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' Problem: Risk

Lac Megantic Train Derailment Disaster, July 2013
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CRUDE BY RAIL ACCIDENTS, MARCH 2013-MAY 2014

NOVEMEER &, 2013
PICKENS COUNTY,
ALABAMA, 90-CAR
DERAILMENT; 743,000
GALLONS OF QIL SPILLED,
FIRE EURNED FOR Z DAYS.

JANUARY 20, 2014
PHILADELPHIA, PENNSYLVANIA,
6 TRAIN CARS CARRYING
BAKKEN CAUDE DERAILED
OVER SCHUYLKILL RIVER NEAR
UNIVERSITY OF PENNSYLVANIA
AND MAJOR HOSPITALS. NO SPILL.

JUNE 27, 2013
CALGARY, ALBERTA, TRAIN
DERAILED ON A BRIDGE OVER
BOW RIVER. EMERGENCY CREWS
PREVENTED A SPILL.

MAY 21, 2013
JANSEN,

SASKATCHEWAN,

24,000 GALLONS
OF OIL SPILLED

MARCH 27, 2M3

PARKERS PRAIRIE, MN
30,000 GALLONS
OF QIL SPILLED

OCTOBER 19, 2013
GAINFORD,
ALBERTA, FOUR
DERAILED DIL
TANKERS.
EVACLIATIONS
WERE REQUIRED
DUETO
EXPLOSIONS
AND FIRE.

JULY 6, 2013
LAC MEGANTIC,
QLEBEC,
EXPLOSIONS FROM
DERAILED DIL CARS
KILLED 47 PEQOPLE
AND DESTROYED
30 BUILDINGS IN
TOWM CENTER

DECEMEER 30, 2013
CASSELTON,
NOATH DAKOTA,
400,000 GALLONS
OF CHUDE SPILLED,
EXPLOSION CAUSED
EVACUATION OF
2,000 PEOPLE

JANUARY 7, 2n4
PLASTER ROCE,
NEW BRUINSWICK,
EXPLOSION AND
FIRE CAUSE
150-PERSON
EVACUATION FOR
3 NIGHTS

APRIL 30, 2014
LYNCHBURG, VIRGINIA, 17-CAR
DERAILMENT, +29.000 GALLONS OF
OIL SPILLED INTO THE JAMES RIVER,
THREATENING THE RICHMOND,
VIRGINIA WATER SUPPLY*

FEBRUARY 13, 2014
VANDEAGRIFT,
PENNSYLVANIA,

4 TANKERS SPILL
NEARLY 3,000

GALLONS OF DIL. MAY 9, 2014

LASALLE,
COLORADO, 6-CAR
DERAILMENT, 6,500

GALLONS OF OIL

SPILLED ®




' Problem: Opportunities
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NRDC Fact Sheet, June 2014, FS:14-06-b

2008: v : 2013:

9,500 434,000

average crude {40 fold increase!)
oil rail cars annually
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Risk of Hazmat Train Derailment:

Institutional and Regulatory Solution
UNIVERSITE <4 >

UNIVERSITY

f  Railways must give cities annual data
on hazardous materials, Ottawa says

EIM MACKERAEL

. Ottavwa — The Glebe and Mail

Publizshed VWednesday, Nov. 20 2013, 10:48 AN EST
Last updated Wednesday, Mow. 20 2013, 825 PM EST

“Canadian municipalities are now
demanding better communications about
dangerous goods travelling through their

territory.”

“Rail Recommendations R14-01, R14-02, R14-03”
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Solution: Risk Management

(through dynamic risk assessment
UNIVERSITE 4 »

UNIVERSITY

e The peak risk spikes may be 1000 times
riskier than the average risk level.

o “ldentifying how and when these risk
spikes occur is a fundamental objective of
the dynamic risk assessment”.

1]

Harrald et al., 1999, Assessing Risk
Lw AN in the Washington State Ferry

System
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Dynamic risk modelling

UNIVERSITE
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Static

— The unchangeable part of risk
— Fixed facts (previous derailments, derailment characteristics)

Stable (Dynamic)
— The changeable part of risk

— How the train transportation functions (transported materials,
volumes, standards, regulations, technology)

Acute (Dynamic)

— The variable part of risk

— Seasonal, Monthly, Daily or Hourly fluctuations (derailment
potential, exposure, ...
D’Orazio, & Thornton, CCOSO 2011
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Dynamic risk agents (example)
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Class A (Light, Volatile)
Class B Oils are less toxic
Class C (Heavy, Sticky)
Class D (Non-fluid)
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Probability of Derailment Model

UNIVERSITE
UNIVERSITY

Pr(der) = 2 R.m.

R, Is the derailment

QUANTITATIVE ANALYSIS OF

rate per mile for class FACTORS AFFECTING RAILROAD
. , ACCIDENT PROBABILITY AND
| track and m; IS the SEVERITY, 2003

mileage traversed on
class 1 track.

Pr(der) = (0.53x10°x 650) + (0.32x10° x 350) = 4.6x10™, or a little less than 1 in 2.000.
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Potential Impacted Areas
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Small Spills Large Spills
Then Then
First First
ISOLATE —PIIDTE::};I' ISOLATE —PIIU'I'E::
in all I . in all F .
directions Doum_wlnd directions Down_unnd
during during
Day Night Day Night
D Name of Material m km km m km km
ORIIG Wind Direction > D WHNE 1005 * Ammonia, anhydrous 30 0.1 0.2 150 0.8 2
Protactive o = 1005 *  Anhydrous ammonia 30 0.1 0.2 150 0.8 2
- ¥
Action Zone 2 - - 1/2 Downwind| 55 Boron trifluoride 20 0.1 0.5 300 1.7 4.8
Distance
| 1008 Boron trifluoride, compressed 30 0.1 0.5 300 1.7 4.8
Initial 1016 Carbon monoxide 30 0.1 0.2 200 1.2 4.8
Isolation —
Zone =" Downwind Distance 1016 Carbon monoxide, 30 0.1 0.2 200 1.2 4.8
1/2 Downwind compressed
- - Distance 1017 *  Chlorine 60 0.4 1.5 500 3 7.9
—
H -~
Spil =~ 1023 Coal gas &0 0.2 0.2 100 0.4 0.5
1023 Coal gas, compressed 60 0.2 0.2 100 0.4 0.5
1026 Cyanogen 30 0.1 0.5 a0 0.4 1.7
1026 Cyanogen gas 30 0.1 0.5 (510] 0.4 1.7
1040 * Ethvlene oxide 30 0.1 0.2 150 0.9 2
Source Transport Canada 1040 *  Ethylene oxide with Nitrogen 30 0.1 .2 150 0.9 2
' 1045 Eluorine 30 0.1 0.2 100 0.5 2.3



Dynamic Risk Model
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HR,=Pr(TDy;) * Ppy

HR,,;; = Human risk of hazmat h at
location | at time t

Pr(TD,,)= Probability of train derailment
at location | at time t

P,. = Population of the Initial Isolation and
Protective Actions distance of hazmat h at
time t
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Rail car worries

This rail line, owned by CP Rail, is used to ship crude oil through the
centre of Toronto. Councillor Josh Matlow (Ward 22, St. Paul's) wants
the tanker cars rerouted to avoid the heavily populated area.

b
R

T b,
$# un,, CP RAILW R
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TORONTO STAR GRAPHIC
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AnyLogic Application

Train Derailment - AnyLogic University [EDUC
p-bl | e o @] ae

SE Of

01 experiment: Train... « | [ | [
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Hazmat Train Simulation

Developed by

Dr. All Asgary

Disaster & Emergency Management Pragram
Yark University, Toronto, Ontario, Canada
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AnyLogic University [EDUCATIONAL USE ONLYL I
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Person (Population) Agent
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Train Agent
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Sample Demo
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I ' Future works

IIIIIIIIII

 Dynamic day and night
population

 Evacuation and shelter planning
* Risk mitigation scenarios
 More intelligent model

e Train specifications
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