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Case Study involving house explosion soon
after a new propane tank replaced an
existing one.

Background info is absolutely crucial
to a good investigation.

Investigating an explosion according to
NFPA 921

22.14.2.2 Obtain Background Information. Before
beginning any search, all relevant information should be
obtained pertaining to the incident. This information should
include a description of the incident site and systems or
operations involved and of conditions and events that led to
the incident. The locations of any combustibles and
oxidants that were present and what abnormal or hazardous
conditions existed that might account for the incident need
to be determined. Any pertinent information regarding
suspected explosive materials and causes will be of interest
and will aid in the search as well.
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Sometimes debris field plotting can
be helpful - other times not so much.

zillow.com photograph - undated but
obviously after the homeowner had
the detached barn constructed.

Zillow and other on-line realty sites can
often provide helpful pre-event images.

Clearly, this is site-built
construction, not
manufactured.

Even with extensive damage, careful / J

examination of debris can help

identify building construction details.
—




921 Origin & Cause Determination

How do you determine the cause and/or
origin of an explosion ?

22.14.2.2.1 In developing the evidence, the investigator
should examine witness accounts, maintenance records,
operational logs, manuals, weather reports, previous
incident reports, and other relevant records. Recent
changes in equipment, procedures, and operating
conditions can be especially significant.

This is, perhaps, the most important section
of NFPA 921 as it pertains to explosions -
and really any investigation.
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We learn this is a manufactured home with a
site-built attached garage and outbuilding.

............................................

Annotated photos can help get
everyone’s understanding on the
same page.
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The internet can be
extremely helpful in
understanding things you
may not know about. But be

careful; mistakes on the
internet abound!

i How to Start a Gas Furnace

3 Purge gas in the furnace for unlit pilots. Turn the power switch of the furnace to

“Off.” The gas supply can usually be found along the furnace bottom, on its control
panel, or inside the access panel. Turn the gas supply to “Off” and wait at least five

minitac
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The outbuilding is probably not
of concern. But installation of insulation

might be.
Was it installed in the attic ?

Was it installed in the basement ?
Was it installed in the walls ?

Did they drill holes to pump insulation in ?
Could they have hit a gas line?

Sometimes information developed in interviews may seem
to have no relevance. Like how could insulating a house
lead to an explosion? It might!

The gas furnace is original to the house (at
least to present owner.)

The dryer was either replaced or added by the
owner. Present unit is electric. (DIY)
The water heater was changed from an
electric model to a gas model about 2 years
prior to the explosion. (DIY)
The new water heater was described as
“basicallv electronic.”

So many things are done wrong by do-it-
yourselfers (DIY), always pay close attention to
any work done that way.
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It may not seem like much but the two wires
leading into the burner compartment of this water
heater, is a definite indication this is a flammable E
ition resistant (FVIR) appliance.
o
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Sealed combustion

chamber
Wiring for a sensor
Here’s an unburned FVIR water to
compare. © Forensic- ation & Ci 2022

Diagrams of the layout of a structure
can be priceless in determining
origins AND cause of explosions.

|~

Living room

Master bedroom
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Auditor’s
aerial view
shows
property as
rebuilt.

A county auditor’s office may provide
unexpectedly helpful info.
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He pressurized the
system, by turning on
the valve at the tank. ..
and monitored pressure on

the outgoing side of the
regulator.

A simple
diagram can
often make
clear the gas
piping
configuration
at a property.
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Side view of the
Utility room

Regulator

Shutoff remains found in debris

)

Likewise, a basic diagram of a room can
make clear the nature of the gas piping for
appliances in that area of the house.

For former

dryer
© Forensic-lllustration & Consulting, 2022

From gas source

Off / Pilot / On
selector

Pilot burner

Safety shutoff
mechanism

Thermocouple

Understanding of the function of gas
appliances controls may be essential
to analysis of a gas-fueled event.

\

Main burner

Thermostat valve
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Gas cock on incoming line
may have been turned.

Prevents
gas from
reaching
the water

heater
control.

Hot
Warm

With almost any appliance, an
explanation of what a witness means
when he or she says they “turned off

the appliance” is important.
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A diagram can hIp you understand [&
where in the structure a particular
piece of evidence originated.
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Weather bureau
temperature data dropped to near 50°
can help you ’
understandif [ = = | EE
furnaces and other |~ &~~~ —— " 7
heaters should have

been functioning. :
—_—

EEE
the 40°s all night
First, is it likely it was getting cold in the
house.?
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We need to go through his process,
step by step. What did you do first, how
did you do it, why did you do it, etc.

| asked him to describe his furnace-starting
process.

He said he had to turn on the gas to the furnace. |
asked where that gas valve was and he said it was
outside the furnace, between the furnace and the
washer.

Just because you may how to complete a particular
process, its important to have a witness described in
detail how he or she did that job.

After this procedure, he turned up the
thermostat.

He said he heard the furnace come on so he
knew it was working. Then he turned the
thermostat down some. He did not recall
hearing the furnace come on after that, but the
occupants were up and working in the computer
room until sometime between 11:00 p.m. and
1:00 a.m. and he didn’t notice it getting cold in
the house.

The weather data we obtained can give us a helpful
clue the furnace wasn’t the problem: it appeared to
have been working because the house didn’t get cold!

Let’s look at one more appliance: the dryer.
But its electric.. . now.

The dryer was either replaced or added by
the present owner. (DIY)

In my interview, he told me that they
replaced the existing gas dryer with an
electric model.

In his deposition, he said the previous
owners took their dryer with them and so
he added the present electric dryer.

Often times witnesses information conflicts -even with him
or herself. But don’t automatically assume one or the other

was right. Remember both and try to deduce which had to
have been correct.




A tubing loop is
often used
(improperly) as a
flexible gas
connector. That
loop can have
meaning when
examining debris.

e
Here the loops have been stretched out in the
n but still are obvious in this copper tubin

. Dy e e y y
Yep, that’s a dryer (or its remains). May not look like
much but experts who examine these regularly can tell
at a glance who manufactured it.
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Two shutoffs inwhat apeas to be one supply line are
a clue that something is amiss.

© Forensic-lllustration & Consulting, 2022
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| A different view hints that, perhaps, these two shutoffs
- are actually on different supply lines
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Ah, that explains what we were looking at. |
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An open - uncapped - line is one of the most common
sources of fugitive gas in a structure.

B
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Understanding fuel gas leaks from
system piping.
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Fuel gas involvement in fire causation.
Natural gas (methane)
LP gas (stands for Liquified Petroleum)

Usually propane but sometimes, butane

Acetylene Flammable gases come in a
wide variety, but mostly
Hydrogen we’ll see natural gas and
propane.

Carbon monoxide

Blast furnace gas
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Misconception #1
Blue flames p*z gas involvement.
Lack of blue flames pxe no involvement.

lue flames probably won’t accompany a
gas ignition-caused event.

ue flames can be caused by many things,
including fire encompassing copper items.

lue flames only mean that SOMETHING
is burning.

Misconception #2

An event caused by a gas vapor ignition ALXYS
causes an explosion.

An evept gaused by a gas vapor ignition
l‘ix:t causes and explosion.

An e aused by a gas vapor ignition
AL S causes great fire damage.

An event caused by a gas vapor ignition R
causes great fire damage.

unpredictable whether or not an explosion or
great fire damage follows a gas ignition event.

Frequency of leaks in pipe fittings often intentional

Unions

not very likely.

Threaded pipe fittings
pipe fitting Breaks

not very likely.

unctured CS!

lines

often common

intentional

1

Uncapped \ 3 Loose copper flare fittings
lines

Corrosion
common not very likely.

Alleged Shutoff valves

r |
|i| maybe never ???




There are Gas

typically only a Shutoff
few places
where gas fitting
can be easily
loosened.
Union

Tee

Pipe fitting attached to gas valves
may appear loose after a fire, but it’s
trap - generally not because someone has

loosened them.
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Sediment

Danger posed by
sediment traps/
drip legs.

Gas Dryer Removal of appliances like dryers

can lead to gas lines being left open
for the new owners.

© Forensic-lllustration & Consulting, 2022

When this nut is
loose, gas will
vent in this
direction.

So, if fire is quickly
halted, look for more
damage on this side.

Gas from loosened union
fittings tend to vent a specific
direction.

© Forensic-lllustration & Consulting, 2022




How does a union connection
become loose ?

In my opinion, usually someone
has helped it.
An arsonist -

Someone attempting suicide -

Improper repairs, not securing the
connection.

© Forensic-lllustration & Consulting, 2022

The thin walls of brass fittings,
like this shutoff valve, are
among the most easily broken
parts of a gas system.

© Forensic-lllustration & Consulting, 2022

Leak path Leak path
A

Threaded pipe fittings tend to leak
very little gas. You may smell it (up
close) but it may not be enough
volume to sustain a fire.

© Forensic-lllustration & Consulting, 2022




Leak path Leak path

When a pipe sealant has been
applied to a threaded joint, even less
gas is likely to escape.

The bottom line is, well-threaded
and adequately tightened black
pipe joints don’t leak much.

Perhaps that’s why I’ve never seen
a leaking black pipe joint that’s
caused a fire.

And its certainly why I’ve never
seen one that’s caused and
explosion.

Flaring tubing “

Done on the job by
workers of varying skill yet
is essential to preventi

leaks. While tubing flaring isn’t difficult,
unless the worker is careful, its easy
to make a leak-prone connection.




This connection has to be
REALLY tight or it will leak ! Leak path

T

. |

Thread sealant here does no good.

The leak path at a very slight
loosened flare fitting has a
directional leak path.

Slipping in an extra
component with the
wrong threads is a
recipe for a leak.

Sometimes flare and pipe
fittings are improperly
intermixed with leaks resulting.

the biggest
Open - uncapped - lines, a=big problem.

Threaded pipe connections don’t leak
much.

Unions and flare fitting, not totally tight
can leak a bunch.

Flare fittings are usually created on site
and depend on quality workmanship to
avoid leaks.




How to and the value of
Interviewing.

Background information

On the day of the explosion/fire, the
homeowner’s LP gas supplier was replacing the
home’s existing 250 gallon LP tank with a new
500 gallon LP tank.

The LP gas company’s owner came to the
home bringing with him a new employee he
was training.

The first order of business was to move the old
tank to the homeowner’s nearby work shop
where the homeowner intended to use it to fuel
a heater to warm the shop.

WA Theck: GASCheck - Gas Appli Gy X

The (W/GASCheck
form is a checklist
published by the
propane industry
for use by their
members.

Helpful information like | |~ Fiing heck
that contained on an o |
LP gas supplier’s
GASCheck form, can
help you identify many
components of a gas
system.




Which gas appliances were present ?

How many shutoffs were there ?
Which was on, which was off ?

This fire occurred in a rural area of Kentucky
in early November. The overnight

temperatures were in thIthough

afternoon temperatures rose to near 60°.

Data like this, tells us we’d expect
the furnace to be operating or

occupants would notice dropping
temperatures in the structure.

Bedroom

Utility
Bedroom

Living Room

Rough sketches are easy to import, trace
over then clean up in your computer.

What does it mean when someone
says he turned off the water heater ?

How DO you turn off the gas at the
water heater ?

There are at least 3 obvious
ways to do so - each has
different implications.

Remember it’s important to have your interviewee
explain exactly how he or she did something. Don’t
assume because you know how you’d do that job that
someone else would do it the same way.




Pressure testing from outside the house
can often detect leaks inside the structure.

© Forensic-lllustration & Consulting, 2022

He immediately runs to the kitchen for a fire extinguisher
and runs to the LIVING ROOM to fight the fire.

Where an occupant first fought the fire [*=
or where it was first seen, can reveal
vital information for your investigation.

© Forensic-lllustration & Consulting, 2022

Simply looking at a burned gas configuration in a
photo, may not help you recall or explain how things
were.

© Forensic-lllustration & Consulting, 2022




Tracing gas lines using engineers tape.

“‘N\k V.

An assortment of various colors of
engineers tape can help make sense
of scene photos long afterwards.

© Forensic-lllustration & Consulting, 2022
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The yellow tape in this photo
outlines the route of the mysterious
gas line.

© Forensic-lllustration & Consulting, 2022

Shutoff valve | Diagrams don’t have to
positions as be this fancy, but ones

originally found like this can easily
educate jury.

He turns off the
valve for the
water heater

© Forensic-lllustration & Consulting, 2022




Learning a little about gas appliance
control valves can help immensely in
sorting out gas leakage problems.

921 Origin & Cause Determination

How do you determine the cause and/or
origin of an explosion ?

22.14.2.2.1 In developing the evidence, the investigator
should examine witness accounts, maintenance records,
operational logs, manuals, weather reports, previous
incident reports, and other relevant records. Recent
changes in equipment, procedures, and operating
conditions can be especially significant.

You’ve seen this before, but its a
mighty helpful quote from NFPA 921.

A good recorded interview with
participants as soon as possible is
often crucially important.

But how do you interview someone
about something with which you
have no familiarity ?

Good interviews (in all types of fire
investigations) can do more to assist you
that perhaps any other one technique.




Gas leaks around the meter.

FACTS OF THE CASE

Son left on the school bus at 6:15.

He saw nothing amiss prior to
leaving.

Neither did the school bus driver
see anything out of the ordinary.

A little background info to remind you of the
case study involving a fire at the home’s gas
meter.




The arrow denotes where the fire was first seen - [
in the area where the gas meter was located.

1

The gas meter is still intact near th
bottom of this burn pattern on the exterior

of the home. 2 .&,, 3

The bus driver who seems likely to have
seen something burning if it were, didn’t. ..

The homeowners who seem quite credible
saw fire ONLY at the meter. . .

The fire department tends to support the
homeowners’ observations . ..

And even burn patterns indicate the fire
began outside.

Putting together various observations
helps to reveal the big picture.




Possible sources of gas

Damage to the meter/regulator

from ice/snow falling off the roof ?

from snow being plowed against the meter/
regulator ?

freezing ?

pipe breakage due to frost movement?

Try to make lists of all the possible
scenarios that may have occurred, then
see which, if any, you can eliminate.

The gas regulator
shown in the
foreground was
destroyed when

4 ice fell off the roof
onto it.

Directional damage
on the back of the
meter and regulator
assembly hint at the
source of fire
impinging on it.




Possible

Meter.
leak sources Piping
Regulator
Understanding
the makeup of
the incoming
gas line can Union
point out
possible leak _Pine
sites. ShutofV
=Coupling
Iser

In the mid 2000s, the Public Utilities
Commission of Ohio (PUCO) initiated an
Investigation of Installation, Use and
Performance of Natural Gas Service Risers
throughout Ohio.

Case 05-463-GA-CO1

It may take some searching to find this
PUCO Investigation Report.

PUCO found 3 service riser “incidents” from 2000-2003.
Additionally, they found numerous other “non-incidents.”

One gas company found it was having an average of 18
gas service riser failures per month over a period of 34
months.

Another gas company reported it had experienced 5
failures per month over 59 months.

One company reported 31 failures in January 2005
alone.

That’s quite a lot of “incidents.”




IV. Consultant Conclusions

The consultants in their “Final Discussion and Analysis: For Results Reported by
ARDL In June 14, 2006 Test Report" stated four main issues are evident:'®

1. Leaking risers have gaskets, which were d d d, based on the
CSR % Force Retained (%FR) measurements made by the laboratory.

2. Cracks in gaskets and deformed retainer ring(s) were observed more in
leaking risers in comparison to removed no-leak risers. These outcomes may
be major contributors to the lower %FR outcome for leaking risers.

3. Riser leak failures are more likely to occur at low environmental temperature
(156°F), when the supply pipe is loaded by tensile pull (200 Ib).

4. Between 4.1% and 4.6% of all leaking risers examined were missing
components and were bled wrong (resp ly), and can lead to riser
failures. This observation points to some installers not following the
manufacturers’ installation directions in the field.

Conclusions reached indicate there is
more than one problem involved with
leaking riser assemblies.

CSST
Fittings

PE Pipe
Fittings

| ST S e 2L

CSST fittings located immediately next to PE
fittings at a “big box” home improvement
store raise the possibility of them being

intermixed with predictable leakage resulting.

Riser

The DIY risers for PE pipe
come completely assembled,
likely reducing the risk of

leakage.
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Good luck with your investigations. Feel free to
email me with your questions. Perhaps | can help.

You can contact me via email at
jack@forensic-illustration.com

Jack L. Sanderson
PO Box 43

St. Joseph, MI 49085
269-921-1834




