaging technologies and systems within the criminal justice system by providing
definitions and recommendations for the capture, storage, processing, analysis, transmission, and output of images.
www.fdi.org/images

A 15.2.3.4.2 For more information on preserving digital images, the investigator should visit the website of the Scientific
Working Group on Imaging Technology,www.fdi.org/images

A.15.2.8 For guidance on preparation of LCD presentations, please visit the American Academy of Forensic Sciences
website (www.aafs.org) under Meetings/Annual Meeting/LCD Guidelines.

Statement: Section 15.1 - 15.2 was revised to accommodate the change in technology from film to digital photography.

_______________________________________________________________________________________________
921    FR174
(A.17.4.4.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Adee new annex material as follows:

A.17.4.4.2. For additional information on calcination depth measurements see the reader is referred to:
Mann, D.C., Putaansuu, N.D., “Studies of the Dehydration/Calcination of Gypsum Wallboard,” Fire & Arson Investigator,
pp. 38 – 44, July 2010.
Mealy, C.L., Gottuk, D.T., “A Forensic Investigation of Ignitable Liquid Fuel Fires in Buildings,” NIJ Grant No.
2009-DN-BX-K232, in draft, May 2012.

Statement: The committee added new text to reflect the recent advances in research.
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921    FR177
(A.20.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: revise A.20.1 to read as follows:
A.20.1  For more information, see the following:
Kimamoto, H., and E. J. Henley. Probabilistic Risk Assessment and Management for Engineers and Scientists. IEEE
Press, 1996.
For examples of studies that incorporate timelines, data development via full scale and bench scale fire testing and fire
modeling, see:
Grosshandler, W.L.; Bryner, N.P.; Madrzykowski, D.; and Kuntz, K., “Report of the Technical Investigation of The
Station Nightclub Fire”, NIST NCSTAR 2: Vol. 1 & 2., National Institute of Standards and Technology, Gaithersburg,
MD., June 2005.
Madrzykowski, D.; and Walton, W.D., “Cook County Administration Building Fire., NIST SP-1021, Chicago, IL, October
17, 2003: "Heat Release Rate Experiments and FDS Simulations.”, National Institute of Standards and Technology,
Gaithersburg, MD., July 2004.
Fire test methods:
NFPA 253, Standard Method of Test for Critical Radiant Flux of Floor Covering Systems Using a Radiant Heat Energy
Source, 2006 edition.
ASTM D 56 Standard Test Method for Flash Point by Tag Closed Tester., 2002.
ASTM D 92, Standard Test Method for Flash and Fire Points by Cleveland Open Cup, 2002.
ASTM D 93, Standard Test Method for Flash Point by Pensky-Martens Closed Cup Tester, 2002.
ASTM D 1230, Standard Test Method for Flammability of Apparel Textiles, 2001.
ASTM D 1310, Standard Test Method for Flash Point and Fire Point of Liquids by Tag Open-Cup Apparatus, 2001.
ASTM D 1929, Standard Test Method for Determining Ignition Temperature of Plastics, 2001.
ASTM D 2859, Standard Test Method for Flammability of Finished Textile Floor Covering Materials, 1993.
ASTM D 3065, Standard Test Methods for Flammability of Aerosol Products, 2001.
ASTM D 3828, Standard Test Methods for Flash Point by Small Scale Closed Tester, 2002.
ASTM D 4809, Standard Test Method for Heat of Combustion of Liquid Hydrocarbon Fuels by Bomb Calorimeter
(Precision Method), 2000.
ASTM D 5305, Standard Test Method for Determination of Ethyl Mercaptan in LP-Gas Vapor, 1997.
ASTM E 84, Standard Test Method for Surface Burning Characteristics of Building Materials, 2003.
ASTM E 108, Standard Test Method for Fire Tests of Roof Coverings, 2000.
ASTM E 119, Standard Methods of Tests of Fire Endurance of Building Construction and Materials, 2000.
ASTM E 603, Standard Guide for Room Fire Experiments, 2001.
ASTM E 648, Standard Test Method for Critical Radiant Flux of Floor-Covering Systems Using a Radiant Heat Energy
Source, 2000.
ASTM E 659, Standard Test Method for Autoignition Temperature of Liquid Chemicals, 2000.
ASTM E 681, Standard Test Method for Concentration Limits of Flammability of Chemicals, 2001.
ASTM E 800, Standard Guide for Measurement of Gases Present or Generated During Fires, 2001.
ASTM E 906\E906M, Standard Test Method for Heat and Visible Smoke Release Rates for Materials and Products,
1999.
ASTM E 1226, Test Method for Pressure and Rate of Pressure Rise for Combustible Dusts, 2000.
ASTM E 1352, Standard Test Method for Cigarette Ignition Resistance of Mock-up Upholstered Furniture Assemblies,
2002.
ASTM E 1353, Standard Test Methods for Cigarette Ignition Resistance of Components of Upholstered Furniture, 2002.
ASTM E 1354, Standard Test Method for Heat and Visible Smoke Release Rates for Materials and Products Using an
Oxygen Consumption Calorimeter, 2003.
UL 263, Standard for Safety Fire Tests of Building Construction and Materials, 2003.

Statement: Publicly available examples of the types of information and data needed from the incident to provide the
input required for a fire simulation.  Both examples have been peer and publicly reviewed.
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_______________________________________________________________________________________________
921    FR179
(A.20.4.8.3.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new annex text to read as follows:
A.20.4.8.3.1  For more information see:

Iqbal, Naeem and Salley, Mark Henry, “Fire Dynamics Tools (FDTs): Quantitative Fire Hazard Analysis Methods for the
U.S. Nuclear Regulatory Commission (NRC) Fire Protection Inspection Program, Final Report,” NUREG-1805, U.S.
NRC, Washington D.C., 2004.  Available at
http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1805/final-report/

Fire Dynamics Tools is currently maintained, and has undergone a V & V process as documented in Verification and
Validation of Selected Fire Models for Nuclear Power Plant Applications, NUREG 1824, 2007.  Available from
http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1824/Selected Fire Modules for Nuclear Power Plant
Applications.
Statement: Publically available examples of the types of information and data needed from the incident to provide the
input required for a fire simulation.  Both examples have been peer and publically reviewed.

_______________________________________________________________________________________________
921    FR107
(A.23.10.8.2.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: A.23.10.8.2.2 The Stewart Equation. The autopsy of a fire victim reports a 70% COHb level in the
blood.  The victim was found in their bed, and there is no evidence that they the victim moved from that location during
the fire.  Significant fire damage is present in the bedroom as well as an adjacent room. The level of damage in both
rooms is consistent with post-flashover fire conditions.  Based on data collected, the Fire Investigator hypothesizes that
the fire originated in the adjacent room.  It appears that the victim was sleeping and never awakened to the fire prior to
their death before dying.  The RMV is estimated to be 8.5 L/min based on common RMV values for resting individuals
(see references).  Based on a developed timeline, the victim’s estimated duration of exposure to carbon monoxide was
10 minutes.  Using the Stewart equation, the concentration of CO required to achieve the victim’s COHb level would be
approximately 17,500 ppm.

%COHb = (3.317 x 10-5)(ppm CO)1.036(RMV)(t)

70% = (3.317 x 10-5)(ppm CO)1.036(8.5 L/min)(10 min)

ppm CO = (70/ (3.317 x 10
-5

* 8.5 L/min * 10min))
1/1.036

ppm CO ˜ 17,500 ppm
CO concentrations on the order of 17,500 ppm are commonly produced in under-ventilated or post-flashover fires.  A
well-ventilated fire or smoldering fire would not produce this high level of CO.  The toxicological findings further support
the Fire Investigators’ hypothesis that the fire originated in the adjacent room.  Had the fire originated in the victim’s
room (assuming that it was not a locally under-ventilated fire), the victim would have succumbed to thermal injury before
accumulating this level of COHb accumulated in their the victim's blood; the fire would not have produced these high
concentrations of CO until it reached post-flashover conditions which are thermally untenable.

Statement: The committee believes the text as modified provides the investigator with additional information and
clarifies the concept.
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921    FR136
(A.25.1)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: A.25.1 For additional information, see the following:
NFPA 385, Standard for Tank Vehicles for Flammable and Combustible
Liquids, 2007 edition.
API RP 1004, Bottom Loading and Vapor Recovery for MC-306
Tank Motor Vehicles, 1988.
API RP 2013, Cleaning Mobile Tanks in Flammable or Combustible
Liquid Service, 1991.
Green, T. SAE Paper 980561, “Automotive Fuel Line Siphoning.”
Cole, L. The Investigation of Motor Vehicle Fires:AGuide for Law
Enforcement, Fire Department and Insurance Personnel, 3rd ed. Lee
Books, 1992.
Severy, D. M., D. M. Blaisdell, and J. F. Kerkhoff. “Automobile
Collision Fires,” SAE 741180, 1974.
NFPA 556, Guide on Methods for Evaluating Fire Hazard to Occupants of Passenger Road Vehicles, 2011 edition.

Statement: Existing annex citations exist for this paragraph. The document referenced in the recommended added text
to 25.1 is a proper cite and should be added to the related annex material without modifying the paragraph text.

_______________________________________________________________________________________________
921    FR171
(A.25.4.3.2)
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new text to read as follows:

A.25.4.3.2 . For more information. LaPointe, N.R., C.T. Adams, and J. Washington.  Autoignition of Gasoline on Hot
Surfaces, Fire & Arson Investigator, October 2005, 18-21.
Statement: The committee believes the additional reference will aid the reader.
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