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The performance metric for tank cars and other hazardous materials
vehiclesinvolved in accidents has generally been conditional probability
of release given involvement in an accident. This metric considers the
probability of arelease event occurring but doesnot takeinto account the
quantity of product lost in areleaseincident. In this paper, a new metric
termed “releaserisk” isintroduced; it is defined as the expected value of
thequantity lost from atank car given that it isin an accident. The quan-
tity of product lost variesdepending on thepart of thecar that isdamaged
in an accident; consequently, use of release risk can affect how different
modificationsin tank car design areconsidered. Themetric wasdeveloped
intermsof tank-damage-caused and non-tank-damage-caused releases. It
was found that tank-damage-caused releases had a higher release risk
than non-tank-damage-caused r eleases. Important elements considered
aretheprobabilitiesof releaseand the expected quantities of releasefrom
the tank components and non-tank components of a tank car, and the
effect of increasing tank thickness in increasing accident exposure and
decreasing expected quantity of release. The release risk metric is also
used astheobjectivefunction in atank thicknessoptimization model. The
resultssuggest that releaserisk may beauseful meansof assessingthere-
ative benefits of different tank car safety design modifications.

For the past several years, therate of releases of hazardous materials
caused by railroad accidents has been fluctuating between 27 and
37 incidents per million carloads (1). Though thisrateissignificantly
lower than the rate of about 200 incidents per million carloadsin
1982 (2), further reduction of accident-caused hazardous material
releasesremains an important objective. In 2002, there were approx-
imately 1.7 millionrail shipmentsof hazardous materiasinthe United
Statesand Canada, and approximately 75% of these were transported
intank cars (1).

Two of theprincipal elementsin thereduction of railroad hazardous
material transportation risk are prevention of accidents and preven-
tion of spillsfromrailcarsinvolved in accidents (3). Train accidents
declined substantially in the 1980s and more gradually inthe 1990s
as the result of improvementsin track design and maintenance and
improvementsin equipment and training (4, 5). The result is that
theannual accident rate has been reduced from gpproximately 12 acci-
dents per million train milesin 1980 (6) to about 4 accidents per
million train milesin 2002 (7).

Changes in the design of tank cars intended to make them more
resistant to damagein accidents have also hel ped improve the safety
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record (2). Although analysis of the degree of hazard posed by
different products is ongoing, in general, higher-hazard materials
are shipped in cars with tanks constructed of thicker and stronger
steels. These cars may be equipped with head shields and with more
damage-resistant designs for the top fittings.

The objective of this study was to develop a new metric for
quantifying hazardous materials releases and to apply this metric by
extending the work done by Barkan et a. (8) to evaluate tank car
thicknessand safety. They used optimdity techniquesto consider tank
car design so asto minimize the probability of release and devel oped
amodel that considered the trade-off between improved damageresis-
tance of the tank and increased accident exposure due to the reduced
capacity of the car. The objective function in their model was proba-
bility of release. This paper considers a new metric as the objective
functioninwhich the quantity lost isaccounted for aswell asthe prob-
ability of release. Previous authors have considered accident-caused
release probability and the quantity lost due to different sources of
damage to the tank car (9, 10), but these factors have not previously
been combined into asingle metric to eval uate tank car safety design.
In this paper, the concept of releaserisk isdeveloped, asisanew ver-
sion of the optimal tank thickness model that uses this new metric.

TANK CAR DAMAGE RESISTANCE

There are two general types of tank-car damage that can lead to
releasesin an accident: (a) tank-caused damage, which includes dam-
ageto the head and shell, and (b) non-tank-caused damage, which
includesdamageto other tank car components, principally thetop and
bottom fittings.

Accident-caused damages to the tank and non-tank components
of acar have distinct natures, and different approaches are used to
enhance damage resistance. The usual approach to reducing tank-
caused damage is to increase the strength of the tank. This can be
accomplished by increasing tank thickness, using head protection,
applying atank jacket, or all of the above. In addition, the tank ma-
terial properties may beimproved by using higher tensile strength
steel, normalized steel, or both.

Reducing non-tank-caused rel eases includes measures such as
enclosing top fittingsin aprotective housing (1), adding protection for
the bottom fittings (11), or removing the bottom fittings completely (8).

TANK CAR RELEASE RISK

The conditional probability of release given that atank car isderailed
in an accident isauseful metric for assessing the safety of tank cars.
However, it does not take into account the quantity of product lost.
Thisamount varies depending on the part of the car that is damaged
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FIGURE 1 Frequency of releases of different sizes by source for
noninsulated, nonpressure tank cars in accidents (9).

(Figure 1) (9, 10); for example, for ageneral purpose DOT-111 tank
car with 0.4375-in. tank thickness, non-tank-caused releases are the
most frequent source of lossin accidents (Figure 2a), but they result
inthelowest average amount of product lost (Figure 2b) (9, 10). Con-
versely, losses from tank-caused releases are less common but they
result in alarger average quantity lost. The reason for this disparity
isthat in accidentsin whichfittings develop aleak, theleaks are often
small and can be stopped relatively quickly by response personnel.
In contrast, holesin thetank head or shell are often caused by impact
damage from arail or another railcar that punctures or tears open
the tank. These openings are often fairly large and difficult to plug
beforealarge portion of thetank’ scontentsarelost. Therate of release
and thusthe quantity of release depend on the size of the puncture (12),
the tank’ sinternal pressure, and the viscosity of the commodity.

In addition to the hazard level of the commodity, the quantity
released affects the severity of thereleaseincident. A larger release
will generally create alarger exposure area and consequently have
agreater impact on people, property, and the environment and incur
higher response, evacuation, and hazard mitigation costs. Therefore,
when eval uating the benefit of applying variousrisk reduction options
to tank cars, it may be beneficial to consider the amount lost from
different parts of the car.

Thefollowing exampleillustratesthe idea of the release risk metric
for the general purpose tank car. The conditional probability of a
tank-caused release given that atank car isderailed in an accident is
0.117, and the conditional probability of a non-tank-caused release
is0.207 (9). The corresponding average amount of content lost for
each sourceis 62.0% and 32.1% of tank capacity, respectively. The
product of the conditional probability and the average amount of con-
tent lost isthe expected value of the percentage lost, or release risk,
given that a car is derailed or damaged in an accident (Figure 2c).
Thisexample considersthe average releaserisk for aparticular type
of tank car with aspecific thickness. Thisstudy isintended to develop
amore general release risk model for tank cars with different tank
thicknesses. In addition, instead of considering the average percent-
age of tank capacity lost for each source, the distribution of release
size (Figure 1) istaken into account in the devel opment of the model
described in the following section.

MODEL DEVELOPMENT

Risk is defined as the frequency of an event multiplied by the con-
sequences of that event. In the context of the model described here,
frequency is defined as the probability of release, and consequence
is defined as the quantity of product lost expressed as a percentage
of thetank’ stotal volumetric capacity. Important aspects considered
in the development of the release model are (a) the functional rela-
tionship between tank thickness and release risk caused by damage
to the tank (tank-caused releases), (b) the release risk caused by
damage to other tank car appurtenances (non-tank-caused rel eases)
that are not directly affected by tank thickness, (c) the relationship
between tank thickness, weight, capacity, and number of shipments,
and (d) the rel ationship between tank thickness, weight, capacity, and
expected quantity of release. All damage-caused release sources
and discrete release sizes are incorporated in the rel ease risk model
shown below:

Ro=Y 3R,
=1 i1

where

Rk = releaserisk for atank car in percentage of tank capacity lost,
n = number of release sources considered,
m = number of release sizes considered, and
Rrj = releaserisk for release size i from release sourcej.

Tank-Caused Release Source
The frequency of atank-caused release of sizei can be defined as
Frei = TRilAZ @

where

Frri = frequency of tank-caused release of sizei;
Prrija = conditional probability of tank-caused release of size i
given the car isderailed in an accident = Prijrr Prria;
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FIGURE 2 (a) Conditional probability of release by source for
general purpose noninsulated DOT-111 tank cars (9), (b) average
percentage of tank capacity lost by source for general purpose
noninsulated DOT-111 tank cars that lost lading in accidents (9),
and (c) average release risk by source for general purpose
noninsulated DOT-111 tank cars that lost lading in accidents.
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Prilrr = conditional probability of release size i given a tank-
caused rel ease occurrence;
Prr1a = conditional probability of atank-caused rel ease occurrence
given the car isderailed in an accident;
Z = exposure to accident = P,M;
P, = probability of atank car derailed in an accident per mile
traveled; and
M = number of car miles.

Thus, Equation 1 can be modified as follows:
Frei = PairrPrriaPaM 2

The associated release consequence for tank-caused release is
defined as V+gi, the average percentage of tank capacity lost for
release sizei in atank-caused release occurrence.

With the four release sizes shown in Figure 1, the risk for tank-
caused release of sizei can be defined asthe product of the associated
frequency and consequence as expressed below:

Rr = z FraiVigi (3)

Expanding the tank-caused release risk definition in Equation 3,
it can be seen that the accident exposure terms P, and M appear
as constants for each release size. If excluded from thereleaserisk
definition, anew term called conditional tank-caused releaserisk is
introduced as follows:

4

RI/'R = 2 Priirr PreiaVig

i=1

where Ry isthe conditional tank-caused releaserisk given the tank
car isdamaged or derailed.

Hughes et a. published data on conditional tank-caused release
probability with respect to tank thickness (13). With the data and
quantity of release data from Phillips et al. (9) (Table 1), the rela-
tionship between tank thickness and conditional tank-caused release
risk was calculated (Figure 3). For this study, regression analysis
was conducted, data were fitted to a negative exponential model to
determine thefunctional relationship between tank thicknessand the
estimated conditional tank-caused release risk. Over the range of
thicknesses in use for tank carsin North America, the conditional
release risk conformswell (R?=0.8837) to anegative exponential
distribution of the following form:

Rr = v+ we ™2

where

t = tank thickness;
v, w, y, and z = regression coefficientsin the negative exponential
model, asfollows:

v = 0.40951;
w = 4.72098;
y = 6.35515; and
z=3.22174.

The net tank-caused release risk is calculated by multiplying the
conditional tank-caused release risk by the exposure terms, proba-
bility that a tank car will derail in an accident per car mile, and
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FIGURE 3 Conditional tank-caused release risk given tank car is derailed or
damaged in an accident as a function of tank thickness (t); points represent
data and line indicates regression function fitted to data.

number of car miles. With the fitted regression model above, tank-
caused release risk as afunction of tank thicknesst can be modified
asfollows:

R (1) =[ v+ we™? |P,M (4)

Non-Tank-Caused Release Source

Asmentioned above, non-tank-caused rel ease risk does not depend on
tank thickness. The frequency of arelease of sizei can be defined as

NRI = PNRi\AZ )

where

Furi = frequency of non-tank-caused release of sizei; and
Purila = conditional probability of non-tank-caused release of
sizei given the car isderailed in an accident.

= PRi|NR PNR|A
where

Priing = conditional probability of releasesizei given anon-tank-
caused release occurrence; and

Pyria = conditional probability of a non-tank-caused release
occurrence given the car is derailed in an accident.

Z isdefined as above.
Thus, Equation 5 can be modified as follows:

Fw = RilNR PNRIAPAM (6)

The associated rel ease consequence for anon-tank-caused rel ease
of sizei is defined as Vi, the average percentage of tank capacity
lost for release size i in anon-tank-caused release accident

The product of the associated frequency and consequence gives
the following non-tank-caused release risk:

4
R = 2 Furi Viri
i=1

With the quantity of lost data (Table 2) and with the terms Pygja,
P,, and M held constant, the non-tank rel ease risk can be ssimplified
asfollows:

Rw = 32.125PF,P,.M @)

Relationship Between Tank Thickness, Tank Car
Capacity, and Number of Shipments

The size of tank carsis generally optimized for the density of the
specific product they areintended to transport (14, 15). Productsvary
considerably in their density, and the size of atank car isinversely
related to the density of itsintended product. The maximum weight
of aloaded rail car isreferred to asthe grossrail load (GRL). It con-
sists of the car's empty weight plus the maximum lading weight.
Theempty or “light” weight of acar istheweight of the running gear

TABLE 2 Expected Non-Tank-Caused Release Quantity (9)

Percentage Tank Contents
i 0-5 >5-20 >20-80 >80-100
Prinr 0.495 0.095 0.180 0.230
Vinr 25 12.5 50.0 90.0
Pring Ving 1.2375 1.1875 9.0000 20.7000
Vir 32.125




Saat and Barkan

and tank fittings, which arerelatively constant, and the weight of the
tank itself, which varieswith itssize, itsthickness, and whether it has
ajacket and insulation.

Increasing the tank thicknessto make atank car morerobust in an
accident increasesthe weight of thetank. The maximum GRL for cars
inunrestricted interchangeisfixed, so theincreasein thelight weight
due to the thicker tank reduces the capacity of the tank car. Conse-
quently, more shipments or car miles are required to haul the same
quantity of lading. The number of car milesisdirectly proportional
to tank thickness. Barkan et al. developed the variable K that isthe
proportiona increasein the number of shipmentsrequired with respect
to increased tank thickness (8). The term K is unique and tank-car
specific; it depends on the volumetric capacity that corresponds to
product density, the GRL, and the tank car’ s light weight.

Toillustrate theidea, agenera purpose DOT-111 tank car witha
baseline thickness of 0.4375 in. and a capacity of 20,000 gal can be
considered. With [lliTank, atank car size and weight program, the
effect of increased tank thickness on the number of car mileswascal-
culated (M. R. Saat, Illini Tank Capacity: Railroad Tank Car Weight
and Capacity Program, unpublished work, 2003). The tank inside
diameter and non-tank light weight constant were set at 110.25 in.
and 33,000 b, respectively. The program solves the optimal tank
size problem and cal culates the changein tank capacity for each tank
thickness. For instance, for the baseline tank car used, an increase
in % in. reduces the tank capacity by approximately 1% and corre-
spondingly increases the number of shipments about 1% (Table 3).
In general the number of extrashipmentsisequal to 1/(1— p) timesthe
baseline number of shipments, where p is the percentage reduction
in tank capacity.

Car milesare proportional to shipments, and thustank thickness
(Figure4). Linear regression was used to calculate K, the proportion
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increase in shipments needed to compensate for the reduced capac-
ity of athicker but heavier tank. In the example above, K = 0.236
(Figure 4).

The effect of increasing the number of car milesis that the more
robust tank car also has a correspondingly higher exposure to the
chance of accident involvement. To account for theincreased number
of car miles with respect to tank thicknesst, the accident exposure
term Z can be modified as follows:

Z® = PMIL+ Kt — )] ®)

where

t = tank thickness,

t” = base tank thickness, and

K = proportion increase in shipments due to the change in tank
thickness.

Incorporating Equation 8 into Equations 4 and 7, the tank-caused
release risk and non-tank-caused rel ease risk with respect to tank
thickness, t can be rewritten as follows:

Re® = [v+ we™™?]PMI[1 + K(t — t)] (9)

R = 32.125 B PMIL + K(t — t)] (10)

The sum of Rx(t) and Ryr(t) isthe net releaserisk for atank car in
percentage of tank capacity lost with respect to tank thicknesst:

R ={PM[1+ K(t=t)]H{(v+we™?)+32125Rra] (11

TABLE 3 Effect of Increasing Tank Thickness on Tank Car Capacity

and Number of Car Miles (K = 0.236)

Proportion

Tank Nominal Number of Changein
Thickness Lading Capacity of Shipment Tank
(in.) (U.S. gallon) Reduced Shipments  Increased Thickness
0.4375 20,000 0.00 1.00 0.00 0.00
0.5000 19,715 0.01 1.01 0.01 0.06
0.5625 19,437 0.03 1.03 0.03 0.13
0.6250 19,166 0.04 1.04 0.04 0.19
0.6875 18,902 0.05 1.06 0.06 0.25
0.7500 18,645 0.07 1.07 0.07 0.31
0.8125 18,394 0.08 1.09 0.09 0.38
0.8750 18,149 0.09 1.10 0.10 0.44
0.9375 17,909 0.10 112 0.12 0.50
1.0000 17,676 0.12 1.13 0.13 0.56
1.0625 17,447 0.13 115 0.15 0.63
1.1250 17,224 0.14 1.16 0.16 0.69
1.1875 17,006 0.15 1.18 0.18 0.75
1.2500 16,793 0.16 1.19 0.19 0.81
1.3125 16,585 0.17 121 0.21 0.88
1.3750 16,381 0.18 122 0.22 0.94
1.4375 16,182 0.19 124 0.24 1.00
1.5000 15,987 0.20 1.25 0.25 1.06
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FIGURE 4 Increase in car miles with respect to tank thickness for
20,000-gal, 263,000-Ib GRL noninsulated tank car.

Relationship Between Tank Thickness, Tank Car
Capacity, and Expected Quantity of Release

In addition to the trade-of f between reduced rel ease probability and
increased accident exposure with increased tank thickness, as dis-
cussed previously, the reduction in expected quantity lost dueto the
reduced volumetric capacity is also a factor to be considered. The
lower volume of heavier and thus smaller tanks reduces risk from
both tank-caused and non-tank-caused releases because tank cars
with lower capacity have less quantity to release. In theformulation
of the tank car thickness optimality model in Barkan et al., proba-
bility of release was considered (8). The following section considers
the effect of modifying this model with the use of minimization of
quantity released as the objective function and focuses on the effect
on optimal tank thickness.

EVALUATING RISK REDUCTION WITH
INCREASING TANK THICKNESS

The release risk model presented so far estimates the percentage of
tank capacity lost for atank car derailed in an accident. When therisk
between tank cars that have different tank thicknesses is compared,
the absol ute release quantity, in terms of volume or mass, should
be calculated. As noted above, cetaris paribus, thicker tank cars
have lower capacities. As such, for tank cars with different safety
designs, an identical release risk in terms of percent tank capacity
correspondsto different absol ute quantities of release. The expected
gallon capacity lost can be calculated as follows:

Q=Y Ritican(® 12)

where

Qr(t) = expected gallon capacity lost for a tank car with tank
thicknesst,
n = number of tank- or non-tank rel ease sources considered,
Ri(t) = releaserisk from source] in percentage of tank capacity
lost with tank thicknesst, and
cap(t) = gallon capacity for atank car with tank thicknesst.

The corresponding mass of material expected to bereleased for a
specific chemical can be calculated using its density.

Barkan et a. developed amodel in which minimization of release
probability was the objective function (8). The tank-caused proba-
bility of release was a negative exponential function, asisthe case
here, and the non-tank-caused release probability was a monotoni-
caly increasing linear function (Figure 5). Therefore, the benefit of
having athicker tank represented by the decreasing probability of a
tank-caused release, Prx(t), was offset by the increase in non-tank-
caused probability of release, Py(t). Barkan et a. found that there
wasan optimal tank thickness, t*, when release probability Pg(t) was
minimized.

This study considered the same 20,000-gal noninsulated tank car
with K = 0.236 with the minimization of Qg(t) asthe objective func-
tion. The averagerail car derailment rate per car mile (P,) used was
1.28 x 1077 (7), and abaseline of 1 million car miles (M) was used.
For the non-tank-caused release risk cal culation, the conditional prob-
ability of release given atank car derailed in an accident is constant:
Puria = 0.207 (9).

The baseline tank thickness, t’, is0.4375 in., and release risk and
expected gallon capacities lost from the tank and non-tank compo-
nentswere eval uated with respect to increased t in %s-in. increments
(Table 4). The model was used to calculate the expected quantity
lost from the tank and non-tank components (Figures 6 and 7). The
scale of the ordinateisdifferent in Figures 6 and 7 to emphasize the
change in sign of the slope for the non-tank quantity lost. The same
data, along with the sum of the two sources, are shown in Figure 8.

For tank-caused releases, the safety benefit from increased tank
thickness, generated by both increased damage resistance and
decreased capacity available to be released, dominates the incremen-
tal risk caused by the increase in accident exposure over the entire
range of tank thicknesses considered. As described previously, the
expected quantity lost from tank-caused releases follows a negative
exponentia distribution. Increasing the tank thickness provides no
direct safety benefit in terms of improving non-tank components
damage resistance, but thereisareduction in their releaserisk caused
by the reduced capacity of the tank. The relationship between t and
Qur(t) isaconcavefunction (Figure 7). Thereisaninitia increasein
the expected quantity released because of the increased exposure to
accidents due to the decreased capacity. However, this increase is
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TABLE 4 Calculated Values for Tank-Caused, Non-Tank-Caused and Total Release Risks
and Expected Gallon Capacities Lost (K = 0.236)

Rrr(t), % Rur(t), % Re(t), %

Tank Tank Tank Cap(t), Qrr(t), Qur(t), Qx(b),
t,in. Capacity Capacity Capacity Gallon Gallon Gallon Gallon
0.4375 0.99 0.85 184 20,000 198.39 170.24 368.63
0.5000 0.69 0.86 1.56 19,715 136.84 170.30 307.14
0.5625 0.49 0.88 1.37 19,437 95.45 170.35 265.80
0.6250 0.35 0.89 124 19,166 67.62 170.39 238.01
0.6875 0.26 0.90 1.16 18,902 48.90 170.43 219.33
0.7500 0.19 0.91 111 18,645 36.32 170.46 206.78
0.8125 0.15 0.93 1.08 18,394 27.86 170.48 198.34
0.8750 0.12 0.94 1.06 18,149 22.17 170.49 192.67
0.9375 0.10 0.95 1.05 17,909 18.35 17051 188.85
1.0000 0.09 0.96 1.05 17,676 15.77 17051 186.28
1.0625 0.08 0.98 1.06 17,447 14.05 170.51 184.55
1.1250 0.07 0.99 1.06 17,224 12.88 170.50 183.38
1.1875 0.07 1.00 1.07 17,006 12.10 170.49 182.59
1.2500 0.07 1.02 1.08 16,793 11.57 170.47 182.04
1.3125 0.07 1.03 1.10 16,585 11.22 170.44 181.66
1.3750 0.07 1.04 111 16,381 10.98 170.41 181.39
1.4375 0.07 1.05 112 16,182 10.82 170.38 181.20
1.5000 0.07 1.07 1.13 15,987 10.71 170.34 181.05
1.5625 0.07 1.08 115 15,796 10.63 170.30 180.93
1.6250 0.07 1.09 1.16 15,609 10.58 170.25 180.83
1.6875 0.07 1.10 1.17 15,425 10.55 170.20 180.74
1.7500 0.07 112 1.18 15,246 10.52 170.14 180.66
1.8125 0.07 113 1.20 15,070 10.50 170.08 180.58
1.8750 0.07 114 121 14,898 10.49 170.01 180.50
1.9375 0.07 115 1.22 14,729 10.48 169.94 180.42

2.0000 0.07 117 124 14,563 10.47 169.87 180.34
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counteracted by the decline in the quantity available to be released
astincreases. Thiscontrastswith the monotonically increasing func-
tion for Pyg(t) in Barkan et al. (8) and therefore does not have the
same offsetting effect.

When minimization of expected quantity released is used as the
objective function to optimize tank car thickness, there is no opti-
mum within the range of the tank thicknesses considered. Despite
theinitial positive slope of Qur(t), Qrr(t) awaysdominatesthe over-
all releaserisk function (Figure 8). As such Qg(t) isacontinuously
declining function of tank thickness over the range of thicknesses
evaluated.

The contrast between the results of these two approaches is not
intended to suggest that one is better than the other. In fact, either
can be used depending on whether the objective is minimization of
release probability or minimization of expected quantity released.
Either approach may be appropriate depending on the characteristics
of the particular hazardous material and the potential consequences
of aspill.

DISCUSSION AND CONCLUSIONS

The release risk metric is potentially useful for assessing the bene-
fit from changesin tank car safety design because unlike previous
analyses, it simultaneously considers both release probability and
release amount. The distribution of release quantity isrelated to the
sourceof damage-caused lesks on tank carsin accidents; consequently,
changes in design will have different potential benefits in terms of
risk reduction. Thispaper explorestheimplicationsof thiswith respect
to one option for enhancing tank car safety: modification of tank
thickness.

The analysis performed here indicates that release risk can be
reduced by constructing tank carswith tanksthat are thicker than those
typical of most cars in service. However, tank cars constructed in
thismanner would be considerably more expensiveto build and oper-
ate, and the resultant reduction in risk would often not be justified.
All regulated materials are not equally hazardous, and, in general,
tank car safety specifications, including tank thickness, are com-
mensurate with the degree of risk posed by the product.

Themodel presented here focuses on rel eases from tank and non-
tank components. A more refined approach is being developed that
will differentiate the head and shell elements of tank-caused release
risk and the top and bottom fittings in non-tank-caused release risk.
The resultant metric can be used to analyze the effectiveness of each
safety feature alone or in combination. Such analyses can ultimately
be used in conjunction with the different capital and operating costs
associated with different tank car modifications, and the hazard char-
acteristics of the products they transport, to enable tank car designs
to be finely tuned to efficiently balance risk and cost.
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