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National Trainers’ Exchange
Advanced Chemical Risk Assessment and Analysis Objectives

• Define the concept of a Risk Based Response
• Review a Risk Based Response model (APIE)
• Review NFPA Chapter 38: Competencies for Hazardous 

Materials/WMD Technicians with an Advanced Chemical 
Risk Assessment and Analysis Specialty

• Review the training module to achieve compliance with 
NFPA Chapter 38

• Use CAMEO Chemicals as a resource for compliance
• Discuss and utilize the Advanced Chemical Risk 

Assessment and Analysis Document



Agenda

• NFPA 470, Chapter 38: A risk-based process
– Analyzing the Incident
– Planning the Response

• Science Officer Role
– Chemical and the Container
– Risk Assessment and Analysis (new)

• Advanced Chemical Risk Assessment and Analysis Worksheet
– aka Tactical Response Documentation

• Tabletop scenarios



Risk versus Hazard

• Hazard: a substance that may cause harm due to one or 
more inherent characteristics such as flammability, 
corrosivity, toxicity, radioactivity, reactivity, etc.

• Risk: the potential, likelihood or probability that a 
hazardous material may cause harm to life, property or 
the environment.

• Risk = Hazard X Exposure (vulnerability)



Analysis at a fire is your 360° survey 
where you look for special risks

• Type of building construction
• Contents of the building (chemicals, gas cylinders, etc.)
• Exposures
• Stage of the fire (incipient, free burning, smoldering)
• Color of the smoke
• Need for rescue

• Your Plan (tactical response) is based on your analysis
– Involves a risk assessment

• What are some risk factors at a hazmat scene?



Factors influencing risk at a 
hazmat scene…
• Physical state (solid, liquid, gas)
• Vapor pressure
• Flash point
• Quantity (spilled and remaining in container)
• Container and stressor(s) on the container (GEBMO)
• Concentration of the chemical
• Functional groups and chemical structure
• Reactivity/Stability of the chemical
• Toxicity (LD50 and LC50) (PEL, TLV, IDLH, PAC)
• Location (vulnerability analysis)
• Expertise and training of responders



NFPA 470 (2022) combined…

• NFPA 472: Standard for Competence of Res ponders  to 
Hazardous  Materials /Weapons  of Mas s  Des truction Incidents
– Chapter 21 Advanced Chemical Risk Assessment and Analysis 

Specialty
• NFPA 473: Standard for Competencies  for EMS Pers onnel 

Res ponding to Hazardous  Materials /Weapons  of Mas s  
Des truction Incidents

• NFPA 1072: Standard for Hazardous  Materials /Weapons  of Mas s  
Des truction Emergency Res pons e Pers onnel Profes s ional 
Qualifications





NFPA Risk Based Response Definition

• NFPA 470 3.3.75:  Systematic process, based on 
the facts, science and circumstances of the 
incident, by which responders analyze a problem 
involving hazardous materials/weapons of mass 
destruction, (WMD), to assess the hazards and 
consequences, develop an incident action plan 
(IAP), and evaluate the effectiveness of the plan. 



Risk Based Response Process
• APIE contains four basic problem-solving elements 

for a risk-based response process
• APIE is a process to provide information to the IC

Analyze Plan

ImplementEvaluate



Science Officer Risk Assessment*
(aka “Size up” or Analysis)

• Hazardous material (chemical) involved
– Physical and Chemical Properties

• Type of container and integrity
– Thermal, Mechanical and Chemical Stress
– General Hazardous Materials Behavior Model©

• Environment or location of incident
– Vulnerability analysis

• Resources and capabilities of responders
– Training and Equipment

• G.G. Noll, M.S. Hildebrand and J. Yvorra, Managing the Incident, 4th Ed., 2014, page 142.





General Hazardous Materials Behavior Model (GEBMO)*

Event Sequence

Stress Breach Release Engulf Contact Harm
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Predict 
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Length of
Exposure
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* Adapted from Ludwig Benner’s Hazardous Materials Emergencies, copyright 1978





• NFPA 470 (2022), Chapter 38
• “Competencies for Hazardous Materials Technicians 

with an Advanced Chemical Risk Assessment and 
Analysis Specialty”
– 38.1.1.1 “Hazardous Materials Technicians with an 

advanced chemical risk assessment and analysis 
specialty shall be competent at the technician level and 
assigned to implement advanced chemical risk 
assessment and analysis operations at hazardous 
materials/WMD incidents.



NFPA 470 (2022), 38.2 Competencies 
Analyzing the Incident

• 38.2.1 Include chemical and physical properties in decision making*
• 38.2.2 Impact of select terms on the risk assessment process
• 38.2.3 Significance of various salts on analysis process
• 38.2.4 Significance of various hydrocarbons on analysis process
• 38.2.5 Significance of inorganic nonsalts on analysis process
• 38.2.6 Significance of hydrocarbon derivatives on analysis process

• *  See Advanced Chemical Risk Assessment and Analysis worksheet



38.2.1 Include chemical and physical properties in decision making

“HazMat Dirty Dozen”

There are 12 critical physical and chemical 
properties that are crucial to understanding 
basic hazardous materials behavior.

Physical and chemical properties are 
integral in the development of an overall 
strategy and specific mitigation tactics.



Physical Properties
1. Physical State (Solid, Liquid/Vapor, Gas)
2. Melting point and Boiling point
3. Expansion ratio
4. Specific gravity
5. Solubility in water
6. Vapor pressure
7. Vapor density

Chemical Properties
8. Flammable range (LEL/UEL)
9. Flash point
10. Ionization potential (Ionization energy)
11. pH (corrosivity)
12. Toxicity (LD50, LC50, , PEL, TLV, IDLH, PAC)



38.2.2 Impact of the following terms on the risk assessment

• States of matter
• Periodic table (HazMat IQ)
• Metals and nonmetals
• Transition metals
• Metalloids
• Electropositive and electronegative
• Noble gases
• Alkali metals
• Alkaline earth metals
• Organic and inorganic



38.2.3 Significance of various salts on analysis process

• Binary salt and binary oxide (NaCl, MgO, TiO2, CaCl2)
• Hydroxide* (NaOH, KOH)
• Peroxide* (H2O2, RO-OR’)
• Cyanide (NaCN, KCN)
• Oxy-salt (NaOCl, Na3PO4, Ca(OCl)2, KNO3)
• Ammonium salt (NH4Cl, NH4NO3,)

*  See CAMEO Chemicals for definition and significance of terms



38.2.4 Significance of various hydrocarbons on analysis process

• Aromatic* (benzene, toluene)
• Aliphatic* (propane, hexane)
• Saturated* (carbon-carbon single bonds)
• Unsaturated* (carbon-carbon double and triple bonds)

*  See CAMEO Chemicals for definition and significance of terms



38.2.5 Significance of inorganic nonsalts on analysis process

• Binary non-salts (PCl3, NI3, SCl6)
• Binary acids (HF, HCl, HBr, HI)
• Oxyacids (H2SO4, HNO3, HClO4, H3PO4)
• Peroxides* (Na2O2, sodium percarbonate)
• Bases (alkalis)* (lithium, sodium, potassium, rubidium, 

cesium)

*  See CAMEO Chemicals for definition and significance of terms



38.2.6 Significance of hydrocarbon derivatives on the 
  analysis process

• Alcohols*
• Amines*
• Carboxylic acids*
• Esters*
• Aldehydes*
• Ketones*
• Ethers*
• Nitrogen-based compounds (nitrates, nitrites, etc.)*
• Halogenated hydrocarbons*
• Organic peroxides*
• Nitriles*
• Thiols and mercaptans*
• Isocyanates*
• Carbamates*

*  See CAMEO Chemicals for definition and significance of terms



NFPA 470 (2018), 38.3 Competencies
Planning the Response

• 38.3.1 Significance of specific reactivity terms on analysis process*
• 38.3.2 Describe heat transfer process for a cryogenic liquid*
• 38.3.3 Describe specific chemical reaction types*
• 38.3.4 Describe the use of IP for detection and monitoring strategy*
• 38.3.5 Describe the risks associated with the 4 categories of 

  oxidizers and risks associated with specific listed oxidizers*

• *  See CAMEO Chemicals and/or handouts for definitions and 
significance of terms



38.3.1 Significance of specific reactivity terms on 
  analysis process*

• Chemical reaction
• Disassociation
• Exothermic*
• Endothermic*
• Ionic/Covalent bonds
• Molecular weight*
• Oxidation and Reduction*
• Oxidation potential
• Partition coefficient

• Persistence
• Pyrophoric*
• Water reactive*
• Air reactive*
• Aerosols*
• Critical temperature
• Critical pressure
• Cryogenic* 

*  See CAMEO Chemicals for definition and significance of terms



38.3.2 Describe heat transfer process for a cryogenic liquid*
• Involves a process of heat transfer between a solid material and 

contact with a cryogenic liquid
• Relevant for the design of:

– Heat exchangers
– Cryogenic fluid storage (Liquid N2, O2 , Ar, LNG)
– Superconducting magnets
– Low temperature instrumentation

• Emergency responders should be concerned about:
– Extremely low temperature of the liquid
– Large expansion ratio for liquid to gas vaporization
– Oxygen displacement
– Flammability



38.3.3 Describe specific chemical reaction types*

• Oxidation and reduction* (exothermic, endothermic, 
color change, precipitate formation, gas evolution)

• Decomposition (gas evolution, exothermic)
• Replacement reactions  (gas evolution, precipitate)
• Neutralization* (acids and bases, exothermic)
• Polymerization* (state of matter change, usually 

exothermic, require a catalyst, inhibitor to prevent)
*  See CAMEO Chemicals for definition and significance of terms



Evidence of a Chemical Reaction
Emergency responders should be concerned about:

• Exotherm
• Color change
• Precipitate formation
• Change in state of matter
• Gas evolution

– Toxic
– Flammable
– Nontoxic
– Corrosive



Single Replacement 
(Displacement) Reaction
• An element, aluminum, copper, chlorine, and a 

compound react so that the free element replaces 
or displaces an element in the compound.

• Evidence of a chemical reaction:
– Gas evolution
– Exotherm
– Precipitate formation
– Color change

• Mg    +    2HCl            MgCl2    +    H2 (gas)   



Double Replacement 
(Displacement) Reaction

• An exchange of the positively charged ions (metal 
ions) occurs in two compounds.

• Evidence of reaction
– Gas evolution
– Exotherm
– Color change
– Precipitate formation

• CaS    +    2HCl             CaCl2    +    H2S (gas)
• Na2SO4    +    BaCl2              2NaCl    +    BaSO4 (ppt) 



Decomposition Reaction

• A relatively complex substance is broken down into 
several simpler substances.

• Evidence of a chemical reaction:
– Gas evolution
– Color change
– Precipitate formation
– Exotherm

• 2H2O2               2H2O (liquid)   +   O2 (gas)    +    heat   
• KClO4             KCl    +    2O2 (gas)  



Neutralization Reaction

• The reaction of an acid and a base to afford a pH close to 7.
• Evidence of a chemical reaction:

– Strong exotherm
– Gas evolution
– Precipitate formation
– Color change (may be due to added pH indicating reagent)

• H2SO4   +   Na2CO3             Na2SO4  +  CO2 (gas)  +  heat       



Polymerization Reaction

• A chemical process where monomers (single unit) form 
chemical bonds to produce polymers (many units).  An 
analogy is a chain where each link is a monomer and 
the chain is the polymer.

• Evidence of reaction
– Exotherm
– State of matter change
– Volume decrease

• Styrene monomer (liquid)               Poly(styrene) (solid)



Chemical reaction types exercise

• Work with the instructor and observe reactions between 
various chemicals in each chemical reaction category.

• Record your observations for each reaction
– Exothermic
– Gas evolution
– Precipitate formation
– Color change

• Discuss how each reaction might influence the 
course of mitigation of  hazardous materials release



38.3.4 Describe the use of IP for detection and  
  monitoring strategy*

• The energy required to "ionize" or remove an 
electron from an atom. 

• The ions can be measured by a photoionization 
detector (PID), which measures the relative 
concentration of ionized compounds. 

• The ionization potential identifies the minimum 
energy level of the PID lamp that is required to 
ionize an atom or molecule.

*  See CAMEO Chemicals for definition and significance of terms



38.3.5 Describe the risks associated with the 4 categories of 
  oxidizers 

• NFPA 400 (2019) Hazardous Materials Code
• 3.3.73*  Oxidizer.  Any solid or liquid material 

that readily yields oxygen or oxidizing gas or that 
readily reacts to promote or initiate combustion of 
combustible materials that can, under some 
circumstances, undergo a vigorous self-sustained 
decomposition due to contamination or heat 
exposure.



• 3.3.73.1  Class 1.  An oxidizer that does not moderately increase 
the burning rate of combustible materials with which it comes into 
contact or a solid oxidizer classified as Class 1 when tested in 
accordance with the test protocol set forth in Section G.1.

• 3.3.73.2  Class 2.  An oxidizer that causes a moderate increase in 
the burning rate of combustible materials with which it comes into 
contact or a solid oxidizer classified as Class 2 when tested in 
accordance with the test protocol set forth in Section G.1.

• 3.3.73.3  Class 3.  An oxidizer that causes a severe increase in the 
burning rate of combustible materials with which it comes into 
contact or a solid oxidizer classified as Class 3 when tested in 
accordance with the test protocol set forth in Section G.1.

• 3.3.73.4.  Class 4.  An oxidizer that can undergo an explosive 
reaction due to contamination or exposure to thermal or physical 
shock and that causes a severe increase in the burning rate of 
combustible materials with which it comes into contact.



Relative Strengths of Oxidizing Agents
• Fluorine
• Ozone
• Hydrogen peroxide
• Hypochlorous acid
• Metallic chlorates
• Metallic permanganates
• Metallic dichromates
• Nitric acid (concentrated)
• Chlorine
• Sulfuric acid (concentrated)
• Oxygen
• Bromine
• Iron (III) compounds
• Iodine 

Chemistry of Hazardous Materials, 2nd 
Edition, 1990, pg. 333, Eugene Meyer



NFPA 470 (2022), Chapter 38 Example
• Added categories of chemicals that had similar structure, 

functional groups, similar properties and similar risks and 
require the hazardous materials technician to explain their 
significance in the analysis process.

• For example, in NFPA 470, 38.2.4, “the hazardous materials 
technician with an advanced risk assessment and analysis 
specialty shall describe the following hydrocarbons and their 
isomers and explain their significance in the analysis process.”

• Example: NFPA 470, 38.2.4 (4) unsaturated hydrocarbons
• Where does one locate this information?



Advanced Chemical Risk Assessment and Analysis

Analyze
CAMEO

Chemicals
Plan

ImplementEvaluate







Search for propylene





NFPA 704 numbering system is a measure of risk



Synopsis of hazards and risks for this functional group















Choose “My Chemicals”



Click “Add Reactive Group”









Advanced Chemical Risk Assessment and Analysis
38.3  Planning the Response

Analyze
CAMEO

Chemicals
Plan

ImplementEvaluate



38.3.1 Significance of specific reactivity terms on 
  analysis process* (Example)

• Chemical reaction
• Disassociation
• Exothermic*
• Endothermic*
• Ionic/Covalent bonds
• Molecular weight*
• Oxidation and Reduction*
• Oxidation potential
• Partition coefficient

• Persistence
• Pyrophoric*
• Water reactive*
• Air reactive*
• Aerosols*
• Critical temperature
• Critical pressure
• Cryogenic* 

*  See CAMEO Chemicals for definition and significance of terms







Click on What is this information?









Advanced Chemical Risk Assessment and Analysis

Analyze
PEAC

CAMEO
Chemicals

Plan

ImplementEvaluate



Planning: Minimize Chemical Exposure
to People, Property and the Environment

• Personal protective equipment
• Air monitoring
• Decontamination
• Shelter-in-Place
• Evacuation
• Water fog
• Foam blanket
• Neutralization
• Degradation
• Dilution
• Sterilization
• Robotics and Artificial Intelligence



Summary

• Use a Risk based process to (APIE):
– Analyze hazards posed by the hazardous material(s)
– Predict the potential for exposure to the hazardous material
– Analyze stressor(s) on the container 
– Using the GEBMO, predict the outcome of the event

• Using facts, science and circumstances of the event, 
be prepared to make recommendations to the IC to 
develop a Plan for strategy and tactics to mitigate the 
hazardous materials event 



Document everything you do!



Thomas O. Murdock, Ph.D.   “Tommy”
St. Cloud Chemical Assessment Team
Hazardous Materials Response and 
Chemical Assessment Training
tomdimurdock@gmail.com 
763-208-5581 (home)
612-715-2361 (cell)

mailto:tomdimurdock@gmail.com


Tabletop Exercises
• Each group will receive a package of information

– Description of the incident
– Photos of the incident
– Name of the chemical(s)
– CAMEO Chemicals, NIOSH Pocket Guide data sheet and/or SDS
– CAMEO Chemicals functional group report
– Advanced Chemical Risk Assessment and Analysis Worksheet

• Complete the worksheet and report your Analysis and Plan 
to the class



Tabletop Scenarios

• Nitric acid 70%
• Hydrochloric acid
• Propylene glycol
• Sodium hydroxide solution (~35%)
• Gasoline
• Sulfuric acid and Sodium chloride
• Xylenes
• Ferric chloride solution



Broken 70% Nitric 
Acid Containers 
on the Freeway
CASCADE TOWNSHIP (Grand Rapids, MI)– (14Jul2009)  A call about 
a smoking box on M-6 near the Thornapple River has a lane blocked 
as hazardous materials crews clean up some nitric acid that spilled on 
the roadway, according to state police.

Police say the call came in about 8 a.m. about debris and glass on the 
road and when road crews arrived, they saw the box that had fallen off 
a truck was "fogging."



Four broken one gallon glass 
containers of 70% nitric acid



Risk Based Response

• A process to provide information to the IC
• APIE is a common risk-based response process

Analyze Plan

ImplementEvaluate



















Advanced Chemical Risk Assessment and Analysis
38.3  Planning the Response
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Documentation





















Thomas O. Murdock, Ph.D.   “Tommy”
St. Cloud Chemical Assessment Team
Hazardous Materials Response and 
Chemical Risk Assessment Training
763-208-5581 (home)
612-715-2361 (cell)
tomdimurdock@gmail.com

Vince Pellegrin
Hazardous Materials Technician



The APIE response model contains four basic 
problem-solving elements.

1. Analyze the incident

2. Plan the initial response

3. Implement the response

4. Evaluate progress

9–96



21.2.2 Impact of the periodic table on risk assessment process

HazMat IQ



What are some factors
that influence risk

at a hazmat scene?
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