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Ref [1] Erkut, E. and Verter, V. (1998) “Modeling of transport risk for hazardous
materials”, Operations Research, 46(5), 625-642.
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= For hazmat shipments, a cost minimizing objective is usually not suitable.

= The risk associated with hazmats makes these problems more complicated
(and more interesting) than many other transport problems.

= Most people would agree that risk has to do with the probability and the
consequence of an undesirable event.

= Although some authors define risk as only one of these terms (i.e., probability
or consequence), it is more common to define risk as the product of both the
probability of and the consequence of the undesirable event.

= Note that this is an "expected consequence" definition, and it is the definition
that we refer to as "traditional risk®.

= ]t is common to assume that the undesirable consequence is proportional to
the size of the population in the neighborhood of the incident, where the size
of the neighborhood depends on the substance carried.

Sl BT 9 o x5 OT OB 28 S 4 haid Lhslar glholi (slasoly cawl )53 pjY =
13 0lpon 4 1) 0 put 5 $)9 9 (g ) Bume 4 Ao pulis ()50
= Furthermore, the probability of an incident occurring depends on the

e
Syt g Jaig Joo Sy (53 Joo

sl y13 iy Y | IS5 ST b Slga Ji5 9 Jo> Somg (5w e

= Unit Road Segment Risk
= Edge Risk
= Path Risk

32
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Unit Road Segment Risk

= Using the traditional risk definition, the risk of transporting hazmat B over a
unit road segment A (such as a one mile stretch) can be written as:

Ry =P,Cyp

where
» P, = probability of an incident on the unit road segment A for
hazmat B,

(For most hazmats, estimates of incident probabilities are
between 0.1 and 0.8 per million miles. )
» C 5 = population along the unit road segment A within the
neighborhood associated with hazmat B
(The impact area can be represented as a circle and the radius
of the circle can be anywhere from 0 to 7 miles. )

SG s Sgo Jiig Joo S y (53w Joo
Unit Road Segment Risk
danger-circle approximation b o uls cu i
o n

Figurw 1o Lopcton of hasnal banspor., ubween an negin
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Edge Risk

Hazmat routing network :sU,ha 3lge (o yno 4 =

= In the context of hazmat routing it is desirable for an edge to be
relatively uniform in its two important attributes:
» incident probability
» population density around the road
= For example, a long stretch of a highway that goes through a
series of population centers and farmland should not be

represented as a single edge, but as a series of edges.

= Thus, a network to be used for hazmat routing is usually different

from a network to be used for other transport planning purposes.

35

e
S6 ks go Jiig Joor St 5 53k Jbo

Edge Risk

= Due to the construction of the network, it is safe to assume that an
edge is a collection of n unit road segments (e.g., miles) each with the
same incident probability p and population in (the danger circle) C.

= The vehicle will either have an incident in the first mile, or it will make
it safely to the second mile. If it makes it safely to the second mile, it
will either have an incident in the second mile, or it will not, and so on.
We assume that the trip ends if an incident occurs.

= The tree in Figure 2 displays
all possible outcomes of a trip
along this edge.

1w incident in
mile i

10 IBckLest in
mile 2 .

Fipuri: 1. Fartial p‘rq_'uh:'l'ril'il;-.' e displiing mossihle -
comes of 4 bozmat waspor aloog an edge.
whizre o= docidenl probabilivy e il aond © =
poipnlitem impacted in the cise of anincident. 36
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= The expected consequence (risk) associated
with this edge would be expressed as
follows:

pf=0, fors =1

{pr)IC

pC+ i1 =pipC+i1=pi*pC+-+{1 pi

1

ar mrikul i
milg s

=1

pC

P dastie S5 gl 4 g Conl b BB ol 4 b a Sy jlie C g NP polas polis 225, ®
'3);)1)5 oolawl )90 ’\519;?“)#*“&,—‘[5&5\ .

1 P AU P (SR WIP S ¥} )L.a) 320 Jlaas e Bolas g48g Jlain! aSlol 5l ogMe o, ®

b og aalgs ol b cnl 69y p oy b laspe Syl 0g L ®

g

37

Edge Risk

S ks go Jiig Joor S5 53w Jibo

Defining

segments in edge ¢}, and

edge i as
R, =p,C.

:mlww&@ﬁ)‘o)yqigﬂi Sy cplpls ®

p; = probabilily ol an ncident on edge ¢ = (prob. of an
incident on a unit segment of edge Mno. of unit

; = the number of people within the danger circle along
edge I, we can express the risk of one trip along

(3)

38
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oames af 1 haemat frarspar zleng a porky, whers
o~ dncident proleehitity akow Lhe £hoedge af
e path and O = pupulaioe opcd beoan
ivcdear co 1he b dge,

= The expected consequence (risk) associated with this trip would be
expressed as follows:

prly + (1= pydpaCy + 11— p M1 = palpsCa b oL
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Figure & Fuorply ilemoracssling  pach dependency  of
wslges altribnates im hazmat transpest problems,

min (pCyhxy + (paCalxs oo 3] Jb STl X = 1 oy piize

+ LI —pday + L= padxaJipsCalas Lol yo ygais] i ) A3k
+ I-ll ) f}l.]x i 1] .sz:'-\';J*:P:.f:,]I,,: (2905 A dM@wauWId= n
B sl 15 Oy ) S
subject il ¥, + 1. =1,
Yy tx:=xy tx.,
X1 tzx, = 1,

=11 lorj=1
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= Note that the objective function contains products of the decision
variables. This is necessary since the incident probabilities (and hence
the risks) of edges 3 and 4 depend on whether the vehicle takes edge
1 or edge 2 in the first part of the trip.

b dalgs Al dny g b it Sl (ljsl el (s 4y (o e Jas a5 ¥
905 odlitl dlive (Shomn (I Car ) cu)d )l Oly o U8 b alis ®

po. =0 forallij
1 lgd AoMd 55 Gy 4y dliee Bua 2 1Y @

4
min ¥ i Cilxg
i—1

D9 (oo S e 05 oligS oSl o3l L (oo )85 g0 ) S (3l AheS dlino pl ol ®
D9 (oo 4185 030 (V) 5 (V) Jb > Bolas 8y Jloil Bl >

Jolile 4 Blieo (o8l 31 4 Job Y K a5 b sl 1) duno (IS 0,8 10y poi ®
§o )9l Cawdy o (92 55 80 oS Jue 31 02Lwl b Wigwi (o0 I> wils g.é.lb‘uM

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

