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A Study on Standardization of Optimum Transportation

Routing based on GIS for Railway HAZMA'T Transportation
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*Department of Civil & Environmental Engineering Seoul National University

Abstract

The types and quantities of Hazmat and Hazmat transportation are gradually increasing, keeping pace with
industrialization and urbanization. At present the safety management for Hazmat transportation only considers
reducing accident probability, but even when an accident involving Hazmat-carrying vehicles occurs, that is not
regarded as a Hazmat-related accident if the Hazmats do not leak out from the containers carrying them. Thus
the methods to reduce risk (Risk=ProbabilityxConsequence) have to be developed by incorporating accident
probability and consequence. By using Geographic Information System (GIS), a technical method is invented
and is automatically able to evaluate the consequence by different types of Hazmat. Thus this study analyzed
the degree of risk on the links classified by the Hazmat transport pathways. In order to mitigate the degree of
risk, a method of 7-step risk management on Hazmat transportation in railway industries can be suggested.
(Ist step: building up GIS DB, 2nd step: calculating accident probability on each link, 3rd step: calculating
consequence by Hazmat types, 4th step: determination of risk, 5th step: analysis of alternative plans for
mitigating the risk, 6th: measure of effectiveness against each alternative, and 7th step: action plans to be
weak probability and consequence by the range recommended from ALARP). In conclusion, those 7 steps are
used as a standardization method of optimum transportation routing. And to increase the efficiency of optimum
transportation routing, optional route can be revise by verification.

Keywords : Hazmat, GIS, Transportation, Risk Management, Railway
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<Figure 1> Method and procedure of this research

<Table 1> numbers and death of Railway
Accidents in 2008

Accidents | Death | etc
public 105 80
traffic-
person- passenger 127 63
accident
staff 19 6
A public 13 4
c safety-
person-accid | bassenger 30 2
¢ ent
I staff 82 0
d
o train- collision 2 0
rtl accident derailment 5 0
S railway traffic accident-
: ) 24 4
railway crossing
railway safet
accidgntfﬁrey 1 0
sub-total 408 159
dangerous-obstacle 4 0
Obs
tacl delay-obstacle 292 0
e
27 29 0
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<Figure 2> Process of HAZMAT Consumption

<Figure 3> Terminology used in the risk
assessment model
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<Table 2> Potential Impact Area by HAZMATI6]

HAZMAT Impact Area etc
Explosives (EXP) 16 km (1.0 mi.) all directions
Flammable Gas (FL) 0.8 km (0.5 mi.) all directions
Poison Gas (PG) 8.0 km (5.0 mi.) all directions
Flammable Combustible | 08 un (05 mi) | all directions
Flammable Solid,
> gg}tggsgglséy 0.8 km (0.5 mi.) all directions
Dangeraous when Wet
Oxidizer/Organic 08 km (0 ) Il directi
roxide m (05 mi all directions
Poisonous, not gas 8.0 km (5.0 mi.) all directions
Corrosive Material 0.8 km (0.5 mi.) all directions
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<Table 3> Releas Probability of HAZMAT
by truck transportation

Pr tion of
babilit
‘é“g Road Type prl(%eaea}ilele ?c(::f;gnet
(million—mile)
2 lanes 0.086 0.19
Ru- non division 0.081 0.36
ra
division
road multi-lane 0.082 018
express highway 0.090 0.06
2 lanes 0.069 0.60
divisi
NG 077
b divisio
roégtli rnuléb 1arr11e 0.062 0.77
one-way road 0.056 0.54
express highway 0.062 0.14

% A5 :Midwest Research Institute
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<Table 4> Consequences considered in this study

Accident time
Daytime Nighttime
Population time Nightt1me
ﬁ)osure i;%tlon (I:)%%Sdfl ntl
Depends on Land Use:
ggg%ﬁt e Residential Alrkergas tCCommeraal
E“ViEOPme Rivers, Reservoirs, Wildlife Areas,
nta o
exposure .
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<Figure 4> Seven steps for Hazmat safety
management
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<Table 5> Example of GIS DB

Location Data

Point Accident point, Infra, Station

Line Railway line

administrative district(3,572 zone),
Polygon

Rivers, Reservoirs

<Table 6> Objects to estimate Consequences by

Hazmat types
damage objects
- Population scale available damage
Population
Exposure - daytime (Employment Population)

- Nighttime (Residential Population)

- Environment scale available damage

Environment
Exposure

- Methods to give additional burdens by
classifying major environmental issues and
general environmental issues
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<Figure 5> Establishment of ALARP Level
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<Figure 8> Buffering & Clip Analysis

A N
wﬁ"?@ '»'h@ "L
FSeria b ol Ny
":“»’"'&t’c‘#é“ﬁ;ﬁ
ﬁ‘“\‘ “ 3 v

L\

’i‘ﬁr"t\?ﬂﬁ ¥
"'3’0}-’&%{%‘%@% 3
SNy

<Figure 9> Population Consequences by Railway link

524 AYE=R) Y& 5% F= AFE %
A{E=E =2
AeEs ArRASEY eETrEe oR T8k,
o &5 ArcviewolM Tr@st] QlTkeF f19%E
Aol gEeh SAF 18 vt Ak

Risk of population
[

=

i

#: o
Do { A
T A S
4 e Z i A

ﬁ&i"’%\ A

=

link(Risk of Population)

TAE QT A9RS VIEoR GISY &
M @8otel A 9PE 75 AHARS
of 2% 5 Uvh <Figure 11>9] Awje} o
Ol JADI7HA e e w5825 vl
W, A= etk did-AE ke slvjehe
BRI} EEH I

Risk of population
Iy

o
o 1 MT
o o 1x

7

HE3
s -:{ S
\ 2 vl 0 i

<Figure 11> Minimum risk route between
Ulsan and Incheon



o 3k 7 g 7433 A

A 114 A 4 5 20093 12€ 209

53 AHrEE=E BA

1
39S BAlste] FAY AEB/CRA) A
5 olth 200640 WA HwAT
Hl&-o of g760lgloz Sk AL 1
BL1878F 91o] Apatul o] whAlsha glom, Abga 1
o 309407 Q] Abamalgo] WA Fow FAHI,

7;‘]

A9 Infra SHAA GxAbal 2 Yol 5
| 9ek dighd Alazka g9 S43h] sl
ASFALM]Y wEdAX R IA[12], WF
AAE3] o #H ARE HES Ay A=
SEhE] 9 AR] 0] 59%9] ARl AES Ho
7S =%, o] EE A9 71191 504Km -7t
of tigh AXH]-8-2 10089 o] AQ= a1, o] wpE
QAL Aoz Apgzte] digh Hel2 883 o=
=EHTE O gge® A= AAstE A oF 50%9)
gy 1089 o] A Aasef 9 55 o]
7} 35%69] g 7589 ¥o] HelS e

> e o i
N

rO e oy ¢
(2T O - T

<Table 7> Cost of Railway accidents

Accident Cost
(ten thousand Won)

Death 1 accident 31,187
Accident 1 person 30,940
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<Table 8> Benefit to reduce risk by alternatives
Costs . | Reducti Peneﬁts

Alt, Contents (hundred 0 hundred
DS | Ry | e
to improve lines to
Alt.1 Sthaight hes 820 50 10.8
to construct fences
Alt.2 and watching 100.8 59 12.8
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to expand advanced
Alt.3 security 85.6 19 4.12
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<Table 9> Example of B/C analysis by alternatives

contents B/C | etc
to improve lines to straight 0.16
lines ’
to construct fences and 1.60

watching equipment

to expand advanced security 0.61
equipments :

to improve lines 0.38
(Rail weightization and heavy rail) :

to improve structures 141
(tunnel and bridge) :
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<Figure 12> analysis of minimum risk route through
the revision step 1~4
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<Figure 13> analysis of Optimum transportation
route through the revision step 5~7
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