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2 Crude Oil Characterization Research Study

Objective:

Evaluate whether crude oils currently
transported in North America,
including those produced from
"tight" formations, exhibit:

physical or chemical properties
that are distinct from
conventional crudes, and

how these properties affect
parameters required to assess
thermal hazard distances from
radiant exposure associated with
pool fires and fireballs

Motivation:

Crude transport by rail poses risks
recognized by US and Canadian regulators
and stakeholders

Casselton, ND, Dec 30, 2013

Numerous high-profile
train accidents in the
US and Canada

"Bakken crude may be
more flammable than
previously thought:
U.S. regulator"
Reuters: January 2, 2 014

Open debate
whether type of
crude (tight vs.
conventional)
contributes to
accident severity



3 Project Structure

Task 1: Project Administration & Outreach (ongoing)

Task 2: Sampling & Analysis Methods Evaluation (complete)

Task 3: Combustion Experiments 1 Today's focus

Task 4: Crude Characterization, Tight vs. onventional
(starting)

(m)



4 Task 3: Combustion Experiments

Key elements of approach:

Oils span a
range of vapor
pressures with
light ends
preserved

• Bakken
• Tx Shale
..and removed
• SPR

Pool Fires

• 2-m indoor
exploratory
(SPR only)

• 5-m diameter
outdoor (all oils)

Fireballs

• 100-gallon
exploratory
(J et-A)

• 400-gallon
(all oils)

r o

mike emissive imwer

Measure
parameters that
affect thermal
hazard distances

• Pool fires: burn
rate, flame height,
surface emissiv
power

• Fireballs:
diameter, height,
duration, surface
emissive power



5 Task 2 Results Informed Task 3 Methods

Crude oil sampling & analysis methods that met performance
requirements in Task 2 were implemented in Task 3
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6 Task 3: Oil Sampling & Property Measurement El

1

Bakken

VPCR4( 1 00°F) = I 0.2 psia

Texas Shale

VPCR4( 1 00°F) = 8.2 psia

k

.-.1.,...._..

."..,,,,..-.,

Other Properties
Measured 

Composition 

API Gravity

Heat of Combustion

Flash Point

SPR

VPCR4( 1 00°F) = 6.6 psia



7 Task 3: Oil Sampling & Property Measurement Oil

B akke n

VPCR4(100°F) = 10.2 psia
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-
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• • , /
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Pool Fire Thermal Hazard Calculations
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9 Fireball Thermal Hazard Calculations
ei

st
an

te
 to

 TO
LE
 M
O
 i
k
W
i
r
n
li

ts
s 
VA
] 

160

140

120

100

00

60

40

0

400-KaPion5 of crude oli

Tight all 1 (0akken1 ilot oil 2 crx

7 , model predictions usine measurements
model prod icl inns using ciarrelation far diameker i height equal to diameter

_r
son

1

2 
600

2 
463

o

WOW gallons of crude. oll

TiliM oil 2 (Ba kken) night oil 2 (Tx Shale)

400-gallon fireball 30,000-gallon fireball

r----Fireball calculations usin
measured parameters

Distances based on injury criterion of
2nd degree burns. Corresponds to a
thermal dose level of 240 (kvv/m2)413s



io General conclusion #1
The similarity of pool fire and fireball burn characteristics
pertinent to thermal hazard outcomes of the three oils
studied indicate that vapor pressure is not a statistically
significant factor in affecting these outcomes. Thus, the
results from this work do not support creating a distinction
for crude oils based on vapor pressure with regards to these
combustion events.
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_ General conclusion #2 (pool fires)

Based on comparison to combustion data from public
literature on common liquid fuels (primarily commercial
grade propane and butane), the results of this study are
considered to be pertinent to crude oils and most
hydrocarbon liquids that exceed the vapor pressures of the
crude oils tested here.
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General conclusion #2 (fireballs)

Based on comparison to combustion data from public
literature on common liquid fuels (primarily commercial
grade propane and butane), the results of this study are
considered to be pertinent to crude oils and most
hydrocarbon liquids that exceed the vapor pressures of the
crude oils tested here.
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15 Executive Summary 03

Pool Fires

The experimental results indicate that measured values of surface
emissive power and flame height among the oils tested are within 1 %
and 24% of each other, respectively, with standard deviation ranges
overlapping. The burn rate for the Tight 1 (Bakken) oil is about a factor
of 1.5 higher than that for other tested oils.

The predicted thermal hazard distances are similar among the oils tested
for contained pool fires and are within 14% of each other, with
standard deviation ranges overlapping. Distances were evaluated using
the measured parameters, an integral model, and the injury criterion of
2nd degree burns after 30-second exposure to a radiant heat flux of 5
kW/m2 for both a 5-m and a 50-m diameter contained pool fire. A 50-m
pool diameter is representative of a 114-m3 (30,000-gallon) release.
Predicted thermal hazard distances are for comparison purposes only
and not intended to be applied to railcar accidents.



16
Executive Summary cont'd ED

Pool Fires

The predicted thermal hazard distances using the measured parameters and a
2nd degree burn criterion for an uncontained or spreading pool resulting from
a 114-m3 (30,000-gallon) release indicate that the Tight 1 (Bakken) oil results in
lower distances compared to the other oils by 16%-27%. It should not be
concluded from this comparison that the Tight 1 oil (Bakken) is less hazardous
than the other oils. Given potential variation in accident scenarios, atmospheric
conditions, and parameter input uncertainty, what should be concluded is that
thermal hazard distances do not differ greatly.

Historic accidents have demonstrated that hazards can exceed the distances
calculated in this work due to damage of numerous railcars leading to
significant amounts of oil contributing to a fire which can then propagate to
surrounding fuels sources, such as wooden structures, vegetation, and other
hydrocarbons.

The measurements of burn rate, flame height, surface emissive power, and
heat flux to an engulfed object are consistent with other alkane-based liquid
hydrocarbons for all oils tested.



17 Executive Summary coned

Fireballs

The experimental results indicate that the average surface emissive power at
maximum power for the two tight oils are about 30% higher than the SPR
oil.

EB

• The maximum fireball diameters measured were similar among the three oils
(-62-65 m).

• The Tight 1 (Bakken) oil had a 10% lower height at fireball extinction than
the other oils.

• The time to fireball extinction were similar among the oils (-10-11 s).

The predicted thermal hazard distance using the injury criterion of 2nd
degree burns after 30-second exposure to a thermal dose level of 240
(kW/m2)4/3s was evaluated for a 400-gallon release for all oils tested. The
results indicate the distances for the tight oils are similar but are about 20-
30% higher than the distance predicted for the SPR oil.



18 Executive Summary coned

Fireballs

@II

Predicted thermal hazard distances, for a 30,000-gallon release, among the
crude oils differ by about 12% with the range of uncertainties overlapping.
Thus, the predicted thermal hazard distances among the oils are comparable.

The observed measurements of diameter, duration, and surface emissive
power for the tested crude oils are consistent with experiments performed by
other researchers testing similar volumes for propane, butane, gasoline, and
diesel as fuels.

The average surface emissive power at maximum power for all oils are below
the Center for Chemical Process Safety (CCPS) recommendation to use a
value of 350 kW/m2 for thermal hazard evaluation. It is anticipated that the
oils will not exceed this value for larger releases. The CCPS is a non-
regulatory organization within AIChE that addresses process safety of
hazardous Guidelines for Vapor Cloud   Hxplosion, Pressure Vessel Burst, BT ,F,VE
and Flash Fire Ha.zards (Center for Process Safety). American Institute of
Chemical Engineers, 2011



19 Evidence to Support Pool Fires

Key Finding #1:

The experimental results indicate that measured values of surface
emissive power and flame height among the oils tested are within 1 %
and 24% of each other, respectively, with standard deviation ranges
overlapping. The burn rate for the Tight 1 (Bakken) oil is about a factor
of 1.5 higher than that for other tested oils.

Oil Average Burn

Rate

mm/min

Average Flame Average Surfac

Height Emissive Power

m kW/m 2

SPR

Tight I (Bakken)

Tight 2 (Tx Shale)

2.7 +O. l

4.6 ±0.1

2.7 ±0.3

4.9 ±3. I

4.5 ±3.9

5.5 ±3.9

78.2 ±13.4

77.4 ±12.7

77.2 ±9.9

@II



20 Evidence to Support Pool Fires

Key Finding #2:

The predicted thermal hazard distances are similar among the oils
tested for 5-m and 50-m contained pool fires and are within 14% of
each other, with standard deviation ranges overlapping.

- Injury criterion: radiant heat flux of 5 kW/m2 resulting in 2nd degree burns
after 30-second exposure
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2 I Evidence to Support Pool Fires

Key Finding #3:

The predicted thermal hazard distances using the measured parameters
for 2nd degree burn criterion for an uncontained or spreading pool
resulting from a 114 m3 (30,000 gallon) release indicate that the Tight 1
(Bakken) oil results in lower distances compared to the other oils by 16%-
27%.
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22 Evidence to Support Pool Fires

Key Finding #4:

Historic accidents have demonstrated that hazards can exceed the
distances calculated in this work due to damage of numerous railcars
leading to significant amounts of oil contributing to a fire which can
then propagate to surrounding fuels sources, such as wooden
structures, vegetation, and other hydrocarbons.

Lac-Mégantic, Canada accident site
July 6, 2013

(m)



Evidence to Support Pool Fires
23

Key Finding #5:

The measurements of burn rate, flame height, surface emissive power,
and heat flux to an engulfed object are consistent with other alkane-
based liquid hydrocarbons for all oils.
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Evidence to Support Pool Fires

Key Finding #5 coned:

The measurements of burn rate, flame height, surface emissive power,
and heat flux to an engulfed object are consistent with other alkane-
based liquid hydrocarbons for all oils.
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Evidence to Support Pool Fires

Key Finding #5 cont'd:

The measurements of burn rate, flame height, surface emissive 
power, and heat flux to an engulfed object are consistent with other
alkane-based liquid hydrocarbons for all oils.
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26
Evidence to Support Fireballs

Key Finding #1:

The experimental results indicate that the average surface emissive at
maximum power for the tight oils are about 30% higher than the SPR
oil.

Oil Average Surface

Emissive Power

kW/m 2

SPR 225 ±14

Tight l (Bakken) 293 ±22

Tight 2 (Tx Shale) 295 ±22

33



27
Evidence to Support Fireballs

Key Finding #2:

The maximum fireball diameters measured were similar among the oils
(-62-65 m).

Maximum

Diameter (m)

SPR 62

Tight I (Bakken) 63

Tight 2 (Tx Shale) 65



28
Evidence to Support Fireballs EB

Key Finding #3:

The Tight 1 (Bakken) oil had a 10% lower height to fireball extinction than the
other oils.

Height to

Extinction (m)

SPR 200 +5

Tight I (Bakken) 180 ±4

Tight 2 (Tx Shale) 200 +4
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Evidence to Support Fireballs

Key Finding #4:

The time to fireball extinction were similar among the oils (-10-11 s).

Time

to Extinction (s)

SPR I 1 .0 ± 1

Tight I (Bakken) 1 0.0 ±1

Tight 2 (Tx Shale) 1 0.0 ±1
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Evidence to Support Fireballs ES

Key Finding #5:

The predicted thermal hazard distance using the injury criterion of 2nd degree
burns after 30-second exposure to a thermal dose level of 240 (kW/m2)4/3s was
evaluated for a 400-gallon release for all oils tested. The results indicate the
distances for the tight oils are similar but are about 20-30% higher than the distance
predicted for the SPR oil.
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3 I
Evidence to Support Fireballs

Key Finding #6:

Predicted thermal hazard distances, for a 30,000-gallon release, among the
crude oils differ by about 12% with the range of uncertainties overlapping.
Thus, the predicted thermal hazard distances among the oils are comparable.
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Evidence to Support Fireballs

Key Finding #7:

The observed measurements of diameter, duration, and surface
emissive power for the COCRS tested crude oils are consistent with
experiments performed by other researchers testing similar volumes for
propane, butane, gasoline, and diesel as fuels.
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Evidence to Support Fireballs ES

Key Finding #8:

The average surface emissive power at maximum power for all oils are below
the Center for Chemical Process Safety (CCPS) recommendation to use a value
of 350 kW/m2for thermal hazard evaluation. It is anticipated that the oils will
not exceed this value for larger releases. The CCPS is a non-regulatory
organization within AIChE that addresses process safety of hazardous
Guidelines for VaporCloud  HAplosion, Pressure Vessel Burst, BLFVF, andFlash Fire
Ha.zards (Center for Process Safety). American Institute of Chemical Engineers,
2011

Oil Average Surface

Emissive Power

kW/m2

SPR 225 ±14

Tight l (Bakken) 293 ±22

Tight 2 (Tx Shale) 295 ±22
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