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POINTS  OF    
INTERES T :  

• Advanced Engineer-
ing Investigations 
Corporation is cur-
rently looking to hire 
Electrical and Metal-
lurgical Engineers.  
If interested, please 
visit our website for 
further details.  

• Jay Freeman is 
speaking at the up-
coming DRI Fire & 
Casualty seminar in 
Chicago, IL. 

• Advanced EI was a 
proud sponsor of a 
Colorado MS 150 
Bicycle Team riding 
in the two day 2008 
MS 150. 

 

The Newsletter of Advanced Engineering Investigations Corporation 

FROM THE PRESIDENT 
Over the past several months, our engineers have been busy presenting at regional and 
national conferences.  John Schumacher presented a published paper on gas migration 
at the International Symposium on Fire Investigation Science & Technology in Cincin-
nati, OH and spoke at the Crisis Management Seminar at the Federal Law Enforcement 
Training Center (FLETC); Dennis Shelp spoke at the Rocky Mountain chapter of the In-
ternational Association of Special Investigation Units and at the ASTM E05 Committee 
meeting in Denver; Bob Witter has been teaching the National Electrical Safety Code to 
electric co-ops across the country; and I spoke at the Crisis Management Seminar at 
FLETC and at a training session put on by the West Metro Fire Department in Denver.  
We are also actively looking to add to our professional staff in order to provide addi-
tional engineering services.  Please enjoy this issue of More Advanced!   

-Jay Freeman, President 

(Continued on page 2) 
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FIREWORKS – HOW AN AERIAL DISPLAY SHELL WORKS 
By Zachary J. Jason, BS, CFEI 

Firework displays have long been an American tradition.  Whether on the 4th of July, 
New Years Eve or at a major sporting event, we have all witnessed these stunning pyro-
technic displays.  The common spectator, however, has never seen first hand the de-
structive potential these explosive devices can have when things go awry.  

When firework accidents occur, the liabil-
ity exposure to claims of negligence, 
personal injury and property damage can 
be substantial for the municipality or 
corporation in charge of the display.  
Due to this increased exposure, it is nec-
essary that a proper investigation be 
conducted to determine the cause of the 
incident.  Since there are many different 
components to a professional fireworks 
display, it may be difficult to find an ex-
pert experienced and knowledgeable on 
the subject to manage the investigation.   

While launching an aerial shell is as sim-
ple as lighting its fuse, the numerous 
details and steps involved in putting on a 
professional fireworks display can have 
many nuances.  Understanding the individual components and the system as a whole is 
crucial when investigating costly and sometimes deadly firework-related accidents.   
This article will serve as the first in a multipart series covering the different components 
and considerations associated with firework accidents and the general operation of both 
professional and consumer pyrotechnic devices.  

The first topic covered is one of the most important components at the heart of all pro-
fessional firework displays, the aerial shell.   Although aerial shells have many different 
theatrical variations, e.g., size, color, shape, and sound produced, they all contain sev-
eral common components required for proper operation.  These include the lift charge, 
the main (quickmatch) fuse, the internal time fuse, the bursting charge and the pyro-
technic effects.   

A recent July 4th fireworks display in Frisco, CO, put-on in part 
by this author. 
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FIREWORKS Cont... 
A general misconception is the idea that an aerial 
firework is simply shaped something like a small 
rocket with a fuse attached.  In reality, a typical 
shell is shaped like a sphere with a conical bottom, 
similar to that of an ice cream cone. 

The size of an individual shell is measured by the 
inner diameter of the mortar tube from which it is 
fired.  Average sizes for display shells can range 
anywhere from 1 inch to 16 inches. The largest 
shell ever launched was a 55 inch (1,543 pounds), 

in Hokkaido, Japan.  As a general 
rule, for every one inch in diame-
ter the shell will gain 100 feet in 
elevation and have a burst di-
ameter of 50 feet.  So as an ex-
ample, a 6 inch shell will travel to 
an altitude of 600 feet, and upon 
detonating will have a 300 foot 
burst diameter.         

An aerial firework is ignited by 
f i r s t  l i gh t i ng  the  ma in 
(quickmatch) fuse.  This can be 
done with either an open flame 
source or with an electrical 
match.  National Fire Protection 
Association codes dictate the size 
and types of shells that can be 
ignited by hand and those that 
must be fired from a safe dis-
tance utilizing an electrical firing 
system.  Quickmatch is an ex-
tremely fast burning fuse made 
up of cotton string impregnated 
with black powder and loosely 
wrapped with paper.  This paper 
sheathing helps keep the hot 
gases and flames generated by 
the burning black powder from 
escaping, causing the fuse to 
burn at an increased speed of 
about 200-300 feet per second 
(approximately 140-200 mph).   

As the quickmatch 
burns, it quickly ignites 
the lift charge.  The lift 

charge is made up of a low explosive ma-
terial, such as black powder, packed into a 
conical shape at the bottom of the shell.  
The ignition of the black powder lift 
charge, along with the shape of the 
charge, drives the shell out of the mortar 
tube and into the air.   

The main quickmatch fuse not only ignites 
the lift charge, but also ignites an internal 
timed fuse.  This internal fuse burns for a 
predetermined amount of time and is set 
to ignite the bursting charge at the apex of 
the shell’s trajectory.  The bursting charge, 

unlike the lift 
charge, is 
made up of a 
high explo-
sive material 
( po tas s i um 
chlorate is 
c o m m o n l y 
u s e d  i n 
higher quality 
shells).  The 
detonation of 
the bursting 
charge initi-
ates the reac-
tion of the 
pyrotechnic 
effects.  Py-
rotechnic ef-
fects , in lay-
men’s terms 
the color, sound, shape and sparkle of the fire-
work, are produced by the particular reactive prop-
erties of chemicals placed inside an aerial shell.   

In general, the chemical reaction utilized in fire-
works is not unlike the one that takes place in an 
internal combustion engine. The potential energy 
stored in a particular chemical is rapidly converted 
into heat, light and sound through a combustion 
reaction.  Since different chemical reactions re-
lease different amounts of energy, the light energy 
produced has different wavelengths, which visually 
appear as different colors to the human eye.  By 
selecting the type of chemicals used in a shell, fire-
works designers can control the colors produced by 
a specific shell.  ■  

About the author – Mr. Jason is a certified Outdoor Fire-
works/Pyrotechnics Display Technician through the State 
of Colorado Department of Public Safety.  He has suc-
cessfully carried out over 50 professional displays in the 
last eight years.  Mr. Jason holds a Bachelor of Science 
degree in Mechanical Engineering, is a certified fire and 
explosion investigator (CFEI), and is a former firefighter 
with Lake-Dillon Fire Department.  

12 inch aerial shell (Effect: Golden Kamuro). 

An aerial shell known as a comet 
being launched.  This particular 
shell creates a trail of flames and 
sparks, hence the name.  

Cross-sectional view of a standard aerial shell. 
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In Part I – Site Examination 
(More Advanced, Vol. 1, No-
vember 2007), we outlined 
some of the basic steps in-
volved in setting up and man-
aging large site investigations.  
In Part II, we will discuss sev-
eral steps involved in planning, 
organizing and executing the 
laboratory examination and 
testing phase.  

Effective laboratory testing and 
examination is often dependent 
on information and documenta-
tion gathered at the site.  
Therefore, it is recommended 
that sufficient time be allocated 
for site and artifact documenta-
tion before the items are col-
lected. This is particularly im-
portant since the site will likely 
be demolished, repaired or significantly altered 
after the final site inspection.  Consideration 
should be given as to the best way to remove an 
artifact so that it can be tested later with as little 
assembly or modification as necessary.  Prior to 
transporting collected artifacts, it is advisable to 
document and/or mark the position of control set-
tings, pipe joints, and flue connections that could 
move or change position during transportation.  In 
large losses, artifact collection may require its own 
dedicated site visit separate from the origin and 
cause investigation, and could require specialized 
shipping and storage arrangements to accommo-
date the large number or physical size of artifact 
items. 

As discussed in Part I, ASTM E-860, Standard 
Practice for Examining and Testing Items That Are 
Or May Become Involved In Criminal or Civil Liti-
gation, recommends that parties of interest be 
given the opportunity to participate in or witness 
the examination, testing and disassembly of       
evidence. Failure to notify interested parties of 
potentially destructive examination and testing can 
lead to spoliation claims and possibly sanctions, 
summary judgments, or case dismissal.  It is rec-
ommended that the letter or email notifying inter-
ested parties of a planned laboratory examination 
be accompanied by, or shortly followed by, a pro-
tocol.  The protocol should outline the basic steps 
of the examination and describe the tests to be 
performed.  Preparing a protocol also allows the 
expert in charge of the examination to arrange the 
laboratory procedures in a logical order and gather 
the equipment needed to perform the examination 
effectively.  By providing the protocol to interested 

parties in advance of the laboratory examination, 
interested parties can provide feedback that could 
help avoid objections at the examination that may 
result in cancellation or long delays.  In addition, 
as with the site inspection, it is preferable to 
schedule a laboratory examination on a date mu-
tually convenient to all attendees and a reasonable 
amount of advanced notice should be provided.  

The laboratory chosen for the joint examination 
should be spacious enough to accommodate the 
expected number of attendees and to accomplish 
the outlined protocol.  It is also preferable that the 
laboratory be well lighted, temperature controlled, 
and have ample countertop and table work space.  
The laboratory should have the necessary tools 
and equipment to perform any planned examina-
tion or disassembly, and needs to be equipped 
with or able to obtain the water, electrical, and 
fuel gas supply sources needed to run the pro-
posed tests.  Self-storage spaces in general do not 
meet these basic requirements and they are not 
recommended as laboratory examination locations.   

In summary, effective laboratory examination and 
testing begins with foresight and planning at the 
incident site.  Proper notification of a planned lab 
exam can help prevent claims of spoliation.  The 
development and dispersal of a protocol in ad-
vance of the lab exam can help avoid objections 
and lengthy time delays.  When selecting a facility, 
consideration should be given to the size and 
scope of the testing to be performed.  Finally, the 
host facility should provide a comfortable work 
space and have the proper equipment and utilities 
required to effectively perform the testing.  ■ 
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MANAGING LARGE FIRE AND EXPLOSION LOSSES 
Part II.  Laboratory Examination 
By Dennis E. Shelp, MS, PE, CFEI  & John L. Schumacher, MChE, PE, CFI 

Laboratory examination at Advanced Engineering Investigations’ Denver facility.  



ADVANCED COMPANY  •• ADVANCED SOLUTIONS 

Electricity is one of the more dominant forms of 
energy in our lives.  It is used in residential, com-
mercial and industrial applications worldwide.  In 
the United States, electricity has been used since 
the late 1800s, originally for lighting, then later for 
cooking, heating, enhancing our lifestyles and to 
power industry and commerce. 

However, like other forms of energy, electricity 
can be hazardous.  Due to its hazardous nature, 
electrical codes have been developed and refined 
over the years to minimize these hazards for those 
who use and work with electricity. 

In the United States, there are two electrical codes 
that are the most widely used.  Each one covers 
different parts of the electrical systems that serve 
our homes and businesses.  The National Electrical 
Safety Code (NESC) is the code that covers the 
utility functions of the electrical system, while the 
National Electrical Code (NEC) applies to the utili-
zation of electricity. 

When analyzing a 
suspected failure of 
an electrical system, 
it is important to 
understand which 
code applies to the 
applicable part of 
the electrical sys-
tem.  Electricity is 
created at generat-
ing stations by the 
conversion of one 
form of energy, e.g., 
coal, gas, nuclear 
energy, falling wa-
ter, wind, and solar, 

into electrical energy.  From the generating plant, 
the electricity is sent over a network of transmis-
sion and distribution lines, through “service” lines 
and a meter into the customer’s premises and ulti-
mately to the devices that utilize the electricity.  
To determine which electrical code might apply to 
which part of the electrical system, a review of the 
two codes is in order. 

Rule 010 of the NESC states:  “The purpose of 
these rules is the practical safeguarding of persons 
during the installation, operation or maintenance 
of electric supply and communication lines and 
associated equipment.”  Also, Rule 11B of the 
NESC states:  “The NESC covers utility facilities 
and functions up to the service point.”  Simply put, 
the NESC covers the facilities and functions 

owned, operated and maintained by the utility up 
to the service point and not electrically beyond the 
service point.  Remember, the electric utility sup-
plies the electricity, 
while the utility’s 
customers utilize the 
electricity.  If it is 
utility property, the 
NESC applies.  If the 
electrical system is 
owned, operated and 
maintained by the 
customer, the NEC 
applies.  The transi-
tion from the NESC 
to the NEC is at the 
“service point.” 

There is one excep-
tion to this general 
rule:  In many installations, non-utility customers 
(such as industrial customers) own, operate and 
maintain facilities that appear to be utility facili-
ties.  For instance, in some areas, oil companies 
may own, operate and maintain distribution lines 
for several miles before the lines reach any equip-
ment that uses electricity.  In this type of installa-
tion, the NESC would apply to the customer’s 
lines, even though it may be electrically beyond 
the service point (generally where the utility me-
ters service to the customer).  The NEC would ap-
ply at the point where the equipment using elec-
tricity is connected to the customer’s distribution 
lines. 

Neither the NESC nor NEC defines the location of 
the service point in the electrical system.  Many 
people, perhaps erroneously, assume that the ser-
vice point is at the meter.  While this may be true, 
the actual location of the service point is generally 
defined by the servicing electric utility, and is set 
forth in either their filed and approved tariffs, 
Terms and Conditions or in their service standards.  
In many cases, the service point is at the meter 
location.  In some utilities, it is at the connection 
of the utility’s service to the customer’s service 
entrance conductors at the weatherhead.  To be 
sure, the utility’s definition of the service point 
must be determined in order to apply the correct 
electrical code. 

Electrical systems can be complex.  However, gen-
erally, only two electrical codes apply to any sys-
tem and the codes do not overlap in coverage.  
The “dividing line” between the two codes will be 
the “service point,” as discussed above.  ■     

Phone: 303.756.2900    Fax: 303.756.2911    www.advancedei.com 

2175 South Jasmine Street, Suite 1200, Denver, Colorado 
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ELECTRICAL CODES – WHICH ONE APPLIES?  
By Robert E. Witter, MS, PE 
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